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Resum

Antecedents

La multimorbiditat, definida com la coexistència de dues o més condicions cròniques, és un

repte creixent per als sistemes de salut, principalment a causa de l’augment de la seva prevalen-

ça, la manca d’estratègies de maneig clínic basades en l’evidència i el seu elevat cost. Hi ha

evidència que en pacients amb multimorbiditat, certes condicions cròniques s’agrupen, for-

mant patrons de multimorbiditat. Entendre aquests patrons podria millorar la pràctica clínica

influint en decisions sobre atenció personalitzada, estratègies de prevenció i assignació de re-

cursos, optimitzant l’atenció als pacients amb multimorbiditat i abordant les limitacions actuals

dels sistemes de salut.

Objectius

L’objectiu d’aquesta tesi és identificar patrons de multimorbiditat i determinar la seva relació

amb diferents resultats i indicadors clínicament rellevants. Els objectius específics son: 1) ava-

luar la relació entre patrons de multimorbiditat i indicadors de qualitat de la medicació en

pacients d’edat avançada, 2) identificar patrons de multimorbiditat en pacients adults amb

COVID-19 i avaluar-ne la relació amb la gravetat de la infecció i la mortalitat, 3) analitzar les

trajectòries longitudinals dels patrons de multimorbiditat en pacients d’edat avançada.

Mètodes

S’han realitzat tres estudis per complir aquests objectius. En el primer estudi, es va examinar

la relació entre patrons de multimorbiditat i indicadors de qualitat de la medicació: prescrip-

ció potencialment inadequada (PPI) i reaccions adverses a la medicació (RAM). Amb aquest

propòsit, es va dur a terme un estudi de cohort prospectiu i multicèntric en 740 pacients ≥65

anys hospitalitzats per exacerbació de malalties cròniques. En el segon estudi, es van identi-

ficar patrons de multimorbiditat estratificats per edat i sexe en una cohort de dades del mon

real de 14286 pacients amb COVID-19 >20 anys, avaluant la seva associació amb la gravetat de

la infecció i la mortalitat. En el tercer estudi, es va realitzar una anàlisi retrospectiva de 3988

pacients ≥65 anys de l’estudi anterior per identificar-ne les trajectòries longitudinals dels pa-

trons de multimorbiditat al llarg de 10 anys (3 punts temporals: temps basal, 5 anys abans, 10

anys abans). En cada estudi es van identificar patrons de multimorbiditat utilitzant l’algoritme

d’anàlisi de clústers fuzzy c-means i es van realitzar diferents anàlisis estadístiques.
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Resultats

En el primer estudi, alguns patrons específics de multimorbiditat, anomenats ’osteoarticular’ i

’malalties cròniques menors’, van mostrar una major freqüència de PPI i RAMs, particularment

relacionats amb benzodiazepines, inhibidors de l’enzim conversiu de l’angiotensina (IECA) i

neurolèptics. En el segon estudi, certs patrons de multimorbiditat es van associar amb una ma-

jor gravetat i mortalitat per COVID-19 en grups específics d’edat i sexe, especialment en edats

més joves. En el tercer estudi es van identificar diferents distribucions i trajectòries de patrons

de multimorbiditat, amb tres patrons (’malalties metabòliques i vasculars’, ’musculoesquelètic

i síndrome del dolor crònic’, i ’inespecífic’) presents en tots els punts temporals. Es van ob-

servar trajectòries diverses en la transició de 10 anys abans a 5 anys abans, mentre que es van

identificar trajectòries i patrons estables en la transició de 5 anys abans al temps basal.

Conclusions

Els patrons de multimorbiditat identificats mitjançant l’algoritme fuzzy c-means s’han associat

a diversos indicadors i resultats clínicament rellevants. En pacients d’edat avançada hospitalit-

zats a causa de l’exacerbació de condicions cròniques, els patrons de multimorbiditat s’han rela-

cionat amb indicadors de qualitat de la medicació, com PPI i RAMs, suggerint la realització de

revisions de la medicació específiques. També s’han associat alguns patrons de multimorbiditat

a una major gravetat i mortalitat per COVID-19. Finalment, l’estudi de les trajectòries longitu-

dinals de la multimorbiditat ha destacat la naturalesa dinàmica de les condicions cròniques en

adults d’edat avançada.
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Resumen

Antecedentes

La multimorbilidad, definida como la coexistencia de dos o más condiciones crónicas, es un

desafío creciente para los sistemas de salud, principalmente debido al aumento de su preva-

lencia, la falta de estrategias de manejo clínico basadas en la evidencia y su elevado coste. Hay

evidencia que en pacientes con multimorbilidad, ciertas condiciones crónicas se agrupan, for-

mando patrones de multimorbilidad. Entender estos patrones podría mejorar la práctica clínica

al influir en decisiones sobre atención personalizada, estrategias de prevención y asignación de

recursos, optimizando la atención de los pacientes multimórbidos y abordando las limitaciones

actuales de los sistemas de salud.

Objetivos

El objetivo de esta tesis es identificar patrones de multimorbilidad y determinar su relación

con distintos resultados e indicadores clínicamente relevantes. Los objetivos específicos son:

1) evaluar la relación entre patrones de multimorbilidad e indicadores de calidad de la medi-

cación en pacientes de edad avanzada, 2) identificar patrones de multimorbilidad en pacientes

adultos con COVID-19 y evaluar su relación con la gravedad de la infección y la mortalidad,

3) analizar las trayectorias longitudinales de los patrones de multimorbilidad en pacientes de

edad avanzada.

Métodos

Se realizaron tres estudios para cumplir con estos objetivos. En el primer estudio se examinó

la relación entre patrones de multimorbilidad e indicadores de calidad de la medicación: pres-

cripción potencialmente inapropiada (PPI) y reacciones adversas a medicamentos (RAM). Para

ello, se llevó a cabo un estudio de cohorte prospectivo y multicéntrico en 740 pacientes ≥65

años hospitalizados por exacerbación de enfermedades crónicas. En el segundo estudio se

identificaron patrones de multimorbilidad en una cohorte de datos del mundo real de 14286

pacientes con COVID-19 >20 años, evaluando su asociación con la gravedad de la infección y la

mortalidad. En el tercer estudio se realizó un análisis retrospectivo de 3988 pacientes ≥65 años

del estudio anterior, centrado en identificar las trayectorias longitudinales de los patrones de

multimorbilidad lo largo de 10 años (3 puntos temporales: tiempo basal, 5 años antes, 10 años
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antes). En cada estudio se identificaron patrones de multimorbilidad utilizando el algoritmo

de análisis de clústeres fuzzy c-means y se realizaron distintos análisis estadísticos.

Resultados

En el primer estudio, algunos patrones de multimorbilidad específicos, denominados ’osteoar-

ticular’ y ’enfermedades crónicas menores’, mostraron mayores frecuencias de PPI y RAMs,

particularmente relacionados con benzodiazepinas, inhibidores de la enzima convertidora de

angiotensina (IECA) y neurolépticos. En el segundo estudio, ciertos patrones de multimor-

bilidad se asociaron con mayor gravedad y mortalidad por COVID-19 en grupos específicos

de edad y sexo, especialmente en edades más jóvenes. En el tercer estudio se identificaron

distintas distribuciones y trayectorias de patrones de multimorbilidad, con tres patrones (’en-

fermedades metabólicas y vasculares’, ’musculoesquelético y síndrome del dolor crónico’, e

’inespecífico’) presentes en todos los puntos temporales. Se observaron trayectorias diversas

desde 10 años antes hasta 5 años antes, mientras que se identificaron trayectorias y clústeres

estables desde 5 años antes hasta el tiempo basal.

Conclusiones

Los patrones de multimorbilidad identificados mediante el algoritmo fuzzy c-means se han aso-

ciado a distintos resultados e indicadores clínicamente relevantes. En pacientes de edad avan-

zada hospitalizados debido a la exacerbación de condiciones crónicas, los patrones de multi-

morbilidad se han relacionado con indicadores de calidad de la medicación, como PPI y RAMs,

lo que sugiere realizar revisiones de la medicación específicas. Asimismo, ciertos patrones de

multimorbilidad en pacientes con COVID-19 se han asociado con una mayor gravedad y mor-

talidad. Finalmente, el estudio de las trayectorias longitudinales de la multimorbilidad ha

destacado la naturaleza dinámica de las condiciones crónicas en adultos de edad avanzada.
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Abstract

Background

Multimorbidity, defined as the coexistence of two or more chronic conditions, is a growing

challenge for healthcare systems mainly due to its rising prevalence, the lack of evidence-based

clinical management strategies and its high cost. There is evidence that chronic conditions clus-

ter together forming multimorbidity patterns. Understanding these patterns could improve

clinical practice by informing personalised care, prevention strategies and resource allocation,

ultimately optimising care for multimorbid patients and addressing the current limitations of

healthcare systems.

Objectives

This thesis aimed to identify multimorbidity patterns and determine their relationship with

various clinically relevant outcomes and indicators. Three specific objectives were set: 1) to as-

sess the relationship between multimorbidity patterns and quality indicators of medication in

older patients, 2) to identify multimorbidity patterns in adult COVID-19 patients and evaluate

their relationship with infection severity and mortality, 3) to analyse the longitudinal trajecto-

ries of multimorbidity patterns in older patients.

Methods

Three studies were carried out to meet these objectives. The first study was a multicentre,

prospective cohort study examining the relationship between multimorbidity patterns and

quality indicators of medication (i.e., potentially inappropriate prescribing (PIP) and adverse

drug reactions (ADRs)) in 740 patients aged ≥65 years hospitalised for chronic disease exac-

erbation. The second study analysed multimorbidity patterns in a real-world data cohort of

14286 COVID-19 patients aged >20 years, assessing their association with infection severity

and mortality. The third study was a retrospective analysis of 3988 patients from the previous

study, focusing on identifying the longitudinal trajectories of multimorbidity patterns in pa-

tients aged ≥65 years over a 10-year period (3 time points: baseline, 5 years before, 10 years

before). Multimorbidity cluster analysis using the fuzzy c-means algorithm and various statis-

tical analyses were performed in each study.

xi



Results

The first study found that specific multimorbidity clusters, named ’osteoarticular’ and ’minor

chronic disease’, showed higher frequencies of PIP and ADRs, particularly involving benzodi-

azepines, angiotensin-converting enzyme (ACE) inhibitors, and neuroleptic drugs. The second

study revealed that certain multimorbidity patterns were associated with higher COVID-19

severity and mortality in specific age and sex groups. The third study identified distinct mul-

timorbidity cluster distributions and trajectories, with three clusters (’metabolic and vascular

diseases’, ’musculoskeletal and chronic pain syndrome’, and ’unspecific’) present across all

time points. A variety of trajectories occurred from 10 years to 5 years prior, while stable tra-

jectories and clusters were observed from 5 years to baseline.

Conclusions

Multimorbidity patterns identified through fuzzy c-means algorithm were associated to vari-

ous clinically relevant outcomes and indicators. In older patients hospitalised due to chronic

condition exacerbation, multimorbidity patterns were linked to quality indicators of medica-

tion, such as PIP and ADRs, suggesting tailored medication reviews. Additionally, certain mul-

timorbidity patterns in COVID-19 patients were associated with increased severity and mor-

tality. Finally, the study of longitudinal multimorbidity trajectories highlighted the dynamic

nature of chronic conditions in older adults.
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1. Introduction

1.1. Definition of multimorbidity

The concept of ‘morbidity’ refers to any departure from a state of physiological or psycholog-

ical well-being due to any cause. It is often used interchangeably with the notion of disease;

however, morbidity usually encompasses not only the biological dimension of non-health but

rather a broader range of health-related states [1]. Regarding the concept of ‘multimorbidity’,

the World Health Organization defines it as the coexistence of two or more chronic conditions

in the same individual [2]. Nevertheless, the terminology in medical literature for describing

the coexistence of multiple chronic conditions in any given patient has not been uniformly de-

fined [3, 4, 5]. Thus, the research on multimorbidity is fragmented and challenging to interpret

due to the lack of a standardised definition and variability in reporting [6, 7].

To address this issue, the Academy of Medical Sciences proposed a more concrete definition

of multimorbidity, consistent with that adopted by the World Health Organization, that mostly

approximates what has been used among researchers: “The co-existence of two or more chronic

conditions, each one of which is either i) a physical non-communicable disease of long dura-

tion, such as a cardiovascular disease or cancer, ii) a mental health condition of long duration,

such as a mood disorder or dementia or iii) an infectious disease of long duration, such as HIV

or hepatitis C” [8].

1.2. Multimorbidity versus comorbidity

Multimorbidity should not be confused with comorbidity. The term ‘comorbidity’ was coined

by Feinstein as "any distinct additional entity that has existed or may occur during the clinical

course of a patient who has the index disease under study" [9]. Due to the increasing confusion

surrounding the use of these two terms, it was proposed to retain Feinstein’s definition for co-

morbidity (implying an index disease) and define multimorbidity as "the co-existence of two

or more chronic conditions, where one is not necessarily more central than the others", exclud-

ing acute conditions and emphasising the lack of an index disease [10, 11]. Figure 1 shows a

conceptual diagram of comorbidity and multimorbidity.
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1. Introduction

FIGURE 1: Multimorbidity versus comorbidity
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The conceptual difference between comorbidity and multimorbidity has important implica-

tions, as it influences how different parts of the healthcare system view and manage patients

with multiple conditions. The concept of comorbidity is more common in biomedical research

and clinical practice focused on specific conditions, with most treatments targeting individ-

ual diseases. This single-condition focus can be appropriate when a particular disease is the

patient’s primary concern. However, this disease-centric approach often reinforces the com-

partmentalised structure of many healthcare systems, resulting in fragmented care for patients

with multiple chronic conditions [12, 13].

In contrast, multimorbidity emphasises a holistic, patient-centred approach that integrates and

prioritises the patient’s overall experience and needs. The concept of multimorbidity is highly

heterogeneous, encompassing a wide array of patients with various combinations of condi-

tions. Multimorbidity acknowledges that not only health-related factors have an influence on

the impact of conditions but also socioeconomic, cultural and environmental factors, along

with patient behaviour. This approach supports a more comprehensive and personalised care

strategy for patients with multiple chronic conditions, facilitating integrated and cohesive care

[12, 13].
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1.3. Prevalence of multimorbidity

The estimation of multimorbidity prevalence depends on the definition used, and it becomes

even more challenging due to varying levels of healthcare access and chronic condition diagno-

sis rates across populations. Therefore, the diverse definitions and classifications of multimor-

bidity result in highly fluctuating prevalence estimates. For instance, a systematic review re-

ported prevalence estimates ranging from approximately 13% (in participants aged 18 or older)

to 95% (in participants aged 65 or older) [14], consistent with another one reporting estimates

ranging from 13% to 72% in the general population [15].

While some of the reported variations may reflect actual differences in multimorbidity preva-

lence between populations, it is difficult to separate these from variations caused by differing

definitions. As expected, the inclusion of highly prevalent conditions increases the overall mul-

timorbidity prevalence. Similarly, multimorbidity prevalence increases as more conditions are

included in its definition, displaying a ceiling effect [16, 17, 18, 19] (Figure 2).

FIGURE 2: Ceiling effect in multimorbidity prevalence when adding additional conditions.

MacRae et al. [19]. Black line: multimorbidity prevalence calculated from 2 to 80 conditions, added from most to
least prevalent. Empty black circles: multimorbidity prevalences when 10 to 80 conditions (in tens) were considered.
Orange dot: ceiling effect (number of conditions at which RR was >0.99 of multimorbidity prevalence having the
same value if 80 conditions were considered). Black dots: multimorbidity prevalence when considering conditions
included in existing condition-lists. RR: relative risk.
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1. Introduction

Despite methodological limitations and gaps in longitudinal data, existing evidence suggests

that an increase in multimorbidity prevalence has occurred in many countries over recent

decades. While population ageing accounts for some of this increase, other significant factors

are also at play. For example, societal-related influences such as changes in lifestyle and cul-

tural behaviours (smoking, sedentarism, poor diet) or shifts in environmental exposures and

urbanisation (air pollution, poor living conditions) also contribute to this increased prevalence

of chronic conditions and multimorbidity [8, 20]. Furthermore, some advances in healthcare

may also contribute to the increased prevalence of chronic conditions, such as higher survival

rates following acute events or higher diagnosis rates of asymptomatic conditions [21, 22, 23,

24].

1.4. Determinants of multimorbidity

Increasing age has been associated with higher rates of multimorbidity, irrespective of the defi-

nition used, across various populations and countries [14, 25, 26, 27]. Furthermore, the number

of morbidities has been found to substantially increase with age [26] (Figure 3). However, some

evidence suggests that the rising prevalence of multimorbidity cannot be solely attributed to

an ageing population, and multimorbidity is indeed not exclusive to older adults [24, 26]. In

this sense, it has been described that onset of multimorbidity may occur 10 to 15 years earlier

in socioeconomically deprived patients, highlighting the importance of social determinants of

multimorbidity [26].

Lower socioeconomic status and lower education level have been associated with a higher

prevalence of multimorbidity [28, 29, 30, 31, 32]. This association is suggested to be driven

by environmental factors (such as poor living conditions or air pollution), health-related be-

haviours (such as higher smoking rates, sedentary behaviour or poor dietary habits), psychoso-

cial issues (like elevated stress levels and inadequate sleep), as well as lower health literacy [8,

20]. However, even after accounting for known risk factors, there are still significant socioeco-

nomic inequalities in the development of multimorbidity [23].

In addition, it is generally reported that multimorbidity is more prevalent in women [14]; how-

ever, it remains unclear whether biological sex itself has a direct influence on multimorbidity

4



1.4. Determinants of multimorbidity

FIGURE 3: Increasing number of chronic disorders and multimorbidity with age

Barnett et al. [26].

risk or rather sex acts as a proxy for social, behavioural and gender-specific factors that in-

fluence multimorbidity risk or detection [8]. For instance, women may suffer more poverty,

and have also been described to be higher healthcare-seekers, leading to more diagnoses and

therefore more frequent multimorbidity compared to men [8, 33].

The development of multimorbidity may also be influenced by medications and polypharmacy.

For instance, several medications (for example, antipsychotics) are associated with increased

cardiovascular risk [34, 35]. Therefore, patients prescribed treatment for a single condition

might develop additional chronic conditions as a result of that treatment.

Overall, the development of multimorbidity is a complex process influenced by various factors,

often interrelated. In this context, three broad areas have been proposed to classify the different

underlying mechanisms of multimorbidity: i) biological mechanisms related to ageing and

inflammation; ii) socioeconomic, psychosocial and behavioural social determinants; and iii)

medication-related mechanisms [36].
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1.5. Impact of multimorbidity

1.5.1. Impact of multimorbidity on patients

The presence of multimorbidity has been associated with functional decline, increased disabil-

ity and higher mortality risk, even after adjusting for age [25, 37, 38]. Multimorbidity has also

been associated with reduced well-being, as measured by self-rated health-related quality of

life [39, 40], and an inverse correlation has been reported between quality of life and number

of coexisting diseases [40].

Moreover, the coexistence of multiple chronic conditions in a patient, instead of having an ad-

ditive effect, often leads to complex interactions. For instance, one disease may trigger, worsen

or accelerate the progression of other conditions, as seen with diabetes exacerbating conditions

like heart disease or renal failure [41]. These interactions complicate clinical management even

when conditions are not physiopathologically related. For example, the combination of propri-

oceptive loss, visual impairment, and osteoporosis may increase the risk of falls and fractures.

Similarly, a combination of conditions like hearing and vision loss, memory decline, and mo-

bility issues can lead to social isolation and depression [20].

Furthermore, multimorbidity often brings a significant treatment burden on patients. This in-

cludes the need to make substantial behavioural changes, monitor and manage symptoms,

organise travel and attendance to multiple appointments, adhere to complex treatment plans

coordinating several drugs, face complex administrative processes or cope with uncoordinated

social care and healthcare systems [42]. A high treatment burden can lead to emotional dis-

tress, physical side effects and strained interpersonal relationships. To cope with this burden,

patients may engage in adaptive behaviours or become non-adherent to treatment, which can

affect their physical health and relationships with caregivers [43].

Various factors influence the capacity of patients to self-manage and cope with this burden,

such as the specific chronic conditions, health literacy, support network or economic situation

[44]. Patient capacity can also change over time due to the accumulation of illnesses and/or

changes in personal circumstances [44]. Also, the design of healthcare systems may play an

essential role. The current design of most healthcare systems, conceived to address individual

conditions instead of providing comprehensive, patient-centred care, can further increase the
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1.5. Impact of multimorbidity

treatment burden [42, 45, 46]. Treating one condition at a time may result in fragmented (or

even contradictory) care, is inefficient and may be unsatisfactory for patients [47, 48]. There-

fore, it has been deemed essential to develop patient-centred care approaches that continuously

balance high treatment burden against disease management and future risks [36].

Multimorbidity can also lead to polypharmacy, which is usually defined as the routine use

of five or more medications [49, 50]. Apart from the implications regarding the previously

mentioned treatment burden, polypharmacy increases the probability of drug-drug or drug-

disease interactions. This is even more important in older patients, in which physiological

changes in drug pharmacokinetics and pharmacodynamics may occur [51, 52]. All in all, this

situation poses a challenge for prescribing physicians and may result in a higher probability of

adverse outcomes [52, 53, 54].

1.5.2. Impact of multimorbidity on healthcare systems and professionals

As previously stated, the design of most healthcare systems is focused on treating individual

conditions instead of offering comprehensive, patient-centred care, often leading to inefficient,

fragmented and potentially contradictory care for multimorbid patients [45, 46, 55]. Health-

care professionals may face significant obstacles in the management of multimorbidity due to

limited time and resources or challenges in applying multiple clinical guidelines to a single

patient, resulting in reduced quality of care [56, 57] and a sense of isolation in decision-making

[58].

Multimorbidity is associated with a significant increase in healthcare utilisation, such as higher

number of visits, hospitalizations and bed days [59, 60, 61]. Furthermore, patients with multi-

morbidity including coexisting mental health conditions or issues related to alcohol and sub-

stance use, are particularly prone to unplanned hospital admissions for physical conditions

[62]. Overall, multimorbid patients contribute to a large portion of the healthcare workload.

Consequently, multimorbidity places a substantial economic burden on healthcare systems.

Indeed, an almost exponential relationship has been reported in older adults between multi-

morbidity and healthcare costs, with a higher cost of care for multimorbid patients than what

would be expected from the cost of managing their individual conditions alone [63, 64].
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In Catalonia, the number of chronic conditions has been correlated to the mean annual expen-

diture per patient: 413€ in patients having a single chronic condition, 2413€ in those with five

chronic conditions and 9626€ in those with ten chronic conditions. Furthermore, up to 51% of

the healthcare budget is allocated to the 5% of the population with the highest morbidity bur-

den [65]. Patients concentrating most healthcare expenditure have been described as the ‘high

need, high cost’ population, and in order to improve outcomes and reduce spending on these

patients, an understanding of their particular needs and characteristics is required [66].

Additionally, these significant challenges for healthcare systems are exacerbated by the un-

precedented rate of population ageing, which is substantially transforming the demographic

landscape. According to the World Health Organization, the proportion of individuals aged 60

years and older is projected to nearly double between 2015 and 2050, increasing from 12% to

22% [67]. This demographic shift will be especially pronounced in Europe, where the old-age

dependency ratio (defined as the proportion of the population over 65 relative to the population

aged 15–64) is projected to continue increasing [68]. Consequently, the expenditure on health

care and long-term care is expected to increase in all EU countries [69]. This situation urges the

need to rethink healthcare systems to address the complex needs of an ageing population.

1.6. Methodological approaches to multimorbidity

Addressing multimorbidity requires the development of reliable and consistent methods for

its measurement. However, this task is particularly challenging given the variety of situations

in which multimorbidity can arise. Adding to this challenge is the aforementioned confusion

surrounding the term ‘multimorbidity’, which has led to significant variability in how this def-

inition is operationalised by researchers. A key aspect is deciding which conditions to include,

and different predefined lists are being used which can differ in length, name and type of con-

ditions. According to a systematic review of 566 studies, the number of conditions used for

the definition and measurement of multimorbidity ranged from 2 to 285 [6]. Remarkably, only

eight conditions were included in more than half of the studies [6]. These findings highlight

the methodological heterogeneity and resulting lack of comparability across multimorbidity

studies.
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1.6. Methodological approaches to multimorbidity

Besides, the actual definition and diagnosis of such conditions may also differ between stud-

ies [6, 7]. Moreover, uncertainty remains about whether certain condition subgroups should

be analysed individually or grouped within broader categories [6, 20]. In addition, the type

of conditions to be included may need to be tailored to the subpopulation of interest. For in-

stance, older patients frequently face clinically relevant situations that, while not classified as

chronic conditions, complicate clinical management and have an impact on health-related qual-

ity of life, such as geriatric syndromes. Geriatric syndromes encompass a range of heteroge-

neous clinical conditions, such as falls, dizziness and incontinence, which have been identified

among the most significant predictors of subsequent health outcomes [70] Although there are

recommendations in acknowledging all long-term conditions for optimising care of patients

for multimorbidity [55, 71, 72], few publications aimed at these patients take into account these

syndromes [73].

On top of the lack of consensus on the operational definition, different data collection meth-

ods and data sources have been used in multimorbidity studies. The choice of data source

should be guided by the study design and objectives but also by feasibility, especially regard-

ing time and human resources, and data source availability [7]. For example, clinical assess-

ments involving medical record reviews tend to yield the most complete data; nevertheless,

this approach is resource intensive and may not be possible in larger studies. Conversely, large

administrative databases may be easier to use but may also face data quality issues [7, 74, 75].

Table 1 summarises the main advantages and disadvantages of the five major data sources

identified aiming at the measurement of multimorbidity [75].

Various analytical approaches can be used to measure multimorbidity. Firstly, it can be simply

conceptualised as the count of concurrent diseases in the same individual. For instance, an

increasing number of conditions has been associated with decreasing quality of life [40] or

increasing expenditure [65]. However, this approach has several limitations, as it does not

account for which conditions are present.

As a result, multimorbidity has also been studied with weighted disease counts, which aim to

characterise the impact of different combinations of conditions. Examples include the Charlson

Comorbidity Index [76], the Adjusted Clinical Groups (ACG) System [77], the Chronic Disease

Score [78], the Cumulative Illness Rating Scale (CIRS) [79]. These approaches assign varying
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1.7. Multimorbidity patterns

levels of importance to different conditions based on their severity, prognostic impact, or other

relevant factors, acknowledging that not all conditions contribute equally to a patient’s over-

all health burden. These weighted indices are designed to predict potential clinical outcomes

and healthcare needs associated with specific disease combinations. These measures, however,

may have generalisability problems, and no index has proven universally applicable across all

studies [74, 80].

In this context, alternative approaches have emerged to account for the complexity found

within multimorbid patients while enabling the identification of defined population subgroups,

such as the identification of multimorbidity patterns, based on characterising the non-random

association between conditions [8, 81]. Table 2 summarises the main advantages and disadvan-

tages of the most commonly used multimorbidity measures.

1.7. Multimorbidity patterns

There is evidence showing that certain conditions cluster together, forming what are known

as multimorbidity patterns. These patterns are identified based on the observation that certain

pairs of conditions may co-occur more frequently than expected [14, 81]. Such non-random

disease clustering can result from shared environmental exposures, one condition causing an-

other, treatment side-effects, or common genetic mechanisms [20].

Understanding which conditions more often cluster together, which differential effects may

have each cluster on health outcomes, and which population subgroups are mostly allocated

to each cluster could provide valuable insights. This knowledge could help identify patients at

higher risk of developing additional conditions, inform the design of targeted preventive and

therapeutic strategies, and optimise resource allocation [8].

1.7.1. Methods to identify multimorbidity patterns

Several different methodologies have been used to identify and analyse multimorbidity pat-

terns, and there is still a debate on the most appropriate one. A systematic review aiming to

identify replicable and clinically meaningful multimorbidity patterns identified the most com-

mon analytical methods used, hereby summarised: exploratory factor analysis, latent class

analysis, cluster analysis of diseases and cluster analysis of individuals [82].
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1.7. Multimorbidity patterns

Exploratory factor analysis

Exploratory factor analysis is a statistical method used to identify associations between vari-

ables and uncover patterns. The approach behind this analysis is to identify latent factors, op-

erating under the assumption that variables (in this case, chronic conditions) associated with

the same factor have a shared underlying mechanism that accounts for their association [83]. It

operates by reducing the observed set of variables to a smaller number of latent factors (multi-

morbidity patterns) that account for the correlated variables [83] (Figure 4). Importantly, vari-

ables can be included in more than one factor, i.e. any chronic condition can be related with

multiple patterns [82].

FIGURE 4: Exploratory factor analysis

Variable 1

Variable 2

Variable n

Variable 0

Factor A

Factor B

Error 0

Error 1

Error 2

Error n

Exploratory factor analysis

Adapted from Tucker [83]. Variables are those observed or measured (i.e. chronic conditions), with their corre-
sponding measurement errors. Factors are associated to variables through factor loadings (solid arrows) ranging
from -1 to 1.

Exploratory factor analysis has been identified as the most frequently used statistical technique

in studies identifying multimorbidity patterns in recent systematic reviews [82, 84]. However,

a comparative analysis of methods for identifying multimorbidity patterns suggests that while

exploratory factor analysis can be useful for describing comorbidity relationships, it may be

less effective for in-depth study of multimorbidity patterns, compared to hierarchical cluster

analysis [85].

Latent class analysis

Latent class analysis is a statistical technique that identifies clusters of individuals through a

probabilistic model that estimates the likely distributions within the data based on the set of
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1. Introduction

features present in each individual. The assumption of this method is that, although any com-

bination of a given set of features (e.g. chronic conditions) could theoretically occur, only a

limited number of these combinations actually do, resulting in a specific set of clusters or latent

classes. Within each latent class, individual features have distinct probabilities of occurrence,

defining the characteristics of the class. Therefore, latent classes can be formed based on the

probability of co-occurrence of various chronic conditions. In this approach, posterior proba-

bilities of cluster membership are calculated for each individual, based on the estimated model

parameters. This allows for the allocation of each individual to the most probable latent class

[86, 87] (Figure 5). Similar to exploratory factor analysis, latent class analysis assumes that

latent variables are the underlying cause of multimorbidity groupings [82].

FIGURE 5: Latent class analysis

Variable 0
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Variable n

Error 0

Latent Variable

Latent 

Class 

1

Latent 

Class 

2

Latent 

Class 

3

Latent 

Class 

k

Error 1

Error n

Adapted from Aflaki et al. [87] In latent class analysis, the latent variable (dotted square) is postulated to exist but
cannot be directly observed, so it is measured indirectly through several indicator variables (1 to n) that are subject
to error. The latent variable is the basis for class membership in one of several latent classes (2 to k).

Cluster analysis of diseases

Cluster analysis aims to use a metric of distance between variables to define groups by max-

imising between-group distance and minimising within-group distance. In contrast to ex-

ploratory factor analysis or latent class analysis, it allows to identify homogeneous groups of

observations without making assumptions about any casual relationships. Cluster analysis has

therefore been deemed well-suited when multimorbidity patterns are expected to be defined

as discrete categories that may not necessarily share a common underlying cause [82].

There are two main approaches in cluster analysis: hierarchical and nonhierarchical methods.

14



1.7. Multimorbidity patterns

Most studies aiming to identify multimorbidity clusters of diseases have used hierarchical clus-

ter analysis [14, 81, 82]. This algorithm constructs a progressively divided structure of clusters

by iteratively joining or dividing clusters based on their distance. This result can be visually

represented through a tree-like structure called dendrogram (Figure 6). Furthermore, this tech-

nique allows for the definition of a cut-off to choose the number of clusters. However, this

technique may lack robustness in the identification of patterns in data due to some limitations:

the algorithm is highly susceptible to data outliers, it does not allow overlap between clusters

and it is computationally expensive [88].

FIGURE 6: Hierarchical cluster analysis

V1 V3 V5 V7V2 V4 V6 V8 V9 V11 V13V10 V12 V14

Hierarchical clustering

A dendrogram is a tree-like representation of hierarchical clustering that reveals how variables are combined into
clusters, showing variables on one axis and their distances in the other. The height of each branching point cor-
responds to the distance at which any pair of clusters are joined. A cut-off (red dotted line) can be established to
determine the final number of clusters.

Cluster analysis of individuals

Cluster analysis can also be used to define multimorbidity patterns by clustering individuals,

allowing to identify groups of people with similar disease combinations. Orienting the analy-

sis focusing on individuals rather than diseases could allow for an improved understanding

of population subgroups and could inform the development and implementation of refined

strategies aimed at patients with multimorbidity [88].

Most studies aiming to identify multimorbidity clusters of individuals have used nonhierar-

chical cluster analysis [82]. Unlike hierarchical clustering, nonhierarchical algorithms do not

build a levelled structure but rather focus specifically on clusters. These algorithms assign in-

dividuals to clusters after specifying the number of clusters. In addition, they are more robust
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1. Introduction

in detecting patterns and can efficiently handle large data sets.

One of the most commonly used nonhierarchical cluster analysis methods is the k-means al-

gorithm [89], which aims to group similar data points (e.g. individuals) together while maxi-

mizing the differences between the clusters. The algorithm is initialised by randomly placing

k points (where k is the predefined number of clusters) into the data space. These k points will

serve as the initial centroids (centre points) of the clusters. After that, two alternating steps are

performed:

• Assignment step: each data point is assigned to the cluster with the nearest centroid,

based on a chosen distance metric.

• Update step: after all data points are assigned to a cluster, the positions of the k centroids

are recalculated so that the new centroid of each cluster is the mean of all data points

assigned to that cluster, meaning that the centroid moves to the average position of the

points within the cluster.

These two steps are undergone until the centroids no longer move (or the coefficients’ change

between two iterations is lower than the given sensitivity threshold), resulting in an algo-

rithm that allocates individuals into homogenous groups while maximising differences be-

tween groups.

The k-means clustering method assigns each individual to a single, specific cluster, which is

known as hard clustering. Conversely, soft clustering allows each individual to belong to mul-

tiple clusters defined by a membership probability. Therefore, it may allow for a better mod-

elling of the overlap between variables (chronic conditions) and the possibility of individuals

being located between clusters [90].

The most widely used soft clustering method is called fuzzy c-means algorithm [91], which is

similar to k-means but includes a membership probability for each data point to each cluster.

The algorithm starts by initializing a chosen number of c centroids and also assigning random

membership values, ensuring the sum equals 1 for each data point. Then, iterative updates are

performed: data points are reassigned to clusters based on the distance from the centroids, and

the centroids are recalculated as the weighted averages of all the points in the cluster, using the

membership probabilities as weights. In this step, the fuzziness parameter m sets the degree of
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1.8. Commonly identified multimorbidity patterns

overlap between clusters, with higher values allowing for more overlap. The process continues

until the centroids converge. Figure 7 visually represents the differences between hard and soft

clustering.

FIGURE 7: Nonhierarchical clustering: hard versus soft clustering

Hard clustering Soft clustering
Soft clustering

(0.97, 0.03)
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(0.03, 0.97)

dim1

d
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2
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dim1

d
im

2
Non-hierarchical clustering

Adapted from Kumar [92]. Hard clustering assigns each data point to a single cluster. Soft clustering assigns
probabilities to data points for belonging to multiple clusters, thus allowing for overlap.

1.8. Commonly identified multimorbidity patterns

Although there is considerable variability, as previously described, both in disease identifica-

tion and in pattern identification methods, clear patterns of multimorbidity have consistently

emerged across multimorbidity studies. The most replicable multimorbidity patterns, in agree-

ment across the literature, are those containing i) cardiovascular and metabolic conditions, ii)

mental health conditions and iii) musculoskeletal disorders [81, 82, 93].

The first systematic review on patterns of associative multimorbidity identified these three

partially replicable patterns [81]. Afterwards, a quantitative synthesis study of multimorbidity

profiling studies consistently identified the cardio-metabolic and mental health groups across

four distinct statistical methods [82]. Also, three patterns were partially replicable, as they

emerged in some but not all statistical approaches: COPD and asthma, falls and fractures with

sensory deficits, Parkinson’s disease with cognitive decline [82]. Furthermore, a recent system-

atic review including studies using primary care electronic health records identified cardiovas-

cular and mental health patterns in all studies, either as standalone or in combination with

other conditions [93]. In addition, three more patterns repeatedly emerged in most studies:

musculoskeletal, respiratory and gastrointestinal [93].
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1. Introduction

All in all, it has been deemed unlikely that these results are artefactual. Therefore, further

research is needed to develop a better understanding of these existing multimorbidity patterns,

their underlying mechanisms and their implications for clinical care and public health.

1.9. Justification

1.9.1. Justification of the research topic

Multimorbidity is turning into an important challenge for healthcare systems due to its increas-

ing prevalence and the lack of evidence on its clinical management. In patients with several

chronic conditions, extensive knowledge is often required in therapeutic decisions to achieve

an adequate balance between risks and benefits [8, 27]. Despite the growing recognition of

multimorbidity as a critical issue, most clinical practice guidelines are based on a single dis-

ease paradigm, with few recommendations for patients with multimorbidity, which are typi-

cally excluded from clinical trials [56, 94, 95]. This traditional, single-disease framework is then

transferred to specialised care settings, most of which are focused on single conditions despite

having high rates of patients with multimorbidity [46, 55].

Multimorbidity research is urgently needed and is rapidly evolving from studying a limited

number of comorbidities to identifying comprehensive multimorbidity patterns. Multiple stud-

ies have identified multimorbidity patterns across different populations and settings, and many

replicable multimorbidity patterns have been established [82]. Initially, these studies primar-

ily aimed to describe multimorbidity patterns; however, the need for validation has become

increasingly evident. Without validation, the methodological approaches used in multimor-

bidity profiling could yield artificial clusters resulting from random clustering or overfitting,

leading to groupings that are not found in the population of origin. The aim for clustering is

to capture underlying patterns that are robust and generalizable. Therefore, validating multi-

morbidity patterns should be a necessary step before using them to guide clinical practice or

further research.

In recent years, there has been a notable rise in multimorbidity studies conducting some form

of validation [96]. However, the lack of a “known ground truth” poses a major challenge in val-

idating these clusters. The most common validation approach identified consists in assessing

the association of multimorbidity patterns with clinical outcomes [96]. Certain multimorbidity
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1.9. Justification

patterns have been associated with clinical outcomes such as mortality, hospitalisation, disabil-

ity and quality of life, among others [97, 98, 99, 100, 101, 102]. Therefore, the ability to categorise

patients based on a more comprehensive view of their morbidity could be useful in guiding the

development of improved care pathways, prevention strategies or resource allocation.

Overall, conducting research on multimorbidity patterns may help address the limitations of

current healthcare services and facilitate the transition toward innovative strategies that better

serve patients with multiple chronic conditions.

1.9.2. Justification of the research studies comprising the thesis

This PhD thesis is composed of three studies on the identification of multimorbidity patterns

and their association with different clinically relevant outcomes.

Study 1: Multimorbidity patterns and quality indicators of medication

Multimorbidity is associated with polypharmacy; however, the relationship between multi-

morbidity patterns and quality indicators of medication, such as potentially inappropriate pre-

scribing (PIP) and adverse drug reactions (ADRs), remains unexplored in the literature.

PIP encompasses a variety of situations in which prescribing should be revised, particularly

in geriatric patients. For example, prescribing medications where the potential benefits do

not outweigh the harms, prescribing a duplicate drug, an inappropriate dose or duration; or

omitting potentially beneficial medications. PIP includes potentially inappropriate medication

(PIM), a well-known risk factor for ADRs [103, 104], as well as potential prescribing omissions

(PPO) [105, 106]. Identifying associations between specific multimorbidity patterns and cer-

tain PIP and/or ADRs could be very useful for targeting interventions aimed at detecting and

preventing such negative outcomes.

Study 2: Multimorbidity patterns and COVID-19 outcomes

The COVID-19 pandemic caused a great burden in healthcare systems, overwhelming care

facilities and jeopardising patient care. In this situation, identifying subpopulations at the

highest risk became a priority, and the first studies quickly identified a differential vulnera-

bility depending on age and sex [107, 108]. Moreover, studies on the relationship between

isolated chronic conditions and COVID-19 infection severity and mortality identified various
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1. Introduction

chronic conditions as potential risk factors, such as diabetes, obesity, heart failure, hyperten-

sion, chronic obstructive pulmonary disease or chronic kidney disease [109, 110].

Noticeably, many of these conditions share some pathophysiological pathways, suggesting that

their interactions could increase the risk of poor COVID-19 prognosis, and that their identifi-

cation would help in the management of the disease. Nevertheless, few research works have

examined the interaction between multiple diseases and its impact on COVID-19 outcomes

[111] or identified multimorbidity patterns [112]. Furthermore, it is plausible that the multi-

morbidity patterns in COVID-19 patients may present a relationship with infection severity.

Exploring this new approach may offer a more complete picture of the patients’ needs and

help improve clinical approaches and resource managing. Furthermore, the use of healthcare

real-world data may represent an efficient approach in situations where evidence is urgently

needed.

Study 3: Longitudinal trajectories of multimorbidity patterns

Multimorbidity patterns in each patient may evolve or change over time forming different tra-

jectories, as chronic conditions may progress and accumulate. However, most studies identify-

ing multimorbidity patterns are cross-sectional, focused on a single time point, and few studies

have described the evolution of these patterns over time [113, 114]. It is therefore fundamental

to build a better knowledge of the longitudinal evolution or stability in multimorbidity pat-

terns. This could detect patient profiles with similar characteristics and risks, which could

benefit from improved and more personalised preventive or therapeutic actions. Furthermore,

certain trajectories or the belonging to certain multimorbidity patterns over time could be asso-

ciated with different outcomes (such as quality of life, disability or mortality) and could allow a

better planning of future actions, as well as a more accurate prognosis or future relevant results.
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2. Hypotheses

2.1. General hypothesis

Multimorbidity patterns can be identified and may be associated with various clinically rele-

vant outcomes and indicators.

2.2. Specific hypotheses

• Certain multimorbidity patterns may be associated with the presence or with specific

types of potentially inappropriate prescribing (PIP).

• Certain multimorbidity patterns may be associated with the presence or with specific

types of adverse drug reactions (ADRs).

• Certain multimorbidity patterns may be associated with the development of a severe

COVID-19 infection.

• Multimorbidity patterns evolve over time forming different trajectories due to changes in

chronic conditions in patients over time.
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3. Objectives

The general objective of this PhD thesis was to identify multimorbidity patterns of chronic

conditions and determine their relationship with various clinically relevant outcomes and in-

dicators.

To address this general objective, the following specific objectives were set:

• To determine if multimorbidity patterns in older patients are associated with quality indi-

cators of medication such as potentially inappropriate prescribing (PIP) or adverse drug

reactions (ADR).

• To identify multimorbidity patterns in adult COVID-19 patients and assess their relation-

ship with severity and/or mortality of infection.

• To identify longitudinal trajectories of multimorbidity patterns in older patients.
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4. Methods

To address the objectives of this PhD thesis, three studies were conducted and published in

international, peer-reviewed, scientific journals, one for each specific objective: 1) a study on

the relationship of multimorbidity patterns with certain quality indicators of medication; 2) a

study on the relationship of multimorbidity patterns with COVID-19 infection severity; and 3)

a study of longitudinal trajectories of multimorbidity patterns. This chapter will summarise

the methodology of each study.

4.1. Study 1: MoPIM study

The first study composing this thesis is part of a larger project, called MoPIM (Morbidity and

Potentially Inappropriate Medication). The MoPIM study is an observational, multicentre,

prospective cohort study including ≥65-year-old patients admitted to hospital due to an ex-

acerbation of a chronic disease. The general objective of this study is to identify the association

between multimorbidity patterns, polypharmacy, potentially inappropriate prescribing (PIP)

and the presence of adverse drug reactions (ADRs) in these patients. The MoPIM study was

registered at the ClinicalTrials.gov database with the identifier NCT02830425.

Prior to the study included in this thesis, two articles on the MoPIM project were published.

Firstly, the study protocol [115], which can be found in Appendix B1. Afterwards, an article

identifying the multimorbidity patterns of the cohort [116], which can be found in Appendix

B2. Then, a subsequent study was conducted to achieve the first specific objective of this thesis:

to determine if multimorbidity patterns in older patients are associated with quality indicators

of medication such as PIP and ADRs.

4.1.1. Study design and setting

Multicentre, prospective cohort study including 740 older patients (≥65 years old) hospitalised

due to exacerbation of their chronic pathology at the internal medicine or geriatric services of

five general teaching hospitals in three different regions of Spain between September 2016 and

December 2018. Patients referred to home hospitalisation, admitted because of an acute process
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4. Methods

unrelated to any chronic disease or with a fatal outcome expected at the time of admission, were

not included.

The study was conducted according to the guidelines of the Declaration of Helsinki and was

approved by the ethics committee of each centre: Comité Ético de investigación Clínica del

Parc Taulí (ID: 20166570), Comitè Ètic d’Investigació Clínica Osona per a la Recerca i Educació

Sanitàries (FORES) (ID: 2016922-PR153), Comité de Ètica de la Investigación con Medicamentos

(CEIm)-Parc de Salut MAR (ID: 2016/6830/I), Comité Ético de Investigación Clínica de Euskadi

(ID: PI2016060) and Comité de Ética de Investigación del Hospital Universitario de Canarias

(ID: MBM-MOD-2016-01 (2016-56)). No written informed consent was deemed necessary for

the study.

4.1.2. Data acquisition and variables

Sociodemographic and clinical variables detailed in Table 3 were retrieved at admission by

the clinical team responsible for the patient from the electronic health records. Chronic ac-

tive conditions, including some risk factors, were recorded from a consensual list of 64 condi-

tions including the 19 categories from the Charlson Comorbidity Index [76] (Table 4) and were

weighted according to the required clinical management. Geriatric syndromes and risk factors

were recorded from a list of 15 (Table 5).

TABLE 3: Sociodemographic and clinical variables registered at the MoPIM study

Sociodemographic and clinical variables

Patient’s code

Date of birth

Sex

Barthel Index (before admission)

Household (alone, relatives or other people, nursing home)

Contact with healthcare services in the 3 previous months due to chronic disease exacerbation

Destination at discharge (home, another hospital, nursing home, death)

The number of chronic medications in the electronic prescription and the STOPP/START cri-

teria (version 2) [117] detected upon admission, along with the active principle involved, were

registered by the pharmacist of the team. The STOPP/START (Screening Tool of Older Person’s

potentially inappropriate Prescriptions / Screening Tool to Alert doctors to Right Treatment)
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4.1. Study 1: MoPIM study

TABLE 4: Chronic conditions registered at the MoPIM study

Charlson Comorbidity Index Other conditions

AIDS/HIV Amputation
Any malignancy (excluding skin) Anaemia
Cerebrovascular disease Asthma
Chronic pulmonary disease Cardiac arrhythmia
Congestive heart failure Cataract
Dementia Chronic hepatitis (B or C)
Diabetes with complication Chronic pancreatic disease
Diabetes without complication Degenerative arthropathy
Hemiplegia Dermatitis or eczema
Leukaemia Diverticular disease of the colon
Lymphoma Drug-related conditions
Metastatic solid tumour Dyslipidemia
Mild liver disease Fibromyalgia
Moderate or severe liver disease Gallstones (previous hepatic colic)
Moderate or severe renal disease Chronic gastritis or gastro-oesophageal reflux
Myocardial infarction Glaucoma
Peptic ulcer disease Gout
Peripheral vascular disease Haemorrhoids
Rheumatologic disease Haematologic disorders (myelodysplasia, gammapathy, polycythaemia)

Hypertension
Inflammatory osteoarticular disease
Irritable bowel syndrome
Ischaemic heart disease without infarction
Migraine
Neurologic disorder of the central nervous system
Non-congestive heart failure
Non-ischaemic heart disease (myocardiopathy, valvulopathy)
Non-schizophrenic mental disorders (excluding depression and anxiety)
Obesity
Osteoporosis
Other neurological pathologies (essential tremor)
Other vascular diseases (ischaemia, aneurysm)
Parkinson’s disease
Peripheral neuropathy or neuritis
Post-traumatic stress disorder
Previous fractures (not hip)
Previous hip fracture
Prostatic benign hypertrophy
Schizophrenia
Sleep apnoea
Chronic thyroid disease
Tuberculosis
Urinary tract stones (nephritic colic)
Varicose veins of lower extremities
Vertigo

27



4. Methods

TABLE 5: Geriatric syndromes registered at the MoPIM study

Geriatric syndromes

Acute confusional syndrome/delirium Incontinence (Urinary/faecal)

Chronic pain Instability/falls

Cognitive/intellectual impairment Malnutrition

Constipation Polypharmacy

Depression/Anxiety Pressure ulcers

Dysphagia Sensorial deficit

Frailty Sleep disorders/Insomnia

Immobility

criteria are used to identify and evaluate PIP. The 2nd version consists of 114 criteria: 80 STOPP

criteria to detect potentially inappropriate medications (PIMs), including 77 explicit criteria and

3 implicit criteria; and 34 START criteria to detect potential prescribing omissions (PPOs). This

medication review process was part of the usual patient care routine in all participating centres.

Medication was only considered chronic if prescribed at least 3 months before admission, and

creams, ointments, healing materials and over-the-counter medicines were not considered.

All STOPP/START criteria were assessed, except for START criteria I (vaccines) due to difficul-

ties of some centres in accessing the information. Regarding the implicit criterion STOPP A1

and given its high frequency, it was divided into the following categories according to the ac-

tive principle involved, as in a previous study [118]: proton pump inhibitors, hypolipidemics,

analgesics, acetylsalicylic acid, antihypertensives and others.

ADRs were identified by the clinical team both at admission and during the course of stay.

Active principle involved, occurrence of the ADR at admission or during hospitalisation, and

health consequences of ADRs occurring during hospitalisation (death, life-threatening, length-

ening of hospitalisation, other) were collected.

Active principles involved in ADRs were categorised in the following drug families: analgesic,

angiotensin-converting enzyme (ACE) inhibitor, angiotensin II receptor blocker, antiarrhyth-

mic, antibiotic, anticoagulant, antidepressant, antiepileptic, antiplatelet, antipsychotic, antivi-

tamin K, benzodiazepine, beta blocker, bronchodilator, corticoid, loop diuretic, neuroleptic,

insulin, opioid, oral anticoagulant, oral antidiabetic, potassium sparing diuretic, proton pump

inhibitor, statin, thiazide diuretic and others.
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4.1. Study 1: MoPIM study

Binary variables were created to describe the presence of any STOPP/START PIP, any STOPP

PIM, any START PPO, any ADR, any ADR at admission and any ADR during hospitalisation.

This was performed similarly with numerical variables for the number of STOPP/START PIP

(excluding implicit criteria STOPP A1, A2, A3), number of STOPP PIM (excluding STOPP A1,

A2, A3), number of START PPO, number of ADR, number of ADR at admission and number

of ADR during hospitalisation.

4.1.3. Multimorbidity cluster analysis

Multimorbidity patterns were identified in a previous article [116], which can be found in Ap-

pendix B2. Chronic conditions were filtered by <2% prevalence and dimensionality reduction

for the dataset was conducted with the PCAmix algorithm [119]. Cluster analysis was then

performed using the fuzzy c-means algorithm [91], which allowed for the obtaining of patient

clusters based on their chronic conditions and geriatric syndromes, with each patient assigned

a membership probability to each cluster. A range of statistically significant possibilities was

obtained and, after clinical revision and discussion among the research team, an eventual set of

four clusters was established. These clusters were labelled ‘osteoarticular’, ‘psychogeriatric’,

‘minor chronic disease’ and ‘cardiorespiratory’. Patients were assigned to the cluster where

their membership probability was highest.

4.1.4. Statistical analysis

Descriptive analyses were performed for all variables. Bivariate analyses were conducted to

assess possible associations between multimorbidity clusters and the presence or type of PIP or

ADR by Fisher’s exact test. Most frequent PIP criteria were selected with the aim of analysing

at least the top 10 criteria for PIMs and PPOs. ADRs were only analysed if present in at least 5

patients of a cluster. Post hoc pairwise Fisher’s exact tests were conducted for those previously

significant tests (p<0.05), and p-values were corrected for multiple hypothesis testing using

Benjamini–Hochberg false discovery rate (FDR) method [120] at a 5% cut-off.

Comparisons between the number of PIP or ADR were performed using the Kruskal–Wallis

test. Pairwise comparisons between distributions of the number of PIP or ADR among the dif-

ferent clusters were performed using the Kolmogorov–Smirnov test. These comparisons were
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performed for the following variables: number of STOPP/START PIP (excluding implicit crite-

ria), number of STOPP PIMs (excluding implicit criteria), number of START PPOs, number of

ADRs, number of ADRs at the time of admission and number of ADRs during hospitalisation.

Data processing and statistical analysis were performed with R [121].

4.2. Study 2: MRisk-COVID study

The second study composing this PhD thesis is the MRisk-COVID (Multimorbidity Risk in

COVID-19) study. The MRisk-COVID study is an observational, real world data (RWD) study

of >20-year-old COVID-19 patients in the first pandemic wave. The aims of this study were

to characterise multimorbidity clusters within an adult COVID-19 cohort and to assess the

relationship between these clusters and infection severity/mortality. The MRisk-COVID study

was registered at the ClinicalTrials.gov database with the identifier NCT04981249.

4.2.1. Study design and cohort

Observational, real world data study based on a cohort of 14286 COVID-19 patients aged >20

years, residing in a healthcare zone in the Northeast region of Spain (Vallès Occidental est),

and registered between 27th February and 15th June of 2020 by the Catalan Epidemiological

Surveillance Emergency Service (SUVEC) as either confirmed or suspected COVID-19 cases.

The study was approved by the Ethics Committee (CEIm) of the Parc Taulí University Hospital

(reference 2021/5067), which waived the requirement of informed consents due to the epidemi-

ological nature of the study and the use of anonymized data provided by PADRIS. This study

was conducted according to the principles expressed in the Declaration of Helsinki.

4.2.2. Data acquisition and variables

Data were provided by the Agency for Health Quality and Assessment of Catalonia (AQuAS)

in the framework of the Public Data Analysis for Health Research and Innovation Program

(PADRIS), under an extraordinary call that took place in April 2020 in order to provide health-

care big data for COVID-19 research studies.
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4.2. Study 2: MRisk-COVID study

Demographic data were obtained from the Shared Clinical History of Catalonia (HC3) and

included age and sex. Clinical records were obtained from any primary healthcare centre and

hospital of Catalonia that the individuals attended. The provided records covered from 1923

to 2020 in primary healthcare centres, and from 2016 to 2020 in hospitals. Patients’ data were

stratified by sex and age, thereby obtaining eight different datasets (groups of 21–45, 46–65,

66–80 and 81–95 years, separated into male and female individuals).

Infection severity was defined as the occurrence of at least one of the following conditions

during any of the registered COVID-19 episodes: severe respiratory affection, use of respiratory

support, septic shock, multiple organ failure, inflammatory response, admission to intensive

care unit, and mortality associated with COVID-19 episodes.

4.2.3. Multimorbidity cluster analysis

The ICD-10-CM codes of the complete diagnoses records were categorised into chronic or acute

diseases by the Chronic Condition Indicator v.2021.1 [122], and only chronic conditions were se-

lected. Then, in order to reduce the number of variables for the cluster analysis, diagnoses were

grouped and classified by the Clinical Classification Software Refined v.2021.1 (e.g. ’Asthma’

and ’Chronic obstructive pulmonary disease and bronchiectasis’ were labelled as ’Diseases of

the respiratory system’) [123].

The clustering procedure was independently applied to each sex-age group. For each stratum,

chronic conditions were filtered by prevalence (>2%) and only patients with multimorbidity,

as defined by the presence of 2 or more chronic conditions, were included in the analyses. An

initial dimension reduction of the dataset was performed by a Multiple Correspondence Ana-

lysis, using the elbow criteria in the Scree plot for dimension selection. The resulting data were

subjected to soft clustering analysis by the fuzzy c-means algorithm. This algorithm requires

two main parameters: the number of desired clusters (C) and the fuzziness (m), which indi-

cates the degree of overlapping membership of the patients to the clusters. This parameter can

range from 1 (equivalent to hard, non-overlapping clustering) to infinite. Several values of C

(4, 5, 6 and 7) and m (1.1, 1.2, 1.4, 1.5, 2, and 4) were tested. The optimal m was estimated by

the mean calculation of five indexes: Calinski–Harabasz, Partition coefficient (both optimal at

their highest value), Partition entropy, Fukuyama, and Xie-Beni (the three of them optimal at

their lowest value).
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4. Methods

The final C for each sex and age stratum was determined through consensus among 11 pro-

fessionals of the multidisciplinary research group. This agreement was achieved following a

Delphi-like selection method that consisted of equal voting through two selection rounds. Con-

sensus was defined when one of the options reached a majority of votes (≥6); cases with lack

of consensus or similar voting count were decided through a clinical debate session.

Several indicators were calculated for the chronic conditions in each cluster in order to char-

acterise the specificity and composition of the MM patterns: a) Prevalence within the cluster

(%); b) Observed/Expected (O/E) ratio, estimated by dividing the prevalence in the cluster

by the prevalence in the corresponding age-sex group cohort; and c) Exclusivity (%), obtained

by dividing the number of patients that presented the chronic condition in the cluster by the

total number of patients affected by the chronic condition in the corresponding age-sex group

cohort. A generic label was assigned to each cluster in an attempt to summarise the most preva-

lent and overexpressed chronic condition as well as to facilitate the clinical interpretation of the

results. Regarding patients, membership percentages were calculated, indicating the degree of

belonging of each patient to the selected clusters.

4.2.4. Statistical analysis

Statistical bivariate differences between severe and non-severe cases, as well as dead and sur-

vivor cases, were assessed by chi-square tests in the case of categorical/dichotomous variables

and Wilcoxon signed-rank tests in the case of continuous variables. The statistical relation-

ship between mortality or severity and multimorbidity clusters was assessed by weighted

chi-square tests, where the weight of the variables was the percentage of membership of the

patients to each cluster. Patients with less than two chronic conditions were evaluated as an

additional “No multimorbidity” group.

Data processing and statistical analysis were performed with R [121].

4.3. Study 3: MTOP study

The third study composing this PhD thesis is the MTOP (Multimorbidity Trajectories in Older

Patients) study. The MTOP study is an retrospective, observational study that aims to identify
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4.3. Study 3: MTOP study

longitudinal trajectories of multimorbidity patterns in a cohort of older patients. The MTOP

study was registered at the ClinicalTrials.gov database with the identifier NCT05717309.

4.3.1. Study design and cohort

The MTOP study is a retrospective observational study using real-world data based on a co-

hort from a previous study on multimorbidity clusters, called MRisk-COVID study [124]. The

MRisk-COVID study included 14286 patients of a region in the Northeast of Spain (Vallès Oc-

cidental est, Catalonia), which were either confirmed or suspected COVID-19 cases from 27th

February to 15th June 2020. The MRisk-COVID data was deemed suitable to address the aim

of the MTOP study, as it provided readily available data on longitudinal chronic morbidity in

a cohort of older patients. Patients aged >65 years were selected, resulting in a cohort of 3988

individuals.

The study was approved by the Ethics Committee (CEIm) of the Parc Taulí University Hospital

(reference 2022/5051), which waived the requirement of informed consents due to the epi-

demiological nature of the study and the use of anonymized data. This study was conducted

according to the principles expressed in the Declaration of Helsinki.

4.3.2. Data acquisition and variables

Demographic data (sex and age) and clinical data were obtained from the Shared Clinical His-

tory of Catalonia (HC3). Clinical data comprised clinical records of all primary healthcare

centres in Catalonia. The provided records covered from 1930 to 2020 and encompassed all

diagnoses, coded using the ICD-10-CM diagnostic system [125]. Three time points were estab-

lished: 2020 (baseline, representing the time of data extraction), 2015 (5 years before) and 2010

(10 years before), and active diagnoses at each time were collected.

4.3.3. Multimorbidity cluster analysis

To identify chronic multimorbidity patterns, three steps were performed: identification of

chronic conditions, complexity reduction of chronic conditions, and cluster analysis of patients

based on these selected features. The following analyses were performed independently for

each of the three selected time points.
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4. Methods

Firstly, the identification of chronic conditions for inclusion in the analyses was carried out

using the Chronic Condition Indicator software v.2021.1 [122]. Then, the selected chronic diag-

noses were classified and grouped using the Clinical Classification Software Refined v.2021.1

[123], which allocates specific diagnoses into general chronic condition categories. This step

was performed in order to reduce the number of variables for the cluster analysis and increase

statistical power, while at the same time collapsing highly similar diagnoses to avoid unnec-

essary fragmentation. After that, chronic conditions were filtered by >2% prevalence in order

to reduce statistical noise. Only patients with two or more chronic conditions were included,

regardless of the presence of acute conditions.

Due to the large number of chronic conditions, a dimension reduction was performed by Mul-

tiple Correspondence Analysis. The optimal number of dimensions was determined by the

elbow criteria in the scree plot. Then, soft clustering analysis was performed using the fuzzy

c-means algorithm [91]. Given that it is a stochastic method; a hundred iterations were per-

formed in order to obtain reproducible results. Several values of fuzziness (m) were tested

(m=1.1, 1.2, 1.4, 1.5, 2, 4) and the optimal m=1.1 was estimated by the mean calculation of five

indexes: Calinski–Harabasz, Partition coefficient, Partition entropy, Fukuyama, and Xie-Beni.

Also, several values of the number of clusters (C=4, 5, 6 and 7) were tested. The final C for

each time point was reached through statistical criteria and consensus among 6 medical doc-

tors from different specialities. This agreement was achieved following an independent voting

process. Consensus was defined when one of the options reached a majority of votes. Cases

with lack of consensus or similar voting count were meant to be decided through a clinical

debate session, however this turned out not to be necessary.

After establishing multimorbidity clusters, three indicators were calculated for each chronic

condition: prevalence within the cluster (%), observed/expected (O/E) ratio (prevalence in the

cluster / total prevalence) and exclusivity (patients with the condition in the cluster / total

of patients with the condition). Finally, a descriptive label was agreed upon and assigned

to each cluster to summarise their over-represented chronic conditions and facilitate clinical

interpretation.
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4.4. Comparison of methods

4.3.4. Statistical analysis

Each patient was allocated to the most probable cluster at each of the time points. Percentages

of patients in each cluster were calculated, including patients with zero or one chronic condi-

tions, which were allocated to a “No multimorbidity” group. Then, trajectories of each patient

through the three time points were established. Percentages of patients for all possible trajec-

tories were calculated for the three time points or pairwise (10 years before vs. 5 years before,

5 years before vs. baseline).

A stratified descriptive analysis was conducted by sex and two age groups, thereby obtaining

four different patient datasets (groups of 66–80 and >80 years, separated into male and female

individuals) and plotting their trajectories separately. Age cut-off was set at 80 years to define

very old individuals.

Data processing and statistical analysis were performed with R [121].

4.4. Comparison of methods

The comparison of the methodologies followed in each of the three studies composing this

thesis is outlined in Table 6.
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5. Results

The results of this PhD thesis correspond to the findings of the studies that comprise it.

5.1. Study 1: MoPIM study

Publication of the first study

Lleal M, Baré M, Ortonobes S, Sevilla-Sánchez D, Jordana R, Herranz S, Gorgas MQ, Espaulella-

Ferrer M, Arellano M, de Antonio M, Nazco GJ, Hernández-Luis R, on behalf of the MoPIM

Study Group. Comprehensive Multimorbidity Patterns in Older Patients Are Associated with

Quality Indicators of Medication-MoPIM Cohort Study. Int J Environ Res Public Health. 2022

Nov 29;19(23):15902.
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Abstract: Multimorbidity is increasing and poses a challenge to the clinical management of patients
with multiple conditions and drug prescriptions. The objectives of this work are to evaluate if multi-
morbidity patterns are associated with quality indicators of medication: potentially inappropriate
prescribing (PIP) or adverse drug reactions (ADRs). A multicentre prospective cohort study was
conducted including 740 older (≥65 years) patients hospitalised due to chronic pathology exacer-
bation. Sociodemographic, clinical and medication related variables (polypharmacy, PIP according
to STOPP/START criteria, ADRs) were collected. Bivariate analyses were performed comparing
previously identified multimorbidity clusters (osteoarticular, psychogeriatric, minor chronic disease,
cardiorespiratory) to presence, number or specific types of PIP or ADRs. Significant associations were
found in all clusters. The osteoarticular cluster presented the highest prevalence of PIP (94.9%) and
ADRs (48.2%), mostly related to anxiolytics and antihypertensives, followed by the minor chronic
disease cluster, associated with ADRs caused by antihypertensives and insulin. The psychogeriatric
cluster presented PIP and ADRs of neuroleptics and the cardiorespiratory cluster indicators were
better overall. In conclusion, the associations that were found reinforce the existence of multimorbid-
ity patterns and support specific medication review actions according to each patient profile. Thus,
determining the relationship between multimorbidity profiles and quality indicators of medication
could help optimise healthcare processes. Trial registration number: NCT02830425.

Keywords: older patient; multimorbidity; cluster analysis; polypharmacy; potentially inappropriate
medication; potential prescribing omission; adverse drug reaction; healthcare quality indicator
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1. Introduction

The clinical management of older patients with multiple conditions and pharmaceu-
tical treatments poses a big challenge for healthcare professionals and systems. On top
of the ageing population, a high prevalence of multimorbidity (classically defined as the
presence of two or more coexisting chronic conditions) has been described worldwide and
is expected to continue increasing [1,2]. Therefore, conducting research on how to improve
the care of multimorbid patients in healthcare services that have traditionally focused on
single diseases should be deemed of the utmost priority [3,4].

Various definitions and research methodologies have been developed in order to shed
light on the concept of multimorbidity, and there is accumulating evidence suggesting that
chronic conditions give rise to association patterns [5–7]. Although there is no standard
yet, many publications have successfully identified multimorbidity patterns [8,9], some
of which are repeatedly found among different studies [10]. Furthermore, some patterns
have been associated with outcomes such as lower function, higher healthcare utilisation,
poor prognosis or higher mortality [11–16]. Therefore, identifying multimorbidity patterns
could help design new strategies and guidelines focusing on the most appropriate practices
according to each patient profile.

This is remarkably important in older patients who, in addition to multimorbidity,
present polypharmacy and age-related factors that can influence and hinder pharmaco-
logical prescribing. Some examples include physiological changes in pharmacokinetics
and pharmacodynamics, cognitive impairment, functional difficulties or geriatric syn-
dromes [17–20]. All in all, prescribing while balancing the benefits and risks becomes an
arduous task.

In this scenario, a lot of attention has been brought to potentially inappropriate
prescribing (PIP), which may occur in situations such as prescribing medications with
potential benefits that do not outweigh the harms (particularly given the existence of
safer alternatives); prescribing an inappropriate dose or duration or a duplicate drug;
or omitting potentially beneficial medications. Several tools have been developed to
identify PIP, such as the STOPP/START (Screening Tool of Older Person’s potentially
inappropriate Prescriptions/Screening Tool to Alert doctors to Right Treatment) criteria,
the most used and validated in European older adults [21]. These criteria include both
potentially inappropriate medications (PIMs) and potential prescribing omissions (PPOs).
While PPOs can prevent patients from taking essential medication, leading to risks and
negative outcomes [22,23], PIMs are a well-known risk factor for adverse drug reactions
(ADRs) [24–26]. ADRs are highly frequent in older patients and have been estimated to be
responsible for 10–30% of hospital admissions [27,28] as well as to occur in 16% of already
hospitalised older patients [29].

Taking into account all these considerations, it is plausible that certain multimorbidity
patterns may present an association with specific PIP and/or ADRs. Importantly, there are
no publications to date studying this inter-relationship in detail. Identifying associations
could pave the way to optimising and focusing medication review actions and improve
healthcare in these complex patients, reducing undesired outcomes. The present analy-
ses are part of the MoPIM multicentre cohort study [30], which has various objectives
regarding multimorbidity, PIP and ADRs in older patients hospitalised due to chronic
condition exacerbation. A set of four multimorbidity patterns were identified in a previous
publication [31]; thus, the objectives of this work are to evaluate if any of these previously
identified multimorbidity patterns are associated with the presence, number or specific
types of PIP or ADRs.

2. Methodology
2.1. Design and Setting

A multicentre prospective cohort study including older patients hospitalised at the
internal medicine or geriatric services at five general teaching hospitals in three different
regions of Spain between September 2016 and December 2018 was conducted. The detailed
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protocol was previously published [30]. For the purposes of the study, older patients
(≥65 years old) admitted as a result of the exacerbation of their chronic pathology were
included. Patients referred to home hospitalisation, admitted because of an acute process
unrelated to any chronic disease or with a fatal outcome expected at the time of admission,
were not included. No written informed consent was deemed necessary for this study,
according to the independent ethics committee.

2.2. Data Acquisition and Variables

The following sociodemographic and clinical data were retrieved from the electronic
health records by the clinical team responsible for the patient: patient’s code, date of
birth, sex, functional status just before admission (Barthel Index) [32], household (alone,
with relatives or other people, in a nursing home) and existence of any contact with
healthcare services in the 3 months prior to hospitalisation due to exacerbation of any
chronic disease and destination at discharge from the present episode of hospitalisation
(home, transfer to another hospital, transfer to a nursing home, death). Chronic active
conditions were recorded from a consensual list of 64 conditions containing all chronic
diseases of the Charlson Comorbidity Index [33] and including some risk factors as well.
Geriatric syndromes and risk factors were also recorded from a list of 15 (see protocol [30]).

The number of chronic medications in the electronic prescription at the time of ad-
mission and the STOPP/START criteria (version 2) [21] detected upon admission, with the
active principle involved, were collected by the pharmacist of the team. The 2nd version of
STOPP/START criteria consists of a list of 114 medication indications, developed using a
Delphi method by experts from different disciplines, who carried out a literature review.
The criteria are directed to prevalent diseases in older patients, are ordered by physiological
systems and are easy to relate to active diagnoses. This medication review process was
part of the usual patient care routine in all participating centres. Medication was only
considered chronic if prescribed at least 3 months before admission, and creams, ointments,
healing materials and over-the-counter medicines were not considered. Active principles
were considered individually when registering STOPP/START criteria, regardless of the
administered drug combinations.

Finally, ADRs were identified by the clinical team both at admission and during the
course of stay. ADRs were considered according to the WHO and the European Medicines
Agency criteria [34–36]. The active principle involved and whether the ADR occurred
at admission or during hospitalisation were collected. Consequences in terms of health
(death, life-threatening, lengthening of hospitalisation, other important consequences under
medical criteria) were registered if the ADR appeared during hospital stay.

2.3. Sampling and Analysis

Patients included were proportionally distributed to the annual volume of hospitalisa-
tions at the internal medicine and/or geriatric services of each centre.

The Updated Charlson Comorbidity Index [37] was calculated, adjusted by age and
categorised by tertiles (2–6, 7–8, 9–14).

Multimorbidity patterns were identified using a soft clustering algorithm, as thor-
oughly described [31]. Firstly, some chronic conditions were grouped according to clinical
criteria and then filtered by <2% prevalence, resulting in a list of 40 chronic conditions
and 15 geriatric syndromes. Chronic conditions were weighted according to the required
clinical management. Then, transformation and dimensionality reduction for the dataset
were carried out with the PCAmix algorithm [38], and cluster analysis was performed with
the fuzzy c-means algorithm [39]. This technique allowed for obtaining clusters of patients
based on their chronic conditions and geriatric syndromes with a membership probability
to every cluster. After computing several validation indexes [31], a range of statistically
significant possibilities were obtained, and, after clinical revision and discussion among the
research team, an eventual set of four clusters was established. These clusters were named
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‘osteoarticular’, ‘psychogeriatric’, ‘minor chronic disease’ and ‘cardiorespiratory’. Patients
were assigned to the cluster where their membership probability was highest.

All STOPP/START criteria were assessed, except for START criteria I (vaccines) due to
difficulties of some centres in accessing the information. Regarding the implicit criterion
STOPP A1 and given its high frequency, it was divided into the following categories accord-
ing to the active principle involved: proton pump inhibitors, hypolipidemics, analgesics,
acetylsalicylic acid, antihypertensives and others [40].

Active principles involved in ADRs were categorised in the following drug families:
analgesic, angiotensin-converting enzyme (ACE) inhibitor, angiotensin II receptor blocker,
antiarrhythmic, antibiotic, anticoagulant, antidepressant, antiepileptic, antiplatelet, antipsy-
chotic, antivitamin K, benzodiazepine, beta blocker, bronchodilator, corticoid, loop diuretic,
neuroleptic, insulin, opioid, oral anticoagulant, oral antidiabetic, potassium sparing di-
uretic, proton pump inhibitor, statin, thiazide diuretic and others. Equivalence with ATC
(Anatomical Therapeutic Chemical) codes can be found in Table S1.

Binary variables were created to describe the presence of any STOPP/START PIP, any
STOPP PIM, any START PPO, any ADR, any ADR at admission and any ADR during
hospitalisation. This was performed similarly with numerical variables for the number of
STOPP/START PIP (excluding implicit criteria STOPP A1, A2, A3), number of STOPP PIM
(excluding STOPP A1, A2, A3), number of START PPO, number of ADR, number of ADR
at admission and number of ADR during hospitalisation.

Descriptive analyses were performed for all variables. Bivariate analyses were con-
ducted to assess possible associations between multimorbidity clusters and the presence or
type of PIP or ADR by the Fisher’s exact test. Most frequent PIP criteria were selected with
the aim of analysing at least the top 10 criteria for PIMs and PPOs, resulting in a cut-off
of 5% of patients of a cluster for STOPP criteria and 3% of patients of a cluster for START
criteria. ADRs were only analysed if present in at least 5 patients of a cluster. Post hoc
pairwise Fisher’s exact tests were conducted for those previously significant tests (p < 0.05),
and p-values were corrected for multiple hypothesis testing using Benjamini–Hochberg
false discovery rate (FDR) method [41] at a 5% cut-off.

Comparisons between number of PIP or ADR were performed using the Kruskal–
Wallis test. Pairwise comparisons between distributions of the number of PIP or ADR
among the different clusters were performed using the Kolmogorov–Smirnov test. These
comparisons were performed for the following variables: number of STOPP/START PIP
(excluding implicit criteria, i.e., STOPP A), number of STOPP PIMs (excluding implicit
criteria, i.e., STOPP A), number of START PPOs, number of ADRs, number of ADRs at the
time of admission and number of ADRs during hospitalisation.

All analyses were performed with R (R Foundation for Statistical Computing, Vienna,
Austria) [42].

3. Results
3.1. Sociodemographic and Clinical Characteristics of the Cohort

A total of 740 patients were included; 53.2% were females, and 98.7% were diagnosed
with two or more chronic conditions. The mean age was 84.1 (SD 7.0) years, and the mean
Barthel Index was 65 (median 75). The cardiorespiratory cluster contained most patients
(n = 325, 43.9%), followed by the psychogeriatric (n = 151, 20.4%), osteoarticular (n = 137,
18.5%) and minor chronic disease (n = 127, 17.2%) clusters. Sociodemographic and clinical
variables are summarised in Table 1, according to the assigned multimorbidity cluster.
The prevalences of chronic conditions and geriatric syndromes are described according to
multimorbidity cluster in Table S2. Among all the detected STOPP/START criteria, the most
prevalent STOPP criteria were A1: Drugs prescribed without an evidence-based clinical
indication (n = 310, 25.7%), D5: Benzodiazepines for ≥4 weeks (n = 247, 20.5%) and K1:
Benzodiazepines (n = 131, 10.9%), from a total of 1206 criteria detected. The most prevalent
START criteria were E5: Vitamin D supplement in older people who are housebound or
experiencing falls or with osteopenia (n = 76, 21.5%), H2: Laxatives in patients receiving
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opioids regularly (n = 50, 14.1%) and A8: Appropriate beta-blocker with stable systolic
heart failure (n = 39, 11.0%), from a total of 353 criteria detected.

Table 1. Sociodemographic and clinical variables of the cohort according to the assigned multimor-
bidity clusters.

Osteo-
Articular

Psycho-
Geriatric

Minor Chronic
Disease

Cardio-
Respiratory

n (%) 137 (18.5) 151 (20.4) 127 (17.2) 325 (43.9)
Age at the time of admission (years, mean ± SD) 84.3 ± 6.3 85.1 ± 6.9 83.1 ± 7.2 84.1 ± 7.2

Sex, n (%) Female 104 (75.9) 85 (56.3) 50 (39.4) 155 (47.7)
Male 33 (24.1) 66 (43.7) 77 (60.6) 170 (52.3)

Barthel Index (mean ± SD) 61.6 ± 24.7 34.6 ± 31.4 77.4 ± 25.6 75.9 ± 27.2
No. of chronic pathologies (mean ± SD) 11.5 ± 3.6 7.7 ± 3.1 10.2 ± 3.1 7.2 ± 2.3
No. of geriatric syndromes (mean ± SD) 7.7 ± 1.8 9.1 ± 2.0 5.3 ± 2.8 4.2 ± 2.0
No. of chronic prescriptions (mean ± SD) 12.3 ± 4.58 9.5 ± 3.81 11.1 ± 4.0 10.1 ± 4.1

Updated Charlson Comorbidity Index,
age-adjusted, n (%)

2–5 27 (19.7) 22 (14.6) 29 (22.8) 70 (21.5)
6–8 77 (56.2) 87 (57.6) 62 (48.8) 185 (56.9)

9–14 33 (24.1) 42 (27.8) 36 (28.3) 70 (21.5)

Household, n (%)
Alone 27 (19.7) 15 (9.9) 21 (16.5) 59 (18.2)

Nursing home 17 (12.4) 35 (23.2) 8 (6.3) 35 (10.8)
With

relatives/other
people

93 (67.9) 101 (66.9) 98 (77.2) 231 (71.1)

Chronic pathology exacerbation 3 months prior
to admission, n (%)

No 26 (19.0) 37 (24.5) 30 (23.6) 132 (40.6)
Yes 111 (81.0) 114 (75.5) 97 (76.4) 193 (59.4)

Destination at discharge, n (%) Home 85 (62.0) 72 (47.7) 93 (73.2) 218 (67.1)
Nursing home 18 (13.1) 35 (23.2) 13 (10.2) 39 (12.0)

Another
hospital 16 (11.7) 16 (10.6) 16 (12.6) 53 (16.3)

Death 18 (13.1) 28 (18.5) 5 (3.9) 15 (4.6)

SD: standard deviation.

3.2. Relationship between Multimorbidity Clusters and Potentially Inappropriate Prescribing

A bivariate analysis was performed to test the association of belonging to a cluster
and presenting any STOPP/START PIP, STOPP PIMs or START PPOs. Table 2 shows
that a significant association was found in all these three variables. Pairwise comparisons
(Table S3) showed that the osteoarticular cluster was significantly different from all others
regarding the presence of any PIP or any PIMs, and together with the minor chronic disease
were significantly different in presence of PPOs from the other two.

Table 2. Presence of any PIP, PIMs or PPOs according to STOPP/START criteria in relation to the
assigned multimorbidity clusters.

Osteo-Articular Psycho-Geriatric Minor Chronic Disease Cardio-Respiratory p-Value

n (%) 137 (18.5) 151 (20.4) 127 (17.2) 325 (43.9)
Any

STOPP/START
PIP

130 (94.9) 118 (78.1) 106 (83.5) 249 (76.6) <0.001

Any STOPP PIMs 117 (85.4) 109 (72.2) 91 (71.7) 225 (69.2) 0.002
Any START PPOs 93 (67.9) 87 (57.6) 79 (62.2) 148 (45.5) <0.001

Fisher’s exact test p-value is shown. PIP: potentially inappropriate prescribing, PIM: potentially inappropriate
medication, PPO: potential prescribing omission.

Next, we compared the number of PIP, PIMs and PPOs between clusters taking
into account only explicit criteria. Differences were found between clusters in all three
variables (Kruskal–Wallis test: p < 0.001 in number of PIP, p < 0.001 in number of PIMs,
p = 0.001 in number of PPOs). Pairwise comparisons between distributions showed that
the osteoarticular cluster in both the number of STOPP/START PIP and STOPP PIMs
was different from the other clusters (Kolmogorov–Smirnov test: p < 0.001 and p < 0.005,
respectively), meaning that patients of this cluster tend to present a larger number of PIP
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and PIMs (Figure S1). No significant differences were found in the distribution of the
number of START PPOs.

Then, a bivariate analysis was performed focusing on certain specific criteria, selecting
the most frequent ones. Significant associations were found in the STOPP PIM criteria
related to benzodiazepines (STOPP D5, G5, K1) or ACE inhibitors/angiotensin receptor
blockers (STOPP B11), which were significantly higher in the osteoarticular cluster. PIMs
related to proton pump inhibitors (extracted from STOPP A1) were significantly lower in
the cardiorespiratory cluster than the rest. PIMs involving neuroleptic drugs (STOPP K2)
were most prevalent in patients of the psychogeriatric cluster and least prevalent in those
of the cardiorespiratory cluster (Figure 1A, Table S4).

Regarding START PPO analysis, the most frequent criteria were selected and compared
between clusters as well. PPOs involving beta blockers (START A8) were positively associ-
ated with the cardiorespiratory cluster, while the lack of vitamin D prescribing (START E5)
was negatively associated with it. Prescribing the omission of laxatives (START H2) was
significantly higher in the osteoarticular and minor chronic disease clusters with respect to
the others (Figure 1B, Table S5).

3.3. Relationship between Multimorbidity Clusters and Adverse Drug Reactions

A total of 376 ADRs were reported in 245 patients (33.1%), and 59.6% of those were
detected at the time of admission in 153 patients (20.7%). Having an ADR was significantly
associated with belonging to particular multimorbidity clusters. Almost half of the patients
in the osteoarticular and minor chronic disease clusters suffered at least one ADR, and both
clusters were significantly different from the psychogeriatric and cardiorespiratory. When
separating ADRs into those detected at the time admission and those occurred during
hospital stay, these two clusters also showed a significantly higher percentage of patients
(Tables 3 and S6).

Table 3. Presence of any ADR in relation to the assigned multimorbidity clusters.

Osteo-Articular Psycho-Geriatric Minor Chronic Disease Cardio-Respiratory p-Value

n (%) 137 (18.5) 151 (20.4) 127 (17.2) 325 (43.9)
Any ADR 66 (48.2) 31 (20.5) 60 (47.2) 88 (27.1) <0.001

Any ADR at
admission 45 (32.8) 22 (14.6) 39 (30.7) 47 (14.5) <0.001

Any ADR during
hospitalisation 32 (23.4) 11 (7.3) 30 (23.6) 47 (14.5) <0.001

Fisher’s exact test p-value is shown. ADR: adverse drug reaction.

With respect to the number of ADRs between different clusters, significant differences
were found when considering all ADRs, those detected at admission and those occurred
during hospitalisation (Kruskal–Wallis test: p < 0.001 in all cases). Afterwards, a pairwise
comparison of the distributions was performed too, which showed that the osteoarticular
and the minor chronic disease clusters presented a different distribution from the psy-
chogeriatric and cardiorespiratory clusters both regarding the total number of ADRs and
those detected at the time of admission (Figure S2). No significant differences were found
in the distribution of the number of ADRs occurred during hospital stay.
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Figure 1. (A): Percentage of patients per cluster having the most frequent STOPP PIM criteria. (B): 
Percentage of patients per cluster having the most frequent START PPO criteria. Fisher’s exact test 
p-value: p-values are shown in the figure when p < 0.05. Error bars show 95% confidence interval for 
the estimated proportion. ACE: angiotensin converting enzyme; ARB: angiotensin II receptor 
blocker; AFib: atrial fibrillation; TCA: tricyclic antidepressant; AChE: acetylcholinesterase. 

Figure 1. (A): Percentage of patients per cluster having the most frequent STOPP PIM criteria. (B):
Percentage of patients per cluster having the most frequent START PPO criteria. Fisher’s exact test
p-value: p-values are shown in the figure when p < 0.05. Error bars show 95% confidence interval for
the estimated proportion. ACE: angiotensin converting enzyme; ARB: angiotensin II receptor blocker;
AFib: atrial fibrillation; TCA: tricyclic antidepressant; AChE: acetylcholinesterase.
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To determine the association of multimorbidity clusters to specific types of ADRs,
a bivariate analysis was performed, similarly to the one involving the STOPP/START
criteria. Figure 2 shows the percentage of patients that suffered an ADR of a certain drug
family according to their assigned multimorbidity cluster, only considering those ADRs
detected in at least five patients in a cluster. Patients belonging to the osteoarticular cluster
suffered ADRs involving ACE inhibitors more frequently, as well as patients in the minor
chronic disease cluster, which more frequently experienced ADRs related to angiotensin
receptor blockers or insulin, with respect to the psychogeriatric or cardiorespiratory clusters.
Furthermore, ADRs to neuroleptic drugs were more frequently suffered in psychogeriatric
patients, and those involving diuretics were also associated with multimorbidity cluster
belonging; however, no pairwise differences could be found (Table S7).
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Finally, the relationship between multimorbidity cluster and the consequences of
ADRs during admission was also tested, and a significant association was found (Figure 3;
Fisher’s Exact Test: p-value = 0.02). For example, 18.8% of patients in the osteoarticular
cluster who suffered an ADR during admission faced a life-threatening situation, whereas
this did not happen to any patients in the psychogeriatric cluster. Nevertheless, in the
psychogeriatric cluster, most ADRs caused a lengthening of hospital stay. None of the
ADRs were fatal.

45



5. Results

Int. J. Environ. Res. Public Health 2022, 19, 15902 9 of 16

Int. J. Environ. Res. Public Health 2022, 19, x  9 of 17 
 

 

 
Figure 2. Percentage of patients per cluster having at least one ADR registered in the most frequent 
drug families. Fisher’s exact test p-value is shown when p < 0.05. ADR: adverse drug reaction; ACE: 
angiotensin-converting enzyme; ARB: angiotensin II receptor blocker. Error bars show 95% confi-
dence interval for the estimated proportion. 

 
Figure 3. Proportions of patients per cluster according to the worst consequence suffered in those 
patients with an ADR during hospitalisation. ADR: adverse drug reaction. Fisher’s Exact Test: p-
value = 0.02. 

  

Figure 3. Proportions of patients per cluster according to the worst consequence suffered in those
patients with an ADR during hospitalisation. ADR: adverse drug reaction. Fisher’s Exact Test:
p-value = 0.02.

4. Discussion
4.1. Main Important Results and Novelty

Our study successfully detected significant associations between multimorbidity pat-
terns and specific PIMs, PPOs and ADRs, showing that patients in each multimorbidity
cluster tend to present comparable health problems and, therefore, identifying patients
with similar needs. The osteoarticular cluster displayed the worst situation regarding PIP
and ADRs, particularly related to anxiolytics and antihypertensives. The psychogeriatric
cluster, despite having the lowest number of chronic prescriptions, presented PIP of proton
pump inhibitors and neuroleptics, with the latter also causing ADRs. The minor chronic
disease cluster was associated with ADRs caused by antihypertensives and insulin, and
the cardiorespiratory cluster showed fewer PIP and ADRs overall. Altogether, our results
support the prioritisation of medication review in patients from the osteoarticular cluster,
which accounted for the largest proportion of patients with PIP or ADRs, along with the
most severe consequences of ADRs, followed by the minor chronic disease cluster.

This is, to our knowledge, the first study to consider and analyse the relationship
of multimorbidity patterns with quality indicators of medication, such as PIP and ADRs.
Our approach includes a novel methodology of defining multimorbidity in conjunction
with an extensive set of explicit and implicit criteria (STOPP/START) regarding PIMs and
PPOs and together with an exhaustive registration of ADRs, providing a unique dataset
integrating this information. Significant associations were found between clusters when
considering presence, number or specific PIMs, PPOs and ADRs, suggesting that these
situations should be differently managed according to each particular patient profile.

4.2. Clinical Implications

The osteoarticular cluster not only presented the highest percentage of patients with
at least a PIP or PIM but also a larger number of them than the other clusters. This could
be partially explained due to a higher number of chronic prescriptions and is also consis-
tent with the high prevalence found in the three benzodiazepine-related criteria (STOPP
D5, G5, K1), frequently coexisting in the same patients. We certainly expected an overall

46



5.1. Study 1: MoPIM study

Int. J. Environ. Res. Public Health 2022, 19, 15902 10 of 16

high prescription of benzodiazepines [43,44], especially in this cluster that has the highest
prevalence of depression and anxiety (61.3%). This could even be a result of excessive
medicalisation in a female-predominant cluster. It is well-known that benzodiazepine
prescribing is excessive [45], and this situation becomes particularly concerning in this
patient profile due to its association with negative outcomes such as falls, fractures, depen-
dence and cognitive decline [46]. The almost-ubiquitous prevalence of chronic pain (92.7%),
frailty (83.9%) and degenerative arthropathy (81.0%) stress the need for benzodiazepine
deprescribing. Nonetheless, we acknowledge the complexity of this process.

Furthermore, we found that side effects in prescribing for pain management might
not be properly addressed in the osteoarticular cluster. A significant association with
STOPP L2 and START H2 criteria was found, both referring to the requirement of laxative
prescription in patients under opioid therapy. This was also found in the minor chronic
disease cluster, consistent with its high prevalence of patients with chronic pain (69.3%).
Nevertheless, it is plausible that patients in both clusters, which are already taking a
large number of medications, could be using some herbal or over-the-counter products.
Besides, these results did not correlate well with the prevalence of constipation in the minor
chronic disease cluster, which accounted for the lowest proportion (32.3%). This could be
explained by differences in the involved opioids, with patients prescribed transdermal
fentanyl having less risk of constipation than those on oxycodone or morphine [47,48].

Additionally, the use of antihypertensive and diuretic drugs also posed a challenge in
patients from both the osteoarticular and the minor chronic disease clusters (with many
registered ADRs) compared to the others. Although it was not always possible to establish
significant pairwise comparisons due to a low number of cases, there was a significant
association overall. In the specific case of ACE inhibitors, they were found to be significantly
different in the osteoarticular cluster as well as detected as PIMs in STOPP criteria B11.
Conversely, angiotensin receptor blockers caused ADRs in a higher proportion of patients
in the minor chronic disease cluster but were not labelled as inappropriately prescribed.
Our results, therefore, suggest that, although side effects of antihypertensive drugs are
well-known [49–51], decompensations particularly occur in these patients and may lead
to life-threatening situations, which were consistently found to be higher in both clusters.
However, these situations may be harder to address, as they might not always be identified
as PIMs.

Remarkably, some of the ADRs detected were not caused by a previously identified
PIM, revealing one of the limitations of PIP/PPO detection tools. This was especially
evident in the minor chronic disease cluster, which unexpectedly presented a high number
of ADRs. This cluster appears to be the most heterogeneous of all, and it is possible that this
situation may have occurred due to a single disease prescribing approach, where various
medications are accumulatively prescribed by different professionals. Moreover, it is also
plausible that medication review in these patients, who are the least dependent and are
mostly living with other people or alone, was not prioritised.

This situation contrasts with the findings regarding the psychogeriatric cluster, with
the lowest number of chronic prescriptions, low number of PIP and ADRs and no in-hospital
life-threatening ADRs. This could be explained by an increased effort in medication review
and comprehensive clinical management. However, two situations stood out: PIMs of
proton pump inhibitors were especially high, and neuroleptics were detected as PIMs and
also caused ADRs. These results could be expected, yet problematic, as both are related to
a variety of adverse outcomes [52–57], which could cause a high burden in already very
frail patients. Therefore, there would still be room for deprescribing.

Lastly, patients in the cardiorespiratory cluster, containing almost half of the cohort,
were undoubtedly in the most preferable situation: no remarkable PIMs or ADRs. Only
one PPO criterion stood out: lack of a beta blocker prescription, which could be explained
by the opposite effect of beta blockers to beta agonists, usually administered in patients
with chronic obstructive pulmonary disease (COPD). However, the current literature
recommends beta blocker prescribing in patients with heart disease and COPD [58]. All
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in all, these patients were minimally dependent, with a low number of chronic conditions
and geriatric syndromes. Thus, it is plausible that although they had a chronic pathology
exacerbation that led to hospital admission, their health status was overall better and only
restricted to cardiorespiratory problems. Therefore, our results suggest these patients might
be easier to handle.

Taken together, our results show how multimorbidity profiles built according to
chronic conditions and geriatric syndromes have a significant association with PIP and
ADRs. On the one hand, these results support the existing evidence on the concept of
multimorbidity forming association patterns. The associations found on each profile to
some extent validate our methodological approach, which successfully allocates patients
with similar situations and needs. On the other hand, these results suggest that appropriate
actions according to each patient profile could be taken in hospitals but also in primary
care settings, which could be a useful approach to optimise and offer better health care. It
is essential to effectively direct efforts in these complex patients, and, in this case, patient
categorisation strategies together with multidisciplinary teams could be helpful to address
the situation. Thus, further studies are needed to incorporate multimorbidity approaches
in all levels of healthcare.

4.3. Comparison to Other Studies

Although there are previous studies on PIP and ADRs in different types of cohorts
of multimorbid patients studying the risk factors, outcomes and interventions, the vast
majority define multimorbidity with the presence of two or more chronic conditions or
consider those from a short list [59–63]. These definitions, although easily determined,
become too simplistic in a setting of older hospitalised patients, where almost all are
multimorbid (98.7% in our cohort). Therefore, new analytical strategies need to be explored
that consider a more comprehensive definition of multimorbidity, as there are currently no
publications directly comparable to ours.

The most similar study is the one carried out by Teh et al., in 2018 [14], comparing
multimorbidity patterns to the presence of any PIM or any PPO, but without considering
explicit criteria nor ADRs. Multimorbidity profiles are built with a similar methodology
and agreed upon by consensus among a multidisciplinary team involving clinicians as well.
However, the cohort is comprised of community patients over 80 years old, considering a
list of 14 conditions and using the first version of STOPP/START criteria, which disallows
comparisons. Nonetheless, the cluster with the highest proportion of patients with any
PIMs or PPOs is called ‘depression and arthritis’ and presents the highest prevalence
of osteoporosis and osteoarthritis, suggesting that this cluster could be similar to the
osteoarticular cluster from our cohort, which also presents depression and anxiety. In this
article, the authors conclude that profiles of conditions may carry stronger associations
with cross-sectional outcomes than the sum of those conditions.

4.4. Strengths and Limitations

This study presents multiple strengths. As a multicentre study, it presents increased
external validity. Its prospective design ensures high data quality by an accurate and
thorough registering of variables that may commonly be underreported, such as PIP and
ADRs. In this sense, it is important that a multidisciplinary team composed of pharmacists
and physicians work together in the medication-review process.

Furthermore, the approach of multimorbidity cluster analysis is novel and method-
ologically robust, incorporating both chronic conditions and geriatric syndromes and
allowing for work with patient profiles instead of single conditions. Moreover, this study
has been carried out with a well-defined cohort of hospitalised patients admitted due to
chronic condition exacerbation. This constitutes a particularly vulnerable and complex
group of patients, who may largely benefit from a reduction in negative outcomes. Finally,
the unique approach of the study, considering multimorbidity patterns with specific PIP
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and ADRs all together, allows for obtaining a reliable picture of a complex situation that
needs to be explored and addressed.

Nonetheless, some limitations of this study need to be taken into account. Firstly,
methodological approaches to tackle multimorbidity are highly variable, and there is no
consensus on the best practices to determine multimorbidity patterns. The results of
this study are conditioned to the predefined multimorbidity patterns, which could be
questioned, although they were comprehensive, considering a large list of conditions, and
consensually selected by a research team including clinicians. Secondly, there may be
differences in the reporting of PIP or ADRs between centres or healthcare professionals,
despite the large efforts made to homogenise criteria. Regarding ADRs, active principles
alone could not be analysed due to low occurrence so had to be collapsed into higher-level
categories. Finally, the direct relationship between PIP and ADRs was not addressed, as
this was far from the objectives of these analyses.

5. Conclusions

In older patients admitted to hospital because of chronic conditions’ exacerbation, it
is possible to define multimorbidity clusters that are associated with quality indicators
of medication prescribing such as the presence, number or specific types of PIP and
ADRs. These associations validate and support the existence of such clusters and point to
specific prescriptions that could be primarily reviewed and made adequate for each patient
profile. Thus, determining the relationship between multimorbidity profiles and the quality
indicators of medication could be key in remodelling and optimising healthcare processes
in order to tackle the increasing prevalence of older patients with multimorbidity.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph192315902/s1, Figure S1: (A): Distribution of the number of
STOPP/START PIP according to the assigned multimorbidity cluster. Pairwise comparisons be-tween
cluster distributions performed with the Kolmogorov-Smirnov test showed significant differences
between the osteoar-ticular cluster and the rest (p < 0.001). PIP: Potentially inappropriate prescribing.
(B): Distribution of the number of STOPP PIM according to the assigned multimorbidity cluster.
Pairwise comparisons between cluster distributions performed with the Kolmogorov-Smirnov test
showed significant differences between the osteoarticular cluster and the rest (p < 0.005). PIM: po-
tentially inappropriate medication. (C): Distribution of the number of START PPO according to the
assigned multimorbidity cluster. Pairwise comparisons between cluster distributions performed
with the Kolmogorov-Smirnov test showed no significant differences (p > 0.05). PPO: potential
prescribing omission; Figure S2: (A): Distribution of the number of ADRs according to the assigned
multimorbidity cluster. Pairwise comparisons between cluster distributions performed with the
Kolmogorov-Smirnov test showed significant differences between the osteoarticular and the minor
chronic disease clusters and the rest (p < 0.001). (B): Distribution of the number of ADRs at admission
according to the assigned multimorbidity cluster. Pairwise comparisons between cluster distributions
performed with the Kolmogorov-Smirnov test showed significant differences between the osteoar-
ticular cluster and the minor chronic disease clusters and the rest (p < 0.05). (C): Distribution of
the number of ADRs during admission according to the assigned multimorbidity cluster. Pairwise
comparisons between cluster distributions performed with the Kolmogorov-Smirnov test showed no
significant differences (p > 0.05). ADR: adverse drug reaction; Table S1: Equivalences between names
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Universitari, Institut d’Investigació i Innovació Parc Taulı́ (I3PT-CERCA), Universitat Autònoma de Barcelona,

Sabadell, Spain, 11 Research Network on Chronicity, Primary Care and Health Promotion (RICAPPS),

Instituto de Salud Carlos III, Madrid, Spain

* mbare@tauli.cat

Abstract

Background

Several chronic conditions have been identified as risk factors for severe COVID-19 infec-

tion, yet the implications of multimorbidity need to be explored. The objective of this study

was to establish multimorbidity clusters from a cohort of COVID-19 patients and assess

their relationship with infection severity/mortality.

Methods

The MRisk-COVID Big Data study included 14 286 COVID-19 patients of the first wave in a

Spanish region. The cohort was stratified by age and sex. Multimorbid individuals were sub-

jected to a fuzzy c-means cluster analysis in order to identify multimorbidity clusters within

each stratum. Bivariate analyses were performed to assess the relationship between sever-

ity/mortality and age, sex, and multimorbidity clusters.

Results

Severe infection was reported in 9.5% (95% CI: 9.0–9.9) of the patients, and death occurred

in 3.9% (95% CI: 3.6–4.2). We identified multimorbidity clusters related to severity/mortality
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in most age groups from 21 to 65 years. In males, the cluster with highest percentage of

severity/mortality was Heart-liver-gastrointestinal (81–90 years, 34.1% severity, 29.5% mor-

tality). In females, the clusters with the highest percentage of severity/mortality were Diabe-

tes-cardiovascular (81–95 years, 22.5% severity) and Psychogeriatric (81–95 years, 16.0%

mortality).

Conclusion

This study characterized several multimorbidity clusters in COVID-19 patients based on sex

and age, some of which were found to be associated with higher rates of infection severity/

mortality, particularly in younger individuals. Further research is encouraged to ascertain

the role of specific multimorbidity patterns on infection prognosis and identify the most vul-

nerable morbidity profiles in the community.

Trial registration

NCT04981249. Registered 4 August 2021 (retrospectively registered).

Background

The first wave of the COVID-19 pandemic caused high rates of death and critical infection.

The first studies quickly identified a differential vulnerability depending on age and sex, so

that higher rates of death and severity were detected in older and male individuals [1, 2].

The study of the relationship between isolated chronic diseases and COVID-19 infection

has resulted in the identification of diverse morbidities as potential risk factors, such as diabe-

tes mellitus (DM), obesity, hypertension, heart failure, chronic obstructive pulmonary disease

(COPD), chronic kidney disease, and cardiovascular (CV) conditions [3–10]. Noticeably,

many of these conditions share some pathophysiological pathways, suggesting that their inter-

actions could increase the risk of a poor COVID-19 prognosis, and that their identification

would help in the management of the disease. Nevertheless, few research works have examined

the interaction between multiple diseases and its impact on COVID-19 outcomes [8, 11–13].

