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Abstract

Background: With rising longevity, multimorbidity is an increasingly important challenge for healthcare systems. We describe trends in the
prevalence and incidence of multimorbidity across socioeconomic groups in Catalonia.

Methods: We use a random sample of 1551 126 individuals (22% of the Catalan population, for whom we have the complete primary care
health records) and follow them from 2010 until 2021. We document the age- and sex-specific prevalence and incidence of multimorbidity strati-
fying by income groups and birth cohorts. Logistic regression models are used to estimate the association between multimorbidity
and mortality.

Results: Between 2010 and 2021, the prevalence of multimorbidity, higher among women, has increased for both sexes and all cohorts in our
analysis. Importantly, each cohort attains the same ages, with higher multimorbidity prevalence than their predecessors had 10 years ago. Older
generations are mostly affected by degenerative diseases, while younger age groups are more affected by mental health problems. Incidence
tends to be higher among the older cohorts across all adult ages. We observe a strong socioeconomic gradient, with lower-income individuals
experiencing worse multimorbidity prevalence and incidence. Such a gradient is persistent and becomes more pronounced at the end of the
study period. Across all age groups, individuals experiencing multimorbidity have a higher risk of dying than those who do not.

Conclusion: The documented increases in multimorbidity alongside its socioeconomic gradients suggest that preventive strategies are urgently
needed to defer or prevent its onset and slow its progression—especially among younger generations.
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Key Messages

* This paper describes the multimorbidity prevalence and incidence trends across socioeconomic groups between 2010 and 2021 by
using the “Health Inequalities” cohort dataset—a representative sample covering 22% of the Catalan population in 2005 that is linked to
mortality registers.

* We found evidence of worsening health across the cohorts, with a higher prevalence of multimorbidity in younger cohorts at equivalent
ages and a strong socioeconomic gradient.

¢ QOur findings highlight significant challenges for future healthcare systems, but they also provide evidence that investing in improving
individuals' living conditions and other social determinants of health, through efficient and equitable policies, can have an impact in preventing
or delaying the onset of multimorbidity and slowing its progression to more severe stages and death.

early retirement [5]. In this regard, it is extremely important
to understand the disease-specific composition of multimor-
bidity and how it varies over time across cohorts and socio-
economic groups [6].

Multimorbidity assessments are sensitive to the list of dis-
eases and the source of data used in the analyses (e.g. health

Introduction

Multimorbidity (i.e. the coexistence of two or more chronic
conditions for the same individual) is one of the major chal-
lenges in the provision and structure of healthcare systems,
particularly in low-mortality countries [1]. In a context of ris-

ing life expectancy, it is increasingly likely that individuals
will develop different chronic conditions as they survive to
higher ages—an issue that can impose an individual and col-
lective burden given its association with a set of factors, in-
cluding higher healthcare utilization, mortality risks [2-4], or

register data, medical prescriptions, health surveys) [7, 8].
Irrespective of the followed approach, previous studies sug-
gest that multimorbidity has increased over the last decades
in low-mortality settings, including Scotland, Sweden, the
USA, and the UK [1, 9-11]. Some of these studies often
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identify a clear socioeconomic gradient, whereby lower-
socioeconomic-status (SES) groups tend to experience higher
multimorbidity when using both area-level SES indicators
[1, 12, 13] and individual-level indicators [13-15].
Additionally, empirical evidence links multimorbidity to
higher mortality risks, but such an association varies consid-
erably by space, time, cohort, and multimorbidity type [1, 4].

In Spain, one of the most longevous countries in the world,
the evidence on patterns of multimorbidity by SES based on
exhaustive register data is scarce and mostly limited to a few
region-specific studies assessing area-level inequalities [16, 17].
Some other studies have used socioeconomic variables as a
control, without being the main focus of the analysis [18, 19].
In addition, most of these studies adopted a cross-sectional ap-
proach, limiting our understanding of multimorbidity over
time. A recent longitudinal study investigated (multi-)morbid-
ity trajectories in a region within Spain, but only examined the
trajectories of those who died [20].

