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RESUM

1.- Antecedents

La multimorbiditat s’"ha convertit en un repte emergent a causa de I’envelliment de la
poblacié. Les persones amb multimorbiditat presenten polimedicacid, problemes de
seguretat relacionats amb els medicaments, augment del risc d’hospitalitzacions i de
mortalitat i, la seva gestié suposa un impacte creixent de recursos sanitaris i economics.
L’edat avangada afecta a la farmacocinética i farmacodinamica causant problemes de
seguretat i incrementa el risc de presentar esdeveniments cardiovasculars, una de les

principals causes de mortalitat a escala mundial.

2.- Objectiu de l'estudi

L'objectiu d’aquesta tesi és coneixer com s’agrupen i evolucionen les malalties i la
medicacid en majors de 65 anys que presenten multimorbiditat. Especificament, es
pretén: 1) estudiar la utilitzaci6 de medicaments segons patrons de multimorbiditat
(PM) longitudinals i determinar quins presenten més alteracié de la funcié renal i
hepatica, 2) determinar patrons combinats de multimorbiditat i polimedicacié (PMP), 3)

identificar i analitzar PMP longitudinals en poblacié amb patologia cardiovascular.

3.- Métodes

Estudi de cohorts realitzat sobre la base de dades Sistema d'Informacido per al
desenvolupament de la Investigacio en Atencié Primaria (SIDIAP). S'inclouen persones
amb edat entre 65 i 99 anys, que presentaven multimorbiditat a I'inici de I'estudi i que
estaven assignades i eren ateses a un Equip d’Atencié Primaria de I'Institut Catala de la

Salut entre els anys 2012 i 2016.

Es van realitzar tres articles. En la caracteritzacid dels patrons es van aplicar dos métodes
estadistics: 1) analisi de correspondéncia multiple (PCAmix), i 2) algorisme de clusters
fuzzy c-means. A I'article 1 es van caracteritzar PM i es va estudiar el dinamisme de la
medicacid i l'alteracid de la funcié renal i hepatica a cada patré en els cinc anys de
seguiment. A I'article 2 previ a I'aplicacio de les teécniques d’analisi de clusters, es va

realitzar un procés de mapping en el que es van relacionar les 60 agrupacions de
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malalties croniques definides al Swedish National study of Aging and Care in
Kungsholmen (SNAC-K) amb els medicaments indicats per aquestes malalties i es va
estudiar la multimorbiditat i la polimedicacié de forma conjunta caracteritzant PMP. A
I’article 3 es va realitzar la mateixa metodologia que a l'article 2, perdo només analitzant

els patrons amb malaltia cardiovascular.

En els articles 1 i 3, amb disseny longitudinal, es van aplicar Hidden Markov Models
(HMM) per a caracteritzar I'evolucié temporal dels patrons i les transicions de les

persones entre els diferents patrons.

4.- Resultats

Esvanincloure 916.619 persones, majoritariament dones (57,8%) d’'una edat mitjana de
75,4 anys (desviacid estandard 7,4) amb multimorbiditat (93,1%) i polimedicacio
(53,2%). S’identifiquen deu PM que presenten un perfil estable de polimedicacié
especific per a cada patré. Destaca el PM Cardio-Circulatory and Renal per presentar

alteracio de la funcio renal i hepatica amb més freqiiencia.

L’analisi combinada de la multimorbiditat i la polimedicacié identifica set PMP alineats
amb els PM préviament identificats i diferenciats per sexe: 1) Non-Specific; 2) Diabetes;
3) Neurological and Musculoskeletal, Female Dominant; 4) Behavioral, Neurological,
and Musculoskeletal, Female Dominant; 5) Cardio-cerebrovascular and Renal; 6)

Cardiovascular, Renal, Inflammatory, and Respiratory; 7) Multisystem.

Ales dues analisis, les persones incloses en els patrons que sobrerepresenten patologies
cardiovasculars i cerebrovasculars presentaven amb més freqiiéncia multimorbiditat,
polimedicacid i eren més visitats a I’Atencid Primaria de Salut. Aquestes persones es van
agrupar en vuit PMP. La permanéncia en el mateix patrd va ser més alta en el patro
Cardiac (67,27%). El patré que va presentar la mortalitat més elevada van ser el Mental,
behavioural, digestive and cerebrovascular (60,2%). La transicié més freqlient va ser
des del patréd Musculoskeletal, mental, behavioural, genitourinary, digestive and

dermatologica cap al Non-specific (4,5%).