Multimorbidity (MM), which is traditionally defined as the concomitance of two or more

chronic conditions (CC) in the same individual, is a highly prevalent issue that increases with

age and society ageing [14–17]. Multimorbid patients may present complex profiles associated

to pathophysiological interactions that could complicate medical treatment [18, 19]. However,

there is no gold standard in the characterization of MM due to the novelty of the research

field, and many studies analyse the mere presence or absence of MM, the sole number of CC,

pre-established scores such as the Charlson Multimorbidity Index, or the aggregation of CC by

factor analysis or hard hierarchical-clustering methods [20–22].

Remarkably, new strategies that more accurately reflect the complex, non-random associa-

tion of CC in a patient-centred point of view are emerging, such as soft (or fuzzy) clustering

analysis [23–25]. This technique has already provided relevant results in previous studies, so

that several relationships between MM patterns and clinically relevant outcomes such as dis-

ability, adverse drug reactions, hospitalization, or mortality have been identified [26–30].

In order to perform a solid profiling of the MM patterns, detailed medical information is

needed. In this sense, the use of Big Data provides a quick and exhaustive covering of large

datasets. Indeed, the access to public healthcare Big Data facilitated by several state organisms
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enabled rapid analyses, yielding relevant results, and leading to a better handling of the pan-

demic [13, 31–33].

Given the previous statements, the aim of the present study, encompassed in the MRisk-

COVID Big Data project, was to provide an age- and sex-centred characterization of the MM

clusters of an adult COVID-19 cohort and to assess the relationship between these clusters and

the severity and mortality of the infection.

Methods

Study design and cohort

The MRisk-COVID study is an observational Big Data research project based on a cohort of

14286 COVID-19 patients aged>20 years, residing in a healthcare zone of about 400000

inhabitants in the Northeast region of Spain (Vallès Occidental est). This healthcare zone is sit-

uated within the autonomous community of Catalonia, specifically within the province of Bar-

celona, and encompasses a single reference hospital, Parc Taulı́ Hospital Universitari. Data

were provided by the Agency for Health Quality and Assessment of Catalonia (AQuAS) in the

framework of the Public Data Analysis for Health Research and Innovation Program

(PADRIS), under an extraordinary call that took place in April 2020 in order to provide health-

care Big Data for COVID-19 research studies.

The cohort of this study is composed by all COVID-19 cases registered between 27th Febru-

ary and 15th June of 2020 by the Catalan Epidemiological Surveillance Emergency Service

(SUVEC) as either confirmed cases (identified through positive PCR, ELISA or rapid antibody

test), or suspected cases (no positive test result, but exhibited symptoms and were classified as

potential cases by physicians). The study did not involve sampling, as it encompasses all indi-

viduals who met the inclusion criteria. The International Classification of Diseases, 10th edi-

tion, Clinical Modification (ICD-10-CM) codes considered as COVID-19 diagnoses are

summarized in S1 Table.

Ethics statement

The study was approved by the Ethics Committee (CEIm) of the Parc Taulı́ University Hospi-

tal (reference 2021/5067), which waived the requirement of informed consents due to the epi-

demiological nature of the study and the use of anonymized data provided by PADRIS. This

study was conducted according to the principles expressed in the Declaration of Helsinki.

Big data processing, data linkage and study outcomes

Demographic information and clinical records were compiled, integrated and analysed.

Demographic data were obtained from the Shared Clinical History of Catalonia (HC3) and

included age and sex. In order to prevent re-identification of the patients, age was provided by

PADRIS in quinquennia, and groups with high risk of re-identification were not included

(women aged>95 and men aged>90). Clinical records were obtained from any primary

healthcare centre and hospital of Catalonia that the individuals attended. The provided records

covered from 1923 to 2020 in primary healthcare centres, and from 2016 to 2020 in hospitals.

These data encompassed all diagnoses and hospital procedures, including the index hospitali-

zation episode of COVID-19 infection. Information about admission and discharge circum-

stances was also provided (S1 Fig). Patients’ data were stratified by sex and age, thereby

obtaining eight different datasets (groups of 21–45, 46–65, 66–80 and 81–95 years, separated

into male and female individuals).
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Infection severity was defined as the occurrence of at least one of the following conditions

during any of the registered COVID-19 episodes: severe respiratory affection (including insuf-

ficiency, failure, or distress); use of respiratory support (including mechanical ventilation or

oxygen therapy); septic shock; multiple organ failure (the combination of respiratory failure

and any other organ failure); inflammatory response; admission to intensive care unit; and

mortality associated with COVID-19 episodes (either registered by epidemiological surveil-

lance, primary care or hospital records). This definition was based on the COVID-19 Treat-

ment Guidelines provided by National Institutes of Health [34], with some modifications

under the research group physicians’ criteria. The ICD-10-CM and ICD-10 Procedure Coding

System (PCS) codes considered as severity conditions are compiled in S1 Table. Besides, mor-

tality was also assessed independently.

Data compilation, processing and statistical analysis were performed using R [35] and RStu-

dio [36].

Multimorbidity cluster analysis

The ICD-10-CM codes of the complete diagnoses records were categorized into chronic or

acute diseases by the Chronic Condition Indicator v.2021.1 [37], and only CC were selected.

Then, in order to reduce the number of variables for the cluster analysis, diagnoses were

grouped and classified by the Clinical Classification Software Refined v.2021.1 [37]. This soft-

ware provides a hierarchical classification of the diagnoses into general CC categories (e.g.

Asthma, or Chronic obstructive pulmonary disease and bronchiectasis), which, in turn, belong

to disease families (e.g. Diseases of the respiratory system). The CC of the family Neoplasms
were manually distributed into two general categories: Neoplasia (solid tumour), and Hemato-
logic neoplasia.

The clustering procedure was independently applied to each sex-age group. For each stra-

tum, CC were filtered by prevalence (>2%) and only patients with MM, as defined by the pres-

ence of 2 or more CC, were included in the analyses. The clustering methodology was adapted

from the one described by Vetrano et al [28]. An initial dimension reduction of the CC data-

sets was performed by a Multiple Correspondence Analysis, using the elbow criteria in the

Scree plot for dimension selection. The resulting data were subjected to soft clustering analysis

by the fuzzy c-means algorithm. This algorithm requires two main parameters: the number of

desired clusters (C) and the fuzziness (m), which indicates the degree of overlapping member-

ship of the patients to the clusters. This parameter can range from 1 (equivalent to hard, non-

overlapping clustering) to infinite. Several values of C (4, 5, 6 and 7) and m (1.1, 1.2, 1.4, 1.5, 2,

and 4) were tested. Since fuzzy c-means is a stochastic method, 100 iterations were performed

for each combination of C and m in order to obtain mean and reproducible results. The opti-

mal m was estimated by the mean calculation of five indexes: Calinski–Harabasz, Partition

coefficient (both optimal at their highest value), Partition entropy, Fukuyama, and Xie-Beni

(the three of them optimal at their lowest value).

The final C for each sex and age stratum was determined through consensus among 11 pro-

fessionals of the multidisciplinary research group. This agreement was achieved following a

Delphi-like selection method that consisted on equal voting through two selection rounds.

Consensus was defined when one of the options reached a majority of votes (�6); cases with

lack of consensus or similar voting count were decided through a clinical debate session.

Several indicators were calculated for the CC in each cluster in order to characterize the

specificity and composition of the MM patterns: a) Prevalence within the cluster (%); b)

Observed/Expected (O/E) ratio, estimated by dividing the prevalence in the cluster by the prev-

alence in the corresponding age-sex group cohort; and c) Exclusivity (%), obtained by dividing
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the number of patients that presented the CC in the cluster by the total number of patients

affected by the CC in the corresponding age-sex group cohort. A generic label was assigned to

each cluster in an attempt to summarize the most prevalent and overexpressed CC as well as to

facilitate the clinical interpretation of the results. Regarding patients, membership percentages

were calculated, indicating the degree of belonging of each patient to the selected clusters.

Statistical analysis

Statistical bivariate differences between severe and non-severe cases, as well as dead and survi-

vor cases, were measured by chi-square tests in the case of categorical/dichotomous variables

(age, sex, and MM) and Wilcoxon signed-rank tests in the case of continuous variables (num-

ber of CC).

The statistical relationship between mortality / severity and the MM clusters was assessed

by weighted chi-square tests, where the weight of the variables was the percentage of member-

ship of the patients to each cluster. Patients with only one or no CC were evaluated as an addi-

tional “No multimorbidity” group. These groups were discarded from the analysis of the 66–

80 and 81–95 years strata, due to the scarce number of non-multimorbid cases.

Results

Characteristics of the study population, infection severity and mortality

The study cohort comprised a total of 5411 males (37.9%) and 8875 females (62.1%). The age

distribution revealed a mode of 41–45 years (n = 1438). Among the total cohort, 3140 patients

had a confirmed COVID-19 infection (22.0%) and 11 146 were suspected cases (78.0%). The

78.9% of the cohort presented MM, and the mean number of CC was 6.0 (standard deviation

of 5.4) (Table 1).

According to the selected codes, 1352 of the patients (9.5%; 95% CI: 9.0–9.9) suffered a severe

infection. The most frequent severity criteria were oxygen therapy (n = 891, 6.2%), and respira-

tory failure (n = 880, 6.2%). Regarding isolated mortality, 555 patients (3.9%; 95% CI: 3.6–4.2)

died during a COVID-19 associated episode, with 368 cases (66.3%) occurring at a hospital.

The relationship between severity / mortality and the demographic and medical variables

(age, sex, MM, and number of CC), identified by bivariate statistical analyses, is presented in

Table 1. Descriptive statistics of severe COVID-19 infection stratified by confirmed or sus-

pected cases are shown in S2 Table.

Table 1. Demographic and clinical distribution of the study cohort in relation to severe COVID-19 infection/mortality. SD = standard deviation; OR = Odds Ratio;

CI = Confidence Interval.

Variable Total Severe infection p-value OR [95% CI] Mortality p-value OR [95% CI]

Sex. N (%) Female 8875 621 (7.0) <0.001 Reference 267 (3.0) <0.001 Reference

Male 5411 731 (13.5) 2.1 [1.8–2.3] 288 (5.3) 1.8 [1.5–2.1]

Age. N (%) 21–45 5599 117 (2.1) <0.001 Reference 9 (0.2) <0.001 Reference

46–65 4699 390 (8.3) 4.2 [3.4–5.2] 67 (1.4) 8.8 [4.6–19.2]

66–80 2299 480 (20.9) 12.3 [10.0–15.3] 210 (9.1) 61.3 [33.4–129.4]

81–95 1689 365 (21.6) 12.9 [10.4–16.1] 269 (15.9) 115.6 [63.0–245.5]

Multimorbidity. N (%) No 3014 50 (1.7) <0.001 Reference 2 (0.1) <0.001 Reference

Yes 11 272 1302 (11.5) 7.7 [5.9–10.4] 553 (4.9) 72.1 [23.4–461.7]

Number of chronic conditions. Mean [SD] 6.05 [5.4] 10.26 [5.7] <0.001 - 12.01 [5.2] <0.001 -

https://doi.org/10.1371/journal.pone.0290969.t001
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Chronic conditions of the COVID-19 patients

A total of 215 CC were identified, belonging to 20 different families of diseases. The most rep-

resented families were Diseases of the circulatory system (which contained 33 CC), Diseases of
the genitourinary system (22 CC), Mental, behavioural and neurodevelopmental disorders (22

CC), and Diseases of the musculoskeletal system and connective tissue (21 CC). The most preva-

lent CC were Essential hypertension (30.3%), Anxiety and fear-related disorders (26.62%), Obe-
sity (21.8%), and Disorders of lipid metabolism (21.3%).

For each age-sex stratum, different sets of CC with prevalence equal to or greater than 2%

were identified and are listed in S3 Table.

Multimorbidity patterns

Fuzzy c-means cluster analysis was performed with a m value of 1.1, and C values were set to 4

clusters (males of 21–45 years; females of 81–95 years), 5 clusters (males of 81–90 years;

females of 21–45, 46–65, and 66–80 years), and 6 clusters (males of 46–65 and 66–80 years).

The resulting MM clusters showed distinct CC distribution in each age-sex stratum.

Detailed information on the prevalence, exclusivity, and O/E ratio of each CC per cluster is

provided in S4 Table. S2 and S3 Figs illustrate the most representative CC per cluster. The dis-

tribution of patients among the different clusters, estimated based on their membership per-

centages, is summarized in Fig 1 and Table 2.

Clusters involving DM or CV conditions / risk factors were found in all age-sex groups.

Neurodevelopmental disorders clusters were present in both groups of 21–45 year-olds, and

Neuropsychiatric patterns were found in the 46–65 year-olds’ groups. Clusters grouping Psy-
chogeriatric diseases were identified in patients of>65 years, along with the Cardiorespiratory
and DM—cardiorespiratory patterns. Some clusters were sex-specific, like Cognitive-motor dis-
orders in males (46–65 and 66–80 years), and osteoinflammatory conditions in females,

encompassing the clusters Osteoinflammatory—psychosomatic (46–65 years), Osteoinflamma-
tory—psychosomatic—CV risk factors (66–80 years), and Osteoinflammatory—neoplasia (81–

95 years).

Relationship between multimorbidity clusters and severe COVID-19

infection or mortality

The distribution of severe cases and mortality among MM clusters is represented in Fig 1 and

detailed in Table 2 along with the P-values and odds ratios.

The weighted bivariate analysis showed that clusters of patients in the age ranges of 21–45

and 46–65 displayed P�0.001 in relation to severe infection, and clusters of males in the 66–80

cohort presented P = 0.016. Among male patients, the clusters with the highest percentage of

severe cases were CV risk factors (21–45 years, 7.5%), Cognitive-motor disorders (46–65 years,

32.9%), Unspecific with COPD predominance (66–80 years, 30.4%), and Heart—liver—gastroin-
testinal diseases (81–90 years, 34.1%). In female patients, the clusters associated with the high-

est percentages of severity were DM and CV risk factors (21–45 years, 6.2%), DM—CV diseases
(46–65 years, 21.2%), Neoplasia—haematologic (66–80 years, 19.7%), and DM—CV diseases
(81–95 years, 22.5%).

Regarding mortality, clusters of females aged 21–65 and males aged 46–65 obtained

P<0.001, and males aged 66–80 presented P = 0.02. The clusters with the highest percentage of

mortality among males were Substance abuse disorders (21–45 years, 1.7%), DM—liver diseases
(46–65 years, 7.2%), Cognitive-motor disorders (66–80 years, 20.5%), and Heart—liver—gastro-
intestinal diseases (81–90 years, 29.5%). Clusters with the highest percentage of mortality in
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Fig 1. List of multimorbidity clusters per age and sex stratum. The size of the circles represents the population size and the color

indicates the percentage of severe COVID-19 cases (upper figure) and mortality (lower figure). COPD = Chronic Obstructive Pulmonary

Disease; CV = Cardiovascular.

https://doi.org/10.1371/journal.pone.0290969.g001
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Table 2. Distribution of patients per cluster and infection severity or mortality. COPD = Chronic obstructive pulmonary disease; DM = Diabetes mellitus; OR = Odds

ratio; CI = Confidence interval; (*) = not included in the bivariate analysis.

Sex Cluster Total Severe

infection

p-value OR [95% CI] Mortality p-value OR [95% CI]

21–

45

Male Substance abuse disorders 60 4 (6.7%) 0.001 3.5 [0.9–9.9] 1 (1.7%) 0.052 2.2 [0.1–86.7]

Neurodevelopmental disorders 126 7 (5.6%) 3.1 [1.2–7.2] 1 (0.8%) Reference

Cardiovascular risk factors 186 14 (7.5%) 7.2 [3.5–15.0] 2 (1.1%) 2.1 [0.2–65.6]

Trauma and anxiety 602 31 (5.1%) 2.2 [1.2–4.3] 0 (0.0%) -

No multimorbidity 814 16 (2.0%) Reference 0 (0.0%) -

Total 1788 72 (4.0%) 4 (0.2%)

Female Neurodevelopmental disorders 141 3 (2.1%) <0.001 9.6 [1.6–56.5] 1 (0.7%) <0.001 1.2 [0.0–47.6]

Gynecological disorders 174 3 (1.7%) 7.9 [1.3–46.3] 1 (0.6%) Reference

DM and cardiovascular risk factors 209 13 (6.2%) 28.6 [9.0–

131.5]

3 (1.4%) 2.3 [0.3–66.5]

Psychosomatic 532 7 (1.3%) 5.9 [1.6–28.9] 0 (0.0%) -

Unspecific 1420 16 (1.1%) 4.8 [1.6–21.5] 0 (0.0%) -

No multimorbidity 1335 3 (0.2%) Reference 0 (0.0%) -

Total 3811 45 (1.2%) 5 (0.1%)

46–

65

Male Cardiovascular diseases 65 14 (21.5%) <0.001 4.8 [2.2–10.0] 4 (6.1%) <0.001 3.6 [1.0–10.2]

Cognitive-motor disorders 79 26 (32.9%) 9.3 [4.9–18.1] 4 (5.1%) 3.0 [0.8–8.5]

DM—liver diseases 97 18 (18.6%) 3.5 [1.7–7.2] 7 (7.2%) 4.3 [1.6–10.4]

Neuropsychiatric 174 22 (12.6%) 2.6 [1.4–5.0] 10 (5.7%) 3.6 [1.6–7.8]

Cardiovascular risk factors—COPD—Neoplasia 316 41 (13.0%) 2.5 [1.4-4-4] 7 (2.2%) 1.1 [0.4–2.7]

Unspecific 876 106 (12.1%) 2.5 [1.5–4.2] 16 (1.8%) Reference

No multimorbidity 376 20 (5.3%) Reference 0 (0.0%) -

Total 1983 247 (12.5%) 48 (2.4%)

Female DM—cardiovascular diseases 66 14 (21.2%) <0.001 16.3 [6.7–42.7] 6 (9.1%) <0.001 40.5 [6.5–

1060.7]

Neuropsychiatric 120 10 (8.3%) 5.1 [1.9–13.8] 3 (2.5%) 10.7 [1.2–

309.5]

Cardiovascular risk factors 304 26 (8.6%) 5.3 [2.5–12.8] 4 (1.3%) 5.4 [0.7–149.4]

Osteoinflammatory—psychosomatic 456 41 (9.0%) 5.2 [2.5–12.2] 3 (0.6%) 2.8 [0.3–80.4]

Gynecological disorders 1311 44 (3.4%) 1.9 [0.9–4.5] 2 (0.1%) 0.6 [0.1–20.7]

No multimorbidity 459 8 (1.7%) Reference 1 (0.2%) Reference

Total 2716 143 (5.3%) 19 (0.7%)

(Continued)
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females were DM and CV risk factors (21–45 years, 1.4%), DM—CV diseases (46–65 years,

9.1%), Cerebrovascular diseases (66–80 years, 12.5%), and Psychogeriatric (81–95 years, 16.0%).

Discussion

The present study assessed the MM patterns associated to the population affected by the first

wave of COVID-19 in a Spanish area. The results revealed well-defined MM clusters taking

into account age and sex, some of which showed a high severity of COVID-19 infection and

mortality, with a stronger relationship in younger age groups.

First of all, defining the study cohort was a vital aspect in order to establish reliable MM

profiles. Many studies from the first wave of the pandemic focused only on PCR positive indi-

viduals [1, 3, 9, 38]; nevertheless, the critical situation at that time resulted in a small fraction

of patients undergoing confirmatory tests in the studied geographic area. The test positivity

rate in Catalonia during the selected period peaked at 43.5% and did not drop below the

Table 2. (Continued)

Sex Cluster Total Severe

infection

p-value OR [95% CI] Mortality p-value OR [95% CI]

66–

80

Male Cardiorespiratory 72 20 (27.8%) 0.016 1.5 [0.8–2.6] 9 (12.5%) 0.020 1.6 [0.7–3.4]

Cognitive-motor disorders 73 20 (27.4%) 1.2 [0.6–2.2] 15 (20.5%) 3.1 [1.5–6.0]

Cardiometabolic 145 29 (20.0%) 1.1 [0.6–1.7] 20 (13.8%) 1.8 [1.0–3.3]

Psychogeriatric 160 34 (21.3%) 1.1 [0.7–1.7] 23 (14.4%) 1.9 [1.1–3.4]

Unspecific with COPD predominance 276 84 (30.4%) 1.9 [1.4–2.8] 31 (11.2%) 1.4 [0.8–2.4]

Unspecific with neoplasia predominance 412 81 (19.7%) Reference 32 (7.8%) Reference

No multimorbidity (*) 15 3 (20.0) - 1 (6.7%) -

Total 1153 271 (23.5%) 131

(11.4%)

Female Cerebrovascular 64 12 (18.8%) 0.738 1.2 [0.5–2.7] 8 (12.5%) 0.215 2.2 [0.8–5.5]

Psychogeriatric 146 21 (14.4%) Reference 14 (9.6%) 1.9 [0.9–4.2]

DM—cardiorespiratory 160 30 (18.8%) 1.3 [0.7–2.5] 12 (7.5%) 1.5 [0.7–3.3]

Osteoinflammatory—psychosomatic—cardiovascular

risk factors

272 49 (18.0%) 1.2 [0.7–2.2] 15 (5.5%) Reference

Neoplasia—haematologic 493 97 (19.7%) 1.3 [0.8–2.3] 30 (6.1%) 1.0 [0.6–2.1]

No multimorbidity (*) 11 0 (0.0%) - 0 (0.0%) -

Total 1146 209 (18.2%) 79 (6.9%)

81–

95

Male Heart—liver—gastrointestinal diseases 44 15 (34.1%) 0.178 2.2 [1.0–4.7] 13 (29.5%) 0.084 2.8 [1.2–6.1]

Cardiorespiratory—COPD 59 20 (33.9%) 1.6 [0.8–3.2] 15 (25.4%) 1.7 [0.8–3.5]

Psychogeriatric/cerebrovascular 106 31 (29.2%) 1.5 [0.9–2.7] 29 (27.3%) 2.3 [1.2–4.2]

DM—cardiovascular risk factors 118 40 (33.9%) 1.7 [1.0–3.0] 23 (19.5%) 1.3 [0.7–2.4]

Unspecific 160 35 (21.9%) Reference 25 (15.6%) Reference

No multimorbidity (*) 0 0 (-) - 0 (-) -

Total 487 141 (29.0%) 105

(21.6%)

Female Cardiorespiratory 187 38 (20.3%) 0.379 1.4 [0.9–2.2] 20 (10.7%) 0.198 Reference

DM—cardiovascular diseases 200 45 (22.5%) 1.4 [0.9–2.2] 27 (13.5%) 1.3 [0.7–2.5]

Osteoinflammatory—neoplasia 310 52 (16.8%) Reference 37 (11.9%) 1.0 [0.6–1.8]

Psychogeriatric 501 89 (17.8%) 1.2 [0.8–1.7] 80 (16.0%) 1.7 [1.1–3.0]

No multimorbidity (*) 4 0 (0.0%) - 0 (0.0%) -

Total 1202 224 (18.6%) 164

(13.6%)

https://doi.org/10.1371/journal.pone.0290969.t002
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World Health Organization recommendation of 5% until mid-May, thereby showing the

shortage of testing resources [39, 40]. This situation particularly affected older individuals,

who suffered the highest mortality rates in nursing homes without testing nor hospital admis-

sion [41]. Therefore, excluding these individuals from the cohort could introduce biases in the

definition of multimorbidity patterns.

Taking the whole situation into account, the inclusion of suspected cases in the study cohort

allowed for a more accurate approximation of the actual affected population. Although this cri-

terion may have resulted in some possible false positives, it helped avoid potential biases asso-

ciated with factors like age, access to medical testing or socioeconomic situation.

Using fuzzy c-means cluster analysis allowed for the simultaneous classification of patients

into different clusters with a certain probability. This method is robust for pattern recognition

in situations where clusters tend to overlap [42], such as in individuals with a high prevalence

of co-existing conditions. It should be taken into account that the number of clusters C
depends on the researchers’ subjective election, which could affect the reproducibility of the

study. Nevertheless, a Delphi-like method was carried out in order to enhance the robustness

to the cluster selection, taking advantage of the multidisciplinarity of the research team, which

includes members with technical or clinical expertise [43].

In addition, another key methodological aspect of this work was the stratification of the

cohort. Given that the accumulation of CC is more frequent at older ages [17, 44], and that

males and females have differential tendencies to suffer certain pathologies [45], it was neces-

sary to consider both age and sex perspectives. In fact, previous studies on COVID-19 data

from different countries already revealed that men have a higher risk of admission to intensive

treatment units (from 14.4% to 44.9%) [1] or adverse outcome (OR: 2.05, 95% CI: 1.39–3.04)

[2], which was supported by our bivariate analysis of demographic data. Indeed, several sex-

related differences were observed in the MM clusters: patterns related with psychosomatic

conditions or osteoinflammatory diseases were more frequent in females, while cognitive-

motor, digestive and respiratory disease patterns were more associated to males, consistent

with previous findings [23, 46, 47].

Regarding age-related differences, previous works based on the fuzzy c-means algorithm

already identified certain MM clusters in cohorts of older patients (�60 years) that were simi-

lar to some patterns observed in the 66–80 and 81–95 age groups in the present study. For

example, Vetrano et al identified clusters of cardiometabolic diseases, respiratory diseases, and

cognitive / sensory impairment [28], and Akugizibwe et al found clusters of psychiatric condi-

tions and sensory impairments/cancer [27]. Regarding the younger cohorts, a previous strati-

fied study by Prados-Torres et al found some similar clusters by factor analysis, like

psychiatric-substance abuse (males of 15–45 years), or cardio-metabolic (all strata) [48].

On the basis of these clusters, the results of the bivariate analyses suggest that certain MM

patterns could be associated to higher COVID-19 infection severity or mortality rates in

young-middle ages. The fact that this relationship was not strong in older patients may be

explained by the inherent risk of old age itself [49, 50], as indicated by the bivariate analysis of

demographic parameters. Additionally, other factors could also explain this mild association

in older individuals, such as the simple accumulation of morbidities [17, 51, 52], difficulties in

accessing healthcare services during the first wave of the pandemic [53], or the adequacy of

therapeutic effort policy in age-related cases [54]. Furthermore, geriatric syndromes [55],

which are barely coded in medical records, represent an important factor of vulnerability [25].

For example, frailty and disability are commonly detected in older patients and have been

described as potential risk factors of critical COVID-19 infection [56, 57]. Nevertheless, in

spite of the lack of strong statistical association, several MM clusters of patients in the 66–80
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and 81–95 age ranges showed elevated infection severity and mortality rates compared to

other clusters.

Therefore, the high percentages of infection severity / mortality displayed by certain

MM clusters suggest that these patients may be more vulnerable to poor prognosis caused

by COVID-19 infection. Previous pre-pandemic studies already showed some similar MM

patterns associated with other adverse outcomes. For example, clusters of psychiatric disor-

ders and CV diseases have been linked to a higher risk of unplanned hospitalization [27],

while cognitive / sensory, complex cardiometabolic, respiratory, and age-associated chronic

clusters showed increased risk of mortality [28, 58]. Taking into account other COVID-19

studies focusing on individual diseases, several CC that showed high prevalence and O/E

ratio in the vulnerable clusters of our study were already identified as risk factors of adverse

outcomes, such as COPD [4, 5, 8], liver disease, substance consumption [7], neoplasia [5,

33], and CV pathologies [31, 33]. Nevertheless, the present results indicate that beyond the

occurrence of isolated pathologies, the accumulation of CC may represent an additional

dimension to consider when facing patient-centered risk evaluations, as suggested by other

authors [12].

In any case, the described results should always be interpreted considering the limitations

of the study. Although the inclusion criteria took into account the characteristics of the first

wave of the pandemic, there are inherent limitations related to this period (concerning data

collection, codification and testing). Additionally, it should be considered that Big Data anal-

yses imply some disadvantages, such as difficulties in ensuring data quality and homogeneity

[59]. On the other hand, the study data corresponds to a specific region, which ensures a cer-

tain uniformity in the characteristics of the population, as well as their clinical management,

protocols and codification, mitigating the potential heterogeneity of Big Data. Lastly, it

should be noted that the occurrence of COVID-19 severe infection or mortality, or even

their relationship with MM clusters, might be influenced by additional factors that were not

included in the analyses, such as healthcare-associated features, socioeconomic status,

dependency or frailty.

Therefore, these results provide insights into the relationships between MM clusters and

severity or mortality, but do not provide a risk prediction. Our methodological approach

allowed to explore if a comprehensive set of conditions forming multimorbidity clusters

was related to the risk of COVID-19 infection severity or mortality. This approach may

offer a complementary picture to the findings of possible further studies with multivariate

analyses.

Conclusions

In summary, the present study provided a complete stratified profiling of MM clusters in

COVID-19 patients from the first wave of the pandemic, revealing that males, older indi-

viduals and patients with certain MM patterns displayed higher probabilities of suffering

severe COVID-19 infection or mortality. These findings may contribute to enhance the

current knowledge about MM definition as well as to identify the most vulnerable popula-

tion. This might especially benefit the preventive care of high-risk patients or those with

limited access to medical treatment, and might help optimize healthcare policies and future

strategies.
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Project administration: Marisa Baré.
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25. Baré M, Herranz S, Roso-Llorach A, Jordana R, Violán C, Lleal M, et al. Multimorbidity patterns of

chronic conditions and geriatric syndromes in older patients from the MoPIM multicentre cohort study.

BMJ Open 2021; 11:49334. https://doi.org/10.1136/bmjopen-2021-049334 PMID: 34782339

26. Marengoni A, Akugizibwe R, Vetrano DL, Roso-Llorach A, Onder G, Welmer A-K, et al. Patterns of mul-

timorbidity and risk of disability in community-dwelling older persons. Aging Clin Exp Res 2021; 33:457–

462. https://doi.org/10.1007/s40520-020-01773-z PMID: 33580869

27. Akugizibwe R, Calderón-Larrañaga A, Roso-Llorach A, Onder G, Marengoni A, Zucchelli A, et al. Multi-

morbidity Patterns and Unplanned Hospitalisation in a Cohort of Older Adults. J Clin Med 2020; 9:4001.

https://doi.org/10.3390/jcm9124001 PMID: 33321977

28. Vetrano DL, Roso-Llorach A, Fernández S, Guisado-Clavero M, Violán C, Onder G, et al. Twelve-year

clinical trajectories of multimorbidity in a population of older adults. Nat Commun 2020; 11:3223. https://

doi.org/10.1038/s41467-020-16780-x PMID: 32591506

29. Violán C, Foguet-Boreu Q, Fernández-Bertolı́n S, Guisado-Clavero M, Cabrera-Bean M, Formiga F,

et al. Soft clustering using real-world data for the identification of multimorbidity patterns in an elderly

population: Cross-sectional study in a Mediterranean population. BMJ Open 2019; 9:e029594. https://

doi.org/10.1136/bmjopen-2019-029594 PMID: 31471439
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Abstract
Background  Multimorbidity is associated with negative results and poses difficulties in clinical management. 
New methodological approaches are emerging based on the hypothesis that chronic conditions are non-randomly 
associated forming multimorbidity patterns. However, there are few longitudinal studies of these patterns, which 
could allow for better preventive strategies and healthcare planning. The objective of the MTOP (Multimorbidity 
Trajectories in Older Patients) study is to identify patterns of chronic multimorbidity in a cohort of older patients and 
their progression and trajectories in the previous 10 years.

Methods  A retrospective, observational study with a cohort of 3988 patients aged > 65 was conducted, including 
suspected and confirmed COVID-19 patients in the reference area of Parc Taulí University Hospital. Real-world data 
on socio-demographic and diagnostic variables were retrieved. Multimorbidity patterns of chronic conditions were 
identified with fuzzy c-means cluster analysis. Trajectories of each patient were established along three time points 
(baseline, 5 years before, 10 years before). Descriptive statistics were performed together with a stratification by sex 
and age group.

Results  3988 patients aged over 65 were included (58.9% females). Patients with ≥ 2 chronic conditions changed 
from 73.6 to 98.3% in the 10-year range of the study. Six clusters of chronic multimorbidity were identified 10 years 
before baseline, whereas five clusters were identified at both 5 years before and at baseline. Three clusters were 
consistently identified in all time points (Metabolic and vascular disease, Musculoskeletal and chronic pain syndrome, 
Unspecific); three clusters were only present at the earliest time point (Male-predominant diseases, Minor conditions 
and sensory impairment, Lipid metabolism disorders) and two clusters emerged 5 years before baseline and remained 
(Heart diseases and Neurocognitive). Sex and age stratification showed different distribution in cluster prevalence and 
trajectories.

Conclusions  In a cohort of older patients, we were able to identify multimorbidity patterns of chronic conditions 
and describe their individual trajectories in the previous 10 years. Our results suggest that taking these trajectories 
into consideration might improve decisions in clinical management and healthcare planning.

Trial registration number  NCT05717309.

Trajectories of chronic multimorbidity 
patterns in older patients: MTOP study
Marina Lleal1,2,3 , Montserrat Baré4, Susana Herranz5, Josefina Orús6, Ricard Comet5, Rosa Jordana7 and 
Marisa Baré1,3,8*
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Background
Population ageing is accelerating in Europe, both in num-
ber and proportion of older individuals, as the old-age 
dependency ratio — i.e. population over 65 relative to 
population aged 15–64— is expected to continue rising. 
Therefore, European countries face major challenges to 
guarantee that their healthcare systems are prepared to 
tackle this demographic shift [1, 2]. 

One of these growing challenges is the clinical manage-
ment of patients with multimorbidity. Multimorbidity, 
usually defined as the presence of two or more chronic 
conditions, increases with age as chronic conditions 
accumulate and is associated with complex treatments 
lacking evidence, a greater use of health resources and 
a lower quality of life [3–5]. Older patients with multi-
morbidity are excluded from clinical trials and there are 
few guidelines with specific recommendations for these 
patients [6–8]. All in all, multimorbidity poses a challenge 
for healthcare professionals and systems. Therefore, con-
ducting research on how to improve multimorbid patient 
care in settings that have traditionally focused on single 
diseases should be considered a priority [9, 10].

Along these lines, recommendations have been issued 
to consider all chronic conditions at the same time in 
order to provide better patient-centred care [10, 11]. 
Therefore, new alternative, more comprehensive defini-
tions of multimorbidity are being proposed, based on the 
hypothesis that some chronic conditions non-randomly 
co-occur giving rise to multimorbidity patterns. In order 
to obtain a thorough definition of multimorbidity pat-
terns, detailed medical information is required. In this 
sense, the use of real-world data (RWD) provides valu-
able, readily available, large datasets [12]. Thus, in recent 
years, evidence has been accumulating in regards to the 
existence of such comprehensive multimorbidity pat-
terns [13–18]. In fact, several patterns have already been 
associated with outcomes such as lower function, higher 
presence of adverse drug reactions, higher healthcare 
utilisation, poor prognosis or higher mortality [19–24]. 
Consequently, identifying multimorbidity patterns might 
aid in the development of new strategies and guidelines 
focusing on the most appropriate actions according to 
each patient profile.

Furthermore, it might be important to consider that 
multimorbidity profiles of each patient may progress 
or change over time, forming different multimorbid-
ity trajectories. However, there are few works that have 
described the progression of these patterns over time 
[25]. Thus, developing a better knowledge of the transi-
tion pathways between multimorbidity patterns could 

detect profiles of patients with similar characteristics 
and risks who could benefit from improved, more per-
sonalized health care. Likewise, certain trajectories or 
belonging to certain patterns of multimorbidity over time 
could be associated with different prognoses or outcomes 
(quality of life, severity, mortality). This could allow to 
predict and plan for future actions, and to identify future 
relevant results or prognoses more accurately.

In addition, a deeper understanding of how multimor-
bidity develops in older adults would be desirable to plan 
for and deliver more appropriate care. It may also allow 
for the identification of targets as well as the development 
of programs and interventions aimed at minimising the 
progression and impact of multimorbidity on more distal 
outcomes. Therefore, these knowledge gains may guide 
administrators and policy makers in resource allocation. 
All in all, identifying multimorbidity patterns of chronic 
conditions and their trajectories over time might help 
individual patients as well as entire healthcare systems.

In this context, we developed the MTOP (Multimor-
bidity Trajectories in Older Patients) study, which aims to 
identify multimorbidity patterns of chronic conditions in 
a cohort of older patients, as well as their progression and 
trajectories in the previous 10 years.

Methods
Study design and cohort
The MTOP study is a retrospective observational study 
using RWD provided by the Agency for Health Qual-
ity and Assessment of Catalonia (AQuAS) in the frame-
work of the Public Data Analysis for Health Research 
and Innovation Program (PADRIS). The study cohort is 
based on a cohort from a previous study on multimorbid-
ity clusters, called MRisk-COVID study [19]. The MRisk-
COVID study included 14,286 patients of a region in the 
Northeast of Spain (Vallès Occidental est, Catalonia), 
which were either confirmed or suspected COVID-19 
cases from 27th February to 15th June 2020. The MRisk-
COVID data was deemed suitable to address the aim of 
the MTOP study, as it provided readily available data 
on longitudinal chronic morbidity in a cohort of older 
patients. Patients aged > 65 years were selected, resulting 
in a cohort of 3988 individuals.

The study was approved by the Ethics Committee 
(CEIm) of the Parc Taulí University Hospital (reference 
2022/5051), which waived the requirement of informed 
consents due to the epidemiological nature of the study 
and the use of anonymized data.

Keywords  Multimorbidity, Cluster analysis, Trajectories, Longitudinal study, Older patients, Ageing, Chronic 
conditions
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Data processing and linkage
Demographic data (sex and age) and clinical data were 
obtained from the Shared Clinical History of Catalonia 
(HC3). In order to reduce patient re-identification risk, as 
part of the privacy policy of PADRIS, age was provided 
in categorized quinquennial groups, and age groups 
with high re-identification risk were excluded (women 
aged > 95 and men aged > 90).

Clinical data comprised clinical records of all primary 
healthcare centres in Catalonia. The provided records 
covered from 1930 to 2020 and encompassed all diag-
noses, coded using the ICD-10-CM diagnostic system 
[26]. Three time points were established: 2020 (baseline, 
representing the time of data extraction), 2015 (5 years 
before) and 2010 (10 years before), and active diagnoses 
at each time were collected.

Data compilation, processing and statistical analysis 
were performed using R v3.6.0 [27].

Multimorbidity cluster analysis
To identify chronic multimorbidity patterns, three steps 
were performed: identification of chronic conditions, 
complexity reduction of chronic conditions, and cluster 
analysis of patients based on these selected features. The 
following analyses were performed independently for 
each of the three selected time points.

Firstly, the identification of chronic conditions for 
inclusion in the analyses was carried out using the 
Chronic Condition Indicator software v.2021.1 [28]. This 
tool allows for the classification of all ICD-10-CM diag-
nosis codes into four categories: “Chronic condition” 
(value C), “Acute condition” (value A), “Both a chronic 
and acute condition” (value B), and “Not applicable, 
code cannot be used to identify a chronic or acute con-
dition” (value N). All diagnoses with values C or B were 
selected. Then, these selected diagnoses were classified 
and grouped using the Clinical Classification Software 
Refined v.2021.1 [28], which allocates specific diagnoses 
into general chronic condition categories. This step was 
performed in order to reduce the number of variables for 
the cluster analysis and increase statistical power, while 
at the same time collapsing highly similar diagnoses to 
avoid unnecessary fragmentation. After that, chronic 
conditions were filtered by > 2% prevalence in order to 
reduce statistical noise. Only patients with two or more 
chronic conditions were included, regardless of the pres-
ence of acute conditions.

Due to the large number of chronic conditions, a 
dimension reduction was performed by Multiple Corre-
spondence Analysis. Optimal number of dimensions was 
determined by the elbow criteria in the scree plot.

Soft clustering analysis was performed using the fuzzy 
c-means algorithm [29]. Given that it is a stochastic 
method; a hundred iterations were performed in order 

to obtain reproducible results. Several values of fuzzi-
ness (m) were tested (m = 1.1, 1.2, 1.4, 1.5, 2, 4) and the 
optimal m = 1.1 was estimated by the mean calculation 
of five indexes: Calinski–Harabasz, Partition coefficient, 
Partition entropy, Fukuyama, and Xie-Beni. Also, sev-
eral values of the number of clusters (C = 4, 5, 6 and 7) 
were tested. The final C for each time point was reached 
through statistical criteria and consensus among 6 medi-
cal doctors from different specialties. This agreement 
was achieved following an independent voting process. 
Consensus was defined when one of the options reached 
a majority of votes. Cases with lack of consensus or simi-
lar voting count were meant to be decided through a 
clinical debate session, however this turned out not to be 
necessary.

After establishing multimorbidity clusters, three indi-
cators were calculated for each chronic condition: preva-
lence within the cluster (%), observed/expected (O/E) 
ratio (prevalence in the cluster / total prevalence) and 
exclusivity (patients with the condition in the cluster / 
total of patients with the condition). Finally, a descrip-
tive label was agreed upon and assigned to each cluster 
to summarize their over-represented chronic conditions 
and facilitate clinical interpretation.

Statistical analysis
Each patient was allocated to the most probable clus-
ter at each of the time points. Percentages of patients 
in each cluster were calculated, including patients with 
zero or one chronic conditions, which were allocated to 
a “No multimorbidity” group. Then, trajectories of each 
patient through the three time points were established. 
Percentages of patients for all possible trajectories were 
calculated for the three time points or pairwise (10 years 
before vs. 5 years before, 5 years before vs. baseline).

A stratified descriptive analysis was conducted by sex 
and two age groups, thereby obtaining four different 
patient datasets (groups of 66–80 and > 80 years, sepa-
rated into male and female individuals) and plotting their 
trajectories separately. Age cut-off was set at 80 years to 
define very old individuals [30].

Results
A total of 3988 patients aged 65 or older were included 
in the study, with 58.9% females and 42.4% very old indi-
viduals (aged > 80). At baseline, 98.3% of patients had 
multimorbidity as defined by the presence of two or 
more chronic conditions, whereas 5 years before it was 
92.6% and 10 years before, 73.6%. The median number 
of chronic conditions per patient was 9 at baseline, 6 five 
years before and 3 ten years before baseline. Cohort char-
acteristics are described in the first column of Table 1.

A total of 73 different chronic condition categories with 
> 2% prevalence were identified at baseline, 56 categories 
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were obtained five years before and 32 categories ten 
years before baseline. Figure S1 shows the prevalence of 
the selected chronic condition categories along the three 
time points. The most prevalent diagnoses all along the 
three time points were essential hypertension and osteo-
arthritis, followed by other conditions such as urinary 
incontinence, neurocognitive disorders, obesity or diabe-
tes mellitus.

Five clusters of chronic multimorbidity were identified 
at baseline in patients with two or more chronic condi-
tions. These clusters were labelled as follows: Heart 
diseases, Metabolic and vascular diseases, Neurocogni-
tive, Musculoskeletal and chronic pain syndrome and 
Unspecific. Similar clusters were found in the time point 
defined 5 years before; therefore, the same labels were 
kept. Clusters that were assigned the same label in dif-
ferent time points presented different disease prevalence 
and presence but overall maintained similar over-repre-
sented diagnoses. Six clusters were identified 10 years 
before and were assigned the following labels: Metabolic 
and vascular diseases, Male-predominant diseases, Minor 
conditions and sensory impairment, Musculoskeletal 
and chronic pain syndrome, Lipid metabolism disorders 
and Unspecific. All in all, two clusters were found in all 
of the time points: Metabolic and vascular diseases and 
Musculoskeletal and chronic pain syndrome. Prevalence, 
O/E ratio and exclusivity of all chronic conditions used 
to define these multimorbidity clusters can be found in 
Tables S1, S2 and S3.

Membership probabilities of patients to each set of 
clusters per time point were calculated to describe the 
possible overlap between clusters (Fig S2). Most patients 
were found most probably assigned to a certain clus-
ter. Median probability of the most probable cluster in 
patients at baseline was 99%, while it decreased to 87% 
and 76% at the time points of 5 years and 10 years before, 
respectively. Cluster membership became more defined 
at the later time points, suggesting that a higher disease 
burden lead to a more defined allocation to a certain 
cluster.

Descriptive statistics on the individuals’ number of 
chronic conditions, sex and age group according to the 
assigned multimorbidity cluster are shown in Table  1. 
Patients in the heart diseases clusters had the greatest 
number of chronic conditions (median was 13 conditions 
at baseline, 9 conditions five years before), while those 
in the unspecific clusters presented the lowest number 
(median was 6 conditions at baseline, 4 five years before 
and 3 ten years before). The Musculoskeletal and chronic 
pain syndrome clusters were those with highest presence 
of females in all three time points, while the Male-pre-
dominant diseases cluster had the highest prevalence of 
males but was only found in the earliest time point (10 
years before baseline). Patients in the No multimorbidity 

group presented the largest proportion of youngest 
individuals (aged 66–70 at baseline) at each of the time 
points.

Retrospective trajectories of each patient were estab-
lished along the three time points. Figure 1 shows all tra-
jectories coloured according to the cluster of belonging 
in the previous time point, proportional to the number 
of patients transitioning from previous to next cluster. 
Different patterns of cluster transitioning between time 
points were found. In the first transition (10 to 5 years 
before), a variety of trajectories occurred and only 1031 
patients (25.9%) transitioned to a similar cluster. Con-
trarily, in the second transition (5 years before to base-
line), most patients (2047, 60.4%) transitioned to the 
same type of cluster. Frequencies of patients transitioning 
from clusters between two time points are shown in Fig-
ures S3A and B. Regarding entire identified trajectories, 
frequencies of the most prevalent ones can be found in 
Table S4. The top 3 complete trajectories involved non-
multimorbid patients together with unspecific clusters, 
followed by a trajectory in which patients remained in 
the musculoskeletal cluster for 10 years and a trajectory 
in which patients transitioned from no multimorbidity to 
a neurocognitive cluster and remained there.

After describing the obtained clusters and trajectories, 
a stratification by sex and age group was conducted in 
order to uncover possible differences in those variables. 
Figure 2 shows the distribution of patients in the identi-
fied clusters of each stratum, as well as their trajectories. 
In males, the Unspecific cluster displayed the highest 
prevalence in both age groups, while in females, it was 
the Musculoskeletal and chronic pain syndrome cluster 
for the youngest and the Neurocognitive cluster for the 
oldest.

Discussion
Main important results
The findings of this study expand our understanding 
of the progression in chronic conditions among older 
patients by evaluating patterns of chronic multimorbid-
ity and their trajectories over a 10-year period. Multi-
morbidity increased from 73.6 to 98.3% in this time span 
and the median number of chronic conditions progressed 
from 3 to 9. Two clusters emerged, named Heart diseases 
and Neurocognitive, along with the discontinuation of 
clusters likely requiring lower levels of disease manage-
ment, revealing a substantial increase in multimorbid-
ity burden. Furthermore, the differences uncovered by 
the sex and age stratification suggest that these variables 
should not be overlooked when planning and design-
ing future actions. All in all, these findings highlight the 
dynamism and variation of multimorbidity.
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Comparison with other studies
This study explores and contributes to shed light on the 
trajectories of chronic multimorbidity patterns– i.e. how 
do patterns of diseases change over time and how do 
patients transition within these patterns. While several 
studies have already been exploring trajectories of multi-
morbidity with various methodologies [25], very few have 
determined comprehensive multimorbidity patterns with 
comparable techniques.

Guisado-Clavero and colleagues [31] analysed multi-
morbidity patterns in patients aged > 65 residing in Bar-
celona (Spain) in a 6-year span. The obtained clusters 
were found to remain quite similar from the beginning 
to the end of the study period and retain most patients, 
similar to our findings comparing our baseline time point 
to 5 years before. Moreover, from the six identified pat-
terns (named Musculoskeletal, Endocrine-metabolic, 
Digestive-respiratory, Cardiovascular, Neuropsychiatric 
and Unspecific), five of them could be matched to those 
identified in our analyses. Another study, considering 
a longer period (12 years) in patients aged ≥ 60 from a 
Swedish city [32], found highly heterogeneous trajecto-
ries from the 6 initially identified multimorbidity patterns 

(named Psychiatric and respiratory, Heart, Respiratory 
and musculoskeletal, Cognitive and sensory impairment, 
Eye diseases and cancer, Unspecific) to those identified 12 
years later (named Vascular, Cardiometabolic, Respira-
tory, Neuropsychiatric, Eye and Musculoskeletal, Unspe-
cific). Therefore, similar results have been found in terms 
of identifying multimorbidity patterns, as most of them 
may be equivalent to ours; however, the results on transi-
tions or trajectories of multimorbidity need to be further 
studied.

Clinical interpretation of the results
The most common trajectory involving specific clusters 
was that of patients remaining in the Musculoskeletal 
and chronic pain syndrome cluster all along. This clus-
ter consistently had the highest proportion of females 
(more than 80%), and not only showed a high prevalence 
of musculoskeletal and pain-related disorders but also of 
anxiety and depression. These findings are not surprising, 
as it is well-known that these conditions are frequent, 
more common in women, and increase with age [33–
35]. Furthermore, this situation represents a significant 
health burden and may cause a highly negative impact on 

Fig. 1  Prevalence of chronic multimorbidity clusters defined at three different time points over ten years and their trajectories. Bar heights represent the 
number of patients belonging to the cluster and stripe heights represent patients moving from one cluster to another, in an independent manner for 
each of the two depicted cluster transitions.
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many aspects of life. Therefore, strong efforts should be 
directed towards development of better prevention and 
management strategies to address the complexity of this 
multimorbidity pattern. In this sense, new approaches 
are being proposed, such as the creation of highly spe-
cialised, interdisciplinary units that consider all aspects 
involved in the inflammatory vicious cycle of musculo-
skeletal pain in order to prevent its self-perpetuity and 
chronicity [36].

The next cluster showing a high consistency across all 
time points was the so called Metabolic and vascular 
diseases, mainly characterized by diabetes mellitus and 
peripheral/visceral vascular disease. It was also the spe-
cific cluster with the highest proportion of males in the 
baseline and 5 years before time points. In the earliest 
time point, this was the Male-predominant diseases clus-
ter, with a high prevalence of chronic obstructive pul-
monary disease. These findings may be explained as an 
effect of cardiovascular risk factors, especially tobacco 

Fig. 2  Prevalence of chronic multimorbidity clusters defined at three different time points over ten years and their trajectories, stratified by sex and age 
group. Bar heights represent the number of patients belonging to the cluster and stripe heights represent patients moving from one cluster to another, 
in an independent manner for each of the two depicted cluster transitions.
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consumption, which could be the focus of preventive 
actions [37].

Conversely, the Heart diseases and Neurocognitive clus-
ters emerged in the second time point of the study. The 
former was characterized by heart failure, valve disor-
ders or pulmonary heart disease, and the latter composed 
by neurocognitive disorders or frailty. These conditions 
have an increasing prevalence with age, so that our find-
ings are coherent. Furthermore, it may be possible that 
these clusters emerged in our retrospective analysis and 
were not found in the earliest time point because they 
might have conferred a higher mortality risk. In fact, a 
recent study described a higher mortality of individuals 
in clusters characterized by cardiovascular and neuropsy-
chiatric diseases compared to an unspecific cluster [32]. 
Moreover, some studies also show how these patterns 
may be strong contributors to physical decline and dis-
ability [38]. All in all, these clusters may encompass those 
most burdensome, age-dependent disorders in which the 
potential to reduce disease burden is proposed to come 
from primary, secondary and tertiary prevention target-
ing older people and not only middle-aged adults [39]. 
Thus, it may also be important to explore the inclusion 
of further clinical variables that might impact patient 
management such as geriatric syndromes, frailty or drug 
prescriptions to the analysis and definition of multimor-
bidity patterns [40–42].

Finally, the Unspecific cluster was characterized by a 
lack of overrepresentation of any chronic conditions so 
that the association between diseases could have hap-
pened by chance. It was composed of cardiovascular 
risk factors, osteoarthritis or vision impairment, among 
others. While most patients moved from unspecific to 
specific clusters, some patients moved from specific to 
unspecific. In fact, most patients from the Male-pre-
dominant diseases and the Lipid metabolism disorders 
clusters, moved to the Unspecific cluster at the first tran-
sition. This situation might be explained by the fact that 
the reciprocal relationship between diseases changed as 
a result of participants gradually accumulating new dis-
eases. This resulted in some clusters no longer appearing 
in the analyses and a possibly higher heterogeneity in the 
unspecific cluster as age advances. Another important 
consideration on the Unspecific cluster is the large pro-
portion of male individuals, specially aged > 80, present in 
this cluster, which might be explained by the selection of 
those healthier oldest individuals.

Strengths and limitations
This study has several strengths. First, the inclusion of an 
exhaustive set of chronic condition diagnoses in the anal-
yses, which allowed to define a set of comprehensive mul-
timorbidity patterns. For instance, the inclusion of both 
mental and physical conditions enabled to describe their 

potential interplay. Second, the robust statistical method-
ology applied, fuzzy c-means clustering, which allowed to 
cluster individuals according to their co-occurring condi-
tions and follow their trajectories over time. This is the 
choice method when there is a tendency of overlap in 
clusters, which may be frequent in older individuals with 
highly prevalent conditions. Third, the involvement of a 
multidisciplinary team in the consensus process of defin-
ing the multimorbidity clusters, which provides both 
statistical and clinical validity. Finally, considering a sex 
perspective in the stratified analysis, allowed to uncover 
possible differences between men and women which may 
help increase gender equity.

Nevertheless, some limitations of this work should 
also be considered. Despite comprehensively considering 
chronic conditions, some factors such as frailty, geriatric 
syndromes, chronic medication or care received could 
be relevant but are not available. However, this does not 
invalidate the novel methodological approach. In addi-
tion, the unavailability of hospital diagnoses could have 
introduced possible biases in the data. Nevertheless, the 
gatekeeping role general practitioners at primary care 
could be a compensatory mechanism. Another limitation 
would be the retrospective nature of the study. Therefore, 
it does not allow to account for trajectories of individuals 
who did not survive at ten years’ times.

Furthermore, the study cohort, composed of COVID-
19 cases, might be introducing a bias in the estimated 
prevalences of chronic conditions in each cluster as well 
as in the frequencies of patients in each cluster, that may 
not reflect those of the general population However, 
taking advantage of this cohort, it is valuable to assess 
how the trajectories have developed in these patients. 
Moreover, some limitations are also present regarding 
the use of RWD from electronic health records, such as 
unavailability of certain variables or missing information. 
However, these databases guarantee maximum represen-
tation, large patient volumes and detailed information 
registered with relatively homogeneous criteria.

Possible clinical implications
Multimorbidity is currently challenging the traditional 
approach of medicine, from clinical practice of profes-
sionals treating individual patients to management deci-
sions of policy makers in charge of the organization of 
entire healthcare services. In this context, suggestions are 
being made to create integrated programs that connect 
various clinical specialties and healthcare units, with a 
primary focus on individual patients, their unique clinical 
profiles and trajectories. Hence, adopting a longitudinal 
perspective and considering multimorbidity patterns may 
contribute to this needed redefinition and reorientation 
of healthcare delivery towards multimorbid patients.
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The findings in this study may help in the development 
of higher personalised medicine in multimorbidity and 
could also potentially be used to promote healthier aging. 
The stratification by sex and age allowed to identify pos-
sible clusters and trajectories on which some actions 
could be focused in order to define specific clinical pro-
tocols, prevention strategies, reorganization of health-
care circuits or planning for future needs. Thus, our 
findings support the design of future randomized clinical 
studies aimed at improving the clinical management of 
multimorbidity.

Moreover, this study is a contribution to P4 (predictive, 
personalised, preventive, and participatory) medicine, 
which is based on the analysis of large amounts of data, 
the use of artificial intelligence assistance and the organi-
zation of multidisciplinary teams to bring more efficient 
care to geriatric patients. All in all, both clinicians man-
aging co-occurring chronic conditions and health policy 
makers allocating resources for care may benefit from 
understanding how diseases cluster together and, more-
over, how multimorbidity might progress over time.

Conclusions
Trajectories of chronic multimorbidity patterns in older 
patients are identifiable and show a high level of com-
plexity and fluctuation over time. In a cohort of older 
patients (65 + years old), we were able to identify multi-
morbidity patterns of chronic conditions and describe 
their individual trajectories in the previous 10 years using 
RWD and cluster analysis. Taken together, our results 
suggest that, while further research is needed to develop 
a deeper understanding, considering multimorbidity pat-
terns and their trajectories, along with incorporating a 
sex perspective, might improve decisions in clinical man-
agement and healthcare planning.
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6. Discussion

6.1. Main findings

The aim of this PhD thesis was to identify multimorbidity patterns of chronic conditions and

determine their relationship with various clinically relevant outcomes and indicators. Three

studies were conducted focused on multimorbidity patterns to assess their potential relation-

ship with quality indicators of medication, severity or mortality of infection and to assess their

longitudinal trajectories. These studies revealed that it is possible to identify multimorbidity

patterns that are related to relevant outcomes and indicators defined at specific time points,

and that multimorbidity patterns can also be longitudinally analysed and tracked.

In the MoPIM study, significant associations were found between multimorbidity patterns and

quality indicators of chronic medication. Notably, certain patterns were associated with the

presence or number of PIMs, PPOs and ADRs, and also with specific types. This finding sug-

gests that patients within each cluster tend to present comparable situations, potentially iden-

tifying groups of patients with similar healthcare needs. Two clusters, named ‘osteoarticular’

and ‘minor chronic disease’, were associated with worse indicators overall. These clusters in-

cluded different patient profiles but comprised those patients with higher number of chronic

conditions and higher number of chronic medications. Taken together, these results suggest

that chronic medication could be tailored according to each particular patient profile, focusing

on those medications most problematic to each cluster.

In the MRisk-COVID study, multimorbidity clusters were defined and some were found to

be associated with adverse outcomes of an acute COVID-19 infection. In this case, clusters

were defined by stratification into age groups and sex, revealing associations between certain

multimorbidity patterns and both infection severity and mortality, particularly in clusters com-

prising young and middle-aged patients with cardiovascular or metabolic conditions. Overall,

these findings suggest that beyond the occurrence of isolated pathologies, the coexistence of

chronic conditions may represent an additional dimension to consider when facing acute situ-

ations.
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Regarding the MTOP study, it goes beyond the cross-sectional nature of most multimorbidity

studies by describing how multimorbidity patterns change over a 10-year period with the ac-

cumulation of conditions in patients, and which trajectories are formed. The findings show

that some patterns emerged earlier than others, with more burdensome clusters replacing less

severe ones over time. Nevertheless, by the end of the studied period, patients developed a cer-

tain multimorbidity profile and remained within it. Importantly, the study highlights the role

of sex and age in these patterns and trajectories. All in all, the results of the study emphasise

the dynamism and variation of multimorbidity, underscoring the need for further longitudinal

studies that may inform future decisions.

6.2. Operationalising multimorbidity: list of chronic conditions

Despite the current broad agreement on defining multimorbidity as the presence of two or

more chronic conditions, there is a lack of consensus on how to operationalise this definition in

research studies. As a result, studies have been using different measures in terms of numbers,

labels, types and severity of conditions to be included. Consequently, there is a pressing need

for consensus studies that define core and study-dependent conditions to include in multimor-

bidity measures [6].

Nevertheless, at the time of designing the MoPIM study, no operational definition of multimor-

bidity had been proposed, although this issue had already been raised [81]. Therefore, an ad

hoc list of conditions was defined, based on consensus among the physician researchers of the

project. This list was derived from the 114 groups defined by Salisbury and colleagues [17] and

included the 19 categories of the Charlson Comorbidity Index [76], ultimately encompassing

64 chronic conditions. This selection was considered an appropriate balance between compre-

hensiveness and data collection effort and it was also defined taking into account that a 2%

prevalence threshold would be set in the multimorbidity cluster analysis. A recent systematic

review at that time revealed that of 14 included studies on multimorbidity patterns, only one

considered more than 64 conditions, further confirming the comprehensiveness of data collec-

tion [81]. Additionally, geriatric syndromes, which may both contribute to and result from mul-

timorbidity, were also recorded and included in the clustering procedure. Often overlooked in

traditional disease-focused models, geriatric syndromes may be crucial to understanding the

full picture of health in older adults.
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6.2. Operationalising multimorbidity: list of chronic conditions

Over these recent years, the rapid increase in multimorbidity research has led to the devel-

opment of new, reproducible methods of operational definitions of multimorbidity, primarily

based on the grouping of clinical codes, such as those of the International Classification of Dis-

eases [125]. A first comprehensive proposal of operationalisation was developed by Calderón-

Larrañaga and colleagues, composed of 918 chronic ICD-10 codes that were grouped into 60

chronic disease categories [126]. Of these 60 categories, 35 were equivalent to those defined in

the MoPIM project, 15 were partially equivalent due to different groupings, 1 was not registered

(’chromosomal abnormalities’), and the remaining 9 consisted of various “Other” categories,

including a variety of low-prevalence conditions. Therefore, the conditions not registered in

the MoPIM study but present in this list were were low-prevalence conditions and thus falling

outside the scope of the MoPIM project.

More recently, a Delphi consensus study by Ho and colleagues [127] defined 24 conditions to

always include in multimorbidity studies, 22 of which are present in the MoPIM study; and 35

conditions to include unless there was a good reason not to, 24 of which were retrieved in the

MoPIM study. The two chronic conditions from the ‘always include’ section in this consensus

list that were not included in the MoPIM list are cystic fibrosis and Addison’s disease, both of

which are low-prevalence conditions as well.

In addition to selecting diagnostic codes from closed, predefined lists, an alternative approach

can be employed by initially grouping all codes without exclusion and performing a selection

later on, for example, through prevalence filtering. This process will result in a more specific

dataset of chronic conditions tailored to the selected subpopulation of study. This was the

methodological approach used in the MRisk-COVID and MTOP studies. Using two different

software tools, namely Chronic Condition Indicator [122] and Clinical Classification Software

Refined [123], chronic conditions can be selected and grouped into clinically meaningful cate-

gories. While this approach does not define a limited set of categories, which may limit repro-

ducibility, it enables a more customised analysis. Therefore, it has been used in many studies

defining multimorbidity patterns with clustering algorithms [128, 129, 130].
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6. Discussion

6.3. Analytical approaches to identify multimorbidity patterns

Multimorbidity researchers have used several statistical methods to define multimorbidity pat-

terns, with the choice of method often depending on the aims of the analysis, as summarised

in the Introduction subsection 1.7.1.

In the studies composing this thesis, the aim was to define clusters of patients and evaluate their

relationships with various outcomes and indicators. In this situation, actionable clusters were

needed containing groups of similar patients. This concept is aligned with nonhierarchical

cluster analysis of individuals, which aims to identify groups of most similar individuals (not

necessarily sharing a common underlying cause), by maximising similarity within clusters and

difference between clusters [82].

Furthermore, by applying soft clustering with the fuzzy c-means algorithm, we could perform

a probabilistic membership approach that allows to model a more realistic situation from a bio-

logical perspective, as patients may be located between clusters rather than forcedly assigned to

a single cluster. This is different from the membership probabilities obtained in latent class ana-

lysis as it has an underlying assumption of mutually exclusive classes, whereas soft clustering

allows for true overlap by design. Indeed, it has been suggested that the simultaneous linking

of individuals to multiple clusters that allows soft clustering may be more closely aligned with

clinical experience compared to other methodological approaches [90].

An important aspect when performing cluster analysis is to define the number of clusters, as

an inappropriate choice can introduce random error, leading to false positives (identifying arte-

factual profiles from too many clusters) or false negatives (missing clinically important profiles

from too few clusters). However, since the true number of multimorbidity patterns is unknown,

it is not currently possible to directly estimate false positives and negatives in multimorbidity

profiling studies. Therefore, it has been recommended to use at least two methods to determine

the optimal number of profiles and to clearly report them [82]. Accordingly, this recommen-

dation was adopted in the three studies, where various clustering validation indexes (such as

the partition coefficient and partition entropy) were calculated. These indexes are important

tools for evaluating clustering quality and selecting the appropriate number of clusters, pro-

viding quantitative measures of performance based on data distribution and distance between
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clusters [131]. After selecting a range of statistically validated solutions, these were discussed

among a multidisciplinary clinical team for consistency along with the clinical observations to

determine a final solution.

6.4. Multimorbidity patterns identified across studies

The three studies composing this PhD thesis have obtained similar results despite their differ-

ent settings and aims, allowing for a joint interpretation.

As described in previous studies and reviews, clusters containing cardiovascular conditions are

among the most replicable [81, 82, 93]. Indeed, cardiovascular clusters were found in all three

studies, although with varying characteristics. In the MRisk-COVID study, cardiovascular clus-

ters were identified across all sex-age groups. In younger individuals, these clusters were pri-

marily composed of risk factors such as hypertension and disorders of lipid metabolism, while

in middle-aged and older patients, they included heart conditions like heart failure, ischaemic

heart disease and cardiac dysrhythmias. These findings were expected and consistent with

the progression of cardiovascular diseases over time. In the MoPIM study, a ‘cardiorespira-

tory’ cluster was identified, whereas in the MTOP study, two separate clusters were identified

(‘heart diseases’, ‘metabolic and vascular’) rather than a single cluster. The identification of

replicable patterns, either as standalone clusters or in combination with other conditions, is

consistent with the findings of a systematic review by Beridze and colleagues, who identified

a cardiovascular pattern that often contained other conditions such as endocrine, metabolic or

renal conditions depending on the study [93].

A second type of cluster was also found in all three studies containing musculoskeletal condi-

tions and chronic pain together with anxiety and depression, consistent with clinical findings

reporting their connection [132] as well as with the repeatedly identified ‘musculoskeletal’ clus-

ter [81, 82, 93]. This type of cluster was labelled ‘osteoarticular’ in MoPIM study, ‘osteoinflam-

matory’ in MRisk-COVID study and ‘musculoskeletal and chronic pain syndrome’ in MTOP

study. It was associated with worse quality indicators of medication and a long and stable tra-

jectory, but it was not associated to COVID-19 infection severity or mortality, and it consistently

had a higher proportion of women. It is indeed well-known that these are frequent conditions,

specially in women, that increase with age and represent a significant health burden that may
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cause a highly negative impact on many aspects of life [132, 133, 134, 135].

Finally, many clusters labelled as ‘unspecific’ were found in MRisk-COVID and MTOP studies,

also previously described in the literature [98, 101, 113, 130, 136, 137]. These unspecific clus-

ters can appear when using clustering analysis, probably determining a heterogeneous group

of individuals, yet containing the most similar individuals within the cluster and most distant

to the other clusters. Unspecific clusters can either include no overrepresented conditions or

sets of apparently discordant conditions. The unspecific clusters in the MRisk-COVID study

(excluding the ‘unspecific with COPD predominance’ cluster) included more males than fe-

males and were the clusters with lowest percentage of infection severity and mortality. Those

in the MTOP study gradually changed from predominantly female to male and had the lowest

number of chronic conditions.

Various findings in the literature are consistent with the results obtained in this thesis, also

suggesting a lower morbidity and better outcomes in unspecific clusters. Marengoni and

colleagues identified an unspecific pattern composed by the group of individuals that were

youngest, with lowest number of co-occurring diseases and best functional and cognitive sta-

tus [101]. Also, Ioakeim-Skoufa and colleagues described that patients in the unspecific pattern

were the youngest and had a lower prevalence of nutritional and endocrine-metabolic disor-

ders compared to other clusters [130]. In a longitudinal study by Vetrano et. al., similar to the

MTOP study, individuals in the unspecific cluster were the youngest and healthiest but also the

most likely to transition between clusters at each time point [113]. Furthermore, many stud-

ies have identified particular multimorbidity patterns presenting a higher risk of unplanned

hospitalisations, unplanned readmissions and longer in-hospital stays [98], frailty [136] or de-

mentia [137], compared to unspecific clusters.

6.5. Strengths and limitations

6.5.1. Strengths

This PhD thesis is composed of three studies which have undergone a peer review process and

have been published in international scientific journals. These studies are the result of three

competitively funded projects: MoPIM study was funded by the Instituto de Salud Carlos III-

FEDER (PI15/00552) and the REDISSEC research network (RD16/0001/0002); MRisk-COVID
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study was selected in an extraordinary call by the Public Data Analysis for Health Research and

Innovation Program (PADRIS) and received funding from Institut d’Investigació i Innovació

Parc Taulí (CIR2020/023); MTOP study was funded by the Institut d’Investigació i Innovació

Parc Taulí (CIR2021/038). Furthermore, all these studies are the result of the collaboration of

a multicentre and multidisciplinary group of experienced researchers and clinicians. All these

facts highlight the relevance, quality and novelty of this research.

This thesis covers a highly relevant topic, as it is crucial to explore and build knowledge about

different aspects related to multimorbidity due to its rapid increase and the challenge it poses

to patients, healthcare professionals and entire healthcare systems. Taking into account the

complexity inherent to multimorbidity research, another strength of this work is that multi-

morbidity is addressed in different but complementary situations. This provides an overview

of possible settings, designs and data sources that can be used depending on the study purpose.

Indeed, this thesis contains cross-sectional approaches, comparing multimorbidity patterns to

either chronic (drug prescribing) or acute (COVID-19 infection) situations; and a longitudinal

approach. Also, one study is based on data obtained by medical records review while the

others use real-world data.

The main methodological strength of this thesis is the robust and comprehensive approach

followed in all projects. Multimorbidity clusters have been defined from a comprehensive set

of conditions and built with an algorithm of soft clustering that is best suited for this kind

of data: the fuzzy c-means algorithm. This algorithm clusters individuals based on their co-

occurring conditions and assigns a membership probability to each cluster rather than a binary

allocation. Therefore, it is the choice method for pattern recognition when there is an overlap

between clusters. This is indeed the typical situation in multimorbidity analyses involving

older adults, who present with a high prevalence of co-occurring conditions. Furthermore,

the final choice of multimorbidity patterns was conducted in all studies on both statistical and

clinical criteria, using a Delphi-like selection method to reach consensus.

The main strengths of each of the studies are summarised in Table 7.
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TABLE 7: Main strengths of the studies composing this PhD thesis

Study Strengths

Study 1:

MoPIM

Multicentre study: increased external validity

Prospective design, it ensures high data quality by an accurate and thorough registering of

variables that may commonly be underreported, such as PIP and ADRs

Cohort of hospitalised patients admitted due to chronic condition exacerbation, a vulnerable

and complex group of patients who may benefit from a reduction in adverse outcomes

Multidisciplinary team composed of pharmacists and physicians jointly performing the

medication-review process

Incorporation of both chronic conditions and geriatric syndromes in the definition of multi-

morbidity clusters

Robust methodological identification of multimorbidity patterns (statistically and clinically)

Novel and comprehensive design combining multimorbidity patterns with specific PIP and

ADRs

Study 2:

MRisk-

COVID

Large sample size, allowing to define stratified multimorbidity patterns

Stratification by sex and age, allowing to uncover possible differences and helping increase

sex and age equity

Comprehensive, structured, standardised data, linked from various sources (epidemiologi-

cal surveillance, primary care, hospital)

Inclusion of an exhaustive set of chronic condition diagnoses (both mental and physical) in

the analyses, which allowed to define a set of comprehensive multimorbidity patterns

Inclusion of detailed diagnoses and procedures, which allowed to precisely define COVID-

19 infection severity

Robust methodological identification of multimorbidity patterns (statistically and clinically)

Study 3:

MTOP

Large sample size, allowing to define reliable longitudinal multimorbidity patterns and tra-

jectories

Comprehensive, structured, standardised data

Inclusion of an exhaustive set of chronic condition diagnoses (both mental and physical) in

the analyses, which allowed to define a set of comprehensive multimorbidity patterns

Robust methodological identification of multimorbidity patterns (statistically and clinically)

Sex perspective in the stratified analysis, allowed to uncover possible differences between

men and women which may help increase sex equity.

One of few longitudinal studies of multimorbidity patterns
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6.5.2. Limitations

Alongside its strengths, this thesis work presents certain limitations that warrant considera-

tion. The main limitation of the thesis is the large methodological variability inherent in stud-

ies identifying multimorbidity patterns. The lack of consensus on how to define these patterns

gives rise to high methodological heterogeneity between studies and thus hinders straightfor-

ward comparability, potentially impacting the reliability of results. Nonetheless, some relevant

results have been obtained, concordant with previous literature.

Another potential limitation when trying to identify multimorbidity patterns and uncover as-

sociations with certain outcomes or indicators is the lack of information on the relevance, sever-

ity or clinical management required for each chronic condition. Certain conditions may either

be asymptomatic, well-controlled or not yet reaching a certain level of progression, leading to

variability in their impact. This situation was partially addressed in the MoPIM study, where

multimorbidity patterns were defined and weighted according to the clinical management that

each condition required. Despite the possible subjectivity in this weighting, it provided valu-

able insights. Nevertheless, this approach required direct clinical assessment by a physician,

which is not feasible when doing research with large databases containing diagnoses codes, as

in MRisk-COVID and MTOP studies, where multimorbidity patterns could only be defined by

the presence or absence of diagnoses.

Furthermore, data source, availability or collection methods can pose some limitations in mul-

timorbidity research. Reviewing medical records, as in the MoPIM study, is resource inten-

sive and human-dependent, with possible reporting differences between centres or healthcare

professionals. On the other hand, real world data analyses, as in MRisk-COVID and MTOP

studies, may also present some limitations, such as lower data quality and data heterogeneity.

The main limitations of each of the studies are summarised in Table 8, along with their potential

impact and strategies used to minimise it.
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TABLE 8: Main limitations of the studies composing this PhD thesis

Study Limitations Potential impact and minimisation strategies

Study 1:

MoPIM

The results of this study are conditioned to

the predefined multimorbidity patterns

These patterns could be questioned, although

they were comprehensive, considering a large

list of conditions, and consensually selected by

a multidisciplinary research team

There may be differences in the identifica-

tion of PIP or reporting of ADRs between

centres or healthcare professionals

Large efforts were made to homogenise criteria

Study 2:

MRisk-

COVID

Inherent limitations concerning data collec-

tion, codification and testing related to the

period (first pandemic wave)

The described results should always be inter-

preted considering this situation

Inclusion of suspected COVID-19 cases in

the study cohort

Despite potentially introducing false positives, it

helped avoid biases related to age, access to test-

ing, and socioeconomic factors, as the critical sit-

uation led to limited confirmatory tests

Groups with high risk of re-identification

were not included (women aged >95 and

men aged >90)

The described results should always be inter-

preted considering this situation

Small, specific geographic region May not be representative to larger regions; how-

ever, it ensures a certain uniformity (popula-

tion, clinical management, protocols, codifica-

tion), thus mitigating the potential heterogeneity

Additional factors that were not included in

the analyses, such as healthcare-associated

features, socioeconomic status, dependency

or frailty may be relevant

The described results should always be inter-

preted considering this situation.

Study 3:

MTOP

Despite comprehensively considering

chronic conditions, some factors (such as

frailty or chronic medication) could be

relevant but are not available

The described results should always be inter-

preted considering this situation

Retrospective nature of the study, it does

not account for trajectories of individuals

that did not survive at ten years’ time

The estimated prevalences of chronic conditions

per cluster and the proportions of patients in

each cluster may be different to those in the gen-

eral population, although providing these esti-

mations was not the aim of the study.

The study cohort is composed of COVID-19

cases

The estimated prevalences of chronic conditions

per cluster and the proportions of patients in

each cluster may be different to those in the gen-

eral population, although providing these esti-

mations was not the aim of the study.
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6.6. Implications

6.6.1. Implications on clinical practice

Research of multimorbidity patterns has the potential to improve clinical management of pa-

tients with multiple chronic conditions by guiding towards better clinical decision-making, en-

hancing personalised care and risk stratification, aiding patient-centred and holistic approaches

and informing resource allocation and policy development [8]. The studies comprising this the-

sis uncover some possible directions in which to focus and change the current practice. Most

importantly, these findings may contribute to the design of tailored interventions aimed at pa-

tients with multimorbidity, given that the performed analyses are based on individuals rather

than diseases.

Firstly, the findings of MoPIM study highlight the importance of tailored medication review

strategies in patients with multimorbidity. More specifically, the results on the osteoarticular

cluster (with a high prevalence of chronic pain, anxiety, depression, and benzodiazepine use)

underscore the need for deprescribing benzodiazepines to avoid negative outcomes like falls,

fractures and cognitive decline. Furthermore, the management of pain and side effects, such

as constipation from opioids, as well as to the ADRs from antihypertensive drugs, may require

closer attention in these patients. Overall, the results suggest that taking appropriate actions,

such as performing comprehensive medication reviews through multidisciplinary collabora-

tion and patient categorization according to multimorbidity profiles, may help optimise care,

particularly regarding quality indicators of medication. In fact, in a subsequent study from

the MoPIM project with the same cohort, a significant reduction in PIM was achieved through

a multidisciplinary pharmacotherapy review, mostly by deprescription of benzodiazepines in

patients from the osteoarticular cluster [138].

Moreover, multimorbidity patterns can also be related to outcomes involving acute situations.

As initially described regarding COVID-19, some coexisting conditions increase the severity

and mortality of infections, particularly cardiovascular conditions [109, 139]. These findings

correlate with the identified multimorbidity patterns with highest severity and mortality, es-

pecially in younger groups, composed of cardiovascular conditions. Additionally, it has been

reported that severe COVID-19 infection also raises the risk of cardiovascular events occurring

93



6. Discussion

afterwards [140]. Thus, there seems to be a bidirectional relationship between COVID-19 and

cardiovascular conditions, highlighting the importance of contemplating the whole range of

chronic conditions in patients. In addition, studying the interplay of multimorbidity profiles

and outcomes of an acute infection may help develop new methodologies and approaches able

to identify the most vulnerable patients in the event of a new pandemic.

Furthermore, multimorbidity patterns are complex and may change over time. Therefore, de-

scribing and understanding the factors driving multimorbidity trajectories may help develop

preventive strategies for groups of people at high risk of transitioning to a cluster associated

with adverse health outcomes. Two of the described clusters –‘Metabolic and vascular dis-

eases’ and ‘Musculoskeletal and chronic pain syndrome’– were consistently found across all

time points, calling for integrated management approaches and suggesting early interventions

and comprehensive care approaches provided by specialised, interdisciplinary units focused

on each patient profile.

Finally, the findings from all the studies in this thesis highlight the importance of incorporat-

ing a sex perspective in the clinical management of multimorbidity and related outcomes. As is

well known, the prevalence of certain chronic conditions differs between men and women, and

similarly, the distribution of multimorbidity patterns also differs by sex. For instance, we ob-

served a clear predominance of women in musculoskeletal disease patterns, which were linked

to worse quality indicators of medication and long multimorbidity trajectories. Conversely,

the combination of metabolic and cardiovascular conditions more present in men could be ad-

dressed by lifestyle preventive measures. Indeed, sex differences in multimorbidity, inappro-

priate medication and adverse outcomes of inpatient care were found in a subsequent study of

the MoPIM project [141]. All in all, these findings suggest that men and women could benefit

from targeted interventions designed for their specific multimorbidity profile, including strate-

gies to prevent or mitigate the onset of additional conditions, optimise treatment choices, and

address the psychosocial factors associated with these health challenges.

6.6.2. Implications on future research

This PhD thesis helps improve our understanding of multimorbidity patterns and their charac-

teristics, either related to quality indicators, adverse outcomes of an infection, or longitudinal

evolution. Furthermore, it provides insights on how further studies should be conducted in
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this emerging field of research in order to gain a deeper insight into multimorbidity patterns,

their implications and their applicability.

First of all, some findings from this thesis could benefit from confirmation in larger, high-

quality databases including a representative sample of the population of interest. In this regard,

having readily available and well-structured data on key indicators or outcomes, such as those

related with quality of medication, would be essential. Nevertheless, most clinical information

in electronic health records is embedded within clinical notes from various sources and may

not be retrievable. These notes may provide a huge amount of data with high potential to im-

prove healthcare; however, manually reviewing such data would entail an unrealistic cost and

time. Therefore, exploring natural language processing algorithms could provide enhanced

information compared to structured data alone.

Additionally, the rapid advances in statistical and machine learning methodologies may offer

valuable opportunities to improve our knowledge and refine the characterization of multimor-

bidity patterns. For instance, more sophisticated approaches could be pursued, such as ad-

vanced machine learning methods, that have not yet been tried in the study of multimorbidity

and may have great potential [142]. Beyond advancing in data analytics methodologies, the

field continues to face several additional challenges and open questions. These include issues

related to data preparation and processing, integrating prior expert knowledge, and translating

the final results into clinical practice guidelines [142].

Furthermore, the results of the MTOP study support the design of further longitudinal studies,

which could improve our understanding of the temporal dynamics of multimorbidity patterns

and may substantially improve clinical management. Larger, representative cohorts and longer

follow-up periods should be considered, ideally considering entire medical records. In fact,

there has been a recent increase in publications of multimorbidity longitudinal studies [130,

143, 144, 145].

Finally, the findings of this thesis suggest that, once multimorbidity patterns are clearly identi-

fied, they may help design tailored interventions such as the implementation of clinical path-

ways or organizational changes. Then, selected clinical outcomes could be assessed after these

interventions, compared to routine clinical practice.
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• Multimorbidity patterns identified by soft clustering using the fuzzy c-means algorithm

can be associated with various outcomes and indicators of interest.

• Multimorbidity clusters identified in older patients hospitalised due to chronic condition

exacerbation are associated with quality indicators of medication, including the presence,

number and specific types of potentially inappropriate prescribing (PIP) and adverse

drug reactions (ADRs).

• The associations found between certain multimorbidity profiles and certain quality indi-

cators of medication validate and support the existence of such clusters, suggesting areas

for targeted interventions and tailored medication reviews according to patient profiles.

• The study of multimorbidity clusters stratified by age and sex in COVID-19 patients re-

vealed distinct profiles of patients associated with severe infection and mortality.

• Trajectories of multimorbidity patterns in older patients exhibit considerable complexity

and fluctuation over time, emphasizing the dynamic nature of chronic conditions in this

population.
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The following sections of this Appendix contain all supplementary files of the publications that

compose this PhD thesis.

A1. Study 1: MoPIM study

The supplementary files of this study include 7 tables and 2 figures.
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Table S1. Equivalences between names used in ADRs classification and ATC codes. 

Name ATC Code 
Analgesic M01A 

Angiotensin-converting enzyme (ACE) inhibitor C09A 
Angiotensin II receptor blocker C09C 

Antiarrhythmic C01 
Antibiotic J01 

Anticoagulant B01AB 
Antidepressant N06A 

Antiepileptic N03A 
Antiplatelet B01AC 

Antivitamin K B01AA 
Benzodiazepine N05BA 

Beta blocker C07 
Bronchodilator R03 

Corticoid H02A 
Loop diuretic C03C 

Hypnotic N05C 
Insulin A10A 

Neuroleptic N05A 
Opioid N02A 

Oral anticoagulant B01AE, B01AF 
Oral antidiabetic A10B 

Potassium sparing diuretic C03D 
Proton pump inhibitor A02BC 

Statin C10AA 
Thiazide diuretic C03A 

ATC: Anatomical Therapeutic Chemical. 

Table S2. Number and percentage of patients with each chronic condition or geriatric syndrome registered according to the assigned 
multimorbidity cluster.  

Chronic Condition or Geriatric Syndrome Osteo-
Articular 

Psycho-
Geriatric 

Minor 
Chronic 
Disease 

Cardio-
Respiratory 

Acute confusional syndrome/delirium 51 (37.2) 102 (67.5) 29 (22.8) 53 (16.3) 
Amputation 7 (5.1) 2 (1.3) 4 (3.1) 3 (0.9) 

Anaemia 77 (56.2) 64 (42.4) 76 (59.8) 117 (36.0) 
Asthma 32 (23.4) 11 (7.3) 10 (7.9) 29 (8.9) 

Cardiac arrhythmia 86 (62.8) 77 (51.0) 77 (60.6) 183 (56.3) 
Cerebrovascular disease 40 (29.2) 53 (35.1) 36 (28.3) 59 (18.2) 

Chronic gastritis or gastro-oesophageal reflux 25 (18.2) 11 (7.3) 19 (15.0) 39 (12.0) 
Chronic pain 127 (92.7) 82 (54.3) 88 (69.3) 105 (32.3) 

Chronic renal insufficiency 81 (59.1) 50 (33.1) 73 (57.5) 116 (35.7) 
Chronic thyroid disease 44 (32.1) 19 (12.6) 23 (18.1) 49 (15.1) 

Cognitive/Intellectual impairment 32 (23.4) 130 (86.1) 35 (27.6) 32 (9.8) 
Constipation 78 (56.9) 88 (58.3) 41 (32.3) 133 (40.9) 

COPD 41 (29.9) 38 (25.2) 49 (38.6) 145 (44.6) 
Degenerative arthropathy 111 (81.0) 79 (52.3) 81 (63.8) 114 (35.1) 

Dementia 17 (12.4) 98 (64.9) 24 (18.9) 40 (12.3) 
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Depression or anxiety 84 (61.3) 52 (34.4) 37 (29.1) 95 (29.2) 
Diabetes mellitus with organ damage 28 (20.4) 21 (13.9) 34 (26.8) 50 (15.4) 

Diabetes mellitus without organ damage 27 (19.7) 57 (37.7) 36 (28.3) 81 (24.9) 
Drug-related conditions 22 (16.1) 19 (12.6) 7 (5.5) 19 (5.8) 

Dyslipidaemia 89 (65.0) 50 (33.1) 88 (69.3) 133 (40.9) 
Dysphagia 36 (26.3) 78 (51.7) 28 (22.0) 17 (5.2) 

Frailty 115 (83.9) 138 (91.4) 59 (46.5) 145 (44.6) 
Gallstones (previous hepatic colic) 18 (13.1) 12 (7.9) 16 (12.6) 33 (10.2) 

Gout 30 (21.9) 14 (9.3) 54 (42.5) 39 (12.0) 
Heart failure 89 (65.0) 79 (52.3) 71 (55.9) 204 (62.8) 

Hematologic disorders 8 (5.8) 3 (2.0) 14 (11.0) 11 (3.4) 
Hypertension 121 (88.3) 119 (78.8) 111 (87.4) 252 (77.5) 

Immobility 101 (73.7) 143 (94.7) 55 (43.3) 131 (40.3) 
Incontinence (urinary/fecal) 33 (24.1) 112 (74.2) 16 (12.6) 31 (9.5) 

Inflammatory osteoarticular disease 19 (13.9) 4 (2.6) 12 (9.4) 14 (4.3) 
Instability/falls 93 (67.9) 59 (39.1) 51 (40.2) 83 (25.5) 

Ischemic heart disease without infarction 38 (27.7) 17 (11.3) 27 (21.3) 38 (11.7) 
Malnutrition 12 (8.8) 65 (43.0) 5 (3.9) 65 (20.0) 

Mild liver disease 5 (3.6) 7 (4.6) 7 (5.5) 13 (4.0) 
Moderate or severe liver disease 3 (2.2) 3 (2.0) 1 (0.8) 12 (3.7) 

Myocardial infarction 28 (20.4) 11 (7.3) 26 (20.5) 46 (14.2) 
Neoplasia 16 (11.7) 18 (11.9) 25 (19.7) 52 (16.0) 

Neurologic disorder of the central nervous system 11 (8.0) 9 (6.0) 4 (3.1) 8 (2.5) 
Non-ischemic heart disease 58 (42.3) 31 (20.5) 58 (45.7) 91 (28.0) 

Obesity 58 (42.3) 24 (15.9) 43 (33.9) 68 (20.9) 
Osteoporosis 49 (35.8) 13 (8.6) 12 (9.4) 29 (8.9) 

Parkinson's disease 10 (7.3) 9 (6.0) 5 (3.9) 10 (3.1) 
Peptic ulcer disease 10 (7.3) 8 (5.3) 12 (9.4) 16 (4.9) 

Peripheral neuropathy or neuritis 21 (15.3) 9 (6.0) 18 (14.2) 13 (4.0) 
Peripheral vascular disease 21 (15.3) 13 (8.6) 22 (17.3) 49 (15.1) 

Polypharmacy 133 (97.1) 115 (76.2) 123 (96.9) 220 (67.7) 
Pressure ulcers 10 (7.3) 60 (39.7) 10 (7.9) 15 (4.6) 

Previous fractures (not hip) 57 (41.6) 28 (18.5) 19 (15.0) 35 (10.8) 
Previous hip fracture 22 (16.1) 14 (9.3) 4 (3.1) 27 (8.3) 

Rheumatologic disease 8 (5.8) 3 (2.0) 5 (3.9) 16 (4.9) 
Sensory deficit 58 (42.3) 70 (46.4) 49 (38.6) 137 (42.2) 
Sleep apnoea 29 (21.2) 7 (4.6) 18 (14.2) 12 (3.7) 

Sleep disorders/Insomnia 90 (65.7) 86 (57.0) 51 (40.2) 106 (32.6) 
Varicose veins 59 (43.1) 25 (16.6) 43 (33.9) 37 (11.4) 

Vertigo 42 (30.7) 13 (8.6) 7 (5.5) 15 (4.6) 
COPD: chronic obstructive pulmonary disease. 
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Figure S1. A: Distribution of the number of STOPP/START PIP according to the assigned multimorbidity cluster. Pairwise compari-
sons between cluster distributions performed with the Kolmogorov-Smirnov test showed significant differences between the osteo-
articular cluster and the rest (p < 0.001). PIP: Potentially inappropriate prescribing. B: Distribution of the number of STOPP PIM 
according to the assigned multimorbidity cluster. Pairwise comparisons between cluster distributions performed with the Kolmogo-
rov-Smirnov test showed significant differences between the osteoarticular cluster and the rest (p < 0.005). PIM: potentially inappro-
priate medication. C: Distribution of the number of START PPO according to the assigned multimorbidity cluster. Pairwise compar-
isons between cluster distributions performed with the Kolmogorov-Smirnov test showed no significant differences (p > 0.05). PPO: 
potential prescribing omission. 
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Figure S2. A: Distribution of the number of ADRs according to the assigned multimorbidity cluster. Pairwise comparisons between 
cluster distributions performed with the Kolmogorov-Smirnov test showed significant differences between the osteoarticular and 
the minor chronic disease clusters and the rest (p < 0.001). B: Distribution of the number of ADRs at admission according to the 
assigned multimorbidity cluster. Pairwise comparisons between cluster distributions performed with the Kolmogorov-Smirnov test 
showed significant differences between the osteoarticular cluster and the minor chronic disease clusters and the rest (p < 0.05). C: 
Distribution of the number of ADRs during admission according to the assigned multimorbidity cluster. Pairwise comparisons be-
tween cluster distributions performed with the Kolmogorov-Smirnov test showed no significant differences (p > 0.05). ADR: adverse 
drug reaction. 

Table S3. p-values of post-hoc pairwise. 

 Osteoarticular vs. 
Psychogeriatric 

Osteoarticular vs. 
Minor Chronic 

Disease 

Osteoarticular vs. 
Cardiorespiratory 

Psychogeriatric 
vs. Minor 

Chronic Disease 

Psychogeriatric 
vs. 

Cardiorespiratory 

Cardiorespiratory 
vs. Minor 

Chronic Disease 
Any 
PIP <0.001 0.009 <0.001 0.347 0.815 0.19 

Any 
PIM 0.014 0.014 0.002 1 0.779 0.779 

Any 
PPO 

0.037 1 0.012 0.037 0.998 0.012 

Fisher’s exact test assessing for association between the presence of any potentially inappropriate prescribing (PIP), potentially inap-
propriate medication (PIM) or potential prescribing omission (PPO), according to STOPP/START criteria, and multimorbidity cluster 
belonging (osteoarticular, psychogeriatric, minor chronic disease or cardiorespiratory). Benjamini-Hochberg correction was applied 
at a false discovery rate of 5%. p < 0.05 are shown in bold. 

Table S4. p-values of post-hoc pairwise. 

 
Osteoarticular 

vs. 
Psychogeriatric 

Osteoarticular 
vs. Minor 
Chronic 
Disease 

Osteoarticular 
vs. 

Cardiorespirato
ry 

Psychogeriatric 
vs. Minor 
Chronic 
Disease 

Psychogeriatric 
vs. 

Cardiorespirato
ry 

Cardiorespirato
ry vs. Minor 

Chronic 
Disease 

Any STOPP A1: 
Acetylsalicylic 

acid 
0.103 0.044 0.102 0.602 1 0.287 

Any STOPP A1: 
Proton pump 

inhibitor 
0.519 0.519 0.001 0.213 <0.001 0.022 

Any STOPP A2 0.641 0.643 0.198 0.266 0.643 0.06 
Any STOPP B11 0.013 0.112 <0.001 0.444 0.311 0.055 
Any STOPP D5 <0.001 0.003 0.003 0.568 0.192 0.568 
Any STOPP G5 0.004 0.088 0.007 0.4 0.436 0.823 
Any STOPP I1 0.571 0.061 1 0.023 0.469 0.042 
Any STOPP K1 <0.001 <0.001 <0.001 0.866 0.086 0.146 
Any STOPP K2 0.103 0.771 0.003 0.04 <0.001 0.015 
Any STOPP L2 0.047 0.356 0.047 0.522 1 0.522 

Fisher’s exact test assessing for association between the presence of any STOPP criteria previously significantly associated, and mul-
timorbidity cluster belonging (osteoarticular, psychogeriatric, minor chronic disease or cardiorespiratory). Benjamini-Hochberg cor-
rection was applied at a false discovery rate of 5%. p < 0.05 are shown in bold. 

Table S5. p-values of post-hoc pairwise. 

 
Osteoarticular 

vs. 
Psychogeriatric 

Osteoarticular 
vs. Minor 

Osteoarticular vs. 
Cardiorespiratory 

Psychogeriatric 
vs. Minor 

Psychogeriatric 
vs. 

Cardiorespiratory 

Cardiorespiratory 
vs. Minor 

Chronic Disease 
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Chronic 
Disease 

Chronic 
Disease 

Any START A8 0.854 0.854 0.037 1 0.01 0.01 
Any START C2 0.112 1 0.06 0.144 1 0.062 
Any START C3 0.138 0.165 1 0.877 0.082 0.138 
Any START E2 0.169 0.427 0.02 0.594 0.594 0.384 
Any START E5 0.506 0.506 0.003 0.185 0.037 <0.001 
Any START H2 0.007 0.68 0.007 0.039 0.802 0.039 
Fisher’s exact test assessing for association between the presence of any START criteria previously significantly associated, and mul-
timorbidity cluster belonging (osteoarticular, psychogeriatric, minor chronic disease or cardiorespiratory). Benjamini-Hochberg cor-
rection was applied at a false discovery rate of 5%. p < 0.05 are shown in bold. 

Table S6. p-values of post-hoc pairwise. 

 
Osteoarticula

r vs. 
Psychogeriatr

ic 

Osteoarticul
ar vs. Minor 

Chronic 
Disease 

Osteoarticular 
vs. 

Cardiorespirato
ry 

Psychogeriatr
ic vs. Minor 

Chronic 
Disease 

Psychogeriatric 
vs. 

Cardiorespirato
ry 

Cardiorespirato
ry vs. Minor 

Chronic 
Disease 

Any ADR <0.001 0.902 <0.001 <0.001 0.168 <0.001 
Any ADR at admission 0.001 0.95 <0.001 0.002 1 <0.001 

Any ADR during 
admission 

0.001 1 0.041 0.001 0.041 0.041 

Fisher’s exact test assessing for association between the presence of any adverse drug reaction (ADR), detected at the time of admis-
sion or during admission, and multimorbidity cluster belonging (osteoarticular, psychogeriatric, minor chronic disease or cardi-
orespiratory). Benjamini-Hochberg correction was applied at a false discovery rate of 5%. p < 0.05 are shown in bold. 

Table S7. p-values of post-hoc pairwise. 

 
Osteoarticula

r vs. 
Psychogeriatr

ic 

Osteoarticul
ar vs. Minor 

Chronic 
Disease 

Osteoarticular 
vs. 

Cardiorespirato
ry 

Psychogeriatr
ic vs. Minor 

Chronic 
Disease 

Psychogeriatric 
vs. 

Cardiorespirato
ry 

Cardiorespirato
ry vs. Minor 

Chronic 
Disease 

Any ADR ACE inhibitor 0.093 0.169 0.01 0.788 0.727 0.442 
Any ADR Neuroleptic 0.371 0.732 1 0.472 0.087 0.472 

Any ADR ARB 0.059 0.609 0.099 0.038 0.528 0.045 
Any ADR Insulin 0.727 0.106 0.727 0.039 1 0.005 

Any ADR Loop diuretic 0.094 0.446 0.145 0.296 0.446 0.446 
Any ADR Thiazide 

diuretic 
0.412 0.412 0.54 0.083 0.54 0.083 

Fisher’s exact test assessing for association between the presence of any adverse drug reaction (ADR) previously significantly asso-
ciated, and multimorbidity cluster belonging (osteoarticular, psychogeriatric, minor chronic disease or cardiorespiratory). Benjamini-
Hochberg correction was applied at a false discovery rate of 5%. p < 0.05 are shown in bold. ACE: angiotensin-converting enzyme. 
ARB: angiotensin II receptor blocker. 
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A2. Study 2: MRisk-COVID study

The supplementary files of this study include 4 tables and 2 figures.
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Table S1. List of codes for COVID-19 registration, primary care mortality and severe infection.  