Using medical records from Catalonia’s public health sys-
tem (a Spanish region with ~8 million inhabitants and with
high life expectancy), we adopted a birth cohort perspective
with three main objectives. First, we explore the multimor-
bidity prevalence and incidence trends between 2010 and
2021. Second, we describe the multimorbidity prevalence and
incidence socioeconomic gradients. Finally, we assess the
mortality risks associated with multimorbidity.

Methods
Data sources

We used the “Health Inequalities” (HEALIN) cohort [21]—a
population-based dataset drawing on primary care and hos-
pital record diagnostics for a random sample of 1551126
individuals (accounting for 22% of the Catalan population)
who were followed up from 2005 to 2021. This sample was
representative in terms of age, sex, and geographical distribu-
tion. All data within the HEALIN cohort are anonymized
and comply with Spanish regulations regarding observational
studies. We used primary care diagnostics and all-cause mor-
tality information. The list of 401 diseases considered in the
database is shown in Supplementary Table 1. Follow-up ter-
minations may have occurred due to death or change of resi-
dence after 2005.

To minimize biases that might have arisen from lack of in-
formation before 2005, a S-year washout period (2005-9)
was used, setting the observation window from 2010 to
2021. Employing a washout period has minimized the overes-
timation of prevalent cases in truncated registers [22]. Only
those individuals without diagnoses during the washout were
considered to have been disease-free in 2010. The results ex-
clude those born before 1930 and between 2000 and 2004
due to small cohort sizes resulting in volatile results.

Population characteristics

Among the >1.5 million individuals included in the 2005
sample, 50.3% were women and 65.7% resided in the region
including the capital city of Barcelona. In the same year, the
mean age was 42.3 years for women and 39.1 years for men.
In addition to demographic characteristics, we used data
on pharmacy copayment to derive individuals’ income levels
(measured in three brackets: <€18000 per year, between
€18000 and €100000 per year, and >€100000 per year) for
those who were part of the active population (retired individuals,
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long-term unemployed, or those disabled due to health reasons
were not included in this classification). This information was
only available from 2014 onwards. In 2014, 66.2% of individu-
als belonged to the lower-income group, 32.8% to the middle-
income group, and 1.0% to the higher-income group.

Definition of multimorbidity

We used two alternative definitions of multimorbidity, which
allowed a more nuanced description of populations’ health.
“Basic multimorbidity” was defined as the co-occurrence of
two or more chronic diseases. “Complex multimorbidity”
was defined as the occurrence of three or more chronic dis-
eases from the same list affecting at least three different body
systems simultaneously. In both cases, individuals were con-
sidered to have the disease whenever they received a diagno-
sis. Furthermore, we assessed the sensitivity of our estimates
by using the diseases found simultaneously in the HEALIN
cohort and in a recent previous study [1].

Statistical analysis

Standard descriptive statistics are used to describe the multi-
morbidity trends, which are disaggregated by birth cohort (e.
g. 1930-39, ..., 1990-99), sex, age, and income group.
Prevalence is defined as the ratio between the number of indi-
viduals complying with the corresponding definition of multi-
morbidity for a specific year and the number of persons alive
in that year. Supplementary Fig. 1 illustrates how the multi-
morbidity prevalence was calculated across ages for different
cohorts. The incidence was calculated based on the individu-
als who transitioned to “multimorbidity” (basic or complex)
in a specific year. The denominator encompassed all individu-
als alive in the same year who had not experienced the transi-
tion to multimorbidity in previous years. The age at
multimorbidity onset was determined by the first year in
which individuals met the corresponding definition of multi-
morbidity. Finally, we ran logistic regression models with all-
cause mortality as the dependent variable and multimorbidity
prevalence adjusted for year, region, and cohort as indepen-
dent variables, separately by gender.