RESUM

5.- Conclusions

La polimedicacio és molt prevalent en la poblacié d’edat avangada. Els farmacs més
prescrits concorden amb el tractament de les patologies sobrerepresentades a cada PM
i es manté estable amb el temps. Aquesta tesi proporciona dades de vida real sobre
I'evolucio de la polimedicacid i la multimorbiditat, i de I’associacié entre la polimedicacié
i I'alteracid de la funcié renal i hepatica en persones d’edat avancada. L’aplicacié d’un
procés de mapping combinada amb tecniques de soft clustering permet determinar
patrons combinats de multimorbiditat i polimedicacié. S’han identificat patrons
especifics per sexe, destacant Neurological and musculoskeletal, female dominant i
Behavioral, neurological, and musculoskeletal, female dominant. La utilitzacié dels
HMM permet I'obtencié de patrons longitudinals que responen a la naturalesa dinamica
de les malalties i la medicacid. Les trajectories dels PMP en la poblacié amb patologia
cardiovascular es van mantenir estables. Majoritariament, les persones van romandre
en el mateix PMP que a l'inici de I’estudi, seguit de la mort. Coneixer les caracteristiques
i evolucid d’aquests patrons permetra la implantacié d’estrategies que condueixin a una
atencio sanitaria i social més personalitzada que millori els resultats en salut de la
poblacié amb risc elevat de mortalitat i de problemes de seguretat amb I'Us dels

medicaments.

PATRONS DE MULTIMORBIDITAT | POLIMEDICACIO EN PERSONES D’EDAT AVANGADA A CATALUNYA iii






RESUMEN

1.- Antecedentes

La multimorbilidad se ha convertido en un reto emergente a causa del envejecimiento
de la poblacién. Las personas con multimorbilidad presentan polimedicacion, problemas
de seguridad relacionados con los medicamentos, aumento del riesgo de
hospitalizaciones y de mortalidad. Su gestidn supone un impacto creciente de recursos
sanitarios y econdmicos. La edad avanzada afecta a Ila farmacocinética y
farmacodinamica causando problemas de seguridad e incrementa el riesgo de presentar

eventos cardiovasculares, una de las principales causas de mortalidad a nivel mundial.

2.- Objetivo del estudio

El objetivo de esta tesis es conocer cdmo se agrupan y evolucionan las enfermedades y
la medicacidn en mayores de 65 afios que presentan multimorbilidad. Especificamente,
se pretende: 1) estudiar la utilizacion de medicamentos segln patrones de
multimorbilidad (PM) longitudinales y determinar cudles presentan mayor alteracion de
la funcién renal y hepatica, 2) determinar patrones combinados de multimorbilidad y
polimedicacién (PMP), 3) identificar y analizar PMP longitudinales en poblaciéon con

patologia cardiovascular.

3.- Metodologia

Estudio de cohortes realizado en la base de datos Sistema d'Informacido per al
desenvolupament de la Investigacio en Atencid Primaria (SIDIAP). Se incluyen personas
con edad entre 65 y 99 afios, que presentaban multimorbilidad al inicio del estudio y
gue estaban asignadas y eran atendidas en un Equipo de Atencién Primaria del Institut

Catala de la Salut entre los afios 2012 y 2016.

Se realizaron tres articulos. Para la caracterizacidon de los patrones se aplicaron dos
métodos estadisticos: 1) analisis de correspondencia multiple (PCAmix), y 2) algoritmo
de clusters fuzzy c-means. En el articulo 1 se caracterizaron PM y se estudié el
dinamismo de la medicacién y la alteracion de la funcidon renal y hepatica en cada patrén

en los cinco anos de seguimiento. En el articulo 2 previo a la aplicacidn de las técnicas
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de analisis de clusters, se realizé un proceso de mapping en el que se relacionaron las
60 agrupaciones de enfermedades cronicas definidas en Swedish National Study of
Aging and Care in Kungsholmen (SNAC-K) con los medicamentos indicados para estas
enfermedades y se estudié la multimorbilidad y la polimedicacidon de forma conjunta
caracterizando PMP. En el articulo 3 se utilizdé la misma metodologia que en el articulo

2, pero sdlo analizando los patrones con enfermedad cardiovascular.

En los articulos 1 y 3, con disefio longitudinal, se aplicaron Hidden Markov Models
(HMM) para caracterizar la evolucién temporal de los patrones y transiciones de las

personas entre los diferentes patrones.

4.- Resultados

Se incluyeron 916.619 personas, mayoritariamente mujeres (57,8%) con edad media de
75,4 anos (desviacion estandar 7,4), multimorbilidad (93,1%) y polimedicacién (53,2%).
Se identifican diez PM que presentan un perfil estable de polimedicacidn especifico para
cada patrén. Destaca el PM Cardio-Circulatory and Renal por presentar alteracion de la

funcidn renal y hepdtica con mas frecuencia.