ICD-10-CM = International Classification of Diseases, 10th edition, Clinical Modification 

ICD-10-PCS = International Classification of Diseases, 10th edition, Procedure Coding System 

 

CODES FOR COVID-19 REGISTRATION 

ICD-10-CM Description 

B342 Coronavirus infection, unspecified 

B9721 SARS-associated coronavirus as the cause of diseases classified elsewhere 

B9729 Other coronavirus as the cause of diseases classified elsewhere 

J1281 Pneumonia due to SARS-associated coronavirus 

J1289 Other viral pneumonia 

U071 COVID-19 

Z20828 Contact with and (suspected) exposure to other viral communicable diseases 

CODES FOR MORTALITY (PRIMARY CARE) 

ICD-10-CM Description Category 

R99 Ill-defined and unknown cause of mortality Mortality 

CODES FOR SEVERE INFECTION: DIAGNOSES 

ICD-10-CM Description Category 

J80 Acute respiratory distress syndrome ARDS 

R6511 Systemic inflammatory response syndrome (SIRS) of non-infectious origin with acute organ 
dysfunction 

Inflammatory response 

R6520 Severe sepsis without septic shock Inflammatory response 

D65 Disseminated intravascular coagulation [defibrination syndrome] Organ failure 

E271 Primary adrenocortical insufficiency Organ failure 

I2609 Other pulmonary embolism with acute cor pulmonale Organ failure 

I2699 Other pulmonary embolism without acute cor pulmonale Organ failure 

I501 Left ventricular failure, unspecified Organ failure 

I5020 Unspecified systolic (congestive) heart failure Organ failure 

I5021 Acute systolic (congestive) heart failure Organ failure 

I5030 Unspecified diastolic (congestive) heart failure Organ failure 

I5031 Acute diastolic (congestive) heart failure Organ failure 

I5043 Acute on chronic combined systolic (congestive) and diastolic (congestive) heart failure Organ failure 

I50810 Right heart failure, unspecified Organ failure 

I50811 Acute right heart failure Organ failure 

I50813 Acute on chronic right heart failure Organ failure 

I5082 Biventricular heart failure Organ failure 

I5083 High output heart failure Organ failure 

I5089 Other heart failure Organ failure 

I509 Heart failure, unspecified Organ failure 

K7200 Acute and subacute hepatic failure without coma Organ failure 

K7201 Acute and subacute hepatic failure with coma Organ failure 

K7290 Hepatic failure, unspecified without coma Organ failure 

K7291 Hepatic failure, unspecified with coma Organ failure 

N170 Acute kidney failure with tubular necrosis Organ failure 

N171 Acute kidney failure with acute cortical necrosis Organ failure 

N172 Acute kidney failure with medullary necrosis Organ failure 

N178 Other acute kidney failure Organ failure 

N179 Acute kidney failure, unspecified Organ failure 

N19 Unspecified kidney failure Organ failure 

N990 Postprocedural (acute) (chronic) kidney failure Organ failure 

J9600 Acute respiratory failure, unspecified whether with hypoxia or hypercapnia Respiratory failure 

J9601 Acute respiratory failure with hypoxia Respiratory failure 

J9602 Acute respiratory failure with hypercapnia Respiratory failure 

J9620 Acute and chronic respiratory failure, unspecified whether with hypoxia or hypercapnia Respiratory failure 
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J9621 Acute and chronic respiratory failure with hypoxia Respiratory failure 

J9622 Acute and chronic respiratory failure with hypercapnia Respiratory failure 

J9690 Respiratory failure, unspecified, unspecified whether with hypoxia or hypercapnia Respiratory failure 

J9691 Respiratory failure, unspecified with hypoxia Respiratory failure 

J9692 Respiratory failure, unspecified with hypercapnia Respiratory failure 

R6521 Severe sepsis with septic shock Septic shock 

CODES FOR SERIOUS INFECTION: PROCEDURES 

ICD-10-PCS Description Category 

5A1935Z Respiratory Ventilation, Less than 24 Consecutive Hours Invasive mechanical 
ventilation 

5A1945Z Respiratory Ventilation, 24-96 Consecutive Hours Invasive mechanical 
ventilation 

5A1955Z Respiratory Ventilation, Greater than 96 Consecutive Hours Invasive mechanical 
ventilation 

5A09357 Assistance with Respiratory Ventilation, Less than 24 Consecutive Hours, Continuous Positive 
Airway Pressure 

Noninvasive mechanical 
ventilation 

5A09358 Assistance with Respiratory Ventilation, Less than 24 Consecutive Hours, Intermittent Positive 
Airway Pressure 

Noninvasive mechanical 
ventilation 

5A09359 Assistance with Respiratory Ventilation, Less than 24 Consecutive Hours, Continuous Negative 
Airway Pressure 

Noninvasive mechanical 
ventilation 

5A0935B Assistance with Respiratory Ventilation, Less than 24 Consecutive Hours, Intermittent Negative 
Airway Pressure 

Noninvasive mechanical 
ventilation 

5A0935Z Assistance with Respiratory Ventilation, Less than 24 Consecutive Hours Noninvasive mechanical 
ventilation 

5A09457 Assistance with Respiratory Ventilation, 24-96 Consecutive Hours, Continuous Positive Airway 
Pressure 

Noninvasive mechanical 
ventilation 

5A09458 Assistance with Respiratory Ventilation, 24-96 Consecutive Hours, Intermittent Positive Airway 
Pressure 

Noninvasive mechanical 
ventilation 

5A09459 Assistance with Respiratory Ventilation, 24-96 Consecutive Hours, Continuous Negative Airway 
Pressure 

Noninvasive mechanical 
ventilation 

5A0945B Assistance with Respiratory Ventilation, 24-96 Consecutive Hours, Intermittent Negative Airway 
Pressure 

Noninvasive mechanical 
ventilation 

5A0945Z Assistance with Respiratory Ventilation, 24-96 Consecutive Hours Noninvasive mechanical 
ventilation 

5A09557 Assistance with Respiratory Ventilation, Greater than 96 Consecutive Hours, Continuous Positive 
Airway Pressure 

Noninvasive mechanical 
ventilation 

5A09558 Assistance with Respiratory Ventilation, Greater than 96 Consecutive Hours, Intermittent 
Positive Airway Pressure 

Noninvasive mechanical 
ventilation 

5A09559 Assistance with Respiratory Ventilation, Greater than 96 Consecutive Hours, Continuous 
Negative Airway Pressure 

Noninvasive mechanical 
ventilation 

5A0955B Assistance with Respiratory Ventilation, Greater than 96 Consecutive Hours, Intermittent 
Negative Airway Pressure 

Noninvasive mechanical 
ventilation 

5A0955Z Assistance with Respiratory Ventilation, Greater than 96 Consecutive Hours Noninvasive mechanical 
ventilation 

3E0F7GC Introduction of Other Therapeutic Substance into Respiratory Tract, Via Natural or Artificial 
Opening 

Oxygen therapy 

3E0F7SF Introduction of Other Gas into Respiratory Tract, Via Natural or Artificial Opening Oxygen therapy 

5A05121 Extracorporeal Hyperbaric Oxygenation, Intermittent Oxygen therapy 

5A0512C Extracorporeal Supersaturated Oxygenation, Intermittent Oxygen therapy 

5A05221 Extracorporeal Hyperbaric Oxygenation, Continuous Oxygen therapy 

5A0522C Extracorporeal Supersaturated Oxygenation, Continuous Oxygen therapy 

5A09357 Assistance with Respiratory Ventilation, Less than 24 Consecutive Hours, Continuous Positive 
Airway Pressure 

Oxygen therapy 

5A09457 Assistance with Respiratory Ventilation, 24-96 Consecutive Hours, Continuous Positive Airway 
Pressure 

Oxygen therapy 

5A09557 Assistance with Respiratory Ventilation, Greater than 96 Consecutive Hours, Continuous Positive 
Airway Pressure 

Oxygen therapy 
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 Severe COVID-19 infection, N (%) 

 Total 21-45 46-65 66-80 81+ 

Confirmed 930 (29.6) 97 (11.0) 315 (29.9) 357 (53.8) 161 (29.5) 

Suspected  184 (1.7) 16 (0.3) 57 (1.6) 61 (3.7) 50 (4.4) 

Total 1114 (7.8) 113 (2.0) 372 (7.9) 418 (18.2) 211 (12.5) 

 
Table S2. Number of patients and prevalence of severe COVID-19 infection according to the 
type of case (confirmed or suspected). 

 Severe COVID-19 infection, N (%) 

 Total 21-45 46-65 66-80 81+ 

Confirmed 930 (29.6) 97 (11.0) 315 (29.9) 357 (53.8) 161 (29.5) 

Suspected  184 (1.7) 16 (0.3) 57 (1.6) 61 (3.7) 50 (4.4) 

Total 1114 (7.8) 113 (2.0) 372 (7.9) 418 (18.2) 211 (12.5) 

 
Table S2. Number of patients and prevalence of severe COVID-19 infection according to the 
type of case (confirmed or suspected). 
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Table S3. Chronic conditions with >2% prevalence per age and sex stratum.

[This table is originally an Excel file, which is shown in the next 4 pages.]
Table S3. Chronic conditions with >2% prevalence per age and sex stratum.

Male

Category Prevalence (%) Category Prevalence (%)

Anxiety and fear-related disorders 33,3 Essential hypertension 42,4

Other specified and unspecified upper respiratory disease 22,9 Disorders of lipid metabolism 34,1

Obesity 20,6 Obesity 29,4

Neurodevelopmental disorders 17,9 Anxiety and fear-related disorders 26,5

Disorders of lipid metabolism 13,1 Sleep wake disorders 23,3

Schizophrenia spectrum and other psychotic disorders 12,6 Other specified and unspecified nutritional and metabolic disorders 19,0

Sleep wake disorders 12,3 Diabetes mellitus without complication 18,8

Epilepsy; convulsions 12,2 Neoplasia (solid tumour) 16,9

Disorders of teeth and gingiva 11,5 Spondylopathies/spondyloarthropathy (including infective) 15,8

Essential hypertension 11,1 Other specified and unspecified upper respiratory disease 15,6

Asthma 10,6 Hyperplasia of prostate 14,0

Other specified joint disorders 10,2 Other specified and unspecified liver disease 13,3

Esophageal disorders 8,5 Osteoarthritis 13,1

Urinary incontinence 8,0 Chronic obstructive pulmonary disease and bronchiectasis 12,9

Other specified and unspecified nutritional and metabolic disorders 7,9 Other specified joint disorders 12,4

Headache; including migraine 7,9 Neurodevelopmental disorders 12,1

Depressive disorders 7,6 Depressive disorders 11,6

Spondylopathies/spondyloarthropathy (including infective) 7,6 Disorders of teeth and gingiva 11,4

Other specified inflammatory condition of skin 7,6 Urinary incontinence 11,3

Disruptive, impulse-control and conduct disorders 7,4 Esophageal disorders 11,0

Thyroid disorders 7,3 Coronary atherosclerosis and other heart disease 9,6

Scoliosis and other postural dorsopathic deformities 6,0 Hearing loss 9,6

Alcohol-related disorders 5,5 Alcohol-related disorders 9,4

Symptoms of mental and substance use conditions 5,4 Epilepsy; convulsions 8,9

Hearing loss 5,3 Cardiac dysrhythmias 8,5

Trauma- and stressor-related disorders 4,6 Thyroid disorders 8,3

Cannabis-related disorders 4,6 Other specified inflammatory condition of skin 7,5

Diseases of white blood cells 4,4 Schizophrenia spectrum and other psychotic disorders 7,2

Diabetes mellitus without complication 4,4 Gout 6,7

Other specified and unspecified liver disease 4,1 Peripheral and visceral vascular disease 6,6

Stimulant-related disorders 4,0 Cataract and other lens disorders 6,6

Neoplasia (solid tumour) 3,6 Chronic kidney disease 6,4

Conduction disorders 3,5 Conduction disorders 6,0

Nerve and nerve root disorders 3,5 Nerve and nerve root disorders 5,9

Miscellaneous mental and behavioral disorders/conditions 3,2 Diabetes mellitus with complication 5,7

Other specified and unspecified disorders of the ear 3,0 Heart failure 5,3

Acute and chronic tonsillitis 3,0 Diverticulosis and diverticulitis 5,3

Cerebral palsy 2,9 Diseases of white blood cells 5,1

Cardiac dysrhythmias 2,7 Trauma- and stressor-related disorders 5,1

Paralysis (other than cerebral palsy) 2,7 Hepatitis 5,0

Other specified and unspecified gastrointestinal disorders 2,6 Headache; including migraine 4,7

Chromosomal abnormalities 2,6 Asthma 4,7

Obsessive-compulsive and related disorders 2,6 Miscellaneous mental and behavioral disorders/conditions 4,5

Personality disorders 2,5 Gastritis and duodenitis 4,4

Parkinson`s disease 2,3 Acute myocardial infarction 4,4

Osteoarthritis 2,2 Neurocognitive disorders 4,4

Other specified nervous system disorders 2,2 Glaucoma 4,3

Nutritional deficiencies 2,1 Paralysis (other than cerebral palsy) 3,8

Hepatitis 2,1 Disruptive, impulse-control and conduct disorders 3,7

Symptoms of mental and substance use conditions 3,6

Coagulation and hemorrhagic disorders 3,6

Gastroduodenal ulcer 3,6

Other and ill-defined heart disease 3,5

Nonrheumatic and unspecified valve disorders 3,2

Nutritional deficiencies 3,2

Cerebral infarction 3,1

Scoliosis and other postural dorsopathic deformities 3,0

Non-pressure ulcer of skin 3,0

Digestive congenital anomalies 2,9

Hypertension with complications and secondary hypertension 2,7

Hematologic neoplasia 2,7

Malnutrition 2,6

Myocarditis and cardiomyopathy 2,3

Other specified and unspecified endocrine disorders 2,3

Myopathies 2,2

Pressure ulcer of skin 2,2

Other specified nervous system disorders 2,2

Chromosomal abnormalities 2,1

Obsessive-compulsive and related disorders 2,1

Other specified hereditary and degenerative nervous system conditions 2,1

21-45 46-65
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Male

Category Prevalence (%) Category Prevalence (%)

Essential hypertension 72,1 Essential hypertension 78,4

Disorders of lipid metabolism 49,0 Urinary incontinence 56,9

Hyperplasia of prostate 43,5 Hyperplasia of prostate 55,2

Diabetes mellitus without complication 39,4 Disorders of lipid metabolism 50,5

Neoplasia (solid tumour) 33,7 Neurocognitive disorders 47,0

Chronic obstructive pulmonary disease and bronchiectasis 32,0 Osteoarthritis 42,3

Obesity 31,6 Diabetes mellitus without complication 41,3

Osteoarthritis 30,1 Cardiac dysrhythmias 39,8

Cataract and other lens disorders 29,1 Chronic kidney disease 39,2

Other specified and unspecified nutritional and metabolic disorders 29,0 Cataract and other lens disorders 38,6

Sleep wake disorders 26,9 Chronic obstructive pulmonary disease and bronchiectasis 36,8

Urinary incontinence 26,6 Conduction disorders 32,9

Cardiac dysrhythmias 24,6 Neoplasia (solid tumour) 32,7

Chronic kidney disease 23,9 Heart failure 32,4

Coronary atherosclerosis and other heart disease 23,3 Coronary atherosclerosis and other heart disease 31,2

Neurocognitive disorders 23,3 Sleep wake disorders 29,4

Conduction disorders 22,7 Obesity 26,1

Heart failure 18,6 Other specified and unspecified nutritional and metabolic disorders 25,9

Hearing loss 18,5 Hearing loss 24,4

Spondylopathies/spondyloarthropathy (including infective) 17,3 Depressive disorders 20,5

Peripheral and visceral vascular disease 17,2 Peripheral and visceral vascular disease 20,3

Anxiety and fear-related disorders 15,8 Spondylopathies/spondyloarthropathy (including infective) 18,9

Diabetes mellitus with complication 15,1 Nonrheumatic and unspecified valve disorders 16,8

Depressive disorders 14,2 Gout 16,6

Esophageal disorders 13,7 Diabetes mellitus with complication 15,2

Other specified and unspecified liver disease 12,8 Anxiety and fear-related disorders 14,8

Glaucoma 11,1 Diverticulosis and diverticulitis 14,2

Disorders of teeth and gingiva 11,0 Symptoms of mental and substance use conditions 12,9

Gout 10,7 Pressure ulcer of skin 12,5

Other specified and unspecified upper respiratory disease 10,7 Cerebral infarction 12,3

Diverticulosis and diverticulitis 10,6 Esophageal disorders 12,3

Thyroid disorders 10,0 Nervous system signs and symptoms 11,9

Alcohol-related disorders 9,8 Other general signs and symptoms 11,9

Nonrheumatic and unspecified valve disorders 9,4 Nutritional deficiencies 11,7

Other specified joint disorders 9,3 Thyroid disorders 11,5

Acute myocardial infarction 8,4 Glaucoma 11,1

Cerebral infarction 8,2 Disorders of teeth and gingiva 10,1

Other specified inflammatory condition of skin 8,0 Other specified and unspecified upper respiratory disease 9,9

Other and ill-defined heart disease 7,2 Other and ill-defined heart disease 9,7

Diseases of white blood cells 7,0 Hypertension with complications and secondary hypertension 8,8

Nutritional deficiencies 7,0 Acute myocardial infarction 8,2

Hypertension with complications and secondary hypertension 6,7 Other specified inflammatory condition of skin 8,2

Other general signs and symptoms 6,7 Parkinson`s disease 8,0

Symptoms of mental and substance use conditions 6,0 Other specified and unspecified liver disease 7,8

Coagulation and hemorrhagic disorders 5,9 Coagulation and hemorrhagic disorders 7,6

Gastroduodenal ulcer 5,9 Pulmonary heart disease 7,0

Osteoporosis 5,9 Other specified hereditary and degenerative nervous system conditions 7,0

Pressure ulcer of skin 5,5 Disruptive, impulse-control and conduct disorders 6,2

Nerve and nerve root disorders 5,5 Other specified joint disorders 6,0

Nervous system signs and symptoms 5,1 Non-pressure ulcer of skin 6,0

Asthma 4,9 Gastroduodenal ulcer 5,8

Retinal and vitreous conditions 4,8 Osteoporosis 5,8

Miscellaneous mental and behavioral disorders/conditions 4,8 Retinal and vitreous conditions 5,5

Other specified hereditary and degenerative nervous system conditions 4,8 Diseases of white blood cells 5,3

Pulmonary heart disease 4,8 Gastritis and duodenitis 5,3

Myocarditis and cardiomyopathy 4,6 Malnutrition 5,3

Malnutrition 4,4 Digestive congenital anomalies 4,7

Epilepsy; convulsions 4,4 Miscellaneous mental and behavioral disorders/conditions 4,7

Gastritis and duodenitis 4,3 Asthma 4,7

Respiratory failure; insufficiency; arrest 4,0 Occlusion or stenosis of precerebral or cerebral arteries without infarction 4,3

Non-pressure ulcer of skin 4,0 Systemic lupus erythematosus and connective tissue disorders 4,3

Biliary tract disease 3,9 Respiratory failure; insufficiency; arrest 4,3

Schizophrenia spectrum and other psychotic disorders 3,9 Chronic rheumatic heart disease 4,1

Parkinson`s disease 3,9 Aortic; peripheral; and visceral artery aneurysms 4,1

Paralysis (other than cerebral palsy) 3,9 Transient cerebral ischemia 4,1

Digestive congenital anomalies 3,7 Myocarditis and cardiomyopathy 3,5

Chronic rheumatic heart disease 3,6 Biliary tract disease 3,5

Aortic; peripheral; and visceral artery aneurysms 3,6 Trauma- and stressor-related disorders 3,5

Other specified and unspecified lower respiratory disease 3,4 Acquired foot deformities 3,5

Trauma- and stressor-related disorders 3,3 Nervous system pain and pain syndromes 3,5

Acquired foot deformities 3,2 Other specified and unspecified endocrine disorders 3,3

Sequela of cerebral infarction and other cerebrovascular disease 3,1 Paralysis (other than cerebral palsy) 3,3

Other specified and unspecified endocrine disorders 3,1 Epilepsy; convulsions 3,3

Hematologic neoplasia 3,0 Nerve and nerve root disorders 3,3

Neurodevelopmental disorders 3,0 Hepatitis 3,1

Systemic lupus erythematosus and connective tissue disorders 3,0 Alcohol-related disorders 3,1

Headache; including migraine 3,0 Other and ill-defined cerebrovascular disease 2,9

Transient cerebral ischemia 3,0 Sequela of cerebral infarction and other cerebrovascular disease 2,7

Disruptive, impulse-control and conduct disorders 2,9 Blindness and vision defects 2,7

Myopathies 2,9 Hematologic neoplasia 2,7

Other specified nervous system disorders 2,9 Scoliosis and other postural dorsopathic deformities 2,7

Occlusion or stenosis of precerebral or cerebral arteries without infarction 2,8 Headache; including migraine 2,5

Nephritis; nephrosis; renal sclerosis 2,4 Other specified and unspecified hematologic conditions 2,3

Other and ill-defined cerebrovascular disease 2,3 Lung disease due to external agents 2,3

Hepatitis 2,3 Other specified and unspecified gastrointestinal disorders 2,1

Other specified and unspecified circulatory disease 2,1 Nephritis; nephrosis; renal sclerosis 2,1

Scoliosis and other postural dorsopathic deformities 2,1 Other specified and unspecified diseases of bladder and urethra 2,1

Sequela of specified infectious disease conditions 2,1

Polyneuropathies 2,1

Other specified nervous system disorders 2,1

66-80 81-95
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Female

Category Prevalence (%) Category Prevalence (%)

Anxiety and fear-related disorders 44,7 Anxiety and fear-related disorders 43,5

Obesity 22,3 Essential hypertension 29,0

Headache; including migraine 21,9 Obesity 28,6

Other specified and unspecified upper respiratory disease 21,6 Thyroid disorders 26,1

Thyroid disorders 20,0 Disorders of lipid metabolism 24,2

Menstrual disorders 16,6 Depressive disorders 20,2

Depressive disorders 11,8 Osteoarthritis 18,7

Asthma 11,7 Sleep wake disorders 17,2

Complications specified during the puerperium 10,0 Other specified and unspecified upper respiratory disease 16,5

Other specified inflammatory condition of skin 9,3 Menopausal disorders 16,0

Disorders of teeth and gingiva 8,8 Spondylopathies/spondyloarthropathy (including infective) 15,5

Female infertility 8,1 Other specified and unspecified nutritional and metabolic disorders 15,5

Trauma- and stressor-related disorders 8,0 Urinary incontinence 15,0

Scoliosis and other postural dorsopathic deformities 7,7 Headache; including migraine 13,5

Sleep wake disorders 7,6 Nerve and nerve root disorders 13,1

Other specified joint disorders 6,8 Neoplasia (solid tumour) 12,2

Urinary incontinence 6,6 Other specified joint disorders 10,5

Nerve and nerve root disorders 6,4 Diabetes mellitus without complication 10,2

Other specified and unspecified endocrine disorders 6,2 Esophageal disorders 9,5

Spondylopathies/spondyloarthropathy (including infective) 6,0 Disorders of teeth and gingiva 9,4

Essential hypertension 5,7 Asthma 8,8

Esophageal disorders 5,3 Trauma- and stressor-related disorders 8,6

Disorders of lipid metabolism 5,3 Menstrual disorders 8,1

Neurodevelopmental disorders 4,7 Other specified inflammatory condition of skin 7,8

Hearing loss 4,5 Other specified and unspecified liver disease 7,7

Other specified and unspecified nutritional and metabolic disorders 4,4 Hearing loss 7,1

Neoplasia (solid tumour) 4,1 Acquired foot deformities 6,9

Other specified and unspecified gastrointestinal disorders 4,0 Nutritional deficiencies 6,5

Other specified female genital disorders 3,7 Neurodevelopmental disorders 5,9

Complications specified during childbirth 3,6 Osteoporosis 5,8

Diseases of white blood cells 3,5 Cataract and other lens disorders 5,7

Epilepsy; convulsions 3,1 Chronic obstructive pulmonary disease and bronchiectasis 5,4

Pituitary disorders 3,0 Scoliosis and other postural dorsopathic deformities 4,9

Other specified complications in pregnancy 2,7 Epilepsy; convulsions 4,6

Diabetes mellitus without complication 2,7 Cardiac dysrhythmias 4,4

Acquired foot deformities 2,6 Gastritis and duodenitis 4,1

Acute and chronic tonsillitis 2,6 Nonmalignant breast conditions 4,0

Endometriosis 2,4 Diseases of white blood cells 3,8

Nutritional deficiencies 2,3 Glaucoma 3,8

Coagulation and hemorrhagic disorders 2,2 Prolapse of female genital organs 3,7

Other specified and unspecified liver disease 2,1 Other specified and unspecified endocrine disorders 3,6

Gastritis and duodenitis 2,1 Diverticulosis and diverticulitis 3,3

Feeding and eating disorders 2,1 Schizophrenia spectrum and other psychotic disorders 2,9

Digestive congenital anomalies 2,8

Conduction disorders 2,8

Other specified and unspecified gastrointestinal disorders 2,7

Diabetes mellitus with complication 2,5

Systemic lupus erythematosus and connective tissue disorders 2,5

Nonrheumatic and unspecified valve disorders 2,3

Heart failure 2,2

Chronic kidney disease 2,2

Peripheral and visceral vascular disease 2,2

Coronary atherosclerosis and other heart disease 2,1

21-45 46-65
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Female

Category Prevalence (%) Category Prevalence (%)

Essential hypertension 70,1 Urinary incontinence 82,6

Osteoarthritis 53,0 Essential hypertension 82,1

Disorders of lipid metabolism 48,0 Neurocognitive disorders 63,7

Obesity 44,4 Osteoarthritis 60,8

Urinary incontinence 43,1 Disorders of lipid metabolism 42,0

Depressive disorders 35,2 Chronic kidney disease 39,2

Anxiety and fear-related disorders 34,7 Depressive disorders 34,2

Diabetes mellitus without complication 32,8 Sleep wake disorders 32,7

Thyroid disorders 31,4 Obesity 31,6

Cataract and other lens disorders 31,2 Cardiac dysrhythmias 31,5

Other specified and unspecified nutritional and metabolic disorders 30,9 Cataract and other lens disorders 31,5

Sleep wake disorders 28,9 Diabetes mellitus without complication 31,0

Neurocognitive disorders 27,7 Heart failure 30,6

Osteoporosis 25,8 Other specified and unspecified nutritional and metabolic disorders 29,9

Spondylopathies/spondyloarthropathy (including infective) 24,3 Anxiety and fear-related disorders 26,6

Cardiac dysrhythmias 22,0 Osteoporosis 26,0

Neoplasia (solid tumour) 20,9 Hearing loss 25,2

Heart failure 19,7 Thyroid disorders 24,3

Chronic kidney disease 19,6 Other general signs and symptoms 20,0

Esophageal disorders 15,6 Spondylopathies/spondyloarthropathy (including infective) 19,9

Hearing loss 15,5 Conduction disorders 17,5

Conduction disorders 14,4 Pressure ulcer of skin 15,9

Diabetes mellitus with complication 13,4 Nutritional deficiencies 15,4

Chronic obstructive pulmonary disease and bronchiectasis 13,2 Symptoms of mental and substance use conditions 14,6

Nutritional deficiencies 12,4 Glaucoma 14,5

Other specified joint disorders 12,3 Neoplasia (solid tumour) 14,0

Other specified and unspecified upper respiratory disease 12,3 Coronary atherosclerosis and other heart disease 13,4

Asthma 12,0 Nonrheumatic and unspecified valve disorders 13,4

Nonrheumatic and unspecified valve disorders 11,8 Esophageal disorders 13,4

Other specified and unspecified liver disease 11,5 Nervous system signs and symptoms 11,8

Coronary atherosclerosis and other heart disease 11,0 Chronic obstructive pulmonary disease and bronchiectasis 11,6

Acquired foot deformities 11,0 Diverticulosis and diverticulitis 10,9

Nerve and nerve root disorders 10,3 Asthma 10,1

Glaucoma 9,8 Diabetes mellitus with complication 9,9

Disorders of teeth and gingiva 9,5 Other and ill-defined heart disease 9,4

Diverticulosis and diverticulitis 9,2 Other specified hereditary and degenerative nervous system conditions 9,1

Prolapse of female genital organs 8,7 Nervous system pain and pain syndromes 8,4

Menopausal disorders 8,4 Other specified and unspecified upper respiratory disease 8,4

Other specified hereditary and degenerative nervous system conditions 7,7 Cerebral infarction 8,3

Other general signs and symptoms 7,7 Retinal and vitreous conditions 8,0

Systemic lupus erythematosus and connective tissue disorders 7,2 Hypertension with complications and secondary hypertension 7,9

Symptoms of mental and substance use conditions 7,2 Systemic lupus erythematosus and connective tissue disorders 7,4

Other and ill-defined heart disease 7,1 Other specified joint disorders 7,3

Pressure ulcer of skin 7,0 Pulmonary heart disease 7,1

Other specified inflammatory condition of skin 6,7 Peripheral and visceral vascular disease 6,9

Headache; including migraine 6,5 Acquired foot deformities 6,8

Trauma- and stressor-related disorders 6,3 Scoliosis and other postural dorsopathic deformities 6,8

Hypertension with complications and secondary hypertension 6,3 Disorders of teeth and gingiva 5,9

Scoliosis and other postural dorsopathic deformities 6,0 Prolapse of female genital organs 5,9

Gastritis and duodenitis 5,8 Nerve and nerve root disorders 5,9

Digestive congenital anomalies 5,8 Other specified and unspecified liver disease 5,8

Retinal and vitreous conditions 5,7 Non-pressure ulcer of skin 5,7

Cerebral infarction 5,6 Parkinson`s disease 5,1

Peripheral and visceral vascular disease 5,6 Digestive congenital anomalies 4,8

Nervous system signs and symptoms 5,6 Epilepsy; convulsions 4,7

Nervous system pain and pain syndromes 5,4 Chronic rheumatic heart disease 3,8

Pulmonary heart disease 5,2 Menopausal disorders 3,8

Other specified and unspecified endocrine disorders 5,2 Trauma- and stressor-related disorders 3,8

Diseases of white blood cells 4,9 Disruptive, impulse-control and conduct disorders 3,8

Other specified and unspecified gastrointestinal disorders 4,7 Other specified inflammatory condition of skin 3,8

Parkinson`s disease 4,5 Other specified and unspecified endocrine disorders 3,8

Schizophrenia spectrum and other psychotic disorders 4,1 Miscellaneous mental and behavioral disorders/conditions 3,8

Biliary tract disease 3,9 Coagulation and hemorrhagic disorders 3,3

Myocarditis and cardiomyopathy 3,8 Gastritis and duodenitis 3,1

Chronic rheumatic heart disease 3,6 Headache; including migraine 3,0

Epilepsy; convulsions 3,4 Other specified and unspecified gastrointestinal disorders 2,9

Coagulation and hemorrhagic disorders 3,3 Other and ill-defined cerebrovascular disease 2,8

Hepatitis 3,2 Gastroduodenal ulcer 2,8

Gastroduodenal ulcer 3,0 Biliary tract disease 2,7

Malnutrition 3,0 Drug induced or toxic related condition 2,7

Rheumatoid arthritis and related disease 2,9 Acute myocardial infarction 2,6

Gout 2,9 Transient cerebral ischemia 2,6

Hematologic neoplasia 2,8 Paralysis (other than cerebral palsy) 2,5

Miscellaneous mental and behavioral disorders/conditions 2,8 Schizophrenia spectrum and other psychotic disorders 2,3

Paralysis (other than cerebral palsy) 2,7 Malnutrition 2,3

Acute myocardial infarction 2,6 Crystal arthropathies (excluding gout) 2,3

Respiratory failure; insufficiency; arrest 2,6 Respiratory failure; insufficiency; arrest 2,3

Non-pressure ulcer of skin 2,5 Gout 2,2

Drug induced or toxic related condition 2,3 Hepatitis 2,1

Disruptive, impulse-control and conduct disorders 2,3 Diseases of white blood cells 2,0

Bipolar and related disorders 2,2 Hematologic neoplasia 2,0

Other specified nervous system disorders 2,2

Nephritis; nephrosis; renal sclerosis 2,1

Neurodevelopmental disorders 2,1

66-80 81-95
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Appendix A. Supplementary files

Table S4. Prevalence (%), Observed/Expected (O/E) ratio, and exclusivity (%) of the chronic

conditions per multimorbidity cluster

[This table is originally an Excel file, which is shown in the following 22 pages.]

Males, 21-45 (1 out of 2)
Table S4. Prevalence (%), Observed/Expected (O/E) ratio, and exclusivity (%) of the chronic conditions per multimorbidity clusters.

Male 21-45

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%)

Stimulant-related disorders 48,02 11,99 73,21 Parkinson`s disease 13,45 5,95 76,96 Other specified and unspecified liver disease 10,00 2,43 46,58 Headache; including migraine 10,89 1,38 85,19

Cannabis-related disorders 41,06 8,89 54,25 Cerebral palsy 16,05 5,58 72,16 Diabetes mellitus without complication 9,99 2,26 43,32 Acute and chronic tonsillitis 4,01 1,35 83,32

Hepatitis 16,95 8,26 50,40 Disruptive, impulse-control and conduct disorders 37,90 5,13 66,28 Thyroid disorders 13,81 1,89 36,24 Other specified joint disorders 13,27 1,31 80,70

Alcohol-related disorders 43,38 7,82 47,77 Symptoms of mental and substance use conditions 27,61 5,07 65,61 Cardiac dysrhythmias 4,94 1,85 35,40 Trauma- and stressor-related disorders 5,76 1,25 77,09

Personality disorders 16,53 6,71 40,96 Urinary incontinence 40,23 5,02 64,95 Disorders of lipid metabolism 23,56 1,79 34,30 Spondylopathies/spondyloarthropathy (including infective)9,40 1,24 76,48

Other specified nervous system disorders 9,57 4,44 27,11 Epilepsy; convulsions 56,92 4,66 60,24 Essential hypertension 19,81 1,79 34,18 Nerve and nerve root disorders 3,86 1,11 68,40

Depressive disorders 25,62 3,37 20,58 Neurodevelopmental disorders 81,18 4,54 58,75 Obesity 34,34 1,66 31,84 Anxiety and fear-related disorders 35,78 1,08 66,52

Paralysis (other than cerebral palsy) 8,81 3,30 20,16 Schizophrenia spectrum and other psychotic disorders 53,83 4,26 55,11 Osteoarthritis 3,40 1,58 30,15 Other specified inflammatory condition of skin 8,14 1,07 66,25

Cerebral palsy 8,82 3,07 18,74 Other specified nervous system disorders 8,54 3,96 51,21 Other specified and unspecified disorders of the ear 4,68 1,57 30,05 Other specified and unspecified gastrointestinal disorders 2,70 1,05 65,05

Neoplasia (general) 9,43 2,63 16,02 Paralysis (other than cerebral palsy) 9,90 3,71 47,95 Esophageal disorders 13,00 1,53 29,20 Hearing loss 5,61 1,05 64,93

Disorders of teeth and gingiva 26,22 2,28 13,92 Obsessive-compulsive and related disorders 9,50 3,70 47,83 Other specified and unspecified gastrointestinal disorders 3,89 1,52 29,03 Asthma 10,85 1,03 63,45

Symptoms of mental and substance use conditions 11,81 2,17 13,25 Chromosomal abnormalities 9,36 3,65 47,14 Nerve and nerve root disorders 5,20 1,49 28,50 Scoliosis and other postural dorsopathic deformities 5,85 0,98 60,69

Miscellaneous mental and behavioral disorders/conditions6,32 1,99 12,13 Other specified and unspecified disorders of the ear 7,92 2,66 34,39 Asthma 15,40 1,46 27,87 Diseases of white blood cells 4,25 0,96 59,51

Nutritional deficiencies 3,61 1,76 10,73 Nutritional deficiencies 5,42 2,64 34,15 Other specified and unspecified nutritional and metabolic disorders11,47 1,45 27,76 Other specified and unspecified upper respiratory disease21,38 0,93 57,73

Anxiety and fear-related disorders 55,50 1,67 10,18 Personality disorders 6,21 2,52 32,60 Other specified and unspecified upper respiratory disease33,20 1,45 27,75 Obesity 18,40 0,89 55,14

Obsessive-compulsive and related disorders 4,27 1,66 10,15 Thyroid disorders 14,46 1,98 25,66 Chromosomal abnormalities 3,66 1,43 27,27 Conduction disorders 3,01 0,86 53,30

Other specified and unspecified liver disease 6,49 1,58 9,65 Stimulant-related disorders 7,49 1,87 24,18 Miscellaneous mental and behavioral disorders/conditions4,48 1,41 26,91 Sleep wake disorders 10,39 0,84 52,13

Urinary incontinence 12,58 1,57 9,59 Disorders of teeth and gingiva 20,52 1,78 23,07 Conduction disorders 4,43 1,27 24,29 Osteoarthritis 1,80 0,84 51,73

Sleep wake disorders 19,19 1,56 9,51 Neoplasia (general) 6,21 1,73 22,36 Nutritional deficiencies 2,55 1,24 23,80 Cardiac dysrhythmias 2,18 0,82 50,48

Cardiac dysrhythmias 3,93 1,47 8,98 Hepatitis 3,29 1,60 20,71 Parkinson`s disease 2,72 1,20 23,02 Depressive disorders 6,14 0,81 50,00

Epilepsy; convulsions 17,84 1,46 8,91 Scoliosis and other postural dorsopathic deformities 9,32 1,57 20,24 Diseases of white blood cells 5,28 1,20 22,87 Esophageal disorders 6,83 0,80 49,57

Schizophrenia spectrum and other psychotic disorders 18,18 1,44 8,79 Miscellaneous mental and behavioral disorders/conditions4,51 1,42 18,33 Spondylopathies/spondyloarthropathy (including infective)8,72 1,15 21,97 Disorders of lipid metabolism 10,52 0,80 49,51

Osteoarthritis 3,09 1,43 8,75 Conduction disorders 4,77 1,37 17,65 Disorders of teeth and gingiva 13,20 1,15 21,96 Other specified and unspecified nutritional and metabolic disorders6,13 0,78 47,93

Diabetes mellitus without complication 6,30 1,43 8,72 Alcohol-related disorders 7,52 1,36 17,54 Sleep wake disorders 14,09 1,14 21,89 Essential hypertension 8,40 0,76 46,86

Other specified and unspecified nutritional and metabolic disorders11,06 1,40 8,54 Cannabis-related disorders 6,05 1,31 16,93 Neoplasia (general) 4,00 1,11 21,29 Miscellaneous mental and behavioral disorders/conditions2,19 0,69 42,63

Disorders of lipid metabolism 18,09 1,38 8,40 Sleep wake disorders 15,69 1,27 16,46 Other specified inflammatory condition of skin 8,28 1,09 20,86 Disorders of teeth and gingiva 7,63 0,66 41,05

Diseases of white blood cells 5,94 1,35 8,22 Other specified and unspecified nutritional and metabolic disorders9,64 1,22 15,77 Hearing loss 5,46 1,02 19,56 Neoplasia (general) 2,34 0,65 40,33

Esophageal disorders 10,18 1,19 7,29 Diabetes mellitus without complication 4,92 1,11 14,41 Personality disorders 2,45 0,99 18,99 Other specified and unspecified liver disease 2,27 0,55 34,13

Neurodevelopmental disorders 19,42 1,09 6,64 Depressive disorders 8,27 1,09 14,08 Disruptive, impulse-control and conduct disorders 7,30 0,99 18,89 Other specified and unspecified disorders of the ear 1,63 0,55 33,76

Essential hypertension 11,29 1,02 6,22 Esophageal disorders 9,19 1,08 13,94 Schizophrenia spectrum and other psychotic disorders 12,32 0,98 18,67 Diabetes mellitus without complication 2,40 0,54 33,56

Thyroid disorders 6,23 0,85 5,22 Hearing loss 5,48 1,03 13,28 Symptoms of mental and substance use conditions 5,00 0,92 17,58 Thyroid disorders 3,88 0,53 32,89

Other specified inflammatory condition of skin 6,33 0,83 5,08 Essential hypertension 10,93 0,99 12,74 Obsessive-compulsive and related disorders 2,34 0,91 17,44 Nutritional deficiencies 1,04 0,51 31,32

Disruptive, impulse-control and conduct disorders 5,93 0,80 4,90 Other specified and unspecified upper respiratory disease19,01 0,83 10,74 Hepatitis 1,86 0,91 17,34 Obsessive-compulsive and related disorders 1,02 0,40 24,58

Obesity 16,30 0,79 4,82 Other specified and unspecified liver disease 3,06 0,75 9,64 Alcohol-related disorders 4,71 0,85 16,27 Cannabis-related disorders 1,82 0,39 24,41

Conduction disorders 2,72 0,78 4,76 Diseases of white blood cells 3,21 0,73 9,40 Epilepsy; convulsions 10,36 0,85 16,22 Paralysis (other than cerebral palsy) 0,96 0,36 22,13

Asthma 8,25 0,78 4,76 Osteoarthritis 1,56 0,72 9,37 Trauma- and stressor-related disorders 3,89 0,84 16,12 Chromosomal abnormalities 0,91 0,35 21,84

Other specified and unspecified gastrointestinal disorders 1,72 0,67 4,10 Anxiety and fear-related disorders 22,58 0,68 8,78 Neurodevelopmental disorders 15,01 0,84 16,08 Other specified nervous system disorders 0,67 0,31 19,18

Scoliosis and other postural dorsopathic deformities 4,00 0,67 4,10 Obesity 13,08 0,63 8,19 Depressive disorders 6,09 0,80 15,34 Neurodevelopmental disorders 5,35 0,30 18,53

Other specified and unspecified upper respiratory disease14,20 0,62 3,79 Other specified inflammatory condition of skin 4,59 0,60 7,81 Scoliosis and other postural dorsopathic deformities 4,66 0,78 14,97 Alcohol-related disorders 1,65 0,30 18,43

Chromosomal abnormalities 1,58 0,61 3,75 Disorders of lipid metabolism 7,91 0,60 7,78 Urinary incontinence 6,12 0,76 14,61 Schizophrenia spectrum and other psychotic disorders 3,56 0,28 17,43

Trauma- and stressor-related disorders 2,72 0,59 3,60 Cardiac dysrhythmias 1,06 0,40 5,14 Anxiety and fear-related disorders 25,25 0,76 14,52 Epilepsy; convulsions 2,89 0,24 14,63

Other specified joint disorders 5,66 0,56 3,40 Asthma 3,20 0,30 3,92 Other specified joint disorders 7,04 0,69 13,25 Hepatitis 0,38 0,19 11,55

Acute and chronic tonsillitis 1,24 0,42 2,54 Acute and chronic tonsillitis 0,80 0,27 3,46 Headache; including migraine 5,07 0,64 12,28 Urinary incontinence 1,40 0,18 10,85

Hearing loss 1,95 0,37 2,23 Trauma- and stressor-related disorders 1,14 0,25 3,19 Acute and chronic tonsillitis 1,66 0,56 10,67 Disruptive, impulse-control and conduct disorders 1,19 0,16 9,93

Headache; including migraine 2,74 0,35 2,11 Other specified joint disorders 2,09 0,21 2,65 Paralysis (other than cerebral palsy) 1,36 0,51 9,77 Personality disorders 0,30 0,12 7,45

Other specified and unspecified disorders of the ear 0,88 0,30 1,80 Nerve and nerve root disorders 0,65 0,18 2,39 Cerebral palsy 0,85 0,30 5,68 Symptoms of mental and substance use conditions 0,31 0,06 3,57

Spondylopathies/spondyloarthropathy (including infective)0,88 0,12 0,71 Other specified and unspecified gastrointestinal disorders 0,36 0,14 1,82 Cannabis-related disorders 1,06 0,23 4,41 Cerebral palsy 0,16 0,06 3,42

Nerve and nerve root disorders 0,40 0,11 0,70 Spondylopathies/spondyloarthropathy (including infective)0,50 0,07 0,85 Other specified nervous system disorders 0,28 0,13 2,50 Stimulant-related disorders 0,10 0,02 1,51

Parkinson`s disease 0,00 0,00 0,00 Headache; including migraine 0,26 0,03 0,42 Stimulant-related disorders 0,23 0,06 1,11 Parkinson`s disease 0,00 0,00 0,02

Substance abuse disorders Neurodevelopmental disorders Cardiovascular risk factors Trauma and anxiety
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A2. Study 2: MRisk-COVID study

Males, 21-45 (2 out of 2)
Table S4. Prevalence (%), Observed/Expected (O/E) ratio, and exclusivity (%) of the chronic conditions per multimorbidity clusters.

Male 21-45

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%)

Stimulant-related disorders 48,02 11,99 73,21 Parkinson`s disease 13,45 5,95 76,96 Other specified and unspecified liver disease 10,00 2,43 46,58 Headache; including migraine 10,89 1,38 85,19

Cannabis-related disorders 41,06 8,89 54,25 Cerebral palsy 16,05 5,58 72,16 Diabetes mellitus without complication 9,99 2,26 43,32 Acute and chronic tonsillitis 4,01 1,35 83,32

Hepatitis 16,95 8,26 50,40 Disruptive, impulse-control and conduct disorders 37,90 5,13 66,28 Thyroid disorders 13,81 1,89 36,24 Other specified joint disorders 13,27 1,31 80,70

Alcohol-related disorders 43,38 7,82 47,77 Symptoms of mental and substance use conditions 27,61 5,07 65,61 Cardiac dysrhythmias 4,94 1,85 35,40 Trauma- and stressor-related disorders 5,76 1,25 77,09

Personality disorders 16,53 6,71 40,96 Urinary incontinence 40,23 5,02 64,95 Disorders of lipid metabolism 23,56 1,79 34,30 Spondylopathies/spondyloarthropathy (including infective)9,40 1,24 76,48

Other specified nervous system disorders 9,57 4,44 27,11 Epilepsy; convulsions 56,92 4,66 60,24 Essential hypertension 19,81 1,79 34,18 Nerve and nerve root disorders 3,86 1,11 68,40

Depressive disorders 25,62 3,37 20,58 Neurodevelopmental disorders 81,18 4,54 58,75 Obesity 34,34 1,66 31,84 Anxiety and fear-related disorders 35,78 1,08 66,52

Paralysis (other than cerebral palsy) 8,81 3,30 20,16 Schizophrenia spectrum and other psychotic disorders 53,83 4,26 55,11 Osteoarthritis 3,40 1,58 30,15 Other specified inflammatory condition of skin 8,14 1,07 66,25

Cerebral palsy 8,82 3,07 18,74 Other specified nervous system disorders 8,54 3,96 51,21 Other specified and unspecified disorders of the ear 4,68 1,57 30,05 Other specified and unspecified gastrointestinal disorders 2,70 1,05 65,05

Neoplasia (general) 9,43 2,63 16,02 Paralysis (other than cerebral palsy) 9,90 3,71 47,95 Esophageal disorders 13,00 1,53 29,20 Hearing loss 5,61 1,05 64,93

Disorders of teeth and gingiva 26,22 2,28 13,92 Obsessive-compulsive and related disorders 9,50 3,70 47,83 Other specified and unspecified gastrointestinal disorders 3,89 1,52 29,03 Asthma 10,85 1,03 63,45

Symptoms of mental and substance use conditions 11,81 2,17 13,25 Chromosomal abnormalities 9,36 3,65 47,14 Nerve and nerve root disorders 5,20 1,49 28,50 Scoliosis and other postural dorsopathic deformities 5,85 0,98 60,69

Miscellaneous mental and behavioral disorders/conditions6,32 1,99 12,13 Other specified and unspecified disorders of the ear 7,92 2,66 34,39 Asthma 15,40 1,46 27,87 Diseases of white blood cells 4,25 0,96 59,51

Nutritional deficiencies 3,61 1,76 10,73 Nutritional deficiencies 5,42 2,64 34,15 Other specified and unspecified nutritional and metabolic disorders11,47 1,45 27,76 Other specified and unspecified upper respiratory disease21,38 0,93 57,73

Anxiety and fear-related disorders 55,50 1,67 10,18 Personality disorders 6,21 2,52 32,60 Other specified and unspecified upper respiratory disease33,20 1,45 27,75 Obesity 18,40 0,89 55,14

Obsessive-compulsive and related disorders 4,27 1,66 10,15 Thyroid disorders 14,46 1,98 25,66 Chromosomal abnormalities 3,66 1,43 27,27 Conduction disorders 3,01 0,86 53,30

Other specified and unspecified liver disease 6,49 1,58 9,65 Stimulant-related disorders 7,49 1,87 24,18 Miscellaneous mental and behavioral disorders/conditions4,48 1,41 26,91 Sleep wake disorders 10,39 0,84 52,13

Urinary incontinence 12,58 1,57 9,59 Disorders of teeth and gingiva 20,52 1,78 23,07 Conduction disorders 4,43 1,27 24,29 Osteoarthritis 1,80 0,84 51,73

Sleep wake disorders 19,19 1,56 9,51 Neoplasia (general) 6,21 1,73 22,36 Nutritional deficiencies 2,55 1,24 23,80 Cardiac dysrhythmias 2,18 0,82 50,48

Cardiac dysrhythmias 3,93 1,47 8,98 Hepatitis 3,29 1,60 20,71 Parkinson`s disease 2,72 1,20 23,02 Depressive disorders 6,14 0,81 50,00

Epilepsy; convulsions 17,84 1,46 8,91 Scoliosis and other postural dorsopathic deformities 9,32 1,57 20,24 Diseases of white blood cells 5,28 1,20 22,87 Esophageal disorders 6,83 0,80 49,57

Schizophrenia spectrum and other psychotic disorders 18,18 1,44 8,79 Miscellaneous mental and behavioral disorders/conditions4,51 1,42 18,33 Spondylopathies/spondyloarthropathy (including infective)8,72 1,15 21,97 Disorders of lipid metabolism 10,52 0,80 49,51

Osteoarthritis 3,09 1,43 8,75 Conduction disorders 4,77 1,37 17,65 Disorders of teeth and gingiva 13,20 1,15 21,96 Other specified and unspecified nutritional and metabolic disorders6,13 0,78 47,93

Diabetes mellitus without complication 6,30 1,43 8,72 Alcohol-related disorders 7,52 1,36 17,54 Sleep wake disorders 14,09 1,14 21,89 Essential hypertension 8,40 0,76 46,86

Other specified and unspecified nutritional and metabolic disorders11,06 1,40 8,54 Cannabis-related disorders 6,05 1,31 16,93 Neoplasia (general) 4,00 1,11 21,29 Miscellaneous mental and behavioral disorders/conditions2,19 0,69 42,63

Disorders of lipid metabolism 18,09 1,38 8,40 Sleep wake disorders 15,69 1,27 16,46 Other specified inflammatory condition of skin 8,28 1,09 20,86 Disorders of teeth and gingiva 7,63 0,66 41,05

Diseases of white blood cells 5,94 1,35 8,22 Other specified and unspecified nutritional and metabolic disorders9,64 1,22 15,77 Hearing loss 5,46 1,02 19,56 Neoplasia (general) 2,34 0,65 40,33

Esophageal disorders 10,18 1,19 7,29 Diabetes mellitus without complication 4,92 1,11 14,41 Personality disorders 2,45 0,99 18,99 Other specified and unspecified liver disease 2,27 0,55 34,13

Neurodevelopmental disorders 19,42 1,09 6,64 Depressive disorders 8,27 1,09 14,08 Disruptive, impulse-control and conduct disorders 7,30 0,99 18,89 Other specified and unspecified disorders of the ear 1,63 0,55 33,76

Essential hypertension 11,29 1,02 6,22 Esophageal disorders 9,19 1,08 13,94 Schizophrenia spectrum and other psychotic disorders 12,32 0,98 18,67 Diabetes mellitus without complication 2,40 0,54 33,56

Thyroid disorders 6,23 0,85 5,22 Hearing loss 5,48 1,03 13,28 Symptoms of mental and substance use conditions 5,00 0,92 17,58 Thyroid disorders 3,88 0,53 32,89

Other specified inflammatory condition of skin 6,33 0,83 5,08 Essential hypertension 10,93 0,99 12,74 Obsessive-compulsive and related disorders 2,34 0,91 17,44 Nutritional deficiencies 1,04 0,51 31,32

Disruptive, impulse-control and conduct disorders 5,93 0,80 4,90 Other specified and unspecified upper respiratory disease19,01 0,83 10,74 Hepatitis 1,86 0,91 17,34 Obsessive-compulsive and related disorders 1,02 0,40 24,58

Obesity 16,30 0,79 4,82 Other specified and unspecified liver disease 3,06 0,75 9,64 Alcohol-related disorders 4,71 0,85 16,27 Cannabis-related disorders 1,82 0,39 24,41

Conduction disorders 2,72 0,78 4,76 Diseases of white blood cells 3,21 0,73 9,40 Epilepsy; convulsions 10,36 0,85 16,22 Paralysis (other than cerebral palsy) 0,96 0,36 22,13

Asthma 8,25 0,78 4,76 Osteoarthritis 1,56 0,72 9,37 Trauma- and stressor-related disorders 3,89 0,84 16,12 Chromosomal abnormalities 0,91 0,35 21,84

Other specified and unspecified gastrointestinal disorders 1,72 0,67 4,10 Anxiety and fear-related disorders 22,58 0,68 8,78 Neurodevelopmental disorders 15,01 0,84 16,08 Other specified nervous system disorders 0,67 0,31 19,18

Scoliosis and other postural dorsopathic deformities 4,00 0,67 4,10 Obesity 13,08 0,63 8,19 Depressive disorders 6,09 0,80 15,34 Neurodevelopmental disorders 5,35 0,30 18,53

Other specified and unspecified upper respiratory disease14,20 0,62 3,79 Other specified inflammatory condition of skin 4,59 0,60 7,81 Scoliosis and other postural dorsopathic deformities 4,66 0,78 14,97 Alcohol-related disorders 1,65 0,30 18,43

Chromosomal abnormalities 1,58 0,61 3,75 Disorders of lipid metabolism 7,91 0,60 7,78 Urinary incontinence 6,12 0,76 14,61 Schizophrenia spectrum and other psychotic disorders 3,56 0,28 17,43

Trauma- and stressor-related disorders 2,72 0,59 3,60 Cardiac dysrhythmias 1,06 0,40 5,14 Anxiety and fear-related disorders 25,25 0,76 14,52 Epilepsy; convulsions 2,89 0,24 14,63

Other specified joint disorders 5,66 0,56 3,40 Asthma 3,20 0,30 3,92 Other specified joint disorders 7,04 0,69 13,25 Hepatitis 0,38 0,19 11,55

Acute and chronic tonsillitis 1,24 0,42 2,54 Acute and chronic tonsillitis 0,80 0,27 3,46 Headache; including migraine 5,07 0,64 12,28 Urinary incontinence 1,40 0,18 10,85

Hearing loss 1,95 0,37 2,23 Trauma- and stressor-related disorders 1,14 0,25 3,19 Acute and chronic tonsillitis 1,66 0,56 10,67 Disruptive, impulse-control and conduct disorders 1,19 0,16 9,93

Headache; including migraine 2,74 0,35 2,11 Other specified joint disorders 2,09 0,21 2,65 Paralysis (other than cerebral palsy) 1,36 0,51 9,77 Personality disorders 0,30 0,12 7,45

Other specified and unspecified disorders of the ear 0,88 0,30 1,80 Nerve and nerve root disorders 0,65 0,18 2,39 Cerebral palsy 0,85 0,30 5,68 Symptoms of mental and substance use conditions 0,31 0,06 3,57

Spondylopathies/spondyloarthropathy (including infective)0,88 0,12 0,71 Other specified and unspecified gastrointestinal disorders 0,36 0,14 1,82 Cannabis-related disorders 1,06 0,23 4,41 Cerebral palsy 0,16 0,06 3,42

Nerve and nerve root disorders 0,40 0,11 0,70 Spondylopathies/spondyloarthropathy (including infective)0,50 0,07 0,85 Other specified nervous system disorders 0,28 0,13 2,50 Stimulant-related disorders 0,10 0,02 1,51

Parkinson`s disease 0,00 0,00 0,00 Headache; including migraine 0,26 0,03 0,42 Stimulant-related disorders 0,23 0,06 1,11 Parkinson`s disease 0,00 0,00 0,02

Substance abuse disorders Neurodevelopmental disorders Cardiovascular risk factors Trauma and anxiety
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Appendix A. Supplementary files

Females, 21-45 (1 out of 3)

Female 21-45

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%)

Neurodevelopmental disorders 73,79 15,62 89,02 Complications specified during childbirth 46,66 12,84 90,17 Diabetes mellitus without complication 26,39 9,90 83,57 Gastritis and duodenitis 7,58 3,68 79,04 Acute and chronic tonsillitis 3,11 1,19 68,02

Epilepsy; convulsions 47,66 15,53 88,52 Other specified complications in pregnancy 32,96 12,18 85,57 Essential hypertension 52,60 9,30 78,53 Trauma- and stressor-related disorders 26,04 3,27 70,29 Other specified and unspecified gastrointestinal disorders 4,66 1,15 66,23

Urinary incontinence 42,32 6,43 36,65 Coagulation and hemorrhagic disorders 16,10 7,38 51,87 Disorders of lipid metabolism 32,65 6,17 52,10 Acquired foot deformities 8,32 3,17 68,07 Female infertility 9,17 1,14 65,13

Pituitary disorders 7,34 2,42 13,81 Complications specified during the puerperium 40,47 4,06 28,50 Other specified and unspecified liver disease 11,37 5,41 45,69 Sleep wake disorders 23,33 3,09 66,34 Other specified inflammatory condition of skin 10,54 1,13 64,79

Disorders of teeth and gingiva 18,75 2,13 12,14 Obesity 69,79 3,12 21,95 Nutritional deficiencies 10,81 4,78 40,35 Depressive disorders 36,14 3,05 65,59 Scoliosis and other postural dorsopathic deformities 8,58 1,12 64,11

Scoliosis and other postural dorsopathic deformities 16,06 2,09 11,93 Other specified and unspecified liver disease 4,56 2,17 15,27 Other specified and unspecified nutritional and metabolic disorders17,98 4,05 34,15 Other specified joint disorders 14,86 2,18 46,76 Other specified and unspecified upper respiratory disease24,04 1,11 63,93

Diseases of white blood cells 7,11 2,05 11,68 Female infertility 15,32 1,90 13,32 Obesity 54,95 2,46 20,77 Neoplasia (general) 8,60 2,09 44,84 Asthma 12,82 1,10 63,00

Hearing loss 7,84 1,75 9,97 Gastritis and duodenitis 3,23 1,57 11,01 Other specified and unspecified endocrine disorders 14,23 2,29 19,32 Esophageal disorders 10,46 1,98 42,46 Menstrual disorders 17,67 1,07 61,21

Esophageal disorders 9,09 1,72 9,79 Other specified and unspecified endocrine disorders 7,72 1,24 8,72 Nerve and nerve root disorders 11,15 1,75 14,75 Spondylopathies/spondyloarthropathy (including infective)10,84 1,81 38,95 Pituitary disorders 3,18 1,05 60,16

Sleep wake disorders 11,16 1,48 8,43 Nutritional deficiencies 2,72 1,20 8,46 Depressive disorders 19,87 1,68 14,18 Nerve and nerve root disorders 11,29 1,77 38,01 Thyroid disorders 20,63 1,03 59,06

Diabetes mellitus without complication 3,53 1,33 7,56 Diabetes mellitus without complication 2,92 1,10 7,70 Thyroid disorders 32,42 1,62 13,66 Anxiety and fear-related disorders 73,71 1,65 35,41 Feeding and eating disorders 2,07 1,00 57,61

Other specified and unspecified nutritional and metabolic disorders5,08 1,14 6,51 Disorders of teeth and gingiva 9,45 1,07 7,54 Pituitary disorders 4,85 1,60 13,53 Other specified and unspecified liver disease 3,33 1,58 34,03 Endometriosis 2,43 1,00 57,59

Disorders of lipid metabolism 5,53 1,05 5,96 Thyroid disorders 18,90 0,94 6,63 Other specified joint disorders 10,89 1,59 13,46 Feeding and eating disorders 3,15 1,53 32,81 Complications specified during the puerperium 9,87 0,99 56,72

Other specified inflammatory condition of skin 9,24 0,99 5,65 Other specified female genital disorders 3,20 0,87 6,11 Other specified female genital disorders 5,83 1,59 13,39 Endometriosis 3,44 1,42 30,50 Diseases of white blood cells 3,37 0,97 55,70

Other specified and unspecified upper respiratory disease19,49 0,90 5,15 Diseases of white blood cells 2,98 0,86 6,02 Neoplasia (general) 6,43 1,56 13,17 Headache; including migraine 29,35 1,34 28,80 Other specified and unspecified endocrine disorders 6,03 0,97 55,61

Obesity 19,65 0,88 5,01 Asthma 9,88 0,85 5,95 Diseases of white blood cells 4,91 1,41 11,94 Urinary incontinence 8,19 1,24 26,71 Other specified female genital disorders 3,55 0,97 55,44

Menstrual disorders 13,78 0,83 4,74 Menstrual disorders 13,87 0,84 5,88 Sleep wake disorders 10,65 1,41 11,90 Disorders of teeth and gingiva 10,84 1,23 26,45 Headache; including migraine 20,03 0,91 52,47

Feeding and eating disorders 1,67 0,81 4,62 Urinary incontinence 5,45 0,83 5,82 Menstrual disorders 22,92 1,38 11,69 Hearing loss 5,13 1,14 24,56 Hearing loss 4,04 0,90 51,63

Essential hypertension 4,46 0,79 4,49 Nerve and nerve root disorders 5,25 0,82 5,78 Esophageal disorders 7,05 1,33 11,24 Nutritional deficiencies 2,54 1,12 24,08 Spondylopathies/spondyloarthropathy (including infective)4,95 0,83 47,51

Asthma 8,24 0,71 4,02 Scoliosis and other postural dorsopathic deformities 6,22 0,81 5,69 Acute and chronic tonsillitis 3,39 1,29 10,89 Other specified female genital disorders 3,90 1,06 22,82 Anxiety and fear-related disorders 36,89 0,83 47,32

Thyroid disorders 13,59 0,68 3,87 Esophageal disorders 4,27 0,81 5,67 Headache; including migraine 27,96 1,28 10,78 Coagulation and hemorrhagic disorders 2,15 0,99 21,19 Disorders of teeth and gingiva 7,06 0,80 45,96

Coagulation and hemorrhagic disorders 1,39 0,64 3,63 Endometriosis 1,95 0,80 5,64 Hearing loss 5,60 1,25 10,54 Other specified and unspecified gastrointestinal disorders 3,91 0,97 20,80 Other specified and unspecified nutritional and metabolic disorders3,24 0,73 41,84

Acute and chronic tonsillitis 1,67 0,64 3,62 Headache; including migraine 17,50 0,80 5,62 Asthma 14,05 1,20 10,16 Other specified and unspecified upper respiratory disease19,71 0,91 19,62 Neoplasia (general) 2,86 0,69 39,83

Anxiety and fear-related disorders 28,41 0,64 3,62 Trauma- and stressor-related disorders 5,91 0,74 5,22 Spondylopathies/spondyloarthropathy (including infective)7,12 1,19 10,05 Other specified inflammatory condition of skin 7,63 0,82 17,57 Nerve and nerve root disorders 4,40 0,69 39,56

Complications specified during childbirth 1,87 0,51 2,94 Other specified inflammatory condition of skin 6,60 0,71 4,97 Other specified complications in pregnancy 3,19 1,18 9,95 Acute and chronic tonsillitis 2,11 0,81 17,29 Obesity 15,05 0,67 38,66

Other specified and unspecified endocrine disorders 3,18 0,51 2,91 Other specified and unspecified nutritional and metabolic disorders3,12 0,70 4,93 Other specified and unspecified gastrointestinal disorders 4,43 1,10 9,27 Asthma 9,17 0,79 16,87 Other specified joint disorders 4,32 0,63 36,26

Depressive disorders 6,00 0,51 2,89 Anxiety and fear-related disorders 30,60 0,68 4,81 Anxiety and fear-related disorders 46,80 1,05 8,84 Thyroid disorders 15,66 0,78 16,79 Esophageal disorders 2,84 0,54 30,83

Headache; including migraine 8,95 0,41 2,33 Disorders of lipid metabolism 3,34 0,63 4,44 Acquired foot deformities 2,71 1,03 8,72 Menstrual disorders 12,71 0,77 16,48 Disorders of lipid metabolism 2,62 0,50 28,45

Other specified female genital disorders 1,44 0,39 2,24 Sleep wake disorders 4,46 0,59 4,15 Urinary incontinence 6,19 0,94 7,94 Diseases of white blood cells 2,37 0,68 14,66 Nutritional deficiencies 0,99 0,44 25,23

Other specified and unspecified liver disease 0,77 0,37 2,10 Pituitary disorders 1,76 0,58 4,08 Disorders of teeth and gingiva 8,25 0,94 7,91 Female infertility 5,43 0,67 14,43 Urinary incontinence 2,63 0,40 22,88

Nerve and nerve root disorders 2,13 0,33 1,90 Other specified and unspecified upper respiratory disease12,25 0,57 3,99 Other specified and unspecified upper respiratory disease18,66 0,87 7,30 Scoliosis and other postural dorsopathic deformities 5,01 0,65 14,03 Acquired foot deformities 0,90 0,34 19,68

Nutritional deficiencies 0,75 0,33 1,89 Acquired foot deformities 1,29 0,49 3,46 Other specified inflammatory condition of skin 7,77 0,83 7,03 Obesity 14,15 0,63 13,61 Coagulation and hemorrhagic disorders 0,71 0,33 18,74

Trauma- and stressor-related disorders 2,46 0,31 1,76 Spondylopathies/spondyloarthropathy (including infective)2,82 0,47 3,31 Endometriosis 1,79 0,74 6,23 Other specified and unspecified endocrine disorders 3,89 0,63 13,44 Trauma- and stressor-related disorders 2,53 0,32 18,24

Other specified joint disorders 1,50 0,22 1,25 Hearing loss 2,10 0,47 3,30 Female infertility 5,65 0,70 5,91 Other specified and unspecified nutritional and metabolic disorders2,60 0,58 12,56 Depressive disorders 2,92 0,25 14,15

Female infertility 1,72 0,21 1,21 Depressive disorders 5,38 0,45 3,19 Epilepsy; convulsions 1,76 0,57 4,84 Complications specified during the puerperium 5,48 0,55 11,80 Essential hypertension 0,98 0,17 9,93

Other specified and unspecified gastrointestinal disorders 0,81 0,20 1,15 Other specified and unspecified gastrointestinal disorders 1,47 0,36 2,55 Coagulation and hemorrhagic disorders 1,18 0,54 4,58 Disorders of lipid metabolism 2,23 0,42 9,05 Sleep wake disorders 1,21 0,16 9,18

Gastritis and duodenitis 0,24 0,12 0,66 Other specified joint disorders 2,19 0,32 2,26 Trauma- and stressor-related disorders 4,23 0,53 4,49 Pituitary disorders 1,19 0,39 8,42 Gastritis and duodenitis 0,19 0,09 5,31

Complications specified during the puerperium 0,80 0,08 0,46 Essential hypertension 1,75 0,31 2,18 Scoliosis and other postural dorsopathic deformities 3,85 0,50 4,23 Essential hypertension 1,28 0,23 4,87 Neurodevelopmental disorders 0,32 0,07 3,85

Spondylopathies/spondyloarthropathy (including infective)0,19 0,03 0,18 Neoplasia (general) 1,21 0,29 2,07 Gastritis and duodenitis 0,97 0,47 3,98 Epilepsy; convulsions 0,67 0,22 4,66 Other specified and unspecified liver disease 0,11 0,05 2,91

Neoplasia (general) 0,07 0,02 0,10 Feeding and eating disorders 0,58 0,28 1,99 Feeding and eating disorders 0,72 0,35 2,96 Complications specified during childbirth 0,74 0,20 4,37 Complications specified during childbirth 0,14 0,04 2,28

Acquired foot deformities 0,03 0,01 0,07 Neurodevelopmental disorders 1,30 0,28 1,93 Neurodevelopmental disorders 1,50 0,32 2,68 Other specified complications in pregnancy 0,38 0,14 3,00 Other specified complications in pregnancy 0,07 0,03 1,47

Endometriosis 0,02 0,01 0,04 Epilepsy; convulsions 0,72 0,24 1,65 Complications specified during the puerperium 2,99 0,30 2,53 Neurodevelopmental disorders 0,56 0,12 2,53 Diabetes mellitus without complication 0,04 0,01 0,82

Other specified complications in pregnancy 0,00 0,00 0,01 Acute and chronic tonsillitis 0,07 0,03 0,18 Complications specified during childbirth 0,10 0,03 0,24 Diabetes mellitus without complication 0,04 0,02 0,35 Epilepsy; convulsions 0,02 0,01 0,33

Neurodevelopmental disorders Gynecological disorders DM and cardiovascular risk factors Psychosomatic Unspecific
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A2. Study 2: MRisk-COVID study

Females, 21-45 (2 out of 3)

Female 21-45

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%)

Neurodevelopmental disorders 73,79 15,62 89,02 Complications specified during childbirth 46,66 12,84 90,17 Diabetes mellitus without complication 26,39 9,90 83,57 Gastritis and duodenitis 7,58 3,68 79,04 Acute and chronic tonsillitis 3,11 1,19 68,02

Epilepsy; convulsions 47,66 15,53 88,52 Other specified complications in pregnancy 32,96 12,18 85,57 Essential hypertension 52,60 9,30 78,53 Trauma- and stressor-related disorders 26,04 3,27 70,29 Other specified and unspecified gastrointestinal disorders 4,66 1,15 66,23

Urinary incontinence 42,32 6,43 36,65 Coagulation and hemorrhagic disorders 16,10 7,38 51,87 Disorders of lipid metabolism 32,65 6,17 52,10 Acquired foot deformities 8,32 3,17 68,07 Female infertility 9,17 1,14 65,13

Pituitary disorders 7,34 2,42 13,81 Complications specified during the puerperium 40,47 4,06 28,50 Other specified and unspecified liver disease 11,37 5,41 45,69 Sleep wake disorders 23,33 3,09 66,34 Other specified inflammatory condition of skin 10,54 1,13 64,79

Disorders of teeth and gingiva 18,75 2,13 12,14 Obesity 69,79 3,12 21,95 Nutritional deficiencies 10,81 4,78 40,35 Depressive disorders 36,14 3,05 65,59 Scoliosis and other postural dorsopathic deformities 8,58 1,12 64,11

Scoliosis and other postural dorsopathic deformities 16,06 2,09 11,93 Other specified and unspecified liver disease 4,56 2,17 15,27 Other specified and unspecified nutritional and metabolic disorders17,98 4,05 34,15 Other specified joint disorders 14,86 2,18 46,76 Other specified and unspecified upper respiratory disease24,04 1,11 63,93

Diseases of white blood cells 7,11 2,05 11,68 Female infertility 15,32 1,90 13,32 Obesity 54,95 2,46 20,77 Neoplasia (general) 8,60 2,09 44,84 Asthma 12,82 1,10 63,00

Hearing loss 7,84 1,75 9,97 Gastritis and duodenitis 3,23 1,57 11,01 Other specified and unspecified endocrine disorders 14,23 2,29 19,32 Esophageal disorders 10,46 1,98 42,46 Menstrual disorders 17,67 1,07 61,21

Esophageal disorders 9,09 1,72 9,79 Other specified and unspecified endocrine disorders 7,72 1,24 8,72 Nerve and nerve root disorders 11,15 1,75 14,75 Spondylopathies/spondyloarthropathy (including infective)10,84 1,81 38,95 Pituitary disorders 3,18 1,05 60,16

Sleep wake disorders 11,16 1,48 8,43 Nutritional deficiencies 2,72 1,20 8,46 Depressive disorders 19,87 1,68 14,18 Nerve and nerve root disorders 11,29 1,77 38,01 Thyroid disorders 20,63 1,03 59,06

Diabetes mellitus without complication 3,53 1,33 7,56 Diabetes mellitus without complication 2,92 1,10 7,70 Thyroid disorders 32,42 1,62 13,66 Anxiety and fear-related disorders 73,71 1,65 35,41 Feeding and eating disorders 2,07 1,00 57,61

Other specified and unspecified nutritional and metabolic disorders5,08 1,14 6,51 Disorders of teeth and gingiva 9,45 1,07 7,54 Pituitary disorders 4,85 1,60 13,53 Other specified and unspecified liver disease 3,33 1,58 34,03 Endometriosis 2,43 1,00 57,59

Disorders of lipid metabolism 5,53 1,05 5,96 Thyroid disorders 18,90 0,94 6,63 Other specified joint disorders 10,89 1,59 13,46 Feeding and eating disorders 3,15 1,53 32,81 Complications specified during the puerperium 9,87 0,99 56,72

Other specified inflammatory condition of skin 9,24 0,99 5,65 Other specified female genital disorders 3,20 0,87 6,11 Other specified female genital disorders 5,83 1,59 13,39 Endometriosis 3,44 1,42 30,50 Diseases of white blood cells 3,37 0,97 55,70

Other specified and unspecified upper respiratory disease19,49 0,90 5,15 Diseases of white blood cells 2,98 0,86 6,02 Neoplasia (general) 6,43 1,56 13,17 Headache; including migraine 29,35 1,34 28,80 Other specified and unspecified endocrine disorders 6,03 0,97 55,61

Obesity 19,65 0,88 5,01 Asthma 9,88 0,85 5,95 Diseases of white blood cells 4,91 1,41 11,94 Urinary incontinence 8,19 1,24 26,71 Other specified female genital disorders 3,55 0,97 55,44

Menstrual disorders 13,78 0,83 4,74 Menstrual disorders 13,87 0,84 5,88 Sleep wake disorders 10,65 1,41 11,90 Disorders of teeth and gingiva 10,84 1,23 26,45 Headache; including migraine 20,03 0,91 52,47

Feeding and eating disorders 1,67 0,81 4,62 Urinary incontinence 5,45 0,83 5,82 Menstrual disorders 22,92 1,38 11,69 Hearing loss 5,13 1,14 24,56 Hearing loss 4,04 0,90 51,63

Essential hypertension 4,46 0,79 4,49 Nerve and nerve root disorders 5,25 0,82 5,78 Esophageal disorders 7,05 1,33 11,24 Nutritional deficiencies 2,54 1,12 24,08 Spondylopathies/spondyloarthropathy (including infective)4,95 0,83 47,51

Asthma 8,24 0,71 4,02 Scoliosis and other postural dorsopathic deformities 6,22 0,81 5,69 Acute and chronic tonsillitis 3,39 1,29 10,89 Other specified female genital disorders 3,90 1,06 22,82 Anxiety and fear-related disorders 36,89 0,83 47,32

Thyroid disorders 13,59 0,68 3,87 Esophageal disorders 4,27 0,81 5,67 Headache; including migraine 27,96 1,28 10,78 Coagulation and hemorrhagic disorders 2,15 0,99 21,19 Disorders of teeth and gingiva 7,06 0,80 45,96

Coagulation and hemorrhagic disorders 1,39 0,64 3,63 Endometriosis 1,95 0,80 5,64 Hearing loss 5,60 1,25 10,54 Other specified and unspecified gastrointestinal disorders 3,91 0,97 20,80 Other specified and unspecified nutritional and metabolic disorders3,24 0,73 41,84

Acute and chronic tonsillitis 1,67 0,64 3,62 Headache; including migraine 17,50 0,80 5,62 Asthma 14,05 1,20 10,16 Other specified and unspecified upper respiratory disease19,71 0,91 19,62 Neoplasia (general) 2,86 0,69 39,83

Anxiety and fear-related disorders 28,41 0,64 3,62 Trauma- and stressor-related disorders 5,91 0,74 5,22 Spondylopathies/spondyloarthropathy (including infective)7,12 1,19 10,05 Other specified inflammatory condition of skin 7,63 0,82 17,57 Nerve and nerve root disorders 4,40 0,69 39,56

Complications specified during childbirth 1,87 0,51 2,94 Other specified inflammatory condition of skin 6,60 0,71 4,97 Other specified complications in pregnancy 3,19 1,18 9,95 Acute and chronic tonsillitis 2,11 0,81 17,29 Obesity 15,05 0,67 38,66

Other specified and unspecified endocrine disorders 3,18 0,51 2,91 Other specified and unspecified nutritional and metabolic disorders3,12 0,70 4,93 Other specified and unspecified gastrointestinal disorders 4,43 1,10 9,27 Asthma 9,17 0,79 16,87 Other specified joint disorders 4,32 0,63 36,26

Depressive disorders 6,00 0,51 2,89 Anxiety and fear-related disorders 30,60 0,68 4,81 Anxiety and fear-related disorders 46,80 1,05 8,84 Thyroid disorders 15,66 0,78 16,79 Esophageal disorders 2,84 0,54 30,83

Headache; including migraine 8,95 0,41 2,33 Disorders of lipid metabolism 3,34 0,63 4,44 Acquired foot deformities 2,71 1,03 8,72 Menstrual disorders 12,71 0,77 16,48 Disorders of lipid metabolism 2,62 0,50 28,45

Other specified female genital disorders 1,44 0,39 2,24 Sleep wake disorders 4,46 0,59 4,15 Urinary incontinence 6,19 0,94 7,94 Diseases of white blood cells 2,37 0,68 14,66 Nutritional deficiencies 0,99 0,44 25,23

Other specified and unspecified liver disease 0,77 0,37 2,10 Pituitary disorders 1,76 0,58 4,08 Disorders of teeth and gingiva 8,25 0,94 7,91 Female infertility 5,43 0,67 14,43 Urinary incontinence 2,63 0,40 22,88

Nerve and nerve root disorders 2,13 0,33 1,90 Other specified and unspecified upper respiratory disease12,25 0,57 3,99 Other specified and unspecified upper respiratory disease18,66 0,87 7,30 Scoliosis and other postural dorsopathic deformities 5,01 0,65 14,03 Acquired foot deformities 0,90 0,34 19,68

Nutritional deficiencies 0,75 0,33 1,89 Acquired foot deformities 1,29 0,49 3,46 Other specified inflammatory condition of skin 7,77 0,83 7,03 Obesity 14,15 0,63 13,61 Coagulation and hemorrhagic disorders 0,71 0,33 18,74

Trauma- and stressor-related disorders 2,46 0,31 1,76 Spondylopathies/spondyloarthropathy (including infective)2,82 0,47 3,31 Endometriosis 1,79 0,74 6,23 Other specified and unspecified endocrine disorders 3,89 0,63 13,44 Trauma- and stressor-related disorders 2,53 0,32 18,24

Other specified joint disorders 1,50 0,22 1,25 Hearing loss 2,10 0,47 3,30 Female infertility 5,65 0,70 5,91 Other specified and unspecified nutritional and metabolic disorders2,60 0,58 12,56 Depressive disorders 2,92 0,25 14,15

Female infertility 1,72 0,21 1,21 Depressive disorders 5,38 0,45 3,19 Epilepsy; convulsions 1,76 0,57 4,84 Complications specified during the puerperium 5,48 0,55 11,80 Essential hypertension 0,98 0,17 9,93

Other specified and unspecified gastrointestinal disorders 0,81 0,20 1,15 Other specified and unspecified gastrointestinal disorders 1,47 0,36 2,55 Coagulation and hemorrhagic disorders 1,18 0,54 4,58 Disorders of lipid metabolism 2,23 0,42 9,05 Sleep wake disorders 1,21 0,16 9,18

Gastritis and duodenitis 0,24 0,12 0,66 Other specified joint disorders 2,19 0,32 2,26 Trauma- and stressor-related disorders 4,23 0,53 4,49 Pituitary disorders 1,19 0,39 8,42 Gastritis and duodenitis 0,19 0,09 5,31

Complications specified during the puerperium 0,80 0,08 0,46 Essential hypertension 1,75 0,31 2,18 Scoliosis and other postural dorsopathic deformities 3,85 0,50 4,23 Essential hypertension 1,28 0,23 4,87 Neurodevelopmental disorders 0,32 0,07 3,85

Spondylopathies/spondyloarthropathy (including infective)0,19 0,03 0,18 Neoplasia (general) 1,21 0,29 2,07 Gastritis and duodenitis 0,97 0,47 3,98 Epilepsy; convulsions 0,67 0,22 4,66 Other specified and unspecified liver disease 0,11 0,05 2,91

Neoplasia (general) 0,07 0,02 0,10 Feeding and eating disorders 0,58 0,28 1,99 Feeding and eating disorders 0,72 0,35 2,96 Complications specified during childbirth 0,74 0,20 4,37 Complications specified during childbirth 0,14 0,04 2,28

Acquired foot deformities 0,03 0,01 0,07 Neurodevelopmental disorders 1,30 0,28 1,93 Neurodevelopmental disorders 1,50 0,32 2,68 Other specified complications in pregnancy 0,38 0,14 3,00 Other specified complications in pregnancy 0,07 0,03 1,47

Endometriosis 0,02 0,01 0,04 Epilepsy; convulsions 0,72 0,24 1,65 Complications specified during the puerperium 2,99 0,30 2,53 Neurodevelopmental disorders 0,56 0,12 2,53 Diabetes mellitus without complication 0,04 0,01 0,82

Other specified complications in pregnancy 0,00 0,00 0,01 Acute and chronic tonsillitis 0,07 0,03 0,18 Complications specified during childbirth 0,10 0,03 0,24 Diabetes mellitus without complication 0,04 0,02 0,35 Epilepsy; convulsions 0,02 0,01 0,33

Neurodevelopmental disorders Gynecological disorders DM and cardiovascular risk factors Psychosomatic Unspecific
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Appendix A. Supplementary files

Females, 21-45 (3 out of 3)

Female 21-45

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%)

Neurodevelopmental disorders 73,79 15,62 89,02 Complications specified during childbirth 46,66 12,84 90,17 Diabetes mellitus without complication 26,39 9,90 83,57 Gastritis and duodenitis 7,58 3,68 79,04 Acute and chronic tonsillitis 3,11 1,19 68,02

Epilepsy; convulsions 47,66 15,53 88,52 Other specified complications in pregnancy 32,96 12,18 85,57 Essential hypertension 52,60 9,30 78,53 Trauma- and stressor-related disorders 26,04 3,27 70,29 Other specified and unspecified gastrointestinal disorders 4,66 1,15 66,23

Urinary incontinence 42,32 6,43 36,65 Coagulation and hemorrhagic disorders 16,10 7,38 51,87 Disorders of lipid metabolism 32,65 6,17 52,10 Acquired foot deformities 8,32 3,17 68,07 Female infertility 9,17 1,14 65,13

Pituitary disorders 7,34 2,42 13,81 Complications specified during the puerperium 40,47 4,06 28,50 Other specified and unspecified liver disease 11,37 5,41 45,69 Sleep wake disorders 23,33 3,09 66,34 Other specified inflammatory condition of skin 10,54 1,13 64,79

Disorders of teeth and gingiva 18,75 2,13 12,14 Obesity 69,79 3,12 21,95 Nutritional deficiencies 10,81 4,78 40,35 Depressive disorders 36,14 3,05 65,59 Scoliosis and other postural dorsopathic deformities 8,58 1,12 64,11

Scoliosis and other postural dorsopathic deformities 16,06 2,09 11,93 Other specified and unspecified liver disease 4,56 2,17 15,27 Other specified and unspecified nutritional and metabolic disorders17,98 4,05 34,15 Other specified joint disorders 14,86 2,18 46,76 Other specified and unspecified upper respiratory disease24,04 1,11 63,93

Diseases of white blood cells 7,11 2,05 11,68 Female infertility 15,32 1,90 13,32 Obesity 54,95 2,46 20,77 Neoplasia (general) 8,60 2,09 44,84 Asthma 12,82 1,10 63,00

Hearing loss 7,84 1,75 9,97 Gastritis and duodenitis 3,23 1,57 11,01 Other specified and unspecified endocrine disorders 14,23 2,29 19,32 Esophageal disorders 10,46 1,98 42,46 Menstrual disorders 17,67 1,07 61,21

Esophageal disorders 9,09 1,72 9,79 Other specified and unspecified endocrine disorders 7,72 1,24 8,72 Nerve and nerve root disorders 11,15 1,75 14,75 Spondylopathies/spondyloarthropathy (including infective)10,84 1,81 38,95 Pituitary disorders 3,18 1,05 60,16

Sleep wake disorders 11,16 1,48 8,43 Nutritional deficiencies 2,72 1,20 8,46 Depressive disorders 19,87 1,68 14,18 Nerve and nerve root disorders 11,29 1,77 38,01 Thyroid disorders 20,63 1,03 59,06

Diabetes mellitus without complication 3,53 1,33 7,56 Diabetes mellitus without complication 2,92 1,10 7,70 Thyroid disorders 32,42 1,62 13,66 Anxiety and fear-related disorders 73,71 1,65 35,41 Feeding and eating disorders 2,07 1,00 57,61

Other specified and unspecified nutritional and metabolic disorders5,08 1,14 6,51 Disorders of teeth and gingiva 9,45 1,07 7,54 Pituitary disorders 4,85 1,60 13,53 Other specified and unspecified liver disease 3,33 1,58 34,03 Endometriosis 2,43 1,00 57,59

Disorders of lipid metabolism 5,53 1,05 5,96 Thyroid disorders 18,90 0,94 6,63 Other specified joint disorders 10,89 1,59 13,46 Feeding and eating disorders 3,15 1,53 32,81 Complications specified during the puerperium 9,87 0,99 56,72

Other specified inflammatory condition of skin 9,24 0,99 5,65 Other specified female genital disorders 3,20 0,87 6,11 Other specified female genital disorders 5,83 1,59 13,39 Endometriosis 3,44 1,42 30,50 Diseases of white blood cells 3,37 0,97 55,70

Other specified and unspecified upper respiratory disease19,49 0,90 5,15 Diseases of white blood cells 2,98 0,86 6,02 Neoplasia (general) 6,43 1,56 13,17 Headache; including migraine 29,35 1,34 28,80 Other specified and unspecified endocrine disorders 6,03 0,97 55,61

Obesity 19,65 0,88 5,01 Asthma 9,88 0,85 5,95 Diseases of white blood cells 4,91 1,41 11,94 Urinary incontinence 8,19 1,24 26,71 Other specified female genital disorders 3,55 0,97 55,44

Menstrual disorders 13,78 0,83 4,74 Menstrual disorders 13,87 0,84 5,88 Sleep wake disorders 10,65 1,41 11,90 Disorders of teeth and gingiva 10,84 1,23 26,45 Headache; including migraine 20,03 0,91 52,47

Feeding and eating disorders 1,67 0,81 4,62 Urinary incontinence 5,45 0,83 5,82 Menstrual disorders 22,92 1,38 11,69 Hearing loss 5,13 1,14 24,56 Hearing loss 4,04 0,90 51,63

Essential hypertension 4,46 0,79 4,49 Nerve and nerve root disorders 5,25 0,82 5,78 Esophageal disorders 7,05 1,33 11,24 Nutritional deficiencies 2,54 1,12 24,08 Spondylopathies/spondyloarthropathy (including infective)4,95 0,83 47,51

Asthma 8,24 0,71 4,02 Scoliosis and other postural dorsopathic deformities 6,22 0,81 5,69 Acute and chronic tonsillitis 3,39 1,29 10,89 Other specified female genital disorders 3,90 1,06 22,82 Anxiety and fear-related disorders 36,89 0,83 47,32

Thyroid disorders 13,59 0,68 3,87 Esophageal disorders 4,27 0,81 5,67 Headache; including migraine 27,96 1,28 10,78 Coagulation and hemorrhagic disorders 2,15 0,99 21,19 Disorders of teeth and gingiva 7,06 0,80 45,96

Coagulation and hemorrhagic disorders 1,39 0,64 3,63 Endometriosis 1,95 0,80 5,64 Hearing loss 5,60 1,25 10,54 Other specified and unspecified gastrointestinal disorders 3,91 0,97 20,80 Other specified and unspecified nutritional and metabolic disorders3,24 0,73 41,84

Acute and chronic tonsillitis 1,67 0,64 3,62 Headache; including migraine 17,50 0,80 5,62 Asthma 14,05 1,20 10,16 Other specified and unspecified upper respiratory disease19,71 0,91 19,62 Neoplasia (general) 2,86 0,69 39,83

Anxiety and fear-related disorders 28,41 0,64 3,62 Trauma- and stressor-related disorders 5,91 0,74 5,22 Spondylopathies/spondyloarthropathy (including infective)7,12 1,19 10,05 Other specified inflammatory condition of skin 7,63 0,82 17,57 Nerve and nerve root disorders 4,40 0,69 39,56

Complications specified during childbirth 1,87 0,51 2,94 Other specified inflammatory condition of skin 6,60 0,71 4,97 Other specified complications in pregnancy 3,19 1,18 9,95 Acute and chronic tonsillitis 2,11 0,81 17,29 Obesity 15,05 0,67 38,66

Other specified and unspecified endocrine disorders 3,18 0,51 2,91 Other specified and unspecified nutritional and metabolic disorders3,12 0,70 4,93 Other specified and unspecified gastrointestinal disorders 4,43 1,10 9,27 Asthma 9,17 0,79 16,87 Other specified joint disorders 4,32 0,63 36,26

Depressive disorders 6,00 0,51 2,89 Anxiety and fear-related disorders 30,60 0,68 4,81 Anxiety and fear-related disorders 46,80 1,05 8,84 Thyroid disorders 15,66 0,78 16,79 Esophageal disorders 2,84 0,54 30,83

Headache; including migraine 8,95 0,41 2,33 Disorders of lipid metabolism 3,34 0,63 4,44 Acquired foot deformities 2,71 1,03 8,72 Menstrual disorders 12,71 0,77 16,48 Disorders of lipid metabolism 2,62 0,50 28,45

Other specified female genital disorders 1,44 0,39 2,24 Sleep wake disorders 4,46 0,59 4,15 Urinary incontinence 6,19 0,94 7,94 Diseases of white blood cells 2,37 0,68 14,66 Nutritional deficiencies 0,99 0,44 25,23

Other specified and unspecified liver disease 0,77 0,37 2,10 Pituitary disorders 1,76 0,58 4,08 Disorders of teeth and gingiva 8,25 0,94 7,91 Female infertility 5,43 0,67 14,43 Urinary incontinence 2,63 0,40 22,88

Nerve and nerve root disorders 2,13 0,33 1,90 Other specified and unspecified upper respiratory disease12,25 0,57 3,99 Other specified and unspecified upper respiratory disease18,66 0,87 7,30 Scoliosis and other postural dorsopathic deformities 5,01 0,65 14,03 Acquired foot deformities 0,90 0,34 19,68

Nutritional deficiencies 0,75 0,33 1,89 Acquired foot deformities 1,29 0,49 3,46 Other specified inflammatory condition of skin 7,77 0,83 7,03 Obesity 14,15 0,63 13,61 Coagulation and hemorrhagic disorders 0,71 0,33 18,74

Trauma- and stressor-related disorders 2,46 0,31 1,76 Spondylopathies/spondyloarthropathy (including infective)2,82 0,47 3,31 Endometriosis 1,79 0,74 6,23 Other specified and unspecified endocrine disorders 3,89 0,63 13,44 Trauma- and stressor-related disorders 2,53 0,32 18,24

Other specified joint disorders 1,50 0,22 1,25 Hearing loss 2,10 0,47 3,30 Female infertility 5,65 0,70 5,91 Other specified and unspecified nutritional and metabolic disorders2,60 0,58 12,56 Depressive disorders 2,92 0,25 14,15

Female infertility 1,72 0,21 1,21 Depressive disorders 5,38 0,45 3,19 Epilepsy; convulsions 1,76 0,57 4,84 Complications specified during the puerperium 5,48 0,55 11,80 Essential hypertension 0,98 0,17 9,93

Other specified and unspecified gastrointestinal disorders 0,81 0,20 1,15 Other specified and unspecified gastrointestinal disorders 1,47 0,36 2,55 Coagulation and hemorrhagic disorders 1,18 0,54 4,58 Disorders of lipid metabolism 2,23 0,42 9,05 Sleep wake disorders 1,21 0,16 9,18

Gastritis and duodenitis 0,24 0,12 0,66 Other specified joint disorders 2,19 0,32 2,26 Trauma- and stressor-related disorders 4,23 0,53 4,49 Pituitary disorders 1,19 0,39 8,42 Gastritis and duodenitis 0,19 0,09 5,31

Complications specified during the puerperium 0,80 0,08 0,46 Essential hypertension 1,75 0,31 2,18 Scoliosis and other postural dorsopathic deformities 3,85 0,50 4,23 Essential hypertension 1,28 0,23 4,87 Neurodevelopmental disorders 0,32 0,07 3,85

Spondylopathies/spondyloarthropathy (including infective)0,19 0,03 0,18 Neoplasia (general) 1,21 0,29 2,07 Gastritis and duodenitis 0,97 0,47 3,98 Epilepsy; convulsions 0,67 0,22 4,66 Other specified and unspecified liver disease 0,11 0,05 2,91

Neoplasia (general) 0,07 0,02 0,10 Feeding and eating disorders 0,58 0,28 1,99 Feeding and eating disorders 0,72 0,35 2,96 Complications specified during childbirth 0,74 0,20 4,37 Complications specified during childbirth 0,14 0,04 2,28

Acquired foot deformities 0,03 0,01 0,07 Neurodevelopmental disorders 1,30 0,28 1,93 Neurodevelopmental disorders 1,50 0,32 2,68 Other specified complications in pregnancy 0,38 0,14 3,00 Other specified complications in pregnancy 0,07 0,03 1,47

Endometriosis 0,02 0,01 0,04 Epilepsy; convulsions 0,72 0,24 1,65 Complications specified during the puerperium 2,99 0,30 2,53 Neurodevelopmental disorders 0,56 0,12 2,53 Diabetes mellitus without complication 0,04 0,01 0,82

Other specified complications in pregnancy 0,00 0,00 0,01 Acute and chronic tonsillitis 0,07 0,03 0,18 Complications specified during childbirth 0,10 0,03 0,24 Diabetes mellitus without complication 0,04 0,02 0,35 Epilepsy; convulsions 0,02 0,01 0,33

Neurodevelopmental disorders Gynecological disorders DM and cardiovascular risk factors Psychosomatic Unspecific
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Myocarditis and cardiomyopathy 37,97 16,49 66,80 Myopathies 30,18 13,47 66,66 Diabetes mellitus with complication 57,16 10,09 60,67 Chromosomal abnormalities 16,50 7,80 84,58 Gastritis and duodenitis 13,40 3,03 59,57 Headache; including migraine 5,25 1,11 60,50

Heart failure 64,43 12,18 49,33 Pressure ulcer of skin 24,98 11,15 55,17 Chronic kidney disease 42,65 6,65 40,00 Neurodevelopmental disorders 90,47 7,49 81,29 Depressive disorders 31,24 2,70 53,02 Hearing loss 9,34 0,97 53,12

Other and ill-defined heart disease 37,66 10,81 43,77 Paralysis (other than cerebral palsy) 39,31 10,36 51,24 Non-pressure ulcer of skin 19,35 6,48 38,93 Disruptive, impulse-control and conduct disorders 26,98 7,23 78,37 Osteoarthritis 34,67 2,65 52,12 Other specified and unspecified upper respiratory disease14,87 0,96 52,09

Nonrheumatic and unspecified valve disorders 33,57 10,37 42,01 Malnutrition 26,20 10,03 49,61 Other specified and unspecified endocrine disorders14,61 6,35 38,14 Symptoms of mental and substance use conditions24,51 6,79 73,68 Nerve and nerve root disorders 14,40 2,46 48,36 Other specified joint disorders 11,72 0,95 51,58

Acute myocardial infarction 35,87 8,24 33,35 Cerebral infarction 30,51 10,01 49,52 Peripheral and visceral vascular disease 37,01 5,61 33,72 Epilepsy; convulsions 54,24 6,10 66,12 Trauma- and stressor-related disorders 11,99 2,35 46,14 Hematologic neoplasia 2,48 0,91 49,42

Coronary atherosclerosis and other heart disease 67,61 7,05 28,57 Other specified nervous system disorders 20,00 9,18 45,43 Hypertension with complications and secondary hypertension15,21 5,55 33,38 Schizophrenia spectrum and other psychotic disorders43,66 6,05 65,61 Digestive congenital anomalies 6,67 2,33 45,81 Neoplasia (general) 15,08 0,89 48,57

Cardiac dysrhythmias 47,90 5,66 22,92 Neurocognitive disorders 24,77 5,69 28,14 Nutritional deficiencies 15,14 4,68 28,13 Obsessive-compulsive and related disorders 12,62 5,96 64,70 Asthma 10,17 2,18 42,81 Diverticulosis and diverticulitis 4,68 0,89 48,24

Conduction disorders 33,90 5,62 22,75 Coagulation and hemorrhagic disorders 13,27 3,74 18,51 Heart failure 24,21 4,58 27,51 Urinary incontinence 53,13 4,72 51,17 Gout 14,21 2,13 41,93 Glaucoma 3,70 0,86 46,93

Peripheral and visceral vascular disease 30,16 4,57 18,52 Diseases of white blood cells 16,16 3,17 15,67 Diabetes mellitus without complication 82,30 4,38 26,32 Scoliosis and other postural dorsopathic deformities12,80 4,29 46,50 Esophageal disorders 22,40 2,05 40,18 Essential hypertension 36,05 0,85 46,29

Chronic kidney disease 26,88 4,19 16,98 Glaucoma 12,19 2,84 14,05 Hepatitis 18,35 3,69 22,16 Paralysis (other than cerebral palsy) 11,72 3,09 33,48 Sleep wake disorders 46,66 2,00 39,28 Other specified inflammatory condition of skin 6,16 0,82 44,61

Diabetes mellitus with complication 22,04 3,89 15,76 Gastroduodenal ulcer 9,43 2,66 13,16 Alcohol-related disorders 34,61 3,68 22,14 Non-pressure ulcer of skin 7,28 2,44 26,44 Other specified and unspecified liver disease 26,39 1,98 38,93 Spondylopathies/spondyloarthropathy (including infective)12,88 0,81 44,41

Chronic obstructive pulmonary disease and bronchiectasis40,83 3,15 12,78 Diabetes mellitus with complication 14,90 2,63 13,02 Coronary atherosclerosis and other heart disease 34,55 3,61 21,67 Neurocognitive disorders 10,48 2,40 26,09 Spondylopathies/spondyloarthropathy (including infective)30,42 1,92 37,81 Hyperplasia of prostate 11,31 0,81 44,02

Other specified and unspecified endocrine disorders6,77 2,94 11,91 Urinary incontinence 28,15 2,50 12,37 Gout 20,50 3,08 18,51 Pressure ulcer of skin 4,85 2,16 23,46 Gastroduodenal ulcer 6,75 1,90 37,41 Other specified and unspecified nutritional and metabolic disorders15,24 0,80 43,77

Obsessive-compulsive and related disorders 6,02 2,84 11,52 Neoplasia (general) 41,63 2,46 12,17 Cerebral infarction 9,22 3,02 18,17 Other specified nervous system disorders 4,10 1,88 20,41 Chronic obstructive pulmonary disease and bronchiectasis23,71 1,83 35,99 Anxiety and fear-related disorders 21,28 0,80 43,75

Hypertension with complications and secondary hypertension7,72 2,82 11,42 Other specified hereditary and degenerative nervous system conditions5,03 2,45 12,12 Other specified and unspecified liver disease 38,08 2,86 17,19 Disorders of teeth and gingiva 20,55 1,80 19,58 Alcohol-related disorders 17,21 1,83 35,99 Disorders of lipid metabolism 27,16 0,80 43,41

Other specified hereditary and degenerative nervous system conditions5,75 2,80 11,33 Non-pressure ulcer of skin 7,18 2,40 11,89 Chronic obstructive pulmonary disease and bronchiectasis34,69 2,68 16,11 Nutritional deficiencies 5,43 1,68 18,20 Miscellaneous mental and behavioral disorders/conditions8,19 1,83 35,91 Disorders of teeth and gingiva 8,88 0,78 42,52

Asthma 12,94 2,77 11,23 Hematologic neoplasia 6,57 2,40 11,88 Acute myocardial infarction 11,52 2,65 15,90 Cataract and other lens disorders 9,65 1,46 15,88 Diverticulosis and diverticulitis 9,39 1,77 34,86 Diseases of white blood cells 3,93 0,77 41,93

Diabetes mellitus without complication 47,20 2,51 10,17 Miscellaneous mental and behavioral disorders/conditions9,89 2,21 10,92 Myocarditis and cardiomyopathy 5,75 2,50 15,01 Thyroid disorders 9,90 1,20 12,98 Obesity 50,22 1,71 33,59 Thyroid disorders 6,30 0,76 41,47

Symptoms of mental and substance use conditions 8,70 2,41 9,77 Cardiac dysrhythmias 18,29 2,16 10,69 Other and ill-defined heart disease 8,34 2,39 14,38 Digestive congenital anomalies 3,37 1,18 12,76 Other specified joint disorders 20,87 1,69 33,12 Obesity 21,57 0,73 40,02

Non-pressure ulcer of skin 7,13 2,39 9,66 Nutritional deficiencies 6,83 2,11 10,44 Neurocognitive disorders 10,03 2,30 13,84 Other specified and unspecified upper respiratory disease17,93 1,15 12,50 Headache; including migraine 7,97 1,68 33,09 Asthma 3,24 0,69 37,79

Disruptive, impulse-control and conduct disorders 8,89 2,38 9,64 Hepatitis 10,23 2,06 10,17 Hematologic neoplasia 5,74 2,10 12,60 Other specified hereditary and degenerative nervous system conditions2,14 1,04 11,31 Anxiety and fear-related disorders 43,68 1,65 32,37 Trauma- and stressor-related disorders 3,51 0,69 37,53

Chromosomal abnormalities 5,02 2,37 9,61 Chronic obstructive pulmonary disease and bronchiectasis26,40 2,04 10,09 Obesity 59,64 2,03 12,20 Hepatitis 4,92 0,99 10,72 Cataract and other lens disorders 10,80 1,64 32,18 Coagulation and hemorrhagic disorders 2,35 0,66 36,08

Thyroid disorders 19,57 2,37 9,58 Trauma- and stressor-related disorders 10,16 1,99 9,86 Cataract and other lens disorders 12,92 1,96 11,77 Anxiety and fear-related disorders 25,83 0,97 10,57 Other specified inflammatory condition of skin 12,16 1,61 31,72 Hepatitis 3,27 0,66 35,83

Pressure ulcer of skin 4,98 2,22 9,01 Esophageal disorders 19,52 1,78 8,82 Essential hypertension 82,17 1,94 11,64 Hyperplasia of prostate 12,69 0,91 9,83 Other specified hereditary and degenerative nervous system conditions3,21 1,56 30,74 Gastroduodenal ulcer 2,32 0,65 35,61

Malnutrition 5,79 2,22 8,97 Epilepsy; convulsions 15,31 1,72 8,51 Cardiac dysrhythmias 15,62 1,85 11,09 Sleep wake disorders 20,63 0,88 9,59 Hyperplasia of prostate 21,62 1,54 30,33 Miscellaneous mental and behavioral disorders/conditions2,78 0,62 33,77

Neurocognitive disorders 9,42 2,16 8,76 Alcohol-related disorders 16,09 1,71 8,47 Disorders of lipid metabolism 61,60 1,81 10,86 Nonrheumatic and unspecified valve disorders 2,59 0,80 8,67 Conduction disorders 9,22 1,53 30,01 Digestive congenital anomalies 1,73 0,61 33,03

Sleep wake disorders 48,45 2,08 8,41 Diabetes mellitus without complication 29,38 1,56 7,74 Depressive disorders 20,49 1,77 10,64 Coagulation and hemorrhagic disorders 2,72 0,77 8,31 Disorders of lipid metabolism 51,15 1,50 29,47 Diabetes mellitus without complication 10,70 0,57 31,03