Results

Fig. 1 shows the trends in basic and complex multimorbidity
prevalence by age and sex between 2010 and 2021 for seven
cohorts born between 1930 and 1999 (given the large sample
size, the confidence intervals are very narrow, so they are not
shown here). The prevalence of basic and complex multimor-
bidity increased steadily during the study period for women
and men—except for the older cohort, which exhibited an
inverted U trend. Older individuals experienced higher levels
of basic and complex multimorbidity, while, among younger
cohorts, the prevalence was lower but increased at a fast pace
over time. Overall, the disease-accumulation trajectories
among the different cohorts shown in Fig. 1 were S-shaped,
with fast increases at young and adult ages, slowing down at
older ages.

The intensity of health decline with age appeared to vary
by birth cohort. Interestingly, at a given age, the multimor-
bidity prevalence was higher among younger cohorts for ba-
sic and complex multimorbidity, both for women and for
men. For instance, the prevalence of basic multimorbidity
among women born between 1980 and 1989 was 37% when
they reached the age of 31 years, but this prevalence
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Figure 1. Trends in multimorbidity prevalence by age groups/cohorts (women and men separately) between 2010 and 2021. Source: Authors’ elaboration

based on the HEALIN cohort database.

increased to 47% among women who were born one decade
later (i.e. between 1990 and 1999) when they reached the
same age. Our findings indicate that the median age at basic
multimorbidity onset decreased between 2010 and 2021,
from 47 to 45 years among women and from 48 to 45 among
men (see Supplementary Fig. 2), and similar findings were ob-
served for complex multimorbidity.

Table 1 shows the prevalence in 2021 of large groups of
diseases (classified by International Statistical Classification
of Diseases and Related Health Problems, 10th Revision
chapters) for the cohorts shown in Fig. 1. Older generations
(e.g. those individuals born between 1930 and 1939) had a
relatively higher prevalence for most diseases, including en-
docrine, nutritional, and metabolic diseases, and circulatory
and musculoskeletal systems (i.e. with prevalence levels typi-
cally >50%). Younger cohorts were strongly affected by
mental health disorders (with prevalence levels of 27% and
21% for women and men, respectively), which was the most-
diagnosed group of diseases among this cohort after diseases
of the musculoskeletal system (39% and 34 %, respectively).

Fig. 2 documents the levels and trends in basic and com-
plex multimorbidity for women and men born between 1960
and 1979 by income levels, which were always higher among
women than among men across all years and income groups.
The lowest-income group exhibited a higher prevalence of
basic and complex multimorbidity than the middle- and, es-
pecially, the higher-income groups. The basic multimorbidity
for low-income individuals went from 60% to 78% between
2014 and 2021 among women and from 48% to 70% among
men. Similar trends, but with lower levels, were observed
among high-income individuals (increasing from 26% to
41% among women and from 17% to 32% among men). As
regards complex multimorbidity, its prevalence increased
across all income groups, but at different rates. While it in-
creased vigorously from 34% in 2014 to 57% in 2021 among

low-income women (and from 22% to 45% among men), it
only increased from 10% to 21% among their high-income
counterparts (and from 6% to 15% among men).

There is a clear gradient in the incidence of basic and com-
plex multimorbidity across cohorts by age and sex (Fig. 3),
whereby older cohorts tend to experience higher multimor-
bidity incidence than younger cohorts. Among those born be-
tween 1990 and 1999, the incidence of basic multimorbidity
hovered at ~10 per 100 individuals, while, for those born be-
tween 1930 and 1939, it was at least twice as high. For com-
plex multimorbidity, the incidence moved from ~2 per 100
among the youngest cohort to ~8 per 100 among the oldest
cohort. Overall, the incidence of multimorbidity tends to be
higher among women compared with among men. The shape
of the different multimorbidity incidence curves by age varied
across cohorts: it looked to be increasing over age for youn-
ger cohorts, was inversely U-shaped for many cohorts, and
was declining for the older cohorts (see Fig. 3).

The main patterns shown in Figs 1 and 3 regarding the
prevalence and incidence of multimorbidity across birth
cohorts are robust to alternative specifications of basic and
complex multimorbidity when employing the conditions in
our dataset that are also included in recent studies [1] (see
Supplementary Figs S3 and S4).