El andlisis combinado de la multimorbilidad y la polimedicacion identifica siete PMP
alineados con los PM previamente identificados y diferenciados por sexo: 1) Non-
Specific; 2) Diabetes; 3) Neurological and Musculoskeletal, Female Dominant; 4)
Behavioral, Neurological, and Musculoskeletal, Female Dominant; 5) Cardio-
cerebrovascular and Renal; 6) Cardiovascular, Renal, Inflammatory, and Respiratory;

7) Multisystem.

En ambos andlisis, las personas incluidas en los patrones que sobrerrepresentan
patologias cardiovasculares y cerebrovasculares presentaban con mayor frecuencia
multimorbilidad, polimedicacién y eran mas visitados en la Atencién Primaria de Salud.
Estas personas se agruparon en ocho PMP. La permanencia en el mismo patrén fue
mayor en el patrén Cardiac (67,27%). El patron que presentaron la mayor mortalidad

fue el Mental, behavioural, digestive and cerebrovascular (60,2%). La transicion mas

Vi
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frecuente fue desde el patron Musculoskeletal, mental, behavioural, genitourinary,

digestive and dermatological hacia el Non-specific (4,5%).

5.- Conclusiones

La polimedicacion es muy prevalente en la poblacidon de edad avanzada. Los farmacos
mas prescritos concuerdan con el tratamiento de las patologias sobrerrepresentadas en
cada PM y se mantienen estables con el tiempo. Esta tesis proporciona datos de vida
real sobre la evolucidn de la polimedicacion y la multimorbilidad, y de la asociacién entre
la polimedicacién y la alteracion de la funcidn renal y hepdtica en personas de edad
avanzada. La aplicacidon de un proceso de mapping combinado con técnicas de soft
clustering permite determinar patrones combinados de multimorbilidad y
polimedicacion. Se han identificado patrones especificos por sexo, destacando
Neurological and musculoskeletal, female dominant y Behavioral, neurological, and
musculoskeletal, female dominant. La utilizacion de HMM permite la obtencion de
patrones longitudinales que responden a la naturaleza dinamica de enfermedades y
medicacidon crdnicas. Las trayectorias de los PMP en la poblacién con patologia
cardiovascular se mantuvieron estables. Mayoritariamente, las personas permanecian
en el mismo PMP que en el inicio del estudio, seguido de la muerte. Conocer las
caracteristicas y evolucién de estos patrones permitird la implantacion de estrategias
gue conduzcan a una atencién sanitaria y social mas personalizada que mejore los
resultados en salud de la poblacion con elevado riesgo de mortalidad y de problemas de

seguridad con los medicamentos.
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ABSTRACT

1.- Background

Multimorbidity has become an emerging challenge due to the aging of the population.
Individuals with multimorbidity experience polypharmacy, medication-related safety
issues, increased risk of hospitalizations and mortality, and managing their conditions
requires a growing impact on healthcare and economic resources. Advanced age affects
pharmacokinetics and pharmacodynamics, causing safety issues and increasing the risk

of cardiovascular events, a leading global cause of mortality.

2.- Aims

The main goal of this thesis is to understand how diseases and medication aggregate
and evolve in individuals aged over 65 with multimorbidity. The specific aims are: 1) to
study medication utilization based on longitudinal patterns of multimorbidity (PM) and
determine which patterns show more impairment of renal and hepatic function, 2) to
identify combined patterns of multimorbidity and polypharmacy (PMP), 3) to identify

and analyze longitudinal PMP in the population with cardiovascular pathology.

3.- Methods

Cohort study conducted using the Sistema d'Informacio per al desenvolupament de la
Investigacio en Atencid Primaria (SIDIAP) database. It includes individuals aged 65 to 99
years with multimorbidity at the study's outset, who were assigned to and attended a

Primary Care Team at the Catalan Institute of Health between 2012 and 2016.

| published three articles. In all three, pattern characterization was done using two
statistical methods: 1) multiple correspondence analysis (PCAmix), and 2) fuzzy c-means
clustering algorithm. In Article 1, PM were characterized, and the dynamics of
medication and alterations in renal and hepatic function for each pattern over five years
of follow-up were studied. In Article 2, prior to applying clustering analysis techniques,
a mapping process related the 60 clusters of chronic diseases defined in the Swedish

National study of Aging and Care in Kungsholmen (SNAC-K) to medications indicated for
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those diseases, characterizing PMP. Article 3 followed the same methodology as Article

2, focusing on patterns with cardiovascular disease.

In Articles 1 and 3, using longitudinal design, Hidden Markov Models (HMM) were
applied to characterize the temporal evolution of patterns and transitions of individuals

between different patterns.