Nerve and nerve root disorders 12,08 2,06 8,36 Other specified and unspecified nutritional and metabolic disorders28,22 1,49 7,36 Esophageal disorders 19,06 1,74 10,46 Esophageal disorders 8,28 0,76 8,20 Other specified and unspecified nutritional and metabolic disorders27,03 1,42 27,98 Other specified and unspecified liver disease 7,56 0,57 30,93

Gastritis and duodenitis 8,56 1,94 7,84 Hypertension with complications and secondary hypertension4,06 1,48 7,33 Neoplasia (general) 28,82 1,70 10,23 Other specified inflammatory condition of skin 5,63 0,75 8,11 Diseases of white blood cells 6,93 1,36 26,69 Sleep wake disorders 13,12 0,56 30,65

Gastroduodenal ulcer 6,79 1,92 7,76 Depressive disorders 16,10 1,39 6,88 Coagulation and hemorrhagic disorders 5,97 1,68 10,12 Hearing loss 7,06 0,74 7,99 Other specified and unspecified upper respiratory disease20,68 1,33 26,11 Osteoarthritis 7,33 0,56 30,56

Disorders of lipid metabolism 64,42 1,89 7,65 Peripheral and visceral vascular disease 8,91 1,35 6,68 Thyroid disorders 13,94 1,68 10,12 Other specified and unspecified endocrine disorders1,61 0,70 7,57 Essential hypertension 55,42 1,31 25,65 Other specified hereditary and degenerative nervous system conditions1,13 0,55 29,91

Alcohol-related disorders 17,73 1,89 7,64 Other specified and unspecified liver disease 17,83 1,34 6,63 Other specified and unspecified nutritional and metabolic disorders31,54 1,66 9,99 Other specified and unspecified nutritional and metabolic disorders11,42 0,60 6,52 Hearing loss 12,21 1,27 25,02 Cardiac dysrhythmias 4,57 0,54 29,42

Obesity 53,92 1,84 7,43 Gastritis and duodenitis 5,74 1,30 6,43 Conduction disorders 9,66 1,60 9,62 Diseases of white blood cells 2,88 0,56 6,12 Glaucoma 5,38 1,25 24,62 Nonrheumatic and unspecified valve disorders 1,74 0,54 29,32

Scoliosis and other postural dorsopathic deformities5,42 1,81 7,34 Chronic kidney disease 8,26 1,29 6,38 Malnutrition 4,09 1,57 9,41 Depressive disorders 6,50 0,56 6,09 Hypertension with complications and secondary hypertension3,42 1,25 24,52 Nerve and nerve root disorders 3,08 0,53 28,67

Spondylopathies/spondyloarthropathy (including infective)27,92 1,77 7,16 Disruptive, impulse-control and conduct disorders 4,71 1,26 6,25 Pressure ulcer of skin 3,48 1,55 9,35 Glaucoma 2,18 0,51 5,50 Neoplasia (general) 20,63 1,22 23,94 Gout 3,50 0,53 28,65

Depressive disorders 18,97 1,64 6,64 Scoliosis and other postural dorsopathic deformities3,70 1,24 6,13 Sleep wake disorders 34,79 1,49 8,96 Miscellaneous mental and behavioral disorders/conditions2,14 0,48 5,19 Hematologic neoplasia 3,32 1,21 23,83 Cataract and other lens disorders 3,46 0,52 28,57

Essential hypertension 68,24 1,61 6,51 Hyperplasia of prostate 17,28 1,23 6,11 Diverticulosis and diverticulitis 7,84 1,48 8,91 Conduction disorders 2,87 0,47 5,15 Cardiac dysrhythmias 10,20 1,21 23,68 Esophageal disorders 5,64 0,51 28,05

Urinary incontinence 17,59 1,56 6,32 Thyroid disorders 10,00 1,21 5,98 Other specified nervous system disorders 3,09 1,42 8,53 Peripheral and visceral vascular disease 2,76 0,42 4,54 Diabetes mellitus without complication 22,42 1,19 23,44 Conduction disorders 3,08 0,51 27,82

Miscellaneous mental and behavioral disorders/conditions6,88 1,54 6,22 Nerve and nerve root disorders 6,78 1,16 5,74 Miscellaneous mental and behavioral disorders/conditions5,96 1,33 8,00 Essential hypertension 17,37 0,41 4,44 Disorders of teeth and gingiva 12,99 1,14 22,40 Scoliosis and other postural dorsopathic deformities1,46 0,49 26,65

Cataract and other lens disorders 9,99 1,52 6,14 Nonrheumatic and unspecified valve disorders 3,73 1,15 5,71 Nerve and nerve root disorders 7,72 1,32 7,93 Cerebral infarction 1,12 0,37 3,98 Other and ill-defined heart disease 3,86 1,11 21,74 Acute myocardial infarction 2,04 0,47 25,57

Cerebral infarction 4,33 1,42 5,75 Cataract and other lens disorders 7,29 1,11 5,47 Diseases of white blood cells 6,71 1,31 7,90 Other specified joint disorders 4,17 0,34 3,65 Coagulation and hemorrhagic disorders 3,91 1,10 21,66 Coronary atherosclerosis and other heart disease 4,25 0,44 24,18

Coagulation and hemorrhagic disorders 4,65 1,31 5,31 Essential hypertension 46,90 1,11 5,47 Other specified joint disorders 16,17 1,31 7,85 Osteoarthritis 4,39 0,34 3,65 Acute myocardial infarction 4,75 1,09 21,44 Alcohol-related disorders 4,08 0,43 23,65

Disorders of teeth and gingiva 14,86 1,30 5,28 Disorders of lipid metabolism 37,68 1,10 5,47 Nonrheumatic and unspecified valve disorders 3,81 1,18 7,07 Chronic kidney disease 2,14 0,33 3,63 Other specified and unspecified endocrine disorders2,49 1,08 21,27 Hypertension with complications and secondary hypertension1,17 0,43 23,26

Schizophrenia spectrum and other psychotic disorders9,34 1,29 5,24 Gout 7,25 1,09 5,38 Osteoarthritis 14,76 1,13 6,79 Other and ill-defined heart disease 1,08 0,31 3,35 Coronary atherosclerosis and other heart disease 10,23 1,07 20,98 Nutritional deficiencies 1,34 0,41 22,49

Other specified inflammatory condition of skin 9,72 1,29 5,23 Anxiety and fear-related disorders 27,69 1,04 5,17 Other specified inflammatory condition of skin 8,29 1,10 6,62 Disorders of lipid metabolism 9,89 0,29 3,15 Thyroid disorders 8,37 1,01 19,87 Chronic obstructive pulmonary disease and bronchiectasis5,25 0,41 22,11

Hearing loss 12,35 1,29 5,22 Other specified and unspecified endocrine disorders2,24 0,97 4,81 Disorders of teeth and gingiva 12,54 1,10 6,62 Chronic obstructive pulmonary disease and bronchiectasis3,49 0,27 2,93 Peripheral and visceral vascular disease 6,43 0,97 19,14 Schizophrenia spectrum and other psychotic disorders2,74 0,38 20,68

Hyperplasia of prostate 17,77 1,27 5,14 Conduction disorders 5,67 0,94 4,65 Gastritis and duodenitis 4,69 1,06 6,38 Malnutrition 0,68 0,26 2,83 Hepatitis 4,61 0,93 18,21 Peripheral and visceral vascular disease 2,11 0,32 17,40

Neurodevelopmental disorders 15,04 1,25 5,05 Coronary atherosclerosis and other heart disease 8,42 0,88 4,35 Glaucoma 4,36 1,02 6,10 Obesity 7,57 0,26 2,80 Chronic kidney disease 5,82 0,91 17,84 Gastritis and duodenitis 1,40 0,32 17,26

Other specified and unspecified upper respiratory disease19,37 1,25 5,04 Obesity 23,52 0,80 3,96 Paralysis (other than cerebral palsy) 3,75 0,99 5,94 Gastritis and duodenitis 1,02 0,23 2,51 Obsessive-compulsive and related disorders 1,82 0,86 16,94 Cerebral infarction 0,95 0,31 17,07

Gout 7,71 1,16 4,69 Symptoms of mental and substance use conditions 2,84 0,79 3,90 Digestive congenital anomalies 2,78 0,97 5,85 Cardiac dysrhythmias 1,71 0,20 2,19 Nutritional deficiencies 2,73 0,84 16,60 Malnutrition 0,80 0,31 16,74

Osteoarthritis 15,10 1,16 4,68 Hearing loss 7,48 0,78 3,86 Spondylopathies/spondyloarthropathy (including infective)14,78 0,93 5,62 Other specified and unspecified liver disease 2,67 0,20 2,18 Neurocognitive disorders 3,25 0,75 14,64 Depressive disorders 3,55 0,31 16,73

Paralysis (other than cerebral palsy) 4,19 1,10 4,47 Acute myocardial infarction 3,28 0,75 3,73 Asthma 4,26 0,91 5,48 Alcohol-related disorders 1,83 0,19 2,11 Urinary incontinence 7,50 0,67 13,08 Other and ill-defined heart disease 1,06 0,30 16,51

Other specified nervous system disorders 2,38 1,09 4,42 Other specified inflammatory condition of skin 5,66 0,75 3,72 Hearing loss 7,63 0,80 4,78 Gastroduodenal ulcer 0,56 0,16 1,72 Heart failure 3,49 0,66 12,97 Other specified and unspecified endocrine disorders0,69 0,30 16,30

Other specified and unspecified nutritional and metabolic disorders20,54 1,08 4,38 Spondylopathies/spondyloarthropathy (including infective)11,81 0,75 3,70 Urinary incontinence 8,75 0,78 4,67 Heart failure 0,80 0,15 1,64 Malnutrition 1,65 0,63 12,43 Myocarditis and cardiomyopathy 0,69 0,30 16,22

Esophageal disorders 11,59 1,06 4,29 Disorders of teeth and gingiva 8,28 0,73 3,60 Other specified hereditary and degenerative nervous system conditions1,56 0,76 4,58 Spondylopathies/spondyloarthropathy (including infective)1,90 0,12 1,31 Myopathies 1,31 0,59 11,53 Chronic kidney disease 1,78 0,28 15,17

Other specified and unspecified liver disease 13,65 1,02 4,15 Diverticulosis and diverticulitis 3,71 0,70 3,47 Hyperplasia of prostate 10,66 0,76 4,58 Headache; including migraine 0,57 0,12 1,30 Scoliosis and other postural dorsopathic deformities1,62 0,54 10,66 Myopathies 0,58 0,26 14,23

Nutritional deficiencies 3,31 1,02 4,14 Sleep wake disorders 14,67 0,63 3,11 Gastroduodenal ulcer 2,56 0,72 4,34 Diabetes mellitus without complication 2,25 0,12 1,30 Other specified nervous system disorders 0,83 0,38 7,44 Other specified nervous system disorders 0,55 0,25 13,76

Myopathies 2,29 1,02 4,13 Obsessive-compulsive and related disorders 1,09 0,52 2,56 Anxiety and fear-related disorders 19,09 0,72 4,33 Diverticulosis and diverticulitis 0,63 0,12 1,29 Nonrheumatic and unspecified valve disorders 1,19 0,37 7,22 Epilepsy; convulsions 2,24 0,25 13,73

Neoplasia (general) 16,82 0,99 4,02 Other specified and unspecified upper respiratory disease7,68 0,49 2,44 Myopathies 1,28 0,57 3,44 Asthma 0,53 0,11 1,22 Epilepsy; convulsions 3,21 0,36 7,08 Urinary incontinence 2,56 0,23 12,39

Anxiety and fear-related disorders 24,99 0,94 3,82 Neurodevelopmental disorders 5,83 0,48 2,39 Trauma- and stressor-related disorders 2,90 0,57 3,41 Diabetes mellitus with complication 0,60 0,11 1,15 Schizophrenia spectrum and other psychotic disorders2,53 0,35 6,88 Non-pressure ulcer of skin 0,51 0,17 9,29

Epilepsy; convulsions 7,39 0,83 3,36 Heart failure 2,55 0,48 2,39 Scoliosis and other postural dorsopathic deformities1,35 0,45 2,71 Neoplasia (general) 1,66 0,10 1,07 Cerebral infarction 0,86 0,28 5,52 Neurocognitive disorders 0,68 0,16 8,53

Diverticulosis and diverticulitis 4,23 0,80 3,24 Headache; including migraine 2,20 0,47 2,30 Symptoms of mental and substance use conditions 1,53 0,42 2,55 Nerve and nerve root disorders 0,51 0,09 0,95 Diabetes mellitus with complication 1,41 0,25 4,89 Neurodevelopmental disorders 1,62 0,13 7,32

Hepatitis 3,57 0,72 2,90 Osteoarthritis 5,83 0,45 2,21 Other specified and unspecified upper respiratory disease4,70 0,30 1,82 Gout 0,51 0,08 0,84 Non-pressure ulcer of skin 0,58 0,19 3,79 Symptoms of mental and substance use conditions 0,46 0,13 6,92

Trauma- and stressor-related disorders 3,60 0,71 2,86 Other specified joint disorders 3,94 0,32 1,57 Headache; including migraine 1,30 0,28 1,65 Coronary atherosclerosis and other heart disease 0,22 0,02 0,25 Neurodevelopmental disorders 2,31 0,19 3,76 Heart failure 0,60 0,11 6,16

Glaucoma 2,96 0,69 2,79 Asthma 1,39 0,30 1,47 Epilepsy; convulsions 1,77 0,20 1,19 Trauma- and stressor-related disorders 0,09 0,02 0,20 Symptoms of mental and substance use conditions 0,58 0,16 3,18 Chromosomal abnormalities 0,19 0,09 5,01

Digestive congenital anomalies 1,75 0,61 2,48 Schizophrenia spectrum and other psychotic disorders0,89 0,12 0,61 Disruptive, impulse-control and conduct disorders 0,71 0,19 1,14 Hypertension with complications and secondary hypertension0,02 0,01 0,09 Pressure ulcer of skin 0,30 0,14 2,67 Diabetes mellitus with complication 0,47 0,08 4,50

Hematologic neoplasia 1,53 0,56 2,27 Other and ill-defined heart disease 0,17 0,05 0,24 Obsessive-compulsive and related disorders 0,39 0,18 1,11 Myocarditis and cardiomyopathy 0,02 0,01 0,07 Myocarditis and cardiomyopathy 0,22 0,10 1,89 Paralysis (other than cerebral palsy) 0,23 0,06 3,26

Other specified joint disorders 6,83 0,55 2,23 Digestive congenital anomalies 0,04 0,02 0,07 Schizophrenia spectrum and other psychotic disorders1,17 0,16 0,98 Acute myocardial infarction 0,01 0,00 0,02 Disruptive, impulse-control and conduct disorders 0,33 0,09 1,72 Obsessive-compulsive and related disorders 0,12 0,06 3,18

Diseases of white blood cells 2,14 0,42 1,70 Myocarditis and cardiomyopathy 0,01 0,00 0,01 Chromosomal abnormalities 0,16 0,08 0,46 Myopathies 0,00 0,00 0,01 Paralysis (other than cerebral palsy) 0,31 0,08 1,60 Disruptive, impulse-control and conduct disorders 0,20 0,05 2,88

Headache; including migraine 1,34 0,28 1,15 Chromosomal abnormalities 0,00 0,00 0,00 Neurodevelopmental disorders 0,37 0,03 0,19 Hematologic neoplasia 0,00 0,00 0,00 Chromosomal abnormalities 0,04 0,02 0,34 Pressure ulcer of skin 0,01 0,01 0,33

UnspecificCardiovascular diseases Cognitive-motor disorders Diabetes and liver disease Neuropsychiatric CV risk factors - COPD - Neoplasia
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Appendix A. Supplementary files

Males, 46-65 (2 out of 3)

Male 46-65

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%)

Myocarditis and cardiomyopathy 37,97 16,49 66,80 Myopathies 30,18 13,47 66,66 Diabetes mellitus with complication 57,16 10,09 60,67 Chromosomal abnormalities 16,50 7,80 84,58 Gastritis and duodenitis 13,40 3,03 59,57 Headache; including migraine 5,25 1,11 60,50

Heart failure 64,43 12,18 49,33 Pressure ulcer of skin 24,98 11,15 55,17 Chronic kidney disease 42,65 6,65 40,00 Neurodevelopmental disorders 90,47 7,49 81,29 Depressive disorders 31,24 2,70 53,02 Hearing loss 9,34 0,97 53,12

Other and ill-defined heart disease 37,66 10,81 43,77 Paralysis (other than cerebral palsy) 39,31 10,36 51,24 Non-pressure ulcer of skin 19,35 6,48 38,93 Disruptive, impulse-control and conduct disorders 26,98 7,23 78,37 Osteoarthritis 34,67 2,65 52,12 Other specified and unspecified upper respiratory disease14,87 0,96 52,09

Nonrheumatic and unspecified valve disorders 33,57 10,37 42,01 Malnutrition 26,20 10,03 49,61 Other specified and unspecified endocrine disorders14,61 6,35 38,14 Symptoms of mental and substance use conditions24,51 6,79 73,68 Nerve and nerve root disorders 14,40 2,46 48,36 Other specified joint disorders 11,72 0,95 51,58

Acute myocardial infarction 35,87 8,24 33,35 Cerebral infarction 30,51 10,01 49,52 Peripheral and visceral vascular disease 37,01 5,61 33,72 Epilepsy; convulsions 54,24 6,10 66,12 Trauma- and stressor-related disorders 11,99 2,35 46,14 Hematologic neoplasia 2,48 0,91 49,42

Coronary atherosclerosis and other heart disease 67,61 7,05 28,57 Other specified nervous system disorders 20,00 9,18 45,43 Hypertension with complications and secondary hypertension15,21 5,55 33,38 Schizophrenia spectrum and other psychotic disorders43,66 6,05 65,61 Digestive congenital anomalies 6,67 2,33 45,81 Neoplasia (general) 15,08 0,89 48,57

Cardiac dysrhythmias 47,90 5,66 22,92 Neurocognitive disorders 24,77 5,69 28,14 Nutritional deficiencies 15,14 4,68 28,13 Obsessive-compulsive and related disorders 12,62 5,96 64,70 Asthma 10,17 2,18 42,81 Diverticulosis and diverticulitis 4,68 0,89 48,24

Conduction disorders 33,90 5,62 22,75 Coagulation and hemorrhagic disorders 13,27 3,74 18,51 Heart failure 24,21 4,58 27,51 Urinary incontinence 53,13 4,72 51,17 Gout 14,21 2,13 41,93 Glaucoma 3,70 0,86 46,93

Peripheral and visceral vascular disease 30,16 4,57 18,52 Diseases of white blood cells 16,16 3,17 15,67 Diabetes mellitus without complication 82,30 4,38 26,32 Scoliosis and other postural dorsopathic deformities12,80 4,29 46,50 Esophageal disorders 22,40 2,05 40,18 Essential hypertension 36,05 0,85 46,29

Chronic kidney disease 26,88 4,19 16,98 Glaucoma 12,19 2,84 14,05 Hepatitis 18,35 3,69 22,16 Paralysis (other than cerebral palsy) 11,72 3,09 33,48 Sleep wake disorders 46,66 2,00 39,28 Other specified inflammatory condition of skin 6,16 0,82 44,61

Diabetes mellitus with complication 22,04 3,89 15,76 Gastroduodenal ulcer 9,43 2,66 13,16 Alcohol-related disorders 34,61 3,68 22,14 Non-pressure ulcer of skin 7,28 2,44 26,44 Other specified and unspecified liver disease 26,39 1,98 38,93 Spondylopathies/spondyloarthropathy (including infective)12,88 0,81 44,41

Chronic obstructive pulmonary disease and bronchiectasis40,83 3,15 12,78 Diabetes mellitus with complication 14,90 2,63 13,02 Coronary atherosclerosis and other heart disease 34,55 3,61 21,67 Neurocognitive disorders 10,48 2,40 26,09 Spondylopathies/spondyloarthropathy (including infective)30,42 1,92 37,81 Hyperplasia of prostate 11,31 0,81 44,02

Other specified and unspecified endocrine disorders6,77 2,94 11,91 Urinary incontinence 28,15 2,50 12,37 Gout 20,50 3,08 18,51 Pressure ulcer of skin 4,85 2,16 23,46 Gastroduodenal ulcer 6,75 1,90 37,41 Other specified and unspecified nutritional and metabolic disorders15,24 0,80 43,77

Obsessive-compulsive and related disorders 6,02 2,84 11,52 Neoplasia (general) 41,63 2,46 12,17 Cerebral infarction 9,22 3,02 18,17 Other specified nervous system disorders 4,10 1,88 20,41 Chronic obstructive pulmonary disease and bronchiectasis23,71 1,83 35,99 Anxiety and fear-related disorders 21,28 0,80 43,75

Hypertension with complications and secondary hypertension7,72 2,82 11,42 Other specified hereditary and degenerative nervous system conditions5,03 2,45 12,12 Other specified and unspecified liver disease 38,08 2,86 17,19 Disorders of teeth and gingiva 20,55 1,80 19,58 Alcohol-related disorders 17,21 1,83 35,99 Disorders of lipid metabolism 27,16 0,80 43,41

Other specified hereditary and degenerative nervous system conditions5,75 2,80 11,33 Non-pressure ulcer of skin 7,18 2,40 11,89 Chronic obstructive pulmonary disease and bronchiectasis34,69 2,68 16,11 Nutritional deficiencies 5,43 1,68 18,20 Miscellaneous mental and behavioral disorders/conditions8,19 1,83 35,91 Disorders of teeth and gingiva 8,88 0,78 42,52

Asthma 12,94 2,77 11,23 Hematologic neoplasia 6,57 2,40 11,88 Acute myocardial infarction 11,52 2,65 15,90 Cataract and other lens disorders 9,65 1,46 15,88 Diverticulosis and diverticulitis 9,39 1,77 34,86 Diseases of white blood cells 3,93 0,77 41,93

Diabetes mellitus without complication 47,20 2,51 10,17 Miscellaneous mental and behavioral disorders/conditions9,89 2,21 10,92 Myocarditis and cardiomyopathy 5,75 2,50 15,01 Thyroid disorders 9,90 1,20 12,98 Obesity 50,22 1,71 33,59 Thyroid disorders 6,30 0,76 41,47

Symptoms of mental and substance use conditions 8,70 2,41 9,77 Cardiac dysrhythmias 18,29 2,16 10,69 Other and ill-defined heart disease 8,34 2,39 14,38 Digestive congenital anomalies 3,37 1,18 12,76 Other specified joint disorders 20,87 1,69 33,12 Obesity 21,57 0,73 40,02

Non-pressure ulcer of skin 7,13 2,39 9,66 Nutritional deficiencies 6,83 2,11 10,44 Neurocognitive disorders 10,03 2,30 13,84 Other specified and unspecified upper respiratory disease17,93 1,15 12,50 Headache; including migraine 7,97 1,68 33,09 Asthma 3,24 0,69 37,79

Disruptive, impulse-control and conduct disorders 8,89 2,38 9,64 Hepatitis 10,23 2,06 10,17 Hematologic neoplasia 5,74 2,10 12,60 Other specified hereditary and degenerative nervous system conditions2,14 1,04 11,31 Anxiety and fear-related disorders 43,68 1,65 32,37 Trauma- and stressor-related disorders 3,51 0,69 37,53

Chromosomal abnormalities 5,02 2,37 9,61 Chronic obstructive pulmonary disease and bronchiectasis26,40 2,04 10,09 Obesity 59,64 2,03 12,20 Hepatitis 4,92 0,99 10,72 Cataract and other lens disorders 10,80 1,64 32,18 Coagulation and hemorrhagic disorders 2,35 0,66 36,08

Thyroid disorders 19,57 2,37 9,58 Trauma- and stressor-related disorders 10,16 1,99 9,86 Cataract and other lens disorders 12,92 1,96 11,77 Anxiety and fear-related disorders 25,83 0,97 10,57 Other specified inflammatory condition of skin 12,16 1,61 31,72 Hepatitis 3,27 0,66 35,83

Pressure ulcer of skin 4,98 2,22 9,01 Esophageal disorders 19,52 1,78 8,82 Essential hypertension 82,17 1,94 11,64 Hyperplasia of prostate 12,69 0,91 9,83 Other specified hereditary and degenerative nervous system conditions3,21 1,56 30,74 Gastroduodenal ulcer 2,32 0,65 35,61

Malnutrition 5,79 2,22 8,97 Epilepsy; convulsions 15,31 1,72 8,51 Cardiac dysrhythmias 15,62 1,85 11,09 Sleep wake disorders 20,63 0,88 9,59 Hyperplasia of prostate 21,62 1,54 30,33 Miscellaneous mental and behavioral disorders/conditions2,78 0,62 33,77

Neurocognitive disorders 9,42 2,16 8,76 Alcohol-related disorders 16,09 1,71 8,47 Disorders of lipid metabolism 61,60 1,81 10,86 Nonrheumatic and unspecified valve disorders 2,59 0,80 8,67 Conduction disorders 9,22 1,53 30,01 Digestive congenital anomalies 1,73 0,61 33,03

Sleep wake disorders 48,45 2,08 8,41 Diabetes mellitus without complication 29,38 1,56 7,74 Depressive disorders 20,49 1,77 10,64 Coagulation and hemorrhagic disorders 2,72 0,77 8,31 Disorders of lipid metabolism 51,15 1,50 29,47 Diabetes mellitus without complication 10,70 0,57 31,03

Nerve and nerve root disorders 12,08 2,06 8,36 Other specified and unspecified nutritional and metabolic disorders28,22 1,49 7,36 Esophageal disorders 19,06 1,74 10,46 Esophageal disorders 8,28 0,76 8,20 Other specified and unspecified nutritional and metabolic disorders27,03 1,42 27,98 Other specified and unspecified liver disease 7,56 0,57 30,93

Gastritis and duodenitis 8,56 1,94 7,84 Hypertension with complications and secondary hypertension4,06 1,48 7,33 Neoplasia (general) 28,82 1,70 10,23 Other specified inflammatory condition of skin 5,63 0,75 8,11 Diseases of white blood cells 6,93 1,36 26,69 Sleep wake disorders 13,12 0,56 30,65

Gastroduodenal ulcer 6,79 1,92 7,76 Depressive disorders 16,10 1,39 6,88 Coagulation and hemorrhagic disorders 5,97 1,68 10,12 Hearing loss 7,06 0,74 7,99 Other specified and unspecified upper respiratory disease20,68 1,33 26,11 Osteoarthritis 7,33 0,56 30,56

Disorders of lipid metabolism 64,42 1,89 7,65 Peripheral and visceral vascular disease 8,91 1,35 6,68 Thyroid disorders 13,94 1,68 10,12 Other specified and unspecified endocrine disorders1,61 0,70 7,57 Essential hypertension 55,42 1,31 25,65 Other specified hereditary and degenerative nervous system conditions1,13 0,55 29,91

Alcohol-related disorders 17,73 1,89 7,64 Other specified and unspecified liver disease 17,83 1,34 6,63 Other specified and unspecified nutritional and metabolic disorders31,54 1,66 9,99 Other specified and unspecified nutritional and metabolic disorders11,42 0,60 6,52 Hearing loss 12,21 1,27 25,02 Cardiac dysrhythmias 4,57 0,54 29,42

Obesity 53,92 1,84 7,43 Gastritis and duodenitis 5,74 1,30 6,43 Conduction disorders 9,66 1,60 9,62 Diseases of white blood cells 2,88 0,56 6,12 Glaucoma 5,38 1,25 24,62 Nonrheumatic and unspecified valve disorders 1,74 0,54 29,32

Scoliosis and other postural dorsopathic deformities5,42 1,81 7,34 Chronic kidney disease 8,26 1,29 6,38 Malnutrition 4,09 1,57 9,41 Depressive disorders 6,50 0,56 6,09 Hypertension with complications and secondary hypertension3,42 1,25 24,52 Nerve and nerve root disorders 3,08 0,53 28,67

Spondylopathies/spondyloarthropathy (including infective)27,92 1,77 7,16 Disruptive, impulse-control and conduct disorders 4,71 1,26 6,25 Pressure ulcer of skin 3,48 1,55 9,35 Glaucoma 2,18 0,51 5,50 Neoplasia (general) 20,63 1,22 23,94 Gout 3,50 0,53 28,65

Depressive disorders 18,97 1,64 6,64 Scoliosis and other postural dorsopathic deformities3,70 1,24 6,13 Sleep wake disorders 34,79 1,49 8,96 Miscellaneous mental and behavioral disorders/conditions2,14 0,48 5,19 Hematologic neoplasia 3,32 1,21 23,83 Cataract and other lens disorders 3,46 0,52 28,57

Essential hypertension 68,24 1,61 6,51 Hyperplasia of prostate 17,28 1,23 6,11 Diverticulosis and diverticulitis 7,84 1,48 8,91 Conduction disorders 2,87 0,47 5,15 Cardiac dysrhythmias 10,20 1,21 23,68 Esophageal disorders 5,64 0,51 28,05

Urinary incontinence 17,59 1,56 6,32 Thyroid disorders 10,00 1,21 5,98 Other specified nervous system disorders 3,09 1,42 8,53 Peripheral and visceral vascular disease 2,76 0,42 4,54 Diabetes mellitus without complication 22,42 1,19 23,44 Conduction disorders 3,08 0,51 27,82

Miscellaneous mental and behavioral disorders/conditions6,88 1,54 6,22 Nerve and nerve root disorders 6,78 1,16 5,74 Miscellaneous mental and behavioral disorders/conditions5,96 1,33 8,00 Essential hypertension 17,37 0,41 4,44 Disorders of teeth and gingiva 12,99 1,14 22,40 Scoliosis and other postural dorsopathic deformities1,46 0,49 26,65

Cataract and other lens disorders 9,99 1,52 6,14 Nonrheumatic and unspecified valve disorders 3,73 1,15 5,71 Nerve and nerve root disorders 7,72 1,32 7,93 Cerebral infarction 1,12 0,37 3,98 Other and ill-defined heart disease 3,86 1,11 21,74 Acute myocardial infarction 2,04 0,47 25,57

Cerebral infarction 4,33 1,42 5,75 Cataract and other lens disorders 7,29 1,11 5,47 Diseases of white blood cells 6,71 1,31 7,90 Other specified joint disorders 4,17 0,34 3,65 Coagulation and hemorrhagic disorders 3,91 1,10 21,66 Coronary atherosclerosis and other heart disease 4,25 0,44 24,18

Coagulation and hemorrhagic disorders 4,65 1,31 5,31 Essential hypertension 46,90 1,11 5,47 Other specified joint disorders 16,17 1,31 7,85 Osteoarthritis 4,39 0,34 3,65 Acute myocardial infarction 4,75 1,09 21,44 Alcohol-related disorders 4,08 0,43 23,65

Disorders of teeth and gingiva 14,86 1,30 5,28 Disorders of lipid metabolism 37,68 1,10 5,47 Nonrheumatic and unspecified valve disorders 3,81 1,18 7,07 Chronic kidney disease 2,14 0,33 3,63 Other specified and unspecified endocrine disorders2,49 1,08 21,27 Hypertension with complications and secondary hypertension1,17 0,43 23,26

Schizophrenia spectrum and other psychotic disorders9,34 1,29 5,24 Gout 7,25 1,09 5,38 Osteoarthritis 14,76 1,13 6,79 Other and ill-defined heart disease 1,08 0,31 3,35 Coronary atherosclerosis and other heart disease 10,23 1,07 20,98 Nutritional deficiencies 1,34 0,41 22,49

Other specified inflammatory condition of skin 9,72 1,29 5,23 Anxiety and fear-related disorders 27,69 1,04 5,17 Other specified inflammatory condition of skin 8,29 1,10 6,62 Disorders of lipid metabolism 9,89 0,29 3,15 Thyroid disorders 8,37 1,01 19,87 Chronic obstructive pulmonary disease and bronchiectasis5,25 0,41 22,11

Hearing loss 12,35 1,29 5,22 Other specified and unspecified endocrine disorders2,24 0,97 4,81 Disorders of teeth and gingiva 12,54 1,10 6,62 Chronic obstructive pulmonary disease and bronchiectasis3,49 0,27 2,93 Peripheral and visceral vascular disease 6,43 0,97 19,14 Schizophrenia spectrum and other psychotic disorders2,74 0,38 20,68

Hyperplasia of prostate 17,77 1,27 5,14 Conduction disorders 5,67 0,94 4,65 Gastritis and duodenitis 4,69 1,06 6,38 Malnutrition 0,68 0,26 2,83 Hepatitis 4,61 0,93 18,21 Peripheral and visceral vascular disease 2,11 0,32 17,40

Neurodevelopmental disorders 15,04 1,25 5,05 Coronary atherosclerosis and other heart disease 8,42 0,88 4,35 Glaucoma 4,36 1,02 6,10 Obesity 7,57 0,26 2,80 Chronic kidney disease 5,82 0,91 17,84 Gastritis and duodenitis 1,40 0,32 17,26

Other specified and unspecified upper respiratory disease19,37 1,25 5,04 Obesity 23,52 0,80 3,96 Paralysis (other than cerebral palsy) 3,75 0,99 5,94 Gastritis and duodenitis 1,02 0,23 2,51 Obsessive-compulsive and related disorders 1,82 0,86 16,94 Cerebral infarction 0,95 0,31 17,07

Gout 7,71 1,16 4,69 Symptoms of mental and substance use conditions 2,84 0,79 3,90 Digestive congenital anomalies 2,78 0,97 5,85 Cardiac dysrhythmias 1,71 0,20 2,19 Nutritional deficiencies 2,73 0,84 16,60 Malnutrition 0,80 0,31 16,74

Osteoarthritis 15,10 1,16 4,68 Hearing loss 7,48 0,78 3,86 Spondylopathies/spondyloarthropathy (including infective)14,78 0,93 5,62 Other specified and unspecified liver disease 2,67 0,20 2,18 Neurocognitive disorders 3,25 0,75 14,64 Depressive disorders 3,55 0,31 16,73

Paralysis (other than cerebral palsy) 4,19 1,10 4,47 Acute myocardial infarction 3,28 0,75 3,73 Asthma 4,26 0,91 5,48 Alcohol-related disorders 1,83 0,19 2,11 Urinary incontinence 7,50 0,67 13,08 Other and ill-defined heart disease 1,06 0,30 16,51

Other specified nervous system disorders 2,38 1,09 4,42 Other specified inflammatory condition of skin 5,66 0,75 3,72 Hearing loss 7,63 0,80 4,78 Gastroduodenal ulcer 0,56 0,16 1,72 Heart failure 3,49 0,66 12,97 Other specified and unspecified endocrine disorders0,69 0,30 16,30

Other specified and unspecified nutritional and metabolic disorders20,54 1,08 4,38 Spondylopathies/spondyloarthropathy (including infective)11,81 0,75 3,70 Urinary incontinence 8,75 0,78 4,67 Heart failure 0,80 0,15 1,64 Malnutrition 1,65 0,63 12,43 Myocarditis and cardiomyopathy 0,69 0,30 16,22

Esophageal disorders 11,59 1,06 4,29 Disorders of teeth and gingiva 8,28 0,73 3,60 Other specified hereditary and degenerative nervous system conditions1,56 0,76 4,58 Spondylopathies/spondyloarthropathy (including infective)1,90 0,12 1,31 Myopathies 1,31 0,59 11,53 Chronic kidney disease 1,78 0,28 15,17

Other specified and unspecified liver disease 13,65 1,02 4,15 Diverticulosis and diverticulitis 3,71 0,70 3,47 Hyperplasia of prostate 10,66 0,76 4,58 Headache; including migraine 0,57 0,12 1,30 Scoliosis and other postural dorsopathic deformities1,62 0,54 10,66 Myopathies 0,58 0,26 14,23

Nutritional deficiencies 3,31 1,02 4,14 Sleep wake disorders 14,67 0,63 3,11 Gastroduodenal ulcer 2,56 0,72 4,34 Diabetes mellitus without complication 2,25 0,12 1,30 Other specified nervous system disorders 0,83 0,38 7,44 Other specified nervous system disorders 0,55 0,25 13,76

Myopathies 2,29 1,02 4,13 Obsessive-compulsive and related disorders 1,09 0,52 2,56 Anxiety and fear-related disorders 19,09 0,72 4,33 Diverticulosis and diverticulitis 0,63 0,12 1,29 Nonrheumatic and unspecified valve disorders 1,19 0,37 7,22 Epilepsy; convulsions 2,24 0,25 13,73

Neoplasia (general) 16,82 0,99 4,02 Other specified and unspecified upper respiratory disease7,68 0,49 2,44 Myopathies 1,28 0,57 3,44 Asthma 0,53 0,11 1,22 Epilepsy; convulsions 3,21 0,36 7,08 Urinary incontinence 2,56 0,23 12,39

Anxiety and fear-related disorders 24,99 0,94 3,82 Neurodevelopmental disorders 5,83 0,48 2,39 Trauma- and stressor-related disorders 2,90 0,57 3,41 Diabetes mellitus with complication 0,60 0,11 1,15 Schizophrenia spectrum and other psychotic disorders2,53 0,35 6,88 Non-pressure ulcer of skin 0,51 0,17 9,29

Epilepsy; convulsions 7,39 0,83 3,36 Heart failure 2,55 0,48 2,39 Scoliosis and other postural dorsopathic deformities1,35 0,45 2,71 Neoplasia (general) 1,66 0,10 1,07 Cerebral infarction 0,86 0,28 5,52 Neurocognitive disorders 0,68 0,16 8,53

Diverticulosis and diverticulitis 4,23 0,80 3,24 Headache; including migraine 2,20 0,47 2,30 Symptoms of mental and substance use conditions 1,53 0,42 2,55 Nerve and nerve root disorders 0,51 0,09 0,95 Diabetes mellitus with complication 1,41 0,25 4,89 Neurodevelopmental disorders 1,62 0,13 7,32

Hepatitis 3,57 0,72 2,90 Osteoarthritis 5,83 0,45 2,21 Other specified and unspecified upper respiratory disease4,70 0,30 1,82 Gout 0,51 0,08 0,84 Non-pressure ulcer of skin 0,58 0,19 3,79 Symptoms of mental and substance use conditions 0,46 0,13 6,92

Trauma- and stressor-related disorders 3,60 0,71 2,86 Other specified joint disorders 3,94 0,32 1,57 Headache; including migraine 1,30 0,28 1,65 Coronary atherosclerosis and other heart disease 0,22 0,02 0,25 Neurodevelopmental disorders 2,31 0,19 3,76 Heart failure 0,60 0,11 6,16

Glaucoma 2,96 0,69 2,79 Asthma 1,39 0,30 1,47 Epilepsy; convulsions 1,77 0,20 1,19 Trauma- and stressor-related disorders 0,09 0,02 0,20 Symptoms of mental and substance use conditions 0,58 0,16 3,18 Chromosomal abnormalities 0,19 0,09 5,01

Digestive congenital anomalies 1,75 0,61 2,48 Schizophrenia spectrum and other psychotic disorders0,89 0,12 0,61 Disruptive, impulse-control and conduct disorders 0,71 0,19 1,14 Hypertension with complications and secondary hypertension0,02 0,01 0,09 Pressure ulcer of skin 0,30 0,14 2,67 Diabetes mellitus with complication 0,47 0,08 4,50

Hematologic neoplasia 1,53 0,56 2,27 Other and ill-defined heart disease 0,17 0,05 0,24 Obsessive-compulsive and related disorders 0,39 0,18 1,11 Myocarditis and cardiomyopathy 0,02 0,01 0,07 Myocarditis and cardiomyopathy 0,22 0,10 1,89 Paralysis (other than cerebral palsy) 0,23 0,06 3,26

Other specified joint disorders 6,83 0,55 2,23 Digestive congenital anomalies 0,04 0,02 0,07 Schizophrenia spectrum and other psychotic disorders1,17 0,16 0,98 Acute myocardial infarction 0,01 0,00 0,02 Disruptive, impulse-control and conduct disorders 0,33 0,09 1,72 Obsessive-compulsive and related disorders 0,12 0,06 3,18

Diseases of white blood cells 2,14 0,42 1,70 Myocarditis and cardiomyopathy 0,01 0,00 0,01 Chromosomal abnormalities 0,16 0,08 0,46 Myopathies 0,00 0,00 0,01 Paralysis (other than cerebral palsy) 0,31 0,08 1,60 Disruptive, impulse-control and conduct disorders 0,20 0,05 2,88

Headache; including migraine 1,34 0,28 1,15 Chromosomal abnormalities 0,00 0,00 0,00 Neurodevelopmental disorders 0,37 0,03 0,19 Hematologic neoplasia 0,00 0,00 0,00 Chromosomal abnormalities 0,04 0,02 0,34 Pressure ulcer of skin 0,01 0,01 0,33

UnspecificCardiovascular diseases Cognitive-motor disorders Diabetes and liver disease Neuropsychiatric CV risk factors - COPD - Neoplasia

138



A2. Study 2: MRisk-COVID study

Males, 46-65 (3 out of 3)

Male 46-65

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)
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(%) Chronic condition
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O/E 

ratio
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Prevalence 

(%)

O/E 
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(%) Chronic condition
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(%)

O/E 
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(%)
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Myocarditis and cardiomyopathy 37,97 16,49 66,80 Myopathies 30,18 13,47 66,66 Diabetes mellitus with complication 57,16 10,09 60,67 Chromosomal abnormalities 16,50 7,80 84,58 Gastritis and duodenitis 13,40 3,03 59,57 Headache; including migraine 5,25 1,11 60,50

Heart failure 64,43 12,18 49,33 Pressure ulcer of skin 24,98 11,15 55,17 Chronic kidney disease 42,65 6,65 40,00 Neurodevelopmental disorders 90,47 7,49 81,29 Depressive disorders 31,24 2,70 53,02 Hearing loss 9,34 0,97 53,12

Other and ill-defined heart disease 37,66 10,81 43,77 Paralysis (other than cerebral palsy) 39,31 10,36 51,24 Non-pressure ulcer of skin 19,35 6,48 38,93 Disruptive, impulse-control and conduct disorders 26,98 7,23 78,37 Osteoarthritis 34,67 2,65 52,12 Other specified and unspecified upper respiratory disease14,87 0,96 52,09

Nonrheumatic and unspecified valve disorders 33,57 10,37 42,01 Malnutrition 26,20 10,03 49,61 Other specified and unspecified endocrine disorders14,61 6,35 38,14 Symptoms of mental and substance use conditions24,51 6,79 73,68 Nerve and nerve root disorders 14,40 2,46 48,36 Other specified joint disorders 11,72 0,95 51,58

Acute myocardial infarction 35,87 8,24 33,35 Cerebral infarction 30,51 10,01 49,52 Peripheral and visceral vascular disease 37,01 5,61 33,72 Epilepsy; convulsions 54,24 6,10 66,12 Trauma- and stressor-related disorders 11,99 2,35 46,14 Hematologic neoplasia 2,48 0,91 49,42

Coronary atherosclerosis and other heart disease 67,61 7,05 28,57 Other specified nervous system disorders 20,00 9,18 45,43 Hypertension with complications and secondary hypertension15,21 5,55 33,38 Schizophrenia spectrum and other psychotic disorders43,66 6,05 65,61 Digestive congenital anomalies 6,67 2,33 45,81 Neoplasia (general) 15,08 0,89 48,57

Cardiac dysrhythmias 47,90 5,66 22,92 Neurocognitive disorders 24,77 5,69 28,14 Nutritional deficiencies 15,14 4,68 28,13 Obsessive-compulsive and related disorders 12,62 5,96 64,70 Asthma 10,17 2,18 42,81 Diverticulosis and diverticulitis 4,68 0,89 48,24

Conduction disorders 33,90 5,62 22,75 Coagulation and hemorrhagic disorders 13,27 3,74 18,51 Heart failure 24,21 4,58 27,51 Urinary incontinence 53,13 4,72 51,17 Gout 14,21 2,13 41,93 Glaucoma 3,70 0,86 46,93

Peripheral and visceral vascular disease 30,16 4,57 18,52 Diseases of white blood cells 16,16 3,17 15,67 Diabetes mellitus without complication 82,30 4,38 26,32 Scoliosis and other postural dorsopathic deformities12,80 4,29 46,50 Esophageal disorders 22,40 2,05 40,18 Essential hypertension 36,05 0,85 46,29

Chronic kidney disease 26,88 4,19 16,98 Glaucoma 12,19 2,84 14,05 Hepatitis 18,35 3,69 22,16 Paralysis (other than cerebral palsy) 11,72 3,09 33,48 Sleep wake disorders 46,66 2,00 39,28 Other specified inflammatory condition of skin 6,16 0,82 44,61

Diabetes mellitus with complication 22,04 3,89 15,76 Gastroduodenal ulcer 9,43 2,66 13,16 Alcohol-related disorders 34,61 3,68 22,14 Non-pressure ulcer of skin 7,28 2,44 26,44 Other specified and unspecified liver disease 26,39 1,98 38,93 Spondylopathies/spondyloarthropathy (including infective)12,88 0,81 44,41

Chronic obstructive pulmonary disease and bronchiectasis40,83 3,15 12,78 Diabetes mellitus with complication 14,90 2,63 13,02 Coronary atherosclerosis and other heart disease 34,55 3,61 21,67 Neurocognitive disorders 10,48 2,40 26,09 Spondylopathies/spondyloarthropathy (including infective)30,42 1,92 37,81 Hyperplasia of prostate 11,31 0,81 44,02

Other specified and unspecified endocrine disorders6,77 2,94 11,91 Urinary incontinence 28,15 2,50 12,37 Gout 20,50 3,08 18,51 Pressure ulcer of skin 4,85 2,16 23,46 Gastroduodenal ulcer 6,75 1,90 37,41 Other specified and unspecified nutritional and metabolic disorders15,24 0,80 43,77

Obsessive-compulsive and related disorders 6,02 2,84 11,52 Neoplasia (general) 41,63 2,46 12,17 Cerebral infarction 9,22 3,02 18,17 Other specified nervous system disorders 4,10 1,88 20,41 Chronic obstructive pulmonary disease and bronchiectasis23,71 1,83 35,99 Anxiety and fear-related disorders 21,28 0,80 43,75

Hypertension with complications and secondary hypertension7,72 2,82 11,42 Other specified hereditary and degenerative nervous system conditions5,03 2,45 12,12 Other specified and unspecified liver disease 38,08 2,86 17,19 Disorders of teeth and gingiva 20,55 1,80 19,58 Alcohol-related disorders 17,21 1,83 35,99 Disorders of lipid metabolism 27,16 0,80 43,41

Other specified hereditary and degenerative nervous system conditions5,75 2,80 11,33 Non-pressure ulcer of skin 7,18 2,40 11,89 Chronic obstructive pulmonary disease and bronchiectasis34,69 2,68 16,11 Nutritional deficiencies 5,43 1,68 18,20 Miscellaneous mental and behavioral disorders/conditions8,19 1,83 35,91 Disorders of teeth and gingiva 8,88 0,78 42,52

Asthma 12,94 2,77 11,23 Hematologic neoplasia 6,57 2,40 11,88 Acute myocardial infarction 11,52 2,65 15,90 Cataract and other lens disorders 9,65 1,46 15,88 Diverticulosis and diverticulitis 9,39 1,77 34,86 Diseases of white blood cells 3,93 0,77 41,93

Diabetes mellitus without complication 47,20 2,51 10,17 Miscellaneous mental and behavioral disorders/conditions9,89 2,21 10,92 Myocarditis and cardiomyopathy 5,75 2,50 15,01 Thyroid disorders 9,90 1,20 12,98 Obesity 50,22 1,71 33,59 Thyroid disorders 6,30 0,76 41,47

Symptoms of mental and substance use conditions 8,70 2,41 9,77 Cardiac dysrhythmias 18,29 2,16 10,69 Other and ill-defined heart disease 8,34 2,39 14,38 Digestive congenital anomalies 3,37 1,18 12,76 Other specified joint disorders 20,87 1,69 33,12 Obesity 21,57 0,73 40,02

Non-pressure ulcer of skin 7,13 2,39 9,66 Nutritional deficiencies 6,83 2,11 10,44 Neurocognitive disorders 10,03 2,30 13,84 Other specified and unspecified upper respiratory disease17,93 1,15 12,50 Headache; including migraine 7,97 1,68 33,09 Asthma 3,24 0,69 37,79

Disruptive, impulse-control and conduct disorders 8,89 2,38 9,64 Hepatitis 10,23 2,06 10,17 Hematologic neoplasia 5,74 2,10 12,60 Other specified hereditary and degenerative nervous system conditions2,14 1,04 11,31 Anxiety and fear-related disorders 43,68 1,65 32,37 Trauma- and stressor-related disorders 3,51 0,69 37,53

Chromosomal abnormalities 5,02 2,37 9,61 Chronic obstructive pulmonary disease and bronchiectasis26,40 2,04 10,09 Obesity 59,64 2,03 12,20 Hepatitis 4,92 0,99 10,72 Cataract and other lens disorders 10,80 1,64 32,18 Coagulation and hemorrhagic disorders 2,35 0,66 36,08

Thyroid disorders 19,57 2,37 9,58 Trauma- and stressor-related disorders 10,16 1,99 9,86 Cataract and other lens disorders 12,92 1,96 11,77 Anxiety and fear-related disorders 25,83 0,97 10,57 Other specified inflammatory condition of skin 12,16 1,61 31,72 Hepatitis 3,27 0,66 35,83

Pressure ulcer of skin 4,98 2,22 9,01 Esophageal disorders 19,52 1,78 8,82 Essential hypertension 82,17 1,94 11,64 Hyperplasia of prostate 12,69 0,91 9,83 Other specified hereditary and degenerative nervous system conditions3,21 1,56 30,74 Gastroduodenal ulcer 2,32 0,65 35,61

Malnutrition 5,79 2,22 8,97 Epilepsy; convulsions 15,31 1,72 8,51 Cardiac dysrhythmias 15,62 1,85 11,09 Sleep wake disorders 20,63 0,88 9,59 Hyperplasia of prostate 21,62 1,54 30,33 Miscellaneous mental and behavioral disorders/conditions2,78 0,62 33,77

Neurocognitive disorders 9,42 2,16 8,76 Alcohol-related disorders 16,09 1,71 8,47 Disorders of lipid metabolism 61,60 1,81 10,86 Nonrheumatic and unspecified valve disorders 2,59 0,80 8,67 Conduction disorders 9,22 1,53 30,01 Digestive congenital anomalies 1,73 0,61 33,03

Sleep wake disorders 48,45 2,08 8,41 Diabetes mellitus without complication 29,38 1,56 7,74 Depressive disorders 20,49 1,77 10,64 Coagulation and hemorrhagic disorders 2,72 0,77 8,31 Disorders of lipid metabolism 51,15 1,50 29,47 Diabetes mellitus without complication 10,70 0,57 31,03

Nerve and nerve root disorders 12,08 2,06 8,36 Other specified and unspecified nutritional and metabolic disorders28,22 1,49 7,36 Esophageal disorders 19,06 1,74 10,46 Esophageal disorders 8,28 0,76 8,20 Other specified and unspecified nutritional and metabolic disorders27,03 1,42 27,98 Other specified and unspecified liver disease 7,56 0,57 30,93

Gastritis and duodenitis 8,56 1,94 7,84 Hypertension with complications and secondary hypertension4,06 1,48 7,33 Neoplasia (general) 28,82 1,70 10,23 Other specified inflammatory condition of skin 5,63 0,75 8,11 Diseases of white blood cells 6,93 1,36 26,69 Sleep wake disorders 13,12 0,56 30,65

Gastroduodenal ulcer 6,79 1,92 7,76 Depressive disorders 16,10 1,39 6,88 Coagulation and hemorrhagic disorders 5,97 1,68 10,12 Hearing loss 7,06 0,74 7,99 Other specified and unspecified upper respiratory disease20,68 1,33 26,11 Osteoarthritis 7,33 0,56 30,56

Disorders of lipid metabolism 64,42 1,89 7,65 Peripheral and visceral vascular disease 8,91 1,35 6,68 Thyroid disorders 13,94 1,68 10,12 Other specified and unspecified endocrine disorders1,61 0,70 7,57 Essential hypertension 55,42 1,31 25,65 Other specified hereditary and degenerative nervous system conditions1,13 0,55 29,91

Alcohol-related disorders 17,73 1,89 7,64 Other specified and unspecified liver disease 17,83 1,34 6,63 Other specified and unspecified nutritional and metabolic disorders31,54 1,66 9,99 Other specified and unspecified nutritional and metabolic disorders11,42 0,60 6,52 Hearing loss 12,21 1,27 25,02 Cardiac dysrhythmias 4,57 0,54 29,42

Obesity 53,92 1,84 7,43 Gastritis and duodenitis 5,74 1,30 6,43 Conduction disorders 9,66 1,60 9,62 Diseases of white blood cells 2,88 0,56 6,12 Glaucoma 5,38 1,25 24,62 Nonrheumatic and unspecified valve disorders 1,74 0,54 29,32

Scoliosis and other postural dorsopathic deformities5,42 1,81 7,34 Chronic kidney disease 8,26 1,29 6,38 Malnutrition 4,09 1,57 9,41 Depressive disorders 6,50 0,56 6,09 Hypertension with complications and secondary hypertension3,42 1,25 24,52 Nerve and nerve root disorders 3,08 0,53 28,67

Spondylopathies/spondyloarthropathy (including infective)27,92 1,77 7,16 Disruptive, impulse-control and conduct disorders 4,71 1,26 6,25 Pressure ulcer of skin 3,48 1,55 9,35 Glaucoma 2,18 0,51 5,50 Neoplasia (general) 20,63 1,22 23,94 Gout 3,50 0,53 28,65

Depressive disorders 18,97 1,64 6,64 Scoliosis and other postural dorsopathic deformities3,70 1,24 6,13 Sleep wake disorders 34,79 1,49 8,96 Miscellaneous mental and behavioral disorders/conditions2,14 0,48 5,19 Hematologic neoplasia 3,32 1,21 23,83 Cataract and other lens disorders 3,46 0,52 28,57

Essential hypertension 68,24 1,61 6,51 Hyperplasia of prostate 17,28 1,23 6,11 Diverticulosis and diverticulitis 7,84 1,48 8,91 Conduction disorders 2,87 0,47 5,15 Cardiac dysrhythmias 10,20 1,21 23,68 Esophageal disorders 5,64 0,51 28,05

Urinary incontinence 17,59 1,56 6,32 Thyroid disorders 10,00 1,21 5,98 Other specified nervous system disorders 3,09 1,42 8,53 Peripheral and visceral vascular disease 2,76 0,42 4,54 Diabetes mellitus without complication 22,42 1,19 23,44 Conduction disorders 3,08 0,51 27,82

Miscellaneous mental and behavioral disorders/conditions6,88 1,54 6,22 Nerve and nerve root disorders 6,78 1,16 5,74 Miscellaneous mental and behavioral disorders/conditions5,96 1,33 8,00 Essential hypertension 17,37 0,41 4,44 Disorders of teeth and gingiva 12,99 1,14 22,40 Scoliosis and other postural dorsopathic deformities1,46 0,49 26,65

Cataract and other lens disorders 9,99 1,52 6,14 Nonrheumatic and unspecified valve disorders 3,73 1,15 5,71 Nerve and nerve root disorders 7,72 1,32 7,93 Cerebral infarction 1,12 0,37 3,98 Other and ill-defined heart disease 3,86 1,11 21,74 Acute myocardial infarction 2,04 0,47 25,57

Cerebral infarction 4,33 1,42 5,75 Cataract and other lens disorders 7,29 1,11 5,47 Diseases of white blood cells 6,71 1,31 7,90 Other specified joint disorders 4,17 0,34 3,65 Coagulation and hemorrhagic disorders 3,91 1,10 21,66 Coronary atherosclerosis and other heart disease 4,25 0,44 24,18

Coagulation and hemorrhagic disorders 4,65 1,31 5,31 Essential hypertension 46,90 1,11 5,47 Other specified joint disorders 16,17 1,31 7,85 Osteoarthritis 4,39 0,34 3,65 Acute myocardial infarction 4,75 1,09 21,44 Alcohol-related disorders 4,08 0,43 23,65

Disorders of teeth and gingiva 14,86 1,30 5,28 Disorders of lipid metabolism 37,68 1,10 5,47 Nonrheumatic and unspecified valve disorders 3,81 1,18 7,07 Chronic kidney disease 2,14 0,33 3,63 Other specified and unspecified endocrine disorders2,49 1,08 21,27 Hypertension with complications and secondary hypertension1,17 0,43 23,26

Schizophrenia spectrum and other psychotic disorders9,34 1,29 5,24 Gout 7,25 1,09 5,38 Osteoarthritis 14,76 1,13 6,79 Other and ill-defined heart disease 1,08 0,31 3,35 Coronary atherosclerosis and other heart disease 10,23 1,07 20,98 Nutritional deficiencies 1,34 0,41 22,49

Other specified inflammatory condition of skin 9,72 1,29 5,23 Anxiety and fear-related disorders 27,69 1,04 5,17 Other specified inflammatory condition of skin 8,29 1,10 6,62 Disorders of lipid metabolism 9,89 0,29 3,15 Thyroid disorders 8,37 1,01 19,87 Chronic obstructive pulmonary disease and bronchiectasis5,25 0,41 22,11

Hearing loss 12,35 1,29 5,22 Other specified and unspecified endocrine disorders2,24 0,97 4,81 Disorders of teeth and gingiva 12,54 1,10 6,62 Chronic obstructive pulmonary disease and bronchiectasis3,49 0,27 2,93 Peripheral and visceral vascular disease 6,43 0,97 19,14 Schizophrenia spectrum and other psychotic disorders2,74 0,38 20,68

Hyperplasia of prostate 17,77 1,27 5,14 Conduction disorders 5,67 0,94 4,65 Gastritis and duodenitis 4,69 1,06 6,38 Malnutrition 0,68 0,26 2,83 Hepatitis 4,61 0,93 18,21 Peripheral and visceral vascular disease 2,11 0,32 17,40

Neurodevelopmental disorders 15,04 1,25 5,05 Coronary atherosclerosis and other heart disease 8,42 0,88 4,35 Glaucoma 4,36 1,02 6,10 Obesity 7,57 0,26 2,80 Chronic kidney disease 5,82 0,91 17,84 Gastritis and duodenitis 1,40 0,32 17,26

Other specified and unspecified upper respiratory disease19,37 1,25 5,04 Obesity 23,52 0,80 3,96 Paralysis (other than cerebral palsy) 3,75 0,99 5,94 Gastritis and duodenitis 1,02 0,23 2,51 Obsessive-compulsive and related disorders 1,82 0,86 16,94 Cerebral infarction 0,95 0,31 17,07

Gout 7,71 1,16 4,69 Symptoms of mental and substance use conditions 2,84 0,79 3,90 Digestive congenital anomalies 2,78 0,97 5,85 Cardiac dysrhythmias 1,71 0,20 2,19 Nutritional deficiencies 2,73 0,84 16,60 Malnutrition 0,80 0,31 16,74

Osteoarthritis 15,10 1,16 4,68 Hearing loss 7,48 0,78 3,86 Spondylopathies/spondyloarthropathy (including infective)14,78 0,93 5,62 Other specified and unspecified liver disease 2,67 0,20 2,18 Neurocognitive disorders 3,25 0,75 14,64 Depressive disorders 3,55 0,31 16,73

Paralysis (other than cerebral palsy) 4,19 1,10 4,47 Acute myocardial infarction 3,28 0,75 3,73 Asthma 4,26 0,91 5,48 Alcohol-related disorders 1,83 0,19 2,11 Urinary incontinence 7,50 0,67 13,08 Other and ill-defined heart disease 1,06 0,30 16,51

Other specified nervous system disorders 2,38 1,09 4,42 Other specified inflammatory condition of skin 5,66 0,75 3,72 Hearing loss 7,63 0,80 4,78 Gastroduodenal ulcer 0,56 0,16 1,72 Heart failure 3,49 0,66 12,97 Other specified and unspecified endocrine disorders0,69 0,30 16,30

Other specified and unspecified nutritional and metabolic disorders20,54 1,08 4,38 Spondylopathies/spondyloarthropathy (including infective)11,81 0,75 3,70 Urinary incontinence 8,75 0,78 4,67 Heart failure 0,80 0,15 1,64 Malnutrition 1,65 0,63 12,43 Myocarditis and cardiomyopathy 0,69 0,30 16,22

Esophageal disorders 11,59 1,06 4,29 Disorders of teeth and gingiva 8,28 0,73 3,60 Other specified hereditary and degenerative nervous system conditions1,56 0,76 4,58 Spondylopathies/spondyloarthropathy (including infective)1,90 0,12 1,31 Myopathies 1,31 0,59 11,53 Chronic kidney disease 1,78 0,28 15,17

Other specified and unspecified liver disease 13,65 1,02 4,15 Diverticulosis and diverticulitis 3,71 0,70 3,47 Hyperplasia of prostate 10,66 0,76 4,58 Headache; including migraine 0,57 0,12 1,30 Scoliosis and other postural dorsopathic deformities1,62 0,54 10,66 Myopathies 0,58 0,26 14,23

Nutritional deficiencies 3,31 1,02 4,14 Sleep wake disorders 14,67 0,63 3,11 Gastroduodenal ulcer 2,56 0,72 4,34 Diabetes mellitus without complication 2,25 0,12 1,30 Other specified nervous system disorders 0,83 0,38 7,44 Other specified nervous system disorders 0,55 0,25 13,76

Myopathies 2,29 1,02 4,13 Obsessive-compulsive and related disorders 1,09 0,52 2,56 Anxiety and fear-related disorders 19,09 0,72 4,33 Diverticulosis and diverticulitis 0,63 0,12 1,29 Nonrheumatic and unspecified valve disorders 1,19 0,37 7,22 Epilepsy; convulsions 2,24 0,25 13,73

Neoplasia (general) 16,82 0,99 4,02 Other specified and unspecified upper respiratory disease7,68 0,49 2,44 Myopathies 1,28 0,57 3,44 Asthma 0,53 0,11 1,22 Epilepsy; convulsions 3,21 0,36 7,08 Urinary incontinence 2,56 0,23 12,39

Anxiety and fear-related disorders 24,99 0,94 3,82 Neurodevelopmental disorders 5,83 0,48 2,39 Trauma- and stressor-related disorders 2,90 0,57 3,41 Diabetes mellitus with complication 0,60 0,11 1,15 Schizophrenia spectrum and other psychotic disorders2,53 0,35 6,88 Non-pressure ulcer of skin 0,51 0,17 9,29

Epilepsy; convulsions 7,39 0,83 3,36 Heart failure 2,55 0,48 2,39 Scoliosis and other postural dorsopathic deformities1,35 0,45 2,71 Neoplasia (general) 1,66 0,10 1,07 Cerebral infarction 0,86 0,28 5,52 Neurocognitive disorders 0,68 0,16 8,53

Diverticulosis and diverticulitis 4,23 0,80 3,24 Headache; including migraine 2,20 0,47 2,30 Symptoms of mental and substance use conditions 1,53 0,42 2,55 Nerve and nerve root disorders 0,51 0,09 0,95 Diabetes mellitus with complication 1,41 0,25 4,89 Neurodevelopmental disorders 1,62 0,13 7,32

Hepatitis 3,57 0,72 2,90 Osteoarthritis 5,83 0,45 2,21 Other specified and unspecified upper respiratory disease4,70 0,30 1,82 Gout 0,51 0,08 0,84 Non-pressure ulcer of skin 0,58 0,19 3,79 Symptoms of mental and substance use conditions 0,46 0,13 6,92

Trauma- and stressor-related disorders 3,60 0,71 2,86 Other specified joint disorders 3,94 0,32 1,57 Headache; including migraine 1,30 0,28 1,65 Coronary atherosclerosis and other heart disease 0,22 0,02 0,25 Neurodevelopmental disorders 2,31 0,19 3,76 Heart failure 0,60 0,11 6,16

Glaucoma 2,96 0,69 2,79 Asthma 1,39 0,30 1,47 Epilepsy; convulsions 1,77 0,20 1,19 Trauma- and stressor-related disorders 0,09 0,02 0,20 Symptoms of mental and substance use conditions 0,58 0,16 3,18 Chromosomal abnormalities 0,19 0,09 5,01

Digestive congenital anomalies 1,75 0,61 2,48 Schizophrenia spectrum and other psychotic disorders0,89 0,12 0,61 Disruptive, impulse-control and conduct disorders 0,71 0,19 1,14 Hypertension with complications and secondary hypertension0,02 0,01 0,09 Pressure ulcer of skin 0,30 0,14 2,67 Diabetes mellitus with complication 0,47 0,08 4,50

Hematologic neoplasia 1,53 0,56 2,27 Other and ill-defined heart disease 0,17 0,05 0,24 Obsessive-compulsive and related disorders 0,39 0,18 1,11 Myocarditis and cardiomyopathy 0,02 0,01 0,07 Myocarditis and cardiomyopathy 0,22 0,10 1,89 Paralysis (other than cerebral palsy) 0,23 0,06 3,26

Other specified joint disorders 6,83 0,55 2,23 Digestive congenital anomalies 0,04 0,02 0,07 Schizophrenia spectrum and other psychotic disorders1,17 0,16 0,98 Acute myocardial infarction 0,01 0,00 0,02 Disruptive, impulse-control and conduct disorders 0,33 0,09 1,72 Obsessive-compulsive and related disorders 0,12 0,06 3,18

Diseases of white blood cells 2,14 0,42 1,70 Myocarditis and cardiomyopathy 0,01 0,00 0,01 Chromosomal abnormalities 0,16 0,08 0,46 Myopathies 0,00 0,00 0,01 Paralysis (other than cerebral palsy) 0,31 0,08 1,60 Disruptive, impulse-control and conduct disorders 0,20 0,05 2,88

Headache; including migraine 1,34 0,28 1,15 Chromosomal abnormalities 0,00 0,00 0,00 Neurodevelopmental disorders 0,37 0,03 0,19 Hematologic neoplasia 0,00 0,00 0,00 Chromosomal abnormalities 0,04 0,02 0,34 Pressure ulcer of skin 0,01 0,01 0,33

UnspecificCardiovascular diseases Cognitive-motor disorders Diabetes and liver disease Neuropsychiatric CV risk factors - COPD - Neoplasia
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Appendix A. Supplementary files

Females, 46-65 (1 out of 3)

Female 46-65

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 
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Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio
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(%)

Heart failure 62,14 28,05 82,04 Neurodevelopmental disorders 88,48 14,90 79,49 Diabetes mellitus without complication 49,26 4,86 65,49 Gastritis and duodenitis 13,77 3,38 68,17 Nonmalignant breast conditions 5,22 1,31 75,97

Diabetes mellitus with complication 37,86 15,26 44,63 Epilepsy; convulsions 60,53 13,26 70,75 Diabetes mellitus with complication 9,32 3,76 50,68 Other specified and unspecified gastrointestinal disorders7,72 2,86 57,65 Menstrual disorders 9,81 1,22 70,64

Coronary atherosclerosis and other heart disease 30,15 14,48 42,35 Schizophrenia spectrum and other psychotic disorders35,67 12,20 65,06 Chronic kidney disease 8,12 3,67 49,47 Digestive congenital anomalies 7,71 2,72 54,90 Menopausal disorders 16,14 1,01 58,60

Chronic kidney disease 31,96 14,43 42,19 Urinary incontinence 81,87 5,45 29,07 Diseases of white blood cells 9,78 2,57 34,62 Systemic lupus erythematosus and connective tissue disorders6,22 2,51 50,62 Headache; including migraine 13,47 1,00 58,05

Nonrheumatic and unspecified valve disorders 30,41 13,46 39,36 Scoliosis and other postural dorsopathic deformities19,01 3,90 20,80 Essential hypertension 74,12 2,55 34,45 Esophageal disorders 23,73 2,49 50,29 Neoplasia (general) 11,32 0,93 53,76

Cardiac dysrhythmias 59,06 13,33 38,99 Disorders of teeth and gingiva 23,28 2,49 13,28 Disorders of lipid metabolism 53,00 2,19 29,55 Acquired foot deformities 17,14 2,48 50,07 Anxiety and fear-related disorders 39,05 0,90 52,17

Conduction disorders 31,08 11,31 33,09 Nutritional deficiencies 9,87 1,52 8,09 Cataract and other lens disorders 12,32 2,15 29,07 Spondylopathies/spondyloarthropathy (including infective)38,41 2,48 49,99 Trauma- and stressor-related disorders 7,41 0,87 50,30

Peripheral and visceral vascular disease 21,77 10,03 29,33 Esophageal disorders 14,10 1,48 7,90 Obesity 59,76 2,09 28,21 Other specified joint disorders 25,16 2,40 48,35 Other specified inflammatory condition of skin 6,68 0,86 50,02

Diabetes mellitus without complication 59,48 5,86 17,15 Nonrheumatic and unspecified valve disorders 3,29 1,46 7,76 Coronary atherosclerosis and other heart disease 4,25 2,04 27,51 Osteoarthritis 44,04 2,36 47,65 Thyroid disorders 21,67 0,83 48,14

Other specified and unspecified endocrine disorders18,63 5,19 15,18 Chronic kidney disease 2,93 1,32 7,05 Other specified and unspecified liver disease 15,40 2,01 27,10 Prolapse of female genital organs 8,32 2,24 45,14 Disorders of teeth and gingiva 7,49 0,80 46,52

Chronic obstructive pulmonary disease and bronchiectasis24,62 4,59 13,43 Other specified and unspecified endocrine disorders 4,25 1,19 6,32 Glaucoma 7,57 1,99 26,79 Osteoporosis 12,36 2,15 43,30 Other specified and unspecified upper respiratory disease13,05 0,79 45,85

Osteoporosis 17,22 2,99 8,74 Digestive congenital anomalies 3,33 1,18 6,27 Other specified and unspecified nutritional and metabolic disorders29,96 1,94 26,14 Scoliosis and other postural dorsopathic deformities10,30 2,11 42,64 Nerve and nerve root disorders 9,61 0,73 42,57

Cataract and other lens disorders 17,01 2,98 8,70 Other specified and unspecified nutritional and metabolic disorders17,62 1,14 6,08 Chronic obstructive pulmonary disease and bronchiectasis10,13 1,89 25,49 Asthma 17,70 2,02 40,71 Acquired foot deformities 4,96 0,72 41,64

Asthma 25,36 2,89 8,46 Cataract and other lens disorders 6,10 1,07 5,69 Peripheral and visceral vascular disease 3,68 1,70 22,88 Sleep wake disorders 34,46 2,00 40,46 Osteoporosis 4,09 0,71 41,28

Glaucoma 10,64 2,79 8,16 Sleep wake disorders 18,08 1,05 5,61 Neoplasia (general) 19,20 1,57 21,18 Nerve and nerve root disorders 26,01 1,98 40,03 Diseases of white blood cells 2,66 0,70 40,51

Other specified and unspecified liver disease 21,33 2,78 8,14 Chronic obstructive pulmonary disease and bronchiectasis5,38 1,00 5,35 Sleep wake disorders 26,43 1,54 20,74 Other specified and unspecified upper respiratory disease32,75 1,98 40,00 Prolapse of female genital organs 2,58 0,69 40,22

Essential hypertension 78,25 2,70 7,89 Osteoporosis 5,16 0,90 4,78 Schizophrenia spectrum and other psychotic disorders4,42 1,51 20,38 Nutritional deficiencies 12,87 1,98 39,88 Hearing loss 4,86 0,68 39,77

Disorders of lipid metabolism 63,10 2,61 7,63 Obesity 25,06 0,88 4,68 Hearing loss 10,28 1,45 19,56 Diverticulosis and diverticulitis 6,54 1,97 39,73 Other specified joint disorders 7,18 0,68 39,68

Sleep wake disorders 42,40 2,47 7,21 Other specified inflammatory condition of skin 6,59 0,85 4,53 Depressive disorders 27,94 1,39 18,69 Depressive disorders 38,06 1,89 38,11 Asthma 5,88 0,67 38,89

Other specified and unspecified nutritional and metabolic disorders37,78 2,44 7,15 Depressive disorders 16,34 0,81 4,32 Thyroid disorders 34,37 1,31 17,74 Other specified and unspecified endocrine disorders 6,68 1,86 37,58 Diverticulosis and diverticulitis 2,20 0,66 38,42

Nutritional deficiencies 15,25 2,34 6,85 Hearing loss 5,67 0,80 4,27 Systemic lupus erythematosus and connective tissue disorders3,15 1,27 17,14 Trauma- and stressor-related disorders 13,90 1,63 32,81 Conduction disorders 1,73 0,63 36,63

Obesity 66,04 2,31 6,76 Coronary atherosclerosis and other heart disease 1,60 0,77 4,11 Urinary incontinence 18,88 1,26 16,96 Headache; including migraine 21,42 1,59 32,10 Spondylopathies/spondyloarthropathy (including infective)9,75 0,63 36,50

Diverticulosis and diverticulitis 7,55 2,27 6,65 Other specified and unspecified upper respiratory disease12,54 0,76 4,05 Disorders of teeth and gingiva 11,41 1,22 16,47 Hearing loss 11,11 1,57 31,64 Other specified and unspecified endocrine disorders 2,24 0,63 36,31

Urinary incontinence 33,78 2,25 6,58 Heart failure 1,67 0,75 4,01 Osteoarthritis 22,75 1,22 16,45 Other specified and unspecified liver disease 11,59 1,51 30,51 Nutritional deficiencies 3,92 0,60 34,92

Osteoarthritis 40,47 2,17 6,35 Thyroid disorders 19,61 0,75 4,00 Nerve and nerve root disorders 14,50 1,11 14,91 Glaucoma 5,51 1,45 29,18 Obesity 17,15 0,60 34,85

Neoplasia (general) 23,75 1,94 5,68 Diabetes mellitus without complication 7,61 0,75 4,00 Cardiac dysrhythmias 4,77 1,08 14,51 Anxiety and fear-related disorders 61,93 1,42 28,76 Disorders of lipid metabolism 14,29 0,59 34,31

Schizophrenia spectrum and other psychotic disorders5,55 1,90 5,55 Diabetes mellitus with complication 1,71 0,69 3,67 Diverticulosis and diverticulitis 3,42 1,03 13,87 Chronic obstructive pulmonary disease and bronchiectasis7,58 1,41 28,55 Cataract and other lens disorders 3,32 0,58 33,77

Depressive disorders 38,27 1,90 5,55 Glaucoma 2,45 0,64 3,42 Anxiety and fear-related disorders 43,62 1,00 13,54 Menopausal disorders 22,40 1,40 28,26 Depressive disorders 11,57 0,57 33,32

Other specified inflammatory condition of skin 13,72 1,77 5,18 Systemic lupus erythematosus and connective tissue disorders1,45 0,59 3,13 Digestive congenital anomalies 2,82 0,99 13,42 Other specified and unspecified nutritional and metabolic disorders21,18 1,37 27,64 Other specified and unspecified nutritional and metabolic disorders8,79 0,57 33,00

Hearing loss 11,53 1,63 4,76 Other specified and unspecified liver disease 4,31 0,56 3,00 Other specified inflammatory condition of skin 7,53 0,97 13,10 Other specified inflammatory condition of skin 10,44 1,35 27,18 Essential hypertension 16,47 0,57 32,95

Systemic lupus erythematosus and connective tissue disorders3,99 1,61 4,70 Essential hypertension 16,04 0,55 2,95 Esophageal disorders 8,40 0,88 11,89 Urinary incontinence 19,41 1,29 26,09 Scoliosis and other postural dorsopathic deformities 2,76 0,57 32,83

Thyroid disorders 41,53 1,59 4,65 Menstrual disorders 4,23 0,52 2,80 Conduction disorders 2,42 0,88 11,87 Disorders of lipid metabolism 30,83 1,27 25,72 Glaucoma 2,13 0,56 32,44

Esophageal disorders 14,33 1,50 4,40 Disorders of lipid metabolism 12,64 0,52 2,79 Trauma- and stressor-related disorders 6,99 0,82 11,03 Obesity 36,12 1,26 25,51 Other specified and unspecified liver disease 4,13 0,54 31,25

Gastritis and duodenitis 5,63 1,38 4,04 Conduction disorders 1,41 0,51 2,73 Menstrual disorders 6,35 0,79 10,62 Thyroid disorders 33,00 1,26 25,48 Other specified and unspecified gastrointestinal disorders1,38 0,51 29,59

Spondylopathies/spondyloarthropathy (including infective)20,79 1,34 3,92 Anxiety and fear-related disorders 21,27 0,49 2,61 Asthma 6,75 0,77 10,37 Cataract and other lens disorders 6,45 1,13 22,76 Peripheral and visceral vascular disease 1,06 0,49 28,28

Trauma- and stressor-related disorders 11,38 1,33 3,89 Cardiac dysrhythmias 2,14 0,48 2,58 Other specified and unspecified gastrointestinal disorders2,07 0,77 10,32 Essential hypertension 31,29 1,08 21,76 Osteoarthritis 8,79 0,47 27,35

Other specified joint disorders 13,66 1,30 3,80 Other specified and unspecified gastrointestinal disorders1,18 0,44 2,33 Nutritional deficiencies 4,96 0,76 10,27 Diseases of white blood cells 3,80 1,00 20,14 Chronic obstructive pulmonary disease and bronchiectasis2,51 0,47 27,18

Disorders of teeth and gingiva 11,68 1,25 3,66 Osteoarthritis 7,69 0,41 2,20 Prolapse of female genital organs 2,70 0,73 9,78 Disorders of teeth and gingiva 9,30 0,99 20,07 Sleep wake disorders 7,69 0,45 25,97

Prolapse of female genital organs 4,64 1,25 3,65 Menopausal disorders 5,98 0,37 1,99 Menopausal disorders 11,14 0,70 9,40 Nonmalignant breast conditions 3,90 0,98 19,74 Cardiac dysrhythmias 1,97 0,44 25,82

Diseases of white blood cells 4,52 1,19 3,47 Trauma- and stressor-related disorders 3,15 0,37 1,97 Heart failure 1,49 0,67 9,06 Nonrheumatic and unspecified valve disorders 2,17 0,96 19,36 Esophageal disorders 4,19 0,44 25,53

Digestive congenital anomalies 3,03 1,07 3,12 Other specified joint disorders 3,62 0,34 1,84 Other specified and unspecified upper respiratory disease10,41 0,63 8,50 Peripheral and visceral vascular disease 1,97 0,91 18,28 Nonrheumatic and unspecified valve disorders 0,98 0,43 25,19

Anxiety and fear-related disorders 43,55 1,00 2,93 Asthma 2,57 0,29 1,57 Spondylopathies/spondyloarthropathy (including infective)9,69 0,63 8,43 Cardiac dysrhythmias 3,97 0,90 18,11 Systemic lupus erythematosus and connective tissue disorders1,04 0,42 24,41

Neurodevelopmental disorders 5,93 1,00 2,92 Diverticulosis and diverticulitis 0,83 0,25 1,33 Nonrheumatic and unspecified valve disorders 1,39 0,62 8,32 Neoplasia (general) 10,97 0,90 18,10 Digestive congenital anomalies 1,09 0,38 22,29

Nerve and nerve root disorders 8,86 0,68 1,98 Nonmalignant breast conditions 0,96 0,24 1,28 Headache; including migraine 7,77 0,58 7,78 Conduction disorders 2,13 0,78 15,68 Gastritis and duodenitis 1,50 0,37 21,33

Acquired foot deformities 4,18 0,61 1,77 Neoplasia (general) 2,93 0,24 1,28 Epilepsy; convulsions 2,60 0,57 7,68 Menstrual disorders 5,93 0,74 14,85 Urinary incontinence 5,51 0,37 21,30

Menopausal disorders 9,53 0,60 1,74 Diseases of white blood cells 0,91 0,24 1,27 Gastritis and duodenitis 1,95 0,48 6,44 Epilepsy; convulsions 2,41 0,53 10,66 Coronary atherosclerosis and other heart disease 0,62 0,30 17,34

Headache; including migraine 7,67 0,57 1,67 Peripheral and visceral vascular disease 0,50 0,23 1,23 Other specified joint disorders 4,92 0,47 6,32 Diabetes mellitus without complication 4,55 0,45 9,06 Neurodevelopmental disorders 1,40 0,24 13,68

Other specified and unspecified upper respiratory disease9,06 0,55 1,60 Prolapse of female genital organs 0,84 0,23 1,20 Acquired foot deformities 3,00 0,43 5,86 Coronary atherosclerosis and other heart disease 0,90 0,43 8,69 Epilepsy; convulsions 0,77 0,17 9,86

Menstrual disorders 3,03 0,38 1,10 Spondylopathies/spondyloarthropathy (including infective)3,36 0,22 1,16 Other specified and unspecified endocrine disorders 1,22 0,34 4,60 Heart failure 0,25 0,11 2,28 Schizophrenia spectrum and other psychotic disorders0,38 0,13 7,49

Epilepsy; convulsions 1,64 0,36 1,05 Acquired foot deformities 0,86 0,12 0,66 Nonmalignant breast conditions 0,88 0,22 2,97 Schizophrenia spectrum and other psychotic disorders0,22 0,08 1,52 Diabetes mellitus without complication 0,75 0,07 4,30

Scoliosis and other postural dorsopathic deformities 1,61 0,33 0,97 Nerve and nerve root disorders 1,27 0,10 0,51 Scoliosis and other postural dorsopathic deformities 1,00 0,20 2,76 Neurodevelopmental disorders 0,39 0,07 1,32 Heart failure 0,10 0,04 2,61

Other specified and unspecified gastrointestinal disorders0,10 0,04 0,10 Headache; including migraine 1,01 0,08 0,40 Neurodevelopmental disorders 1,14 0,19 2,58 Diabetes mellitus with complication 0,10 0,04 0,81 Chronic kidney disease 0,02 0,01 0,52

Nonmalignant breast conditions 0,05 0,01 0,04 Gastritis and duodenitis 0,02 0,00 0,02 Osteoporosis 0,81 0,14 1,90 Chronic kidney disease 0,08 0,04 0,77 Diabetes mellitus with complication 0,01 0,00 0,21

DM - Cardiovascular diseases Neuropsychatric Cardiovascular risk factors Osteoinflammatory - psychosomatic Gynecological disorders
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A2. Study 2: MRisk-COVID study

Females, 46-65 (2 out of 3)

Female 46-65

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition
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Exclusivity 

(%) Chronic condition
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(%)
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Heart failure 62,14 28,05 82,04 Neurodevelopmental disorders 88,48 14,90 79,49 Diabetes mellitus without complication 49,26 4,86 65,49 Gastritis and duodenitis 13,77 3,38 68,17 Nonmalignant breast conditions 5,22 1,31 75,97

Diabetes mellitus with complication 37,86 15,26 44,63 Epilepsy; convulsions 60,53 13,26 70,75 Diabetes mellitus with complication 9,32 3,76 50,68 Other specified and unspecified gastrointestinal disorders7,72 2,86 57,65 Menstrual disorders 9,81 1,22 70,64

Coronary atherosclerosis and other heart disease 30,15 14,48 42,35 Schizophrenia spectrum and other psychotic disorders35,67 12,20 65,06 Chronic kidney disease 8,12 3,67 49,47 Digestive congenital anomalies 7,71 2,72 54,90 Menopausal disorders 16,14 1,01 58,60

Chronic kidney disease 31,96 14,43 42,19 Urinary incontinence 81,87 5,45 29,07 Diseases of white blood cells 9,78 2,57 34,62 Systemic lupus erythematosus and connective tissue disorders6,22 2,51 50,62 Headache; including migraine 13,47 1,00 58,05

Nonrheumatic and unspecified valve disorders 30,41 13,46 39,36 Scoliosis and other postural dorsopathic deformities19,01 3,90 20,80 Essential hypertension 74,12 2,55 34,45 Esophageal disorders 23,73 2,49 50,29 Neoplasia (general) 11,32 0,93 53,76

Cardiac dysrhythmias 59,06 13,33 38,99 Disorders of teeth and gingiva 23,28 2,49 13,28 Disorders of lipid metabolism 53,00 2,19 29,55 Acquired foot deformities 17,14 2,48 50,07 Anxiety and fear-related disorders 39,05 0,90 52,17

Conduction disorders 31,08 11,31 33,09 Nutritional deficiencies 9,87 1,52 8,09 Cataract and other lens disorders 12,32 2,15 29,07 Spondylopathies/spondyloarthropathy (including infective)38,41 2,48 49,99 Trauma- and stressor-related disorders 7,41 0,87 50,30

Peripheral and visceral vascular disease 21,77 10,03 29,33 Esophageal disorders 14,10 1,48 7,90 Obesity 59,76 2,09 28,21 Other specified joint disorders 25,16 2,40 48,35 Other specified inflammatory condition of skin 6,68 0,86 50,02

Diabetes mellitus without complication 59,48 5,86 17,15 Nonrheumatic and unspecified valve disorders 3,29 1,46 7,76 Coronary atherosclerosis and other heart disease 4,25 2,04 27,51 Osteoarthritis 44,04 2,36 47,65 Thyroid disorders 21,67 0,83 48,14

Other specified and unspecified endocrine disorders18,63 5,19 15,18 Chronic kidney disease 2,93 1,32 7,05 Other specified and unspecified liver disease 15,40 2,01 27,10 Prolapse of female genital organs 8,32 2,24 45,14 Disorders of teeth and gingiva 7,49 0,80 46,52

Chronic obstructive pulmonary disease and bronchiectasis24,62 4,59 13,43 Other specified and unspecified endocrine disorders 4,25 1,19 6,32 Glaucoma 7,57 1,99 26,79 Osteoporosis 12,36 2,15 43,30 Other specified and unspecified upper respiratory disease13,05 0,79 45,85

Osteoporosis 17,22 2,99 8,74 Digestive congenital anomalies 3,33 1,18 6,27 Other specified and unspecified nutritional and metabolic disorders29,96 1,94 26,14 Scoliosis and other postural dorsopathic deformities10,30 2,11 42,64 Nerve and nerve root disorders 9,61 0,73 42,57

Cataract and other lens disorders 17,01 2,98 8,70 Other specified and unspecified nutritional and metabolic disorders17,62 1,14 6,08 Chronic obstructive pulmonary disease and bronchiectasis10,13 1,89 25,49 Asthma 17,70 2,02 40,71 Acquired foot deformities 4,96 0,72 41,64

Asthma 25,36 2,89 8,46 Cataract and other lens disorders 6,10 1,07 5,69 Peripheral and visceral vascular disease 3,68 1,70 22,88 Sleep wake disorders 34,46 2,00 40,46 Osteoporosis 4,09 0,71 41,28

Glaucoma 10,64 2,79 8,16 Sleep wake disorders 18,08 1,05 5,61 Neoplasia (general) 19,20 1,57 21,18 Nerve and nerve root disorders 26,01 1,98 40,03 Diseases of white blood cells 2,66 0,70 40,51

Other specified and unspecified liver disease 21,33 2,78 8,14 Chronic obstructive pulmonary disease and bronchiectasis5,38 1,00 5,35 Sleep wake disorders 26,43 1,54 20,74 Other specified and unspecified upper respiratory disease32,75 1,98 40,00 Prolapse of female genital organs 2,58 0,69 40,22

Essential hypertension 78,25 2,70 7,89 Osteoporosis 5,16 0,90 4,78 Schizophrenia spectrum and other psychotic disorders4,42 1,51 20,38 Nutritional deficiencies 12,87 1,98 39,88 Hearing loss 4,86 0,68 39,77

Disorders of lipid metabolism 63,10 2,61 7,63 Obesity 25,06 0,88 4,68 Hearing loss 10,28 1,45 19,56 Diverticulosis and diverticulitis 6,54 1,97 39,73 Other specified joint disorders 7,18 0,68 39,68

Sleep wake disorders 42,40 2,47 7,21 Other specified inflammatory condition of skin 6,59 0,85 4,53 Depressive disorders 27,94 1,39 18,69 Depressive disorders 38,06 1,89 38,11 Asthma 5,88 0,67 38,89

Other specified and unspecified nutritional and metabolic disorders37,78 2,44 7,15 Depressive disorders 16,34 0,81 4,32 Thyroid disorders 34,37 1,31 17,74 Other specified and unspecified endocrine disorders 6,68 1,86 37,58 Diverticulosis and diverticulitis 2,20 0,66 38,42

Nutritional deficiencies 15,25 2,34 6,85 Hearing loss 5,67 0,80 4,27 Systemic lupus erythematosus and connective tissue disorders3,15 1,27 17,14 Trauma- and stressor-related disorders 13,90 1,63 32,81 Conduction disorders 1,73 0,63 36,63

Obesity 66,04 2,31 6,76 Coronary atherosclerosis and other heart disease 1,60 0,77 4,11 Urinary incontinence 18,88 1,26 16,96 Headache; including migraine 21,42 1,59 32,10 Spondylopathies/spondyloarthropathy (including infective)9,75 0,63 36,50

Diverticulosis and diverticulitis 7,55 2,27 6,65 Other specified and unspecified upper respiratory disease12,54 0,76 4,05 Disorders of teeth and gingiva 11,41 1,22 16,47 Hearing loss 11,11 1,57 31,64 Other specified and unspecified endocrine disorders 2,24 0,63 36,31

Urinary incontinence 33,78 2,25 6,58 Heart failure 1,67 0,75 4,01 Osteoarthritis 22,75 1,22 16,45 Other specified and unspecified liver disease 11,59 1,51 30,51 Nutritional deficiencies 3,92 0,60 34,92

Osteoarthritis 40,47 2,17 6,35 Thyroid disorders 19,61 0,75 4,00 Nerve and nerve root disorders 14,50 1,11 14,91 Glaucoma 5,51 1,45 29,18 Obesity 17,15 0,60 34,85

Neoplasia (general) 23,75 1,94 5,68 Diabetes mellitus without complication 7,61 0,75 4,00 Cardiac dysrhythmias 4,77 1,08 14,51 Anxiety and fear-related disorders 61,93 1,42 28,76 Disorders of lipid metabolism 14,29 0,59 34,31

Schizophrenia spectrum and other psychotic disorders5,55 1,90 5,55 Diabetes mellitus with complication 1,71 0,69 3,67 Diverticulosis and diverticulitis 3,42 1,03 13,87 Chronic obstructive pulmonary disease and bronchiectasis7,58 1,41 28,55 Cataract and other lens disorders 3,32 0,58 33,77

Depressive disorders 38,27 1,90 5,55 Glaucoma 2,45 0,64 3,42 Anxiety and fear-related disorders 43,62 1,00 13,54 Menopausal disorders 22,40 1,40 28,26 Depressive disorders 11,57 0,57 33,32

Other specified inflammatory condition of skin 13,72 1,77 5,18 Systemic lupus erythematosus and connective tissue disorders1,45 0,59 3,13 Digestive congenital anomalies 2,82 0,99 13,42 Other specified and unspecified nutritional and metabolic disorders21,18 1,37 27,64 Other specified and unspecified nutritional and metabolic disorders8,79 0,57 33,00

Hearing loss 11,53 1,63 4,76 Other specified and unspecified liver disease 4,31 0,56 3,00 Other specified inflammatory condition of skin 7,53 0,97 13,10 Other specified inflammatory condition of skin 10,44 1,35 27,18 Essential hypertension 16,47 0,57 32,95

Systemic lupus erythematosus and connective tissue disorders3,99 1,61 4,70 Essential hypertension 16,04 0,55 2,95 Esophageal disorders 8,40 0,88 11,89 Urinary incontinence 19,41 1,29 26,09 Scoliosis and other postural dorsopathic deformities 2,76 0,57 32,83

Thyroid disorders 41,53 1,59 4,65 Menstrual disorders 4,23 0,52 2,80 Conduction disorders 2,42 0,88 11,87 Disorders of lipid metabolism 30,83 1,27 25,72 Glaucoma 2,13 0,56 32,44

Esophageal disorders 14,33 1,50 4,40 Disorders of lipid metabolism 12,64 0,52 2,79 Trauma- and stressor-related disorders 6,99 0,82 11,03 Obesity 36,12 1,26 25,51 Other specified and unspecified liver disease 4,13 0,54 31,25

Gastritis and duodenitis 5,63 1,38 4,04 Conduction disorders 1,41 0,51 2,73 Menstrual disorders 6,35 0,79 10,62 Thyroid disorders 33,00 1,26 25,48 Other specified and unspecified gastrointestinal disorders1,38 0,51 29,59

Spondylopathies/spondyloarthropathy (including infective)20,79 1,34 3,92 Anxiety and fear-related disorders 21,27 0,49 2,61 Asthma 6,75 0,77 10,37 Cataract and other lens disorders 6,45 1,13 22,76 Peripheral and visceral vascular disease 1,06 0,49 28,28

Trauma- and stressor-related disorders 11,38 1,33 3,89 Cardiac dysrhythmias 2,14 0,48 2,58 Other specified and unspecified gastrointestinal disorders2,07 0,77 10,32 Essential hypertension 31,29 1,08 21,76 Osteoarthritis 8,79 0,47 27,35

Other specified joint disorders 13,66 1,30 3,80 Other specified and unspecified gastrointestinal disorders1,18 0,44 2,33 Nutritional deficiencies 4,96 0,76 10,27 Diseases of white blood cells 3,80 1,00 20,14 Chronic obstructive pulmonary disease and bronchiectasis2,51 0,47 27,18

Disorders of teeth and gingiva 11,68 1,25 3,66 Osteoarthritis 7,69 0,41 2,20 Prolapse of female genital organs 2,70 0,73 9,78 Disorders of teeth and gingiva 9,30 0,99 20,07 Sleep wake disorders 7,69 0,45 25,97

Prolapse of female genital organs 4,64 1,25 3,65 Menopausal disorders 5,98 0,37 1,99 Menopausal disorders 11,14 0,70 9,40 Nonmalignant breast conditions 3,90 0,98 19,74 Cardiac dysrhythmias 1,97 0,44 25,82

Diseases of white blood cells 4,52 1,19 3,47 Trauma- and stressor-related disorders 3,15 0,37 1,97 Heart failure 1,49 0,67 9,06 Nonrheumatic and unspecified valve disorders 2,17 0,96 19,36 Esophageal disorders 4,19 0,44 25,53

Digestive congenital anomalies 3,03 1,07 3,12 Other specified joint disorders 3,62 0,34 1,84 Other specified and unspecified upper respiratory disease10,41 0,63 8,50 Peripheral and visceral vascular disease 1,97 0,91 18,28 Nonrheumatic and unspecified valve disorders 0,98 0,43 25,19

Anxiety and fear-related disorders 43,55 1,00 2,93 Asthma 2,57 0,29 1,57 Spondylopathies/spondyloarthropathy (including infective)9,69 0,63 8,43 Cardiac dysrhythmias 3,97 0,90 18,11 Systemic lupus erythematosus and connective tissue disorders1,04 0,42 24,41

Neurodevelopmental disorders 5,93 1,00 2,92 Diverticulosis and diverticulitis 0,83 0,25 1,33 Nonrheumatic and unspecified valve disorders 1,39 0,62 8,32 Neoplasia (general) 10,97 0,90 18,10 Digestive congenital anomalies 1,09 0,38 22,29

Nerve and nerve root disorders 8,86 0,68 1,98 Nonmalignant breast conditions 0,96 0,24 1,28 Headache; including migraine 7,77 0,58 7,78 Conduction disorders 2,13 0,78 15,68 Gastritis and duodenitis 1,50 0,37 21,33

Acquired foot deformities 4,18 0,61 1,77 Neoplasia (general) 2,93 0,24 1,28 Epilepsy; convulsions 2,60 0,57 7,68 Menstrual disorders 5,93 0,74 14,85 Urinary incontinence 5,51 0,37 21,30

Menopausal disorders 9,53 0,60 1,74 Diseases of white blood cells 0,91 0,24 1,27 Gastritis and duodenitis 1,95 0,48 6,44 Epilepsy; convulsions 2,41 0,53 10,66 Coronary atherosclerosis and other heart disease 0,62 0,30 17,34

Headache; including migraine 7,67 0,57 1,67 Peripheral and visceral vascular disease 0,50 0,23 1,23 Other specified joint disorders 4,92 0,47 6,32 Diabetes mellitus without complication 4,55 0,45 9,06 Neurodevelopmental disorders 1,40 0,24 13,68

Other specified and unspecified upper respiratory disease9,06 0,55 1,60 Prolapse of female genital organs 0,84 0,23 1,20 Acquired foot deformities 3,00 0,43 5,86 Coronary atherosclerosis and other heart disease 0,90 0,43 8,69 Epilepsy; convulsions 0,77 0,17 9,86

Menstrual disorders 3,03 0,38 1,10 Spondylopathies/spondyloarthropathy (including infective)3,36 0,22 1,16 Other specified and unspecified endocrine disorders 1,22 0,34 4,60 Heart failure 0,25 0,11 2,28 Schizophrenia spectrum and other psychotic disorders0,38 0,13 7,49

Epilepsy; convulsions 1,64 0,36 1,05 Acquired foot deformities 0,86 0,12 0,66 Nonmalignant breast conditions 0,88 0,22 2,97 Schizophrenia spectrum and other psychotic disorders0,22 0,08 1,52 Diabetes mellitus without complication 0,75 0,07 4,30

Scoliosis and other postural dorsopathic deformities 1,61 0,33 0,97 Nerve and nerve root disorders 1,27 0,10 0,51 Scoliosis and other postural dorsopathic deformities 1,00 0,20 2,76 Neurodevelopmental disorders 0,39 0,07 1,32 Heart failure 0,10 0,04 2,61

Other specified and unspecified gastrointestinal disorders0,10 0,04 0,10 Headache; including migraine 1,01 0,08 0,40 Neurodevelopmental disorders 1,14 0,19 2,58 Diabetes mellitus with complication 0,10 0,04 0,81 Chronic kidney disease 0,02 0,01 0,52

Nonmalignant breast conditions 0,05 0,01 0,04 Gastritis and duodenitis 0,02 0,00 0,02 Osteoporosis 0,81 0,14 1,90 Chronic kidney disease 0,08 0,04 0,77 Diabetes mellitus with complication 0,01 0,00 0,21

DM - Cardiovascular diseases Neuropsychatric Cardiovascular risk factors Osteoinflammatory - psychosomatic Gynecological disorders
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Appendix A. Supplementary files

Females, 46-65 (3 out of 3)

Female 46-65

Chronic condition

Prevalence 

(%)
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Heart failure 62,14 28,05 82,04 Neurodevelopmental disorders 88,48 14,90 79,49 Diabetes mellitus without complication 49,26 4,86 65,49 Gastritis and duodenitis 13,77 3,38 68,17 Nonmalignant breast conditions 5,22 1,31 75,97

Diabetes mellitus with complication 37,86 15,26 44,63 Epilepsy; convulsions 60,53 13,26 70,75 Diabetes mellitus with complication 9,32 3,76 50,68 Other specified and unspecified gastrointestinal disorders7,72 2,86 57,65 Menstrual disorders 9,81 1,22 70,64

Coronary atherosclerosis and other heart disease 30,15 14,48 42,35 Schizophrenia spectrum and other psychotic disorders35,67 12,20 65,06 Chronic kidney disease 8,12 3,67 49,47 Digestive congenital anomalies 7,71 2,72 54,90 Menopausal disorders 16,14 1,01 58,60

Chronic kidney disease 31,96 14,43 42,19 Urinary incontinence 81,87 5,45 29,07 Diseases of white blood cells 9,78 2,57 34,62 Systemic lupus erythematosus and connective tissue disorders6,22 2,51 50,62 Headache; including migraine 13,47 1,00 58,05

Nonrheumatic and unspecified valve disorders 30,41 13,46 39,36 Scoliosis and other postural dorsopathic deformities19,01 3,90 20,80 Essential hypertension 74,12 2,55 34,45 Esophageal disorders 23,73 2,49 50,29 Neoplasia (general) 11,32 0,93 53,76

Cardiac dysrhythmias 59,06 13,33 38,99 Disorders of teeth and gingiva 23,28 2,49 13,28 Disorders of lipid metabolism 53,00 2,19 29,55 Acquired foot deformities 17,14 2,48 50,07 Anxiety and fear-related disorders 39,05 0,90 52,17

Conduction disorders 31,08 11,31 33,09 Nutritional deficiencies 9,87 1,52 8,09 Cataract and other lens disorders 12,32 2,15 29,07 Spondylopathies/spondyloarthropathy (including infective)38,41 2,48 49,99 Trauma- and stressor-related disorders 7,41 0,87 50,30

Peripheral and visceral vascular disease 21,77 10,03 29,33 Esophageal disorders 14,10 1,48 7,90 Obesity 59,76 2,09 28,21 Other specified joint disorders 25,16 2,40 48,35 Other specified inflammatory condition of skin 6,68 0,86 50,02

Diabetes mellitus without complication 59,48 5,86 17,15 Nonrheumatic and unspecified valve disorders 3,29 1,46 7,76 Coronary atherosclerosis and other heart disease 4,25 2,04 27,51 Osteoarthritis 44,04 2,36 47,65 Thyroid disorders 21,67 0,83 48,14