The SES gradient is observed again in the multimorbidity
incidence between 2014 and 2021 (Fig. 4). Lower-income
groups experienced higher multimorbidity incidence than
their higher-income counterparts for all years between 2014
and 2021—for both basic and complex multimorbidity, and
for women and men alike.

Conducting logistic regressions for each cohort of birth in
our study (adjusted for year, cohort, and region) separately
for women and men, we found that those individuals
experiencing complex multimorbidity had higher risks of dy-
ing than those individuals not experiencing multimorbidity
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Table 1. Prevalence of diseases grouped by International Statistical Classification of Diseases and Related Health Problems, 10th Revision chapters by

sex for different cohorts in 2021.

Women
1930-39 1940-49 1950-59 1960-69 1970-79 1980-89 1990-99
Chapter I 2.79 2.26 1.50 1.02 0.49 0.27 0.08
Chapter II 17.04 14.60 10.68 6.57 2.91 1.05 0.43
Chapter I 24.59 14.29 10.57 15.03 14.20 10.63 9.03
Chapter IV 60.12 64.15 57.51 40.55 24.51 18.22 15.51
Chapter V 45.78 42.25 44.17 43.73 39.21 36.40 27.40
Chapter VI 20.88 19.22 18.54 17.83 13.60 10.93 8.51
Chapter VII 25.64 22.19 13.87 8.18 4.15 2.45 4.02
Chapter VIII 29.00 24.08 18.08 13.17 9.12 6.57 4.40
Chapter IX 73.59 66.48 50.16 34.10 23.34 19.72 19.35
Chapter X 11.22 10.21 8.26 5.99 4.86 4.44 5.16
Chapter XI 17.50 18.53 14.88 8.72 3.58 1.90 1.04
Chapter XII 3.94 1.21 0.56 0.37 0.20 0.11 0.07
Chapter XIII 75.13 75.72 70.57 62.40 56.77 50.59 39.31
Chapter XIV 29.70 14.78 6.16 3.29 1.76 0.83 0.31
Men
1930-39 1940-49 1950-59 1960-69 1970-79 1980-89 1990-99

Chapter I 2.18 2.00 1.67 1.77 0.91 0.44 0.12
Chapter II 27.46 21.85 11.24 3.99 1.37 0.72 0.42
Chapter III 23.82 14.73 7.09 3.56 2.01 1.49 2.04
Chapter IV 53.15 58.77 51.63 36.77 21.47 11.23 10.91
Chapter V 33.68 33.22 34.58 33.45 29.98 28.69 20.72
Chapter VI 17.74 14.69 11.01 8.09 5.98 4.76 4.51
Chapter VII 24.41 20.48 12.15 6.67 3.10 1.63 2.93
Chapter VIII 24.51 20.99 14.82 9.10 5.95 4.10 2.81
Chapter IX 71.94 67.67 52.34 33.25 18.73 14.35 15.08
Chapter X 18.34 15.78 10.22 5.44 3.82 3.58 5.56
Chapter XI 16.45 18.43 15.51 9.66 4.71 2.39 1.03
Chapter XII 2.93 1.28 0.71 0.40 0.22 0.10 0.06
Chapter XIII 66.10 66.71 59.97 52.12 45.14 39.89 34.23
Chapter XIV 55.54 52.58 33.44 13.53 3.75 1.33 0.58

Chapter I: Certain infectious and parasitic diseases; Chapter II: Neoplasms; Chapter III: Diseases of the blood and blood-forming organs and certain
disorders involving the immune mechanism; Chapter IV: Endocrine, nutritional and metabolic diseases; Chapter V: Mental and behavioural disorders;
Chapter VI: Diseases of the nervous system; Chapter VII: Diseases of the eye and adnexa; Chapter VIII: Diseases of the ear and mastoid process; Chapter IX:
Diseases of the circulatory system; Chapter X: Diseases of the respiratory system; Chapter XI: Diseases of the digestive system; Chapter XII: Diseases of the
skin and subcutaneous tissue; Chapter XIII: Diseases of the musculoskeletal system and connective tissue; Chapter XIV: Diseases of the genitourinary system.