4.- Results

A total of 916,619 individuals were included, mostly females (57.8%), with an average
age of 75.4 years (standard deviation 7.4), experiencing multimorbidity (93.1%) and
polypharmacy (53.2%). Ten stable PM were identified, each exhibiting a specific
polypharmacy profile. The Cardio-Circulatory and Renal PM stood out for presenting

renal and hepatic function impairment more frequently.

Combined analysis of multimorbidity and polypharmacy identified seven PMP aligned
with the previously identified PM, differentiated by gender: 1) Non-Specific; 2) Diabetes;
3) Neurological and Musculoskeletal, Female Dominant; 4) Behavioral, Neurological,
and Musculoskeletal, Female Dominant; 5) Cardio-cerebrovascular and Renal; 6)

Cardiovascular, Renal, Inflammatory, and Respiratory; 7) Multisystem.

In both analyses, individuals included in patterns expressing cardiovascular and
cerebrovascular pathologies frequently exhibited multimorbidity, polypharmacy, and
had higher visits to Primary Care. These individuals formed eight PMP. The Cardiac
pattern showed the highest persistence (67.27%). The Mental, behavioral, digestive,
and cerebrovascular pattern exhibited the highest mortality (60.2%). The most frequent
transition was from the Musculoskeletal, mental, behavioral, genitourinary, digestive,

and dermatological pattern to Non-specific (4.5%).

5.- Conclusions

Polypharmacy is highly prevalent in the elderly population. The most prescribed drugs
align with the treatment of pathologies overrepresented in each PM and remain stable

over time. This thesis provides real-world data on the evolution of polypharmacy and
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multimorbidity, and the association between polypharmacy and renal and hepatic
function impairment in the elderly. The combination of mapping processes with soft
clustering techniques allows for determining combined patterns of polypharmacy and
multimorbidity. Gender-specific patterns were identified, particularly Neurological and
musculoskeletal, female dominant;, and Behavioral, neurological, and
musculoskeletal, female dominant. The use of HMM enables longitudinal patterns that
respond to the dynamic nature of diseases and medication. PMP trajectories in the
population with cardiovascular pathology remained stable. Mostly, individuals remained
in the same PMP as at the study's outset, followed by mortality. Understanding the
characteristics and evolution of these patterns will enable strategies for more
personalized healthcare and social interventions to improve health outcomes for

individuals at high risk of mortality and medication-related safety issues.
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ALT: alanina transaminasa

AST: aspartat aminotransferasa

ATC: sistema de Classificacié Quimica Terapéutica Anatomica
CG: Cockcroft-Gault

CIM-10: Classificacio Internacional de Malalties, 10a revisio
CKD-EPI: Chronic Kidney Disease-Epidemiology Collaboration
cLDL: colesterol de lipoproteines de baixa densitat

COL: colesterol total

COPD: malaltia pulmonar obstructiva cronica

CREA: creatinina serica

EAP: equip d’Atencid Primaria

ECAP: estacio clinica de treball de I’Atencid Primaria

FA: fosfatasa alcalina

FG: filtrat glomerular

FGe: filtrat glomerular estimat

GGT: gamma-glutamiltransferasa

GLUC: glucemia

Hb: hemoglobina

HbA1lc: hemoglobina glicosilada

HMM: Hidden Markov Models

IC95%: intervals de confianca del 95%

ICS: Institut Catala de la Salut

IDIAPJGol: Fundacio Institut Universitari per a la Recerca a I'Atencié Primaria de Salut
Jordi Gol i Gurina

MDRD: Modification of Diet in Renal Disease

MEDEA: mortalidad en areas pequeiias espafiolas y desigualdades socioecondmicas y
ambientales

OMS: Organitzacié Mundial de la Salut

OR: odds ratio

PM: patrons de multimorbiditat

PMP: patrons combinats de multimorbiditat i polimedicacid

PATRONS DE MULTIMORBIDITAT | POLIMEDICACIO EN PERSONES D’EDAT AVANCADA A CATALUNYA Xiii



Ratio O/E: ratio observat/esperat
RIC: rang interquartilic
SD: desviacio estandard

SIDIAP: Sistema d'Informacié per al desenvolupament de la Investigacido en Atencid

Primaria SNAC-K: Swedish National study of Ageing and Care in Kungsholmen
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INTRODUCCIO

1.1. ENVELLIMENT

1.1.1. Visio general

A escala mundial s’esta experimentant un creixement de la poblacid, especialment de
les persones d’edat avangada. Actualment, la majoria de les persones poden arribar a

viure fins als 60 anys o més [1].

L'increment en |'esperanga de vida i la disminucid de la natalitat estan conduint a un
canvi, sostingut i sense precedents, en I'estructura de la poblacid pel que fa a I'edat,
desplacant-se cap a edats més avancades. De tal manera, que I'envelliment de la
poblacié s’ha convertit en un repte emergent i creixent per als sistemes de salut a nivell

mundial [2].