Other specified and unspecified endocrine disorders18,63 5,19 15,18 Chronic kidney disease 2,93 1,32 7,05 Other specified and unspecified liver disease 15,40 2,01 27,10 Prolapse of female genital organs 8,32 2,24 45,14 Disorders of teeth and gingiva 7,49 0,80 46,52

Chronic obstructive pulmonary disease and bronchiectasis24,62 4,59 13,43 Other specified and unspecified endocrine disorders 4,25 1,19 6,32 Glaucoma 7,57 1,99 26,79 Osteoporosis 12,36 2,15 43,30 Other specified and unspecified upper respiratory disease13,05 0,79 45,85

Osteoporosis 17,22 2,99 8,74 Digestive congenital anomalies 3,33 1,18 6,27 Other specified and unspecified nutritional and metabolic disorders29,96 1,94 26,14 Scoliosis and other postural dorsopathic deformities10,30 2,11 42,64 Nerve and nerve root disorders 9,61 0,73 42,57

Cataract and other lens disorders 17,01 2,98 8,70 Other specified and unspecified nutritional and metabolic disorders17,62 1,14 6,08 Chronic obstructive pulmonary disease and bronchiectasis10,13 1,89 25,49 Asthma 17,70 2,02 40,71 Acquired foot deformities 4,96 0,72 41,64

Asthma 25,36 2,89 8,46 Cataract and other lens disorders 6,10 1,07 5,69 Peripheral and visceral vascular disease 3,68 1,70 22,88 Sleep wake disorders 34,46 2,00 40,46 Osteoporosis 4,09 0,71 41,28

Glaucoma 10,64 2,79 8,16 Sleep wake disorders 18,08 1,05 5,61 Neoplasia (general) 19,20 1,57 21,18 Nerve and nerve root disorders 26,01 1,98 40,03 Diseases of white blood cells 2,66 0,70 40,51

Other specified and unspecified liver disease 21,33 2,78 8,14 Chronic obstructive pulmonary disease and bronchiectasis5,38 1,00 5,35 Sleep wake disorders 26,43 1,54 20,74 Other specified and unspecified upper respiratory disease32,75 1,98 40,00 Prolapse of female genital organs 2,58 0,69 40,22

Essential hypertension 78,25 2,70 7,89 Osteoporosis 5,16 0,90 4,78 Schizophrenia spectrum and other psychotic disorders4,42 1,51 20,38 Nutritional deficiencies 12,87 1,98 39,88 Hearing loss 4,86 0,68 39,77

Disorders of lipid metabolism 63,10 2,61 7,63 Obesity 25,06 0,88 4,68 Hearing loss 10,28 1,45 19,56 Diverticulosis and diverticulitis 6,54 1,97 39,73 Other specified joint disorders 7,18 0,68 39,68

Sleep wake disorders 42,40 2,47 7,21 Other specified inflammatory condition of skin 6,59 0,85 4,53 Depressive disorders 27,94 1,39 18,69 Depressive disorders 38,06 1,89 38,11 Asthma 5,88 0,67 38,89

Other specified and unspecified nutritional and metabolic disorders37,78 2,44 7,15 Depressive disorders 16,34 0,81 4,32 Thyroid disorders 34,37 1,31 17,74 Other specified and unspecified endocrine disorders 6,68 1,86 37,58 Diverticulosis and diverticulitis 2,20 0,66 38,42

Nutritional deficiencies 15,25 2,34 6,85 Hearing loss 5,67 0,80 4,27 Systemic lupus erythematosus and connective tissue disorders3,15 1,27 17,14 Trauma- and stressor-related disorders 13,90 1,63 32,81 Conduction disorders 1,73 0,63 36,63

Obesity 66,04 2,31 6,76 Coronary atherosclerosis and other heart disease 1,60 0,77 4,11 Urinary incontinence 18,88 1,26 16,96 Headache; including migraine 21,42 1,59 32,10 Spondylopathies/spondyloarthropathy (including infective)9,75 0,63 36,50

Diverticulosis and diverticulitis 7,55 2,27 6,65 Other specified and unspecified upper respiratory disease12,54 0,76 4,05 Disorders of teeth and gingiva 11,41 1,22 16,47 Hearing loss 11,11 1,57 31,64 Other specified and unspecified endocrine disorders 2,24 0,63 36,31

Urinary incontinence 33,78 2,25 6,58 Heart failure 1,67 0,75 4,01 Osteoarthritis 22,75 1,22 16,45 Other specified and unspecified liver disease 11,59 1,51 30,51 Nutritional deficiencies 3,92 0,60 34,92

Osteoarthritis 40,47 2,17 6,35 Thyroid disorders 19,61 0,75 4,00 Nerve and nerve root disorders 14,50 1,11 14,91 Glaucoma 5,51 1,45 29,18 Obesity 17,15 0,60 34,85

Neoplasia (general) 23,75 1,94 5,68 Diabetes mellitus without complication 7,61 0,75 4,00 Cardiac dysrhythmias 4,77 1,08 14,51 Anxiety and fear-related disorders 61,93 1,42 28,76 Disorders of lipid metabolism 14,29 0,59 34,31

Schizophrenia spectrum and other psychotic disorders5,55 1,90 5,55 Diabetes mellitus with complication 1,71 0,69 3,67 Diverticulosis and diverticulitis 3,42 1,03 13,87 Chronic obstructive pulmonary disease and bronchiectasis7,58 1,41 28,55 Cataract and other lens disorders 3,32 0,58 33,77

Depressive disorders 38,27 1,90 5,55 Glaucoma 2,45 0,64 3,42 Anxiety and fear-related disorders 43,62 1,00 13,54 Menopausal disorders 22,40 1,40 28,26 Depressive disorders 11,57 0,57 33,32

Other specified inflammatory condition of skin 13,72 1,77 5,18 Systemic lupus erythematosus and connective tissue disorders1,45 0,59 3,13 Digestive congenital anomalies 2,82 0,99 13,42 Other specified and unspecified nutritional and metabolic disorders21,18 1,37 27,64 Other specified and unspecified nutritional and metabolic disorders8,79 0,57 33,00

Hearing loss 11,53 1,63 4,76 Other specified and unspecified liver disease 4,31 0,56 3,00 Other specified inflammatory condition of skin 7,53 0,97 13,10 Other specified inflammatory condition of skin 10,44 1,35 27,18 Essential hypertension 16,47 0,57 32,95

Systemic lupus erythematosus and connective tissue disorders3,99 1,61 4,70 Essential hypertension 16,04 0,55 2,95 Esophageal disorders 8,40 0,88 11,89 Urinary incontinence 19,41 1,29 26,09 Scoliosis and other postural dorsopathic deformities 2,76 0,57 32,83

Thyroid disorders 41,53 1,59 4,65 Menstrual disorders 4,23 0,52 2,80 Conduction disorders 2,42 0,88 11,87 Disorders of lipid metabolism 30,83 1,27 25,72 Glaucoma 2,13 0,56 32,44

Esophageal disorders 14,33 1,50 4,40 Disorders of lipid metabolism 12,64 0,52 2,79 Trauma- and stressor-related disorders 6,99 0,82 11,03 Obesity 36,12 1,26 25,51 Other specified and unspecified liver disease 4,13 0,54 31,25

Gastritis and duodenitis 5,63 1,38 4,04 Conduction disorders 1,41 0,51 2,73 Menstrual disorders 6,35 0,79 10,62 Thyroid disorders 33,00 1,26 25,48 Other specified and unspecified gastrointestinal disorders1,38 0,51 29,59

Spondylopathies/spondyloarthropathy (including infective)20,79 1,34 3,92 Anxiety and fear-related disorders 21,27 0,49 2,61 Asthma 6,75 0,77 10,37 Cataract and other lens disorders 6,45 1,13 22,76 Peripheral and visceral vascular disease 1,06 0,49 28,28

Trauma- and stressor-related disorders 11,38 1,33 3,89 Cardiac dysrhythmias 2,14 0,48 2,58 Other specified and unspecified gastrointestinal disorders2,07 0,77 10,32 Essential hypertension 31,29 1,08 21,76 Osteoarthritis 8,79 0,47 27,35

Other specified joint disorders 13,66 1,30 3,80 Other specified and unspecified gastrointestinal disorders1,18 0,44 2,33 Nutritional deficiencies 4,96 0,76 10,27 Diseases of white blood cells 3,80 1,00 20,14 Chronic obstructive pulmonary disease and bronchiectasis2,51 0,47 27,18

Disorders of teeth and gingiva 11,68 1,25 3,66 Osteoarthritis 7,69 0,41 2,20 Prolapse of female genital organs 2,70 0,73 9,78 Disorders of teeth and gingiva 9,30 0,99 20,07 Sleep wake disorders 7,69 0,45 25,97

Prolapse of female genital organs 4,64 1,25 3,65 Menopausal disorders 5,98 0,37 1,99 Menopausal disorders 11,14 0,70 9,40 Nonmalignant breast conditions 3,90 0,98 19,74 Cardiac dysrhythmias 1,97 0,44 25,82

Diseases of white blood cells 4,52 1,19 3,47 Trauma- and stressor-related disorders 3,15 0,37 1,97 Heart failure 1,49 0,67 9,06 Nonrheumatic and unspecified valve disorders 2,17 0,96 19,36 Esophageal disorders 4,19 0,44 25,53

Digestive congenital anomalies 3,03 1,07 3,12 Other specified joint disorders 3,62 0,34 1,84 Other specified and unspecified upper respiratory disease10,41 0,63 8,50 Peripheral and visceral vascular disease 1,97 0,91 18,28 Nonrheumatic and unspecified valve disorders 0,98 0,43 25,19

Anxiety and fear-related disorders 43,55 1,00 2,93 Asthma 2,57 0,29 1,57 Spondylopathies/spondyloarthropathy (including infective)9,69 0,63 8,43 Cardiac dysrhythmias 3,97 0,90 18,11 Systemic lupus erythematosus and connective tissue disorders1,04 0,42 24,41

Neurodevelopmental disorders 5,93 1,00 2,92 Diverticulosis and diverticulitis 0,83 0,25 1,33 Nonrheumatic and unspecified valve disorders 1,39 0,62 8,32 Neoplasia (general) 10,97 0,90 18,10 Digestive congenital anomalies 1,09 0,38 22,29

Nerve and nerve root disorders 8,86 0,68 1,98 Nonmalignant breast conditions 0,96 0,24 1,28 Headache; including migraine 7,77 0,58 7,78 Conduction disorders 2,13 0,78 15,68 Gastritis and duodenitis 1,50 0,37 21,33

Acquired foot deformities 4,18 0,61 1,77 Neoplasia (general) 2,93 0,24 1,28 Epilepsy; convulsions 2,60 0,57 7,68 Menstrual disorders 5,93 0,74 14,85 Urinary incontinence 5,51 0,37 21,30

Menopausal disorders 9,53 0,60 1,74 Diseases of white blood cells 0,91 0,24 1,27 Gastritis and duodenitis 1,95 0,48 6,44 Epilepsy; convulsions 2,41 0,53 10,66 Coronary atherosclerosis and other heart disease 0,62 0,30 17,34

Headache; including migraine 7,67 0,57 1,67 Peripheral and visceral vascular disease 0,50 0,23 1,23 Other specified joint disorders 4,92 0,47 6,32 Diabetes mellitus without complication 4,55 0,45 9,06 Neurodevelopmental disorders 1,40 0,24 13,68

Other specified and unspecified upper respiratory disease9,06 0,55 1,60 Prolapse of female genital organs 0,84 0,23 1,20 Acquired foot deformities 3,00 0,43 5,86 Coronary atherosclerosis and other heart disease 0,90 0,43 8,69 Epilepsy; convulsions 0,77 0,17 9,86

Menstrual disorders 3,03 0,38 1,10 Spondylopathies/spondyloarthropathy (including infective)3,36 0,22 1,16 Other specified and unspecified endocrine disorders 1,22 0,34 4,60 Heart failure 0,25 0,11 2,28 Schizophrenia spectrum and other psychotic disorders0,38 0,13 7,49

Epilepsy; convulsions 1,64 0,36 1,05 Acquired foot deformities 0,86 0,12 0,66 Nonmalignant breast conditions 0,88 0,22 2,97 Schizophrenia spectrum and other psychotic disorders0,22 0,08 1,52 Diabetes mellitus without complication 0,75 0,07 4,30

Scoliosis and other postural dorsopathic deformities 1,61 0,33 0,97 Nerve and nerve root disorders 1,27 0,10 0,51 Scoliosis and other postural dorsopathic deformities 1,00 0,20 2,76 Neurodevelopmental disorders 0,39 0,07 1,32 Heart failure 0,10 0,04 2,61

Other specified and unspecified gastrointestinal disorders0,10 0,04 0,10 Headache; including migraine 1,01 0,08 0,40 Neurodevelopmental disorders 1,14 0,19 2,58 Diabetes mellitus with complication 0,10 0,04 0,81 Chronic kidney disease 0,02 0,01 0,52

Nonmalignant breast conditions 0,05 0,01 0,04 Gastritis and duodenitis 0,02 0,00 0,02 Osteoporosis 0,81 0,14 1,90 Chronic kidney disease 0,08 0,04 0,77 Diabetes mellitus with complication 0,01 0,00 0,21

DM - Cardiovascular diseases Neuropsychatric Cardiovascular risk factors Osteoinflammatory - psychosomatic Gynecological disorders
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Males, 66-80 (1 out of 3)
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Pulmonary heart disease 65,01 13,70 86,10 Paralysis (other than cerebral palsy) 27,35 7,07 45,43 Diabetes mellitus with complication 53,66 3,55 45,25 Parkinson`s disease 21,29 5,51 77,31 Headache; including migraine 6,83 2,29 55,51 Acquired foot deformities 4,08 1,29 46,74

Chronic rheumatic heart disease 37,58 10,43 65,54 Sequela of cerebral infarction and other cerebrovascular disease18,95 6,16 39,58 Nephritis; nephrosis; renal sclerosis 8,29 3,50 44,55 Schizophrenia spectrum and other psychotic disorders19,98 5,17 72,56 Diverticulosis and diverticulitis 21,68 2,04 49,54 Hematologic neoplasia 3,62 1,21 43,94

Respiratory failure; insufficiency; arrest 38,56 9,75 61,28 Other and ill-defined cerebrovascular disease 13,87 6,07 39,00 Non-pressure ulcer of skin 13,52 3,42 43,59 Neurodevelopmental disorders 14,23 4,76 66,88 Acquired foot deformities 5,78 1,83 44,41 Nerve and nerve root disorders 6,50 1,19 43,18

Nonrheumatic and unspecified valve disorders 49,07 5,22 32,79 Cerebral infarction 42,22 5,17 33,18 Myocarditis and cardiomyopathy 15,06 3,30 42,01 Disruptive, impulse-control and conduct disorders 13,63 4,70 66,00 Digestive congenital anomalies 6,62 1,80 43,60 Scoliosis and other postural dorsopathic deformities2,31 1,09 39,64

Heart failure 87,52 4,70 29,52 Occlusion or stenosis of precerebral or cerebral arteries without infarction13,97 4,97 31,91 Acute myocardial infarction 26,77 3,17 40,45 Symptoms of mental and substance use conditions26,91 4,50 63,23 Gastritis and duodenitis 7,55 1,75 42,60 Neoplasia (general) 35,21 1,04 37,79

Other and ill-defined heart disease 33,33 4,63 29,07 Transient cerebral ischemia 13,76 4,61 29,58 Heart failure 52,98 2,84 36,25 Epilepsy; convulsions 18,51 4,21 59,15 Other specified joint disorders 15,92 1,71 41,50 Glaucoma 11,42 1,03 37,34

Myocarditis and cardiomyopathy 19,93 4,36 27,40 Non-pressure ulcer of skin 17,09 4,32 27,76 Coronary atherosclerosis and other heart disease 66,09 2,84 36,17 Pressure ulcer of skin 18,09 3,27 45,89 Esophageal disorders 22,54 1,64 39,93 Other specified and unspecified lower respiratory disease3,21 0,94 33,94

Osteoporosis 23,83 4,05 25,44 Nervous system signs and symptoms 21,72 4,26 27,37 Peripheral and visceral vascular disease 48,26 2,80 35,71 Other general signs and symptoms 20,73 3,10 43,58 Other specified and unspecified liver disease 20,91 1,63 39,59 Other specified and unspecified upper respiratory disease9,42 0,88 31,82

Other specified and unspecified lower respiratory disease12,16 3,55 22,29 Other specified and unspecified endocrine disorders11,30 3,68 23,61 Other specified and unspecified endocrine disorders8,27 2,69 34,28 Urinary incontinence 80,13 3,01 42,26 Osteoarthritis 48,67 1,62 39,33 Hyperplasia of prostate 37,39 0,86 31,13

Myopathies 9,85 3,40 21,35 Nutritional deficiencies 25,39 3,61 23,20 Other specified and unspecified circulatory disease 5,14 2,44 31,07 Neurocognitive disorders 68,76 2,95 41,46 Hearing loss 29,34 1,58 38,44 Cataract and other lens disorders 24,40 0,84 30,38

Cardiac dysrhythmias 70,10 2,85 17,90 Malnutrition 15,46 3,52 22,60 Nonrheumatic and unspecified valve disorders 22,51 2,39 30,51 Nervous system signs and symptoms 13,29 2,61 36,62 Coagulation and hemorrhagic disorders 9,23 1,57 38,08 Gastroduodenal ulcer 4,81 0,82 29,59

Alcohol-related disorders 27,15 2,78 17,49 Other specified and unspecified circulatory disease 7,23 3,43 22,03 Other and ill-defined cerebrovascular disease 5,38 2,36 30,04 Depressive disorders 35,50 2,49 35,01 Other specified and unspecified upper respiratory disease16,77 1,56 38,00 Essential hypertension 58,90 0,82 29,57

Non-pressure ulcer of skin 10,46 2,64 16,62 Other general signs and symptoms 22,25 3,33 21,40 Chronic kidney disease 54,47 2,28 29,05 Other specified hereditary and degenerative nervous system conditions11,72 2,42 34,04 Hepatitis 3,56 1,56 37,85 Esophageal disorders 10,96 0,80 28,95

Biliary tract disease 9,73 2,52 15,82 Pressure ulcer of skin 18,03 3,26 20,92 Diabetes mellitus without complication 84,70 2,15 27,42 Sequela of cerebral infarction and other cerebrovascular disease6,59 2,14 30,08 Hypertension with complications and secondary hypertension10,30 1,54 37,45 Anxiety and fear-related disorders 12,25 0,77 28,06

Chronic obstructive pulmonary disease and bronchiectasis78,76 2,46 15,47 Disruptive, impulse-control and conduct disorders 9,34 3,22 20,70 Hypertension with complications and secondary hypertension14,25 2,13 27,20 Other specified nervous system disorders 6,18 2,13 29,91 Asthma 7,45 1,51 36,77 Other specified inflammatory condition of skin 5,99 0,75 27,14

Other specified nervous system disorders 7,02 2,42 15,21 Coagulation and hemorrhagic disorders 18,90 3,21 20,62 Conduction disorders 46,98 2,07 26,41 Miscellaneous mental and behavioral disorders/conditions9,28 1,92 26,96 Other specified hereditary and degenerative nervous system conditions7,16 1,48 35,96 Neurodevelopmental disorders 2,23 0,75 27,06

Nutritional deficiencies 16,53 2,35 14,77 Aortic; peripheral; and visceral artery aneurysms 10,77 2,99 19,21 Aortic; peripheral; and visceral artery aneurysms 7,25 2,01 25,64 Osteoporosis 9,17 1,56 21,88 Disorders of teeth and gingiva 16,24 1,48 35,92 Retinal and vitreous conditions 3,59 0,74 26,92

Retinal and vitreous conditions 11,02 2,28 14,33 Hepatitis 6,56 2,87 18,44 Other and ill-defined heart disease 14,20 1,97 25,11 Nutritional deficiencies 10,44 1,49 20,86 Thyroid disorders 14,58 1,46 35,35 Trauma- and stressor-related disorders 2,38 0,73 26,55

Hematologic neoplasia 6,68 2,24 14,06 Myopathies 8,05 2,77 17,82 Cardiac dysrhythmias 43,64 1,77 22,61 Alcohol-related disorders 14,10 1,45 20,30 Spondylopathies/spondyloarthropathy (including infective)25,09 1,45 35,20 Diseases of white blood cells 5,07 0,72 26,10

Acute myocardial infarction 17,81 2,11 13,27 Nephritis; nephrosis; renal sclerosis 6,38 2,69 17,28 Other specified nervous system disorders 5,00 1,72 21,96 Scoliosis and other postural dorsopathic deformities2,88 1,36 19,16 Biliary tract disease 5,54 1,43 34,82 Myopathies 2,05 0,71 25,59

Conduction disorders 47,06 2,08 13,04 Peripheral and visceral vascular disease 45,52 2,64 16,98 Malnutrition 7,27 1,66 21,10 Anxiety and fear-related disorders 21,09 1,33 18,72 Obesity 44,66 1,42 34,39 Other specified and unspecified nutritional and metabolic disorders20,24 0,70 25,28

Diabetes mellitus with complication 31,11 2,06 12,94 Diabetes mellitus with complication 39,03 2,58 16,59 Biliary tract disease 6,40 1,65 21,08 Paralysis (other than cerebral palsy) 5,11 1,32 18,54 Gout 15,12 1,41 34,25 Asthma 3,31 0,67 24,37

Sleep wake disorders 55,25 2,05 12,91 Trauma- and stressor-related disorders 8,36 2,57 16,53 Cerebral infarction 12,68 1,55 19,78 Gastritis and duodenitis 5,28 1,23 17,21 Nerve and nerve root disorders 7,66 1,41 34,14 Hearing loss 12,38 0,67 24,17

Chronic kidney disease 47,62 1,99 12,52 Systemic lupus erythematosus and connective tissue disorders7,21 2,41 15,51 Disorders of lipid metabolism 75,59 1,54 19,65 Hyperplasia of prostate 52,78 1,21 17,04 Systemic lupus erythematosus and connective tissue disorders4,17 1,39 33,88 Spondylopathies/spondyloarthropathy (including infective)11,52 0,67 24,09

Coronary atherosclerosis and other heart disease 43,92 1,89 11,85 Osteoporosis 14,10 2,39 15,38 Nutritional deficiencies 10,54 1,50 19,12 Sleep wake disorders 32,54 1,21 16,99 Diseases of white blood cells 9,78 1,39 33,81 Disorders of lipid metabolism 32,37 0,66 23,91

Other specified and unspecified liver disease 24,11 1,88 11,81 Diseases of white blood cells 16,27 2,31 14,87 Retinal and vitreous conditions 7,24 1,50 19,09 Glaucoma 13,12 1,19 16,64 Gastroduodenal ulcer 8,06 1,37 33,27 Osteoarthritis 19,41 0,65 23,39

Obesity 58,64 1,86 11,68 Acute myocardial infarction 19,35 2,29 14,73 Occlusion or stenosis of precerebral or cerebral arteries without infarction4,18 1,49 18,94 Other specified inflammatory condition of skin 9,39 1,17 16,48 Sleep wake disorders 36,17 1,35 32,67 Chronic obstructive pulmonary disease and bronchiectasis20,50 0,64 23,21

Other specified joint disorders 16,96 1,82 11,44 Miscellaneous mental and behavioral disorders/conditions10,89 2,25 14,47 Gout 15,30 1,43 18,19 Disorders of teeth and gingiva 12,70 1,16 16,23 Anxiety and fear-related disorders 20,85 1,32 32,02 Digestive congenital anomalies 2,34 0,63 22,95

Peripheral and visceral vascular disease 30,42 1,77 11,10 Urinary incontinence 58,64 2,20 14,15 Other specified and unspecified nutritional and metabolic disorders41,35 1,43 18,18 Respiratory failure; insufficiency; arrest 4,46 1,13 15,85 Retinal and vitreous conditions 6,30 1,30 31,65 Thyroid disorders 6,33 0,63 22,88

Diseases of white blood cells 12,18 1,73 10,89 Neurocognitive disorders 49,77 2,14 13,73 Transient cerebral ischemia 4,24 1,42 18,10 Trauma- and stressor-related disorders 3,66 1,13 15,83 Other specified inflammatory condition of skin 10,23 1,28 31,07 Hepatitis 1,42 0,62 22,55

Coagulation and hemorrhagic disorders 10,18 1,73 10,86 Chronic kidney disease 50,53 2,11 13,58 Obesity 44,64 1,42 18,04 Hearing loss 19,60 1,06 14,84 Miscellaneous mental and behavioral disorders/conditions6,11 1,26 30,70 Gout 6,65 0,62 22,46

Other general signs and symptoms 11,36 1,70 10,69 Hematologic neoplasia 6,27 2,10 13,48 Asthma 6,83 1,39 17,70 Cerebral infarction 7,84 0,96 13,47 Disorders of lipid metabolism 61,35 1,25 30,39 Other specified joint disorders 5,74 0,62 22,34

Scoliosis and other postural dorsopathic deformities3,52 1,67 10,50 Coronary atherosclerosis and other heart disease 47,80 2,05 13,18 Other specified and unspecified liver disease 17,05 1,33 16,94 Asthma 4,70 0,96 13,41 Other specified and unspecified nutritional and metabolic disorders35,98 1,24 30,14 Obesity 19,18 0,61 22,02

Hypertension with complications and secondary hypertension10,88 1,63 10,23 Symptoms of mental and substance use conditions12,24 2,05 13,16 Gastritis and duodenitis 5,69 1,32 16,83 Chronic obstructive pulmonary disease and bronchiectasis29,97 0,94 13,15 Cataract and other lens disorders 34,28 1,18 28,63 Transient cerebral ischemia 1,81 0,60 21,90

Other specified and unspecified circulatory disease 3,39 1,61 10,09 Other specified hereditary and degenerative nervous system conditions8,66 1,79 11,51 Paralysis (other than cerebral palsy) 5,03 1,30 16,59 Essential hypertension 66,97 0,93 13,03 Trauma- and stressor-related disorders 3,82 1,18 28,57 Diabetes mellitus without complication 23,17 0,59 21,31

Gout 16,67 1,56 9,77 Diverticulosis and diverticulitis 17,28 1,62 10,44 Spondylopathies/spondyloarthropathy (including infective)22,43 1,30 16,52 Digestive congenital anomalies 3,18 0,86 12,09 Hyperplasia of prostate 48,84 1,12 27,27 Epilepsy; convulsions 2,49 0,57 20,50

Systemic lupus erythematosus and connective tissue disorders4,48 1,50 9,43 Cardiac dysrhythmias 39,87 1,62 10,41 Sleep wake disorders 34,12 1,27 16,17 Conduction disorders 18,17 0,80 11,25 Essential hypertension 80,62 1,12 27,14 Disorders of teeth and gingiva 5,95 0,54 19,62

Thyroid disorders 14,61 1,46 9,17 Other specified and unspecified liver disease 19,76 1,54 9,89 Essential hypertension 90,33 1,25 15,96 Hematologic neoplasia 2,36 0,79 11,09 Neoplasia (general) 37,65 1,12 27,10 Systemic lupus erythematosus and connective tissue disorders1,62 0,54 19,59

Diabetes mellitus without complication 55,77 1,42 8,90 Depressive disorders 21,80 1,53 9,83 Chronic obstructive pulmonary disease and bronchiectasis38,43 1,20 15,31 Osteoarthritis 23,66 0,79 11,05 Conduction disorders 24,80 1,09 26,57 Aortic; peripheral; and visceral artery aneurysms 1,89 0,52 19,01

Diverticulosis and diverticulitis 15,03 1,41 8,88 Disorders of lipid metabolism 74,89 1,53 9,81 Thyroid disorders 11,14 1,11 14,18 Cataract and other lens disorders 21,41 0,74 10,34 Myopathies 3,15 1,09 26,40 Malnutrition 2,30 0,52 18,98

Aortic; peripheral; and visceral artery aneurysms 5,05 1,40 8,81 Other specified and unspecified lower respiratory disease5,16 1,51 9,67 Cataract and other lens disorders 31,85 1,10 13,96 Other specified and unspecified nutritional and metabolic disorders21,17 0,73 10,25 Alcohol-related disorders 10,55 1,08 26,27 Cerebral infarction 4,28 0,52 18,96

Malnutrition 6,15 1,40 8,80 Scoliosis and other postural dorsopathic deformities3,14 1,49 9,58 Neoplasia (general) 36,52 1,08 13,80 Gout 7,73 0,72 10,12 Chronic obstructive pulmonary disease and bronchiectasis33,86 1,06 25,72 Cardiac dysrhythmias 12,81 0,52 18,85

Esophageal disorders 18,51 1,35 8,48 Parkinson`s disease 5,75 1,49 9,55 Glaucoma 11,57 1,04 13,32 Spondylopathies/spondyloarthropathy (including infective)12,06 0,70 9,78 Aortic; peripheral; and visceral artery aneurysms 3,66 1,02 24,67 Headache; including migraine 1,53 0,51 18,51

Nerve and nerve root disorders 7,22 1,32 8,32 Other specified and unspecified nutritional and metabolic disorders42,76 1,47 9,47 Gastroduodenal ulcer 6,04 1,03 13,07 Diabetes mellitus without complication 27,22 0,69 9,71 Other specified and unspecified endocrine disorders3,02 0,98 23,81 Occlusion or stenosis of precerebral or cerebral arteries without infarction1,43 0,51 18,43

Headache; including migraine 3,76 1,26 7,91 Heart failure 27,33 1,47 9,42 Systemic lupus erythematosus and connective tissue disorders2,98 1,00 12,70 Other and ill-defined heart disease 4,94 0,69 9,62 Diabetes mellitus without complication 38,11 0,97 23,52 Alcohol-related disorders 4,93 0,51 18,32

Disorders of teeth and gingiva 13,81 1,26 7,90 Thyroid disorders 14,56 1,45 9,33 Nervous system signs and symptoms 5,05 0,99 12,64 Gastroduodenal ulcer 3,87 0,66 9,23 Acute myocardial infarction 7,97 0,95 22,96 Chronic kidney disease 11,59 0,48 17,56

Depressive disorders 17,88 1,26 7,89 Diabetes mellitus without complication 56,03 1,42 9,14 Disorders of teeth and gingiva 10,55 0,96 12,25 Diverticulosis and diverticulitis 6,99 0,66 9,23 Depressive disorders 12,68 0,89 21,64 Depressive disorders 6,46 0,45 16,43

Cataract and other lens disorders 35,08 1,21 7,58 Cataract and other lens disorders 41,27 1,42 9,11 Other specified inflammatory condition of skin 7,67 0,96 12,23 Cardiac dysrhythmias 16,14 0,66 9,21 Osteoporosis 5,17 0,88 21,33 Other and ill-defined cerebrovascular disease 1,02 0,45 16,22

Urinary incontinence 31,36 1,18 7,40 Glaucoma 15,51 1,40 9,00 Other general signs and symptoms 6,31 0,94 12,04 Thyroid disorders 6,48 0,65 9,08 Malnutrition 3,85 0,88 21,31 Biliary tract disease 1,72 0,45 16,14

Glaucoma 12,71 1,15 7,21 Other and ill-defined heart disease 9,98 1,38 8,89 Diverticulosis and diverticulitis 9,92 0,93 11,90 Disorders of lipid metabolism 31,55 0,64 9,03 Other specified and unspecified circulatory disease 1,84 0,87 21,20 Coagulation and hemorrhagic disorders 2,54 0,43 15,62

Disorders of lipid metabolism 56,22 1,15 7,20 Gastritis and duodenitis 5,84 1,36 8,72 Osteoarthritis 27,53 0,92 11,68 Chronic kidney disease 15,31 0,64 8,99 Cardiac dysrhythmias 21,29 0,87 21,02 Conduction disorders 9,68 0,43 15,46

Hyperplasia of prostate 49,49 1,14 7,15 Hearing loss 24,98 1,35 8,65 Other specified joint disorders 8,53 0,92 11,67 Hepatitis 1,46 0,64 8,99 Other specified and unspecified lower respiratory disease2,96 0,86 21,00 Neurocognitive disorders 9,82 0,42 15,28

Spondylopathies/spondyloarthropathy (including infective)19,61 1,13 7,12 Hypertension with complications and secondary hypertension8,83 1,32 8,49 Diseases of white blood cells 6,30 0,90 11,43 Systemic lupus erythematosus and connective tissue disorders1,89 0,63 8,89 Occlusion or stenosis of precerebral or cerebral arteries without infarction2,28 0,81 19,73 Sleep wake disorders 11,30 0,42 15,22

Pressure ulcer of skin 6,23 1,13 7,08 Nonrheumatic and unspecified valve disorders 12,43 1,32 8,49 Other specified and unspecified upper respiratory disease9,42 0,88 11,20 Other specified and unspecified lower respiratory disease2,12 0,62 8,68 Coronary atherosclerosis and other heart disease 18,78 0,81 19,59 Nervous system signs and symptoms 2,13 0,42 15,12

Osteoarthritis 33,52 1,12 7,01 Neoplasia (general) 44,13 1,31 8,40 Chronic rheumatic heart disease 3,06 0,85 10,81 Obesity 19,25 0,61 8,57 Transient cerebral ischemia 2,40 0,80 19,49 Paralysis (other than cerebral palsy) 1,60 0,41 15,01

Other specified inflammatory condition of skin 8,88 1,11 6,97 Other specified joint disorders 12,09 1,30 8,34 Sequela of cerebral infarction and other cerebrovascular disease2,61 0,85 10,81 Esophageal disorders 8,19 0,60 8,39 Other and ill-defined heart disease 5,44 0,76 18,35 Peripheral and visceral vascular disease 6,99 0,41 14,71

Neoplasia (general) 37,36 1,11 6,96 Disorders of teeth and gingiva 13,83 1,26 8,08 Miscellaneous mental and behavioral disorders/conditions4,03 0,83 10,62 Headache; including migraine 1,75 0,59 8,24 Chronic kidney disease 18,01 0,75 18,31 Other specified and unspecified circulatory disease 0,85 0,40 14,67

Nervous system signs and symptoms 5,52 1,08 6,80 Gastroduodenal ulcer 7,40 1,26 8,07 Alcohol-related disorders 8,08 0,83 10,56 Other specified and unspecified liver disease 7,48 0,58 8,19 Glaucoma 7,51 0,68 16,49 Nephritis; nephrosis; renal sclerosis 0,96 0,40 14,62

Gastroduodenal ulcer 6,34 1,08 6,77 Anxiety and fear-related disorders 19,04 1,20 7,73 Neurocognitive disorders 18,84 0,81 10,31 Biliary tract disease 2,15 0,56 7,80 Scoliosis and other postural dorsopathic deformities1,37 0,65 15,75 Urinary incontinence 10,62 0,40 14,45

Anxiety and fear-related disorders 16,83 1,06 6,69 Essential hypertension 85,78 1,19 7,64 Digestive congenital anomalies 2,97 0,80 10,26 Occlusion or stenosis of precerebral or cerebral arteries without infarction1,53 0,54 7,62 Other specified nervous system disorders 1,87 0,64 15,66 Sequela of cerebral infarction and other cerebrovascular disease1,16 0,38 13,63

Other specified and unspecified nutritional and metabolic disorders30,83 1,06 6,68 Osteoarthritis 35,24 1,17 7,53 Hyperplasia of prostate 34,04 0,78 9,97 Other specified and unspecified upper respiratory disease5,74 0,54 7,51 Peripheral and visceral vascular disease 11,10 0,64 15,65 Other specified and unspecified liver disease 4,81 0,38 13,58

Neurocognitive disorders 24,72 1,06 6,67 Other specified nervous system disorders 3,38 1,17 7,49 Urinary incontinence 20,70 0,78 9,91 Non-pressure ulcer of skin 2,10 0,53 7,45 Nephritis; nephrosis; renal sclerosis 1,51 0,64 15,46 Nonrheumatic and unspecified valve disorders 3,33 0,35 12,83

Essential hypertension 76,42 1,06 6,66 Hyperplasia of prostate 50,38 1,16 7,44 Hearing loss 14,23 0,77 9,78 Malnutrition 2,26 0,51 7,22 Myocarditis and cardiomyopathy 2,83 0,62 15,07 Coronary atherosclerosis and other heart disease 8,01 0,34 12,46

Symptoms of mental and substance use conditions 5,97 1,00 6,27 Spondylopathies/spondyloarthropathy (including infective)19,63 1,13 7,28 Pressure ulcer of skin 4,22 0,76 9,73 Heart failure 9,38 0,50 7,07 Hematologic neoplasia 1,72 0,57 13,96 Schizophrenia spectrum and other psychotic disorders1,30 0,34 12,17

Other specified and unspecified endocrine disorders3,06 1,00 6,26 Conduction disorders 25,63 1,13 7,26 Depressive disorders 10,28 0,72 9,20 Coronary atherosclerosis and other heart disease 11,18 0,48 6,74 Nutritional deficiencies 3,88 0,55 13,42 Other specified and unspecified endocrine disorders0,99 0,32 11,60

Trauma- and stressor-related disorders 3,11 0,96 6,01 Chronic obstructive pulmonary disease and bronchiectasis35,50 1,11 7,13 Symptoms of mental and substance use conditions 4,08 0,68 8,70 Coagulation and hemorrhagic disorders 2,69 0,46 6,42 Neurocognitive disorders 12,04 0,52 12,55 Miscellaneous mental and behavioral disorders/conditions1,52 0,32 11,42

Miscellaneous mental and behavioral disorders/conditions4,47 0,93 5,82 Alcohol-related disorders 10,73 1,10 7,07 Hepatitis 1,53 0,67 8,53 Neoplasia (general) 14,31 0,42 5,95 Heart failure 9,22 0,49 12,02 Osteoporosis 1,84 0,31 11,31

Transient cerebral ischemia 2,74 0,92 5,77 Esophageal disorders 14,69 1,07 6,88 Coagulation and hemorrhagic disorders 3,88 0,66 8,40 Peripheral and visceral vascular disease 7,18 0,42 5,85 Urinary incontinence 12,98 0,49 11,84 Hypertension with complications and secondary hypertension1,99 0,30 10,77

Sequela of cerebral infarction and other cerebrovascular disease2,81 0,91 5,74 Digestive congenital anomalies 3,69 1,00 6,42 Esophageal disorders 7,92 0,58 7,36 Hypertension with complications and secondary hypertension2,78 0,42 5,85 Nonrheumatic and unspecified valve disorders 4,48 0,48 11,57 Other general signs and symptoms 1,95 0,29 10,59

Other specified and unspecified upper respiratory disease9,70 0,91 5,69 Epilepsy; convulsions 4,37 1,00 6,39 Nerve and nerve root disorders 3,09 0,57 7,23 Myopathies 1,11 0,38 5,36 Diabetes mellitus with complication 7,13 0,47 11,47 Pressure ulcer of skin 1,56 0,28 10,23

Other specified hereditary and degenerative nervous system conditions4,09 0,85 5,31 Other specified inflammatory condition of skin 7,60 0,95 6,10 Anxiety and fear-related disorders 8,41 0,53 6,78 Transient cerebral ischemia 1,10 0,37 5,17 Cerebral infarction 3,61 0,44 10,74 Diverticulosis and diverticulitis 2,94 0,28 10,02

Gastritis and duodenitis 3,40 0,79 4,96 Nerve and nerve root disorders 5,13 0,94 6,05 Disruptive, impulse-control and conduct disorders 1,52 0,53 6,70 Diabetes mellitus with complication 5,46 0,36 5,07 Parkinson`s disease 1,56 0,40 9,81 Other specified nervous system disorders 0,78 0,27 9,77

Asthma 3,81 0,77 4,86 Sleep wake disorders 25,25 0,94 6,03 Trauma- and stressor-related disorders 1,66 0,51 6,52 Myocarditis and cardiomyopathy 1,57 0,34 4,82 Other and ill-defined cerebrovascular disease 0,81 0,35 8,62 Gastritis and duodenitis 1,15 0,27 9,68

Digestive congenital anomalies 2,75 0,75 4,69 Myocarditis and cardiomyopathy 4,12 0,90 5,79 Headache; including migraine 1,31 0,44 5,61 Other specified joint disorders 3,13 0,34 4,71 Chronic rheumatic heart disease 1,16 0,32 7,80 Respiratory failure; insufficiency; arrest 1,04 0,26 9,52

Hearing loss 12,13 0,65 4,11 Other specified and unspecified upper respiratory disease9,65 0,90 5,78 Acquired foot deformities 1,39 0,44 5,60 Nephritis; nephrosis; renal sclerosis 0,70 0,29 4,12 Epilepsy; convulsions 1,27 0,29 7,04 Chronic rheumatic heart disease 0,94 0,26 9,50

Nephritis; nephrosis; renal sclerosis 1,50 0,63 3,97 Schizophrenia spectrum and other psychotic disorders3,28 0,85 5,45 Scoliosis and other postural dorsopathic deformities0,89 0,42 5,38 Nonrheumatic and unspecified valve disorders 2,54 0,27 3,80 Pressure ulcer of skin 1,40 0,25 6,15 Other and ill-defined heart disease 1,78 0,25 8,95

Cerebral infarction 5,03 0,62 3,87 Obesity 26,08 0,83 5,31 Schizophrenia spectrum and other psychotic disorders1,62 0,42 5,35 Retinal and vitreous conditions 1,25 0,26 3,64 Respiratory failure; insufficiency; arrest 0,87 0,22 5,35 Diabetes mellitus with complication 3,63 0,24 8,69

Other and ill-defined cerebrovascular disease 1,40 0,61 3,84 Gout 8,69 0,81 5,20 Other specified hereditary and degenerative nervous system conditions2,02 0,42 5,31 Diseases of white blood cells 1,46 0,21 2,91 Symptoms of mental and substance use conditions 0,95 0,16 3,85 Nutritional deficiencies 1,68 0,24 8,64

Epilepsy; convulsions 2,64 0,60 3,78 Retinal and vitreous conditions 3,29 0,68 4,37 Respiratory failure; insufficiency; arrest 1,50 0,38 4,85 Aortic; peripheral; and visceral artery aneurysms 0,68 0,19 2,66 Disruptive, impulse-control and conduct disorders 0,43 0,15 3,57 Other specified hereditary and degenerative nervous system conditions1,05 0,22 7,86

Hepatitis 1,32 0,58 3,64 Biliary tract disease 2,62 0,68 4,35 Pulmonary heart disease 1,79 0,38 4,80 Chronic rheumatic heart disease 0,64 0,18 2,49 Schizophrenia spectrum and other psychotic disorders0,41 0,11 2,59 Acute myocardial infarction 1,57 0,19 6,74

Occlusion or stenosis of precerebral or cerebral arteries without infarction1,51 0,54 3,37 Headache; including migraine 1,96 0,66 4,22 Osteoporosis 2,15 0,37 4,66 Other and ill-defined cerebrovascular disease 0,37 0,16 2,28 Paralysis (other than cerebral palsy) 0,41 0,11 2,57 Heart failure 2,94 0,16 5,72

Neurodevelopmental disorders 1,40 0,47 2,94 Chronic rheumatic heart disease 2,16 0,60 3,85 Other specified and unspecified lower respiratory disease1,19 0,35 4,42 Pulmonary heart disease 0,73 0,15 2,16 Non-pressure ulcer of skin 0,39 0,10 2,41 Myocarditis and cardiomyopathy 0,62 0,14 4,91

Schizophrenia spectrum and other psychotic disorders1,16 0,30 1,88 Respiratory failure; insufficiency; arrest 1,95 0,49 3,16 Myopathies 0,79 0,27 3,48 Acute myocardial infarction 1,11 0,13 1,85 Other general signs and symptoms 0,47 0,07 1,71 Symptoms of mental and substance use conditions 0,79 0,13 4,79

Paralysis (other than cerebral palsy) 1,15 0,30 1,87 Asthma 2,22 0,45 2,89 Hematologic neoplasia 0,81 0,27 3,48 Nerve and nerve root disorders 0,42 0,08 1,08 Nervous system signs and symptoms 0,30 0,06 1,44 Pulmonary heart disease 0,54 0,11 4,15

Acquired foot deformities 0,84 0,26 1,66 Neurodevelopmental disorders 1,09 0,36 2,34 Epilepsy; convulsions 1,09 0,25 3,15 Other specified and unspecified circulatory disease 0,14 0,07 0,94 Pulmonary heart disease 0,15 0,03 0,77 Disruptive, impulse-control and conduct disorders 0,23 0,08 2,85

Parkinson`s disease 0,26 0,07 0,41 Pulmonary heart disease 1,50 0,32 2,03 Parkinson`s disease 0,33 0,09 1,10 Other specified and unspecified endocrine disorders0,09 0,03 0,43 Neurodevelopmental disorders 0,06 0,02 0,46 Non-pressure ulcer of skin 0,24 0,06 2,17

Disruptive, impulse-control and conduct disorders 0,08 0,03 0,18 Acquired foot deformities 0,77 0,24 1,56 Neurodevelopmental disorders 0,08 0,03 0,32 Acquired foot deformities 0,01 0,00 0,03 Sequela of cerebral infarction and other cerebrovascular disease0,02 0,01 0,16 Parkinson`s disease 0,19 0,05 1,81

Uspecific with neoplasia predominanceCardiorespiratory Cognitive-motor disorders Cardiometabolic Psychogeriatric Unspecific with COPD predominance
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Appendix A. Supplementary files

Males, 66-80 (2 out of 3)

Male 66-80

Chronic condition

Prevalence 
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O/E 

ratio

Exclusivity 

(%) Chronic condition
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(%) Chronic condition
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Pulmonary heart disease 65,01 13,70 86,10 Paralysis (other than cerebral palsy) 27,35 7,07 45,43 Diabetes mellitus with complication 53,66 3,55 45,25 Parkinson`s disease 21,29 5,51 77,31 Headache; including migraine 6,83 2,29 55,51 Acquired foot deformities 4,08 1,29 46,74

Chronic rheumatic heart disease 37,58 10,43 65,54 Sequela of cerebral infarction and other cerebrovascular disease18,95 6,16 39,58 Nephritis; nephrosis; renal sclerosis 8,29 3,50 44,55 Schizophrenia spectrum and other psychotic disorders19,98 5,17 72,56 Diverticulosis and diverticulitis 21,68 2,04 49,54 Hematologic neoplasia 3,62 1,21 43,94

Respiratory failure; insufficiency; arrest 38,56 9,75 61,28 Other and ill-defined cerebrovascular disease 13,87 6,07 39,00 Non-pressure ulcer of skin 13,52 3,42 43,59 Neurodevelopmental disorders 14,23 4,76 66,88 Acquired foot deformities 5,78 1,83 44,41 Nerve and nerve root disorders 6,50 1,19 43,18

Nonrheumatic and unspecified valve disorders 49,07 5,22 32,79 Cerebral infarction 42,22 5,17 33,18 Myocarditis and cardiomyopathy 15,06 3,30 42,01 Disruptive, impulse-control and conduct disorders 13,63 4,70 66,00 Digestive congenital anomalies 6,62 1,80 43,60 Scoliosis and other postural dorsopathic deformities2,31 1,09 39,64

Heart failure 87,52 4,70 29,52 Occlusion or stenosis of precerebral or cerebral arteries without infarction13,97 4,97 31,91 Acute myocardial infarction 26,77 3,17 40,45 Symptoms of mental and substance use conditions26,91 4,50 63,23 Gastritis and duodenitis 7,55 1,75 42,60 Neoplasia (general) 35,21 1,04 37,79

Other and ill-defined heart disease 33,33 4,63 29,07 Transient cerebral ischemia 13,76 4,61 29,58 Heart failure 52,98 2,84 36,25 Epilepsy; convulsions 18,51 4,21 59,15 Other specified joint disorders 15,92 1,71 41,50 Glaucoma 11,42 1,03 37,34

Myocarditis and cardiomyopathy 19,93 4,36 27,40 Non-pressure ulcer of skin 17,09 4,32 27,76 Coronary atherosclerosis and other heart disease 66,09 2,84 36,17 Pressure ulcer of skin 18,09 3,27 45,89 Esophageal disorders 22,54 1,64 39,93 Other specified and unspecified lower respiratory disease3,21 0,94 33,94

Osteoporosis 23,83 4,05 25,44 Nervous system signs and symptoms 21,72 4,26 27,37 Peripheral and visceral vascular disease 48,26 2,80 35,71 Other general signs and symptoms 20,73 3,10 43,58 Other specified and unspecified liver disease 20,91 1,63 39,59 Other specified and unspecified upper respiratory disease9,42 0,88 31,82

Other specified and unspecified lower respiratory disease12,16 3,55 22,29 Other specified and unspecified endocrine disorders11,30 3,68 23,61 Other specified and unspecified endocrine disorders8,27 2,69 34,28 Urinary incontinence 80,13 3,01 42,26 Osteoarthritis 48,67 1,62 39,33 Hyperplasia of prostate 37,39 0,86 31,13

Myopathies 9,85 3,40 21,35 Nutritional deficiencies 25,39 3,61 23,20 Other specified and unspecified circulatory disease 5,14 2,44 31,07 Neurocognitive disorders 68,76 2,95 41,46 Hearing loss 29,34 1,58 38,44 Cataract and other lens disorders 24,40 0,84 30,38

Cardiac dysrhythmias 70,10 2,85 17,90 Malnutrition 15,46 3,52 22,60 Nonrheumatic and unspecified valve disorders 22,51 2,39 30,51 Nervous system signs and symptoms 13,29 2,61 36,62 Coagulation and hemorrhagic disorders 9,23 1,57 38,08 Gastroduodenal ulcer 4,81 0,82 29,59

Alcohol-related disorders 27,15 2,78 17,49 Other specified and unspecified circulatory disease 7,23 3,43 22,03 Other and ill-defined cerebrovascular disease 5,38 2,36 30,04 Depressive disorders 35,50 2,49 35,01 Other specified and unspecified upper respiratory disease16,77 1,56 38,00 Essential hypertension 58,90 0,82 29,57

Non-pressure ulcer of skin 10,46 2,64 16,62 Other general signs and symptoms 22,25 3,33 21,40 Chronic kidney disease 54,47 2,28 29,05 Other specified hereditary and degenerative nervous system conditions11,72 2,42 34,04 Hepatitis 3,56 1,56 37,85 Esophageal disorders 10,96 0,80 28,95

Biliary tract disease 9,73 2,52 15,82 Pressure ulcer of skin 18,03 3,26 20,92 Diabetes mellitus without complication 84,70 2,15 27,42 Sequela of cerebral infarction and other cerebrovascular disease6,59 2,14 30,08 Hypertension with complications and secondary hypertension10,30 1,54 37,45 Anxiety and fear-related disorders 12,25 0,77 28,06

Chronic obstructive pulmonary disease and bronchiectasis78,76 2,46 15,47 Disruptive, impulse-control and conduct disorders 9,34 3,22 20,70 Hypertension with complications and secondary hypertension14,25 2,13 27,20 Other specified nervous system disorders 6,18 2,13 29,91 Asthma 7,45 1,51 36,77 Other specified inflammatory condition of skin 5,99 0,75 27,14

Other specified nervous system disorders 7,02 2,42 15,21 Coagulation and hemorrhagic disorders 18,90 3,21 20,62 Conduction disorders 46,98 2,07 26,41 Miscellaneous mental and behavioral disorders/conditions9,28 1,92 26,96 Other specified hereditary and degenerative nervous system conditions7,16 1,48 35,96 Neurodevelopmental disorders 2,23 0,75 27,06

Nutritional deficiencies 16,53 2,35 14,77 Aortic; peripheral; and visceral artery aneurysms 10,77 2,99 19,21 Aortic; peripheral; and visceral artery aneurysms 7,25 2,01 25,64 Osteoporosis 9,17 1,56 21,88 Disorders of teeth and gingiva 16,24 1,48 35,92 Retinal and vitreous conditions 3,59 0,74 26,92

Retinal and vitreous conditions 11,02 2,28 14,33 Hepatitis 6,56 2,87 18,44 Other and ill-defined heart disease 14,20 1,97 25,11 Nutritional deficiencies 10,44 1,49 20,86 Thyroid disorders 14,58 1,46 35,35 Trauma- and stressor-related disorders 2,38 0,73 26,55

Hematologic neoplasia 6,68 2,24 14,06 Myopathies 8,05 2,77 17,82 Cardiac dysrhythmias 43,64 1,77 22,61 Alcohol-related disorders 14,10 1,45 20,30 Spondylopathies/spondyloarthropathy (including infective)25,09 1,45 35,20 Diseases of white blood cells 5,07 0,72 26,10

Acute myocardial infarction 17,81 2,11 13,27 Nephritis; nephrosis; renal sclerosis 6,38 2,69 17,28 Other specified nervous system disorders 5,00 1,72 21,96 Scoliosis and other postural dorsopathic deformities2,88 1,36 19,16 Biliary tract disease 5,54 1,43 34,82 Myopathies 2,05 0,71 25,59

Conduction disorders 47,06 2,08 13,04 Peripheral and visceral vascular disease 45,52 2,64 16,98 Malnutrition 7,27 1,66 21,10 Anxiety and fear-related disorders 21,09 1,33 18,72 Obesity 44,66 1,42 34,39 Other specified and unspecified nutritional and metabolic disorders20,24 0,70 25,28

Diabetes mellitus with complication 31,11 2,06 12,94 Diabetes mellitus with complication 39,03 2,58 16,59 Biliary tract disease 6,40 1,65 21,08 Paralysis (other than cerebral palsy) 5,11 1,32 18,54 Gout 15,12 1,41 34,25 Asthma 3,31 0,67 24,37

Sleep wake disorders 55,25 2,05 12,91 Trauma- and stressor-related disorders 8,36 2,57 16,53 Cerebral infarction 12,68 1,55 19,78 Gastritis and duodenitis 5,28 1,23 17,21 Nerve and nerve root disorders 7,66 1,41 34,14 Hearing loss 12,38 0,67 24,17

Chronic kidney disease 47,62 1,99 12,52 Systemic lupus erythematosus and connective tissue disorders7,21 2,41 15,51 Disorders of lipid metabolism 75,59 1,54 19,65 Hyperplasia of prostate 52,78 1,21 17,04 Systemic lupus erythematosus and connective tissue disorders4,17 1,39 33,88 Spondylopathies/spondyloarthropathy (including infective)11,52 0,67 24,09

Coronary atherosclerosis and other heart disease 43,92 1,89 11,85 Osteoporosis 14,10 2,39 15,38 Nutritional deficiencies 10,54 1,50 19,12 Sleep wake disorders 32,54 1,21 16,99 Diseases of white blood cells 9,78 1,39 33,81 Disorders of lipid metabolism 32,37 0,66 23,91

Other specified and unspecified liver disease 24,11 1,88 11,81 Diseases of white blood cells 16,27 2,31 14,87 Retinal and vitreous conditions 7,24 1,50 19,09 Glaucoma 13,12 1,19 16,64 Gastroduodenal ulcer 8,06 1,37 33,27 Osteoarthritis 19,41 0,65 23,39

Obesity 58,64 1,86 11,68 Acute myocardial infarction 19,35 2,29 14,73 Occlusion or stenosis of precerebral or cerebral arteries without infarction4,18 1,49 18,94 Other specified inflammatory condition of skin 9,39 1,17 16,48 Sleep wake disorders 36,17 1,35 32,67 Chronic obstructive pulmonary disease and bronchiectasis20,50 0,64 23,21

Other specified joint disorders 16,96 1,82 11,44 Miscellaneous mental and behavioral disorders/conditions10,89 2,25 14,47 Gout 15,30 1,43 18,19 Disorders of teeth and gingiva 12,70 1,16 16,23 Anxiety and fear-related disorders 20,85 1,32 32,02 Digestive congenital anomalies 2,34 0,63 22,95

Peripheral and visceral vascular disease 30,42 1,77 11,10 Urinary incontinence 58,64 2,20 14,15 Other specified and unspecified nutritional and metabolic disorders41,35 1,43 18,18 Respiratory failure; insufficiency; arrest 4,46 1,13 15,85 Retinal and vitreous conditions 6,30 1,30 31,65 Thyroid disorders 6,33 0,63 22,88

Diseases of white blood cells 12,18 1,73 10,89 Neurocognitive disorders 49,77 2,14 13,73 Transient cerebral ischemia 4,24 1,42 18,10 Trauma- and stressor-related disorders 3,66 1,13 15,83 Other specified inflammatory condition of skin 10,23 1,28 31,07 Hepatitis 1,42 0,62 22,55

Coagulation and hemorrhagic disorders 10,18 1,73 10,86 Chronic kidney disease 50,53 2,11 13,58 Obesity 44,64 1,42 18,04 Hearing loss 19,60 1,06 14,84 Miscellaneous mental and behavioral disorders/conditions6,11 1,26 30,70 Gout 6,65 0,62 22,46

Other general signs and symptoms 11,36 1,70 10,69 Hematologic neoplasia 6,27 2,10 13,48 Asthma 6,83 1,39 17,70 Cerebral infarction 7,84 0,96 13,47 Disorders of lipid metabolism 61,35 1,25 30,39 Other specified joint disorders 5,74 0,62 22,34

Scoliosis and other postural dorsopathic deformities3,52 1,67 10,50 Coronary atherosclerosis and other heart disease 47,80 2,05 13,18 Other specified and unspecified liver disease 17,05 1,33 16,94 Asthma 4,70 0,96 13,41 Other specified and unspecified nutritional and metabolic disorders35,98 1,24 30,14 Obesity 19,18 0,61 22,02

Hypertension with complications and secondary hypertension10,88 1,63 10,23 Symptoms of mental and substance use conditions12,24 2,05 13,16 Gastritis and duodenitis 5,69 1,32 16,83 Chronic obstructive pulmonary disease and bronchiectasis29,97 0,94 13,15 Cataract and other lens disorders 34,28 1,18 28,63 Transient cerebral ischemia 1,81 0,60 21,90

Other specified and unspecified circulatory disease 3,39 1,61 10,09 Other specified hereditary and degenerative nervous system conditions8,66 1,79 11,51 Paralysis (other than cerebral palsy) 5,03 1,30 16,59 Essential hypertension 66,97 0,93 13,03 Trauma- and stressor-related disorders 3,82 1,18 28,57 Diabetes mellitus without complication 23,17 0,59 21,31

Gout 16,67 1,56 9,77 Diverticulosis and diverticulitis 17,28 1,62 10,44 Spondylopathies/spondyloarthropathy (including infective)22,43 1,30 16,52 Digestive congenital anomalies 3,18 0,86 12,09 Hyperplasia of prostate 48,84 1,12 27,27 Epilepsy; convulsions 2,49 0,57 20,50

Systemic lupus erythematosus and connective tissue disorders4,48 1,50 9,43 Cardiac dysrhythmias 39,87 1,62 10,41 Sleep wake disorders 34,12 1,27 16,17 Conduction disorders 18,17 0,80 11,25 Essential hypertension 80,62 1,12 27,14 Disorders of teeth and gingiva 5,95 0,54 19,62

Thyroid disorders 14,61 1,46 9,17 Other specified and unspecified liver disease 19,76 1,54 9,89 Essential hypertension 90,33 1,25 15,96 Hematologic neoplasia 2,36 0,79 11,09 Neoplasia (general) 37,65 1,12 27,10 Systemic lupus erythematosus and connective tissue disorders1,62 0,54 19,59

Diabetes mellitus without complication 55,77 1,42 8,90 Depressive disorders 21,80 1,53 9,83 Chronic obstructive pulmonary disease and bronchiectasis38,43 1,20 15,31 Osteoarthritis 23,66 0,79 11,05 Conduction disorders 24,80 1,09 26,57 Aortic; peripheral; and visceral artery aneurysms 1,89 0,52 19,01

Diverticulosis and diverticulitis 15,03 1,41 8,88 Disorders of lipid metabolism 74,89 1,53 9,81 Thyroid disorders 11,14 1,11 14,18 Cataract and other lens disorders 21,41 0,74 10,34 Myopathies 3,15 1,09 26,40 Malnutrition 2,30 0,52 18,98

Aortic; peripheral; and visceral artery aneurysms 5,05 1,40 8,81 Other specified and unspecified lower respiratory disease5,16 1,51 9,67 Cataract and other lens disorders 31,85 1,10 13,96 Other specified and unspecified nutritional and metabolic disorders21,17 0,73 10,25 Alcohol-related disorders 10,55 1,08 26,27 Cerebral infarction 4,28 0,52 18,96

Malnutrition 6,15 1,40 8,80 Scoliosis and other postural dorsopathic deformities3,14 1,49 9,58 Neoplasia (general) 36,52 1,08 13,80 Gout 7,73 0,72 10,12 Chronic obstructive pulmonary disease and bronchiectasis33,86 1,06 25,72 Cardiac dysrhythmias 12,81 0,52 18,85

Esophageal disorders 18,51 1,35 8,48 Parkinson`s disease 5,75 1,49 9,55 Glaucoma 11,57 1,04 13,32 Spondylopathies/spondyloarthropathy (including infective)12,06 0,70 9,78 Aortic; peripheral; and visceral artery aneurysms 3,66 1,02 24,67 Headache; including migraine 1,53 0,51 18,51

Nerve and nerve root disorders 7,22 1,32 8,32 Other specified and unspecified nutritional and metabolic disorders42,76 1,47 9,47 Gastroduodenal ulcer 6,04 1,03 13,07 Diabetes mellitus without complication 27,22 0,69 9,71 Other specified and unspecified endocrine disorders3,02 0,98 23,81 Occlusion or stenosis of precerebral or cerebral arteries without infarction1,43 0,51 18,43

Headache; including migraine 3,76 1,26 7,91 Heart failure 27,33 1,47 9,42 Systemic lupus erythematosus and connective tissue disorders2,98 1,00 12,70 Other and ill-defined heart disease 4,94 0,69 9,62 Diabetes mellitus without complication 38,11 0,97 23,52 Alcohol-related disorders 4,93 0,51 18,32

Disorders of teeth and gingiva 13,81 1,26 7,90 Thyroid disorders 14,56 1,45 9,33 Nervous system signs and symptoms 5,05 0,99 12,64 Gastroduodenal ulcer 3,87 0,66 9,23 Acute myocardial infarction 7,97 0,95 22,96 Chronic kidney disease 11,59 0,48 17,56

Depressive disorders 17,88 1,26 7,89 Diabetes mellitus without complication 56,03 1,42 9,14 Disorders of teeth and gingiva 10,55 0,96 12,25 Diverticulosis and diverticulitis 6,99 0,66 9,23 Depressive disorders 12,68 0,89 21,64 Depressive disorders 6,46 0,45 16,43

Cataract and other lens disorders 35,08 1,21 7,58 Cataract and other lens disorders 41,27 1,42 9,11 Other specified inflammatory condition of skin 7,67 0,96 12,23 Cardiac dysrhythmias 16,14 0,66 9,21 Osteoporosis 5,17 0,88 21,33 Other and ill-defined cerebrovascular disease 1,02 0,45 16,22

Urinary incontinence 31,36 1,18 7,40 Glaucoma 15,51 1,40 9,00 Other general signs and symptoms 6,31 0,94 12,04 Thyroid disorders 6,48 0,65 9,08 Malnutrition 3,85 0,88 21,31 Biliary tract disease 1,72 0,45 16,14

Glaucoma 12,71 1,15 7,21 Other and ill-defined heart disease 9,98 1,38 8,89 Diverticulosis and diverticulitis 9,92 0,93 11,90 Disorders of lipid metabolism 31,55 0,64 9,03 Other specified and unspecified circulatory disease 1,84 0,87 21,20 Coagulation and hemorrhagic disorders 2,54 0,43 15,62

Disorders of lipid metabolism 56,22 1,15 7,20 Gastritis and duodenitis 5,84 1,36 8,72 Osteoarthritis 27,53 0,92 11,68 Chronic kidney disease 15,31 0,64 8,99 Cardiac dysrhythmias 21,29 0,87 21,02 Conduction disorders 9,68 0,43 15,46

Hyperplasia of prostate 49,49 1,14 7,15 Hearing loss 24,98 1,35 8,65 Other specified joint disorders 8,53 0,92 11,67 Hepatitis 1,46 0,64 8,99 Other specified and unspecified lower respiratory disease2,96 0,86 21,00 Neurocognitive disorders 9,82 0,42 15,28

Spondylopathies/spondyloarthropathy (including infective)19,61 1,13 7,12 Hypertension with complications and secondary hypertension8,83 1,32 8,49 Diseases of white blood cells 6,30 0,90 11,43 Systemic lupus erythematosus and connective tissue disorders1,89 0,63 8,89 Occlusion or stenosis of precerebral or cerebral arteries without infarction2,28 0,81 19,73 Sleep wake disorders 11,30 0,42 15,22

Pressure ulcer of skin 6,23 1,13 7,08 Nonrheumatic and unspecified valve disorders 12,43 1,32 8,49 Other specified and unspecified upper respiratory disease9,42 0,88 11,20 Other specified and unspecified lower respiratory disease2,12 0,62 8,68 Coronary atherosclerosis and other heart disease 18,78 0,81 19,59 Nervous system signs and symptoms 2,13 0,42 15,12

Osteoarthritis 33,52 1,12 7,01 Neoplasia (general) 44,13 1,31 8,40 Chronic rheumatic heart disease 3,06 0,85 10,81 Obesity 19,25 0,61 8,57 Transient cerebral ischemia 2,40 0,80 19,49 Paralysis (other than cerebral palsy) 1,60 0,41 15,01

Other specified inflammatory condition of skin 8,88 1,11 6,97 Other specified joint disorders 12,09 1,30 8,34 Sequela of cerebral infarction and other cerebrovascular disease2,61 0,85 10,81 Esophageal disorders 8,19 0,60 8,39 Other and ill-defined heart disease 5,44 0,76 18,35 Peripheral and visceral vascular disease 6,99 0,41 14,71

Neoplasia (general) 37,36 1,11 6,96 Disorders of teeth and gingiva 13,83 1,26 8,08 Miscellaneous mental and behavioral disorders/conditions4,03 0,83 10,62 Headache; including migraine 1,75 0,59 8,24 Chronic kidney disease 18,01 0,75 18,31 Other specified and unspecified circulatory disease 0,85 0,40 14,67

Nervous system signs and symptoms 5,52 1,08 6,80 Gastroduodenal ulcer 7,40 1,26 8,07 Alcohol-related disorders 8,08 0,83 10,56 Other specified and unspecified liver disease 7,48 0,58 8,19 Glaucoma 7,51 0,68 16,49 Nephritis; nephrosis; renal sclerosis 0,96 0,40 14,62

Gastroduodenal ulcer 6,34 1,08 6,77 Anxiety and fear-related disorders 19,04 1,20 7,73 Neurocognitive disorders 18,84 0,81 10,31 Biliary tract disease 2,15 0,56 7,80 Scoliosis and other postural dorsopathic deformities1,37 0,65 15,75 Urinary incontinence 10,62 0,40 14,45

Anxiety and fear-related disorders 16,83 1,06 6,69 Essential hypertension 85,78 1,19 7,64 Digestive congenital anomalies 2,97 0,80 10,26 Occlusion or stenosis of precerebral or cerebral arteries without infarction1,53 0,54 7,62 Other specified nervous system disorders 1,87 0,64 15,66 Sequela of cerebral infarction and other cerebrovascular disease1,16 0,38 13,63

Other specified and unspecified nutritional and metabolic disorders30,83 1,06 6,68 Osteoarthritis 35,24 1,17 7,53 Hyperplasia of prostate 34,04 0,78 9,97 Other specified and unspecified upper respiratory disease5,74 0,54 7,51 Peripheral and visceral vascular disease 11,10 0,64 15,65 Other specified and unspecified liver disease 4,81 0,38 13,58

Neurocognitive disorders 24,72 1,06 6,67 Other specified nervous system disorders 3,38 1,17 7,49 Urinary incontinence 20,70 0,78 9,91 Non-pressure ulcer of skin 2,10 0,53 7,45 Nephritis; nephrosis; renal sclerosis 1,51 0,64 15,46 Nonrheumatic and unspecified valve disorders 3,33 0,35 12,83

Essential hypertension 76,42 1,06 6,66 Hyperplasia of prostate 50,38 1,16 7,44 Hearing loss 14,23 0,77 9,78 Malnutrition 2,26 0,51 7,22 Myocarditis and cardiomyopathy 2,83 0,62 15,07 Coronary atherosclerosis and other heart disease 8,01 0,34 12,46

Symptoms of mental and substance use conditions 5,97 1,00 6,27 Spondylopathies/spondyloarthropathy (including infective)19,63 1,13 7,28 Pressure ulcer of skin 4,22 0,76 9,73 Heart failure 9,38 0,50 7,07 Hematologic neoplasia 1,72 0,57 13,96 Schizophrenia spectrum and other psychotic disorders1,30 0,34 12,17

Other specified and unspecified endocrine disorders3,06 1,00 6,26 Conduction disorders 25,63 1,13 7,26 Depressive disorders 10,28 0,72 9,20 Coronary atherosclerosis and other heart disease 11,18 0,48 6,74 Nutritional deficiencies 3,88 0,55 13,42 Other specified and unspecified endocrine disorders0,99 0,32 11,60

Trauma- and stressor-related disorders 3,11 0,96 6,01 Chronic obstructive pulmonary disease and bronchiectasis35,50 1,11 7,13 Symptoms of mental and substance use conditions 4,08 0,68 8,70 Coagulation and hemorrhagic disorders 2,69 0,46 6,42 Neurocognitive disorders 12,04 0,52 12,55 Miscellaneous mental and behavioral disorders/conditions1,52 0,32 11,42

Miscellaneous mental and behavioral disorders/conditions4,47 0,93 5,82 Alcohol-related disorders 10,73 1,10 7,07 Hepatitis 1,53 0,67 8,53 Neoplasia (general) 14,31 0,42 5,95 Heart failure 9,22 0,49 12,02 Osteoporosis 1,84 0,31 11,31

Transient cerebral ischemia 2,74 0,92 5,77 Esophageal disorders 14,69 1,07 6,88 Coagulation and hemorrhagic disorders 3,88 0,66 8,40 Peripheral and visceral vascular disease 7,18 0,42 5,85 Urinary incontinence 12,98 0,49 11,84 Hypertension with complications and secondary hypertension1,99 0,30 10,77

Sequela of cerebral infarction and other cerebrovascular disease2,81 0,91 5,74 Digestive congenital anomalies 3,69 1,00 6,42 Esophageal disorders 7,92 0,58 7,36 Hypertension with complications and secondary hypertension2,78 0,42 5,85 Nonrheumatic and unspecified valve disorders 4,48 0,48 11,57 Other general signs and symptoms 1,95 0,29 10,59

Other specified and unspecified upper respiratory disease9,70 0,91 5,69 Epilepsy; convulsions 4,37 1,00 6,39 Nerve and nerve root disorders 3,09 0,57 7,23 Myopathies 1,11 0,38 5,36 Diabetes mellitus with complication 7,13 0,47 11,47 Pressure ulcer of skin 1,56 0,28 10,23

Other specified hereditary and degenerative nervous system conditions4,09 0,85 5,31 Other specified inflammatory condition of skin 7,60 0,95 6,10 Anxiety and fear-related disorders 8,41 0,53 6,78 Transient cerebral ischemia 1,10 0,37 5,17 Cerebral infarction 3,61 0,44 10,74 Diverticulosis and diverticulitis 2,94 0,28 10,02

Gastritis and duodenitis 3,40 0,79 4,96 Nerve and nerve root disorders 5,13 0,94 6,05 Disruptive, impulse-control and conduct disorders 1,52 0,53 6,70 Diabetes mellitus with complication 5,46 0,36 5,07 Parkinson`s disease 1,56 0,40 9,81 Other specified nervous system disorders 0,78 0,27 9,77

Asthma 3,81 0,77 4,86 Sleep wake disorders 25,25 0,94 6,03 Trauma- and stressor-related disorders 1,66 0,51 6,52 Myocarditis and cardiomyopathy 1,57 0,34 4,82 Other and ill-defined cerebrovascular disease 0,81 0,35 8,62 Gastritis and duodenitis 1,15 0,27 9,68

Digestive congenital anomalies 2,75 0,75 4,69 Myocarditis and cardiomyopathy 4,12 0,90 5,79 Headache; including migraine 1,31 0,44 5,61 Other specified joint disorders 3,13 0,34 4,71 Chronic rheumatic heart disease 1,16 0,32 7,80 Respiratory failure; insufficiency; arrest 1,04 0,26 9,52

Hearing loss 12,13 0,65 4,11 Other specified and unspecified upper respiratory disease9,65 0,90 5,78 Acquired foot deformities 1,39 0,44 5,60 Nephritis; nephrosis; renal sclerosis 0,70 0,29 4,12 Epilepsy; convulsions 1,27 0,29 7,04 Chronic rheumatic heart disease 0,94 0,26 9,50

Nephritis; nephrosis; renal sclerosis 1,50 0,63 3,97 Schizophrenia spectrum and other psychotic disorders3,28 0,85 5,45 Scoliosis and other postural dorsopathic deformities0,89 0,42 5,38 Nonrheumatic and unspecified valve disorders 2,54 0,27 3,80 Pressure ulcer of skin 1,40 0,25 6,15 Other and ill-defined heart disease 1,78 0,25 8,95

Cerebral infarction 5,03 0,62 3,87 Obesity 26,08 0,83 5,31 Schizophrenia spectrum and other psychotic disorders1,62 0,42 5,35 Retinal and vitreous conditions 1,25 0,26 3,64 Respiratory failure; insufficiency; arrest 0,87 0,22 5,35 Diabetes mellitus with complication 3,63 0,24 8,69

Other and ill-defined cerebrovascular disease 1,40 0,61 3,84 Gout 8,69 0,81 5,20 Other specified hereditary and degenerative nervous system conditions2,02 0,42 5,31 Diseases of white blood cells 1,46 0,21 2,91 Symptoms of mental and substance use conditions 0,95 0,16 3,85 Nutritional deficiencies 1,68 0,24 8,64

Epilepsy; convulsions 2,64 0,60 3,78 Retinal and vitreous conditions 3,29 0,68 4,37 Respiratory failure; insufficiency; arrest 1,50 0,38 4,85 Aortic; peripheral; and visceral artery aneurysms 0,68 0,19 2,66 Disruptive, impulse-control and conduct disorders 0,43 0,15 3,57 Other specified hereditary and degenerative nervous system conditions1,05 0,22 7,86

Hepatitis 1,32 0,58 3,64 Biliary tract disease 2,62 0,68 4,35 Pulmonary heart disease 1,79 0,38 4,80 Chronic rheumatic heart disease 0,64 0,18 2,49 Schizophrenia spectrum and other psychotic disorders0,41 0,11 2,59 Acute myocardial infarction 1,57 0,19 6,74

Occlusion or stenosis of precerebral or cerebral arteries without infarction1,51 0,54 3,37 Headache; including migraine 1,96 0,66 4,22 Osteoporosis 2,15 0,37 4,66 Other and ill-defined cerebrovascular disease 0,37 0,16 2,28 Paralysis (other than cerebral palsy) 0,41 0,11 2,57 Heart failure 2,94 0,16 5,72

Neurodevelopmental disorders 1,40 0,47 2,94 Chronic rheumatic heart disease 2,16 0,60 3,85 Other specified and unspecified lower respiratory disease1,19 0,35 4,42 Pulmonary heart disease 0,73 0,15 2,16 Non-pressure ulcer of skin 0,39 0,10 2,41 Myocarditis and cardiomyopathy 0,62 0,14 4,91

Schizophrenia spectrum and other psychotic disorders1,16 0,30 1,88 Respiratory failure; insufficiency; arrest 1,95 0,49 3,16 Myopathies 0,79 0,27 3,48 Acute myocardial infarction 1,11 0,13 1,85 Other general signs and symptoms 0,47 0,07 1,71 Symptoms of mental and substance use conditions 0,79 0,13 4,79

Paralysis (other than cerebral palsy) 1,15 0,30 1,87 Asthma 2,22 0,45 2,89 Hematologic neoplasia 0,81 0,27 3,48 Nerve and nerve root disorders 0,42 0,08 1,08 Nervous system signs and symptoms 0,30 0,06 1,44 Pulmonary heart disease 0,54 0,11 4,15

Acquired foot deformities 0,84 0,26 1,66 Neurodevelopmental disorders 1,09 0,36 2,34 Epilepsy; convulsions 1,09 0,25 3,15 Other specified and unspecified circulatory disease 0,14 0,07 0,94 Pulmonary heart disease 0,15 0,03 0,77 Disruptive, impulse-control and conduct disorders 0,23 0,08 2,85

Parkinson`s disease 0,26 0,07 0,41 Pulmonary heart disease 1,50 0,32 2,03 Parkinson`s disease 0,33 0,09 1,10 Other specified and unspecified endocrine disorders0,09 0,03 0,43 Neurodevelopmental disorders 0,06 0,02 0,46 Non-pressure ulcer of skin 0,24 0,06 2,17

Disruptive, impulse-control and conduct disorders 0,08 0,03 0,18 Acquired foot deformities 0,77 0,24 1,56 Neurodevelopmental disorders 0,08 0,03 0,32 Acquired foot deformities 0,01 0,00 0,03 Sequela of cerebral infarction and other cerebrovascular disease0,02 0,01 0,16 Parkinson`s disease 0,19 0,05 1,81

Uspecific with neoplasia predominanceCardiorespiratory Cognitive-motor disorders Cardiometabolic Psychogeriatric Unspecific with COPD predominance
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Males, 66-80 (3 out of 3)
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Pulmonary heart disease 65,01 13,70 86,10 Paralysis (other than cerebral palsy) 27,35 7,07 45,43 Diabetes mellitus with complication 53,66 3,55 45,25 Parkinson`s disease 21,29 5,51 77,31 Headache; including migraine 6,83 2,29 55,51 Acquired foot deformities 4,08 1,29 46,74

Chronic rheumatic heart disease 37,58 10,43 65,54 Sequela of cerebral infarction and other cerebrovascular disease18,95 6,16 39,58 Nephritis; nephrosis; renal sclerosis 8,29 3,50 44,55 Schizophrenia spectrum and other psychotic disorders19,98 5,17 72,56 Diverticulosis and diverticulitis 21,68 2,04 49,54 Hematologic neoplasia 3,62 1,21 43,94

Respiratory failure; insufficiency; arrest 38,56 9,75 61,28 Other and ill-defined cerebrovascular disease 13,87 6,07 39,00 Non-pressure ulcer of skin 13,52 3,42 43,59 Neurodevelopmental disorders 14,23 4,76 66,88 Acquired foot deformities 5,78 1,83 44,41 Nerve and nerve root disorders 6,50 1,19 43,18

Nonrheumatic and unspecified valve disorders 49,07 5,22 32,79 Cerebral infarction 42,22 5,17 33,18 Myocarditis and cardiomyopathy 15,06 3,30 42,01 Disruptive, impulse-control and conduct disorders 13,63 4,70 66,00 Digestive congenital anomalies 6,62 1,80 43,60 Scoliosis and other postural dorsopathic deformities2,31 1,09 39,64

Heart failure 87,52 4,70 29,52 Occlusion or stenosis of precerebral or cerebral arteries without infarction13,97 4,97 31,91 Acute myocardial infarction 26,77 3,17 40,45 Symptoms of mental and substance use conditions26,91 4,50 63,23 Gastritis and duodenitis 7,55 1,75 42,60 Neoplasia (general) 35,21 1,04 37,79

Other and ill-defined heart disease 33,33 4,63 29,07 Transient cerebral ischemia 13,76 4,61 29,58 Heart failure 52,98 2,84 36,25 Epilepsy; convulsions 18,51 4,21 59,15 Other specified joint disorders 15,92 1,71 41,50 Glaucoma 11,42 1,03 37,34

Myocarditis and cardiomyopathy 19,93 4,36 27,40 Non-pressure ulcer of skin 17,09 4,32 27,76 Coronary atherosclerosis and other heart disease 66,09 2,84 36,17 Pressure ulcer of skin 18,09 3,27 45,89 Esophageal disorders 22,54 1,64 39,93 Other specified and unspecified lower respiratory disease3,21 0,94 33,94

Osteoporosis 23,83 4,05 25,44 Nervous system signs and symptoms 21,72 4,26 27,37 Peripheral and visceral vascular disease 48,26 2,80 35,71 Other general signs and symptoms 20,73 3,10 43,58 Other specified and unspecified liver disease 20,91 1,63 39,59 Other specified and unspecified upper respiratory disease9,42 0,88 31,82

Other specified and unspecified lower respiratory disease12,16 3,55 22,29 Other specified and unspecified endocrine disorders11,30 3,68 23,61 Other specified and unspecified endocrine disorders8,27 2,69 34,28 Urinary incontinence 80,13 3,01 42,26 Osteoarthritis 48,67 1,62 39,33 Hyperplasia of prostate 37,39 0,86 31,13

Myopathies 9,85 3,40 21,35 Nutritional deficiencies 25,39 3,61 23,20 Other specified and unspecified circulatory disease 5,14 2,44 31,07 Neurocognitive disorders 68,76 2,95 41,46 Hearing loss 29,34 1,58 38,44 Cataract and other lens disorders 24,40 0,84 30,38

Cardiac dysrhythmias 70,10 2,85 17,90 Malnutrition 15,46 3,52 22,60 Nonrheumatic and unspecified valve disorders 22,51 2,39 30,51 Nervous system signs and symptoms 13,29 2,61 36,62 Coagulation and hemorrhagic disorders 9,23 1,57 38,08 Gastroduodenal ulcer 4,81 0,82 29,59

Alcohol-related disorders 27,15 2,78 17,49 Other specified and unspecified circulatory disease 7,23 3,43 22,03 Other and ill-defined cerebrovascular disease 5,38 2,36 30,04 Depressive disorders 35,50 2,49 35,01 Other specified and unspecified upper respiratory disease16,77 1,56 38,00 Essential hypertension 58,90 0,82 29,57

Non-pressure ulcer of skin 10,46 2,64 16,62 Other general signs and symptoms 22,25 3,33 21,40 Chronic kidney disease 54,47 2,28 29,05 Other specified hereditary and degenerative nervous system conditions11,72 2,42 34,04 Hepatitis 3,56 1,56 37,85 Esophageal disorders 10,96 0,80 28,95

Biliary tract disease 9,73 2,52 15,82 Pressure ulcer of skin 18,03 3,26 20,92 Diabetes mellitus without complication 84,70 2,15 27,42 Sequela of cerebral infarction and other cerebrovascular disease6,59 2,14 30,08 Hypertension with complications and secondary hypertension10,30 1,54 37,45 Anxiety and fear-related disorders 12,25 0,77 28,06

Chronic obstructive pulmonary disease and bronchiectasis78,76 2,46 15,47 Disruptive, impulse-control and conduct disorders 9,34 3,22 20,70 Hypertension with complications and secondary hypertension14,25 2,13 27,20 Other specified nervous system disorders 6,18 2,13 29,91 Asthma 7,45 1,51 36,77 Other specified inflammatory condition of skin 5,99 0,75 27,14

Other specified nervous system disorders 7,02 2,42 15,21 Coagulation and hemorrhagic disorders 18,90 3,21 20,62 Conduction disorders 46,98 2,07 26,41 Miscellaneous mental and behavioral disorders/conditions9,28 1,92 26,96 Other specified hereditary and degenerative nervous system conditions7,16 1,48 35,96 Neurodevelopmental disorders 2,23 0,75 27,06

Nutritional deficiencies 16,53 2,35 14,77 Aortic; peripheral; and visceral artery aneurysms 10,77 2,99 19,21 Aortic; peripheral; and visceral artery aneurysms 7,25 2,01 25,64 Osteoporosis 9,17 1,56 21,88 Disorders of teeth and gingiva 16,24 1,48 35,92 Retinal and vitreous conditions 3,59 0,74 26,92

Retinal and vitreous conditions 11,02 2,28 14,33 Hepatitis 6,56 2,87 18,44 Other and ill-defined heart disease 14,20 1,97 25,11 Nutritional deficiencies 10,44 1,49 20,86 Thyroid disorders 14,58 1,46 35,35 Trauma- and stressor-related disorders 2,38 0,73 26,55

Hematologic neoplasia 6,68 2,24 14,06 Myopathies 8,05 2,77 17,82 Cardiac dysrhythmias 43,64 1,77 22,61 Alcohol-related disorders 14,10 1,45 20,30 Spondylopathies/spondyloarthropathy (including infective)25,09 1,45 35,20 Diseases of white blood cells 5,07 0,72 26,10

Acute myocardial infarction 17,81 2,11 13,27 Nephritis; nephrosis; renal sclerosis 6,38 2,69 17,28 Other specified nervous system disorders 5,00 1,72 21,96 Scoliosis and other postural dorsopathic deformities2,88 1,36 19,16 Biliary tract disease 5,54 1,43 34,82 Myopathies 2,05 0,71 25,59

Conduction disorders 47,06 2,08 13,04 Peripheral and visceral vascular disease 45,52 2,64 16,98 Malnutrition 7,27 1,66 21,10 Anxiety and fear-related disorders 21,09 1,33 18,72 Obesity 44,66 1,42 34,39 Other specified and unspecified nutritional and metabolic disorders20,24 0,70 25,28

Diabetes mellitus with complication 31,11 2,06 12,94 Diabetes mellitus with complication 39,03 2,58 16,59 Biliary tract disease 6,40 1,65 21,08 Paralysis (other than cerebral palsy) 5,11 1,32 18,54 Gout 15,12 1,41 34,25 Asthma 3,31 0,67 24,37

Sleep wake disorders 55,25 2,05 12,91 Trauma- and stressor-related disorders 8,36 2,57 16,53 Cerebral infarction 12,68 1,55 19,78 Gastritis and duodenitis 5,28 1,23 17,21 Nerve and nerve root disorders 7,66 1,41 34,14 Hearing loss 12,38 0,67 24,17

Chronic kidney disease 47,62 1,99 12,52 Systemic lupus erythematosus and connective tissue disorders7,21 2,41 15,51 Disorders of lipid metabolism 75,59 1,54 19,65 Hyperplasia of prostate 52,78 1,21 17,04 Systemic lupus erythematosus and connective tissue disorders4,17 1,39 33,88 Spondylopathies/spondyloarthropathy (including infective)11,52 0,67 24,09

Coronary atherosclerosis and other heart disease 43,92 1,89 11,85 Osteoporosis 14,10 2,39 15,38 Nutritional deficiencies 10,54 1,50 19,12 Sleep wake disorders 32,54 1,21 16,99 Diseases of white blood cells 9,78 1,39 33,81 Disorders of lipid metabolism 32,37 0,66 23,91

Other specified and unspecified liver disease 24,11 1,88 11,81 Diseases of white blood cells 16,27 2,31 14,87 Retinal and vitreous conditions 7,24 1,50 19,09 Glaucoma 13,12 1,19 16,64 Gastroduodenal ulcer 8,06 1,37 33,27 Osteoarthritis 19,41 0,65 23,39

Obesity 58,64 1,86 11,68 Acute myocardial infarction 19,35 2,29 14,73 Occlusion or stenosis of precerebral or cerebral arteries without infarction4,18 1,49 18,94 Other specified inflammatory condition of skin 9,39 1,17 16,48 Sleep wake disorders 36,17 1,35 32,67 Chronic obstructive pulmonary disease and bronchiectasis20,50 0,64 23,21

Other specified joint disorders 16,96 1,82 11,44 Miscellaneous mental and behavioral disorders/conditions10,89 2,25 14,47 Gout 15,30 1,43 18,19 Disorders of teeth and gingiva 12,70 1,16 16,23 Anxiety and fear-related disorders 20,85 1,32 32,02 Digestive congenital anomalies 2,34 0,63 22,95

Peripheral and visceral vascular disease 30,42 1,77 11,10 Urinary incontinence 58,64 2,20 14,15 Other specified and unspecified nutritional and metabolic disorders41,35 1,43 18,18 Respiratory failure; insufficiency; arrest 4,46 1,13 15,85 Retinal and vitreous conditions 6,30 1,30 31,65 Thyroid disorders 6,33 0,63 22,88

Diseases of white blood cells 12,18 1,73 10,89 Neurocognitive disorders 49,77 2,14 13,73 Transient cerebral ischemia 4,24 1,42 18,10 Trauma- and stressor-related disorders 3,66 1,13 15,83 Other specified inflammatory condition of skin 10,23 1,28 31,07 Hepatitis 1,42 0,62 22,55

Coagulation and hemorrhagic disorders 10,18 1,73 10,86 Chronic kidney disease 50,53 2,11 13,58 Obesity 44,64 1,42 18,04 Hearing loss 19,60 1,06 14,84 Miscellaneous mental and behavioral disorders/conditions6,11 1,26 30,70 Gout 6,65 0,62 22,46

Other general signs and symptoms 11,36 1,70 10,69 Hematologic neoplasia 6,27 2,10 13,48 Asthma 6,83 1,39 17,70 Cerebral infarction 7,84 0,96 13,47 Disorders of lipid metabolism 61,35 1,25 30,39 Other specified joint disorders 5,74 0,62 22,34

Scoliosis and other postural dorsopathic deformities3,52 1,67 10,50 Coronary atherosclerosis and other heart disease 47,80 2,05 13,18 Other specified and unspecified liver disease 17,05 1,33 16,94 Asthma 4,70 0,96 13,41 Other specified and unspecified nutritional and metabolic disorders35,98 1,24 30,14 Obesity 19,18 0,61 22,02

Hypertension with complications and secondary hypertension10,88 1,63 10,23 Symptoms of mental and substance use conditions12,24 2,05 13,16 Gastritis and duodenitis 5,69 1,32 16,83 Chronic obstructive pulmonary disease and bronchiectasis29,97 0,94 13,15 Cataract and other lens disorders 34,28 1,18 28,63 Transient cerebral ischemia 1,81 0,60 21,90

Other specified and unspecified circulatory disease 3,39 1,61 10,09 Other specified hereditary and degenerative nervous system conditions8,66 1,79 11,51 Paralysis (other than cerebral palsy) 5,03 1,30 16,59 Essential hypertension 66,97 0,93 13,03 Trauma- and stressor-related disorders 3,82 1,18 28,57 Diabetes mellitus without complication 23,17 0,59 21,31

Gout 16,67 1,56 9,77 Diverticulosis and diverticulitis 17,28 1,62 10,44 Spondylopathies/spondyloarthropathy (including infective)22,43 1,30 16,52 Digestive congenital anomalies 3,18 0,86 12,09 Hyperplasia of prostate 48,84 1,12 27,27 Epilepsy; convulsions 2,49 0,57 20,50

Systemic lupus erythematosus and connective tissue disorders4,48 1,50 9,43 Cardiac dysrhythmias 39,87 1,62 10,41 Sleep wake disorders 34,12 1,27 16,17 Conduction disorders 18,17 0,80 11,25 Essential hypertension 80,62 1,12 27,14 Disorders of teeth and gingiva 5,95 0,54 19,62

Thyroid disorders 14,61 1,46 9,17 Other specified and unspecified liver disease 19,76 1,54 9,89 Essential hypertension 90,33 1,25 15,96 Hematologic neoplasia 2,36 0,79 11,09 Neoplasia (general) 37,65 1,12 27,10 Systemic lupus erythematosus and connective tissue disorders1,62 0,54 19,59

Diabetes mellitus without complication 55,77 1,42 8,90 Depressive disorders 21,80 1,53 9,83 Chronic obstructive pulmonary disease and bronchiectasis38,43 1,20 15,31 Osteoarthritis 23,66 0,79 11,05 Conduction disorders 24,80 1,09 26,57 Aortic; peripheral; and visceral artery aneurysms 1,89 0,52 19,01

Diverticulosis and diverticulitis 15,03 1,41 8,88 Disorders of lipid metabolism 74,89 1,53 9,81 Thyroid disorders 11,14 1,11 14,18 Cataract and other lens disorders 21,41 0,74 10,34 Myopathies 3,15 1,09 26,40 Malnutrition 2,30 0,52 18,98

Aortic; peripheral; and visceral artery aneurysms 5,05 1,40 8,81 Other specified and unspecified lower respiratory disease5,16 1,51 9,67 Cataract and other lens disorders 31,85 1,10 13,96 Other specified and unspecified nutritional and metabolic disorders21,17 0,73 10,25 Alcohol-related disorders 10,55 1,08 26,27 Cerebral infarction 4,28 0,52 18,96

Malnutrition 6,15 1,40 8,80 Scoliosis and other postural dorsopathic deformities3,14 1,49 9,58 Neoplasia (general) 36,52 1,08 13,80 Gout 7,73 0,72 10,12 Chronic obstructive pulmonary disease and bronchiectasis33,86 1,06 25,72 Cardiac dysrhythmias 12,81 0,52 18,85

Esophageal disorders 18,51 1,35 8,48 Parkinson`s disease 5,75 1,49 9,55 Glaucoma 11,57 1,04 13,32 Spondylopathies/spondyloarthropathy (including infective)12,06 0,70 9,78 Aortic; peripheral; and visceral artery aneurysms 3,66 1,02 24,67 Headache; including migraine 1,53 0,51 18,51

Nerve and nerve root disorders 7,22 1,32 8,32 Other specified and unspecified nutritional and metabolic disorders42,76 1,47 9,47 Gastroduodenal ulcer 6,04 1,03 13,07 Diabetes mellitus without complication 27,22 0,69 9,71 Other specified and unspecified endocrine disorders3,02 0,98 23,81 Occlusion or stenosis of precerebral or cerebral arteries without infarction1,43 0,51 18,43

Headache; including migraine 3,76 1,26 7,91 Heart failure 27,33 1,47 9,42 Systemic lupus erythematosus and connective tissue disorders2,98 1,00 12,70 Other and ill-defined heart disease 4,94 0,69 9,62 Diabetes mellitus without complication 38,11 0,97 23,52 Alcohol-related disorders 4,93 0,51 18,32

Disorders of teeth and gingiva 13,81 1,26 7,90 Thyroid disorders 14,56 1,45 9,33 Nervous system signs and symptoms 5,05 0,99 12,64 Gastroduodenal ulcer 3,87 0,66 9,23 Acute myocardial infarction 7,97 0,95 22,96 Chronic kidney disease 11,59 0,48 17,56

Depressive disorders 17,88 1,26 7,89 Diabetes mellitus without complication 56,03 1,42 9,14 Disorders of teeth and gingiva 10,55 0,96 12,25 Diverticulosis and diverticulitis 6,99 0,66 9,23 Depressive disorders 12,68 0,89 21,64 Depressive disorders 6,46 0,45 16,43

Cataract and other lens disorders 35,08 1,21 7,58 Cataract and other lens disorders 41,27 1,42 9,11 Other specified inflammatory condition of skin 7,67 0,96 12,23 Cardiac dysrhythmias 16,14 0,66 9,21 Osteoporosis 5,17 0,88 21,33 Other and ill-defined cerebrovascular disease 1,02 0,45 16,22

Urinary incontinence 31,36 1,18 7,40 Glaucoma 15,51 1,40 9,00 Other general signs and symptoms 6,31 0,94 12,04 Thyroid disorders 6,48 0,65 9,08 Malnutrition 3,85 0,88 21,31 Biliary tract disease 1,72 0,45 16,14

Glaucoma 12,71 1,15 7,21 Other and ill-defined heart disease 9,98 1,38 8,89 Diverticulosis and diverticulitis 9,92 0,93 11,90 Disorders of lipid metabolism 31,55 0,64 9,03 Other specified and unspecified circulatory disease 1,84 0,87 21,20 Coagulation and hemorrhagic disorders 2,54 0,43 15,62

Disorders of lipid metabolism 56,22 1,15 7,20 Gastritis and duodenitis 5,84 1,36 8,72 Osteoarthritis 27,53 0,92 11,68 Chronic kidney disease 15,31 0,64 8,99 Cardiac dysrhythmias 21,29 0,87 21,02 Conduction disorders 9,68 0,43 15,46

Hyperplasia of prostate 49,49 1,14 7,15 Hearing loss 24,98 1,35 8,65 Other specified joint disorders 8,53 0,92 11,67 Hepatitis 1,46 0,64 8,99 Other specified and unspecified lower respiratory disease2,96 0,86 21,00 Neurocognitive disorders 9,82 0,42 15,28

Spondylopathies/spondyloarthropathy (including infective)19,61 1,13 7,12 Hypertension with complications and secondary hypertension8,83 1,32 8,49 Diseases of white blood cells 6,30 0,90 11,43 Systemic lupus erythematosus and connective tissue disorders1,89 0,63 8,89 Occlusion or stenosis of precerebral or cerebral arteries without infarction2,28 0,81 19,73 Sleep wake disorders 11,30 0,42 15,22

Pressure ulcer of skin 6,23 1,13 7,08 Nonrheumatic and unspecified valve disorders 12,43 1,32 8,49 Other specified and unspecified upper respiratory disease9,42 0,88 11,20 Other specified and unspecified lower respiratory disease2,12 0,62 8,68 Coronary atherosclerosis and other heart disease 18,78 0,81 19,59 Nervous system signs and symptoms 2,13 0,42 15,12

Osteoarthritis 33,52 1,12 7,01 Neoplasia (general) 44,13 1,31 8,40 Chronic rheumatic heart disease 3,06 0,85 10,81 Obesity 19,25 0,61 8,57 Transient cerebral ischemia 2,40 0,80 19,49 Paralysis (other than cerebral palsy) 1,60 0,41 15,01

Other specified inflammatory condition of skin 8,88 1,11 6,97 Other specified joint disorders 12,09 1,30 8,34 Sequela of cerebral infarction and other cerebrovascular disease2,61 0,85 10,81 Esophageal disorders 8,19 0,60 8,39 Other and ill-defined heart disease 5,44 0,76 18,35 Peripheral and visceral vascular disease 6,99 0,41 14,71

Neoplasia (general) 37,36 1,11 6,96 Disorders of teeth and gingiva 13,83 1,26 8,08 Miscellaneous mental and behavioral disorders/conditions4,03 0,83 10,62 Headache; including migraine 1,75 0,59 8,24 Chronic kidney disease 18,01 0,75 18,31 Other specified and unspecified circulatory disease 0,85 0,40 14,67

Nervous system signs and symptoms 5,52 1,08 6,80 Gastroduodenal ulcer 7,40 1,26 8,07 Alcohol-related disorders 8,08 0,83 10,56 Other specified and unspecified liver disease 7,48 0,58 8,19 Glaucoma 7,51 0,68 16,49 Nephritis; nephrosis; renal sclerosis 0,96 0,40 14,62

Gastroduodenal ulcer 6,34 1,08 6,77 Anxiety and fear-related disorders 19,04 1,20 7,73 Neurocognitive disorders 18,84 0,81 10,31 Biliary tract disease 2,15 0,56 7,80 Scoliosis and other postural dorsopathic deformities1,37 0,65 15,75 Urinary incontinence 10,62 0,40 14,45

Anxiety and fear-related disorders 16,83 1,06 6,69 Essential hypertension 85,78 1,19 7,64 Digestive congenital anomalies 2,97 0,80 10,26 Occlusion or stenosis of precerebral or cerebral arteries without infarction1,53 0,54 7,62 Other specified nervous system disorders 1,87 0,64 15,66 Sequela of cerebral infarction and other cerebrovascular disease1,16 0,38 13,63

Other specified and unspecified nutritional and metabolic disorders30,83 1,06 6,68 Osteoarthritis 35,24 1,17 7,53 Hyperplasia of prostate 34,04 0,78 9,97 Other specified and unspecified upper respiratory disease5,74 0,54 7,51 Peripheral and visceral vascular disease 11,10 0,64 15,65 Other specified and unspecified liver disease 4,81 0,38 13,58

Neurocognitive disorders 24,72 1,06 6,67 Other specified nervous system disorders 3,38 1,17 7,49 Urinary incontinence 20,70 0,78 9,91 Non-pressure ulcer of skin 2,10 0,53 7,45 Nephritis; nephrosis; renal sclerosis 1,51 0,64 15,46 Nonrheumatic and unspecified valve disorders 3,33 0,35 12,83

Essential hypertension 76,42 1,06 6,66 Hyperplasia of prostate 50,38 1,16 7,44 Hearing loss 14,23 0,77 9,78 Malnutrition 2,26 0,51 7,22 Myocarditis and cardiomyopathy 2,83 0,62 15,07 Coronary atherosclerosis and other heart disease 8,01 0,34 12,46

Symptoms of mental and substance use conditions 5,97 1,00 6,27 Spondylopathies/spondyloarthropathy (including infective)19,63 1,13 7,28 Pressure ulcer of skin 4,22 0,76 9,73 Heart failure 9,38 0,50 7,07 Hematologic neoplasia 1,72 0,57 13,96 Schizophrenia spectrum and other psychotic disorders1,30 0,34 12,17

Other specified and unspecified endocrine disorders3,06 1,00 6,26 Conduction disorders 25,63 1,13 7,26 Depressive disorders 10,28 0,72 9,20 Coronary atherosclerosis and other heart disease 11,18 0,48 6,74 Nutritional deficiencies 3,88 0,55 13,42 Other specified and unspecified endocrine disorders0,99 0,32 11,60