Source: Authors’ elaboration based on the HEALIN cohort database.

(Fig. 5 and Supplementary Table S2). For instance, for the
1990-99 birth cohort, the relative risk for women was 3.67
[95% confidence interval (CI) 2.30, 5.86] and 4.39 (95% CI
3.03, 6.35) for men, while, for the 1930-39 birth cohort,
such relative risks were 1.30 (95% CI 1.15, 1.46) and 1.35
(95% CI 1.22, 1.49), respectively. In addition, individuals
experiencing complex multimorbidity had higher risks of dy-
ing than those who only experienced basic multimorbidity.
Among older cohorts, experiencing basic multimorbidity was
associated with lower mortality risks.

Discussion

In this study, we have documented the patterns of multimor-
bidity in Catalonia between 2010 and 2021. We observed no-
table increases in the prevalence of multimorbidity across “all’
generations, not only the older age groups. In addition, the
prevalence of multimorbidity was higher among women. As
expected, the health profiles of multimorbid individuals dif-
fered considerably across cohorts. While older multimorbid
individuals were often affected by degenerative diseases or
diseases affecting a more variegated set of body systems (such
as hypertension, urinary incontinence, or osteoarthritis), the
younger people were more strongly affected by mental health

disorders. The heterogeneity in multimorbidity profiles is im-
portant because, under its label, there are distinct epidemio-
logical characteristics with specific risk factors, each
requiring tailored prevention and management policies.

Inspecting the patterns of disease accumulation by age
through the levels of multimorbidity prevalence across
cohorts, we observed that they followed an S-shaped trajec-
tory (see Fig. 1). Importantly, (i) each cohort reached a cer-
tain age with higher cumulative multimorbidity than did the
preceding generation some years before (a trend aligned with
recent studies in other countries [9-11, 22-26] and this has
been referred to as a “generational health drift” [27] and (ii)
young cohorts were already in a quickly expanding phase of
multimorbidity, with fast increases in short time periods.
These findings point towards an important health policy goal
to flatten the disease-accumulation curves—especially among
younger generations, for which there is more room for
improvement.

The finding that nearly 50% of women belonging to the
younger generation (i.e. those born between 1990 and 1999)
complied with the definition of basic multimorbidity in 2021
is a matter of concern. Beyond dorsalgia (the most prevalent
condition across all generations), the main cause of this high
prevalence was mental health, which is an increasingly
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Figure 2. Prevalence of basic and complex multimorbidity across SES groups by age/cohort and sex between 2014 and 2021. Source: Authors’
elaboration based on the HEALIN cohort database.
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Figure 3. Multimorbidity incidence by cohort and sex, according to basic and complex multimorbidity. Source: Authors’ elaboration based on the HEALIN
cohort database.

prominent public health concern that has been on the rise increased since the outbreak of COVID-19 [29] and which,
during the last decades. Importantly, Spain is among the unfortunately, affects many other age groups as well (i.e. not
world countries with the highest prescription levels of benzo- only the youngest generation). Policies aiming at addressing
diazepine and other sedatives [28]—a trend that has greatly  this important issue should receive the highest priority.
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Authors’ elaboration based on the HEALIN cohort database.

Key to our findings are the large and widening socioeco-
nomic differentials in multimorbidity measures that have
been identified both for women and for men. These findings
are consistent with those reported in previous studies docu-
menting diverging trends in health outcomes across SES
groups (with higher-SES individuals systematically outper-
forming lower-SES people [1, 30, 31]). The results we ob-
served across generations, SES groups, and over time suggest
that increasing multimorbidity trends are likely to continue in
the coming years. In turn, differences across SES groups sug-
gest that multimorbidity is not solely a matter of age, indicat-
ing that public health policies targeting social determinants of

health could help delay or prevent the onset of certain dis-
eases [32]. Likewise, delaying or preventing the transition
from basic to complex multimorbidity should be an impor-
tant health policy goal to reduce the burden associated with
individuals’ severe health deterioration.