Aquest desplagament en la distribucié de la poblacié es va iniciar a paisos amb altes
rendes, com és el cas del Japd, on actualment el 30% de la poblacid ja té més de 60 anys.
En I'actualitat, s’esta observant aquesta tendéncia a paisos amb nivell d’'ingressos baixos
i mitjans. S’estima que I'any 2050 dos tercos de la poblacié mundial d’edat superior a 60

anys viura a aquests paisos [1].

L'any 2020, hi havia 1.000 milions de persones al mén amb edat igual o superior a 60
anys a escala mundial. Es preveu que aquesta xifra augmenti fins als 1.400 milions en
2030, on una de cada sis persones tindra 60 anys o més. L’any 2050, en canvi, s’estima
gue es dupliqui la poblacié amb edats igual o superiors a 60 anys fins a un 22% (2.100
milions de persones) i que es tripliqui la de persones amb una edat igual o superior a 80

anys (arribant a una poblacié de 426 milions) [1,2].

Segons I'informe Eurostat, la poblacio a data 1 de gener de 2022 a la Unié Europea (UE)
va ser de 446,7 milions de persones. A la taula 1 es pot observar el repartiment de la

poblacié segons tram d’edat, de tal manera que:

1) els joves (de 0 a 14 anys) representaven el 15,0% de la poblacié de la UE,

PATRONS DE MULTIMORBIDITAT | POLIMEDICACIO EN PERSONES D’EDAT AVANCADA A CATALUNYA 3



2) les persones considerades en edat de treballar (de 15 a 64 anys) el 63,9%, i

3) el grup de persones amb més edat (de 65 anys en endavant) van ser el 21,1%
de la poblacid, que suposa un augment del 0,3% respecte a I'any anterior i un

augment del 3,1% respecte a una década anterior) [3].

Taula 1. Estructura dels grups d’edat de poblacio als paisos de la UE (2022)

Population age structure by major age groups, 2012, 2021 and 2022
(% of the total population)
0-14 years old 15-64 years old 65 years old or over

2012 2021 2022 2012 2021 2022 2012 2021 2022
EU() 15.4 15.1 15.0 66.6 64.1 639 18.0 208 21.1
Belgium (') 17.0 16.7 16.6 65.6 64.0 63.8 174 19.3 19.5
Bulgaria 134 14.4 145 67.8 638 63.8 18.8 217 217
Czechia (') 147 16.1 16.1 69.1 63.8 63.3 16.2 20.2 206
Denmark 177 16.2 16.1 65.0 636 63.5 17.3 201 203
Germany (') 134 13.8 13.9 65.9 642 63.9 207 220 221
Estonia (') 155 16.4 16.4 66.8 63.2 63.2 17.7 203 204
Ireland 216 20.0 19.7 66.6 65.3 65.3 11.9 148 15.0
Greece 147 141 137 65.7 63.3 63.6 19.7 225 227
Spain 15.1 143 14.0 67.5 66.0 65.9 174 19.8 201
France (') 18.6 17.7 17.5 64.3 61.6 61.5 171 207 21.0
Croatia (') 15.1 142 143 67.0 643 63.2 17.9 214 225
Italy (') 14.0 12.9 127 65.2 636 63.5 208 235 238
Cyprus 16.5 16.0 16.1 707 675 67.4 12.8 16.4 16.5
Latvia 143 16.0 16.0 67.2 632 63.1 18.6 20.8 209
Lithuania 14.8 15.1 14.9 67.1 65.0 65.1 18.1 19.9 20.0
Luxembourg (') 171 16.0 15.9 68.9 69.4 69.3 14.0 14.6 14.8
Hungary (') 145 146 1456 68.6 65.1 649 16.9 203 205
Malta 14.8 13.4 134 68.8 67.7 67.4 16.4 18.9 19.2
Netherlands 17.3 15.5 15.4 66.5 64.7 64.5 16.2 19.8 20.0
Austria 14.6 14.4 14.4 67.6 66.4 66.2 17.8 19.2 19.4
Poland 15.1 15.5 154 709 65.8 65.4 14.0 18.7 19.1
Portugal (') 14.9 134 128 66.0 64.1 63.5 19.0 224 237
Romania 15.8 15.8 16.2 68.0 649 64.3 16.1 193 19.5
Slovenia 143 15.1 15.1 68.9 643 63.8 16.8 207 211
Slovakia 154 15.9 16.1 718 67.0 66.6 12.8 171 174
Finland 16.5 15.6 15.4 65.4 617 61.6 18.1 227 231
Sweden 16.7 177 17.6 64.5 622 62.1 18.8 201 203
Iceland 207 187 18.6 66.6 66.6 66.5 12.6 147 15.0
Liechtenstein 15.8 14.6 14.6 69.8 66.8 66.3 14.4 18.6 19.2
Norway 18.5 171 16.9 66.1 65.0 64.9 15.4 17.9 18.2
Switzerland 15.0 151 15.1 67.8 66.1 65.9 17.2 18.8 19.0
Montenegro 19.0 179 17.9 68.1 66.2 66.1 12.9 15.9 16.0
North Macedonia 17.2 16.1 17.0 71.0 69.1 65.9 11.8 14.8 171
Albania 207 16.5 16.3 68.0 68.2 68.0 13 15.2 157
Serbia 144 14.3 14.3 68.3 645 64.4 17.3 213 213
(") Break in time series in various years between 2012 and 2022
Italic data: provisional/estimated
Source: Eurostat (online data code: demo_pjanind)