Trauma- and stressor-related disorders 3,11 0,96 6,01 Chronic obstructive pulmonary disease and bronchiectasis35,50 1,11 7,13 Symptoms of mental and substance use conditions 4,08 0,68 8,70 Coagulation and hemorrhagic disorders 2,69 0,46 6,42 Neurocognitive disorders 12,04 0,52 12,55 Miscellaneous mental and behavioral disorders/conditions1,52 0,32 11,42

Miscellaneous mental and behavioral disorders/conditions4,47 0,93 5,82 Alcohol-related disorders 10,73 1,10 7,07 Hepatitis 1,53 0,67 8,53 Neoplasia (general) 14,31 0,42 5,95 Heart failure 9,22 0,49 12,02 Osteoporosis 1,84 0,31 11,31

Transient cerebral ischemia 2,74 0,92 5,77 Esophageal disorders 14,69 1,07 6,88 Coagulation and hemorrhagic disorders 3,88 0,66 8,40 Peripheral and visceral vascular disease 7,18 0,42 5,85 Urinary incontinence 12,98 0,49 11,84 Hypertension with complications and secondary hypertension1,99 0,30 10,77

Sequela of cerebral infarction and other cerebrovascular disease2,81 0,91 5,74 Digestive congenital anomalies 3,69 1,00 6,42 Esophageal disorders 7,92 0,58 7,36 Hypertension with complications and secondary hypertension2,78 0,42 5,85 Nonrheumatic and unspecified valve disorders 4,48 0,48 11,57 Other general signs and symptoms 1,95 0,29 10,59

Other specified and unspecified upper respiratory disease9,70 0,91 5,69 Epilepsy; convulsions 4,37 1,00 6,39 Nerve and nerve root disorders 3,09 0,57 7,23 Myopathies 1,11 0,38 5,36 Diabetes mellitus with complication 7,13 0,47 11,47 Pressure ulcer of skin 1,56 0,28 10,23

Other specified hereditary and degenerative nervous system conditions4,09 0,85 5,31 Other specified inflammatory condition of skin 7,60 0,95 6,10 Anxiety and fear-related disorders 8,41 0,53 6,78 Transient cerebral ischemia 1,10 0,37 5,17 Cerebral infarction 3,61 0,44 10,74 Diverticulosis and diverticulitis 2,94 0,28 10,02

Gastritis and duodenitis 3,40 0,79 4,96 Nerve and nerve root disorders 5,13 0,94 6,05 Disruptive, impulse-control and conduct disorders 1,52 0,53 6,70 Diabetes mellitus with complication 5,46 0,36 5,07 Parkinson`s disease 1,56 0,40 9,81 Other specified nervous system disorders 0,78 0,27 9,77

Asthma 3,81 0,77 4,86 Sleep wake disorders 25,25 0,94 6,03 Trauma- and stressor-related disorders 1,66 0,51 6,52 Myocarditis and cardiomyopathy 1,57 0,34 4,82 Other and ill-defined cerebrovascular disease 0,81 0,35 8,62 Gastritis and duodenitis 1,15 0,27 9,68

Digestive congenital anomalies 2,75 0,75 4,69 Myocarditis and cardiomyopathy 4,12 0,90 5,79 Headache; including migraine 1,31 0,44 5,61 Other specified joint disorders 3,13 0,34 4,71 Chronic rheumatic heart disease 1,16 0,32 7,80 Respiratory failure; insufficiency; arrest 1,04 0,26 9,52

Hearing loss 12,13 0,65 4,11 Other specified and unspecified upper respiratory disease9,65 0,90 5,78 Acquired foot deformities 1,39 0,44 5,60 Nephritis; nephrosis; renal sclerosis 0,70 0,29 4,12 Epilepsy; convulsions 1,27 0,29 7,04 Chronic rheumatic heart disease 0,94 0,26 9,50

Nephritis; nephrosis; renal sclerosis 1,50 0,63 3,97 Schizophrenia spectrum and other psychotic disorders3,28 0,85 5,45 Scoliosis and other postural dorsopathic deformities0,89 0,42 5,38 Nonrheumatic and unspecified valve disorders 2,54 0,27 3,80 Pressure ulcer of skin 1,40 0,25 6,15 Other and ill-defined heart disease 1,78 0,25 8,95

Cerebral infarction 5,03 0,62 3,87 Obesity 26,08 0,83 5,31 Schizophrenia spectrum and other psychotic disorders1,62 0,42 5,35 Retinal and vitreous conditions 1,25 0,26 3,64 Respiratory failure; insufficiency; arrest 0,87 0,22 5,35 Diabetes mellitus with complication 3,63 0,24 8,69

Other and ill-defined cerebrovascular disease 1,40 0,61 3,84 Gout 8,69 0,81 5,20 Other specified hereditary and degenerative nervous system conditions2,02 0,42 5,31 Diseases of white blood cells 1,46 0,21 2,91 Symptoms of mental and substance use conditions 0,95 0,16 3,85 Nutritional deficiencies 1,68 0,24 8,64

Epilepsy; convulsions 2,64 0,60 3,78 Retinal and vitreous conditions 3,29 0,68 4,37 Respiratory failure; insufficiency; arrest 1,50 0,38 4,85 Aortic; peripheral; and visceral artery aneurysms 0,68 0,19 2,66 Disruptive, impulse-control and conduct disorders 0,43 0,15 3,57 Other specified hereditary and degenerative nervous system conditions1,05 0,22 7,86

Hepatitis 1,32 0,58 3,64 Biliary tract disease 2,62 0,68 4,35 Pulmonary heart disease 1,79 0,38 4,80 Chronic rheumatic heart disease 0,64 0,18 2,49 Schizophrenia spectrum and other psychotic disorders0,41 0,11 2,59 Acute myocardial infarction 1,57 0,19 6,74

Occlusion or stenosis of precerebral or cerebral arteries without infarction1,51 0,54 3,37 Headache; including migraine 1,96 0,66 4,22 Osteoporosis 2,15 0,37 4,66 Other and ill-defined cerebrovascular disease 0,37 0,16 2,28 Paralysis (other than cerebral palsy) 0,41 0,11 2,57 Heart failure 2,94 0,16 5,72

Neurodevelopmental disorders 1,40 0,47 2,94 Chronic rheumatic heart disease 2,16 0,60 3,85 Other specified and unspecified lower respiratory disease1,19 0,35 4,42 Pulmonary heart disease 0,73 0,15 2,16 Non-pressure ulcer of skin 0,39 0,10 2,41 Myocarditis and cardiomyopathy 0,62 0,14 4,91

Schizophrenia spectrum and other psychotic disorders1,16 0,30 1,88 Respiratory failure; insufficiency; arrest 1,95 0,49 3,16 Myopathies 0,79 0,27 3,48 Acute myocardial infarction 1,11 0,13 1,85 Other general signs and symptoms 0,47 0,07 1,71 Symptoms of mental and substance use conditions 0,79 0,13 4,79

Paralysis (other than cerebral palsy) 1,15 0,30 1,87 Asthma 2,22 0,45 2,89 Hematologic neoplasia 0,81 0,27 3,48 Nerve and nerve root disorders 0,42 0,08 1,08 Nervous system signs and symptoms 0,30 0,06 1,44 Pulmonary heart disease 0,54 0,11 4,15

Acquired foot deformities 0,84 0,26 1,66 Neurodevelopmental disorders 1,09 0,36 2,34 Epilepsy; convulsions 1,09 0,25 3,15 Other specified and unspecified circulatory disease 0,14 0,07 0,94 Pulmonary heart disease 0,15 0,03 0,77 Disruptive, impulse-control and conduct disorders 0,23 0,08 2,85

Parkinson`s disease 0,26 0,07 0,41 Pulmonary heart disease 1,50 0,32 2,03 Parkinson`s disease 0,33 0,09 1,10 Other specified and unspecified endocrine disorders0,09 0,03 0,43 Neurodevelopmental disorders 0,06 0,02 0,46 Non-pressure ulcer of skin 0,24 0,06 2,17

Disruptive, impulse-control and conduct disorders 0,08 0,03 0,18 Acquired foot deformities 0,77 0,24 1,56 Neurodevelopmental disorders 0,08 0,03 0,32 Acquired foot deformities 0,01 0,00 0,03 Sequela of cerebral infarction and other cerebrovascular disease0,02 0,01 0,16 Parkinson`s disease 0,19 0,05 1,81

Uspecific with neoplasia predominanceCardiorespiratory Cognitive-motor disorders Cardiometabolic Psychogeriatric Unspecific with COPD predominance
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Appendix A. Supplementary files

Females, 66-80 (1 out of 3)

Female 66-80

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%)

Paralysis (other than cerebral palsy) 45,22 16,56 93,44 Neurodevelopmental disorders 15,72 7,43 95,56 Myocarditis and cardiomyopathy 23,25 6,14 86,22 Other specified and unspecified gastrointestinal disorders9,73 2,08 49,98 Diseases of white blood cells 6,41 1,32 57,50

Cerebral infarction 68,28 12,30 69,42 Schizophrenia spectrum and other psychotic disorders26,05 6,29 80,88 Pulmonary heart disease 31,77 6,11 85,87 Nervous system pain and pain syndromes 11,11 2,07 49,59 Neoplasia (general) 26,75 1,28 55,67

Nervous system signs and symptoms 41,68 7,51 42,38 Bipolar and related disorders 10,95 4,97 63,92 Chronic rheumatic heart disease 21,14 5,85 82,25 Retinal and vitreous conditions 11,62 2,03 48,67 Malnutrition 3,32 1,11 48,14

Miscellaneous mental and behavioral disorders/conditions13,79 4,89 27,60 Other general signs and symptoms 33,52 4,37 56,22 Respiratory failure; insufficiency; arrest 13,83 5,41 76,08 Spondylopathies/spondyloarthropathy (including infective)48,92 2,01 48,27 Biliary tract disease 4,29 1,11 48,03

Hepatitis 9,87 3,11 17,56 Disruptive, impulse-control and conduct disorders 9,74 4,25 54,65 Heart failure 86,12 4,38 61,59 Headache; including migraine 12,73 1,95 46,86 Acquired foot deformities 11,97 1,09 47,21

Drug induced or toxic related condition 6,30 2,75 15,53 Miscellaneous mental and behavioral disorders/conditions11,59 4,11 52,87 Hypertension with complications and secondary hypertension26,91 4,30 60,45 Esophageal disorders 30,33 1,95 46,67 Menopausal disorders 9,08 1,08 47,13

Disruptive, impulse-control and conduct disorders 6,15 2,68 15,14 Parkinson`s disease 18,37 4,09 52,57 Other and ill-defined heart disease 30,59 4,29 60,24 Nephritis; nephrosis; renal sclerosis 3,99 1,89 45,27 Hematologic neoplasia 2,90 1,03 44,70

Coagulation and hemorrhagic disorders 8,47 2,60 14,66 Epilepsy; convulsions 11,86 3,54 45,55 Gout 12,25 4,21 59,18 Hearing loss 29,08 1,88 45,00 Trauma- and stressor-related disorders 6,52 1,03 44,67

Malnutrition 7,40 2,47 13,93 Pressure ulcer of skin 23,00 3,30 42,48 Acute myocardial infarction 9,60 3,76 52,79 Scoliosis and other postural dorsopathic deformities11,12 1,86 44,54 Headache; including migraine 6,68 1,02 44,49

Diabetes mellitus with complication 33,01 2,46 13,91 Symptoms of mental and substance use conditions 23,55 3,26 41,91 Nonrheumatic and unspecified valve disorders 43,72 3,70 52,04 Asthma 22,10 1,84 44,25 Prolapse of female genital organs 8,72 1,00 43,45

Cardiac dysrhythmias 52,11 2,37 13,35 Neurocognitive disorders 70,19 2,54 32,62 Coronary atherosclerosis and other heart disease 40,41 3,67 51,55 Diverticulosis and diverticulitis 16,45 1,80 43,08 Other specified inflammatory condition of skin 6,33 0,94 41,06

Epilepsy; convulsions 7,12 2,13 12,00 Urinary incontinence 87,68 2,04 26,16 Non-pressure ulcer of skin 8,88 3,60 50,59 Nerve and nerve root disorders 18,34 1,78 42,68 Thyroid disorders 29,50 0,94 40,87

Neurocognitive disorders 57,86 2,09 11,80 Nervous system signs and symptoms 8,86 1,60 20,52 Diabetes mellitus with complication 46,32 3,46 48,60 Nutritional deficiencies 21,97 1,77 42,43 Other specified and unspecified upper respiratory disease11,60 0,94 40,86

Symptoms of mental and substance use conditions 13,67 1,89 10,68 Drug induced or toxic related condition 3,43 1,50 19,26 Peripheral and visceral vascular disease 18,95 3,41 47,96 Chronic obstructive pulmonary disease and bronchiectasis23,22 1,76 42,16 Gastritis and duodenitis 5,47 0,94 40,86

Pressure ulcer of skin 13,15 1,89 10,66 Disorders of teeth and gingiva 14,24 1,50 19,23 Chronic kidney disease 63,23 3,23 45,43 Digestive congenital anomalies 10,06 1,73 41,53 Cataract and other lens disorders 29,02 0,93 40,43

Urinary incontinence 80,51 1,87 10,55 Other specified nervous system disorders 2,79 1,27 16,30 Other specified and unspecified endocrine disorders15,37 2,96 41,55 Gastroduodenal ulcer 5,13 1,71 41,10 Glaucoma 8,73 0,89 38,78

Other general signs and symptoms 14,24 1,86 10,49 Non-pressure ulcer of skin 2,93 1,19 15,29 Cardiac dysrhythmias 64,12 2,91 40,91 Other specified and unspecified upper respiratory disease21,05 1,71 40,95 Digestive congenital anomalies 5,12 0,88 38,25

Diabetes mellitus without complication 57,02 1,74 9,82 Other specified hereditary and degenerative nervous system conditions9,03 1,18 15,15 Conduction disorders 34,96 2,43 34,21 Other specified hereditary and degenerative nervous system conditions12,90 1,68 40,40 Essential hypertension 61,48 0,88 38,09

Coronary atherosclerosis and other heart disease 18,99 1,72 9,73 Hepatitis 3,52 1,11 14,28 Other specified nervous system disorders 4,91 2,23 31,35 Anxiety and fear-related disorders 57,78 1,66 39,94 Obesity 38,52 0,87 37,70

Nonrheumatic and unspecified valve disorders 19,92 1,69 9,52 Nervous system pain and pain syndromes 5,90 1,10 14,11 Diabetes mellitus without complication 70,69 2,16 30,31 Other specified joint disorders 20,52 1,66 39,92 Nerve and nerve root disorders 8,90 0,86 37,51

Other specified and unspecified liver disease 19,22 1,68 9,47 Other specified inflammatory condition of skin 7,04 1,05 13,52 Coagulation and hemorrhagic disorders 6,82 2,09 29,41 Systemic lupus erythematosus and connective tissue disorders11,98 1,66 39,78 Osteoarthritis 45,70 0,86 37,50

Acute myocardial infarction 4,27 1,67 9,43 Scoliosis and other postural dorsopathic deformities 6,19 1,03 13,28 Nutritional deficiencies 22,53 1,81 25,49 Gastritis and duodenitis 9,62 1,65 39,71 Rheumatoid arthritis and related disease 2,49 0,86 37,21

Other specified nervous system disorders 3,56 1,61 9,11 Depressive disorders 36,01 1,02 13,14 Gastroduodenal ulcer 5,30 1,77 24,87 Osteoporosis 40,01 1,55 37,19 Other specified joint disorders 10,41 0,84 36,68

Other specified inflammatory condition of skin 10,44 1,56 8,80 Other specified and unspecified nutritional and metabolic disorders31,55 1,02 13,11 Hematologic neoplasia 4,90 1,74 24,40 Depressive disorders 54,10 1,54 36,83 Disorders of lipid metabolism 40,35 0,84 36,51

Heart failure 28,89 1,47 8,30 Coagulation and hemorrhagic disorders 3,28 1,01 12,94 Nervous system pain and pain syndromes 9,26 1,72 24,22 Prolapse of female genital organs 13,22 1,52 36,38 Other specified and unspecified liver disease 9,46 0,83 35,90

Chronic kidney disease 27,95 1,43 8,06 Diabetes mellitus without complication 32,49 0,99 12,74 Chronic obstructive pulmonary disease and bronchiectasis22,77 1,72 24,21 Trauma- and stressor-related disorders 9,16 1,44 34,66 Other specified and unspecified nutritional and metabolic disorders24,15 0,78 33,93

Depressive disorders 48,49 1,38 7,77 Other specified and unspecified endocrine disorders 4,33 0,83 10,71 Other specified and unspecified liver disease 19,73 1,72 24,20 Osteoarthritis 75,43 1,42 34,18 Disorders of teeth and gingiva 7,22 0,76 32,99

Hypertension with complications and secondary hypertension8,58 1,37 7,74 Sleep wake disorders 23,92 0,83 10,64 Rheumatoid arthritis and related disease 5,00 1,72 24,15 Acquired foot deformities 15,65 1,42 34,11 Anxiety and fear-related disorders 25,72 0,74 32,20

Disorders of lipid metabolism 65,21 1,36 7,66 Diabetes mellitus with complication 10,90 0,81 10,46 Obesity 72,98 1,64 23,09 Cataract and other lens disorders 43,93 1,41 33,80 Osteoporosis 18,66 0,72 31,41

Essential hypertension 88,51 1,26 7,12 Essential hypertension 55,92 0,80 10,25 Other specified hereditary and degenerative nervous system conditions12,40 1,62 22,72 Parkinson`s disease 6,18 1,38 33,01 Esophageal disorders 10,80 0,69 30,09

Rheumatoid arthritis and related disease 3,66 1,26 7,10 Digestive congenital anomalies 4,44 0,76 9,82 Sleep wake disorders 46,54 1,61 22,63 Other specified and unspecified nutritional and metabolic disorders41,67 1,35 32,34 Diabetes mellitus without complication 22,50 0,69 29,83

Hearing loss 18,42 1,19 6,70 Osteoporosis 19,55 0,76 9,73 Systemic lupus erythematosus and connective tissue disorders11,53 1,60 22,42 Sleep wake disorders 38,34 1,33 31,84 Asthma 8,16 0,68 29,58

Trauma- and stressor-related disorders 7,48 1,18 6,65 Disorders of lipid metabolism 36,02 0,75 9,64 Retinal and vitreous conditions 9,07 1,58 22,24 Menopausal disorders 10,82 1,29 31,01 Hearing loss 10,54 0,68 29,55

Nervous system pain and pain syndromes 6,09 1,13 6,39 Thyroid disorders 21,53 0,69 8,82 Pressure ulcer of skin 10,66 1,53 21,51 Disorders of teeth and gingiva 12,13 1,28 30,60 Sleep wake disorders 19,61 0,68 29,49

Gastritis and duodenitis 6,51 1,12 6,32 Anxiety and fear-related disorders 22,96 0,66 8,50 Nephritis; nephrosis; renal sclerosis 3,22 1,52 21,41 Neurocognitive disorders 34,68 1,25 30,08 Scoliosis and other postural dorsopathic deformities 4,06 0,68 29,41

Gastroduodenal ulcer 3,32 1,11 6,26 Malnutrition 1,90 0,64 8,17 Glaucoma 14,79 1,51 21,24 Conduction disorders 17,84 1,24 29,80 Diverticulosis and diverticulitis 6,10 0,67 28,94

Anxiety and fear-related disorders 37,44 1,08 6,09 Peripheral and visceral vascular disease 3,46 0,62 8,01 Other specified and unspecified gastrointestinal disorders6,86 1,47 20,65 Urinary incontinence 52,78 1,23 29,40 Systemic lupus erythematosus and connective tissue disorders4,73 0,65 28,46

Obesity 46,58 1,05 5,92 Obesity 26,30 0,59 7,61 Disorders of lipid metabolism 67,89 1,41 19,87 Symptoms of mental and substance use conditions 8,85 1,22 29,38 Nephritis; nephrosis; renal sclerosis 1,37 0,65 28,12

Osteoporosis 26,94 1,04 5,89 Glaucoma 5,75 0,59 7,56 Essential hypertension 92,44 1,32 18,52 Thyroid disorders 36,57 1,17 27,98 Hepatitis 2,03 0,64 27,87

Osteoarthritis 54,28 1,03 5,79 Osteoarthritis 30,04 0,57 7,29 Biliary tract disease 5,08 1,31 18,43 Glaucoma 11,37 1,16 27,89 Conduction disorders 9,13 0,64 27,64

Thyroid disorders 31,65 1,01 5,69 Retinal and vitreous conditions 3,24 0,57 7,28 Asthma 15,16 1,27 17,78 Drug induced or toxic related condition 2,65 1,16 27,79 Gout 1,74 0,60 26,06

Conduction disorders 14,21 0,99 5,58 Esophageal disorders 8,39 0,54 6,92 Depressive disorders 44,53 1,26 17,75 Rheumatoid arthritis and related disease 3,23 1,11 26,63 Drug induced or toxic related condition 1,36 0,59 25,71

Spondylopathies/spondyloarthropathy (including infective)23,84 0,98 5,53 Cataract and other lens disorders 16,51 0,53 6,81 Diverticulosis and diverticulitis 11,54 1,26 17,69 Non-pressure ulcer of skin 2,71 1,10 26,38 Spondylopathies/spondyloarthropathy (including infective)13,97 0,57 24,96

Sleep wake disorders 27,67 0,96 5,40 Chronic kidney disease 10,29 0,53 6,76 Thyroid disorders 37,12 1,18 16,63 Disorders of lipid metabolism 52,66 1,10 26,31 Chronic obstructive pulmonary disease and bronchiectasis7,57 0,57 24,90

Menopausal disorders 7,84 0,94 5,28 Other and ill-defined heart disease 3,72 0,52 6,71 Urinary incontinence 50,33 1,17 16,41 Hepatitis 3,45 1,09 26,14 Depressive disorders 19,88 0,56 24,51

Biliary tract disease 3,62 0,93 5,27 Nutritional deficiencies 6,46 0,52 6,68 Osteoporosis 28,98 1,12 15,77 Essential hypertension 76,03 1,08 26,01 Other specified and unspecified gastrointestinal disorders2,63 0,56 24,45

Other specified and unspecified nutritional and metabolic disorders28,28 0,91 5,16 Diseases of white blood cells 2,36 0,49 6,27 Other general signs and symptoms 8,60 1,12 15,76 Obesity 47,51 1,07 25,67 Coagulation and hemorrhagic disorders 1,78 0,54 23,67

Other and ill-defined heart disease 6,39 0,90 5,05 Hearing loss 7,20 0,46 5,97 Neoplasia (general) 23,16 1,11 15,58 Other specified and unspecified liver disease 12,25 1,07 25,66 Gastroduodenal ulcer 1,54 0,51 22,31

Nephritis; nephrosis; renal sclerosis 1,88 0,89 5,02 Spondylopathies/spondyloarthropathy (including infective)11,14 0,46 5,89 Other specified and unspecified nutritional and metabolic disorders34,03 1,10 15,46 Other specified and unspecified endocrine disorders 5,15 0,99 23,77 Cardiac dysrhythmias 11,26 0,51 22,22

Neoplasia (general) 17,92 0,86 4,84 Diverticulosis and diverticulitis 4,13 0,45 5,80 Spondylopathies/spondyloarthropathy (including infective)26,55 1,09 15,34 Biliary tract disease 3,73 0,96 23,11 Nutritional deficiencies 6,19 0,50 21,66

Systemic lupus erythematosus and connective tissue disorders6,10 0,84 4,76 Neoplasia (general) 9,30 0,45 5,72 Malnutrition 3,27 1,09 15,33 Other specified nervous system disorders 2,09 0,95 22,78 Peripheral and visceral vascular disease 2,70 0,49 21,12

Bipolar and related disorders 1,85 0,84 4,74 Paralysis (other than cerebral palsy) 1,18 0,43 5,57 Osteoarthritis 57,43 1,08 15,24 Hematologic neoplasia 2,67 0,95 22,75 Other specified nervous system disorders 1,04 0,47 20,46

Other specified joint disorders 10,19 0,83 4,66 Gastroduodenal ulcer 1,27 0,43 5,47 Cataract and other lens disorders 33,18 1,06 14,95 Chronic kidney disease 18,47 0,94 22,66 Acute myocardial infarction 1,20 0,47 20,38

Asthma 9,85 0,82 4,64 Chronic obstructive pulmonary disease and bronchiectasis5,60 0,42 5,44 Nervous system signs and symptoms 5,83 1,05 14,76 Other and ill-defined heart disease 6,73 0,94 22,64 Other specified and unspecified endocrine disorders 2,36 0,45 19,73

Glaucoma 7,84 0,80 4,52 Biliary tract disease 1,56 0,40 5,16 Nerve and nerve root disorders 10,67 1,04 14,54 Other specified inflammatory condition of skin 6,26 0,94 22,44 Retinal and vitreous conditions 2,60 0,45 19,70

Diverticulosis and diverticulitis 7,28 0,79 4,48 Rheumatoid arthritis and related disease 1,11 0,38 4,91 Other specified inflammatory condition of skin 6,76 1,01 14,18 Epilepsy; convulsions 3,12 0,93 22,34 Coronary atherosclerosis and other heart disease 4,95 0,45 19,54

Disorders of teeth and gingiva 7,48 0,79 4,44 Respiratory failure; insufficiency; arrest 0,95 0,37 4,78 Hepatitis 3,20 1,01 14,16 Diseases of white blood cells 4,10 0,85 20,30 Nonrheumatic and unspecified valve disorders 4,89 0,41 17,98

Hematologic neoplasia 2,14 0,76 4,28 Other specified and unspecified liver disease 4,25 0,37 4,77 Other specified joint disorders 12,41 1,01 14,14 Peripheral and visceral vascular disease 4,69 0,84 20,27 Diabetes mellitus with complication 5,53 0,41 17,94

Other specified and unspecified endocrine disorders 3,91 0,75 4,24 Other specified joint disorders 4,41 0,36 4,60 Acquired foot deformities 10,68 0,97 13,63 Coagulation and hemorrhagic disorders 2,63 0,81 19,33 Other specified hereditary and degenerative nervous system conditions3,10 0,40 17,58

Diseases of white blood cells 3,60 0,74 4,19 Systemic lupus erythematosus and connective tissue disorders2,58 0,36 4,58 Anxiety and fear-related disorders 32,79 0,94 13,27 Cardiac dysrhythmias 17,59 0,80 19,17 Urinary incontinence 17,33 0,40 17,48

Neurodevelopmental disorders 1,57 0,74 4,18 Other specified and unspecified upper respiratory disease4,36 0,35 4,54 Menopausal disorders 7,90 0,94 13,27 Heart failure 15,32 0,78 18,71 Chronic kidney disease 7,69 0,39 17,09

Prolapse of female genital organs 6,44 0,74 4,17 Cardiac dysrhythmias 7,47 0,34 4,36 Symptoms of mental and substance use conditions 6,80 0,94 13,22 Disruptive, impulse-control and conduct disorders 1,74 0,76 18,27 Hypertension with complications and secondary hypertension2,10 0,34 14,59

Other specified hereditary and degenerative nervous system conditions5,64 0,74 4,15 Prolapse of female genital organs 2,75 0,32 4,05 Hearing loss 14,11 0,91 12,79 Neoplasia (general) 15,82 0,76 18,18 Neurocognitive disorders 8,28 0,30 13,01

Cataract and other lens disorders 22,20 0,71 4,02 Heart failure 6,07 0,31 3,97 Disorders of teeth and gingiva 8,63 0,91 12,74 Nonrheumatic and unspecified valve disorders 8,79 0,74 17,86 Chronic rheumatic heart disease 1,03 0,29 12,39

Non-pressure ulcer of skin 1,73 0,70 3,95 Gastritis and duodenitis 1,79 0,31 3,97 Neurocognitive disorders 24,58 0,89 12,49 Nervous system signs and symptoms 4,10 0,74 17,71 Bipolar and related disorders 0,56 0,26 11,14

Esophageal disorders 10,85 0,70 3,93 Hematologic neoplasia 0,85 0,30 3,86 Esophageal disorders 13,75 0,88 12,39 Diabetes mellitus without complication 23,64 0,72 17,31 Pulmonary heart disease 1,20 0,23 10,04

Nutritional deficiencies 8,24 0,66 3,74 Asthma 3,50 0,29 3,75 Epilepsy; convulsions 2,90 0,87 12,17 Pressure ulcer of skin 4,92 0,71 16,95 Cerebral infarction 1,10 0,20 8,62

Acquired foot deformities 6,57 0,60 3,36 Acute myocardial infarction 0,70 0,27 3,50 Trauma- and stressor-related disorders 5,44 0,86 12,05 Coronary atherosclerosis and other heart disease 7,73 0,70 16,84 Pressure ulcer of skin 1,34 0,19 8,39

Chronic obstructive pulmonary disease and bronchiectasis7,69 0,58 3,29 Headache; including migraine 1,74 0,27 3,44 Prolapse of female genital organs 7,42 0,85 11,95 Bipolar and related disorders 1,48 0,67 16,15 Schizophrenia spectrum and other psychotic disorders0,78 0,19 8,22

Myocarditis and cardiomyopathy 2,11 0,56 3,14 Menopausal disorders 2,16 0,26 3,32 Diseases of white blood cells 4,05 0,83 11,73 Respiratory failure; insufficiency; arrest 1,55 0,61 14,60 Epilepsy; convulsions 0,61 0,18 7,94

Gout 1,59 0,55 3,09 Hypertension with complications and secondary hypertension1,41 0,22 2,89 Drug induced or toxic related condition 1,91 0,83 11,71 Malnutrition 1,80 0,60 14,43 Heart failure 3,36 0,17 7,43

Nerve and nerve root disorders 5,54 0,54 3,03 Conduction disorders 3,09 0,22 2,77 Scoliosis and other postural dorsopathic deformities 4,83 0,81 11,33 Hypertension with complications and secondary hypertension3,73 0,60 14,33 Nervous system pain and pain syndromes 0,70 0,13 5,69

Other specified and unspecified upper respiratory disease6,02 0,49 2,75 Nonrheumatic and unspecified valve disorders 2,39 0,20 2,60 Other specified and unspecified upper respiratory disease9,56 0,77 10,89 Acute myocardial infarction 1,48 0,58 13,90 Other and ill-defined heart disease 0,88 0,12 5,37

Other specified and unspecified gastrointestinal disorders2,22 0,47 2,68 Chronic rheumatic heart disease 0,69 0,19 2,44 Cerebral infarction 4,19 0,76 10,61 Other general signs and symptoms 4,11 0,54 12,87 Parkinson`s disease 0,50 0,11 4,84

Peripheral and visceral vascular disease 2,60 0,47 2,64 Coronary atherosclerosis and other heart disease 2,00 0,18 2,34 Gastritis and duodenitis 3,79 0,65 9,16 Gout 1,15 0,40 9,48 Symptoms of mental and substance use conditions 0,80 0,11 4,81

Retinal and vitreous conditions 2,14 0,37 2,11 Other specified and unspecified gastrointestinal disorders0,82 0,17 2,25 Digestive congenital anomalies 3,63 0,62 8,78 Miscellaneous mental and behavioral disorders/conditions1,11 0,39 9,46 Other general signs and symptoms 0,82 0,11 4,66

Parkinson`s disease 1,61 0,36 2,02 Nerve and nerve root disorders 1,79 0,17 2,24 Disruptive, impulse-control and conduct disorders 1,26 0,55 7,72 Cerebral infarction 2,16 0,39 9,34 Nervous system signs and symptoms 0,59 0,11 4,63

Digestive congenital anomalies 1,67 0,29 1,62 Gout 0,49 0,17 2,18 Parkinson`s disease 2,41 0,54 7,55 Diabetes mellitus with complication 5,07 0,38 9,08 Respiratory failure; insufficiency; arrest 0,26 0,10 4,49

Scoliosis and other postural dorsopathic deformities 1,53 0,25 1,44 Cerebral infarction 0,86 0,16 2,00 Miscellaneous mental and behavioral disorders/conditions1,29 0,46 6,45 Myocarditis and cardiomyopathy 1,11 0,29 7,04 Disruptive, impulse-control and conduct disorders 0,22 0,10 4,21

Schizophrenia spectrum and other psychotic disorders0,36 0,09 0,49 Trauma- and stressor-related disorders 0,97 0,15 1,97 Schizophrenia spectrum and other psychotic disorders1,75 0,42 5,94 Schizophrenia spectrum and other psychotic disorders0,77 0,19 4,47 Non-pressure ulcer of skin 0,22 0,09 3,79

Headache; including migraine 0,26 0,04 0,23 Acquired foot deformities 1,44 0,13 1,69 Headache; including migraine 2,31 0,35 4,98 Pulmonary heart disease 0,85 0,16 3,91 Miscellaneous mental and behavioral disorders/conditions0,23 0,08 3,62

Pulmonary heart disease 0,14 0,03 0,16 Nephritis; nephrosis; renal sclerosis 0,03 0,01 0,19 Bipolar and related disorders 0,63 0,29 4,05 Chronic rheumatic heart disease 0,42 0,12 2,79 Myocarditis and cardiomyopathy 0,31 0,08 3,59

Chronic rheumatic heart disease 0,09 0,02 0,14 Myocarditis and cardiomyopathy 0,00 0,00 0,01 Neurodevelopmental disorders 0,00 0,00 0,01 Paralysis (other than cerebral palsy) 0,03 0,01 0,30 Paralysis (other than cerebral palsy) 0,04 0,02 0,69

Respiratory failure; insufficiency; arrest 0,02 0,01 0,04 Pulmonary heart disease 0,01 0,00 0,01 Paralysis (other than cerebral palsy) 0,00 0,00 0,01 Neurodevelopmental disorders 0,00 0,00 0,00 Neurodevelopmental disorders 0,01 0,01 0,24

Cerebrovascular Psychogeriatric DM - cardiorespiratory Osteoinflammatory - psychosomatic - cardiovascular risk factors Neoplasia - haematologic
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A2. Study 2: MRisk-COVID study

Females, 66-80 (2 out of 3)

Female 66-80

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%)

Paralysis (other than cerebral palsy) 45,22 16,56 93,44 Neurodevelopmental disorders 15,72 7,43 95,56 Myocarditis and cardiomyopathy 23,25 6,14 86,22 Other specified and unspecified gastrointestinal disorders9,73 2,08 49,98 Diseases of white blood cells 6,41 1,32 57,50

Cerebral infarction 68,28 12,30 69,42 Schizophrenia spectrum and other psychotic disorders26,05 6,29 80,88 Pulmonary heart disease 31,77 6,11 85,87 Nervous system pain and pain syndromes 11,11 2,07 49,59 Neoplasia (general) 26,75 1,28 55,67

Nervous system signs and symptoms 41,68 7,51 42,38 Bipolar and related disorders 10,95 4,97 63,92 Chronic rheumatic heart disease 21,14 5,85 82,25 Retinal and vitreous conditions 11,62 2,03 48,67 Malnutrition 3,32 1,11 48,14

Miscellaneous mental and behavioral disorders/conditions13,79 4,89 27,60 Other general signs and symptoms 33,52 4,37 56,22 Respiratory failure; insufficiency; arrest 13,83 5,41 76,08 Spondylopathies/spondyloarthropathy (including infective)48,92 2,01 48,27 Biliary tract disease 4,29 1,11 48,03

Hepatitis 9,87 3,11 17,56 Disruptive, impulse-control and conduct disorders 9,74 4,25 54,65 Heart failure 86,12 4,38 61,59 Headache; including migraine 12,73 1,95 46,86 Acquired foot deformities 11,97 1,09 47,21

Drug induced or toxic related condition 6,30 2,75 15,53 Miscellaneous mental and behavioral disorders/conditions11,59 4,11 52,87 Hypertension with complications and secondary hypertension26,91 4,30 60,45 Esophageal disorders 30,33 1,95 46,67 Menopausal disorders 9,08 1,08 47,13

Disruptive, impulse-control and conduct disorders 6,15 2,68 15,14 Parkinson`s disease 18,37 4,09 52,57 Other and ill-defined heart disease 30,59 4,29 60,24 Nephritis; nephrosis; renal sclerosis 3,99 1,89 45,27 Hematologic neoplasia 2,90 1,03 44,70

Coagulation and hemorrhagic disorders 8,47 2,60 14,66 Epilepsy; convulsions 11,86 3,54 45,55 Gout 12,25 4,21 59,18 Hearing loss 29,08 1,88 45,00 Trauma- and stressor-related disorders 6,52 1,03 44,67

Malnutrition 7,40 2,47 13,93 Pressure ulcer of skin 23,00 3,30 42,48 Acute myocardial infarction 9,60 3,76 52,79 Scoliosis and other postural dorsopathic deformities11,12 1,86 44,54 Headache; including migraine 6,68 1,02 44,49

Diabetes mellitus with complication 33,01 2,46 13,91 Symptoms of mental and substance use conditions 23,55 3,26 41,91 Nonrheumatic and unspecified valve disorders 43,72 3,70 52,04 Asthma 22,10 1,84 44,25 Prolapse of female genital organs 8,72 1,00 43,45

Cardiac dysrhythmias 52,11 2,37 13,35 Neurocognitive disorders 70,19 2,54 32,62 Coronary atherosclerosis and other heart disease 40,41 3,67 51,55 Diverticulosis and diverticulitis 16,45 1,80 43,08 Other specified inflammatory condition of skin 6,33 0,94 41,06

Epilepsy; convulsions 7,12 2,13 12,00 Urinary incontinence 87,68 2,04 26,16 Non-pressure ulcer of skin 8,88 3,60 50,59 Nerve and nerve root disorders 18,34 1,78 42,68 Thyroid disorders 29,50 0,94 40,87

Neurocognitive disorders 57,86 2,09 11,80 Nervous system signs and symptoms 8,86 1,60 20,52 Diabetes mellitus with complication 46,32 3,46 48,60 Nutritional deficiencies 21,97 1,77 42,43 Other specified and unspecified upper respiratory disease11,60 0,94 40,86

Symptoms of mental and substance use conditions 13,67 1,89 10,68 Drug induced or toxic related condition 3,43 1,50 19,26 Peripheral and visceral vascular disease 18,95 3,41 47,96 Chronic obstructive pulmonary disease and bronchiectasis23,22 1,76 42,16 Gastritis and duodenitis 5,47 0,94 40,86

Pressure ulcer of skin 13,15 1,89 10,66 Disorders of teeth and gingiva 14,24 1,50 19,23 Chronic kidney disease 63,23 3,23 45,43 Digestive congenital anomalies 10,06 1,73 41,53 Cataract and other lens disorders 29,02 0,93 40,43

Urinary incontinence 80,51 1,87 10,55 Other specified nervous system disorders 2,79 1,27 16,30 Other specified and unspecified endocrine disorders15,37 2,96 41,55 Gastroduodenal ulcer 5,13 1,71 41,10 Glaucoma 8,73 0,89 38,78

Other general signs and symptoms 14,24 1,86 10,49 Non-pressure ulcer of skin 2,93 1,19 15,29 Cardiac dysrhythmias 64,12 2,91 40,91 Other specified and unspecified upper respiratory disease21,05 1,71 40,95 Digestive congenital anomalies 5,12 0,88 38,25

Diabetes mellitus without complication 57,02 1,74 9,82 Other specified hereditary and degenerative nervous system conditions9,03 1,18 15,15 Conduction disorders 34,96 2,43 34,21 Other specified hereditary and degenerative nervous system conditions12,90 1,68 40,40 Essential hypertension 61,48 0,88 38,09

Coronary atherosclerosis and other heart disease 18,99 1,72 9,73 Hepatitis 3,52 1,11 14,28 Other specified nervous system disorders 4,91 2,23 31,35 Anxiety and fear-related disorders 57,78 1,66 39,94 Obesity 38,52 0,87 37,70

Nonrheumatic and unspecified valve disorders 19,92 1,69 9,52 Nervous system pain and pain syndromes 5,90 1,10 14,11 Diabetes mellitus without complication 70,69 2,16 30,31 Other specified joint disorders 20,52 1,66 39,92 Nerve and nerve root disorders 8,90 0,86 37,51

Other specified and unspecified liver disease 19,22 1,68 9,47 Other specified inflammatory condition of skin 7,04 1,05 13,52 Coagulation and hemorrhagic disorders 6,82 2,09 29,41 Systemic lupus erythematosus and connective tissue disorders11,98 1,66 39,78 Osteoarthritis 45,70 0,86 37,50

Acute myocardial infarction 4,27 1,67 9,43 Scoliosis and other postural dorsopathic deformities 6,19 1,03 13,28 Nutritional deficiencies 22,53 1,81 25,49 Gastritis and duodenitis 9,62 1,65 39,71 Rheumatoid arthritis and related disease 2,49 0,86 37,21

Other specified nervous system disorders 3,56 1,61 9,11 Depressive disorders 36,01 1,02 13,14 Gastroduodenal ulcer 5,30 1,77 24,87 Osteoporosis 40,01 1,55 37,19 Other specified joint disorders 10,41 0,84 36,68

Other specified inflammatory condition of skin 10,44 1,56 8,80 Other specified and unspecified nutritional and metabolic disorders31,55 1,02 13,11 Hematologic neoplasia 4,90 1,74 24,40 Depressive disorders 54,10 1,54 36,83 Disorders of lipid metabolism 40,35 0,84 36,51

Heart failure 28,89 1,47 8,30 Coagulation and hemorrhagic disorders 3,28 1,01 12,94 Nervous system pain and pain syndromes 9,26 1,72 24,22 Prolapse of female genital organs 13,22 1,52 36,38 Other specified and unspecified liver disease 9,46 0,83 35,90

Chronic kidney disease 27,95 1,43 8,06 Diabetes mellitus without complication 32,49 0,99 12,74 Chronic obstructive pulmonary disease and bronchiectasis22,77 1,72 24,21 Trauma- and stressor-related disorders 9,16 1,44 34,66 Other specified and unspecified nutritional and metabolic disorders24,15 0,78 33,93

Depressive disorders 48,49 1,38 7,77 Other specified and unspecified endocrine disorders 4,33 0,83 10,71 Other specified and unspecified liver disease 19,73 1,72 24,20 Osteoarthritis 75,43 1,42 34,18 Disorders of teeth and gingiva 7,22 0,76 32,99

Hypertension with complications and secondary hypertension8,58 1,37 7,74 Sleep wake disorders 23,92 0,83 10,64 Rheumatoid arthritis and related disease 5,00 1,72 24,15 Acquired foot deformities 15,65 1,42 34,11 Anxiety and fear-related disorders 25,72 0,74 32,20

Disorders of lipid metabolism 65,21 1,36 7,66 Diabetes mellitus with complication 10,90 0,81 10,46 Obesity 72,98 1,64 23,09 Cataract and other lens disorders 43,93 1,41 33,80 Osteoporosis 18,66 0,72 31,41

Essential hypertension 88,51 1,26 7,12 Essential hypertension 55,92 0,80 10,25 Other specified hereditary and degenerative nervous system conditions12,40 1,62 22,72 Parkinson`s disease 6,18 1,38 33,01 Esophageal disorders 10,80 0,69 30,09

Rheumatoid arthritis and related disease 3,66 1,26 7,10 Digestive congenital anomalies 4,44 0,76 9,82 Sleep wake disorders 46,54 1,61 22,63 Other specified and unspecified nutritional and metabolic disorders41,67 1,35 32,34 Diabetes mellitus without complication 22,50 0,69 29,83

Hearing loss 18,42 1,19 6,70 Osteoporosis 19,55 0,76 9,73 Systemic lupus erythematosus and connective tissue disorders11,53 1,60 22,42 Sleep wake disorders 38,34 1,33 31,84 Asthma 8,16 0,68 29,58

Trauma- and stressor-related disorders 7,48 1,18 6,65 Disorders of lipid metabolism 36,02 0,75 9,64 Retinal and vitreous conditions 9,07 1,58 22,24 Menopausal disorders 10,82 1,29 31,01 Hearing loss 10,54 0,68 29,55

Nervous system pain and pain syndromes 6,09 1,13 6,39 Thyroid disorders 21,53 0,69 8,82 Pressure ulcer of skin 10,66 1,53 21,51 Disorders of teeth and gingiva 12,13 1,28 30,60 Sleep wake disorders 19,61 0,68 29,49

Gastritis and duodenitis 6,51 1,12 6,32 Anxiety and fear-related disorders 22,96 0,66 8,50 Nephritis; nephrosis; renal sclerosis 3,22 1,52 21,41 Neurocognitive disorders 34,68 1,25 30,08 Scoliosis and other postural dorsopathic deformities 4,06 0,68 29,41

Gastroduodenal ulcer 3,32 1,11 6,26 Malnutrition 1,90 0,64 8,17 Glaucoma 14,79 1,51 21,24 Conduction disorders 17,84 1,24 29,80 Diverticulosis and diverticulitis 6,10 0,67 28,94

Anxiety and fear-related disorders 37,44 1,08 6,09 Peripheral and visceral vascular disease 3,46 0,62 8,01 Other specified and unspecified gastrointestinal disorders6,86 1,47 20,65 Urinary incontinence 52,78 1,23 29,40 Systemic lupus erythematosus and connective tissue disorders4,73 0,65 28,46

Obesity 46,58 1,05 5,92 Obesity 26,30 0,59 7,61 Disorders of lipid metabolism 67,89 1,41 19,87 Symptoms of mental and substance use conditions 8,85 1,22 29,38 Nephritis; nephrosis; renal sclerosis 1,37 0,65 28,12

Osteoporosis 26,94 1,04 5,89 Glaucoma 5,75 0,59 7,56 Essential hypertension 92,44 1,32 18,52 Thyroid disorders 36,57 1,17 27,98 Hepatitis 2,03 0,64 27,87

Osteoarthritis 54,28 1,03 5,79 Osteoarthritis 30,04 0,57 7,29 Biliary tract disease 5,08 1,31 18,43 Glaucoma 11,37 1,16 27,89 Conduction disorders 9,13 0,64 27,64

Thyroid disorders 31,65 1,01 5,69 Retinal and vitreous conditions 3,24 0,57 7,28 Asthma 15,16 1,27 17,78 Drug induced or toxic related condition 2,65 1,16 27,79 Gout 1,74 0,60 26,06

Conduction disorders 14,21 0,99 5,58 Esophageal disorders 8,39 0,54 6,92 Depressive disorders 44,53 1,26 17,75 Rheumatoid arthritis and related disease 3,23 1,11 26,63 Drug induced or toxic related condition 1,36 0,59 25,71

Spondylopathies/spondyloarthropathy (including infective)23,84 0,98 5,53 Cataract and other lens disorders 16,51 0,53 6,81 Diverticulosis and diverticulitis 11,54 1,26 17,69 Non-pressure ulcer of skin 2,71 1,10 26,38 Spondylopathies/spondyloarthropathy (including infective)13,97 0,57 24,96

Sleep wake disorders 27,67 0,96 5,40 Chronic kidney disease 10,29 0,53 6,76 Thyroid disorders 37,12 1,18 16,63 Disorders of lipid metabolism 52,66 1,10 26,31 Chronic obstructive pulmonary disease and bronchiectasis7,57 0,57 24,90

Menopausal disorders 7,84 0,94 5,28 Other and ill-defined heart disease 3,72 0,52 6,71 Urinary incontinence 50,33 1,17 16,41 Hepatitis 3,45 1,09 26,14 Depressive disorders 19,88 0,56 24,51

Biliary tract disease 3,62 0,93 5,27 Nutritional deficiencies 6,46 0,52 6,68 Osteoporosis 28,98 1,12 15,77 Essential hypertension 76,03 1,08 26,01 Other specified and unspecified gastrointestinal disorders2,63 0,56 24,45

Other specified and unspecified nutritional and metabolic disorders28,28 0,91 5,16 Diseases of white blood cells 2,36 0,49 6,27 Other general signs and symptoms 8,60 1,12 15,76 Obesity 47,51 1,07 25,67 Coagulation and hemorrhagic disorders 1,78 0,54 23,67

Other and ill-defined heart disease 6,39 0,90 5,05 Hearing loss 7,20 0,46 5,97 Neoplasia (general) 23,16 1,11 15,58 Other specified and unspecified liver disease 12,25 1,07 25,66 Gastroduodenal ulcer 1,54 0,51 22,31

Nephritis; nephrosis; renal sclerosis 1,88 0,89 5,02 Spondylopathies/spondyloarthropathy (including infective)11,14 0,46 5,89 Other specified and unspecified nutritional and metabolic disorders34,03 1,10 15,46 Other specified and unspecified endocrine disorders 5,15 0,99 23,77 Cardiac dysrhythmias 11,26 0,51 22,22

Neoplasia (general) 17,92 0,86 4,84 Diverticulosis and diverticulitis 4,13 0,45 5,80 Spondylopathies/spondyloarthropathy (including infective)26,55 1,09 15,34 Biliary tract disease 3,73 0,96 23,11 Nutritional deficiencies 6,19 0,50 21,66

Systemic lupus erythematosus and connective tissue disorders6,10 0,84 4,76 Neoplasia (general) 9,30 0,45 5,72 Malnutrition 3,27 1,09 15,33 Other specified nervous system disorders 2,09 0,95 22,78 Peripheral and visceral vascular disease 2,70 0,49 21,12

Bipolar and related disorders 1,85 0,84 4,74 Paralysis (other than cerebral palsy) 1,18 0,43 5,57 Osteoarthritis 57,43 1,08 15,24 Hematologic neoplasia 2,67 0,95 22,75 Other specified nervous system disorders 1,04 0,47 20,46

Other specified joint disorders 10,19 0,83 4,66 Gastroduodenal ulcer 1,27 0,43 5,47 Cataract and other lens disorders 33,18 1,06 14,95 Chronic kidney disease 18,47 0,94 22,66 Acute myocardial infarction 1,20 0,47 20,38

Asthma 9,85 0,82 4,64 Chronic obstructive pulmonary disease and bronchiectasis5,60 0,42 5,44 Nervous system signs and symptoms 5,83 1,05 14,76 Other and ill-defined heart disease 6,73 0,94 22,64 Other specified and unspecified endocrine disorders 2,36 0,45 19,73

Glaucoma 7,84 0,80 4,52 Biliary tract disease 1,56 0,40 5,16 Nerve and nerve root disorders 10,67 1,04 14,54 Other specified inflammatory condition of skin 6,26 0,94 22,44 Retinal and vitreous conditions 2,60 0,45 19,70

Diverticulosis and diverticulitis 7,28 0,79 4,48 Rheumatoid arthritis and related disease 1,11 0,38 4,91 Other specified inflammatory condition of skin 6,76 1,01 14,18 Epilepsy; convulsions 3,12 0,93 22,34 Coronary atherosclerosis and other heart disease 4,95 0,45 19,54

Disorders of teeth and gingiva 7,48 0,79 4,44 Respiratory failure; insufficiency; arrest 0,95 0,37 4,78 Hepatitis 3,20 1,01 14,16 Diseases of white blood cells 4,10 0,85 20,30 Nonrheumatic and unspecified valve disorders 4,89 0,41 17,98

Hematologic neoplasia 2,14 0,76 4,28 Other specified and unspecified liver disease 4,25 0,37 4,77 Other specified joint disorders 12,41 1,01 14,14 Peripheral and visceral vascular disease 4,69 0,84 20,27 Diabetes mellitus with complication 5,53 0,41 17,94

Other specified and unspecified endocrine disorders 3,91 0,75 4,24 Other specified joint disorders 4,41 0,36 4,60 Acquired foot deformities 10,68 0,97 13,63 Coagulation and hemorrhagic disorders 2,63 0,81 19,33 Other specified hereditary and degenerative nervous system conditions3,10 0,40 17,58

Diseases of white blood cells 3,60 0,74 4,19 Systemic lupus erythematosus and connective tissue disorders2,58 0,36 4,58 Anxiety and fear-related disorders 32,79 0,94 13,27 Cardiac dysrhythmias 17,59 0,80 19,17 Urinary incontinence 17,33 0,40 17,48

Neurodevelopmental disorders 1,57 0,74 4,18 Other specified and unspecified upper respiratory disease4,36 0,35 4,54 Menopausal disorders 7,90 0,94 13,27 Heart failure 15,32 0,78 18,71 Chronic kidney disease 7,69 0,39 17,09

Prolapse of female genital organs 6,44 0,74 4,17 Cardiac dysrhythmias 7,47 0,34 4,36 Symptoms of mental and substance use conditions 6,80 0,94 13,22 Disruptive, impulse-control and conduct disorders 1,74 0,76 18,27 Hypertension with complications and secondary hypertension2,10 0,34 14,59

Other specified hereditary and degenerative nervous system conditions5,64 0,74 4,15 Prolapse of female genital organs 2,75 0,32 4,05 Hearing loss 14,11 0,91 12,79 Neoplasia (general) 15,82 0,76 18,18 Neurocognitive disorders 8,28 0,30 13,01

Cataract and other lens disorders 22,20 0,71 4,02 Heart failure 6,07 0,31 3,97 Disorders of teeth and gingiva 8,63 0,91 12,74 Nonrheumatic and unspecified valve disorders 8,79 0,74 17,86 Chronic rheumatic heart disease 1,03 0,29 12,39

Non-pressure ulcer of skin 1,73 0,70 3,95 Gastritis and duodenitis 1,79 0,31 3,97 Neurocognitive disorders 24,58 0,89 12,49 Nervous system signs and symptoms 4,10 0,74 17,71 Bipolar and related disorders 0,56 0,26 11,14

Esophageal disorders 10,85 0,70 3,93 Hematologic neoplasia 0,85 0,30 3,86 Esophageal disorders 13,75 0,88 12,39 Diabetes mellitus without complication 23,64 0,72 17,31 Pulmonary heart disease 1,20 0,23 10,04

Nutritional deficiencies 8,24 0,66 3,74 Asthma 3,50 0,29 3,75 Epilepsy; convulsions 2,90 0,87 12,17 Pressure ulcer of skin 4,92 0,71 16,95 Cerebral infarction 1,10 0,20 8,62

Acquired foot deformities 6,57 0,60 3,36 Acute myocardial infarction 0,70 0,27 3,50 Trauma- and stressor-related disorders 5,44 0,86 12,05 Coronary atherosclerosis and other heart disease 7,73 0,70 16,84 Pressure ulcer of skin 1,34 0,19 8,39

Chronic obstructive pulmonary disease and bronchiectasis7,69 0,58 3,29 Headache; including migraine 1,74 0,27 3,44 Prolapse of female genital organs 7,42 0,85 11,95 Bipolar and related disorders 1,48 0,67 16,15 Schizophrenia spectrum and other psychotic disorders0,78 0,19 8,22

Myocarditis and cardiomyopathy 2,11 0,56 3,14 Menopausal disorders 2,16 0,26 3,32 Diseases of white blood cells 4,05 0,83 11,73 Respiratory failure; insufficiency; arrest 1,55 0,61 14,60 Epilepsy; convulsions 0,61 0,18 7,94

Gout 1,59 0,55 3,09 Hypertension with complications and secondary hypertension1,41 0,22 2,89 Drug induced or toxic related condition 1,91 0,83 11,71 Malnutrition 1,80 0,60 14,43 Heart failure 3,36 0,17 7,43

Nerve and nerve root disorders 5,54 0,54 3,03 Conduction disorders 3,09 0,22 2,77 Scoliosis and other postural dorsopathic deformities 4,83 0,81 11,33 Hypertension with complications and secondary hypertension3,73 0,60 14,33 Nervous system pain and pain syndromes 0,70 0,13 5,69

Other specified and unspecified upper respiratory disease6,02 0,49 2,75 Nonrheumatic and unspecified valve disorders 2,39 0,20 2,60 Other specified and unspecified upper respiratory disease9,56 0,77 10,89 Acute myocardial infarction 1,48 0,58 13,90 Other and ill-defined heart disease 0,88 0,12 5,37

Other specified and unspecified gastrointestinal disorders2,22 0,47 2,68 Chronic rheumatic heart disease 0,69 0,19 2,44 Cerebral infarction 4,19 0,76 10,61 Other general signs and symptoms 4,11 0,54 12,87 Parkinson`s disease 0,50 0,11 4,84

Peripheral and visceral vascular disease 2,60 0,47 2,64 Coronary atherosclerosis and other heart disease 2,00 0,18 2,34 Gastritis and duodenitis 3,79 0,65 9,16 Gout 1,15 0,40 9,48 Symptoms of mental and substance use conditions 0,80 0,11 4,81

Retinal and vitreous conditions 2,14 0,37 2,11 Other specified and unspecified gastrointestinal disorders0,82 0,17 2,25 Digestive congenital anomalies 3,63 0,62 8,78 Miscellaneous mental and behavioral disorders/conditions1,11 0,39 9,46 Other general signs and symptoms 0,82 0,11 4,66

Parkinson`s disease 1,61 0,36 2,02 Nerve and nerve root disorders 1,79 0,17 2,24 Disruptive, impulse-control and conduct disorders 1,26 0,55 7,72 Cerebral infarction 2,16 0,39 9,34 Nervous system signs and symptoms 0,59 0,11 4,63

Digestive congenital anomalies 1,67 0,29 1,62 Gout 0,49 0,17 2,18 Parkinson`s disease 2,41 0,54 7,55 Diabetes mellitus with complication 5,07 0,38 9,08 Respiratory failure; insufficiency; arrest 0,26 0,10 4,49

Scoliosis and other postural dorsopathic deformities 1,53 0,25 1,44 Cerebral infarction 0,86 0,16 2,00 Miscellaneous mental and behavioral disorders/conditions1,29 0,46 6,45 Myocarditis and cardiomyopathy 1,11 0,29 7,04 Disruptive, impulse-control and conduct disorders 0,22 0,10 4,21

Schizophrenia spectrum and other psychotic disorders0,36 0,09 0,49 Trauma- and stressor-related disorders 0,97 0,15 1,97 Schizophrenia spectrum and other psychotic disorders1,75 0,42 5,94 Schizophrenia spectrum and other psychotic disorders0,77 0,19 4,47 Non-pressure ulcer of skin 0,22 0,09 3,79

Headache; including migraine 0,26 0,04 0,23 Acquired foot deformities 1,44 0,13 1,69 Headache; including migraine 2,31 0,35 4,98 Pulmonary heart disease 0,85 0,16 3,91 Miscellaneous mental and behavioral disorders/conditions0,23 0,08 3,62

Pulmonary heart disease 0,14 0,03 0,16 Nephritis; nephrosis; renal sclerosis 0,03 0,01 0,19 Bipolar and related disorders 0,63 0,29 4,05 Chronic rheumatic heart disease 0,42 0,12 2,79 Myocarditis and cardiomyopathy 0,31 0,08 3,59

Chronic rheumatic heart disease 0,09 0,02 0,14 Myocarditis and cardiomyopathy 0,00 0,00 0,01 Neurodevelopmental disorders 0,00 0,00 0,01 Paralysis (other than cerebral palsy) 0,03 0,01 0,30 Paralysis (other than cerebral palsy) 0,04 0,02 0,69

Respiratory failure; insufficiency; arrest 0,02 0,01 0,04 Pulmonary heart disease 0,01 0,00 0,01 Paralysis (other than cerebral palsy) 0,00 0,00 0,01 Neurodevelopmental disorders 0,00 0,00 0,00 Neurodevelopmental disorders 0,01 0,01 0,24

Cerebrovascular Psychogeriatric DM - cardiorespiratory Osteoinflammatory - psychosomatic - cardiovascular risk factors Neoplasia - haematologic
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Appendix A. Supplementary files

Females, 66-80 (3 out of 3)

Female 66-80

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%)

Paralysis (other than cerebral palsy) 45,22 16,56 93,44 Neurodevelopmental disorders 15,72 7,43 95,56 Myocarditis and cardiomyopathy 23,25 6,14 86,22 Other specified and unspecified gastrointestinal disorders9,73 2,08 49,98 Diseases of white blood cells 6,41 1,32 57,50

Cerebral infarction 68,28 12,30 69,42 Schizophrenia spectrum and other psychotic disorders26,05 6,29 80,88 Pulmonary heart disease 31,77 6,11 85,87 Nervous system pain and pain syndromes 11,11 2,07 49,59 Neoplasia (general) 26,75 1,28 55,67

Nervous system signs and symptoms 41,68 7,51 42,38 Bipolar and related disorders 10,95 4,97 63,92 Chronic rheumatic heart disease 21,14 5,85 82,25 Retinal and vitreous conditions 11,62 2,03 48,67 Malnutrition 3,32 1,11 48,14

Miscellaneous mental and behavioral disorders/conditions13,79 4,89 27,60 Other general signs and symptoms 33,52 4,37 56,22 Respiratory failure; insufficiency; arrest 13,83 5,41 76,08 Spondylopathies/spondyloarthropathy (including infective)48,92 2,01 48,27 Biliary tract disease 4,29 1,11 48,03

Hepatitis 9,87 3,11 17,56 Disruptive, impulse-control and conduct disorders 9,74 4,25 54,65 Heart failure 86,12 4,38 61,59 Headache; including migraine 12,73 1,95 46,86 Acquired foot deformities 11,97 1,09 47,21

Drug induced or toxic related condition 6,30 2,75 15,53 Miscellaneous mental and behavioral disorders/conditions11,59 4,11 52,87 Hypertension with complications and secondary hypertension26,91 4,30 60,45 Esophageal disorders 30,33 1,95 46,67 Menopausal disorders 9,08 1,08 47,13

Disruptive, impulse-control and conduct disorders 6,15 2,68 15,14 Parkinson`s disease 18,37 4,09 52,57 Other and ill-defined heart disease 30,59 4,29 60,24 Nephritis; nephrosis; renal sclerosis 3,99 1,89 45,27 Hematologic neoplasia 2,90 1,03 44,70

Coagulation and hemorrhagic disorders 8,47 2,60 14,66 Epilepsy; convulsions 11,86 3,54 45,55 Gout 12,25 4,21 59,18 Hearing loss 29,08 1,88 45,00 Trauma- and stressor-related disorders 6,52 1,03 44,67

Malnutrition 7,40 2,47 13,93 Pressure ulcer of skin 23,00 3,30 42,48 Acute myocardial infarction 9,60 3,76 52,79 Scoliosis and other postural dorsopathic deformities11,12 1,86 44,54 Headache; including migraine 6,68 1,02 44,49

Diabetes mellitus with complication 33,01 2,46 13,91 Symptoms of mental and substance use conditions 23,55 3,26 41,91 Nonrheumatic and unspecified valve disorders 43,72 3,70 52,04 Asthma 22,10 1,84 44,25 Prolapse of female genital organs 8,72 1,00 43,45

Cardiac dysrhythmias 52,11 2,37 13,35 Neurocognitive disorders 70,19 2,54 32,62 Coronary atherosclerosis and other heart disease 40,41 3,67 51,55 Diverticulosis and diverticulitis 16,45 1,80 43,08 Other specified inflammatory condition of skin 6,33 0,94 41,06

Epilepsy; convulsions 7,12 2,13 12,00 Urinary incontinence 87,68 2,04 26,16 Non-pressure ulcer of skin 8,88 3,60 50,59 Nerve and nerve root disorders 18,34 1,78 42,68 Thyroid disorders 29,50 0,94 40,87

Neurocognitive disorders 57,86 2,09 11,80 Nervous system signs and symptoms 8,86 1,60 20,52 Diabetes mellitus with complication 46,32 3,46 48,60 Nutritional deficiencies 21,97 1,77 42,43 Other specified and unspecified upper respiratory disease11,60 0,94 40,86

Symptoms of mental and substance use conditions 13,67 1,89 10,68 Drug induced or toxic related condition 3,43 1,50 19,26 Peripheral and visceral vascular disease 18,95 3,41 47,96 Chronic obstructive pulmonary disease and bronchiectasis23,22 1,76 42,16 Gastritis and duodenitis 5,47 0,94 40,86

Pressure ulcer of skin 13,15 1,89 10,66 Disorders of teeth and gingiva 14,24 1,50 19,23 Chronic kidney disease 63,23 3,23 45,43 Digestive congenital anomalies 10,06 1,73 41,53 Cataract and other lens disorders 29,02 0,93 40,43

Urinary incontinence 80,51 1,87 10,55 Other specified nervous system disorders 2,79 1,27 16,30 Other specified and unspecified endocrine disorders15,37 2,96 41,55 Gastroduodenal ulcer 5,13 1,71 41,10 Glaucoma 8,73 0,89 38,78

Other general signs and symptoms 14,24 1,86 10,49 Non-pressure ulcer of skin 2,93 1,19 15,29 Cardiac dysrhythmias 64,12 2,91 40,91 Other specified and unspecified upper respiratory disease21,05 1,71 40,95 Digestive congenital anomalies 5,12 0,88 38,25

Diabetes mellitus without complication 57,02 1,74 9,82 Other specified hereditary and degenerative nervous system conditions9,03 1,18 15,15 Conduction disorders 34,96 2,43 34,21 Other specified hereditary and degenerative nervous system conditions12,90 1,68 40,40 Essential hypertension 61,48 0,88 38,09

Coronary atherosclerosis and other heart disease 18,99 1,72 9,73 Hepatitis 3,52 1,11 14,28 Other specified nervous system disorders 4,91 2,23 31,35 Anxiety and fear-related disorders 57,78 1,66 39,94 Obesity 38,52 0,87 37,70

Nonrheumatic and unspecified valve disorders 19,92 1,69 9,52 Nervous system pain and pain syndromes 5,90 1,10 14,11 Diabetes mellitus without complication 70,69 2,16 30,31 Other specified joint disorders 20,52 1,66 39,92 Nerve and nerve root disorders 8,90 0,86 37,51

Other specified and unspecified liver disease 19,22 1,68 9,47 Other specified inflammatory condition of skin 7,04 1,05 13,52 Coagulation and hemorrhagic disorders 6,82 2,09 29,41 Systemic lupus erythematosus and connective tissue disorders11,98 1,66 39,78 Osteoarthritis 45,70 0,86 37,50

Acute myocardial infarction 4,27 1,67 9,43 Scoliosis and other postural dorsopathic deformities 6,19 1,03 13,28 Nutritional deficiencies 22,53 1,81 25,49 Gastritis and duodenitis 9,62 1,65 39,71 Rheumatoid arthritis and related disease 2,49 0,86 37,21

Other specified nervous system disorders 3,56 1,61 9,11 Depressive disorders 36,01 1,02 13,14 Gastroduodenal ulcer 5,30 1,77 24,87 Osteoporosis 40,01 1,55 37,19 Other specified joint disorders 10,41 0,84 36,68

Other specified inflammatory condition of skin 10,44 1,56 8,80 Other specified and unspecified nutritional and metabolic disorders31,55 1,02 13,11 Hematologic neoplasia 4,90 1,74 24,40 Depressive disorders 54,10 1,54 36,83 Disorders of lipid metabolism 40,35 0,84 36,51

Heart failure 28,89 1,47 8,30 Coagulation and hemorrhagic disorders 3,28 1,01 12,94 Nervous system pain and pain syndromes 9,26 1,72 24,22 Prolapse of female genital organs 13,22 1,52 36,38 Other specified and unspecified liver disease 9,46 0,83 35,90

Chronic kidney disease 27,95 1,43 8,06 Diabetes mellitus without complication 32,49 0,99 12,74 Chronic obstructive pulmonary disease and bronchiectasis22,77 1,72 24,21 Trauma- and stressor-related disorders 9,16 1,44 34,66 Other specified and unspecified nutritional and metabolic disorders24,15 0,78 33,93

Depressive disorders 48,49 1,38 7,77 Other specified and unspecified endocrine disorders 4,33 0,83 10,71 Other specified and unspecified liver disease 19,73 1,72 24,20 Osteoarthritis 75,43 1,42 34,18 Disorders of teeth and gingiva 7,22 0,76 32,99

Hypertension with complications and secondary hypertension8,58 1,37 7,74 Sleep wake disorders 23,92 0,83 10,64 Rheumatoid arthritis and related disease 5,00 1,72 24,15 Acquired foot deformities 15,65 1,42 34,11 Anxiety and fear-related disorders 25,72 0,74 32,20

Disorders of lipid metabolism 65,21 1,36 7,66 Diabetes mellitus with complication 10,90 0,81 10,46 Obesity 72,98 1,64 23,09 Cataract and other lens disorders 43,93 1,41 33,80 Osteoporosis 18,66 0,72 31,41

Essential hypertension 88,51 1,26 7,12 Essential hypertension 55,92 0,80 10,25 Other specified hereditary and degenerative nervous system conditions12,40 1,62 22,72 Parkinson`s disease 6,18 1,38 33,01 Esophageal disorders 10,80 0,69 30,09

Rheumatoid arthritis and related disease 3,66 1,26 7,10 Digestive congenital anomalies 4,44 0,76 9,82 Sleep wake disorders 46,54 1,61 22,63 Other specified and unspecified nutritional and metabolic disorders41,67 1,35 32,34 Diabetes mellitus without complication 22,50 0,69 29,83

Hearing loss 18,42 1,19 6,70 Osteoporosis 19,55 0,76 9,73 Systemic lupus erythematosus and connective tissue disorders11,53 1,60 22,42 Sleep wake disorders 38,34 1,33 31,84 Asthma 8,16 0,68 29,58

Trauma- and stressor-related disorders 7,48 1,18 6,65 Disorders of lipid metabolism 36,02 0,75 9,64 Retinal and vitreous conditions 9,07 1,58 22,24 Menopausal disorders 10,82 1,29 31,01 Hearing loss 10,54 0,68 29,55

Nervous system pain and pain syndromes 6,09 1,13 6,39 Thyroid disorders 21,53 0,69 8,82 Pressure ulcer of skin 10,66 1,53 21,51 Disorders of teeth and gingiva 12,13 1,28 30,60 Sleep wake disorders 19,61 0,68 29,49

Gastritis and duodenitis 6,51 1,12 6,32 Anxiety and fear-related disorders 22,96 0,66 8,50 Nephritis; nephrosis; renal sclerosis 3,22 1,52 21,41 Neurocognitive disorders 34,68 1,25 30,08 Scoliosis and other postural dorsopathic deformities 4,06 0,68 29,41

Gastroduodenal ulcer 3,32 1,11 6,26 Malnutrition 1,90 0,64 8,17 Glaucoma 14,79 1,51 21,24 Conduction disorders 17,84 1,24 29,80 Diverticulosis and diverticulitis 6,10 0,67 28,94

Anxiety and fear-related disorders 37,44 1,08 6,09 Peripheral and visceral vascular disease 3,46 0,62 8,01 Other specified and unspecified gastrointestinal disorders6,86 1,47 20,65 Urinary incontinence 52,78 1,23 29,40 Systemic lupus erythematosus and connective tissue disorders4,73 0,65 28,46

Obesity 46,58 1,05 5,92 Obesity 26,30 0,59 7,61 Disorders of lipid metabolism 67,89 1,41 19,87 Symptoms of mental and substance use conditions 8,85 1,22 29,38 Nephritis; nephrosis; renal sclerosis 1,37 0,65 28,12

Osteoporosis 26,94 1,04 5,89 Glaucoma 5,75 0,59 7,56 Essential hypertension 92,44 1,32 18,52 Thyroid disorders 36,57 1,17 27,98 Hepatitis 2,03 0,64 27,87

Osteoarthritis 54,28 1,03 5,79 Osteoarthritis 30,04 0,57 7,29 Biliary tract disease 5,08 1,31 18,43 Glaucoma 11,37 1,16 27,89 Conduction disorders 9,13 0,64 27,64

Thyroid disorders 31,65 1,01 5,69 Retinal and vitreous conditions 3,24 0,57 7,28 Asthma 15,16 1,27 17,78 Drug induced or toxic related condition 2,65 1,16 27,79 Gout 1,74 0,60 26,06

Conduction disorders 14,21 0,99 5,58 Esophageal disorders 8,39 0,54 6,92 Depressive disorders 44,53 1,26 17,75 Rheumatoid arthritis and related disease 3,23 1,11 26,63 Drug induced or toxic related condition 1,36 0,59 25,71

Spondylopathies/spondyloarthropathy (including infective)23,84 0,98 5,53 Cataract and other lens disorders 16,51 0,53 6,81 Diverticulosis and diverticulitis 11,54 1,26 17,69 Non-pressure ulcer of skin 2,71 1,10 26,38 Spondylopathies/spondyloarthropathy (including infective)13,97 0,57 24,96

Sleep wake disorders 27,67 0,96 5,40 Chronic kidney disease 10,29 0,53 6,76 Thyroid disorders 37,12 1,18 16,63 Disorders of lipid metabolism 52,66 1,10 26,31 Chronic obstructive pulmonary disease and bronchiectasis7,57 0,57 24,90

Menopausal disorders 7,84 0,94 5,28 Other and ill-defined heart disease 3,72 0,52 6,71 Urinary incontinence 50,33 1,17 16,41 Hepatitis 3,45 1,09 26,14 Depressive disorders 19,88 0,56 24,51

Biliary tract disease 3,62 0,93 5,27 Nutritional deficiencies 6,46 0,52 6,68 Osteoporosis 28,98 1,12 15,77 Essential hypertension 76,03 1,08 26,01 Other specified and unspecified gastrointestinal disorders2,63 0,56 24,45

Other specified and unspecified nutritional and metabolic disorders28,28 0,91 5,16 Diseases of white blood cells 2,36 0,49 6,27 Other general signs and symptoms 8,60 1,12 15,76 Obesity 47,51 1,07 25,67 Coagulation and hemorrhagic disorders 1,78 0,54 23,67

Other and ill-defined heart disease 6,39 0,90 5,05 Hearing loss 7,20 0,46 5,97 Neoplasia (general) 23,16 1,11 15,58 Other specified and unspecified liver disease 12,25 1,07 25,66 Gastroduodenal ulcer 1,54 0,51 22,31

Nephritis; nephrosis; renal sclerosis 1,88 0,89 5,02 Spondylopathies/spondyloarthropathy (including infective)11,14 0,46 5,89 Other specified and unspecified nutritional and metabolic disorders34,03 1,10 15,46 Other specified and unspecified endocrine disorders 5,15 0,99 23,77 Cardiac dysrhythmias 11,26 0,51 22,22

Neoplasia (general) 17,92 0,86 4,84 Diverticulosis and diverticulitis 4,13 0,45 5,80 Spondylopathies/spondyloarthropathy (including infective)26,55 1,09 15,34 Biliary tract disease 3,73 0,96 23,11 Nutritional deficiencies 6,19 0,50 21,66

Systemic lupus erythematosus and connective tissue disorders6,10 0,84 4,76 Neoplasia (general) 9,30 0,45 5,72 Malnutrition 3,27 1,09 15,33 Other specified nervous system disorders 2,09 0,95 22,78 Peripheral and visceral vascular disease 2,70 0,49 21,12

Bipolar and related disorders 1,85 0,84 4,74 Paralysis (other than cerebral palsy) 1,18 0,43 5,57 Osteoarthritis 57,43 1,08 15,24 Hematologic neoplasia 2,67 0,95 22,75 Other specified nervous system disorders 1,04 0,47 20,46

Other specified joint disorders 10,19 0,83 4,66 Gastroduodenal ulcer 1,27 0,43 5,47 Cataract and other lens disorders 33,18 1,06 14,95 Chronic kidney disease 18,47 0,94 22,66 Acute myocardial infarction 1,20 0,47 20,38

Asthma 9,85 0,82 4,64 Chronic obstructive pulmonary disease and bronchiectasis5,60 0,42 5,44 Nervous system signs and symptoms 5,83 1,05 14,76 Other and ill-defined heart disease 6,73 0,94 22,64 Other specified and unspecified endocrine disorders 2,36 0,45 19,73

Glaucoma 7,84 0,80 4,52 Biliary tract disease 1,56 0,40 5,16 Nerve and nerve root disorders 10,67 1,04 14,54 Other specified inflammatory condition of skin 6,26 0,94 22,44 Retinal and vitreous conditions 2,60 0,45 19,70

Diverticulosis and diverticulitis 7,28 0,79 4,48 Rheumatoid arthritis and related disease 1,11 0,38 4,91 Other specified inflammatory condition of skin 6,76 1,01 14,18 Epilepsy; convulsions 3,12 0,93 22,34 Coronary atherosclerosis and other heart disease 4,95 0,45 19,54

Disorders of teeth and gingiva 7,48 0,79 4,44 Respiratory failure; insufficiency; arrest 0,95 0,37 4,78 Hepatitis 3,20 1,01 14,16 Diseases of white blood cells 4,10 0,85 20,30 Nonrheumatic and unspecified valve disorders 4,89 0,41 17,98

Hematologic neoplasia 2,14 0,76 4,28 Other specified and unspecified liver disease 4,25 0,37 4,77 Other specified joint disorders 12,41 1,01 14,14 Peripheral and visceral vascular disease 4,69 0,84 20,27 Diabetes mellitus with complication 5,53 0,41 17,94

Other specified and unspecified endocrine disorders 3,91 0,75 4,24 Other specified joint disorders 4,41 0,36 4,60 Acquired foot deformities 10,68 0,97 13,63 Coagulation and hemorrhagic disorders 2,63 0,81 19,33 Other specified hereditary and degenerative nervous system conditions3,10 0,40 17,58

Diseases of white blood cells 3,60 0,74 4,19 Systemic lupus erythematosus and connective tissue disorders2,58 0,36 4,58 Anxiety and fear-related disorders 32,79 0,94 13,27 Cardiac dysrhythmias 17,59 0,80 19,17 Urinary incontinence 17,33 0,40 17,48

Neurodevelopmental disorders 1,57 0,74 4,18 Other specified and unspecified upper respiratory disease4,36 0,35 4,54 Menopausal disorders 7,90 0,94 13,27 Heart failure 15,32 0,78 18,71 Chronic kidney disease 7,69 0,39 17,09

Prolapse of female genital organs 6,44 0,74 4,17 Cardiac dysrhythmias 7,47 0,34 4,36 Symptoms of mental and substance use conditions 6,80 0,94 13,22 Disruptive, impulse-control and conduct disorders 1,74 0,76 18,27 Hypertension with complications and secondary hypertension2,10 0,34 14,59

Other specified hereditary and degenerative nervous system conditions5,64 0,74 4,15 Prolapse of female genital organs 2,75 0,32 4,05 Hearing loss 14,11 0,91 12,79 Neoplasia (general) 15,82 0,76 18,18 Neurocognitive disorders 8,28 0,30 13,01

Cataract and other lens disorders 22,20 0,71 4,02 Heart failure 6,07 0,31 3,97 Disorders of teeth and gingiva 8,63 0,91 12,74 Nonrheumatic and unspecified valve disorders 8,79 0,74 17,86 Chronic rheumatic heart disease 1,03 0,29 12,39

Non-pressure ulcer of skin 1,73 0,70 3,95 Gastritis and duodenitis 1,79 0,31 3,97 Neurocognitive disorders 24,58 0,89 12,49 Nervous system signs and symptoms 4,10 0,74 17,71 Bipolar and related disorders 0,56 0,26 11,14

Esophageal disorders 10,85 0,70 3,93 Hematologic neoplasia 0,85 0,30 3,86 Esophageal disorders 13,75 0,88 12,39 Diabetes mellitus without complication 23,64 0,72 17,31 Pulmonary heart disease 1,20 0,23 10,04

Nutritional deficiencies 8,24 0,66 3,74 Asthma 3,50 0,29 3,75 Epilepsy; convulsions 2,90 0,87 12,17 Pressure ulcer of skin 4,92 0,71 16,95 Cerebral infarction 1,10 0,20 8,62

Acquired foot deformities 6,57 0,60 3,36 Acute myocardial infarction 0,70 0,27 3,50 Trauma- and stressor-related disorders 5,44 0,86 12,05 Coronary atherosclerosis and other heart disease 7,73 0,70 16,84 Pressure ulcer of skin 1,34 0,19 8,39

Chronic obstructive pulmonary disease and bronchiectasis7,69 0,58 3,29 Headache; including migraine 1,74 0,27 3,44 Prolapse of female genital organs 7,42 0,85 11,95 Bipolar and related disorders 1,48 0,67 16,15 Schizophrenia spectrum and other psychotic disorders0,78 0,19 8,22

Myocarditis and cardiomyopathy 2,11 0,56 3,14 Menopausal disorders 2,16 0,26 3,32 Diseases of white blood cells 4,05 0,83 11,73 Respiratory failure; insufficiency; arrest 1,55 0,61 14,60 Epilepsy; convulsions 0,61 0,18 7,94

Gout 1,59 0,55 3,09 Hypertension with complications and secondary hypertension1,41 0,22 2,89 Drug induced or toxic related condition 1,91 0,83 11,71 Malnutrition 1,80 0,60 14,43 Heart failure 3,36 0,17 7,43

Nerve and nerve root disorders 5,54 0,54 3,03 Conduction disorders 3,09 0,22 2,77 Scoliosis and other postural dorsopathic deformities 4,83 0,81 11,33 Hypertension with complications and secondary hypertension3,73 0,60 14,33 Nervous system pain and pain syndromes 0,70 0,13 5,69

Other specified and unspecified upper respiratory disease6,02 0,49 2,75 Nonrheumatic and unspecified valve disorders 2,39 0,20 2,60 Other specified and unspecified upper respiratory disease9,56 0,77 10,89 Acute myocardial infarction 1,48 0,58 13,90 Other and ill-defined heart disease 0,88 0,12 5,37

Other specified and unspecified gastrointestinal disorders2,22 0,47 2,68 Chronic rheumatic heart disease 0,69 0,19 2,44 Cerebral infarction 4,19 0,76 10,61 Other general signs and symptoms 4,11 0,54 12,87 Parkinson`s disease 0,50 0,11 4,84

Peripheral and visceral vascular disease 2,60 0,47 2,64 Coronary atherosclerosis and other heart disease 2,00 0,18 2,34 Gastritis and duodenitis 3,79 0,65 9,16 Gout 1,15 0,40 9,48 Symptoms of mental and substance use conditions 0,80 0,11 4,81

Retinal and vitreous conditions 2,14 0,37 2,11 Other specified and unspecified gastrointestinal disorders0,82 0,17 2,25 Digestive congenital anomalies 3,63 0,62 8,78 Miscellaneous mental and behavioral disorders/conditions1,11 0,39 9,46 Other general signs and symptoms 0,82 0,11 4,66

Parkinson`s disease 1,61 0,36 2,02 Nerve and nerve root disorders 1,79 0,17 2,24 Disruptive, impulse-control and conduct disorders 1,26 0,55 7,72 Cerebral infarction 2,16 0,39 9,34 Nervous system signs and symptoms 0,59 0,11 4,63

Digestive congenital anomalies 1,67 0,29 1,62 Gout 0,49 0,17 2,18 Parkinson`s disease 2,41 0,54 7,55 Diabetes mellitus with complication 5,07 0,38 9,08 Respiratory failure; insufficiency; arrest 0,26 0,10 4,49

Scoliosis and other postural dorsopathic deformities 1,53 0,25 1,44 Cerebral infarction 0,86 0,16 2,00 Miscellaneous mental and behavioral disorders/conditions1,29 0,46 6,45 Myocarditis and cardiomyopathy 1,11 0,29 7,04 Disruptive, impulse-control and conduct disorders 0,22 0,10 4,21

Schizophrenia spectrum and other psychotic disorders0,36 0,09 0,49 Trauma- and stressor-related disorders 0,97 0,15 1,97 Schizophrenia spectrum and other psychotic disorders1,75 0,42 5,94 Schizophrenia spectrum and other psychotic disorders0,77 0,19 4,47 Non-pressure ulcer of skin 0,22 0,09 3,79

Headache; including migraine 0,26 0,04 0,23 Acquired foot deformities 1,44 0,13 1,69 Headache; including migraine 2,31 0,35 4,98 Pulmonary heart disease 0,85 0,16 3,91 Miscellaneous mental and behavioral disorders/conditions0,23 0,08 3,62

Pulmonary heart disease 0,14 0,03 0,16 Nephritis; nephrosis; renal sclerosis 0,03 0,01 0,19 Bipolar and related disorders 0,63 0,29 4,05 Chronic rheumatic heart disease 0,42 0,12 2,79 Myocarditis and cardiomyopathy 0,31 0,08 3,59

Chronic rheumatic heart disease 0,09 0,02 0,14 Myocarditis and cardiomyopathy 0,00 0,00 0,01 Neurodevelopmental disorders 0,00 0,00 0,01 Paralysis (other than cerebral palsy) 0,03 0,01 0,30 Paralysis (other than cerebral palsy) 0,04 0,02 0,69

Respiratory failure; insufficiency; arrest 0,02 0,01 0,04 Pulmonary heart disease 0,01 0,00 0,01 Paralysis (other than cerebral palsy) 0,00 0,00 0,01 Neurodevelopmental disorders 0,00 0,00 0,00 Neurodevelopmental disorders 0,01 0,01 0,24

Cerebrovascular Psychogeriatric DM - cardiorespiratory Osteoinflammatory - psychosomatic - cardiovascular risk factors Neoplasia - haematologic
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A2. Study 2: MRisk-COVID study

Males, 81-90 (1 out of 3)

Male 81-90

Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%) Chronic condition

Prevalence 

(%)

O/E 

ratio

Exclusivity 

(%)

Other specified and unspecified gastrointestinal disorders8,65 4,21 38,14 Lung disease due to external agents 12,09 5,35 65,08 Sequela of cerebral infarction and other cerebrovascular disease8,00 3,00 65,43 Diabetes mellitus with complication 44,86 2,95 71,23 Headache; including migraine 5,47 2,22 72,87

Biliary tract disease 14,69 4,21 38,11 Respiratory failure; insufficiency; arrest 19,55 4,53 55,09 Other specified and unspecified hematologic conditions6,75 2,99 65,20 Acute myocardial infarction 22,07 2,69 64,82 Scoliosis and other postural dorsopathic deformities 4,27 1,60 52,53

Chronic rheumatic heart disease 16,16 3,94 35,63 Pulmonary heart disease 29,81 4,27 51,89 Symptoms of mental and substance use conditions 35,52 2,75 59,95 Other specified nervous system disorders 5,08 2,47 59,63 Asthma 6,78 1,44 47,14

Acquired foot deformities 13,60 3,90 35,29 Chronic rheumatic heart disease 15,66 3,81 46,35 Pressure ulcer of skin 30,91 2,47 53,88 Non-pressure ulcer of skin 13,47 2,26 54,59 Hematologic neoplasia 3,76 1,41 46,25

Myocarditis and cardiomyopathy 11,98 3,43 31,07 Other and ill-defined heart disease 32,32 3,35 40,70 Other general signs and symptoms 29,34 2,46 53,79 Peripheral and visceral vascular disease 44,24 2,18 52,50 Disorders of teeth and gingiva 13,57 1,35 44,27

Pulmonary heart disease 22,94 3,29 29,76 Nonrheumatic and unspecified valve disorders 51,27 3,05 37,01 Disruptive, impulse-control and conduct disorders 15,01 2,44 53,20 Diabetes mellitus without complication 81,56 1,98 47,67 Cataract and other lens disorders 49,24 1,28 41,88

Other and ill-defined heart disease 30,44 3,15 28,56 Occlusion or stenosis of precerebral or cerebral arteries without infarction12,74 2,95 35,90 Paralysis (other than cerebral palsy) 7,96 2,42 52,90 Other specified and unspecified diseases of bladder and urethra3,80 1,85 44,64 Digestive congenital anomalies 5,76 1,22 40,02

Polyneuropathies 6,40 3,12 28,21 Alcohol-related disorders 8,19 2,66 32,32 Parkinson`s disease 18,90 2,36 51,52 Coronary atherosclerosis and other heart disease 53,37 1,71 41,26 Hypertension with complications and secondary hypertension10,75 1,22 39,98

Sequela of specified infectious disease conditions 6,30 3,07 27,78 Other specified and unspecified gastrointestinal disorders5,37 2,61 31,77 Epilepsy; convulsions 6,69 2,04 44,46 Gastroduodenal ulcer 9,66 1,68 40,54 Esophageal disorders 14,97 1,22 39,90

Alcohol-related disorders 8,80 2,86 25,88 Sequela of specified infectious disease conditions 5,30 2,58 31,37 Nervous system signs and symptoms 24,20 2,03 44,36 Nerve and nerve root disorders 5,46 1,66 40,09 Neoplasia (general) 38,30 1,17 38,52

Gastritis and duodenitis 15,01 2,81 25,45 Other specified and unspecified endocrine disorders 8,41 2,56 31,10 Neurocognitive disorders 90,04 1,91 41,81 Gout 27,60 1,66 40,03 Spondylopathies/spondyloarthropathy (including infective)21,37 1,13 37,14

Lung disease due to external agents 5,89 2,61 23,59 Nervous system pain and pain syndromes 8,87 2,54 30,88 Miscellaneous mental and behavioral disorders/conditions8,93 1,89 41,30 Transient cerebral ischemia 6,73 1,64 39,55 Polyneuropathies 2,28 1,11 36,42

Miscellaneous mental and behavioral disorders/conditions11,79 2,50 22,61 Heart failure 77,86 2,40 29,17 Osteoporosis 10,33 1,80 39,22 Thyroid disorders 18,73 1,63 39,30 Anxiety and fear-related disorders 16,36 1,11 36,33

Non-pressure ulcer of skin 14,70 2,47 22,35 Myocarditis and cardiomyopathy 8,15 2,33 28,36 Cerebral infarction 20,62 1,67 36,55 Other specified joint disorders 9,60 1,61 38,88 Diverticulosis and diverticulitis 14,63 1,03 33,89

Paralysis (other than cerebral palsy) 8,07 2,46 22,25 Hypertension with complications and secondary hypertension20,23 2,29 27,85 Urinary incontinence 93,24 1,64 35,79 Nephritis; nephrosis; renal sclerosis 3,20 1,56 37,63 Osteoarthritis 43,30 1,02 33,61

Heart failure 79,32 2,44 22,14 Asthma 9,76 2,07 25,13 Hepatitis 5,01 1,63 35,50 Systemic lupus erythematosus and connective tissue disorders6,66 1,54 37,23 Other specified and unspecified liver disease 7,75 0,99 32,62

Osteoporosis 13,45 2,34 21,19 Chronic obstructive pulmonary disease and bronchiectasis73,42 2,00 24,28 Depressive disorders 31,68 1,54 33,69 Disorders of lipid metabolism 75,06 1,49 35,85 Other specified hereditary and degenerative nervous system conditions6,93 0,99 32,59

Systemic lupus erythematosus and connective tissue disorders9,86 2,29 20,70 Nerve and nerve root disorders 6,47 1,97 23,92 Malnutrition 8,10 1,52 33,14 Chronic kidney disease 56,77 1,45 34,92 Retinal and vitreous conditions 5,40 0,97 31,99

Diseases of white blood cells 12,06 2,26 20,45 Aortic; peripheral; and visceral artery aneurysms 7,81 1,90 23,11 Blindness and vision defects 3,97 1,49 32,46 Conduction disorders 46,44 1,41 34,10 Diseases of white blood cells 5,20 0,97 31,96

Blindness and vision defects 5,84 2,19 19,80 Osteoporosis 10,66 1,85 22,54 Other and ill-defined cerebrovascular disease 4,11 1,43 31,18 Glaucoma 15,61 1,41 33,97 Essential hypertension 76,20 0,97 31,89

Other specified and unspecified liver disease 15,76 2,02 18,29 Sleep wake disorders 51,29 1,75 21,23 Nutritional deficiencies 16,54 1,41 30,85 Other specified and unspecified nutritional and metabolic disorders33,94 1,31 31,65 Other specified and unspecified upper respiratory disease9,38 0,95 31,26

Cerebral infarction 24,77 2,01 18,21 Coronary atherosclerosis and other heart disease 53,31 1,71 20,76 Nervous system pain and pain syndromes 4,92 1,41 30,79 Other specified and unspecified endocrine disorders 4,29 1,31 31,52 Hepatitis 2,89 0,94 30,83

Gout 32,80 1,97 17,86 Esophageal disorders 20,84 1,69 20,56 Other specified and unspecified diseases of bladder and urethra2,80 1,36 29,78 Heart failure 40,25 1,24 29,93 Nephritis; nephrosis; renal sclerosis 1,84 0,90 29,48

Coagulation and hemorrhagic disorders 14,93 1,96 17,79 Biliary tract disease 5,78 1,66 20,12 Other specified hereditary and degenerative nervous system conditions9,16 1,31 28,65 Biliary tract disease 4,29 1,23 29,64 Other specified and unspecified nutritional and metabolic disorders22,87 0,88 29,02

Respiratory failure; insufficiency; arrest 8,44 1,96 17,71 Obesity 41,51 1,59 19,35 Gastroduodenal ulcer 6,76 1,18 25,67 Coagulation and hemorrhagic disorders 9,33 1,23 29,63 Hyperplasia of prostate 48,77 0,88 28,99

Other specified inflammatory condition of skin 16,01 1,95 17,65 Cardiac dysrhythmias 63,23 1,59 19,29 Sleep wake disorders 33,04 1,13 24,56 Other specified and unspecified upper respiratory disease12,07 1,22 29,54 Systemic lupus erythematosus and connective tissue disorders3,66 0,85 27,86

Trauma- and stressor-related disorders 6,49 1,86 16,84 Other specified inflammatory condition of skin 13,01 1,58 19,25 Hearing loss 27,24 1,11 24,34 Malnutrition 6,54 1,22 29,53 Hearing loss 20,72 0,85 27,84

Nonrheumatic and unspecified valve disorders 31,32 1,86 16,84 Sequela of cerebral infarction and other cerebrovascular disease3,88 1,45 17,68 Aortic; peripheral; and visceral artery aneurysms 4,20 1,02 22,31 Nutritional deficiencies 14,27 1,22 29,42 Other specified nervous system disorders 1,73 0,84 27,71

Cardiac dysrhythmias 73,38 1,84 16,68 Other specified and unspecified upper respiratory disease14,26 1,45 17,58 Hyperplasia of prostate 54,97 1,00 21,73 Aortic; peripheral; and visceral artery aneurysms 4,95 1,21 29,08 Trauma- and stressor-related disorders 2,87 0,82 26,98

Other specified joint disorders 10,82 1,82 16,45 Disruptive, impulse-control and conduct disorders 8,91 1,45 17,57 Polyneuropathies 2,01 0,98 21,37 Obesity 31,12 1,19 28,79 Other specified and unspecified hematologic conditions1,83 0,81 26,61

Nervous system signs and symptoms 21,23 1,78 16,14 Glaucoma 15,87 1,43 17,39 Sequela of specified infectious disease conditions 1,96 0,95 20,80 Digestive congenital anomalies 5,63 1,19 28,74 Sleep wake disorders 23,61 0,80 26,40

Other specified and unspecified endocrine disorders 5,74 1,75 15,82 Chronic kidney disease 53,16 1,36 16,48 Gastritis and duodenitis 4,74 0,89 19,37 Anxiety and fear-related disorders 17,27 1,17 28,18 Gastritis and duodenitis 4,23 0,79 26,02

Epilepsy; convulsions 5,64 1,72 15,54 Diverticulosis and diverticulitis 19,18 1,35 16,45 Retinal and vitreous conditions 4,87 0,88 19,19 Other specified inflammatory condition of skin 9,48 1,15 27,86 Gastroduodenal ulcer 4,48 0,78 25,61

Nerve and nerve root disorders 5,63 1,71 15,52 Hyperplasia of prostate 74,48 1,35 16,39 Other specified and unspecified nutritional and metabolic disorders21,92 0,85 18,49 Essential hypertension 89,07 1,14 27,40 Glaucoma 8,56 0,77 25,35

Nervous system pain and pain syndromes 5,95 1,71 15,44 Nervous system signs and symptoms 15,95 1,34 16,28 Osteoarthritis 35,80 0,85 18,48 Depressive disorders 23,03 1,12 27,05 Thyroid disorders 8,80 0,77 25,13

Diverticulosis and diverticulitis 24,02 1,69 15,35 Peripheral and visceral vascular disease 27,16 1,34 16,24 Trauma- and stressor-related disorders 2,88 0,83 18,02 Parkinson`s disease 8,90 1,11 26,81 Cardiac dysrhythmias 28,61 0,72 23,58

Acute myocardial infarction 13,72 1,67 15,12 Gout 22,10 1,33 16,15 Coagulation and hemorrhagic disorders 6,23 0,82 17,91 Scoliosis and other postural dorsopathic deformities 2,95 1,10 26,64 Obesity 18,64 0,71 23,46

Other and ill-defined cerebrovascular disease 4,79 1,66 15,08 Conduction disorders 43,50 1,32 16,09 Thyroid disorders 9,41 0,82 17,87 Other and ill-defined cerebrovascular disease 3,14 1,09 26,35 Acquired foot deformities 2,48 0,71 23,36

Coronary atherosclerosis and other heart disease 51,34 1,64 14,89 Hepatitis 4,02 1,31 15,87 Diseases of white blood cells 4,36 0,82 17,81 Occlusion or stenosis of precerebral or cerebral arteries without infarction4,53 1,05 25,32 Conduction disorders 23,38 0,71 23,36

Retinal and vitreous conditions 8,47 1,53 13,83 Hearing loss 31,40 1,29 15,62 Essential hypertension 63,66 0,81 17,72 Spondylopathies/spondyloarthropathy (including infective)19,62 1,04 25,05 Disorders of lipid metabolism 35,16 0,70 22,85

Sequela of cerebral infarction and other cerebrovascular disease4,08 1,53 13,83 Other specified and unspecified liver disease 9,90 1,27 15,41 Diabetes mellitus without complication 33,46 0,81 17,70 Retinal and vitreous conditions 5,73 1,03 24,95 Transient cerebral ischemia 2,84 0,69 22,70

Esophageal disorders 18,67 1,52 13,72 Coagulation and hemorrhagic disorders 9,45 1,24 15,12 Headache; including migraine 1,97 0,80 17,46 Trauma- and stressor-related disorders 3,60 1,03 24,88 Other specified inflammatory condition of skin 5,60 0,68 22,38

Occlusion or stenosis of precerebral or cerebral arteries without infarction6,45 1,50 13,55 Nutritional deficiencies 14,40 1,23 14,95 Chronic obstructive pulmonary disease and bronchiectasis28,98 0,79 17,22 Cardiac dysrhythmias 40,91 1,03 24,78 Chronic kidney disease 26,14 0,67 21,88

Conduction disorders 48,54 1,48 13,38 Other general signs and symptoms 14,55 1,22 14,85 Diverticulosis and diverticulitis 10,62 0,75 16,36 Cataract and other lens disorders 39,19 1,02 24,49 Chronic obstructive pulmonary disease and bronchiectasis24,11 0,66 21,54

Nutritional deficiencies 17,26 1,47 13,35 Osteoarthritis 51,63 1,22 14,83 Disorders of lipid metabolism 37,85 0,75 16,36 Neoplasia (general) 32,96 1,01 24,36 Myocarditis and cardiomyopathy 2,26 0,65 21,21

Chronic obstructive pulmonary disease and bronchiectasis53,29 1,45 13,13 Disorders of lipid metabolism 61,18 1,21 14,72 Transient cerebral ischemia 3,00 0,73 15,97 Neurocognitive disorders 47,07 1,00 24,15 Alcohol-related disorders 1,95 0,63 20,82

Obesity 36,18 1,39 12,56 Spondylopathies/spondyloarthropathy (including infective)22,86 1,21 14,71 Obesity 18,92 0,73 15,84 Disorders of teeth and gingiva 10,04 1,00 24,07 Urinary incontinence 35,94 0,63 20,75

Hearing loss 33,81 1,38 12,53 Other specified hereditary and degenerative nervous system conditions8,33 1,19 14,51 Chronic kidney disease 28,44 0,73 15,83 Chronic obstructive pulmonary disease and bronchiectasis36,31 0,99 23,84 Coronary atherosclerosis and other heart disease 19,10 0,61 20,09

Aortic; peripheral; and visceral artery aneurysms 5,64 1,37 12,43 Neoplasia (general) 37,59 1,15 14,00 Cardiac dysrhythmias 28,59 0,72 15,67 Hematologic neoplasia 2,55 0,96 23,05 Sequela of specified infectious disease conditions 1,23 0,60 19,65

Osteoarthritis 55,48 1,31 11,88 Polyneuropathies 2,34 1,14 13,88 Other specified and unspecified endocrine disorders 2,28 0,69 15,17 Blindness and vision defects 2,52 0,94 22,73 Cerebral infarction 7,37 0,60 19,64

Other specified hereditary and degenerative nervous system conditions9,10 1,30 11,81 Malnutrition 6,06 1,14 13,81 Occlusion or stenosis of precerebral or cerebral arteries without infarction2,88 0,67 14,56 Acquired foot deformities 3,16 0,90 21,83 Other specified and unspecified gastrointestinal disorders1,22 0,60 19,57