An important strength of our study was the possibility of
documenting multimorbidity patterns directly by using the of-
ficial medical records for the whole population of Catalonia
through a huge representative sample of >1.5 million (22% of
the entire population). In this way, the estimates were very reli-
able and allowed the possibility of conducting highly detailed
analyses. Another strength of our study was the possibility of
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linking multimorbidity with mortality information at the pop-
ulation level, which is quite uncommon outside Scandinavian
countries [33]. Our findings underscore the distinct association
with mortality risk depending on the definition of multimor-
bidity—thus enabling a more nuanced characterization of pop-
ulation health profiles.

It is difficult to ascertain whether the increases in multi-
morbidity documented in this study were attributable to
“true changes” in the underlying distribution of health, to a
growing tendency towards overdiagnosis among health pro-
fessionals [34], or to changes in individuals’ health-seeking
behavior. In turn, such behavior might have been influenced
by public health prevention programs, such as screening cam-
paigns promoting the purported benefits of early diagnoses.
Additionally, technological improvements (e.g. artificial
intelligence-aided diagnostic software) could have facilitated
very early diagnoses that might have helped in delaying the
progression of diseases to more severe stages. Unfortunately,
with the data used in our analyses, it was not possible to sin-
gle out the influence of these factors separately.

Our findings on increasing multimorbidity prevalence over
time indicate an increasing demand on public health care, es-
pecially among younger generations—a result that aligns
with those of previous longitudinal cohort and other studies
[1, 9-11, 23]. Investigating the risk factors explaining such
disease-accumulation trajectories should be the focus of fu-
ture work to find effective prevention strategies.

This study comes with several limitations. First, as we
tracked a representative sample of the Catalan population
from 2005 onwards, we lacked information on the health
profiles of these individuals prior to the beginning of our ob-
servation period. For this reason, we implemented a 5-year
washout period (2005-9), which should have improved the
accuracy of our prevalence and incidence estimates.

Second, the proxy we used to estimate individuals’ SES sta-
tus had a broad middle-income interval, and the top-income
interval only included a small minority of highly selected indi-
viduals. Additionally, when inspecting SES health differen-
tials, we had to restrict our attention to the age range
between 30 and 60 years so as to include individuals who
had completed their education and had not reached the aver-
age retirement age in Spain (62 years in 2022). Despite these
limitations, we have been able to identify a clear SES gradient
in multimorbidity that should be taken into consideration in
the elaboration of prospective health policies.

Lastly, our dataset only included information from the
public health sector, and not from the private sector. While
this could have potentially biased our level estimates, it is
very unlikely that it affected the reported time trends. In addi-
tion, the majority of diagnoses ended up being reported in the
public sector as well, owing to pharmacy prescriptions and
social security benefits.

Interestingly, we did not observe any remarkable changes
in the prevalence of multimorbidity for the COVID-19 out-
break years (2020 and 2021). We only observed a small dip
in the multimorbidity incidence levels in 2020 across all gen-
erations, which was most likely driven by the inaccessibility
to hospitals and health centers generated by the lockdown
and other preventive measures to restrict individuals’ mobil-
ity. In 2021, the multimorbidity incidence levels went back to
those that were observed in 2019 across all age groups.

To conclude, our findings indicate that basic and complex
multimorbidity have been on the rise in Catalonia since 2010,

whilst the age at onset has quickly declined. Importantly, each
generation seemed to attain different ages with higher multi-
morbidity prevalence than did the previous generation some
years before, and women tended to fare worse than men. In ad-
dition, we found a clear socioeconomic gradient, with lower-
income individuals performing systematically worse than their
higher-income peers. This poses considerable challenges for pro-
spective healthcare systems, but also provides evidence that
investing in improving individuals’ living conditions and other
social determinants of health through efficient and equitable
policies (e.g. affordable housing and/or better working condi-
tions) can have a strong impact on delaying or preventing the
onset of multimorbidity and its progression towards more se-
vere stages and death.
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