eurostat@

Population structure and ageing. Eurostat. Disponible:
https://ec.europa.eu/eurostat/statistics-
explained/index.phpPtitle=Population structure and ageing#The share of elderly people continues to increase

D’entre els estats membres de la UE, els que van tenir unes taxes superiors de persones
majors de 65 anys respecte a la seva poblacié total I'any 2022 van ser ltalia (23,8%),
Portugal (23,7%), i Finlandia (23,1%); mentre que Luxemburg i Irlanda van tenir les taxes
més baixes (14,8% i 15,0% respectivament). Espanya es situa en una posicié intermedia
(20,1%), lleugerament per sota de la mitjana europea (21,1%). L'any 2022, la proporcié
de persones majors de 65 anys va augmentar respecte a I'any 2021, en tots els estats

membres de la UE, excepte a Bulgaria [3].

El canvi en 'estructura de la piramide d’edat de la poblacié a la UE segueix el mateix

patrd que a nivell mundial, destacant una transicié marcada del grup de poblacié en edat
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laboral cap al grup més envellit. En les proximes decades, s’espera que persisteixi
aquesta tendéncia i que la proporcid de persones grans augmenti significativament. A la
figura 1 s’il-lustra el canvi en la distribucié de la poblacid per sexe i grups d’edat de cinc
anys. La distribucié de la poblacié corresponent a data 1 de gener de 2022 (delimitada
amb color) comparada amb la de 2100 (color solid). En 2022, destaca una base estreta,
i forma de rombe resultat de I'alta natalitat a alguns paisos europeus després de la

Segona Guerra Mundial que s’ha anat desplagcant amb els anys[3].

Figura 1. Piramide de distribucio de la poblacid per edat i sexe I'any 2100 respecte a 2022

Population pyramids, EU, 2022 and 2100
(% of the total population)
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Note: 2022: provisional/estimated. 2100: projections (EUROPOP2019).  Bordered: 2022 eu rostat-

Source: Eurostat (online data codes: demo_pjangroup and proj_19np) Men  Women

Population structure and ageing. Eurostat. Disponible:
https://ec.europa.eu/eurostat/statistics-
explained/index.phpPtitle=Population structure and ageing#The share of elderly people continues to increase

A la UE, com a la resta del mdn, s’estima que entre 2022 i 2100 continui el creixement
en el grup de persones més envellides de tal manera que en 2100, la forma de la
piramide de poblacio per edat i sexe tindra forma de T i la poblacié amb 80 anys o més
sigui el 14,6% de la poblacid. Es preveu que la poblacié de la UE augmenti fins als 449,3
milions (cap al 2026) i posteriorment vagi disminuint gradualment fins a arribar a 416,1

milions en 2100 [3].
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Com a la majoria dels paisos europeus, a Catalunya també s’esta observant un procés
d'envelliment de la poblacio, augmentant el pes de les persones amb edats més

avangades i disminuint, de forma paral-lela, el de la poblacié més jove [4].

Catalunya destaca per tenir una esperanca de vida en néixer de les més altes del modn,
juntament amb Hong Kong, Japé, Italia i Espanya. En 2019, previ a la pandémia per la
COVID-19, es situava als 83,5 anys (1,1 anys més que a la zona euro que era de 82,4
anys). Com succeeix a nivell mundial, 'esperanca de vida és superior en les dones,
situant-se en 86,16 anys, mentre que la dels homes és de 80,62 anys. El 2020, degut a la
crisi sanitaria, I'esperanca de vida es va reduir fins als 82,4 anys. L'any 2022, tot i que
I'index d'envelliment (% poblacié de més de 64 anys respecte a la poblacié de menys de
15 anys) de Catalunya era d’un 131,3% (inferior a la mitjana de la zona euro que és d’un
142,3%); el sobreenvelliment, que pondera les persones de més de 84 anys dins del grup
de majors de 64 anys, va ser més alt a Catalunya que a la zona euro, en part pel fet de

tenir una esperanca de vida superior [4].