Hyperplasia of prostate 70,26 1,27 11,52 Anxiety and fear-related disorders 16,71 1,13 13,74 Spondylopathies/spondyloarthropathy (including infective)12,59 0,67 14,54 Urinary incontinence 50,45 0,89 21,40 Coagulation and hemorrhagic disorders 4,52 0,60 19,54

Glaucoma 13,86 1,25 11,32 Other specified and unspecified nutritional and metabolic disorders28,99 1,12 13,62 Disorders of teeth and gingiva 6,57 0,65 14,26 Hyperplasia of prostate 48,95 0,89 21,38 Other specified joint disorders 3,52 0,59 19,42

Disruptive, impulse-control and conduct disorders 7,67 1,24 11,27 Transient cerebral ischemia 4,56 1,11 13,49 Cataract and other lens disorders 25,04 0,65 14,16 Osteoarthritis 37,17 0,88 21,20 Nonrheumatic and unspecified valve disorders 9,90 0,59 19,31

Hypertension with complications and secondary hypertension10,98 1,24 11,26 Trauma- and stressor-related disorders 3,81 1,09 13,28 Alcohol-related disorders 1,92 0,62 13,62 Other specified and unspecified liver disease 6,79 0,87 20,99 Epilepsy; convulsions 1,89 0,58 18,92

Depressive disorders 25,46 1,24 11,23 Acute myocardial infarction 8,95 1,09 13,24 Diabetes mellitus with complication 9,32 0,61 13,39 Nonrheumatic and unspecified valve disorders 14,21 0,84 20,35 Other and ill-defined cerebrovascular disease 1,59 0,55 18,19

Digestive congenital anomalies 5,73 1,21 10,98 Disorders of teeth and gingiva 10,58 1,05 12,78 Hematologic neoplasia 1,64 0,61 13,37 Hearing loss 19,92 0,82 19,67 Malnutrition 2,87 0,54 17,62

Chronic kidney disease 47,16 1,20 10,89 Gastritis and duodenitis 5,61 1,05 12,77 Anxiety and fear-related disorders 8,90 0,60 13,14 Diseases of white blood cells 4,15 0,78 18,75 Respiratory failure; insufficiency; arrest 2,30 0,53 17,48

Hepatitis 3,69 1,20 10,84 Essential hypertension 81,82 1,04 12,68 Conduction disorders 19,66 0,60 13,07 Pressure ulcer of skin 9,43 0,75 18,16 Diabetes mellitus without complication 20,19 0,49 16,06

Neoplasia (general) 38,63 1,18 10,71 Other specified joint disorders 6,18 1,04 12,61 Nephritis; nephrosis; renal sclerosis 1,22 0,59 12,94 Diverticulosis and diverticulitis 10,54 0,74 17,95 Symptoms of mental and substance use conditions 6,18 0,48 15,67

Sleep wake disorders 33,84 1,15 10,44 Depressive disorders 21,29 1,04 12,60 Other specified inflammatory condition of skin 4,84 0,59 12,86 Asthma 3,50 0,74 17,90 Depressive disorders 9,65 0,47 15,43

Diabetes mellitus without complication 47,53 1,15 10,43 Non-pressure ulcer of skin 6,16 1,03 12,57 Gout 9,73 0,59 12,78 Sleep wake disorders 21,14 0,72 17,37 Other specified and unspecified diseases of bladder and urethra0,94 0,46 15,10

Neurocognitive disorders 54,04 1,15 10,41 Cataract and other lens disorders 39,78 1,03 12,53 Other specified and unspecified liver disease 4,53 0,58 12,68 Nervous system signs and symptoms 8,31 0,70 16,83 Miscellaneous mental and behavioral disorders/conditions2,15 0,45 14,92

Essential hypertension 89,34 1,14 10,31 Acquired foot deformities 3,58 1,03 12,46 Other specified joint disorders 3,45 0,58 12,63 Gastritis and duodenitis 3,63 0,68 16,39 Blindness and vision defects 1,10 0,41 13,55

Disorders of lipid metabolism 57,03 1,13 10,22 Thyroid disorders 11,42 0,99 12,07 Neoplasia (general) 18,57 0,57 12,42 Disruptive, impulse-control and conduct disorders 4,18 0,68 16,35 Other and ill-defined heart disease 3,98 0,41 13,53

Other specified and unspecified upper respiratory disease11,08 1,12 10,18 Urinary incontinence 56,32 0,99 12,03 Digestive congenital anomalies 2,60 0,55 12,03 Esophageal disorders 8,33 0,68 16,32 Gout 6,68 0,40 13,18

Urinary incontinence 63,01 1,11 10,03 Blindness and vision defects 2,52 0,94 11,46 Glaucoma 6,08 0,55 11,96 Hypertension with complications and secondary hypertension5,37 0,61 14,68 Nerve and nerve root disorders 1,31 0,40 13,10

Nephritis; nephrosis; renal sclerosis 2,25 1,10 9,93 Neurocognitive disorders 43,99 0,94 11,37 Other specified and unspecified upper respiratory disease5,16 0,52 11,44 Cerebral infarction 7,43 0,60 14,54 Aortic; peripheral; and visceral artery aneurysms 1,63 0,40 13,06

Anxiety and fear-related disorders 14,06 0,95 8,61 Epilepsy; convulsions 2,99 0,91 11,06 Peripheral and visceral vascular disease 9,50 0,47 10,20 Other general signs and symptoms 6,44 0,54 13,05 Peripheral and visceral vascular disease 7,83 0,39 12,64

Spondylopathies/spondyloarthropathy (including infective)17,86 0,95 8,56 Cerebral infarction 11,21 0,91 11,05 Respiratory failure; insufficiency; arrest 1,88 0,44 9,51 Myocarditis and cardiomyopathy 1,88 0,54 12,98 Pressure ulcer of skin 4,78 0,38 12,53

Peripheral and visceral vascular disease 18,91 0,93 8,42 Diseases of white blood cells 4,85 0,91 11,03 Esophageal disorders 5,36 0,44 9,50 Other specified hereditary and degenerative nervous system conditions3,60 0,52 12,43 Chronic rheumatic heart disease 1,56 0,38 12,50

Transient cerebral ischemia 3,76 0,92 8,29 Paralysis (other than cerebral palsy) 2,96 0,90 10,94 Scoliosis and other postural dorsopathic deformities 1,00 0,37 8,14 Other and ill-defined heart disease 4,89 0,51 12,22 Neurocognitive disorders 17,57 0,37 12,27

Hematologic neoplasia 2,37 0,89 8,04 Retinal and vitreous conditions 4,58 0,83 10,04 Heart failure 11,68 0,36 7,86 Symptoms of mental and substance use conditions 6,24 0,48 11,64 Biliary tract disease 1,28 0,37 12,03

Other general signs and symptoms 10,10 0,85 7,68 Nephritis; nephrosis; renal sclerosis 1,69 0,82 10,02 Non-pressure ulcer of skin 2,11 0,35 7,72 Nervous system pain and pain syndromes 1,66 0,47 11,45 Nervous system pain and pain syndromes 1,22 0,35 11,43

Other specified and unspecified diseases of bladder and urethra1,72 0,84 7,57 Miscellaneous mental and behavioral disorders/conditions3,87 0,82 9,96 Nerve and nerve root disorders 1,11 0,34 7,36 Miscellaneous mental and behavioral disorders/conditions2,20 0,47 11,22 Nutritional deficiencies 4,07 0,35 11,43

Other specified and unspecified nutritional and metabolic disorders20,63 0,80 7,22 Scoliosis and other postural dorsopathic deformities 2,08 0,78 9,46 Acquired foot deformities 1,13 0,32 7,06 Epilepsy; convulsions 1,36 0,42 10,02 Heart failure 10,78 0,33 10,91

Cataract and other lens disorders 29,59 0,77 6,94 Hematologic neoplasia 2,04 0,76 9,28 Pulmonary heart disease 2,22 0,32 6,95 Other specified and unspecified gastrointestinal disorders0,76 0,37 8,90 Occlusion or stenosis of precerebral or cerebral arteries without infarction1,40 0,33 10,67

Pressure ulcer of skin 9,09 0,73 6,57 Other and ill-defined cerebrovascular disease 2,18 0,76 9,20 Nonrheumatic and unspecified valve disorders 5,00 0,30 6,49 Osteoporosis 2,09 0,36 8,79 Other general signs and symptoms 3,85 0,32 10,62

Gastroduodenal ulcer 3,81 0,66 6,01 Parkinson`s disease 5,85 0,73 8,88 Myocarditis and cardiomyopathy 1,02 0,29 6,37 Paralysis (other than cerebral palsy) 1,12 0,34 8,19 Parkinson`s disease 2,24 0,28 9,17

Malnutrition 3,48 0,65 5,90 Pressure ulcer of skin 9,12 0,73 8,85 Hypertension with complications and secondary hypertension2,52 0,29 6,22 Headache; including migraine 0,83 0,34 8,17 Lung disease due to external agents 0,63 0,28 9,10

Thyroid disorders 7,13 0,62 5,62 Systemic lupus erythematosus and connective tissue disorders3,13 0,73 8,82 Systemic lupus erythematosus and connective tissue disorders1,07 0,25 5,40 Alcohol-related disorders 0,94 0,31 7,37 Osteoporosis 1,45 0,25 8,26

Diabetes mellitus with complication 9,14 0,60 5,44 Digestive congenital anomalies 3,20 0,68 8,23 Chronic rheumatic heart disease 1,01 0,25 5,39 Hepatitis 0,89 0,29 6,96 Pulmonary heart disease 1,57 0,23 7,40

Asthma 2,50 0,53 4,79 Diabetes mellitus without complication 27,63 0,67 8,14 Asthma 1,09 0,23 5,04 Pulmonary heart disease 1,16 0,17 3,99 Diabetes mellitus with complication 3,07 0,20 6,64

Symptoms of mental and substance use conditions 6,78 0,52 4,75 Symptoms of mental and substance use conditions 8,51 0,66 7,99 Other and ill-defined heart disease 2,20 0,23 4,98 Sequela of cerebral infarction and other cerebrovascular disease0,33 0,12 3,01 Acute myocardial infarction 1,66 0,20 6,63

Disorders of teeth and gingiva 5,13 0,51 4,62 Other specified nervous system disorders 1,14 0,55 6,73 Other specified nervous system disorders 0,29 0,14 3,09 Other specified and unspecified hematologic conditions0,05 0,02 0,50 Nervous system signs and symptoms 2,32 0,19 6,40

Parkinson`s disease 3,20 0,40 3,62 Other specified and unspecified hematologic conditions1,00 0,44 5,36 Coronary atherosclerosis and other heart disease 4,29 0,14 3,00 Sequela of specified infectious disease conditions 0,03 0,02 0,39 Other specified and unspecified endocrine disorders 0,64 0,19 6,39

Scoliosis and other postural dorsopathic deformities 0,95 0,36 3,23 Diabetes mellitus with complication 4,12 0,27 3,29 Lung disease due to external agents 0,19 0,08 1,85 Lung disease due to external agents 0,03 0,02 0,37 Paralysis (other than cerebral palsy) 0,57 0,17 5,72

Other specified nervous system disorders 0,64 0,31 2,84 Other specified and unspecified diseases of bladder and urethra0,49 0,24 2,91 Other specified and unspecified gastrointestinal disorders0,15 0,07 1,61 Respiratory failure; insufficiency; arrest 0,04 0,01 0,21 Non-pressure ulcer of skin 0,50 0,08 2,77

Other specified and unspecified hematologic conditions0,58 0,26 2,34 Gastroduodenal ulcer 1,03 0,18 2,18 Acute myocardial infarction 0,07 0,01 0,19 Chronic rheumatic heart disease 0,02 0,01 0,13 Disruptive, impulse-control and conduct disorders 0,30 0,05 1,60

Headache; including migraine 0,02 0,01 0,06 Headache; including migraine 0,29 0,12 1,45 Biliary tract disease 0,02 0,00 0,10 Polyneuropathies 0,01 0,01 0,12 Sequela of cerebral infarction and other cerebrovascular disease0,00 0,00 0,04

Heart - liver - gastrointestinal diseases Cardiorespiratory - COPD Psychogeriatric/cerebrovascular DM - cardiovascular risk factors Unspecific
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Appendix A. Supplementary files

Males, 81-90 (2 out of 3)

Male 81-90
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Other specified and unspecified gastrointestinal disorders8,65 4,21 38,14 Lung disease due to external agents 12,09 5,35 65,08 Sequela of cerebral infarction and other cerebrovascular disease8,00 3,00 65,43 Diabetes mellitus with complication 44,86 2,95 71,23 Headache; including migraine 5,47 2,22 72,87

Biliary tract disease 14,69 4,21 38,11 Respiratory failure; insufficiency; arrest 19,55 4,53 55,09 Other specified and unspecified hematologic conditions6,75 2,99 65,20 Acute myocardial infarction 22,07 2,69 64,82 Scoliosis and other postural dorsopathic deformities 4,27 1,60 52,53

Chronic rheumatic heart disease 16,16 3,94 35,63 Pulmonary heart disease 29,81 4,27 51,89 Symptoms of mental and substance use conditions 35,52 2,75 59,95 Other specified nervous system disorders 5,08 2,47 59,63 Asthma 6,78 1,44 47,14

Acquired foot deformities 13,60 3,90 35,29 Chronic rheumatic heart disease 15,66 3,81 46,35 Pressure ulcer of skin 30,91 2,47 53,88 Non-pressure ulcer of skin 13,47 2,26 54,59 Hematologic neoplasia 3,76 1,41 46,25

Myocarditis and cardiomyopathy 11,98 3,43 31,07 Other and ill-defined heart disease 32,32 3,35 40,70 Other general signs and symptoms 29,34 2,46 53,79 Peripheral and visceral vascular disease 44,24 2,18 52,50 Disorders of teeth and gingiva 13,57 1,35 44,27

Pulmonary heart disease 22,94 3,29 29,76 Nonrheumatic and unspecified valve disorders 51,27 3,05 37,01 Disruptive, impulse-control and conduct disorders 15,01 2,44 53,20 Diabetes mellitus without complication 81,56 1,98 47,67 Cataract and other lens disorders 49,24 1,28 41,88

Other and ill-defined heart disease 30,44 3,15 28,56 Occlusion or stenosis of precerebral or cerebral arteries without infarction12,74 2,95 35,90 Paralysis (other than cerebral palsy) 7,96 2,42 52,90 Other specified and unspecified diseases of bladder and urethra3,80 1,85 44,64 Digestive congenital anomalies 5,76 1,22 40,02

Polyneuropathies 6,40 3,12 28,21 Alcohol-related disorders 8,19 2,66 32,32 Parkinson`s disease 18,90 2,36 51,52 Coronary atherosclerosis and other heart disease 53,37 1,71 41,26 Hypertension with complications and secondary hypertension10,75 1,22 39,98

Sequela of specified infectious disease conditions 6,30 3,07 27,78 Other specified and unspecified gastrointestinal disorders5,37 2,61 31,77 Epilepsy; convulsions 6,69 2,04 44,46 Gastroduodenal ulcer 9,66 1,68 40,54 Esophageal disorders 14,97 1,22 39,90

Alcohol-related disorders 8,80 2,86 25,88 Sequela of specified infectious disease conditions 5,30 2,58 31,37 Nervous system signs and symptoms 24,20 2,03 44,36 Nerve and nerve root disorders 5,46 1,66 40,09 Neoplasia (general) 38,30 1,17 38,52

Gastritis and duodenitis 15,01 2,81 25,45 Other specified and unspecified endocrine disorders 8,41 2,56 31,10 Neurocognitive disorders 90,04 1,91 41,81 Gout 27,60 1,66 40,03 Spondylopathies/spondyloarthropathy (including infective)21,37 1,13 37,14

Lung disease due to external agents 5,89 2,61 23,59 Nervous system pain and pain syndromes 8,87 2,54 30,88 Miscellaneous mental and behavioral disorders/conditions8,93 1,89 41,30 Transient cerebral ischemia 6,73 1,64 39,55 Polyneuropathies 2,28 1,11 36,42

Miscellaneous mental and behavioral disorders/conditions11,79 2,50 22,61 Heart failure 77,86 2,40 29,17 Osteoporosis 10,33 1,80 39,22 Thyroid disorders 18,73 1,63 39,30 Anxiety and fear-related disorders 16,36 1,11 36,33

Non-pressure ulcer of skin 14,70 2,47 22,35 Myocarditis and cardiomyopathy 8,15 2,33 28,36 Cerebral infarction 20,62 1,67 36,55 Other specified joint disorders 9,60 1,61 38,88 Diverticulosis and diverticulitis 14,63 1,03 33,89

Paralysis (other than cerebral palsy) 8,07 2,46 22,25 Hypertension with complications and secondary hypertension20,23 2,29 27,85 Urinary incontinence 93,24 1,64 35,79 Nephritis; nephrosis; renal sclerosis 3,20 1,56 37,63 Osteoarthritis 43,30 1,02 33,61

Heart failure 79,32 2,44 22,14 Asthma 9,76 2,07 25,13 Hepatitis 5,01 1,63 35,50 Systemic lupus erythematosus and connective tissue disorders6,66 1,54 37,23 Other specified and unspecified liver disease 7,75 0,99 32,62

Osteoporosis 13,45 2,34 21,19 Chronic obstructive pulmonary disease and bronchiectasis73,42 2,00 24,28 Depressive disorders 31,68 1,54 33,69 Disorders of lipid metabolism 75,06 1,49 35,85 Other specified hereditary and degenerative nervous system conditions6,93 0,99 32,59

Systemic lupus erythematosus and connective tissue disorders9,86 2,29 20,70 Nerve and nerve root disorders 6,47 1,97 23,92 Malnutrition 8,10 1,52 33,14 Chronic kidney disease 56,77 1,45 34,92 Retinal and vitreous conditions 5,40 0,97 31,99

Diseases of white blood cells 12,06 2,26 20,45 Aortic; peripheral; and visceral artery aneurysms 7,81 1,90 23,11 Blindness and vision defects 3,97 1,49 32,46 Conduction disorders 46,44 1,41 34,10 Diseases of white blood cells 5,20 0,97 31,96

Blindness and vision defects 5,84 2,19 19,80 Osteoporosis 10,66 1,85 22,54 Other and ill-defined cerebrovascular disease 4,11 1,43 31,18 Glaucoma 15,61 1,41 33,97 Essential hypertension 76,20 0,97 31,89

Other specified and unspecified liver disease 15,76 2,02 18,29 Sleep wake disorders 51,29 1,75 21,23 Nutritional deficiencies 16,54 1,41 30,85 Other specified and unspecified nutritional and metabolic disorders33,94 1,31 31,65 Other specified and unspecified upper respiratory disease9,38 0,95 31,26

Cerebral infarction 24,77 2,01 18,21 Coronary atherosclerosis and other heart disease 53,31 1,71 20,76 Nervous system pain and pain syndromes 4,92 1,41 30,79 Other specified and unspecified endocrine disorders 4,29 1,31 31,52 Hepatitis 2,89 0,94 30,83

Gout 32,80 1,97 17,86 Esophageal disorders 20,84 1,69 20,56 Other specified and unspecified diseases of bladder and urethra2,80 1,36 29,78 Heart failure 40,25 1,24 29,93 Nephritis; nephrosis; renal sclerosis 1,84 0,90 29,48

Coagulation and hemorrhagic disorders 14,93 1,96 17,79 Biliary tract disease 5,78 1,66 20,12 Other specified hereditary and degenerative nervous system conditions9,16 1,31 28,65 Biliary tract disease 4,29 1,23 29,64 Other specified and unspecified nutritional and metabolic disorders22,87 0,88 29,02

Respiratory failure; insufficiency; arrest 8,44 1,96 17,71 Obesity 41,51 1,59 19,35 Gastroduodenal ulcer 6,76 1,18 25,67 Coagulation and hemorrhagic disorders 9,33 1,23 29,63 Hyperplasia of prostate 48,77 0,88 28,99

Other specified inflammatory condition of skin 16,01 1,95 17,65 Cardiac dysrhythmias 63,23 1,59 19,29 Sleep wake disorders 33,04 1,13 24,56 Other specified and unspecified upper respiratory disease12,07 1,22 29,54 Systemic lupus erythematosus and connective tissue disorders3,66 0,85 27,86

Trauma- and stressor-related disorders 6,49 1,86 16,84 Other specified inflammatory condition of skin 13,01 1,58 19,25 Hearing loss 27,24 1,11 24,34 Malnutrition 6,54 1,22 29,53 Hearing loss 20,72 0,85 27,84

Nonrheumatic and unspecified valve disorders 31,32 1,86 16,84 Sequela of cerebral infarction and other cerebrovascular disease3,88 1,45 17,68 Aortic; peripheral; and visceral artery aneurysms 4,20 1,02 22,31 Nutritional deficiencies 14,27 1,22 29,42 Other specified nervous system disorders 1,73 0,84 27,71

Cardiac dysrhythmias 73,38 1,84 16,68 Other specified and unspecified upper respiratory disease14,26 1,45 17,58 Hyperplasia of prostate 54,97 1,00 21,73 Aortic; peripheral; and visceral artery aneurysms 4,95 1,21 29,08 Trauma- and stressor-related disorders 2,87 0,82 26,98

Other specified joint disorders 10,82 1,82 16,45 Disruptive, impulse-control and conduct disorders 8,91 1,45 17,57 Polyneuropathies 2,01 0,98 21,37 Obesity 31,12 1,19 28,79 Other specified and unspecified hematologic conditions1,83 0,81 26,61

Nervous system signs and symptoms 21,23 1,78 16,14 Glaucoma 15,87 1,43 17,39 Sequela of specified infectious disease conditions 1,96 0,95 20,80 Digestive congenital anomalies 5,63 1,19 28,74 Sleep wake disorders 23,61 0,80 26,40

Other specified and unspecified endocrine disorders 5,74 1,75 15,82 Chronic kidney disease 53,16 1,36 16,48 Gastritis and duodenitis 4,74 0,89 19,37 Anxiety and fear-related disorders 17,27 1,17 28,18 Gastritis and duodenitis 4,23 0,79 26,02

Epilepsy; convulsions 5,64 1,72 15,54 Diverticulosis and diverticulitis 19,18 1,35 16,45 Retinal and vitreous conditions 4,87 0,88 19,19 Other specified inflammatory condition of skin 9,48 1,15 27,86 Gastroduodenal ulcer 4,48 0,78 25,61

Nerve and nerve root disorders 5,63 1,71 15,52 Hyperplasia of prostate 74,48 1,35 16,39 Other specified and unspecified nutritional and metabolic disorders21,92 0,85 18,49 Essential hypertension 89,07 1,14 27,40 Glaucoma 8,56 0,77 25,35

Nervous system pain and pain syndromes 5,95 1,71 15,44 Nervous system signs and symptoms 15,95 1,34 16,28 Osteoarthritis 35,80 0,85 18,48 Depressive disorders 23,03 1,12 27,05 Thyroid disorders 8,80 0,77 25,13

Diverticulosis and diverticulitis 24,02 1,69 15,35 Peripheral and visceral vascular disease 27,16 1,34 16,24 Trauma- and stressor-related disorders 2,88 0,83 18,02 Parkinson`s disease 8,90 1,11 26,81 Cardiac dysrhythmias 28,61 0,72 23,58

Acute myocardial infarction 13,72 1,67 15,12 Gout 22,10 1,33 16,15 Coagulation and hemorrhagic disorders 6,23 0,82 17,91 Scoliosis and other postural dorsopathic deformities 2,95 1,10 26,64 Obesity 18,64 0,71 23,46

Other and ill-defined cerebrovascular disease 4,79 1,66 15,08 Conduction disorders 43,50 1,32 16,09 Thyroid disorders 9,41 0,82 17,87 Other and ill-defined cerebrovascular disease 3,14 1,09 26,35 Acquired foot deformities 2,48 0,71 23,36

Coronary atherosclerosis and other heart disease 51,34 1,64 14,89 Hepatitis 4,02 1,31 15,87 Diseases of white blood cells 4,36 0,82 17,81 Occlusion or stenosis of precerebral or cerebral arteries without infarction4,53 1,05 25,32 Conduction disorders 23,38 0,71 23,36

Retinal and vitreous conditions 8,47 1,53 13,83 Hearing loss 31,40 1,29 15,62 Essential hypertension 63,66 0,81 17,72 Spondylopathies/spondyloarthropathy (including infective)19,62 1,04 25,05 Disorders of lipid metabolism 35,16 0,70 22,85

Sequela of cerebral infarction and other cerebrovascular disease4,08 1,53 13,83 Other specified and unspecified liver disease 9,90 1,27 15,41 Diabetes mellitus without complication 33,46 0,81 17,70 Retinal and vitreous conditions 5,73 1,03 24,95 Transient cerebral ischemia 2,84 0,69 22,70

Esophageal disorders 18,67 1,52 13,72 Coagulation and hemorrhagic disorders 9,45 1,24 15,12 Headache; including migraine 1,97 0,80 17,46 Trauma- and stressor-related disorders 3,60 1,03 24,88 Other specified inflammatory condition of skin 5,60 0,68 22,38

Occlusion or stenosis of precerebral or cerebral arteries without infarction6,45 1,50 13,55 Nutritional deficiencies 14,40 1,23 14,95 Chronic obstructive pulmonary disease and bronchiectasis28,98 0,79 17,22 Cardiac dysrhythmias 40,91 1,03 24,78 Chronic kidney disease 26,14 0,67 21,88

Conduction disorders 48,54 1,48 13,38 Other general signs and symptoms 14,55 1,22 14,85 Diverticulosis and diverticulitis 10,62 0,75 16,36 Cataract and other lens disorders 39,19 1,02 24,49 Chronic obstructive pulmonary disease and bronchiectasis24,11 0,66 21,54

Nutritional deficiencies 17,26 1,47 13,35 Osteoarthritis 51,63 1,22 14,83 Disorders of lipid metabolism 37,85 0,75 16,36 Neoplasia (general) 32,96 1,01 24,36 Myocarditis and cardiomyopathy 2,26 0,65 21,21

Chronic obstructive pulmonary disease and bronchiectasis53,29 1,45 13,13 Disorders of lipid metabolism 61,18 1,21 14,72 Transient cerebral ischemia 3,00 0,73 15,97 Neurocognitive disorders 47,07 1,00 24,15 Alcohol-related disorders 1,95 0,63 20,82

Obesity 36,18 1,39 12,56 Spondylopathies/spondyloarthropathy (including infective)22,86 1,21 14,71 Obesity 18,92 0,73 15,84 Disorders of teeth and gingiva 10,04 1,00 24,07 Urinary incontinence 35,94 0,63 20,75

Hearing loss 33,81 1,38 12,53 Other specified hereditary and degenerative nervous system conditions8,33 1,19 14,51 Chronic kidney disease 28,44 0,73 15,83 Chronic obstructive pulmonary disease and bronchiectasis36,31 0,99 23,84 Coronary atherosclerosis and other heart disease 19,10 0,61 20,09

Aortic; peripheral; and visceral artery aneurysms 5,64 1,37 12,43 Neoplasia (general) 37,59 1,15 14,00 Cardiac dysrhythmias 28,59 0,72 15,67 Hematologic neoplasia 2,55 0,96 23,05 Sequela of specified infectious disease conditions 1,23 0,60 19,65

Osteoarthritis 55,48 1,31 11,88 Polyneuropathies 2,34 1,14 13,88 Other specified and unspecified endocrine disorders 2,28 0,69 15,17 Blindness and vision defects 2,52 0,94 22,73 Cerebral infarction 7,37 0,60 19,64

Other specified hereditary and degenerative nervous system conditions9,10 1,30 11,81 Malnutrition 6,06 1,14 13,81 Occlusion or stenosis of precerebral or cerebral arteries without infarction2,88 0,67 14,56 Acquired foot deformities 3,16 0,90 21,83 Other specified and unspecified gastrointestinal disorders1,22 0,60 19,57

Hyperplasia of prostate 70,26 1,27 11,52 Anxiety and fear-related disorders 16,71 1,13 13,74 Spondylopathies/spondyloarthropathy (including infective)12,59 0,67 14,54 Urinary incontinence 50,45 0,89 21,40 Coagulation and hemorrhagic disorders 4,52 0,60 19,54

Glaucoma 13,86 1,25 11,32 Other specified and unspecified nutritional and metabolic disorders28,99 1,12 13,62 Disorders of teeth and gingiva 6,57 0,65 14,26 Hyperplasia of prostate 48,95 0,89 21,38 Other specified joint disorders 3,52 0,59 19,42

Disruptive, impulse-control and conduct disorders 7,67 1,24 11,27 Transient cerebral ischemia 4,56 1,11 13,49 Cataract and other lens disorders 25,04 0,65 14,16 Osteoarthritis 37,17 0,88 21,20 Nonrheumatic and unspecified valve disorders 9,90 0,59 19,31

Hypertension with complications and secondary hypertension10,98 1,24 11,26 Trauma- and stressor-related disorders 3,81 1,09 13,28 Alcohol-related disorders 1,92 0,62 13,62 Other specified and unspecified liver disease 6,79 0,87 20,99 Epilepsy; convulsions 1,89 0,58 18,92

Depressive disorders 25,46 1,24 11,23 Acute myocardial infarction 8,95 1,09 13,24 Diabetes mellitus with complication 9,32 0,61 13,39 Nonrheumatic and unspecified valve disorders 14,21 0,84 20,35 Other and ill-defined cerebrovascular disease 1,59 0,55 18,19

Digestive congenital anomalies 5,73 1,21 10,98 Disorders of teeth and gingiva 10,58 1,05 12,78 Hematologic neoplasia 1,64 0,61 13,37 Hearing loss 19,92 0,82 19,67 Malnutrition 2,87 0,54 17,62

Chronic kidney disease 47,16 1,20 10,89 Gastritis and duodenitis 5,61 1,05 12,77 Anxiety and fear-related disorders 8,90 0,60 13,14 Diseases of white blood cells 4,15 0,78 18,75 Respiratory failure; insufficiency; arrest 2,30 0,53 17,48

Hepatitis 3,69 1,20 10,84 Essential hypertension 81,82 1,04 12,68 Conduction disorders 19,66 0,60 13,07 Pressure ulcer of skin 9,43 0,75 18,16 Diabetes mellitus without complication 20,19 0,49 16,06

Neoplasia (general) 38,63 1,18 10,71 Other specified joint disorders 6,18 1,04 12,61 Nephritis; nephrosis; renal sclerosis 1,22 0,59 12,94 Diverticulosis and diverticulitis 10,54 0,74 17,95 Symptoms of mental and substance use conditions 6,18 0,48 15,67

Sleep wake disorders 33,84 1,15 10,44 Depressive disorders 21,29 1,04 12,60 Other specified inflammatory condition of skin 4,84 0,59 12,86 Asthma 3,50 0,74 17,90 Depressive disorders 9,65 0,47 15,43

Diabetes mellitus without complication 47,53 1,15 10,43 Non-pressure ulcer of skin 6,16 1,03 12,57 Gout 9,73 0,59 12,78 Sleep wake disorders 21,14 0,72 17,37 Other specified and unspecified diseases of bladder and urethra0,94 0,46 15,10

Neurocognitive disorders 54,04 1,15 10,41 Cataract and other lens disorders 39,78 1,03 12,53 Other specified and unspecified liver disease 4,53 0,58 12,68 Nervous system signs and symptoms 8,31 0,70 16,83 Miscellaneous mental and behavioral disorders/conditions2,15 0,45 14,92

Essential hypertension 89,34 1,14 10,31 Acquired foot deformities 3,58 1,03 12,46 Other specified joint disorders 3,45 0,58 12,63 Gastritis and duodenitis 3,63 0,68 16,39 Blindness and vision defects 1,10 0,41 13,55

Disorders of lipid metabolism 57,03 1,13 10,22 Thyroid disorders 11,42 0,99 12,07 Neoplasia (general) 18,57 0,57 12,42 Disruptive, impulse-control and conduct disorders 4,18 0,68 16,35 Other and ill-defined heart disease 3,98 0,41 13,53

Other specified and unspecified upper respiratory disease11,08 1,12 10,18 Urinary incontinence 56,32 0,99 12,03 Digestive congenital anomalies 2,60 0,55 12,03 Esophageal disorders 8,33 0,68 16,32 Gout 6,68 0,40 13,18

Urinary incontinence 63,01 1,11 10,03 Blindness and vision defects 2,52 0,94 11,46 Glaucoma 6,08 0,55 11,96 Hypertension with complications and secondary hypertension5,37 0,61 14,68 Nerve and nerve root disorders 1,31 0,40 13,10

Nephritis; nephrosis; renal sclerosis 2,25 1,10 9,93 Neurocognitive disorders 43,99 0,94 11,37 Other specified and unspecified upper respiratory disease5,16 0,52 11,44 Cerebral infarction 7,43 0,60 14,54 Aortic; peripheral; and visceral artery aneurysms 1,63 0,40 13,06

Anxiety and fear-related disorders 14,06 0,95 8,61 Epilepsy; convulsions 2,99 0,91 11,06 Peripheral and visceral vascular disease 9,50 0,47 10,20 Other general signs and symptoms 6,44 0,54 13,05 Peripheral and visceral vascular disease 7,83 0,39 12,64

Spondylopathies/spondyloarthropathy (including infective)17,86 0,95 8,56 Cerebral infarction 11,21 0,91 11,05 Respiratory failure; insufficiency; arrest 1,88 0,44 9,51 Myocarditis and cardiomyopathy 1,88 0,54 12,98 Pressure ulcer of skin 4,78 0,38 12,53

Peripheral and visceral vascular disease 18,91 0,93 8,42 Diseases of white blood cells 4,85 0,91 11,03 Esophageal disorders 5,36 0,44 9,50 Other specified hereditary and degenerative nervous system conditions3,60 0,52 12,43 Chronic rheumatic heart disease 1,56 0,38 12,50

Transient cerebral ischemia 3,76 0,92 8,29 Paralysis (other than cerebral palsy) 2,96 0,90 10,94 Scoliosis and other postural dorsopathic deformities 1,00 0,37 8,14 Other and ill-defined heart disease 4,89 0,51 12,22 Neurocognitive disorders 17,57 0,37 12,27

Hematologic neoplasia 2,37 0,89 8,04 Retinal and vitreous conditions 4,58 0,83 10,04 Heart failure 11,68 0,36 7,86 Symptoms of mental and substance use conditions 6,24 0,48 11,64 Biliary tract disease 1,28 0,37 12,03

Other general signs and symptoms 10,10 0,85 7,68 Nephritis; nephrosis; renal sclerosis 1,69 0,82 10,02 Non-pressure ulcer of skin 2,11 0,35 7,72 Nervous system pain and pain syndromes 1,66 0,47 11,45 Nervous system pain and pain syndromes 1,22 0,35 11,43

Other specified and unspecified diseases of bladder and urethra1,72 0,84 7,57 Miscellaneous mental and behavioral disorders/conditions3,87 0,82 9,96 Nerve and nerve root disorders 1,11 0,34 7,36 Miscellaneous mental and behavioral disorders/conditions2,20 0,47 11,22 Nutritional deficiencies 4,07 0,35 11,43

Other specified and unspecified nutritional and metabolic disorders20,63 0,80 7,22 Scoliosis and other postural dorsopathic deformities 2,08 0,78 9,46 Acquired foot deformities 1,13 0,32 7,06 Epilepsy; convulsions 1,36 0,42 10,02 Heart failure 10,78 0,33 10,91

Cataract and other lens disorders 29,59 0,77 6,94 Hematologic neoplasia 2,04 0,76 9,28 Pulmonary heart disease 2,22 0,32 6,95 Other specified and unspecified gastrointestinal disorders0,76 0,37 8,90 Occlusion or stenosis of precerebral or cerebral arteries without infarction1,40 0,33 10,67

Pressure ulcer of skin 9,09 0,73 6,57 Other and ill-defined cerebrovascular disease 2,18 0,76 9,20 Nonrheumatic and unspecified valve disorders 5,00 0,30 6,49 Osteoporosis 2,09 0,36 8,79 Other general signs and symptoms 3,85 0,32 10,62

Gastroduodenal ulcer 3,81 0,66 6,01 Parkinson`s disease 5,85 0,73 8,88 Myocarditis and cardiomyopathy 1,02 0,29 6,37 Paralysis (other than cerebral palsy) 1,12 0,34 8,19 Parkinson`s disease 2,24 0,28 9,17

Malnutrition 3,48 0,65 5,90 Pressure ulcer of skin 9,12 0,73 8,85 Hypertension with complications and secondary hypertension2,52 0,29 6,22 Headache; including migraine 0,83 0,34 8,17 Lung disease due to external agents 0,63 0,28 9,10

Thyroid disorders 7,13 0,62 5,62 Systemic lupus erythematosus and connective tissue disorders3,13 0,73 8,82 Systemic lupus erythematosus and connective tissue disorders1,07 0,25 5,40 Alcohol-related disorders 0,94 0,31 7,37 Osteoporosis 1,45 0,25 8,26

Diabetes mellitus with complication 9,14 0,60 5,44 Digestive congenital anomalies 3,20 0,68 8,23 Chronic rheumatic heart disease 1,01 0,25 5,39 Hepatitis 0,89 0,29 6,96 Pulmonary heart disease 1,57 0,23 7,40

Asthma 2,50 0,53 4,79 Diabetes mellitus without complication 27,63 0,67 8,14 Asthma 1,09 0,23 5,04 Pulmonary heart disease 1,16 0,17 3,99 Diabetes mellitus with complication 3,07 0,20 6,64

Symptoms of mental and substance use conditions 6,78 0,52 4,75 Symptoms of mental and substance use conditions 8,51 0,66 7,99 Other and ill-defined heart disease 2,20 0,23 4,98 Sequela of cerebral infarction and other cerebrovascular disease0,33 0,12 3,01 Acute myocardial infarction 1,66 0,20 6,63

Disorders of teeth and gingiva 5,13 0,51 4,62 Other specified nervous system disorders 1,14 0,55 6,73 Other specified nervous system disorders 0,29 0,14 3,09 Other specified and unspecified hematologic conditions0,05 0,02 0,50 Nervous system signs and symptoms 2,32 0,19 6,40

Parkinson`s disease 3,20 0,40 3,62 Other specified and unspecified hematologic conditions1,00 0,44 5,36 Coronary atherosclerosis and other heart disease 4,29 0,14 3,00 Sequela of specified infectious disease conditions 0,03 0,02 0,39 Other specified and unspecified endocrine disorders 0,64 0,19 6,39

Scoliosis and other postural dorsopathic deformities 0,95 0,36 3,23 Diabetes mellitus with complication 4,12 0,27 3,29 Lung disease due to external agents 0,19 0,08 1,85 Lung disease due to external agents 0,03 0,02 0,37 Paralysis (other than cerebral palsy) 0,57 0,17 5,72

Other specified nervous system disorders 0,64 0,31 2,84 Other specified and unspecified diseases of bladder and urethra0,49 0,24 2,91 Other specified and unspecified gastrointestinal disorders0,15 0,07 1,61 Respiratory failure; insufficiency; arrest 0,04 0,01 0,21 Non-pressure ulcer of skin 0,50 0,08 2,77

Other specified and unspecified hematologic conditions0,58 0,26 2,34 Gastroduodenal ulcer 1,03 0,18 2,18 Acute myocardial infarction 0,07 0,01 0,19 Chronic rheumatic heart disease 0,02 0,01 0,13 Disruptive, impulse-control and conduct disorders 0,30 0,05 1,60

Headache; including migraine 0,02 0,01 0,06 Headache; including migraine 0,29 0,12 1,45 Biliary tract disease 0,02 0,00 0,10 Polyneuropathies 0,01 0,01 0,12 Sequela of cerebral infarction and other cerebrovascular disease0,00 0,00 0,04

Heart - liver - gastrointestinal diseases Cardiorespiratory - COPD Psychogeriatric/cerebrovascular DM - cardiovascular risk factors Unspecific
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Other specified and unspecified gastrointestinal disorders8,65 4,21 38,14 Lung disease due to external agents 12,09 5,35 65,08 Sequela of cerebral infarction and other cerebrovascular disease8,00 3,00 65,43 Diabetes mellitus with complication 44,86 2,95 71,23 Headache; including migraine 5,47 2,22 72,87

Biliary tract disease 14,69 4,21 38,11 Respiratory failure; insufficiency; arrest 19,55 4,53 55,09 Other specified and unspecified hematologic conditions6,75 2,99 65,20 Acute myocardial infarction 22,07 2,69 64,82 Scoliosis and other postural dorsopathic deformities 4,27 1,60 52,53

Chronic rheumatic heart disease 16,16 3,94 35,63 Pulmonary heart disease 29,81 4,27 51,89 Symptoms of mental and substance use conditions 35,52 2,75 59,95 Other specified nervous system disorders 5,08 2,47 59,63 Asthma 6,78 1,44 47,14

Acquired foot deformities 13,60 3,90 35,29 Chronic rheumatic heart disease 15,66 3,81 46,35 Pressure ulcer of skin 30,91 2,47 53,88 Non-pressure ulcer of skin 13,47 2,26 54,59 Hematologic neoplasia 3,76 1,41 46,25

Myocarditis and cardiomyopathy 11,98 3,43 31,07 Other and ill-defined heart disease 32,32 3,35 40,70 Other general signs and symptoms 29,34 2,46 53,79 Peripheral and visceral vascular disease 44,24 2,18 52,50 Disorders of teeth and gingiva 13,57 1,35 44,27

Pulmonary heart disease 22,94 3,29 29,76 Nonrheumatic and unspecified valve disorders 51,27 3,05 37,01 Disruptive, impulse-control and conduct disorders 15,01 2,44 53,20 Diabetes mellitus without complication 81,56 1,98 47,67 Cataract and other lens disorders 49,24 1,28 41,88

Other and ill-defined heart disease 30,44 3,15 28,56 Occlusion or stenosis of precerebral or cerebral arteries without infarction12,74 2,95 35,90 Paralysis (other than cerebral palsy) 7,96 2,42 52,90 Other specified and unspecified diseases of bladder and urethra3,80 1,85 44,64 Digestive congenital anomalies 5,76 1,22 40,02

Polyneuropathies 6,40 3,12 28,21 Alcohol-related disorders 8,19 2,66 32,32 Parkinson`s disease 18,90 2,36 51,52 Coronary atherosclerosis and other heart disease 53,37 1,71 41,26 Hypertension with complications and secondary hypertension10,75 1,22 39,98

Sequela of specified infectious disease conditions 6,30 3,07 27,78 Other specified and unspecified gastrointestinal disorders5,37 2,61 31,77 Epilepsy; convulsions 6,69 2,04 44,46 Gastroduodenal ulcer 9,66 1,68 40,54 Esophageal disorders 14,97 1,22 39,90

Alcohol-related disorders 8,80 2,86 25,88 Sequela of specified infectious disease conditions 5,30 2,58 31,37 Nervous system signs and symptoms 24,20 2,03 44,36 Nerve and nerve root disorders 5,46 1,66 40,09 Neoplasia (general) 38,30 1,17 38,52

Gastritis and duodenitis 15,01 2,81 25,45 Other specified and unspecified endocrine disorders 8,41 2,56 31,10 Neurocognitive disorders 90,04 1,91 41,81 Gout 27,60 1,66 40,03 Spondylopathies/spondyloarthropathy (including infective)21,37 1,13 37,14

Lung disease due to external agents 5,89 2,61 23,59 Nervous system pain and pain syndromes 8,87 2,54 30,88 Miscellaneous mental and behavioral disorders/conditions8,93 1,89 41,30 Transient cerebral ischemia 6,73 1,64 39,55 Polyneuropathies 2,28 1,11 36,42

Miscellaneous mental and behavioral disorders/conditions11,79 2,50 22,61 Heart failure 77,86 2,40 29,17 Osteoporosis 10,33 1,80 39,22 Thyroid disorders 18,73 1,63 39,30 Anxiety and fear-related disorders 16,36 1,11 36,33

Non-pressure ulcer of skin 14,70 2,47 22,35 Myocarditis and cardiomyopathy 8,15 2,33 28,36 Cerebral infarction 20,62 1,67 36,55 Other specified joint disorders 9,60 1,61 38,88 Diverticulosis and diverticulitis 14,63 1,03 33,89

Paralysis (other than cerebral palsy) 8,07 2,46 22,25 Hypertension with complications and secondary hypertension20,23 2,29 27,85 Urinary incontinence 93,24 1,64 35,79 Nephritis; nephrosis; renal sclerosis 3,20 1,56 37,63 Osteoarthritis 43,30 1,02 33,61

Heart failure 79,32 2,44 22,14 Asthma 9,76 2,07 25,13 Hepatitis 5,01 1,63 35,50 Systemic lupus erythematosus and connective tissue disorders6,66 1,54 37,23 Other specified and unspecified liver disease 7,75 0,99 32,62

Osteoporosis 13,45 2,34 21,19 Chronic obstructive pulmonary disease and bronchiectasis73,42 2,00 24,28 Depressive disorders 31,68 1,54 33,69 Disorders of lipid metabolism 75,06 1,49 35,85 Other specified hereditary and degenerative nervous system conditions6,93 0,99 32,59

Systemic lupus erythematosus and connective tissue disorders9,86 2,29 20,70 Nerve and nerve root disorders 6,47 1,97 23,92 Malnutrition 8,10 1,52 33,14 Chronic kidney disease 56,77 1,45 34,92 Retinal and vitreous conditions 5,40 0,97 31,99

Diseases of white blood cells 12,06 2,26 20,45 Aortic; peripheral; and visceral artery aneurysms 7,81 1,90 23,11 Blindness and vision defects 3,97 1,49 32,46 Conduction disorders 46,44 1,41 34,10 Diseases of white blood cells 5,20 0,97 31,96

Blindness and vision defects 5,84 2,19 19,80 Osteoporosis 10,66 1,85 22,54 Other and ill-defined cerebrovascular disease 4,11 1,43 31,18 Glaucoma 15,61 1,41 33,97 Essential hypertension 76,20 0,97 31,89

Other specified and unspecified liver disease 15,76 2,02 18,29 Sleep wake disorders 51,29 1,75 21,23 Nutritional deficiencies 16,54 1,41 30,85 Other specified and unspecified nutritional and metabolic disorders33,94 1,31 31,65 Other specified and unspecified upper respiratory disease9,38 0,95 31,26

Cerebral infarction 24,77 2,01 18,21 Coronary atherosclerosis and other heart disease 53,31 1,71 20,76 Nervous system pain and pain syndromes 4,92 1,41 30,79 Other specified and unspecified endocrine disorders 4,29 1,31 31,52 Hepatitis 2,89 0,94 30,83

Gout 32,80 1,97 17,86 Esophageal disorders 20,84 1,69 20,56 Other specified and unspecified diseases of bladder and urethra2,80 1,36 29,78 Heart failure 40,25 1,24 29,93 Nephritis; nephrosis; renal sclerosis 1,84 0,90 29,48

Coagulation and hemorrhagic disorders 14,93 1,96 17,79 Biliary tract disease 5,78 1,66 20,12 Other specified hereditary and degenerative nervous system conditions9,16 1,31 28,65 Biliary tract disease 4,29 1,23 29,64 Other specified and unspecified nutritional and metabolic disorders22,87 0,88 29,02

Respiratory failure; insufficiency; arrest 8,44 1,96 17,71 Obesity 41,51 1,59 19,35 Gastroduodenal ulcer 6,76 1,18 25,67 Coagulation and hemorrhagic disorders 9,33 1,23 29,63 Hyperplasia of prostate 48,77 0,88 28,99

Other specified inflammatory condition of skin 16,01 1,95 17,65 Cardiac dysrhythmias 63,23 1,59 19,29 Sleep wake disorders 33,04 1,13 24,56 Other specified and unspecified upper respiratory disease12,07 1,22 29,54 Systemic lupus erythematosus and connective tissue disorders3,66 0,85 27,86

Trauma- and stressor-related disorders 6,49 1,86 16,84 Other specified inflammatory condition of skin 13,01 1,58 19,25 Hearing loss 27,24 1,11 24,34 Malnutrition 6,54 1,22 29,53 Hearing loss 20,72 0,85 27,84

Nonrheumatic and unspecified valve disorders 31,32 1,86 16,84 Sequela of cerebral infarction and other cerebrovascular disease3,88 1,45 17,68 Aortic; peripheral; and visceral artery aneurysms 4,20 1,02 22,31 Nutritional deficiencies 14,27 1,22 29,42 Other specified nervous system disorders 1,73 0,84 27,71

Cardiac dysrhythmias 73,38 1,84 16,68 Other specified and unspecified upper respiratory disease14,26 1,45 17,58 Hyperplasia of prostate 54,97 1,00 21,73 Aortic; peripheral; and visceral artery aneurysms 4,95 1,21 29,08 Trauma- and stressor-related disorders 2,87 0,82 26,98

Other specified joint disorders 10,82 1,82 16,45 Disruptive, impulse-control and conduct disorders 8,91 1,45 17,57 Polyneuropathies 2,01 0,98 21,37 Obesity 31,12 1,19 28,79 Other specified and unspecified hematologic conditions1,83 0,81 26,61

Nervous system signs and symptoms 21,23 1,78 16,14 Glaucoma 15,87 1,43 17,39 Sequela of specified infectious disease conditions 1,96 0,95 20,80 Digestive congenital anomalies 5,63 1,19 28,74 Sleep wake disorders 23,61 0,80 26,40

Other specified and unspecified endocrine disorders 5,74 1,75 15,82 Chronic kidney disease 53,16 1,36 16,48 Gastritis and duodenitis 4,74 0,89 19,37 Anxiety and fear-related disorders 17,27 1,17 28,18 Gastritis and duodenitis 4,23 0,79 26,02

Epilepsy; convulsions 5,64 1,72 15,54 Diverticulosis and diverticulitis 19,18 1,35 16,45 Retinal and vitreous conditions 4,87 0,88 19,19 Other specified inflammatory condition of skin 9,48 1,15 27,86 Gastroduodenal ulcer 4,48 0,78 25,61

Nerve and nerve root disorders 5,63 1,71 15,52 Hyperplasia of prostate 74,48 1,35 16,39 Other specified and unspecified nutritional and metabolic disorders21,92 0,85 18,49 Essential hypertension 89,07 1,14 27,40 Glaucoma 8,56 0,77 25,35

Nervous system pain and pain syndromes 5,95 1,71 15,44 Nervous system signs and symptoms 15,95 1,34 16,28 Osteoarthritis 35,80 0,85 18,48 Depressive disorders 23,03 1,12 27,05 Thyroid disorders 8,80 0,77 25,13

Diverticulosis and diverticulitis 24,02 1,69 15,35 Peripheral and visceral vascular disease 27,16 1,34 16,24 Trauma- and stressor-related disorders 2,88 0,83 18,02 Parkinson`s disease 8,90 1,11 26,81 Cardiac dysrhythmias 28,61 0,72 23,58

Acute myocardial infarction 13,72 1,67 15,12 Gout 22,10 1,33 16,15 Coagulation and hemorrhagic disorders 6,23 0,82 17,91 Scoliosis and other postural dorsopathic deformities 2,95 1,10 26,64 Obesity 18,64 0,71 23,46

Other and ill-defined cerebrovascular disease 4,79 1,66 15,08 Conduction disorders 43,50 1,32 16,09 Thyroid disorders 9,41 0,82 17,87 Other and ill-defined cerebrovascular disease 3,14 1,09 26,35 Acquired foot deformities 2,48 0,71 23,36

Coronary atherosclerosis and other heart disease 51,34 1,64 14,89 Hepatitis 4,02 1,31 15,87 Diseases of white blood cells 4,36 0,82 17,81 Occlusion or stenosis of precerebral or cerebral arteries without infarction4,53 1,05 25,32 Conduction disorders 23,38 0,71 23,36

Retinal and vitreous conditions 8,47 1,53 13,83 Hearing loss 31,40 1,29 15,62 Essential hypertension 63,66 0,81 17,72 Spondylopathies/spondyloarthropathy (including infective)19,62 1,04 25,05 Disorders of lipid metabolism 35,16 0,70 22,85

Sequela of cerebral infarction and other cerebrovascular disease4,08 1,53 13,83 Other specified and unspecified liver disease 9,90 1,27 15,41 Diabetes mellitus without complication 33,46 0,81 17,70 Retinal and vitreous conditions 5,73 1,03 24,95 Transient cerebral ischemia 2,84 0,69 22,70

Esophageal disorders 18,67 1,52 13,72 Coagulation and hemorrhagic disorders 9,45 1,24 15,12 Headache; including migraine 1,97 0,80 17,46 Trauma- and stressor-related disorders 3,60 1,03 24,88 Other specified inflammatory condition of skin 5,60 0,68 22,38

Occlusion or stenosis of precerebral or cerebral arteries without infarction6,45 1,50 13,55 Nutritional deficiencies 14,40 1,23 14,95 Chronic obstructive pulmonary disease and bronchiectasis28,98 0,79 17,22 Cardiac dysrhythmias 40,91 1,03 24,78 Chronic kidney disease 26,14 0,67 21,88

Conduction disorders 48,54 1,48 13,38 Other general signs and symptoms 14,55 1,22 14,85 Diverticulosis and diverticulitis 10,62 0,75 16,36 Cataract and other lens disorders 39,19 1,02 24,49 Chronic obstructive pulmonary disease and bronchiectasis24,11 0,66 21,54

Nutritional deficiencies 17,26 1,47 13,35 Osteoarthritis 51,63 1,22 14,83 Disorders of lipid metabolism 37,85 0,75 16,36 Neoplasia (general) 32,96 1,01 24,36 Myocarditis and cardiomyopathy 2,26 0,65 21,21

Chronic obstructive pulmonary disease and bronchiectasis53,29 1,45 13,13 Disorders of lipid metabolism 61,18 1,21 14,72 Transient cerebral ischemia 3,00 0,73 15,97 Neurocognitive disorders 47,07 1,00 24,15 Alcohol-related disorders 1,95 0,63 20,82

Obesity 36,18 1,39 12,56 Spondylopathies/spondyloarthropathy (including infective)22,86 1,21 14,71 Obesity 18,92 0,73 15,84 Disorders of teeth and gingiva 10,04 1,00 24,07 Urinary incontinence 35,94 0,63 20,75

Hearing loss 33,81 1,38 12,53 Other specified hereditary and degenerative nervous system conditions8,33 1,19 14,51 Chronic kidney disease 28,44 0,73 15,83 Chronic obstructive pulmonary disease and bronchiectasis36,31 0,99 23,84 Coronary atherosclerosis and other heart disease 19,10 0,61 20,09

Aortic; peripheral; and visceral artery aneurysms 5,64 1,37 12,43 Neoplasia (general) 37,59 1,15 14,00 Cardiac dysrhythmias 28,59 0,72 15,67 Hematologic neoplasia 2,55 0,96 23,05 Sequela of specified infectious disease conditions 1,23 0,60 19,65

Osteoarthritis 55,48 1,31 11,88 Polyneuropathies 2,34 1,14 13,88 Other specified and unspecified endocrine disorders 2,28 0,69 15,17 Blindness and vision defects 2,52 0,94 22,73 Cerebral infarction 7,37 0,60 19,64

Other specified hereditary and degenerative nervous system conditions9,10 1,30 11,81 Malnutrition 6,06 1,14 13,81 Occlusion or stenosis of precerebral or cerebral arteries without infarction2,88 0,67 14,56 Acquired foot deformities 3,16 0,90 21,83 Other specified and unspecified gastrointestinal disorders1,22 0,60 19,57

Hyperplasia of prostate 70,26 1,27 11,52 Anxiety and fear-related disorders 16,71 1,13 13,74 Spondylopathies/spondyloarthropathy (including infective)12,59 0,67 14,54 Urinary incontinence 50,45 0,89 21,40 Coagulation and hemorrhagic disorders 4,52 0,60 19,54

Glaucoma 13,86 1,25 11,32 Other specified and unspecified nutritional and metabolic disorders28,99 1,12 13,62 Disorders of teeth and gingiva 6,57 0,65 14,26 Hyperplasia of prostate 48,95 0,89 21,38 Other specified joint disorders 3,52 0,59 19,42

Disruptive, impulse-control and conduct disorders 7,67 1,24 11,27 Transient cerebral ischemia 4,56 1,11 13,49 Cataract and other lens disorders 25,04 0,65 14,16 Osteoarthritis 37,17 0,88 21,20 Nonrheumatic and unspecified valve disorders 9,90 0,59 19,31

Hypertension with complications and secondary hypertension10,98 1,24 11,26 Trauma- and stressor-related disorders 3,81 1,09 13,28 Alcohol-related disorders 1,92 0,62 13,62 Other specified and unspecified liver disease 6,79 0,87 20,99 Epilepsy; convulsions 1,89 0,58 18,92

Depressive disorders 25,46 1,24 11,23 Acute myocardial infarction 8,95 1,09 13,24 Diabetes mellitus with complication 9,32 0,61 13,39 Nonrheumatic and unspecified valve disorders 14,21 0,84 20,35 Other and ill-defined cerebrovascular disease 1,59 0,55 18,19

Digestive congenital anomalies 5,73 1,21 10,98 Disorders of teeth and gingiva 10,58 1,05 12,78 Hematologic neoplasia 1,64 0,61 13,37 Hearing loss 19,92 0,82 19,67 Malnutrition 2,87 0,54 17,62

Chronic kidney disease 47,16 1,20 10,89 Gastritis and duodenitis 5,61 1,05 12,77 Anxiety and fear-related disorders 8,90 0,60 13,14 Diseases of white blood cells 4,15 0,78 18,75 Respiratory failure; insufficiency; arrest 2,30 0,53 17,48

Hepatitis 3,69 1,20 10,84 Essential hypertension 81,82 1,04 12,68 Conduction disorders 19,66 0,60 13,07 Pressure ulcer of skin 9,43 0,75 18,16 Diabetes mellitus without complication 20,19 0,49 16,06

Neoplasia (general) 38,63 1,18 10,71 Other specified joint disorders 6,18 1,04 12,61 Nephritis; nephrosis; renal sclerosis 1,22 0,59 12,94 Diverticulosis and diverticulitis 10,54 0,74 17,95 Symptoms of mental and substance use conditions 6,18 0,48 15,67

Sleep wake disorders 33,84 1,15 10,44 Depressive disorders 21,29 1,04 12,60 Other specified inflammatory condition of skin 4,84 0,59 12,86 Asthma 3,50 0,74 17,90 Depressive disorders 9,65 0,47 15,43

Diabetes mellitus without complication 47,53 1,15 10,43 Non-pressure ulcer of skin 6,16 1,03 12,57 Gout 9,73 0,59 12,78 Sleep wake disorders 21,14 0,72 17,37 Other specified and unspecified diseases of bladder and urethra0,94 0,46 15,10

Neurocognitive disorders 54,04 1,15 10,41 Cataract and other lens disorders 39,78 1,03 12,53 Other specified and unspecified liver disease 4,53 0,58 12,68 Nervous system signs and symptoms 8,31 0,70 16,83 Miscellaneous mental and behavioral disorders/conditions2,15 0,45 14,92

Essential hypertension 89,34 1,14 10,31 Acquired foot deformities 3,58 1,03 12,46 Other specified joint disorders 3,45 0,58 12,63 Gastritis and duodenitis 3,63 0,68 16,39 Blindness and vision defects 1,10 0,41 13,55

Disorders of lipid metabolism 57,03 1,13 10,22 Thyroid disorders 11,42 0,99 12,07 Neoplasia (general) 18,57 0,57 12,42 Disruptive, impulse-control and conduct disorders 4,18 0,68 16,35 Other and ill-defined heart disease 3,98 0,41 13,53

Other specified and unspecified upper respiratory disease11,08 1,12 10,18 Urinary incontinence 56,32 0,99 12,03 Digestive congenital anomalies 2,60 0,55 12,03 Esophageal disorders 8,33 0,68 16,32 Gout 6,68 0,40 13,18

Urinary incontinence 63,01 1,11 10,03 Blindness and vision defects 2,52 0,94 11,46 Glaucoma 6,08 0,55 11,96 Hypertension with complications and secondary hypertension5,37 0,61 14,68 Nerve and nerve root disorders 1,31 0,40 13,10

Nephritis; nephrosis; renal sclerosis 2,25 1,10 9,93 Neurocognitive disorders 43,99 0,94 11,37 Other specified and unspecified upper respiratory disease5,16 0,52 11,44 Cerebral infarction 7,43 0,60 14,54 Aortic; peripheral; and visceral artery aneurysms 1,63 0,40 13,06

Anxiety and fear-related disorders 14,06 0,95 8,61 Epilepsy; convulsions 2,99 0,91 11,06 Peripheral and visceral vascular disease 9,50 0,47 10,20 Other general signs and symptoms 6,44 0,54 13,05 Peripheral and visceral vascular disease 7,83 0,39 12,64

Spondylopathies/spondyloarthropathy (including infective)17,86 0,95 8,56 Cerebral infarction 11,21 0,91 11,05 Respiratory failure; insufficiency; arrest 1,88 0,44 9,51 Myocarditis and cardiomyopathy 1,88 0,54 12,98 Pressure ulcer of skin 4,78 0,38 12,53

Peripheral and visceral vascular disease 18,91 0,93 8,42 Diseases of white blood cells 4,85 0,91 11,03 Esophageal disorders 5,36 0,44 9,50 Other specified hereditary and degenerative nervous system conditions3,60 0,52 12,43 Chronic rheumatic heart disease 1,56 0,38 12,50

Transient cerebral ischemia 3,76 0,92 8,29 Paralysis (other than cerebral palsy) 2,96 0,90 10,94 Scoliosis and other postural dorsopathic deformities 1,00 0,37 8,14 Other and ill-defined heart disease 4,89 0,51 12,22 Neurocognitive disorders 17,57 0,37 12,27

Hematologic neoplasia 2,37 0,89 8,04 Retinal and vitreous conditions 4,58 0,83 10,04 Heart failure 11,68 0,36 7,86 Symptoms of mental and substance use conditions 6,24 0,48 11,64 Biliary tract disease 1,28 0,37 12,03

Other general signs and symptoms 10,10 0,85 7,68 Nephritis; nephrosis; renal sclerosis 1,69 0,82 10,02 Non-pressure ulcer of skin 2,11 0,35 7,72 Nervous system pain and pain syndromes 1,66 0,47 11,45 Nervous system pain and pain syndromes 1,22 0,35 11,43

Other specified and unspecified diseases of bladder and urethra1,72 0,84 7,57 Miscellaneous mental and behavioral disorders/conditions3,87 0,82 9,96 Nerve and nerve root disorders 1,11 0,34 7,36 Miscellaneous mental and behavioral disorders/conditions2,20 0,47 11,22 Nutritional deficiencies 4,07 0,35 11,43

Other specified and unspecified nutritional and metabolic disorders20,63 0,80 7,22 Scoliosis and other postural dorsopathic deformities 2,08 0,78 9,46 Acquired foot deformities 1,13 0,32 7,06 Epilepsy; convulsions 1,36 0,42 10,02 Heart failure 10,78 0,33 10,91

Cataract and other lens disorders 29,59 0,77 6,94 Hematologic neoplasia 2,04 0,76 9,28 Pulmonary heart disease 2,22 0,32 6,95 Other specified and unspecified gastrointestinal disorders0,76 0,37 8,90 Occlusion or stenosis of precerebral or cerebral arteries without infarction1,40 0,33 10,67

Pressure ulcer of skin 9,09 0,73 6,57 Other and ill-defined cerebrovascular disease 2,18 0,76 9,20 Nonrheumatic and unspecified valve disorders 5,00 0,30 6,49 Osteoporosis 2,09 0,36 8,79 Other general signs and symptoms 3,85 0,32 10,62

Gastroduodenal ulcer 3,81 0,66 6,01 Parkinson`s disease 5,85 0,73 8,88 Myocarditis and cardiomyopathy 1,02 0,29 6,37 Paralysis (other than cerebral palsy) 1,12 0,34 8,19 Parkinson`s disease 2,24 0,28 9,17

Malnutrition 3,48 0,65 5,90 Pressure ulcer of skin 9,12 0,73 8,85 Hypertension with complications and secondary hypertension2,52 0,29 6,22 Headache; including migraine 0,83 0,34 8,17 Lung disease due to external agents 0,63 0,28 9,10

Thyroid disorders 7,13 0,62 5,62 Systemic lupus erythematosus and connective tissue disorders3,13 0,73 8,82 Systemic lupus erythematosus and connective tissue disorders1,07 0,25 5,40 Alcohol-related disorders 0,94 0,31 7,37 Osteoporosis 1,45 0,25 8,26

Diabetes mellitus with complication 9,14 0,60 5,44 Digestive congenital anomalies 3,20 0,68 8,23 Chronic rheumatic heart disease 1,01 0,25 5,39 Hepatitis 0,89 0,29 6,96 Pulmonary heart disease 1,57 0,23 7,40

Asthma 2,50 0,53 4,79 Diabetes mellitus without complication 27,63 0,67 8,14 Asthma 1,09 0,23 5,04 Pulmonary heart disease 1,16 0,17 3,99 Diabetes mellitus with complication 3,07 0,20 6,64

Symptoms of mental and substance use conditions 6,78 0,52 4,75 Symptoms of mental and substance use conditions 8,51 0,66 7,99 Other and ill-defined heart disease 2,20 0,23 4,98 Sequela of cerebral infarction and other cerebrovascular disease0,33 0,12 3,01 Acute myocardial infarction 1,66 0,20 6,63

Disorders of teeth and gingiva 5,13 0,51 4,62 Other specified nervous system disorders 1,14 0,55 6,73 Other specified nervous system disorders 0,29 0,14 3,09 Other specified and unspecified hematologic conditions0,05 0,02 0,50 Nervous system signs and symptoms 2,32 0,19 6,40

Parkinson`s disease 3,20 0,40 3,62 Other specified and unspecified hematologic conditions1,00 0,44 5,36 Coronary atherosclerosis and other heart disease 4,29 0,14 3,00 Sequela of specified infectious disease conditions 0,03 0,02 0,39 Other specified and unspecified endocrine disorders 0,64 0,19 6,39

Scoliosis and other postural dorsopathic deformities 0,95 0,36 3,23 Diabetes mellitus with complication 4,12 0,27 3,29 Lung disease due to external agents 0,19 0,08 1,85 Lung disease due to external agents 0,03 0,02 0,37 Paralysis (other than cerebral palsy) 0,57 0,17 5,72

Other specified nervous system disorders 0,64 0,31 2,84 Other specified and unspecified diseases of bladder and urethra0,49 0,24 2,91 Other specified and unspecified gastrointestinal disorders0,15 0,07 1,61 Respiratory failure; insufficiency; arrest 0,04 0,01 0,21 Non-pressure ulcer of skin 0,50 0,08 2,77

Other specified and unspecified hematologic conditions0,58 0,26 2,34 Gastroduodenal ulcer 1,03 0,18 2,18 Acute myocardial infarction 0,07 0,01 0,19 Chronic rheumatic heart disease 0,02 0,01 0,13 Disruptive, impulse-control and conduct disorders 0,30 0,05 1,60

Headache; including migraine 0,02 0,01 0,06 Headache; including migraine 0,29 0,12 1,45 Biliary tract disease 0,02 0,00 0,10 Polyneuropathies 0,01 0,01 0,12 Sequela of cerebral infarction and other cerebrovascular disease0,00 0,00 0,04

Heart - liver - gastrointestinal diseases Cardiorespiratory - COPD Psychogeriatric/cerebrovascular DM - cardiovascular risk factors Unspecific
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Appendix A. Supplementary files

Females, 81-95 (1 out of 2)

Female 81-95

Chronic condition Prevalence (%)O/E ratioExclusivity (%) Chronic condition Prevalence (%) O/E ratioExclusivity (%) Chronic condition Prevalence (%) O/E ratioExclusivity (%) Chronic condition Prevalence (%) O/E ratioExclusivity (%)

Chronic rheumatic heart disease 15,07 3,92 61,16 Acute myocardial infarction 10,22 3,95 65,94 Hepatitis 3,43 1,64 42,52 Schizophrenia spectrum and other psychotic disorders 3,90 1,67 69,87

Respiratory failure; insufficiency; arrest 8,16 3,62 56,47 Diabetes mellitus with complication 38,50 3,91 65,24 Other specified and unspecified gastrointestinal disorders 4,47 1,53 39,61 Parkinson`s disease 8,40 1,65 69,01

Pulmonary heart disease 24,13 3,40 53,01 Non-pressure ulcer of skin 15,15 2,67 44,54 Other specified and unspecified upper respiratory disease 12,59 1,51 39,02 Symptoms of mental and substance use conditions 21,14 1,45 60,56

Gout 6,15 2,83 44,19 Respiratory failure; insufficiency; arrest 5,65 2,51 41,87 Scoliosis and other postural dorsopathic deformities 9,82 1,43 37,13 Other general signs and symptoms 28,28 1,41 59,07

Drug induced or toxic related condition 7,01 2,63 40,92 Gout 5,19 2,39 39,93 Other specified inflammatory condition of skin 5,42 1,41 36,54 Pressure ulcer of skin 22,33 1,41 58,91

Other and ill-defined heart disease 23,39 2,50 39,00 Peripheral and visceral vascular disease 16,36 2,36 39,40 Glaucoma 19,76 1,36 35,21 Neurocognitive disorders 80,70 1,27 53,02

Nonrheumatic and unspecified valve disorders 31,99 2,40 37,34 Coronary atherosclerosis and other heart disease 31,38 2,34 38,97 Acquired foot deformities 9,28 1,36 35,09 Disruptive, impulse-control and conduct disorders 4,68 1,22 51,04

Hypertension with complications and secondary hypertension17,52 2,23 34,80 Other and ill-defined heart disease 21,03 2,25 37,55 Cataract and other lens disorders 42,58 1,35 35,01 Epilepsy; convulsions 5,69 1,22 50,90

Chronic obstructive pulmonary disease and bronchiectasis 25,08 2,16 33,70 Heart failure 66,17 2,16 36,05 Digestive congenital anomalies 6,43 1,35 34,96 Malnutrition 2,61 1,16 48,49

Asthma 21,66 2,14 33,43 Diabetes mellitus without complication 65,22 2,11 35,15 Diverticulosis and diverticulitis 14,75 1,35 34,90 Paralysis (other than cerebral palsy) 2,83 1,13 47,24

Menopausal disorders 8,22 2,14 33,39 Biliary tract disease 5,51 2,06 34,40 Esophageal disorders 17,62 1,32 34,13 Urinary incontinence 91,34 1,11 46,30

Coagulation and hemorrhagic disorders 6,67 2,00 31,15 Pulmonary heart disease 14,23 2,01 33,46 Nerve and nerve root disorders 7,80 1,32 34,07 Nervous system signs and symptoms 12,90 1,10 45,86

Nerve and nerve root disorders 11,84 2,00 31,13 Other specified and unspecified endocrine disorders 7,49 1,99 33,26 Hematologic neoplasia 2,62 1,31 33,78 Miscellaneous mental and behavioral disorders/conditions 3,90 1,04 43,41

Heart failure 60,99 1,99 31,04 Paralysis (other than cerebral palsy) 4,98 1,99 33,16 Trauma- and stressor-related disorders 4,88 1,27 32,88 Disorders of teeth and gingiva 5,78 0,97 40,79

Crystal arthropathies (excluding gout) 4,29 1,91 29,70 Nonrheumatic and unspecified valve disorders 25,90 1,94 32,37 Menopausal disorders 4,77 1,24 32,13 Cerebral infarction 7,68 0,93 38,89

Other specified and unspecified liver disease 10,83 1,85 28,91 Conduction disorders 33,65 1,92 32,04 Other specified and unspecified liver disease 7,11 1,22 31,50 Headache; including migraine 2,77 0,92 38,63

Diseases of white blood cells 3,66 1,83 28,49 Nervous system pain and pain syndromes 15,48 1,84 30,64 Retinal and vitreous conditions 9,73 1,21 31,42 Other specified hereditary and degenerative nervous system conditions8,36 0,92 38,47

Hepatitis 3,76 1,80 28,10 Miscellaneous mental and behavioral disorders/conditions 6,89 1,83 30,60 Prolapse of female genital organs 6,89 1,16 30,07 Depressive disorders 30,65 0,90 37,48

Hematologic neoplasia 3,59 1,79 27,92 Chronic rheumatic heart disease 6,96 1,81 30,26 Spondylopathies/spondyloarthropathy (including infective) 22,71 1,14 29,57 Essential hypertension 72,07 0,88 36,76

Esophageal disorders 22,88 1,71 26,71 Malnutrition 3,95 1,75 29,23 Neoplasia (general) 15,72 1,12 29,01 Other specified and unspecified nutritional and metabolic disorders26,11 0,87 36,56

Retinal and vitreous conditions 13,63 1,70 26,51 Cardiac dysrhythmias 53,83 1,71 28,55 Headache; including migraine 3,35 1,12 28,87 Anxiety and fear-related disorders 22,83 0,86 35,87

Nervous system pain and pain syndromes 14,20 1,68 26,26 Nutritional deficiencies 26,26 1,71 28,54 Osteoporosis 28,65 1,10 28,47 Osteoporosis 22,28 0,86 35,81

Other specified and unspecified gastrointestinal disorders 4,89 1,67 26,07 Cerebral infarction 13,95 1,69 28,18 Gastroduodenal ulcer 3,10 1,09 28,22 Other and ill-defined cerebrovascular disease 2,38 0,84 35,15

Other specified and unspecified upper respiratory disease 13,93 1,67 26,02 Hypertension with complications and secondary hypertension 13,19 1,68 28,05 Asthma 10,78 1,07 27,62 Sleep wake disorders 27,24 0,83 34,84

Trauma- and stressor-related disorders 6,36 1,66 25,83 Epilepsy; convulsions 7,85 1,68 28,03 Anxiety and fear-related disorders 27,91 1,05 27,12 Osteoarthritis 50,09 0,82 34,49

Diverticulosis and diverticulitis 17,96 1,64 25,61 Chronic kidney disease 64,86 1,66 27,65 Osteoarthritis 63,46 1,04 27,02 Hearing loss 20,00 0,79 33,20

Conduction disorders 28,63 1,63 25,46 Transient cerebral ischemia 4,23 1,64 27,31 Coagulation and hemorrhagic disorders 3,47 1,04 26,85 Gastroduodenal ulcer 2,25 0,79 33,12

Other specified inflammatory condition of skin 6,22 1,62 25,25 Other specified joint disorders 11,83 1,63 27,18 Diseases of white blood cells 2,03 1,01 26,23 Disorders of lipid metabolism 32,06 0,76 31,95

Non-pressure ulcer of skin 9,17 1,62 25,19 Other specified hereditary and degenerative nervous system conditions13,69 1,50 25,11 Systemic lupus erythematosus and connective tissue disorders 7,52 1,01 26,21 Neoplasia (general) 10,62 0,76 31,68

Cardiac dysrhythmias 50,66 1,61 25,10 Diverticulosis and diverticulitis 16,17 1,48 24,67 Essential hypertension 82,90 1,01 26,14 Diabetes mellitus without complication 23,25 0,75 31,42

Obesity 50,17 1,59 24,72 Drug induced or toxic related condition 3,94 1,47 24,59 Crystal arthropathies (excluding gout) 2,26 1,00 25,94 Systemic lupus erythematosus and connective tissue disorders 5,55 0,75 31,29

Spondylopathies/spondyloarthropathy (including infective)31,48 1,58 24,71 Gastritis and duodenitis 4,55 1,47 24,57 Sleep wake disorders 32,64 1,00 25,81 Transient cerebral ischemia 1,90 0,73 30,73

Gastroduodenal ulcer 4,47 1,57 24,55 Nervous system signs and symptoms 17,18 1,46 24,37 Hearing loss 25,12 1,00 25,79 Chronic kidney disease 28,35 0,72 30,30

Thyroid disorders 37,83 1,56 24,28 Spondylopathies/spondyloarthropathy (including infective) 28,85 1,45 24,24 Disorders of teeth and gingiva 5,88 0,99 25,66 Other specified and unspecified endocrine disorders 2,69 0,72 29,97

Biliary tract disease 4,10 1,54 23,94 Other specified and unspecified liver disease 8,43 1,44 24,07 Disorders of lipid metabolism 41,24 0,98 25,42 Thyroid disorders 16,89 0,70 29,11

Prolapse of female genital organs 9,07 1,53 23,85 Hematologic neoplasia 2,88 1,44 24,03 Thyroid disorders 23,30 0,96 24,82 Other specified joint disorders 5,02 0,69 28,94

Nutritional deficiencies 22,91 1,49 23,26 Obesity 45,29 1,43 23,89 Gastritis and duodenitis 2,92 0,94 24,42 Gastritis and duodenitis 2,10 0,68 28,45

Digestive congenital anomalies 7,08 1,49 23,19 Diseases of white blood cells 2,81 1,40 23,37 Obesity 29,38 0,93 24,03 Nutritional deficiencies 10,10 0,66 27,51

Scoliosis and other postural dorsopathic deformities 10,15 1,48 23,12 Crystal arthropathies (excluding gout) 3,13 1,39 23,20 Other specified and unspecified nutritional and metabolic disorders27,04 0,90 23,41 Obesity 20,68 0,65 27,35

Systemic lupus erythematosus and connective tissue disorders10,90 1,47 22,87 Disorders of lipid metabolism 58,03 1,38 23,07 Other and ill-defined cerebrovascular disease 2,57 0,90 23,39 Cardiac dysrhythmias 20,13 0,64 26,77

Other specified joint disorders 10,61 1,46 22,77 Chronic obstructive pulmonary disease and bronchiectasis 15,80 1,36 22,73 Other specified hereditary and degenerative nervous system conditions8,02 0,88 22,80 Glaucoma 9,19 0,63 26,48

Gastritis and duodenitis 4,47 1,45 22,56 Nerve and nerve root disorders 7,98 1,35 22,47 Nervous system pain and pain syndromes 7,35 0,87 22,55 Acquired foot deformities 4,31 0,63 26,34

Anxiety and fear-related disorders 37,78 1,42 22,12 Neoplasia (general) 18,63 1,33 22,18 Transient cerebral ischemia 2,16 0,84 21,61 Cataract and other lens disorders 19,70 0,63 26,20

Other specified and unspecified endocrine disorders 5,29 1,41 21,96 Thyroid disorders 31,73 1,31 21,80 Other specified joint disorders 5,92 0,82 21,11 Prolapse of female genital organs 3,53 0,60 24,95

Acquired foot deformities 9,45 1,38 21,53 Menopausal disorders 4,88 1,27 21,23 Chronic obstructive pulmonary disease and bronchiectasis 9,42 0,81 21,01 Trauma- and stressor-related disorders 2,24 0,58 24,38

Depressive disorders 47,12 1,38 21,46 Prolapse of female genital organs 7,50 1,27 21,13 Depressive disorders 27,61 0,81 20,87 Digestive congenital anomalies 2,77 0,58 24,35

Chronic kidney disease 53,46 1,37 21,29 Coagulation and hemorrhagic disorders 4,11 1,23 20,55 Hypertension with complications and secondary hypertension 6,33 0,81 20,87 Peripheral and visceral vascular disease 3,98 0,57 24,03

Cataract and other lens disorders 42,81 1,36 21,21 Retinal and vitreous conditions 9,86 1,23 20,54 Chronic kidney disease 31,41 0,80 20,76 Scoliosis and other postural dorsopathic deformities 3,90 0,57 23,87

Other and ill-defined cerebrovascular disease 3,82 1,35 20,97 Other and ill-defined cerebrovascular disease 3,49 1,23 20,49 Nutritional deficiencies 12,29 0,80 20,70 Esophageal disorders 7,39 0,55 23,17

Hearing loss 33,86 1,34 20,94 Other specified and unspecified nutritional and metabolic disorders36,60 1,22 20,44 Conduction disorders 13,95 0,80 20,59 Chronic obstructive pulmonary disease and bronchiectasis 6,26 0,54 22,56

Peripheral and visceral vascular disease 9,27 1,34 20,87 Depressive disorders 41,38 1,21 20,18 Urinary incontinence 63,91 0,77 20,03 Conduction disorders 9,18 0,52 21,91

Disruptive, impulse-control and conduct disorders 5,06 1,32 20,55 Other specified inflammatory condition of skin 4,63 1,20 20,11 Nonrheumatic and unspecified valve disorders 10,32 0,77 20,00 Diseases of white blood cells 1,05 0,52 21,91

Osteoarthritis 79,42 1,31 20,37 Hearing loss 30,32 1,20 20,07 Biliary tract disease 2,05 0,77 19,85 Coronary atherosclerosis and other heart disease 7,01 0,52 21,83

Transient cerebral ischemia 3,38 1,31 20,35 Systemic lupus erythematosus and connective tissue disorders 8,74 1,18 19,63 Cardiac dysrhythmias 23,82 0,76 19,58 Biliary tract disease 1,39 0,52 21,81

Coronary atherosclerosis and other heart disease 17,47 1,30 20,27 Essential hypertension 96,16 1,17 19,56 Coronary atherosclerosis and other heart disease 9,83 0,73 18,93 Asthma 5,25 0,52 21,74

Headache; including migraine 3,89 1,30 20,19 Glaucoma 16,91 1,16 19,43 Cerebral infarction 5,95 0,72 18,63 Retinal and vitreous conditions 4,12 0,51 21,52

Sleep wake disorders 42,23 1,29 20,12 Sleep wake disorders 37,70 1,15 19,23 Neurocognitive disorders 44,25 0,69 17,98 Spondylopathies/spondyloarthropathy (including infective) 10,20 0,51 21,48

Osteoporosis 33,42 1,28 20,00 Hepatitis 2,27 1,09 18,17 Diabetes mellitus without complication 21,08 0,68 17,61 Coagulation and hemorrhagic disorders 1,71 0,51 21,45

Other specified and unspecified nutritional and metabolic disorders37,55 1,26 19,59 Osteoarthritis 65,94 1,09 18,11 Peripheral and visceral vascular disease 4,20 0,61 15,70 Other specified and unspecified upper respiratory disease 4,24 0,51 21,27

Disorders of lipid metabolism 52,69 1,25 19,56 Urinary incontinence 87,35 1,06 17,66 Acute myocardial infarction 1,57 0,61 15,68 Crystal arthropathies (excluding gout) 1,14 0,51 21,16

Glaucoma 17,59 1,21 18,88 Cataract and other lens disorders 33,16 1,05 17,59 Drug induced or toxic related condition 1,56 0,59 15,14 Nervous system pain and pain syndromes 4,14 0,49 20,56

Diabetes mellitus with complication 11,37 1,15 17,99 Digestive congenital anomalies 4,99 1,05 17,50 Pressure ulcer of skin 9,20 0,58 15,00 Non-pressure ulcer of skin 2,71 0,48 20,01

Disorders of teeth and gingiva 6,73 1,14 17,69 Asthma 10,41 1,03 17,21 Other specified and unspecified endocrine disorders 2,15 0,57 14,81 Heart failure 14,21 0,46 19,41

Essential hypertension 92,34 1,13 17,54 Acquired foot deformities 6,99 1,02 17,03 Disruptive, impulse-control and conduct disorders 2,06 0,54 13,91 Drug induced or toxic related condition 1,23 0,46 19,34

Nervous system signs and symptoms 13,20 1,12 17,48 Trauma- and stressor-related disorders 3,89 1,01 16,92 Other general signs and symptoms 10,53 0,53 13,60 Other specified inflammatory condition of skin 1,66 0,43 18,10

Neoplasia (general) 15,41 1,10 17,14 Other specified and unspecified gastrointestinal disorders 2,94 1,01 16,81 Heart failure 15,99 0,52 13,50 Other specified and unspecified gastrointestinal disorders 1,22 0,42 17,51

Malnutrition 2,43 1,08 16,84 Esophageal disorders 12,80 0,96 15,99 Other and ill-defined heart disease 4,57 0,49 12,64 Hypertension with complications and secondary hypertension 3,05 0,39 16,28

Miscellaneous mental and behavioral disorders/conditions 3,96 1,05 16,43 Scoliosis and other postural dorsopathic deformities 6,51 0,95 15,88 Nervous system signs and symptoms 5,59 0,48 12,30 Other specified and unspecified liver disease 2,17 0,37 15,53

Urinary incontinence 84,78 1,03 16,01 Disorders of teeth and gingiva 5,63 0,95 15,85 Symptoms of mental and substance use conditions 6,83 0,47 12,11 Diverticulosis and diverticulitis 3,87 0,35 14,82

Diabetes mellitus without complication 31,44 1,02 15,83 Osteoporosis 24,54 0,94 15,72 Non-pressure ulcer of skin 2,25 0,40 10,26 Hematologic neoplasia 0,68 0,34 14,27

Acute myocardial infarction 2,42 0,94 14,59 Neurocognitive disorders 56,95 0,89 14,92 Epilepsy; convulsions 1,79 0,38 9,89 Menopausal disorders 1,22 0,32 13,25

Symptoms of mental and substance use conditions 13,61 0,93 14,52 Anxiety and fear-related disorders 23,76 0,89 14,89 Miscellaneous mental and behavioral disorders/conditions 1,39 0,37 9,56 Nerve and nerve root disorders 1,75 0,29 12,33

Cerebral infarction 7,58 0,92 14,31 Disruptive, impulse-control and conduct disorders 3,34 0,87 14,50 Parkinson`s disease 1,81 0,35 9,18 Hepatitis 0,56 0,27 11,20

Neurocognitive disorders 57,52 0,90 14,08 Other general signs and symptoms 17,30 0,86 14,41 Paralysis (other than cerebral palsy) 0,86 0,34 8,90 Other and ill-defined heart disease 2,42 0,26 10,81

Other specified hereditary and degenerative nervous system conditions7,95 0,87 13,63 Gastroduodenal ulcer 2,40 0,85 14,11 Schizophrenia spectrum and other psychotic disorders 0,77 0,33 8,53 Diabetes mellitus with complication 2,46 0,25 10,45

Other general signs and symptoms 16,61 0,83 12,92 Pressure ulcer of skin 13,35 0,84 14,05 Chronic rheumatic heart disease 1,23 0,32 8,32 Nonrheumatic and unspecified valve disorders 3,28 0,25 10,29

Pressure ulcer of skin 12,24 0,77 12,04 Other specified and unspecified upper respiratory disease 6,85 0,82 13,70 Gout 0,64 0,29 7,62 Gout 0,43 0,20 8,26

Epilepsy; convulsions 3,35 0,72 11,18 Parkinson`s disease 3,92 0,77 12,85 Pulmonary heart disease 2,00 0,28 7,30 Pulmonary heart disease 1,06 0,15 6,23

Schizophrenia spectrum and other psychotic disorders 1,67 0,72 11,15 Symptoms of mental and substance use conditions 11,21 0,77 12,81 Diabetes mellitus with complication 2,41 0,24 6,32 Acute myocardial infarction 0,23 0,09 3,79

Paralysis (other than cerebral palsy) 1,72 0,69 10,70 Headache; including migraine 2,22 0,74 12,31 Malnutrition 0,47 0,21 5,44 Respiratory failure; insufficiency; arrest 0,06 0,03 1,19

Parkinson`s disease 2,93 0,58 8,97 Schizophrenia spectrum and other psychotic disorders 1,46 0,63 10,44 Respiratory failure; insufficiency; arrest 0,04 0,02 0,47 Chronic rheumatic heart disease 0,02 0,01 0,26

Cardiorespiratory DM - cardiovascular diseases Osteoinflammatory - neoplasia Psychogeriatric
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A2. Study 2: MRisk-COVID study

Females, 81-95 (2 out of 2)

Female 81-95

Chronic condition Prevalence (%)O/E ratioExclusivity (%) Chronic condition Prevalence (%) O/E ratioExclusivity (%) Chronic condition Prevalence (%) O/E ratioExclusivity (%) Chronic condition Prevalence (%) O/E ratioExclusivity (%)

Chronic rheumatic heart disease 15,07 3,92 61,16 Acute myocardial infarction 10,22 3,95 65,94 Hepatitis 3,43 1,64 42,52 Schizophrenia spectrum and other psychotic disorders 3,90 1,67 69,87

Respiratory failure; insufficiency; arrest 8,16 3,62 56,47 Diabetes mellitus with complication 38,50 3,91 65,24 Other specified and unspecified gastrointestinal disorders 4,47 1,53 39,61 Parkinson`s disease 8,40 1,65 69,01

Pulmonary heart disease 24,13 3,40 53,01 Non-pressure ulcer of skin 15,15 2,67 44,54 Other specified and unspecified upper respiratory disease 12,59 1,51 39,02 Symptoms of mental and substance use conditions 21,14 1,45 60,56

Gout 6,15 2,83 44,19 Respiratory failure; insufficiency; arrest 5,65 2,51 41,87 Scoliosis and other postural dorsopathic deformities 9,82 1,43 37,13 Other general signs and symptoms 28,28 1,41 59,07

Drug induced or toxic related condition 7,01 2,63 40,92 Gout 5,19 2,39 39,93 Other specified inflammatory condition of skin 5,42 1,41 36,54 Pressure ulcer of skin 22,33 1,41 58,91

Other and ill-defined heart disease 23,39 2,50 39,00 Peripheral and visceral vascular disease 16,36 2,36 39,40 Glaucoma 19,76 1,36 35,21 Neurocognitive disorders 80,70 1,27 53,02

Nonrheumatic and unspecified valve disorders 31,99 2,40 37,34 Coronary atherosclerosis and other heart disease 31,38 2,34 38,97 Acquired foot deformities 9,28 1,36 35,09 Disruptive, impulse-control and conduct disorders 4,68 1,22 51,04

Hypertension with complications and secondary hypertension17,52 2,23 34,80 Other and ill-defined heart disease 21,03 2,25 37,55 Cataract and other lens disorders 42,58 1,35 35,01 Epilepsy; convulsions 5,69 1,22 50,90

Chronic obstructive pulmonary disease and bronchiectasis 25,08 2,16 33,70 Heart failure 66,17 2,16 36,05 Digestive congenital anomalies 6,43 1,35 34,96 Malnutrition 2,61 1,16 48,49

Asthma 21,66 2,14 33,43 Diabetes mellitus without complication 65,22 2,11 35,15 Diverticulosis and diverticulitis 14,75 1,35 34,90 Paralysis (other than cerebral palsy) 2,83 1,13 47,24

Menopausal disorders 8,22 2,14 33,39 Biliary tract disease 5,51 2,06 34,40 Esophageal disorders 17,62 1,32 34,13 Urinary incontinence 91,34 1,11 46,30

Coagulation and hemorrhagic disorders 6,67 2,00 31,15 Pulmonary heart disease 14,23 2,01 33,46 Nerve and nerve root disorders 7,80 1,32 34,07 Nervous system signs and symptoms 12,90 1,10 45,86

Nerve and nerve root disorders 11,84 2,00 31,13 Other specified and unspecified endocrine disorders 7,49 1,99 33,26 Hematologic neoplasia 2,62 1,31 33,78 Miscellaneous mental and behavioral disorders/conditions 3,90 1,04 43,41

Heart failure 60,99 1,99 31,04 Paralysis (other than cerebral palsy) 4,98 1,99 33,16 Trauma- and stressor-related disorders 4,88 1,27 32,88 Disorders of teeth and gingiva 5,78 0,97 40,79

Crystal arthropathies (excluding gout) 4,29 1,91 29,70 Nonrheumatic and unspecified valve disorders 25,90 1,94 32,37 Menopausal disorders 4,77 1,24 32,13 Cerebral infarction 7,68 0,93 38,89

Other specified and unspecified liver disease 10,83 1,85 28,91 Conduction disorders 33,65 1,92 32,04 Other specified and unspecified liver disease 7,11 1,22 31,50 Headache; including migraine 2,77 0,92 38,63

Diseases of white blood cells 3,66 1,83 28,49 Nervous system pain and pain syndromes 15,48 1,84 30,64 Retinal and vitreous conditions 9,73 1,21 31,42 Other specified hereditary and degenerative nervous system conditions8,36 0,92 38,47

Hepatitis 3,76 1,80 28,10 Miscellaneous mental and behavioral disorders/conditions 6,89 1,83 30,60 Prolapse of female genital organs 6,89 1,16 30,07 Depressive disorders 30,65 0,90 37,48

Hematologic neoplasia 3,59 1,79 27,92 Chronic rheumatic heart disease 6,96 1,81 30,26 Spondylopathies/spondyloarthropathy (including infective) 22,71 1,14 29,57 Essential hypertension 72,07 0,88 36,76

Esophageal disorders 22,88 1,71 26,71 Malnutrition 3,95 1,75 29,23 Neoplasia (general) 15,72 1,12 29,01 Other specified and unspecified nutritional and metabolic disorders26,11 0,87 36,56

Retinal and vitreous conditions 13,63 1,70 26,51 Cardiac dysrhythmias 53,83 1,71 28,55 Headache; including migraine 3,35 1,12 28,87 Anxiety and fear-related disorders 22,83 0,86 35,87

Nervous system pain and pain syndromes 14,20 1,68 26,26 Nutritional deficiencies 26,26 1,71 28,54 Osteoporosis 28,65 1,10 28,47 Osteoporosis 22,28 0,86 35,81

Other specified and unspecified gastrointestinal disorders 4,89 1,67 26,07 Cerebral infarction 13,95 1,69 28,18 Gastroduodenal ulcer 3,10 1,09 28,22 Other and ill-defined cerebrovascular disease 2,38 0,84 35,15

Other specified and unspecified upper respiratory disease 13,93 1,67 26,02 Hypertension with complications and secondary hypertension 13,19 1,68 28,05 Asthma 10,78 1,07 27,62 Sleep wake disorders 27,24 0,83 34,84

Trauma- and stressor-related disorders 6,36 1,66 25,83 Epilepsy; convulsions 7,85 1,68 28,03 Anxiety and fear-related disorders 27,91 1,05 27,12 Osteoarthritis 50,09 0,82 34,49

Diverticulosis and diverticulitis 17,96 1,64 25,61 Chronic kidney disease 64,86 1,66 27,65 Osteoarthritis 63,46 1,04 27,02 Hearing loss 20,00 0,79 33,20

Conduction disorders 28,63 1,63 25,46 Transient cerebral ischemia 4,23 1,64 27,31 Coagulation and hemorrhagic disorders 3,47 1,04 26,85 Gastroduodenal ulcer 2,25 0,79 33,12

Other specified inflammatory condition of skin 6,22 1,62 25,25 Other specified joint disorders 11,83 1,63 27,18 Diseases of white blood cells 2,03 1,01 26,23 Disorders of lipid metabolism 32,06 0,76 31,95

Non-pressure ulcer of skin 9,17 1,62 25,19 Other specified hereditary and degenerative nervous system conditions13,69 1,50 25,11 Systemic lupus erythematosus and connective tissue disorders 7,52 1,01 26,21 Neoplasia (general) 10,62 0,76 31,68

Cardiac dysrhythmias 50,66 1,61 25,10 Diverticulosis and diverticulitis 16,17 1,48 24,67 Essential hypertension 82,90 1,01 26,14 Diabetes mellitus without complication 23,25 0,75 31,42

Obesity 50,17 1,59 24,72 Drug induced or toxic related condition 3,94 1,47 24,59 Crystal arthropathies (excluding gout) 2,26 1,00 25,94 Systemic lupus erythematosus and connective tissue disorders 5,55 0,75 31,29

Spondylopathies/spondyloarthropathy (including infective)31,48 1,58 24,71 Gastritis and duodenitis 4,55 1,47 24,57 Sleep wake disorders 32,64 1,00 25,81 Transient cerebral ischemia 1,90 0,73 30,73

Gastroduodenal ulcer 4,47 1,57 24,55 Nervous system signs and symptoms 17,18 1,46 24,37 Hearing loss 25,12 1,00 25,79 Chronic kidney disease 28,35 0,72 30,30

Thyroid disorders 37,83 1,56 24,28 Spondylopathies/spondyloarthropathy (including infective) 28,85 1,45 24,24 Disorders of teeth and gingiva 5,88 0,99 25,66 Other specified and unspecified endocrine disorders 2,69 0,72 29,97

Biliary tract disease 4,10 1,54 23,94 Other specified and unspecified liver disease 8,43 1,44 24,07 Disorders of lipid metabolism 41,24 0,98 25,42 Thyroid disorders 16,89 0,70 29,11

Prolapse of female genital organs 9,07 1,53 23,85 Hematologic neoplasia 2,88 1,44 24,03 Thyroid disorders 23,30 0,96 24,82 Other specified joint disorders 5,02 0,69 28,94

Nutritional deficiencies 22,91 1,49 23,26 Obesity 45,29 1,43 23,89 Gastritis and duodenitis 2,92 0,94 24,42 Gastritis and duodenitis 2,10 0,68 28,45

Digestive congenital anomalies 7,08 1,49 23,19 Diseases of white blood cells 2,81 1,40 23,37 Obesity 29,38 0,93 24,03 Nutritional deficiencies 10,10 0,66 27,51

Scoliosis and other postural dorsopathic deformities 10,15 1,48 23,12 Crystal arthropathies (excluding gout) 3,13 1,39 23,20 Other specified and unspecified nutritional and metabolic disorders27,04 0,90 23,41 Obesity 20,68 0,65 27,35

Systemic lupus erythematosus and connective tissue disorders10,90 1,47 22,87 Disorders of lipid metabolism 58,03 1,38 23,07 Other and ill-defined cerebrovascular disease 2,57 0,90 23,39 Cardiac dysrhythmias 20,13 0,64 26,77

Other specified joint disorders 10,61 1,46 22,77 Chronic obstructive pulmonary disease and bronchiectasis 15,80 1,36 22,73 Other specified hereditary and degenerative nervous system conditions8,02 0,88 22,80 Glaucoma 9,19 0,63 26,48

Gastritis and duodenitis 4,47 1,45 22,56 Nerve and nerve root disorders 7,98 1,35 22,47 Nervous system pain and pain syndromes 7,35 0,87 22,55 Acquired foot deformities 4,31 0,63 26,34

Anxiety and fear-related disorders 37,78 1,42 22,12 Neoplasia (general) 18,63 1,33 22,18 Transient cerebral ischemia 2,16 0,84 21,61 Cataract and other lens disorders 19,70 0,63 26,20

Other specified and unspecified endocrine disorders 5,29 1,41 21,96 Thyroid disorders 31,73 1,31 21,80 Other specified joint disorders 5,92 0,82 21,11 Prolapse of female genital organs 3,53 0,60 24,95

Acquired foot deformities 9,45 1,38 21,53 Menopausal disorders 4,88 1,27 21,23 Chronic obstructive pulmonary disease and bronchiectasis 9,42 0,81 21,01 Trauma- and stressor-related disorders 2,24 0,58 24,38

Depressive disorders 47,12 1,38 21,46 Prolapse of female genital organs 7,50 1,27 21,13 Depressive disorders 27,61 0,81 20,87 Digestive congenital anomalies 2,77 0,58 24,35

Chronic kidney disease 53,46 1,37 21,29 Coagulation and hemorrhagic disorders 4,11 1,23 20,55 Hypertension with complications and secondary hypertension 6,33 0,81 20,87 Peripheral and visceral vascular disease 3,98 0,57 24,03

Cataract and other lens disorders 42,81 1,36 21,21 Retinal and vitreous conditions 9,86 1,23 20,54 Chronic kidney disease 31,41 0,80 20,76 Scoliosis and other postural dorsopathic deformities 3,90 0,57 23,87

Other and ill-defined cerebrovascular disease 3,82 1,35 20,97 Other and ill-defined cerebrovascular disease 3,49 1,23 20,49 Nutritional deficiencies 12,29 0,80 20,70 Esophageal disorders 7,39 0,55 23,17

Hearing loss 33,86 1,34 20,94 Other specified and unspecified nutritional and metabolic disorders36,60 1,22 20,44 Conduction disorders 13,95 0,80 20,59 Chronic obstructive pulmonary disease and bronchiectasis 6,26 0,54 22,56

Peripheral and visceral vascular disease 9,27 1,34 20,87 Depressive disorders 41,38 1,21 20,18 Urinary incontinence 63,91 0,77 20,03 Conduction disorders 9,18 0,52 21,91

Disruptive, impulse-control and conduct disorders 5,06 1,32 20,55 Other specified inflammatory condition of skin 4,63 1,20 20,11 Nonrheumatic and unspecified valve disorders 10,32 0,77 20,00 Diseases of white blood cells 1,05 0,52 21,91

Osteoarthritis 79,42 1,31 20,37 Hearing loss 30,32 1,20 20,07 Biliary tract disease 2,05 0,77 19,85 Coronary atherosclerosis and other heart disease 7,01 0,52 21,83

Transient cerebral ischemia 3,38 1,31 20,35 Systemic lupus erythematosus and connective tissue disorders 8,74 1,18 19,63 Cardiac dysrhythmias 23,82 0,76 19,58 Biliary tract disease 1,39 0,52 21,81

Coronary atherosclerosis and other heart disease 17,47 1,30 20,27 Essential hypertension 96,16 1,17 19,56 Coronary atherosclerosis and other heart disease 9,83 0,73 18,93 Asthma 5,25 0,52 21,74

Headache; including migraine 3,89 1,30 20,19 Glaucoma 16,91 1,16 19,43 Cerebral infarction 5,95 0,72 18,63 Retinal and vitreous conditions 4,12 0,51 21,52

Sleep wake disorders 42,23 1,29 20,12 Sleep wake disorders 37,70 1,15 19,23 Neurocognitive disorders 44,25 0,69 17,98 Spondylopathies/spondyloarthropathy (including infective) 10,20 0,51 21,48

Osteoporosis 33,42 1,28 20,00 Hepatitis 2,27 1,09 18,17 Diabetes mellitus without complication 21,08 0,68 17,61 Coagulation and hemorrhagic disorders 1,71 0,51 21,45

Other specified and unspecified nutritional and metabolic disorders37,55 1,26 19,59 Osteoarthritis 65,94 1,09 18,11 Peripheral and visceral vascular disease 4,20 0,61 15,70 Other specified and unspecified upper respiratory disease 4,24 0,51 21,27

Disorders of lipid metabolism 52,69 1,25 19,56 Urinary incontinence 87,35 1,06 17,66 Acute myocardial infarction 1,57 0,61 15,68 Crystal arthropathies (excluding gout) 1,14 0,51 21,16

Glaucoma 17,59 1,21 18,88 Cataract and other lens disorders 33,16 1,05 17,59 Drug induced or toxic related condition 1,56 0,59 15,14 Nervous system pain and pain syndromes 4,14 0,49 20,56

Diabetes mellitus with complication 11,37 1,15 17,99 Digestive congenital anomalies 4,99 1,05 17,50 Pressure ulcer of skin 9,20 0,58 15,00 Non-pressure ulcer of skin 2,71 0,48 20,01

Disorders of teeth and gingiva 6,73 1,14 17,69 Asthma 10,41 1,03 17,21 Other specified and unspecified endocrine disorders 2,15 0,57 14,81 Heart failure 14,21 0,46 19,41

Essential hypertension 92,34 1,13 17,54 Acquired foot deformities 6,99 1,02 17,03 Disruptive, impulse-control and conduct disorders 2,06 0,54 13,91 Drug induced or toxic related condition 1,23 0,46 19,34

Nervous system signs and symptoms 13,20 1,12 17,48 Trauma- and stressor-related disorders 3,89 1,01 16,92 Other general signs and symptoms 10,53 0,53 13,60 Other specified inflammatory condition of skin 1,66 0,43 18,10

Neoplasia (general) 15,41 1,10 17,14 Other specified and unspecified gastrointestinal disorders 2,94 1,01 16,81 Heart failure 15,99 0,52 13,50 Other specified and unspecified gastrointestinal disorders 1,22 0,42 17,51

Malnutrition 2,43 1,08 16,84 Esophageal disorders 12,80 0,96 15,99 Other and ill-defined heart disease 4,57 0,49 12,64 Hypertension with complications and secondary hypertension 3,05 0,39 16,28

Miscellaneous mental and behavioral disorders/conditions 3,96 1,05 16,43 Scoliosis and other postural dorsopathic deformities 6,51 0,95 15,88 Nervous system signs and symptoms 5,59 0,48 12,30 Other specified and unspecified liver disease 2,17 0,37 15,53

Urinary incontinence 84,78 1,03 16,01 Disorders of teeth and gingiva 5,63 0,95 15,85 Symptoms of mental and substance use conditions 6,83 0,47 12,11 Diverticulosis and diverticulitis 3,87 0,35 14,82

Diabetes mellitus without complication 31,44 1,02 15,83 Osteoporosis 24,54 0,94 15,72 Non-pressure ulcer of skin 2,25 0,40 10,26 Hematologic neoplasia 0,68 0,34 14,27

Acute myocardial infarction 2,42 0,94 14,59 Neurocognitive disorders 56,95 0,89 14,92 Epilepsy; convulsions 1,79 0,38 9,89 Menopausal disorders 1,22 0,32 13,25

Symptoms of mental and substance use conditions 13,61 0,93 14,52 Anxiety and fear-related disorders 23,76 0,89 14,89 Miscellaneous mental and behavioral disorders/conditions 1,39 0,37 9,56 Nerve and nerve root disorders 1,75 0,29 12,33

Cerebral infarction 7,58 0,92 14,31 Disruptive, impulse-control and conduct disorders 3,34 0,87 14,50 Parkinson`s disease 1,81 0,35 9,18 Hepatitis 0,56 0,27 11,20

Neurocognitive disorders 57,52 0,90 14,08 Other general signs and symptoms 17,30 0,86 14,41 Paralysis (other than cerebral palsy) 0,86 0,34 8,90 Other and ill-defined heart disease 2,42 0,26 10,81

Other specified hereditary and degenerative nervous system conditions7,95 0,87 13,63 Gastroduodenal ulcer 2,40 0,85 14,11 Schizophrenia spectrum and other psychotic disorders 0,77 0,33 8,53 Diabetes mellitus with complication 2,46 0,25 10,45

Other general signs and symptoms 16,61 0,83 12,92 Pressure ulcer of skin 13,35 0,84 14,05 Chronic rheumatic heart disease 1,23 0,32 8,32 Nonrheumatic and unspecified valve disorders 3,28 0,25 10,29

Pressure ulcer of skin 12,24 0,77 12,04 Other specified and unspecified upper respiratory disease 6,85 0,82 13,70 Gout 0,64 0,29 7,62 Gout 0,43 0,20 8,26

Epilepsy; convulsions 3,35 0,72 11,18 Parkinson`s disease 3,92 0,77 12,85 Pulmonary heart disease 2,00 0,28 7,30 Pulmonary heart disease 1,06 0,15 6,23

Schizophrenia spectrum and other psychotic disorders 1,67 0,72 11,15 Symptoms of mental and substance use conditions 11,21 0,77 12,81 Diabetes mellitus with complication 2,41 0,24 6,32 Acute myocardial infarction 0,23 0,09 3,79

Paralysis (other than cerebral palsy) 1,72 0,69 10,70 Headache; including migraine 2,22 0,74 12,31 Malnutrition 0,47 0,21 5,44 Respiratory failure; insufficiency; arrest 0,06 0,03 1,19

Parkinson`s disease 2,93 0,58 8,97 Schizophrenia spectrum and other psychotic disorders 1,46 0,63 10,44 Respiratory failure; insufficiency; arrest 0,04 0,02 0,47 Chronic rheumatic heart disease 0,02 0,01 0,26

Cardiorespiratory DM - cardiovascular diseases Osteoinflammatory - neoplasia Psychogeriatric
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Appendix A. Supplementary files

Figure S2: Representation of the Observed/Expected ratio (O/E) and exclusivity (%) of the

chronic conditions composing the multimorbidity clusters of male patients. O/E >1 and exclu-

sivity > 1/number of clusters are displayed.