L'envelliment, a nivell biologic, és resultat de I'acumulacié de danys cel-lulars i
moleculars a I'organisme al llarg del temps, causant un risc creixent de patir malalties i
una disminucié gradual de la capacitat fisica i mental que va conduint cap a la mort [5,6].
Aquests canvis no son lineals i no hi ha concordanga d’uns danys determinats amb una
edat determinada, considerant que I'edat cronologica (en anys) no ha de ser coincident
amb I’edat biologica que respon més a I'’estat i reserva en salut de la persona [7]. A banda
dels canvis biologics, amb I'envelliment també es produeixen transicions vitals que
poden impactar en la qualitat de vida com la jubilacio, el trasllat d’habitatge, o bé, la

mort d’amics i/o familiars [1].

1.1.2. Envelliment i patologia cronica

Les accions preventives amb canvis en I'estil de vida, I’Us dels medicaments i les xarxes

de suport contribueixen al fet que un gran nombre de persones amb edat avancada
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presentin un bon estat de salut, independentment de |’edat cronologica, tot i patir una
o diverses malalties croniques. No obstant aixo, I'envelliment creixent de la poblacio,
planteja reptes importants en els sistemes de salut i en les politiques sanitaries dels
paisos, ja que poden presentar-se malalties croniques de gran abast o diverses a I’hora,
que poden interactuar entre elles, afectant la qualitat de vida i augmentant la
complexitat, la polimedicacid, els problemes relacionats amb la medicacid i el risc de

mortalitat [8].

La patologia cronica es caracteritza per la seva durada i per la tendéncia d’acumular-se
en una mateixa persona a mesura que va envellint. La prevalenca de problemes de salut
cronics és superior en dones i augmenta amb I'edat [9]. D’entre les malalties croniques
més prevalents a Catalunya i als paisos occidentals en la poblacié d’edat avancada i que
son responsables d’una mortalitat elevada, es troba el cancer, les malalties
cardiovasculars, la diabetis, la hipertensid, els trastorns musculoesquelétics, les

malalties mentals, neurologiques, bucals i respiratories [10-13].

L'envelliment també s’associa a l'aparicid de les sindromes geriatriques d’origen
multifactorial, com sdén la fragilitat, la incontinéncia urinaria, les caigudes, el deliri o les
nafres per pressid. Aquestes situacions afegeixen complexitat a I'estat de salut de les

persones grans i al maneig de les seves patologies [1,7].

a) Carreqga de malaltia

Segons I'enquesta de salut de Catalunya, el 2021, vuit de cada deu persones amb una
edat de 15 anys o superior, valoren positivament el seu estat de salut [9]. Els avancos en
medicina i la millora dels recursos sanitaris han fet disminuir la mortalitat evitable
aconseguint perllongar la vida de les persones; i si bé, les persones viuen més anys, no

necessariament han d’estar més sanes [14-16].

De fet, 'increment de I'esperanca de vida fa que les persones vagin adquirint malalties
croniques al llarg de la seva vida, conduint a la multimorbiditat, la concurréncia de

diverses malalties alhora [17]. La multimorbiditat s’ha estudiat en diferents grups d’edat
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[10,18-20]; perd majoritariament les publicacions I'estudien en persones d’edat
superior als 65 anys, donat que a aquestes edats, hi ha una forta relacié entre ambdues

[18,21,22].

L’acumulacio de patologia cronica i deficits geriatrics, també pot conduir a la fragilitat.
La fragilitat es tracta d’una entitat clinica multidimensional definida com a una
disminuciéo de les reserves de capacitat intrinseca, la qual cosa confereix una
vulnerabilitat extrema als estressors per limitacié dels mecanismes compensadors,
augmentant el risc de resultats adversos per a la salut, incloent-hi els relacionats amb
els medicaments [23—-25]. Tot i que existeixen controversies sobre el seu abordatge
operatiu, hi ha consens en la necessitat de cribratge i mesura per I'alta prevalenga (sobre
el 10% de la poblacié > 65 anys) i I'estreta relacié amb resultats negatius per a la salut i

mortalitat [24].

Les patologies croniques impacten de forma individual a la vida de les persones. Quan
s’acumulen condueixen a una complexitat clinica i a un nombre creixent d’especialitats
farmaceutiques prescrites, que poden causar polimedicacid, que de per si també es
relaciona amb conseqliéncies negatives en la salut de les persones [26]. A la present tesi,
s’ha estudiat la poblacié amb una edat de 65 anys o superior, donat que es tracta d’'un
grup de poblacid que majoritariament presenten multimorbiditat i conseqientment
polimedicacié (figura 2) [27]. Aguesta poblacid és més susceptible a presentar
problemes relacionats amb la medicacié com interaccions entre farmacs, toxicitat,
cascades farmacologiques, increment de risc de caigudes, alteracid cognitiva i increment
de visites als serveis sanitaris, entre d’altres [26,28]. Aquestes persones poden obtenir
més beneficis d’estrategies d’intervencio proactives i d’'una atencié més individualitzada

[29].