Additional file 5. 

Figure S2: Representation of the Observed/Expected ratio (O/E) and exclusivity (%) of the chronic conditions composing the multimorbidity clusters of male patients. O/E >1 

and exclusivity > 1/number of clusters are displayed. 
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A2. Study 2: MRisk-COVID study

Additional file 5. 

Figure S2: Representation of the Observed/Expected ratio (O/E) and exclusivity (%) of the chronic conditions composing the multimorbidity clusters of male patients. O/E >1 

and exclusivity > 1/number of clusters are displayed. 
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Appendix A. Supplementary files

Figure S3: Representation of the Observed/Expected ratio (O/E) and exclusivity (%) of the

chronic conditions composing the multimorbidity clusters of female patients. O/E >1 and

exclusivity > 1/number of clusters are displayed.

Additional file 6. 

Figure S3: Representation of the Observed/Expected ratio (O/E) and exclusivity (%) of the chronic conditions composing the multimorbidity clusters of female patients. O/E >1 

and exclusivity > 1/number of clusters are displayed. 
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A2. Study 2: MRisk-COVID study

Additional file 6. 

Figure S3: Representation of the Observed/Expected ratio (O/E) and exclusivity (%) of the chronic conditions composing the multimorbidity clusters of female patients. O/E >1 

and exclusivity > 1/number of clusters are displayed. 
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Appendix A. Supplementary files

A3. Study 3: MTOP study

The supplementary files of this study include 4 tables and 3 figures.
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A3. Study 3: MTOP study

Figure S1. Prevalence of each chronic condition in the three time points analysed (baseline, 5

years before, 10 years before). Chronic conditions were identified and grouped according to

Chronic Condition Indicator and Chronic Condition Classification, filtered for >2% prevalence

and ordered by prevalence at baseline.

Figure S1. Prevalence of each chronic condition in the three time points analysed (baseline, 5 years before, 10 years before).
Chronic conditions were identified and grouped according to Chronic Condition Indicator and Chronic Condition Classification, filtered for >2% prevalence and ordered by prevalence at baseline.
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Appendix A. Supplementary files

Figure S2. Distribution of multimorbidity cluster membership probabilities per patient (each

column represents a patient) at the three defined time points. A: baseline. B: 5 years before

baseline. C: 10 years before baseline.

Figure S2. Distribution of multimorbidity cluster membership probabilities per patient (each column represents a patient) at the three defined time points.
A: baseline. B: 5 years before baseline. C: 10 years before baseline.
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A3. Study 3: MTOP study

Figure S3. Proportion of patients transitioning from one cluster to another between time points.

A: 10 years before baseline versus 5 years before baseline time points (column %). B: 5 years

before baseline versus baseline time points (column %).
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Appendix A. Supplementary files

Table S1. Prevalence, Observed/Expected (O/E) ratio and exclusivity of chronic conditions

used to define multimorbidity clusters (>2% prevalence) at the 10 years before time point.

Chronic condition

Preva

lence 

MVD

O/E 

ratio 

MVD

Exclus

ivity 

MVD

Preva

lence 

MPD

O/E 

ratio 

MPD

Exclus

ivity 

MPD

Preva

lence 

SI

O/E 

ratio 

SI

Exclus

ivity 

SI

Preva

lence 

MSK

O/E 

ratio 

MSK

Exclus

ivity 

MSK

Preva

lence 

LMD

O/E 

ratio 

LMD

Exclus

ivity 

LMD

Preva

lence 

UN

O/E 

ratio 

UN

Exclus

ivity 

UN

Total 

preva

lence

Essential hypertension 66,9 1,0 7,8 52,1 0,8 11,0 62,7 1,0 14,1 40,4 0,6 10,2 69,4 1,1 19,0 85,3 1,3 37,9 65,6

Osteoarthritis 39,0 1,3 9,7 17,3 0,6 7,8 58,3 1,9 28,0 36,3 1,2 19,6 27,1 0,9 15,9 19,9 0,6 18,9 30,7

Diabetes mellitus without complication 57,8 2,0 15,5 16,0 0,6 7,8 21,7 0,8 11,2 21,4 0,7 12,4 23,8 0,8 15,0 37,3 1,3 38,1 28,6

Other specified and unspecified nutritional and 

metabolic disorders

25,6 1,0 8,0 22,9 0,9 12,9 20,1 0,8 12,0 29,2 1,2 19,7 6,8 0,3 5,0 35,6 1,4 42,3 24,6

Obesity 38,6 1,6 12,3 7,6 0,3 4,4 39,1 1,6 24,0 16,3 0,7 11,3 15,5 0,6 11,6 29,7 1,2 36,2 23,9

Disorders of lipid metabolism 17,8 0,8 6,0 16,6 0,7 10,1 13,7 0,6 8,8 22,6 1,0 16,4 69,0 3,0 54,2 3,5 0,2 4,5 22,9

Anxiety and fear-related disorders 11,6 1,0 7,9 6,6 0,6 8,1 19,5 1,7 25,4 20,6 1,8 30,3 7,9 0,7 12,6 6,0 0,5 15,6 11,3

Spondylopathies/spondyloarthropathy (including 

infective)

18,7 1,8 13,4 10,8 1,0 14,1 15,8 1,5 21,7 18,4 1,7 28,6 9,0 0,8 15,1 2,6 0,2 7,2 10,7

Depressive disorders 12,0 1,1 8,6 5,3 0,5 6,9 13,4 1,3 18,4 27,2 2,5 42,2 4,8 0,4 8,1 5,8 0,5 15,9 10,7

Osteoporosis 5,0 0,5 4,0 4,5 0,5 6,6 14,0 1,5 21,6 25,5 2,7 44,6 5,6 0,6 10,6 4,1 0,4 12,6 9,5

Hyperplasia of prostate 3,8 0,4 3,1 47,1 5,1 71,0 2,0 0,2 3,3 1,6 0,2 2,9 7,4 0,8 14,4 1,7 0,2 5,3 9,2

Chronic obstructive pulmonary disease and 

bronchiectasis

7,4 0,8 6,4 35,4 4,0 55,4 5,3 0,6 8,8 5,5 0,6 10,2 4,7 0,5 9,5 3,0 0,3 9,7 8,9

Hearing loss 8,9 1,0 7,7 11,6 1,3 18,3 14,6 1,7 24,3 8,8 1,0 16,5 7,1 0,8 14,5 5,6 0,6 18,6 8,8

Cataract and other lens disorders 13,5 1,6 12,1 9,7 1,1 15,9 18,4 2,2 31,8 5,1 0,6 10,0 5,5 0,6 11,6 5,4 0,6 18,6 8,5

Coronary atherosclerosis and other heart disease 9,9 1,2 9,0 10,1 1,2 16,5 6,5 0,8 11,3 5,3 0,6 10,4 6,2 0,7 13,2 11,5 1,4 39,6 8,5

Thyroid disorders 10,7 1,3 9,8 3,7 0,4 6,1 10,7 1,3 18,7 15,0 1,8 29,6 7,2 0,9 15,4 5,9 0,7 20,5 8,4

Cardiac dysrhythmias 5,5 0,7 5,6 7,4 1,0 13,6 9,4 1,3 18,5 3,8 0,5 8,4 3,3 0,4 7,9 11,8 1,6 46,0 7,5

Glaucoma 12,7 1,9 14,4 8,9 1,3 18,2 6,1 0,9 13,2 6,1 0,9 14,8 7,3 1,1 19,4 4,6 0,7 20,0 6,8

Asthma 10,3 1,8 13,4 4,2 0,7 9,9 11,6 2,0 29,1 9,8 1,7 27,6 1,8 0,3 5,5 2,9 0,5 14,5 5,9

Sleep wake disorders 9,9 1,7 12,9 3,3 0,6 7,8 13,1 2,2 33,0 5,3 0,9 15,0 3,3 0,6 10,0 4,3 0,7 21,3 5,8

Urinary incontinence 2,9 0,5 3,8 2,1 0,4 5,1 6,4 1,1 16,2 7,5 1,3 21,2 6,4 1,1 19,8 6,8 1,2 33,9 5,8

Chronic kidney disease 4,7 1,0 7,7 4,3 0,9 13,0 3,3 0,7 10,4 3,1 0,7 11,1 6,9 1,5 26,7 4,9 1,1 31,1 4,6

Diabetes mellitus with complication 41,5 9,1 69,7 0,3 0,1 1,0 2,4 0,5 7,7 4,2 0,9 15,5 0,1 0,0 0,5 0,9 0,2 5,7 4,6

Diverticulosis and diverticulitis 8,1 1,8 14,0 5,5 1,3 17,5 11,3 2,6 37,7 2,0 0,5 7,6 3,1 0,7 12,8 1,6 0,4 10,5 4,4

Esophageal disorders 6,1 1,5 11,5 5,7 1,4 19,3 7,9 1,9 28,7 4,3 1,1 17,7 4,5 1,1 19,8 0,4 0,1 3,0 4,1

Conduction disorders 9,4 2,4 18,1 4,2 1,1 14,8 4,5 1,1 16,7 2,6 0,7 11,0 6,8 1,7 30,8 1,2 0,3 8,6 4,0

Gastroduodenal ulcer 2,3 0,6 4,6 10,6 2,8 38,6 1,4 0,4 5,4 4,3 1,1 18,8 6,3 1,7 29,7 0,4 0,1 2,8 3,8

Neurocognitive disorders 0,3 0,1 0,7 1,9 0,5 7,1 2,5 0,7 10,1 7,0 1,9 31,4 2,3 0,6 11,1 5,0 1,4 39,6 3,7

Other specified and unspecified upper respiratory 

disease

6,5 1,9 14,4 3,2 0,9 12,9 7,4 2,1 31,6 6,8 2,0 32,7 0,8 0,2 4,4 0,5 0,1 4,1 3,5

Nonrheumatic and unspecified valve disorders 6,4 2,0 15,0 2,8 0,9 11,9 10,8 3,3 48,7 1,1 0,3 5,6 1,0 0,3 5,4 1,5 0,5 13,5 3,3

Nerve and nerve root disorders 18,6 6,2 47,2 1,1 0,4 4,9 3,0 1,0 14,5 5,3 1,8 29,1 0,7 0,2 4,1 0,0 0,0 0,3 3,0

Other specified and unspecified liver disease 2,4 0,8 6,3 1,4 0,5 6,6 3,1 1,0 15,4 2,0 0,7 11,2 8,6 2,9 52,4 0,8 0,3 8,0 2,9

Table S1. Prevalence, Observed/Expected (O/E) ratio and exclusivity of chronic conditions used to define multimorbidity clusters (>2% prevalence) at the 10 years before time point. 

MVD: metabolic and vascular diseases. MPD: male-predominant diseases. SI: minor conditions and sensory impairment. MSK: musculoskeletal and chronic pain syndrome. LMD: lipid 

metabolism disorders. UN: unspecificMVD: metabolic and vascular diseases. MPD: male-predominant diseases. SI: minor conditions and sensory im-

pairment. MSK: musculoskeletal and chronic pain syndrome. LMD: lipid metabolism disorders. UN: unspecific
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Table S2. Prevalence, Observed/Expected (O/E) ratio and exclusivity of chronic conditions

used to define multimorbidity clusters (>2% prevalence) at the 5 years before time point.

Chronic condition

Preva

lence 

HD

O/E 

ratio 

HD

Exclus

ivity 

HD

Preva

lence 

MVD

O/E 

ratio 

MVD

Exclus

ivity 

MVD

Preva

lence 

NC

O/E 

ratio 

NC

Exclus

ivity 

NC

Preva

lence 

MSK

O/E 

ratio 

MSK

Exclus

ivity 

MSK

Preva

lence 

UN

O/E 

ratio 

UN

Exclus

ivity 

UN

Total 

preva

lence

Essential hypertension 81,8 1,2 12,6 85,8 1,3 16,1 57,2 0,9 13,8 63,2 0,9 19,6 63,1 0,9 37,9 66,9

Osteoarthritis 54,3 1,4 14,5 36,8 1,0 11,9 41,0 1,1 17,1 60,3 1,6 32,4 23,2 0,6 24,1 38,7

Diabetes mellitus without complication 32,0 1,1 10,9 87,4 2,9 36,3 23,6 0,8 12,7 16,7 0,6 11,5 21,4 0,7 28,6 30,1

Obesity 47,4 1,7 17,4 52,6 1,9 23,4 19,7 0,7 11,3 31,5 1,1 23,3 17,1 0,6 24,5 28,1

Other specified and unspecified nutritional and 

metabolic disorders

26,9 1,0 10,2 34,6 1,3 15,9 25,0 0,9 14,8 28,8 1,1 21,9 25,2 0,9 37,2 27,3

Disorders of lipid metabolism 26,8 1,1 10,9 26,9 1,1 13,3 21,3 0,8 13,6 31,7 1,2 26,0 22,9 0,9 36,3 25,4

Urinary incontinence 32,4 1,5 15,3 18,9 0,9 10,8 59,7 2,7 44,2 16,2 0,7 15,4 7,8 0,4 14,3 21,8

Cataract and other lens disorders 29,4 1,7 17,7 9,8 0,6 7,2 15,8 0,9 14,9 21,9 1,3 26,5 14,5 0,8 33,8 17,2

Depressive disorders 18,3 1,1 11,3 14,7 0,9 11,0 31,6 1,9 30,5 22,6 1,3 28,1 8,0 0,5 19,2 16,7

Anxiety and fear-related disorders 15,4 0,9 9,5 11,1 0,7 8,3 22,6 1,3 21,8 31,8 1,9 39,5 8,7 0,5 20,9 16,7

Spondylopathies/spondyloarthropathy (including 

infective)

15,7 1,0 10,3 18,3 1,2 14,5 11,9 0,8 12,2 29,3 1,9 38,8 9,4 0,6 24,1 15,7

Thyroid disorders 16,5 1,2 12,0 12,5 0,9 11,0 16,9 1,2 19,2 22,9 1,6 33,5 8,6 0,6 24,3 14,2

Sleep wake disorders 20,5 1,4 14,9 23,4 1,7 20,7 13,7 1,0 15,7 17,1 1,2 25,2 8,3 0,6 23,5 14,1

Hyperplasia of prostate 15,7 1,1 11,8 13,0 0,9 11,8 7,0 0,5 8,2 8,6 0,6 13,0 18,8 1,4 55,1 13,7

Neurocognitive disorders 10,2 0,7 7,7 5,5 0,4 5,0 52,3 3,8 62,1 6,2 0,5 9,5 5,3 0,4 15,6 13,6

Hearing loss 15,5 1,2 12,0 14,7 1,1 13,8 12,8 1,0 15,4 18,9 1,4 29,3 9,8 0,7 29,5 13,4

Chronic obstructive pulmonary disease and 

bronchiectasis

17,7 1,4 14,4 16,8 1,3 16,6 7,3 0,6 9,3 10,5 0,8 17,3 13,4 1,1 42,4 12,7

Cardiac dysrhythmias 49,5 4,2 43,4 8,2 0,7 8,7 6,3 0,5 8,7 6,1 0,5 10,8 8,3 0,7 28,4 11,8

Chronic kidney disease 28,0 2,4 24,6 24,8 2,1 26,4 10,1 0,9 13,9 6,9 0,6 12,2 6,7 0,6 22,9 11,8

Osteoporosis 10,1 1,0 10,0 1,6 0,2 1,9 14,3 1,4 22,1 23,9 2,3 47,8 4,7 0,5 18,2 10,4

Coronary atherosclerosis and other heart disease 26,1 2,7 27,4 24,8 2,5 31,6 5,7 0,6 9,5 4,3 0,4 9,0 5,5 0,6 22,5 9,8

Glaucoma 6,3 0,7 6,7 17,3 1,8 22,7 6,6 0,7 11,1 11,1 1,2 24,0 8,4 0,9 35,5 9,6

Conduction disorders 16,0 1,8 18,6 18,8 2,1 26,6 3,4 0,4 6,2 7,7 0,9 18,1 6,7 0,8 30,5 8,9

Diverticulosis and diverticulitis 11,9 1,7 17,5 6,8 1,0 12,2 5,3 0,8 12,2 10,9 1,6 32,4 4,5 0,6 25,7 7,0

Asthma 9,1 1,4 14,0 5,4 0,8 10,0 6,2 0,9 14,9 13,4 2,0 41,7 3,2 0,5 19,4 6,7

Heart failure 43,8 6,8 70,3 7,5 1,2 14,6 2,9 0,5 7,3 0,9 0,1 3,1 0,7 0,1 4,7 6,4

Other specified and unspecified upper respiratory 

disease

4,8 0,8 7,8 4,5 0,7 9,0 4,5 0,7 11,4 14,2 2,2 46,7 3,9 0,6 25,1 6,3

Esophageal disorders 5,8 0,9 9,6 6,4 1,0 13,0 4,0 0,6 10,4 11,2 1,8 37,8 4,5 0,7 29,2 6,2

Diabetes mellitus with complication 2,3 0,4 3,9 44,4 7,3 90,9 1,1 0,2 3,0 0,3 0,0 0,9 0,2 0,0 1,3 6,1

Peripheral and visceral vascular disease 7,0 1,2 12,6 20,5 3,6 44,5 1,7 0,3 4,9 3,2 0,5 11,4 3,8 0,7 26,6 5,8

Other specified joint disorders 4,1 0,8 7,9 5,6 1,0 13,0 3,5 0,6 10,5 11,6 2,1 44,7 3,2 0,6 24,0 5,4

Nonrheumatic and unspecified valve disorders 39,3 7,8 80,3 1,5 0,3 3,8 0,8 0,2 2,7 1,2 0,2 5,1 1,0 0,2 8,1 5,0
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Other specified and unspecified liver disease 4,4 0,9 9,0 6,2 1,2 15,5 3,2 0,6 10,4 8,4 1,7 34,9 3,7 0,7 30,1 5,0

Acquired foot deformities 4,3 0,9 9,7 1,4 0,3 3,8 3,3 0,7 11,8 12,4 2,7 56,2 2,1 0,5 18,4 4,6

Nerve and nerve root disorders 3,1 0,7 7,1 8,7 1,9 23,9 2,7 0,6 9,7 9,0 2,0 41,4 2,0 0,4 18,0 4,6

Other specified inflammatory condition of skin 5,5 1,2 12,7 7,5 1,7 21,0 2,7 0,6 9,7 4,6 1,0 21,4 3,9 0,9 35,2 4,5

Digestive congenital anomalies 3,5 0,8 8,5 4,9 1,1 14,3 3,4 0,8 12,7 7,3 1,7 35,8 3,0 0,7 28,6 4,2

Other specified hereditary and degenerative 

nervous system conditions

3,0 0,8 7,8 7,5 1,9 23,8 6,3 1,6 25,6 5,7 1,4 30,0 1,3 0,3 12,8 3,9

Gastroduodenal ulcer 3,8 1,0 10,7 3,3 0,9 11,1 1,9 0,5 8,4 5,3 1,4 29,8 3,6 1,0 40,0 3,7

Hypertension with complications and secondary 

hypertension

17,4 4,8 49,7 3,9 1,1 13,6 2,4 0,7 10,8 2,3 0,6 13,2 1,1 0,3 12,6 3,6

Retinal and vitreous conditions 2,8 0,8 8,3 4,2 1,2 14,8 3,2 0,9 14,7 5,4 1,5 31,7 2,7 0,8 30,6 3,5

Gout 4,9 1,4 14,8 8,1 2,4 29,9 1,1 0,3 5,3 2,2 0,6 13,2 3,1 0,9 36,8 3,4

Scoliosis and other postural dorsopathic 

deformities

4,7 1,4 14,6 1,5 0,5 5,7 2,6 0,8 12,5 7,5 2,3 47,3 1,6 0,5 19,8 3,3

Prolapse of female genital organs 3,7 1,1 11,7 0,8 0,2 3,1 4,1 1,3 20,5 8,6 2,7 55,2 0,8 0,2 9,4 3,3

Systemic lupus erythematosus and connective 

tissue disorders

3,9 1,3 13,0 1,9 0,6 7,8 3,7 1,2 19,1 6,6 2,1 43,8 1,3 0,4 16,3 3,1

Disorders of teeth and gingiva 1,3 0,4 4,4 6,2 2,1 25,7 2,1 0,7 11,3 4,1 1,4 28,3 2,3 0,8 30,3 3,0

Parkinson`s disease 1,0 0,3 3,4 2,1 0,7 8,8 13,4 4,5 73,5 0,9 0,3 6,2 0,6 0,2 8,2 3,0

Headache 0,8 0,3 3,0 1,0 0,4 4,7 2,1 0,8 12,7 7,4 2,7 56,4 1,6 0,6 23,2 2,7

Other and ill-defined heart disease 15,5 6,0 61,8 1,4 0,5 6,9 1,3 0,5 8,4 1,7 0,7 13,9 0,6 0,2 9,0 2,6

Male reproductive system cancers - prostate 0,8 0,3 3,4 2,3 0,9 11,3 0,8 0,3 5,0 1,4 0,6 11,6 4,4 1,7 68,8 2,6

Breast cancer - all other types 5,3 2,2 22,3 1,9 0,8 9,8 2,9 1,2 19,2 3,4 1,4 28,6 1,2 0,5 20,0 2,5

Menopausal disorders 0,9 0,4 3,9 1,9 0,8 10,1 2,1 0,9 14,1 7,7 3,2 66,7 0,3 0,1 5,1 2,4

Acute myocardial infarction 3,7 1,6 16,0 8,9 3,8 47,2 0,6 0,3 4,1 1,0 0,4 8,9 1,4 0,6 23,8 2,4

Cerebral infarction 5,1 2,2 23,0 2,5 1,1 13,5 3,9 1,7 27,6 0,7 0,3 6,8 1,7 0,7 29,2 2,3

Schizophrenia spectrum and other psychotic 

disorders

0,2 0,1 0,9 0,3 0,2 1,9 11,1 4,9 79,0 0,2 0,1 2,1 0,9 0,4 16,2 2,3

Trauma- and stressor-related disorders 1,1 0,5 5,4 1,9 0,9 10,7 1,8 0,8 13,6 4,9 2,3 47,2 1,3 0,6 23,2 2,2

Table S2. Prevalence, Observed/Expected (O/E) ratio and exclusivity of chronic conditions used to define multimorbidity clusters (>2% prevalence) at the 5 years 

before time point. HD: heart diseases. MVD: metabolic and vascular diseases. MSK: musculoskeletal and chronic pain syndrome. NC: neurocognitive. UN: 

unspecific
HD: heart diseases. MVD: metabolic and vascular diseases. MSK: musculoskeletal and chronic pain syndrome. NC:

neurocognitive. UN: unspecific
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Table S3. Prevalence, Observed/Expected (O/E) ratio and exclusivity of chronic conditions

used to define multimorbidity clusters (>2% prevalence) at the baseline time point.

Chronic condition

Preva

lence 

HD

O/E 

ratio 

HD

Exclus

ivity 

HD

Preva

lence 

MVD

O/E 

ratio 

MVD

Exclus

ivity 

MVD

Preva

lence 

MSK

O/E 

ratio 

MSK

Exclus

ivity 

MSK

Preva

lence 

NC

O/E 

ratio 

NC

Exclus

ivity 

NC

Preva

lence 

UN

O/E 

ratio 

UN

Exclus

ivity 

UN

Total 

preva

lence

Essential hypertension 83,3 1,2 13,4 85,7 1,2 16,6 75,4 1,1 19,9 67,3 1,0 22,1 58,4 0,8 28,0 70,1

Urinary incontinence 64,2 1,3 15,0 39,9 0,8 11,3 43,7 0,9 16,8 93,6 1,9 44,7 17,5 0,4 12,2 48,2

Osteoarthritis 63,1 1,4 15,6 35,4 0,8 10,6 73,4 1,6 29,8 44,2 1,0 22,3 29,5 0,6 21,8 45,6

Obesity 51,4 1,5 17,2 44,6 1,3 18,0 47,2 1,4 25,9 20,4 0,6 13,9 24,9 0,7 24,9 33,7

Diabetes mellitus without complication 37,3 1,1 12,9 83,0 2,5 34,7 24,0 0,7 13,6 28,2 0,9 19,9 18,4 0,6 19,0 32,6

Neurocognitive disorders 28,7 0,9 10,5 18,3 0,6 8,1 22,6 0,7 13,5 75,9 2,5 56,5 10,5 0,3 11,4 30,9

Other specified and unspecified nutritional and 

metabolic disorders

30,8 1,1 12,6 33,3 1,2 16,4 31,9 1,2 21,3 27,2 1,0 22,6 22,2 0,8 27,0 27,6

Sleep wake disorders 42,1 1,6 17,8 27,0 1,0 13,8 34,1 1,3 23,6 29,4 1,1 25,3 15,5 0,6 19,5 26,7

Cataract and other lens disorders 31,1 1,2 13,3 24,5 0,9 12,6 37,0 1,4 25,9 20,6 0,8 17,9 23,9 0,9 30,4 26,4

Disorders of lipid metabolism 25,6 1,0 11,0 28,8 1,1 14,9 34,5 1,3 24,3 21,3 0,8 18,6 24,4 0,9 31,2 26,3

Chronic kidney disease 51,2 2,1 23,7 42,8 1,8 23,9 19,5 0,8 14,8 24,6 1,0 23,1 10,6 0,4 14,6 24,4

Depressive disorders 30,7 1,4 15,3 14,2 0,6 8,5 33,0 1,5 26,9 35,1 1,5 35,6 9,2 0,4 13,7 22,7

Anxiety and fear-related disorders 24,7 1,1 12,7 13,0 0,6 8,0 44,3 2,0 37,1 23,3 1,1 24,3 11,7 0,5 17,9 22,0

Cardiac dysrhythmias 61,2 2,9 32,8 25,6 1,2 16,5 13,1 0,6 11,4 16,0 0,8 17,4 13,7 0,7 21,9 21,1

Spondylopathies/spondyloarthropathy (including 

infective)

20,1 1,1 12,1 20,9 1,1 15,2 39,1 2,1 38,5 12,2 0,7 15,0 10,7 0,6 19,2 18,7

Thyroid disorders 27,8 1,5 17,1 12,2 0,7 9,1 31,5 1,7 31,9 15,8 0,9 19,8 12,0 0,7 22,1 18,3

Hearing loss 19,6 1,1 12,1 19,7 1,1 14,7 24,6 1,3 24,8 18,2 1,0 22,9 13,9 0,8 25,5 18,3

Chronic obstructive pulmonary disease and 

bronchiectasis

24,6 1,4 16,3 29,6 1,7 23,6 12,8 0,7 13,8 9,9 0,6 13,3 16,8 1,0 33,1 17,1

Hyperplasia of prostate 14,1 0,8 9,4 29,3 1,7 23,6 4,4 0,3 4,8 10,4 0,6 14,2 24,0 1,4 47,9 16,9

Heart failure 68,3 4,5 51,3 20,9 1,4 19,0 5,8 0,4 7,1 9,9 0,7 15,1 3,4 0,2 7,6 15,0

Conduction disorders 25,9 1,8 20,5 29,1 2,0 27,9 13,4 0,9 17,4 5,8 0,4 9,3 10,5 0,7 24,8 14,2

Esophageal disorders 15,7 1,3 14,1 12,0 1,0 13,0 21,8 1,7 32,2 8,7 0,7 16,0 9,2 0,7 24,6 12,5

Coronary atherosclerosis and other heart disease 29,7 2,4 27,3 30,5 2,5 33,9 4,4 0,4 6,6 6,8 0,6 12,7 7,1 0,6 19,5 12,3

Osteoporosis 12,0 1,0 11,3 3,3 0,3 3,7 27,8 2,3 42,7 14,2 1,2 27,1 5,4 0,5 15,2 12,0

Glaucoma 10,9 0,9 10,7 16,3 1,4 19,3 15,7 1,4 25,2 8,7 0,8 17,5 9,3 0,8 27,3 11,5

Age-related physical debility 10,0 0,9 10,4 7,7 0,7 9,6 2,9 0,3 5,0 33,6 3,1 71,1 1,2 0,1 3,8 10,9

Other specified and unspecified upper respiratory 

disease

8,2 0,8 9,3 8,2 0,8 11,1 20,9 2,1 38,5 3,8 0,4 8,8 9,6 1,0 32,2 10,0

Diverticulosis and diverticulitis 14,9 1,6 18,1 13,4 1,4 19,7 13,4 1,4 26,7 5,9 0,6 14,6 5,8 0,6 20,9 9,3

Peripheral and visceral vascular disease 10,9 1,2 13,4 38,5 4,2 57,0 3,7 0,4 7,4 4,2 0,5 10,4 3,2 0,4 11,8 9,2

Nonrheumatic and unspecified valve disorders 46,2 5,2 59,2 5,9 0,7 9,1 5,0 0,6 10,4 1,9 0,2 4,8 4,3 0,5 16,5 8,8

Disorders of teeth and gingiva 5,6 0,6 7,3 12,1 1,4 19,2 8,6 1,0 18,4 7,2 0,8 19,3 9,2 1,1 35,8 8,6

Diabetes mellitus with complication 8,5 1,0 11,6 43,4 5,2 71,2 2,3 0,3 5,2 3,1 0,4 8,7 0,8 0,1 3,4 8,3
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Other specified joint disorders 6,9 0,9 10,0 8,5 1,1 14,8 16,3 2,1 38,7 2,7 0,3 8,0 6,6 0,8 28,5 7,8

Symptoms of mental and substance use conditions 6,5 0,8 9,4 2,9 0,4 5,2 2,1 0,3 4,9 26,3 3,4 78,0 0,6 0,1 2,4 7,7

Asthma 13,8 1,8 20,2 4,1 0,5 7,2 16,2 2,1 38,9 4,0 0,5 11,8 5,0 0,7 21,9 7,7

Nutritional deficiencies 13,9 1,8 20,7 7,5 1,0 13,5 15,0 2,0 36,6 6,4 0,8 19,5 2,2 0,3 9,8 7,6

Other specified and unspecified liver disease 7,4 1,0 11,6 11,0 1,5 20,9 12,1 1,7 31,4 3,3 0,5 10,5 5,4 0,8 25,6 7,1

Acquired foot deformities 6,4 1,0 11,3 2,9 0,5 6,1 16,9 2,6 48,6 3,1 0,5 11,0 4,4 0,7 22,9 6,4

Nerve and nerve root disorders 4,1 0,6 7,3 8,5 1,3 18,3 18,2 2,8 52,6 1,8 0,3 6,3 2,9 0,5 15,5 6,4

Other specified hereditary and degenerative 

nervous system conditions

5,9 1,0 10,8 7,5 1,2 16,4 9,4 1,5 27,9 9,6 1,5 35,5 1,7 0,3 9,4 6,2

Other specified inflammatory condition of skin 6,9 1,1 12,8 7,7 1,3 17,1 7,6 1,2 22,9 3,3 0,5 12,3 6,3 1,0 34,9 6,1

Gout 8,4 1,4 15,7 19,0 3,1 42,6 2,3 0,4 6,9 2,2 0,4 8,2 4,8 0,8 26,6 6,1

Retinal and vitreous conditions 9,4 1,7 19,6 4,5 0,8 11,3 9,4 1,7 32,0 3,7 0,7 15,6 3,5 0,6 21,5 5,4

Pressure ulcer of skin 3,1 0,6 6,5 2,3 0,4 5,8 1,9 0,4 6,6 18,1 3,4 78,3 0,4 0,1 2,8 5,3

Hypertension with complications and secondary 

hypertension

21,1 4,0 45,5 6,3 1,2 16,3 4,2 0,8 14,9 1,7 0,3 7,6 2,4 0,5 15,6 5,2

Systemic lupus erythematosus and connective 

tissue disorders

6,8 1,4 15,4 5,2 1,1 14,3 10,2 2,0 37,8 4,0 0,8 18,3 2,1 0,4 14,2 5,0

Digestive congenital anomalies 6,0 1,3 14,4 3,8 0,8 11,0 9,6 2,0 37,7 3,2 0,7 15,9 2,9 0,6 21,0 4,7

Cerebral infarction 6,3 1,4 16,4 6,1 1,4 19,2 2,5 0,6 10,6 6,5 1,5 34,5 2,5 0,6 19,3 4,3

Parkinson`s disease 2,6 0,6 6,8 2,1 0,5 6,6 2,1 0,5 9,0 12,9 3,0 69,1 1,1 0,3 8,5 4,3

Prolapse of female genital organs 4,9 1,2 13,1 0,6 0,1 1,9 14,2 3,3 61,6 2,5 0,6 13,5 1,2 0,3 9,9 4,3

Scoliosis and other postural dorsopathic 

deformities

6,8 1,6 18,5 1,0 0,2 3,2 9,3 2,2 41,2 3,4 0,8 18,8 2,3 0,5 18,3 4,1

Nervous system signs and symptoms 6,4 1,6 17,9 3,1 0,8 10,2 3,0 0,7 13,5 8,9 2,2 50,4 1,0 0,2 8,0 4,1

Gastroduodenal ulcer 3,1 0,8 8,7 6,8 1,7 23,0 4,1 1,0 18,9 2,9 0,7 16,8 3,9 1,0 32,6 4,0

Male reproductive system cancers - prostate 1,6 0,4 4,9 7,5 2,0 27,0 0,7 0,2 3,5 1,2 0,3 7,1 6,4 1,7 57,6 3,8

Headache 0,7 0,2 2,1 1,5 0,4 5,5 12,1 3,3 61,4 1,7 0,5 10,6 2,2 0,6 20,3 3,6

Trauma- and stressor-related disorders 3,4 0,9 10,7 3,2 0,9 12,0 7,9 2,2 40,6 2,2 0,6 13,7 2,5 0,7 22,9 3,6

Nervous system pain and pain syndromes 5,4 1,5 17,1 1,6 0,5 6,3 6,7 1,9 34,9 6,2 1,7 40,0 0,2 0,1 1,7 3,6

Gastritis and duodenitis 1,6 0,4 5,0 5,0 1,4 19,2 8,1 2,3 42,1 2,6 0,7 16,6 1,8 0,5 17,1 3,6

Other and ill-defined heart disease 18,8 5,4 61,0 1,6 0,5 6,4 2,1 0,6 11,0 1,1 0,3 7,5 1,5 0,4 14,1 3,5

Menopausal disorders 2,4 0,7 8,1 0,8 0,2 3,1 12,3 3,6 67,4 1,3 0,4 8,8 1,3 0,4 12,5 3,4

Epilepsy 3,2 1,0 11,3 1,4 0,4 6,0 1,2 0,4 6,6 7,0 2,2 49,6 2,5 0,8 26,5 3,2

Other specified and unspecified endocrine 

disorders

5,8 1,8 20,7 5,2 1,7 22,5 5,5 1,8 32,5 1,9 0,6 13,8 1,0 0,3 10,5 3,1

Gastrointestinal cancers - colorectal 4,5 1,4 16,2 2,4 0,8 10,5 2,1 0,7 12,3 1,4 0,4 10,2 4,8 1,5 50,9 3,1

Breast cancer - all other types 6,9 2,3 25,7 0,5 0,2 2,4 5,6 1,8 34,0 2,7 0,9 20,3 1,6 0,5 17,6 3,0

Acute myocardial infarction 4,0 1,3 15,1 13,5 4,5 61,0 0,6 0,2 3,9 0,5 0,2 3,6 1,5 0,5 16,4 3,0

Urinary system cancers - bladder 1,0 0,3 3,9 7,7 2,6 36,0 0,8 0,3 5,1 1,1 0,4 9,0 4,0 1,4 46,0 2,9
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Coagulation and hemorrhagic disorders 6,0 2,1 23,7 3,5 1,2 16,6 1,6 0,5 10,1 2,7 0,9 21,4 2,4 0,8 28,2 2,9

Schizophrenia spectrum and other psychotic 

disorders

1,5 0,6 6,3 0,4 0,1 1,9 0,3 0,1 2,1 8,5 3,1 72,3 1,4 0,5 17,4 2,7

Pulmonary heart disease 20,5 8,1 91,1 0,6 0,2 3,3 0,2 0,1 1,4 0,0 0,0 0,3 0,3 0,1 4,0 2,5

Alcohol-related disorders 1,8 0,7 8,1 6,9 2,7 37,4 0,4 0,1 2,6 1,3 0,5 12,3 3,0 1,2 39,6 2,5

Disruptive, impulse-control and conduct disorders 3,7 1,5 16,7 1,7 0,7 9,2 0,6 0,2 4,5 7,1 2,8 65,4 0,3 0,1 4,1 2,5

Other specified and unspecified gastrointestinal 

disorders

1,4 0,6 6,7 2,0 0,8 11,4 6,6 2,8 52,1 1,6 0,7 15,3 1,0 0,4 14,5 2,3

Hepatitis 3,7 1,7 19,4 1,6 0,8 10,3 2,6 1,2 22,7 1,6 0,7 17,1 1,9 0,9 30,5 2,1

Table S3. Prevalence, Observed/Expected (O/E) ratio and exclusivity of chronic conditions used to define multimorbidity clusters (>2% prevalence) at the baseline 

time point. HD: heart diseases. MVD: metabolic and vascular diseases. MSK: musculoskeletal and chronic pain syndrome. NC: neurocognitive. UN: unspecific

HD: heart diseases. MVD: metabolic and vascular diseases. MSK: musculoskeletal and chronic pain syndrome. NC:

neurocognitive. UN: unspecific
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Table S4. Topmost frequent chronic multimorbidity cluster trajectories across the three defined

time points (10 years before, 5 years before, baseline), filtered up to 90% cumulative frequency.

10 years before 5 years before Baseline n % 

No multimorbidity Unspecific Unspecific 398 9.98 

No multimorbidity No multimorbidity Unspecific 188 4.71 

Unspecific Unspecific Unspecific 184 4.61 

Musculoskeletal & chronic pain synd. Musculoskeletal & chronic pain synd. Musculoskeletal & chronic pain synd. 169 4.24 

No multimorbidity Neurocognitive Neurocognitive 151 3.79 

Male-predominant diseases Unspecific Unspecific 135 3.39 

Lipid metabolism disorders Unspecific Unspecific 118 2.96 

Metabolic & vascular diseases Metabolic & vascular diseases Metabolic & vascular diseases 100 2.51 

Unspecific Neurocognitive Neurocognitive 100 2.51 

Minor conditions & sensory impairm. Musculoskeletal & chronic pain synd. Musculoskeletal & chronic pain synd. 98 2.46 

Unspecific Metabolic & vascular diseases Metabolic & vascular diseases 93 2.33 

Minor conditions & sensory impairm. Heart diseases Heart diseases 89 2.23 

No multimorbidity No multimorbidity No multimorbidity 82 2.06 

Musculoskeletal & chronic pain synd. Neurocognitive Neurocognitive 78 1.96 

No multimorbidity Unspecific Neurocognitive 78 1.96 

No multimorbidity No multimorbidity Neurocognitive 70 1.76 

No multimorbidity Musculoskeletal & chronic pain synd. Musculoskeletal & chronic pain synd. 70 1.76 

Unspecific Unspecific Neurocognitive 67 1.68 

Lipid metabolism disorders Musculoskeletal & chronic pain synd. Musculoskeletal & chronic pain synd. 65 1.63 

Unspecific Heart diseases Heart diseases 62 1.55 

Unspecific Musculoskeletal & chronic pain synd. Musculoskeletal & chronic pain synd. 60 1.50 

Male-predominant diseases Unspecific Metabolic & vascular diseases 44 1.10 

No multimorbidity Unspecific Metabolic & vascular diseases 44 1.10 

Lipid metabolism disorders Neurocognitive Neurocognitive 43 1.08 

Lipid metabolism disorders Metabolic & vascular diseases Metabolic & vascular diseases 40 1.00 

No multimorbidity Unspecific Musculoskeletal & chronic pain synd. 40 1.00 

Musculoskeletal & chronic pain synd. Unspecific Unspecific 40 1.00 

Unspecific Unspecific Metabolic & vascular diseases 39 0.98 

No multimorbidity Neurocognitive Unspecific 31 0.78 

Male-predominant diseases Metabolic & vascular diseases Metabolic & vascular diseases 30 0.75 

Unspecific Unspecific Musculoskeletal & chronic pain synd. 30 0.75 

Lipid metabolism disorders Unspecific Neurocognitive 29 0.73 

Musculoskeletal & chronic pain synd. Musculoskeletal & chronic pain synd. Neurocognitive 28 0.70 

No multimorbidity Unspecific Heart diseases 26 0.65 

Male-predominant diseases Unspecific Neurocognitive 26 0.65 

Minor conditions & sensory impairm. Neurocognitive Neurocognitive 25 0.63 

Unspecific Unspecific Heart diseases 24 0.60 

No multimorbidity Musculoskeletal & chronic pain synd. Unspecific 24 0.60 

Musculoskeletal & chronic pain synd. Musculoskeletal & chronic pain synd. Unspecific 24 0.60 

No multimorbidity Metabolic & vascular diseases Metabolic & vascular diseases 23 0.58 

Minor conditions & sensory impairm. Musculoskeletal & chronic pain synd. Neurocognitive 22 0.55 

Lipid metabolism disorders Heart diseases Heart diseases 21 0.53 

No multimorbidity Heart diseases Heart diseases 21 0.53 

Male-predominant diseases Neurocognitive Neurocognitive 21 0.53 

Lipid metabolism disorders Unspecific Metabolic & vascular diseases 20 0.50 

Unspecific Metabolic & vascular diseases Heart diseases 19 0.48 

Male-predominant diseases Heart diseases Heart diseases 19 0.48 

Unspecific Heart diseases Neurocognitive 19 0.48 

Minor conditions & sensory impairm. Unspecific Unspecific 19 0.48 

Lipid metabolism disorders Unspecific Musculoskeletal & chronic pain synd. 18 0.45 

Lipid metabolism disorders Musculoskeletal & chronic pain synd. Unspecific 18 0.45 

Unspecific Musculoskeletal & chronic pain synd. Neurocognitive 17 0.43 

Unspecific Metabolic & vascular diseases Neurocognitive 16 0.40 

Lipid metabolism disorders Musculoskeletal & chronic pain synd. Neurocognitive 16 0.40 

Minor conditions & sensory impairm. Metabolic & vascular diseases Metabolic & vascular diseases 15 0.38 

Lipid metabolism disorders Unspecific Heart diseases 15 0.38 

Unspecific Neurocognitive Heart diseases 14 0.35 

Musculoskeletal & chronic pain synd. Musculoskeletal & chronic pain synd. Heart diseases 14 0.35 

Unspecific Musculoskeletal & chronic pain synd. Heart diseases 14 0.35 

Minor conditions & sensory impairm. Unspecific Neurocognitive 14 0.35 
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Male-predominant diseases Musculoskeletal & chronic pain synd. Musculoskeletal & chronic pain synd. 14 0.35 

Unspecific Neurocognitive Unspecific 14 0.35 

Musculoskeletal & chronic pain synd. Heart diseases Heart diseases 13 0.33 

Unspecific Heart diseases Metabolic & vascular diseases 12 0.30 

Metabolic & vascular diseases Metabolic & vascular diseases Heart diseases 12 0.30 

Minor conditions & sensory impairm. Musculoskeletal & chronic pain synd. Heart diseases 12 0.30 

Male-predominant diseases Unspecific Heart diseases 12 0.30 

Unspecific Metabolic & vascular diseases Musculoskeletal & chronic pain synd. 12 0.30 

Unspecific Metabolic & vascular diseases Unspecific 12 0.30 

Musculoskeletal & chronic pain synd. Unspecific Neurocognitive 11 0.28 

Musculoskeletal & chronic pain synd. Neurocognitive Musculoskeletal & chronic pain synd. 11 0.28 

Unspecific Neurocognitive Musculoskeletal & chronic pain synd. 11 0.28 

Metabolic & vascular diseases Musculoskeletal & chronic pain synd. Musculoskeletal & chronic pain synd. 11 0.28 

Male-predominant diseases Unspecific Musculoskeletal & chronic pain synd. 11 0.28 

Unspecific Heart diseases Unspecific 11 0.28 

 

Table S4. Topmost frequent chronic multimorbidity cluster trajectories across the three defined 

time points (10 years before, 5 years before, baseline), filtered up to 90% cumulative frequency. 
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Abstract
Introduction  Multimorbidity is a major challenge for 
current healthcare systems and professionals. From 
the different approaches that have been proposed to 
analyse this issue, the hypothesis of the existence of 
association patterns of different chronic conditions 
is gaining visibility. In addition, multimorbidity can 
be associated to polypharmacy, which can lead to a 
higher risk of potentially inappropriate prescribing (PIP) 
and consequently to adverse drug reactions (ADRs). 
The general objective of this novel study is to identify 
the association between PIP, multimorbidity patterns, 
polypharmacy and the presence of ADRs in older patients 
admitted for exacerbation of chronic diseases.
Methods and analysis  The MoPIM (morbidity, potentially 
inappropriate medication) study is a multicentre 
prospective cohort study of an estimated sample of 
800 older (≥65 years) patients admitted to five general 
hospitals in Spain due to an exacerbation of a chronic 
disease. Patients referred to home hospitalisation, 
admitted due to an acute process or with a fatal 
outcome expected at the time of admission are excluded. 
Sociodemographic data, chronic morbidities and geriatric 
syndromes, number of chronic prescribed medications, 
PIP at admission to hospital and on discharge, according 
to the newest screening tool of older screening tool of 
older person's potentially inappropriate prescriptions/
screening tool to alert doctors to right treatment criteria, 
and ADRs during hospitalisation are being collected. 
Multimorbidity patterns will be identified using cluster 
analyses techniques, and the frequency of polypharmacy, 
PIP and ADRs will be calculated. Finally, the possible 
relationship between those indicators will be identified 
through bivariate and multivariate analyses.
Ethics and dissemination  The project has been 
approved by the clinical research ethics committees of 
each centre: Comité Ético de investigación Clínica del 
Parc Taulí, Comitè Ètic d'Investigació Clínica Osona per 
a la Recerca i Educació Sanitàries (FORES), Comité de 
Ètica de la Investigación con Medicamentos (CEIm)-Parc 
de Salut MAR, Comité Ético de Investigación Clínica de 
Euskadi, Comité de Ética de Investigación del Hospital 

Universitario de Canarias. The results will be actively and 
mainly disseminated through publication in peer-reviewed 
journals and communications in scientific conferences.
Trial registration number  NCT02830425.

Introduction
Multimorbidity and possible patterns
In recent years, the healthcare landscape 
has changed dramatically, with the consider-
able and gradual increase of older patients 
with multiple chronic health conditions.1 
Multimorbidity has become an important 
challenge for the health system due to, on 
the one hand, the population ageing (which 
increases the percentage of people with multi-
morbidity) and, on the other hand, the diffi-
culty of clinical management of patients with 
multimorbidity.1 2 Far from treating diseases 
or isolated processes, in patients with several 
chronic pathologies, and especially at times 
of decompensation, the complexity inherent 
to this type of patients becomes more evident. 

Strengths and limitations of this study

►► To our knowledge, this is the first published study 
that includes objectives related to chronic multimor-
bidity, appropriateness of medication and adverse 
drug reactions during hospitalisation at the same 
time, in older patients.

►► Data of multimorbidity include also identification of 
chronic exacerbated diseases that cause hospital-
isation, geriatric syndromes and functional status.

►► The multicentre cohort design as well as the inno-
vative analytical approach of multimorbidity patterns 
can lead to novel results in this field.

►► Adverse drug reactions rate could be subject to an 
infra-estimation if active efforts to identify them are 
not complete.
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In addition, in older patients, a process of exacerbation or 
decompensation of chronic problems may coincide with 
the existence of geriatric syndromes such as acute confu-
sional syndrome or frailty. In these cases, therapeutic 
decisions may require great knowledge and skills for 
sharing decision making to achieve an adequate balance 
between risks and benefits for the patient.3 However, clin-
ical practice guidelines do not usually consider or resolve 
the uncertainties related to these situations. In fact, 
randomised controlled trials often exclude patients with 
concomitant pathologies.4

Currently, basic knowledge about the interrelationship 
of diseases is very limited, partly because of the existing 
confidence in a scientific method that maximises internal 
validity but excludes patients with comorbidity in both 
observational studies and clinical trials. Attempts to study 
multimorbidity clash with the absence of an internation-
ally agreed definition and quantification.5 A systematic 
review of Violan et al6 identified important variations 
in both the definition of multimorbidity and its preva-
lence in different contexts and ages. Despite these vari-
ations, multimorbidity is much more frequent in older 
patients.7 8 Among the different definitions, the one that 
advocates for the existence of association patterns of some 
of these chronic diseases, either because they coincide, or 
because they share some physiopathological mechanisms, 
is recently gaining strength.9 10

Polypharmacy, PIP and ADRs
Polypharmacy is a remarkable feature of patients with 
multiple chronic pathologies. For this same reason, the 
prevalence of polypharmacy is usually high in the older 
population.11 Although there is no consensus on the 
minimum number of prescribed drugs to consider a 
patient as polymedicated, the chronic daily consumption 
of five or more drugs is a commonly accepted figure.12 
Polypharmacy, in turn, is associated with a higher proba-
bility of adverse drug reactions (ADRs). In older people, 
this probability is even higher as a result of physiological 
changes associated with ageing, changes in the pharma-
cokinetic and pharmacodynamic behaviour of drugs, 
functional problems and social aspects. It has been esti-
mated that ADRs are responsible for up to 30% of hospital 
admissions in older patients.13 Potentially inappropriate 
prescribing (PIP) of drugs and poor monitoring of 
prescribed treatments are predisposing factors for the 
appearance of ADRs.13 Fernandez et al14 observed that 
69% of the ADRs detected in hospitalised polymedicated 
older patients were due to treatments that were identi-
fied as inappropriate. In 2011, Hamilton and colleagues 
also identified an association between overtreatment and 
ADRs in patients.15

The STOPP-START criteria
There are several tools to evaluate potentially inade-
quate prescribing.16–18 Among all of them, the explicit 
criteria STOPP-START (screening tool of older person's 
potentially inappropriate prescriptions/screening tool to 

alert doctors to right treatment) are the most used and 
validated in European older people. In fact, they were 
developed under the aegis of the European Union Geri-
atric Medicine Society.19 STOPP-START criteria include 
drug interactions and therapeutic duplicity.19 The 2008 
version consisted of a list of 84 medication indications, 
developed using a Delphi method applied to experts 
from different disciplines, who carried out a literature 
review. The criteria are directed to prevalent diseases in 
older patients and are ordered by physiological systems. 
These criteria are easy to relate to active diagnoses and 
to the patients’ medication lists that appear in their elec-
tronic health records. The systematic review published by 
Hill-Taylor et al in 201316 concluded that these criteria 
were more sensitive than those of Beers to detect PIP. In 
2015, O’Mahony et al20 published an updated version that 
includes 114 criteria, which was subsequently translated 
into Spanish.21

It should be noted that although the criteria for evalu-
ating PIP can be helpful in making decisions, the clinical 
and social context of the patient has to be always taken 
into account. Hence there is need to share and assess 
the findings or PIP detected with the prescribing profes-
sional. Fortunately, it is increasingly common to use these 
or other criteria to identify a possible treatment inade-
quacy and assess a possible deprescription or prescrip-
tion. However, its systematic use could be far from being 
real.

In recent years, many studies have been published 
using the STOPP-START criteria to assess the adequacy of 
medications in the community, socio-health centres and/
or nursing homes, and the hospital setting.14 18 22–28 At the 
time of initiating this study, no published analyses were 
available with the objective to describe the relationships 
between multimorbidity, PIP and ADRs.

Multimorbidity, polypharmacy, PIP and ADRs
Given the importance of this phenomenon, it is necessary 
to deepen our knowledge to offer the best clinical care 
and optimise health outcomes.

Taking into account all the previous considerations, the 
hypotheses of the study were, first, that the morbidity of 
older patients admitted to hospital due to exacerbation 
of their chronic pathology may show certain patterns or 
profiles of association. Second, that geriatric syndromes 
may be relevant in these patterns, and that these patterns 
may be associated with greater polypharmacy and PIP. 
And third, that potentially inappropriate medications, or 
some of them, may, in turn, be associated with a greater 
presence of ADRs, already detected at the time of hospital 
admission or developed during the same hospitalisa-
tion, compared with those patients with no medication 
inappropriateness.

Objectives
The general objective of the study is to identify the asso-
ciation between multimorbidity, polypharmacy, PIP and 
the presence of ADRs in older patients admitted for 

173



Appendix B. Additional articles

3Baré M, et al. BMJ Open 2020;10:e033322. doi:10.1136/bmjopen-2019-033322

Open access

exacerbation of chronic diseases. The specific objectives 
are to:
1.	 Identify and describe the PIP of chronic medication 

according to STOPP-START criteria at the time of ad-
mission and on discharge.

2.	 Estimate the prevalence of multimorbidity and, togeth-
er with geriatric syndromes and risk factors, identify 
possible morbidity association patterns in older pa-
tients admitted as a result of an exacerbation of their 
chronic disease.

3.	 Describe the possible polypharmacy (≥5 chronic medi-
cations) of those patients.

4.	 Assess the difference in PIP on admission and at dis-
charge.

5.	 Evaluate if any of the possible multimorbidity patterns 
are associated with greater PIP or with specific types 
of PIP.

6.	 Analyse the possible association between the amount 
or the types of PIP and the number or types of ADRs.

Methods and analysis
Design and setting
A multicentre prospective cohort study has been 
designed, including patients admitted to the internal 
medicine or geriatric services of five general hospitals 
in three different regions of Spain: Parc Taulí Hospital 
Universitari, Consorci Hospitalari de Vic, Hospital del 
Mar, Hospital de Galdakao and Complejo Hospitalario 
Universitario de Canarias. All of them have an internal 
medicine and/or geriatric service and are part of, or 
collaborate with, the Spanish Health Services Research 
on Chronic Patients Network (REDISSEC). In addition, a 
process of medication review is established in all of them, 
using criteria for older patients.

Inclusion criteria
Patients older than 64 years admitted to the internal 
medicine or geriatrics service as a result of the exacerba-
tion or decompensation of their chronic pathology are 
included. A stay of >48 hours in hospital is considered an 
admission.

No written informed consent was deemed necessary for 
this study.

Exclusion criteria
Patients referred to home hospitalisation (patient at 
home but the clinical team provides punctual attention by 
telephone or home visits), those admitted due to an acute 
process not related to the chronic diseases (for example, 
an infection) according to clinical judgement of the 
corresponding physician or those with a fatal outcome 
expected at the time of admission are not included.

In the case that various patients met the inclusion 
criteria during the same day, and so that the clinical team 
could take the tasks of registering all variables of the study 
together with their care tasks, they were sorted alphabet-
ically and selected the first of all of them to be included 
in this study.

Only patients attended by the physician participating in 
the study are included.

During recruitment, which lasted from September 
2016 until the end of 2018, each patient was included 
only once.

Data acquisition
Each patient is monitored until hospital discharge (or 
death during hospitalisation), with data collection during 
the first days of admission to hospital ward and at the time 
of discharge.

As part of the usual patient care routine for older 
patients, the pharmacist of the clinical committee reviews 
the prescribed chronic medication at the time of admis-
sion. STOPP/START (SS) criteria are checked for each 
patient. These consist of 80 STOPP criteria (which detect 
medication that would not meet criteria for indication 
to a patient or a specific clinical situation or medications 
prescribed included drug-drug and drug-disease inter-
actions) and 34 START criteria (detect medication that 
would be recommended to incorporate, including some 
vaccines).20 For each patient, possible PIP are recorded at 
the time of admission and, following the usual practice, 
the clinical committee evaluates the PIP together with 
the possible modification of the medication according to 
the SS criteria. For the purposes of the study, the criteria 
are re-applied and recorded by the pharmacist to the 
prescribed medication on discharge, in this case without 
evaluation by the clinical committee.

In addition, ADRs notified to the pharmacy department 
by the clinical team or registered in the clinical course 
are identified by the pharmacist, and the consequences 
derived from them are classified as well as if they have 
been resolved at the time of discharge. According to the 
WHO and the European Medicine Agencies, an ADR is 
any undesirable event that has happened to the patient 
while using a medication and there is a suspicion that it 
is caused by the medication, including: (a) any noxious, 
unintended and undesired effect of a drug after doses 
used in humans for prophylaxis, diagnosis or therapy and 
(b) noxious and unintended effects resulting not only 
from the authorised use of a medicinal product at normal 
doses but also from medication errors and uses outside 
the terms of the marketing authorisation, including the 
misuse and abuse of the medicinal product.29 30 As a 
routine standard practice, a physician, a nurse, a clinical 
assistant or the pharmacist can notify any ADRs to the 
pharmacy department or to the electronic notification 
system for adverse reactions to medication, held by the 
Spanish Ministry of Health.

Variables
The different types of information obtained according to 
the moment of monitoring are shown in figure 1. All of 
them are described below:
a.	 Sociodemographic: patient’s code, centre, date of 

birth, sex, type of cohabitation (alone, with relatives or 
other people, in a nursing home).
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Table 1  Chronic conditions and geriatric syndromes 
recorded

Chronic conditions
Geriatric syndromes 
and risk factors

Charlson Index

1. AIDS/HIV Acute confusional 
syndrome/delirium

2. Any malignancy (excluding skin) Chronic pain

3. Cerebrovascular disease Cognitive/intellectual 
impairment

4. Chronic pulmonary disease Constipation

5. Congestive heart failure Depression or Anxiety

6. Dementia Dysphagia

7. Diabetes with complication Frailty

8. Diabetes without complication Immobility

9. Hemiplegia Incontinence (Urinary/
faecal)

10.Leukaemia Instability/falls

11.Lymphoma Malnutrition

12.Metastatic solid tumour Polypharmacy

13.Mild liver disease Pressure ulcers

14.Moderate or severe liver disease Sensorial deficit

15.Moderate or severe renal disease Sleep disorders/
Insomnia

16.Myocardial infarction

17.Peptic ulcer disease

18.Peripheral vascular disease

19.Rheumatologic disease

Other conditions

20.Amputation

21.Anaemia

22.Asthma

23.Cardiac arrhythmia

24.Cataract

25.Chronic hepatitis (B or C)

26.Chronic pancreatic disease

27.Degenerative arthropathy

28.Dermatitis or eczema

29.Diverticular disease of the colon

30.Drug-related conditions

31.Dyslipidaemia

32.Fibromyalgia

33.Gallstones (previous hepatic colic)

34.Chronic gastritis or gastro-oesophageal reflux

35.Glaucoma

36.Gout

37.Haemorrhoids

38.Haematologic disorders (myelodysplastic syndrome, 
gammapathy, polycythaemia)

Continued

Figure 1  Data registered for each patient included in 
the morbidity, potentially inappropriate medication study. 
ADR, adverse drug reactions; PIP, potentially inappropriate 
prescribing.

b.	Clinical: date of arrival at the emergency room, date of 
admission, date of discharge, destination at discharge 
(home, transfer to another hospital, transfer to anoth-
er service of the hospital itself, transfer to a nursing 
home), cause of the death (chronic illness, complica-
tion or others), functional status just before entering 
the hospital (Barthel index), existence of hospitalisa-
tion and/or visits to healthcare services in the three 
previous months due to exacerbation of any chronic 
pathology, existence of pharmacological allergies and 
active principles involved.

Chronic active diseases of the patient are recorded. For 
this purpose, the physicians of the project have defined, on 
a consensual basis, a limited list of 64 chronic problems or 
conditions, coming from the 114 groups defined by Salis-
bury and colleagues,8 and including the 19 categories of the 
Charlson Index.31 In order to define the list of conditions to 
be recorded, the physicians that participated in the project 
considered the subjective estimated frequency of the condi-
tion in older hospitalised patients in their departments. 
Following the same criteria as Salisbury, a condition is 
considered to be chronic when it lasts for at least 6 months, 
including past conditions that require ongoing disease or 
risk management, important conditions with a significant 
risk of recurrence or past conditions that have continuing 
implications for patient management.8

For each of the chronic condition (see table  1), it is 
also recorded if they have required attention or clinical 
management throughout the hospitalisation, and the 
attending physician of the clinical team assigns a (subjec-
tive) correlative score (1, 2, 3…) to each one, according 
to the importance or weight during the attention process. 
Thus, chronic problems that have not had any signifi-
cance during hospitalisation do not represent any score. 
Drug-related conditions of this list refer to poor manage-
ment of medication for a chronic disease that have clinical 
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Chronic conditions
Geriatric syndromes 
and risk factors

39.Hypertension

40.Inflammatory osteoarticular disease

41.Irritable bowel syndrome

42.Ischaemic heart disease without infarction

43.Migraine

44.Neurologic disorder of the central nervous system

45.Non-congestive heart failure

46.Non-ischaemic heart disease (miocardiopatie, 
valvulopatie)

47.Non-schizophrenic mental disorders (excluding 
depression and anxiety)

48.Obesity

49.Osteoporosis

50.Other neurological pathologies (essential tremor)

51.Other vascular diseases (ischaemia, aneurism)

52.Parkinson’s disease

53.Peripheral neuropathy or neuritis

54.Post-traumatic stress disorder

55.Previous fractures (not hip)

56.Previous hip fracture

57.Prostatic benign hypertrophy

58.Schizophrenia

59.Sleep apnoea

60.Chronic thyroid disease

61.Tuberculosis

62.Urinary tract stones (nephritic colic)

63.Varicose veins of lower extremities

64.Vertigo

Table 1  Continued

implications in that hospitalisation (as, for example, any 
drug intolerance or an excess drug poisoning).

Specific geriatric syndromes and risk factors (acute 
confusional syndrome/delirium, chronic pain, cogni-
tive/intellectual impairment, constipation, depression 
or anxiety, dysphagia, frailty, immobility, incontinence 
(urinary/faecal), instability/falls, malnutrition, polyphar-
macy, pressure ulcers, sensorial deficit, sleep disorders/
insomnia) are also recorded, as usual. Two of the depart-
ments systematically apply a recently developed scale for 
frailty,32 while the others consider clinical judgement 
(although based on the same variables).
c.	 Pharmacological: Number of chronic medications of 

the electronic prescribing at the time of admission 
and discharge, SS criteria detected on admission, ac-
tive principle involved, clinical decisions to modify 
the prescription associated with the PIP detected, SS 
criteria detected on discharge and the active princi-
ple involved in the PIP detected. Medication is only 

considered chronic if it has been prescribed, at least, 
3 months ago. Active principles were only considered 
separately, regardless of the combinations. Creams, 
ointments and healing material were not considered.

d.	ADRs identified both at the time of admission and 
during the course of admission: drug involved, type of 
ADR according to the Wills and Brown classification33 
(predictable, unpredictable, continuous or prolonged, 
with carcinogenic effect, rebound effect), start date if 
it appeared along stay in the hospital, consequenc-
es in terms of health (causes death, threatens life, 
lengthens the time of hospitalisation, other important 
consequences under medical criteria) and if they are 
resolved during admission or at discharge.

Pilot study
At the beginning of the recruitment, the first 10 admis-
sions per centre were selected to validate the data collec-
tion instruments and identify the problems that could 
arise during this stage. Then, relevant changes were made 
in the protocol and in the questionnaires.

Sampling and analysis
An estimated consecutive sample of 800 patients meeting 
the inclusion criteria are being selected, proportionally 
distributed to the volume of income of the medicine 
and/or geriatric services of each centre.

The sample size calculation was based on the indicator 
‘Prevalence of patients with PIP’. Taking into consider-
ation the variability of the prevalence for older patients in 
a published review,16 that ranged between 21% and 79% 
of cases fulfilling any STOPP/START criteria, estimation 
was based on a prevalence of PIP of 50% (which would 
provide the highest number of patients to include), an 
alpha risk of 5% and a power of 80%. Then, a minimum of 
400 patients would be required for estimation of the prev-
alence of PIP in the whole sample. In order to increase 
the statistical power of the bivariate and multivariate anal-
yses, and specifically the proposed cluster analysis, for 
which there is no sample calculation formula, and taking 
also into account the feasibility and possible difficulties 
of each centre and the funding of the project, the initial 
sample size was increased by 100%.

According to the objectives of the study, the following 
steps of data analysis will be performed:

The main descriptive indicators will be:
►► Number and percentage of patients with PIP, both on 

admission and at discharge.
►► Number and percentage of the STOPP-START criteria 

identified on admission and at discharge.
►► Number and percentage of polymedicated patients 

(≥5 chronic active principles).
►► Number and percentage distribution of chronic 

pathologies.
►► Number and percentage of geriatric syndromes and 

risk factors.
►► Number and percentage of the chronic pathologies 

that have motivated admission due to exacerbation.
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►► Number and percentage of patients with any ADR 
detected on or during admission.

b) The possible multimorbidity patterns will be iden-
tified using a cluster analysis algorithm, similar to that 
used by Marengoni et al.34 With that intention, diseases or 
syndromes with a very low prevalence will be excluded to 
avoid statistical noise and therefore spurious findings in 
the cluster solutions. To characterise the multimorbidity 
patterns corresponding to each cluster of individuals, the 
frequency of chronic diseases or syndromes in each cluster 
will be calculated. Observed/expected ratios will be calcu-
lated by dividing the prevalence of a given disease within 
a cluster by its prevalence in the overall population. The 
exclusivity of different diseases, defined as the fraction of 
participants with the disease included in the cluster over 
the total number of participants with the disease, will be 
also calculated.

c) To evaluate the relationship between multimorbidity 
and PIP, and to analyse the possible association between PIP 
and ADRs, a bivariate analysis will be carried out, where the 
variables will be treated quantitatively and/or categorically 
(number of morbidities, number of PIP or ADRs, patterns 
of morbidity, existence of PIP or ADRs, types of PIP or 
ADRs). Parametric or non-parametric tests will be applied 
according to the normal distribution of the PIP or ADRs 
number. In addition, ORs and their CI will be estimated 
at 95% among multimorbidity patterns, existence of PIP 
as well as between PIP and ADRs detected at the time of 
admission.

d) Finally, multiple regression and multilevel analysis 
techniques (where the levels would be the patient and 
the hospital) will be applied to adjust for other possible 
factors (such as age, sex, Barthel index or previous visits) 
statistically significant in the bivariate analysis or those 
clinically relevant, where the dependent variable, PIP 
or ADRs, according to objective, may be dichotomous 
or quantitative. The adjusted β coefficients and their 
95% CI, and the exponentials of β (OR) will be estimated 
according to whether it is a multiple linear regression or 
a generalised estimating equation model.

All analyses will be performed with R (R Foundation for 
Statistical Computing, Vienna, V.3.6.0) and SPSS (IBM 
Corp, V.25.0). First results are expected to be available by 
the end of 2019.

Patient and public involvement
Since this is an observational study with variables and 
outcomes related to the healthcare process, this research 
is being developed without patient involvement. Patients 
are not invited to comment on the study design and are 
not consulted to develop patient relevant outcomes or 
interpret the results.

Ethics and dissemination
All the personal data will be anonymised, assigning a code 
to each patient, exclusive of the study, so that they no 
longer relate to identifiable people.

The dissemination plan includes publication in peer-
reviewed journals of several disciplines such as internal 
medicine, geriatrics or public health, as well as research 
communications in some scientific conferences and mass 
media. Other kind of dissemination activities to clini-
cians, managers and policy makers will be done in the 
proper format.
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ABSTRACT
Objectives  To estimate the frequency of chronic 
conditions and geriatric syndromes in older patients 
admitted to hospital because of an exacerbation of their 
chronic conditions, and to identify multimorbidity clusters 
in these patients.
Design  Multicentre, prospective cohort study.
Setting  Internal medicine or geriatric services of five 
general teaching hospitals in Spain.
Participants  740 patients aged 65 and older, hospitalised 
because of an exacerbation of their chronic conditions 
between September 2016 and December 2018.
Primary and secondary outcome measures  Active 
chronic conditions and geriatric syndromes (including risk 
factors) of the patient, a score about clinical management 
of chronic conditions during admission, and destination 
at discharge were collected, among other variables. 
Multimorbidity patterns were identified using fuzzy c-
means cluster analysis, taking into account the clinical 
management score. Prevalence, observed/expected ratio 
and exclusivity of each chronic condition and geriatric 
syndrome were calculated for each cluster, and the 
final solution was approved after clinical revision and 
discussion among the research team.
Results  740 patients were included (mean age 84.12 
years, SD 7.01; 53.24% female). Almost all patients had 
two or more chronic conditions (98.65%; 95% CI 98.23% 
to 99.07%), the most frequent were hypertension (81.49%, 
95% CI 78.53% to 84.12%) and heart failure (59.86%, 
95% CI 56.29% to 63.34%). The most prevalent geriatric 
syndrome was polypharmacy (79.86%, 95% CI 76.82% 
to 82.60%). Four statistically and clinically significant 
multimorbidity clusters were identified: osteoarticular, 
psychogeriatric, cardiorespiratory and minor chronic 
disease. Patient-level variables such as sex, Barthel Index, 
number of chronic conditions or geriatric syndromes, 
chronic disease exacerbation 3 months prior to admission 
or destination at discharge differed between clusters.
Conclusions  In older patients admitted to hospital 
because of the exacerbation of chronic health problems, 
it is possible to define multimorbidity clusters using soft 
clustering techniques. These clusters are clinically relevant 
and could be the basis to reorganise healthcare circuits 
or processes to tackle the increasing number of older, 
multimorbid patients.

Trial registration number  NCT02830425.

BACKGROUND
According to the most recent Eurostat base-
line population projections, old-age depen-
dency ratio (population 65 years and over 
divided by population 15–64 years) is about 
32% in the European Union (EU) and it is 
expected to reach 52% in 2050, meaning 
that the EU’s population will continue to 
grow older.1 Together with the fact that 
chronic conditions (CC) are the main cause 
of disability and mortality in Europe, this 
implies that the coexistence of two or more 
chronic health conditions, which constitutes 
the classic definition of multimorbidity, is 
becoming increasingly common.2

Multimorbidity is therefore turning into 
an important challenge for the health system 
because of the expanding proportion of older 
people with multiple CC and treatments as 
well as the difficulties associated with their 
clinical management (CM).3 4 Most clinical 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The multimorbidity analysis in this study has been 
developed considering a wide range of long-term 
conditions that may require healthcare in older 
people.

	⇒ To the best of our knowledge, this is the first pub-
lished study of multimorbidity clusters in older pa-
tients to include chronic diseases weighted by a 
clinical management score and geriatric syndromes.

	⇒ Soft clustering is an innovative, methodologically ro-
bust technique that can lead to reliable results in the 
field of multimorbidity analysis.

	⇒ The list of chronic conditions and geriatric syn-
dromes used in this study is comprehensive but 
not standardised, thus hindering comparability with 
other studies.
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practice guidelines are focused on single diseases, with 
limited recommendations for multimorbid patients,5 and, 
in addition, randomised clinical trials often exclude older 
patients with multimorbidity.6 Despite the importance 
of multimorbidity in clinical practice, different criteria 
about which conditions should be considered and how 
to aggregate them are still under debate, which makes 
it difficult to compare different estimations around the 
world.7–9

One of the novel, increasingly widespread definitions 
of multimorbidity considers the non-spurious association 
of certain CC by sharing pathophysiological mechanisms, 
giving rise to disease association patterns.10 In order to 
identify those patterns, different statistical methodolo-
gies have been explored. Among these techniques, soft 
clustering allows to focus on patients rather than diag-
noses and is a useful method when there is a high overlap 
of diagnoses between patients, as it enables patients to 
belong to more than one multimorbidity pattern with a 
certain probability.11

Besides CC, other clinically relevant situations such 
as geriatric syndromes (GS) may also be considered in 
the definition of these patterns, since they might have a 
great impact on the health-related quality of life and CM 
of old patients.12 In fact, the purpose of multimorbidity 
characterisation (ie, predicting outcomes or use of health 
services, improving quality of care, organising healthcare 
services, etc), will have an influence on its definition. In 
order to have an accurate picture of the morbidity of each 
patient, a global consideration of all conditions that may 
require healthcare attention is necessary, even if they 
are not the reason for hospitalisation. Along these lines, 
some countries have explicitly recommended to acknowl-
edge all long-term conditions for optimising care of adult 
patients by reducing, for example, possible inappropriate 
treatments, multiple healthcare appointments or poor 
health-related quality of life.13–15

During the past decade, there has been an increasing 
amount of publications that consider multimorbidity,16 
but few have focused on multimorbidity patterns in older 
patients and even fewer take into account GS.17 For this 
reason, we launched a multicentre study in 2016 with 
multiple aims related to multimorbidity, appropriateness 
of chronic treatments and adverse drug reactions in older 
patients.18 The objectives of the present analyses were to 
estimate the frequency of CC and GS in older patients 
admitted to hospital because of an exacerbation of their 
CC, and to identify possible multimorbidity patterns in 
these patients.

METHODS
Design and setting
A multicentre, prospective cohort study including older 
patients hospitalised at the internal medicine or geri-
atric services at five general teaching hospitals in three 
different regions of Spain between September 2016 and 

December 2018 was designed. The detailed protocol was 
previously published.18

For the purposes of the study, older patients (≥65 
years old) admitted as a result of the exacerbation of 
their chronic pathology were included. Patients referred 
to home hospitalisation, admitted because of an acute 
process not related to any chronic disease or with a fatal 
outcome expected at the time of admission were not 
included.

No written informed consent was deemed necessary for 
this study.

Data acquisition and variables
The following sociodemographic and clinical data was 
retrieved by the clinical team responsible for the patient: 
patient’s code, date of birth, sex, functional status just 
before entering the hospital (Barthel Index),19 house-
hold (alone, with relatives or other people, in a nursing 
home), existence of any contact with healthcare services 
(primary care, emergencies, hospital admission, outpa-
tient care, home care) in the 3 months prior to hospi-
talisation due to exacerbation of any chronic disease, 
and destination at discharge from the present episode 
of hospitalisation (home, transfer to another hospital, 
transfer to a nursing home, exitus).

Active CC of the patient at arrival to hospital, including 
some risk factors, were collected (see online supplemental 
table 1). For this purpose, the physicians of the project 
defined, on a consensual basis, a limited list of 64 CC, 
coming from the 114 groups defined by Salisbury et al20 
and including the 19 categories of the Charlson Index.21 
Following the same criteria as Salisbury et al, a condition 
was considered to be chronic when it lasted for at least 6 
months, including past conditions that require ongoing 
disease or risk management, important conditions with 
a significant risk of recurrence, or past conditions that 
have continuing implications for patient management.20 
Drug-related conditions of this list refer to poor manage-
ment of medication related to a chronic disease that has 
clinical implications in that hospitalisation (such as any 
drug intolerance or an excess drug poisoning).

Additionally, for each of the CC, it was also recorded 
if they had required CM (both at admission and during 
hospitalisation) by assigning a (subjective) correlative 
score (CM=1, 2, 3…) to each one, according to their 
clinical importance during the attention process. Thus, 
CC that did not have any significance during hospitalisa-
tion, although recorded, had a score equal to zero. This 
correlative score was later used to compute a ratio to 
reflect the weight of each CC in each patient in the index 
hospitalisation.

Specific GS and risk factors (acute confusional 
syndrome/delirium, chronic pain, cognitive/intellec-
tual impairment, constipation, depression or anxiety, 
dysphagia, frailty, immobility, incontinence (urinary/
faecal), instability/falls, malnutrition, polypharmacy, 
pressure ulcers, sensorial deficit, sleep disorders/
insomnia) were also recorded. Two of the departments 
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systematically apply a recently developed scale for frailty,22 
while the others consider clinical judgement (although 
based on the same variables).

In order to address potential sources of bias, a pilot study 
was conducted with the first 10 admissions per centre to 
validate the data collection process and identify problems 
that could arise. After that, proper changes were made 
in the protocol and questionnaire. All available informa-
tion sources were consulted in order to register CC and 
GS, and the defined list was not closed. Nonetheless, the 
registration of CC and GS was based on clinical criteria.

Sampling and analysis
A consecutive sample of 740 patients meeting the inclu-
sion criteria were included, proportionally distributed 
to the annual volume of hospitalisations of the medi-
cine and/or geriatric services of each centre. The esti-
mated sample of 800 patients (see protocol18) could not 
be reached due to organisational reasons in one of the 
participating centres.

For the purposes of the analyses, some CC were grouped 
according to clinical criteria: Hemiplegia was included 
in cerebrovascular disease; metastatic solid tumour, 
leukaemia, lymphoma and any malignancy were grouped 
into ‘neoplasia’; hepatitis B and C were included in mild 
liver disease, and both congestive and non-congestive 
heart failure were grouped into ‘heart failure’. Other 
diseases were finally excluded of the analyses considering 
that they have no impact on acute healthcare (cataract, 
dermatitis, diverticular disease of the colon, glaucoma, 
haemorrhoids, other vascular diseases and prostatic 
benign hypertrophy). In the end, 51 CC and 15 GS were 
analysed.

The updated Charlson Comorbidity Index,23 age 
adjusted, was computed and categorised according to 
tertiles distribution.

Descriptive statistics were performed to assess patient 
clinical and sociodemographic characteristics and to 
obtain overall prevalence estimates of CC and GS, strat-
ified by sex. Multimorbidity was first defined as the pres-
ence of two or more CC. Cumulative number of CC and 
GS per patient were computed, respectively.

Multimorbidity patterns
CC or GS with a prevalence <2% were excluded to avoid 
statistical noise and therefore spurious findings in the 
cluster solutions, leaving a list of 40 CC and 15 GS. In 
order to take into account if a CC had required CM, a 
ratio variable (R) was computed as follows:

If CC=0 & CM=0 → R=0
If CC=1 & CM=m → R=1/m; max (m)=max value 

(CM)=8;
If CC=1 & CM=0 → R=0.1
Multimorbidity patterns were identified using the fuzzy 

c-means cluster analysis algorithm, which belongs to the 
family of soft clustering algorithms. The algorithm esti-
mates c cluster centres (similar to k-means) but with fuzz-
iness so that individuals may belong to more than one 

pattern. Through this technique, we obtained clusters of 
individuals and a membership matrix, which indicates 
the degree of participation of each subject in each cluster.

As a first step, and similarly to Violán et al,24 the PCAmix 
algorithm for categorical and continuous data (GS and R 
variables, respectively) was implemented to reduce and 
transform the dataset to all continuous data.25 To decide 
the number of retained dimensions, the Karlis-Saporta-
Spinaki rule was used.26 Then, a soft clustering algorithm 
was applied to fuzzily distribute the population into a set 
of clusters, corresponding to the different multimorbidity 
patterns. We computed three validation indices to obtain 
the optimal number of clusters (K) and the optimal value 
of the fuzziness parameter (m): the partition coefficient 
whose optimal choice for coefficient is at the maximum 
and the Xie-Beni and the partition entropy validation 
indices, whose optimal indices are at the minimum.27 
Considering the stochastic nature of the clusters, and the 
requirement of stable multimorbidity clusters, 100 inde-
pendent clustering repetitions were applied to obtain the 
stable final solution.

To describe each identified cluster of individuals, the 
prevalence of CC and GS in each one was calculated. 
Observed/expected (O/E) ratios were calculated by 
dividing the prevalence of a given disease within a cluster 
by its prevalence in the overall population. The exclusivity 
of CC and GS, defined as the fraction of patients with the 
disease in the cluster over the total number of patients 
with the disease, was also calculated. A CC or a GS was 
considered to be relevant in a given cluster of individuals 
when its O/E ratio was >1 and its exclusivity was >25%.28–30 
The statistical significant final solution ranged from 4 to 
8 clusters. After clinical revision and discussion among 
the research team, four different clusters were consid-
ered to be consistent with the clinical observations as well 
as the objective of the clustering. There is currently no 
consensus in the literature on the criteria used to select 
the number of clusters or the O/E ratio cut-off point due 
to, in part, the novelty of the analysis.

Finally, sociodemographic and clinical variables were 
described for all patients assigned to each cluster. Anal-
yses were performed using R V.3.6.0 and SPSS V.22.

Patient and public involvement
Since this was an observational study with variables and 
outcomes related to the healthcare process, this research 
was developed without patient involvement. Patients were 
not invited to comment on the study design and were not 
consulted to develop patient relevant outcomes or inter-
pret the results.

RESULTS
A total of 740 patients aged 65 years or older were 
included, with a mean age of 84.12 years (SD 7.01), a 
53.24% of females and a mean Barthel Index of 65.07 
(median 75). Sociodemographic and clinical variables 
are summarised in table  1. Almost all patients had two 
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or more CC (98.65%; 95% CI 98.23% to 99.07%), with 
a median of 8 CC and 6 GS per patient. Nearly 70% had 
consulted a healthcare service in the 3 months prior to 
hospitalisation due to chronic disease exacerbation.

Figure 1 shows the distribution of the number of CC 
by age groups. The most frequent CC were hyperten-
sion (81.49%, 95% CI 78.53% to 84.12%) and heart 
failure (59.86%, 95% CI 56.29% to 63.34%) (see online 

Table 1  Sociodemographic and clinical variables of the studied cohort

Sociodemographic and clinical variables N % 95% CI

Age <70 33 4.46 3.19 to 6.20

70–74 48 6.49 4.93 to 8.50

75–79 82 11.08 9.02 to 13.55

80–84 181 24.46 21.50 to 27.68

85–89 232 31.35 28.11 to 34.78

90–94 134 18.11 15.50 to 21.05

≥95 30 4.05 2.85 to 5.73

Sex Female 394 53.24 49.64 to 56.81

Male 346 46.76 43.19 to 50.36

Barthel Index <20 90 12.16 10.00 to 14.71

20–35 76 10.27 8.28 to 12.67

40–55 124 16.76 14.24 to 19.62

60–95 294 39.73 36.27 to 43.30

100 156 21.08 18.30 to 24.17

Age adjusted, updated Charlson 
Comorbidity Index

2–5 148 20.00 17.28 to 23.03

6–8 411 55.54 51.94 to 59.08

9–14 181 24.46 21.50 to 27.68

Household With relatives/other people 523 70.68 67.30 to 73.84

Nursing home 95 12.84 10.62 to 15.44

Alone 122 16.49 13.99 to 19.33

Chronic disease exacerbation
3 months prior to admission

No 225 30.41 27.20 to 33.81

Yes (total) 515 69.59 66.19 to 72.80

 � Primary care 342 46.22 42.65 to 49.82

 � Emergencies 263 35.54 32.17 to 39.06

 � Hospital admission 193 26.08 23.05 to 29.36

 � Outpatient care 8 1.08 0.55 to 2.12

 � Home care 14 1.89 1.13 to 3.15

Conditions requiring clinical 
management

1 302 40.81 37.36 to 44.39

2 216 29.19 26.03 to 32.57

3 106 14.32 11.98 to 17.03

4 72 9.73 7.80 to 12.08

5 28 3.78 2.63 to 5.41

6 13 1.76 1.03 to 2.98

7 2 0.27 0.07 to 0.98

8 1 0.14 0.007 to 0.76

Destination at discharge Home 468 63.24 59.71 to 66.64

Nursing home 105 14.19 11.86 to 16.89

Another hospital 101 13.65 11.36 to 16.31

Exitus 66 8.92 7.07 to 11.19

Multimorbidity No 10 1.35 1.35 to 1.36

Yes 730 98.65 98.23 to 99.07
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supplemental table 2). Heart failure was also the main 
cause of hospitalisation (30.7% of patients had CM 
score=1), followed by chronic obstructive pulmonary 
disease (COPD) (20.7%) (online supplemental table 3).

There were some differences in CC between sexes, with 
females having more frequently heart failure, degener-
ative arthropathy, obesity, hip fracture, thyroid disease, 
asthma, osteoporosis, vertigo and non-schizophrenic 
mental disorders. Males, in turn, had more frequently 
COPD, gout, neoplasia, peripheral arteriopathy and 
ulcerative disease.

The most prevalent GS was polypharmacy (79.86%, 
95% CI 76.82% to 82.60%), followed by frailty (61.76%, 
95% CI 58.20% to 65.19%). Females had a significantly 
higher number of GS compared with males (Wilcoxon 
rank sum test, p<0.001), as well as a higher prevalence 
of depression/anxiety, chronic pain, constipation, frailty, 
urinary/faecal incontinence and immobility.

Four statistically and clinically significant multimor-
bidity clusters or patterns were identified in our study 
population. For all clusters, CC and GS with an observed/
expected ratio >1 and exclusivity >25% are represented in 
figure 2 (see also online supplemental table 4) for all CC 
and GS). Sociodemographic and clinical characteristics 
of patients in each cluster are described in table 2.

The first cluster, named osteoarticular, included 132 
patients (17.8%) having osteoporosis, fractures, inflam-
matory osteoarticular disease, chronic pain and degen-
erative arthropathy. Moreover, vertigo, sleep apnoea, 
asthma, depression/anxiety and sleep disorders were also 
over-represented. This cluster included patients with the 
highest number of both CC and GS. About three-quarters 
were female, and most of them (82%) accessed health-
care services 3 months prior to this admission.

Cluster 2, called psychogeriatric, had 152 patients 
(20.7%) and included mostly GS: pressure ulcers, immo-
bility, malnutrition, cognitive impairment, dementia, 

incontinence and frailty. Patients in this group had a 
mean Barthel index lower than 50 and a high number 
of GS. Furthermore, nearly 20% of them were living in a 
nursing home and in-hospital mortality was about 13%.

Cluster 3, named minor chronic disease, had 179 
(24.2%) patients, and represents a group of patients 
with a variety of conditions, such as hypertension, dyslipi-
daemia, anaemia, gout, chronic renal insufficiency, poly-
pharmacy, non-ischaemic heart disease, and diverse GS. 
O/E ratios were close to 1 in most cases.

Finally, cluster 4, called cardiorespiratory, included 
276 (37.3%) patients. The over-represented diagnoses 
were COPD, heart failure and cardiac arrhythmia, 
although the O/E ratios were very low. In this cluster, 
with the lowest number of CC and GS, and a Barthel 
index greater than 75, nearly 40% had no healthcare 
consultation for a chronic disease exacerbation in the 
previous 3 months. This group had the lowest in-hos-
pital mortality (5%).

Figure 1  Distribution of the number of chronic conditions 
(excluding the following risk factors: hypertension, 
dyslipidaemia, obesity, osteoporosis and drug-related 
conditions) in relation to age groups.

Figure 2  Observed/expected (O/E) ratio and prevalence of 
chronic conditions and geriatric syndromes/risk factors per 
multimorbidity cluster. Conditions with exclusivity >25% and 
O/E ratios >1 in each cluster are represented. Conditions are 
ordered by O/E ratio and from cluster 1 to 4. COPD, chronic 
obstructive pulmonary disease.
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DISCUSSION
This study aimed to identify multimorbidity patterns in 
patients aged 65 and above admitted to hospital because 
of an exacerbation of CC. The soft clustering technique 
used, together with clinical criteria, was able to identify 
four different multimorbidity patterns, named osteo-
articular, psychogeriatric, cardiorespiratory and minor 
chronic disease, in a patient-centred approach taking 
into account the importance of each disease in hospital 
management. Remarkably, high chronic multimorbidity 
was found in all patients, regardless of the cluster. To the 
best of our knowledge, this is the only study published to 
date that has analysed multimorbidity patterns taking into 
account both CC (with their weight during CM) and GS 
in this type of patients. Hence, these identified patterns 
allow us to take a further step towards understanding the 
patients’ current or future healthcare needs.

Two very important aspects of multimorbidity 
patterns analysis are the purpose for designing such 
patterns and the target population, which clearly 
condition the obtained results or conclusions. For 
instance, our aim in defining multimorbidity patterns 
in this cohort was to identify profiles of patients with 
similar clinical needs during the index hospitalisation 
and even a similar short-term prognosis at that time. 
For this reason, the importance of their pathologies 
in the course of hospitalisation was also taken into 
account. Hence, the ones that tend to have a minimal 
impact on CM, such as risk factors like hypertension 
or dyslipidaemia did not have a leading role in the 
patterns.

All clusters contain coherent groups of conditions 
that are mostly pathophysiologically related. From the 
clinical point of view, these clusters resemble patient 
profiles that are intuitively perceived. Moreover, some 
descriptive variables such as sex, Barthel Index, mean 
number of CC or GS, chronic pathology exacerba-
tions in previous months, or hospital mortality, are 
distributed in such a way that they may reinforce the 
distinction of these groups.

Coexistence of CC and GS was observed in all clus-
ters except for the cardiorespiratory, reinforcing the 
need to consider other clinically relevant situations 
rather than only CC. In particular, the exclusivity and 
prevalence of GS such as immobility, malnutrition, 
cognitive impairment or dementia were considerable 
in the psychogeriatric cluster.

Interestingly, highly prevalent CC, such as heart failure 
and COPD, which also frequently involve CM, only showed 
remarkable exclusivity and O/E ratio in the cardiorespi-
ratory pattern and were not over-represented elsewhere. 
This highlights the fact that even though some CC may 
not be over-represented in a cluster, they can have a high 
prevalence and therefore need to be properly addressed 
too.

With respect to the osteoarticular cluster, it displayed 
a pattern of female predominance, with many CC and 
GS, high healthcare needs in recent months due to their 

chronic pathology, and high in-hospital mortality. Thus, 
this profile would identify a group of patients with a high 
probability of decompensation and death.

Finally, the so-called minor chronic diseases cluster 
was not very well defined. It included some risk factors 
(hypertension, dyslipidaemia, polypharmacy) as well as 
some CC and GS. Thus, it would be possible that it does 
not represent a real cluster but either the set of cases that 
did not belong anywhere else.

Comparison with other studies
Given the type of patients under study and the method-
ological approach to identify multimorbidity patterns, 
there are few publications to directly compare our 
results to. Clerencia-Sierra et al17 analysed multimorbidity 
patterns in hospitalised older patients. Their method-
ological and analytical approach was slightly different, 
and they did not take into account the weight of the 
diseases during the hospitalisation process; however, they 
found a similar percentage of multimorbidity (99.7%) 
and four patterns that partially coincide with those of 
our study: cardiovascular, induced-dependency, falls and 
osteoarticular.

Furthermore, several authors have published data on 
patterns identified from primary care electronic records 
in different age groups, with lists of non-comparable 
chronic problems and using different techniques (cluster 
analysis, exploratory factor analysis or latent class anal-
ysis).17 29–34 These results would not be directly compa-
rable with our study, but all of them highlight the ability 
to identify association patterns of chronic diseases.

Strengths and limitations
The strengths of this study are the prospective design, 
ensuring data quality by thorough record keeping, the 
ascertainment of all CC and GS of the patient, as well as 
the use of a novel clustering technique. Soft clustering 
is a methodologically robust technique less susceptible 
to outliers in the data, choice of distance measure and 
the inclusion of inappropriate or irrelevant variables.24 
Besides, our approach focuses beyond organ diseases 
by incorporating GS, and using a comprehensive list 
retrieved by the clinical team. Additionally, we have taken 
into account the relative importance of the different CC 
in the CM of the patient during hospitalisation, thus 
providing a better picture of the possible complexity and 
needs during hospitalisation.

Furthermore, our work is not only limited to the iden-
tification of possible patterns. We have validated them, 
in some way, by analysing some of the patients’ variables 
such as sex, number of CC, previous contacts with the 
health system, hospital mortality or need for a nursing 
home.

Nonetheless, our study presents some limitations that 
need to be considered. First, the identification of chronic 
pathologies does not exclusively follow a validated list of 
codes but either an adaptation of different ones, a fact 
that could hinder comparability with other studies on 
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multimorbidity. Second, as this study is not longitudinal, 
the chronology in which CC or GS appear cannot be anal-
ysed. It is possible for a patient to evolve from one pattern 
to another throughout life, as some authors have already 
pointed out,35 and therefore, the results only show the 
present situation. However, given the purpose of the 
defined patterns, this would not in itself be a limitation.

From a clinical point of view, the lack of usage of stan-
dard scales or diagnostic criteria for determining all CC 
or GS could question the validity of this information. 
However, the study gathered the data as it was routinely 
registered in the different departments. Frailty should 
derive from a comprehensive assessment of the patient 
in a standardised way that still lacks of systematic imple-
mentation in the healthcare routine.36 Nevertheless, our 
multimorbidity study wanted to go a little further, also 
considering GS (frailty included), an unusual fact in 
the bibliography on clusters of multimorbidity in older 
patients in spite of its importance for decision making in 
the clinical practice.

The clinical conditions severity or other possible aggra-
vating factors have neither been gathered. Nevertheless, 
the registration of a variable that takes into account the 
relevance of each CC during the care process acts, in 
some way, as a proxy of the importance of each disease 
in the index hospitalisation when dealing with patients 
admitted because of decompensation. Considering the 
purpose of defining the patterns in the whole study, and 
not knowing useful precedents in the consulted bibliog-
raphy, the assignment made by the medical professional 
who attended the patient was an easy, simple measure, 
and shared by all professionals at the time of writing the 
clinical course.

Clinical implications
These patterns are not a picture of the community but 
of older patients in geriatric or internal medicine depart-
ments, which are generally in more need of health services 
and more complex CM. However, not all of these patients 
have the same requirements. In fact, one in five patients 
(the psychogeriatric cluster) caused a great burden to 
both the patient and their relatives while the patients in 
the most frequent cluster (cardiorespiratory), with lower 
dependency and less GS, seemed to have better imme-
diate outcome. Therefore, it is possible that the thera-
peutic objectives should be different in these patients. 
More importantly, the ability to distinguish patients more 
objectively than with the mere clinical impression may 
allow the design of better processes, services or alterna-
tives to conventional hospitalisation. Indeed, the iden-
tification of multimorbidity patterns in subsets of the 
population in order to detect underlying factors, under-
stand their burden on patients and develop preventive 
strategies is considered a research priority. Finally, the 
development of clinical practice guidelines according to 
these patterns needs to be considered, although it may be 
difficult given the magnitude of the diseases comprised in 
each pattern.4 14 In addition, some patterns may include 

patients with an increased risk of potentially inappro-
priate prescription or adverse drug reactions. These 
aspects will be the object of future analyses.

CONCLUSIONS
In conclusion, in older patients admitted to hospital 
because of the exacerbation of chronic health problems, 
it is possible to define multimorbidity clusters or patterns 
using appropriate statistical techniques. These patterns 
seem clinically coherent and could be the basis to reorga-
nise circuits, processes or healthcare models to tackle the 
increasing number of older, multimorbid patients.
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