INTRODUCCIO

Figura 2. Nombre de patologies croniques i carrega de malaltia per grups d’edat
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La multimorbiditat i la polimedicacid, afecten de manera negativa el risc de mort i la
gualitat de vida relacionada amb la salut i plantegen grans reptes a la prestacid
d'assistencia als sistemes sanitaris, que estan centrats més en |'abordatge de les
malalties aillades i no en un holistic que impliqui una coordinacié i continuitat

assistencials adequades entre els diferents ambits assistencials [10].

La carrega de malaltia també s’associa amb un increment dels recursos econdmics
necessaris per atendre a aquesta poblacid. A Catalunya, un 51% del pressupost sanitari
es va dedicar al 5% de la poblacié que correspon a les que presenten més complexitat i

carrega de malaltia [9].
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b) Patologia cardiovascular

Les malalties cardiovasculars i vasculars cerebrals sdn una de les principals causes de
morbimortalitat i, principalment es produeixen en persones majors de 70 anys [13,30].
L’any 2019, van ser responsables de 17,9 milions de morts a tot el mén (el 32% de la
mortalitat mundial) segons les dades publicades per I’Organitzacié Mundial de la Salut

(OMS), representant la primera causa de mort tant en homes com en dones [13,30,31]

En la mateixa linia, el mateix any a Espanya, entre les deu primeres causes de mort,
destaquen les malalties cardiovasculars i vasculars cerebrals (isquémia cardiaca, ictus),
aixi com els factors de risc d’aquestes com la hipertensio arterial, la malaltia renal o la

diabetis [13,32,33], tal com s’il-lustra a la figura 3 [13].

Figura 3. Principals causes de mort a Espanya I'any 2019 segons I’'OMS
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WHO. The Global Health Observatory: Global Health Estimates: Leading Causes of Death. Disponible:

https://www.who.int/data/qho/data/themes/mortality-and-global-health-estimates/qhe-leading-causes-of-death

A Espanya, I'any 2019, la cardiopatia isquemica va tenir una prevalenga de 20,9 casos

per cada 1.000 habitants amb diferéncies importants segons edat i sexe (figura 4a) [34].
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La de la malaltia cerebrovascular va ser de 15,1 casos per cada 1.000 habitants, sense

diferéncies significatives entre sexes (figura 4b) [34].

Figura 4. Prevalenca de cardiopatia isquémica i malaltia cerebrovascular a Espanya I'any 2019
segons sexe
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Ministerio de Sanidad 2022. Informe Informe Anual del Sistema Nacional de Salud 2020-2021. Disponible:
https://www.sanidad.qob.es/estadEstudios/estadisticas/sisinfSanSNS/tablasEstadisticas/InfAnualSNS2020 21/INFO
RME ANUAL 2020 21.pdf

Les persones amb malalties cardiovasculars i vasculars cerebrals sovint presenten
multimorbiditat que condueix a la polimedicacié, especialment en persones majors de
65 anys [26,32,35]. A aquesta polimedicacié també contribueix el tractament dels
principals factors de risc que generalment inclouen tractament farmacologic [32]. Per
altra banda, també s’ha de tenir present que els tractaments per a aquestes patologies,
sovint inclouen algun medicament catalogat com d’alt risc [36]. Aquestes situacions
poden conduir a un increment del risc de presentar problemes relacionats amb la
medicacid, morbiditat, hospitalitzacions no programades, mortalitat i un augment de la

despesa sanitaria [26,35,37-40].

Les malalties cardiometaboliques com les cardiovasculars i vasculars cerebrals i la
diabetis, suposen una alta carrega econdmica per els sistemes sanitaris. També s’ha
identificat que individualment, aquests pacients son visitats per un nombre més elevat
de professionals que condueix a una prevalenca superior de presentar polimedicacio i

un risc incrementat d’errors de medicacio [41].
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Nombrosos treballs que estudien com s’agrupen les persones amb multimorbiditat han
identificat patrons de multimorbiditat (PM) cardiovascular, independentment de les
caracteristiques de la poblacié estudiada, del pais i de la tecnica de clustering utilitzada
[10,21,42-47]. Aquests patrons inclouen les persones que presenten més malalties

concomitants i un nombre superior de medicaments [45].

Les malalties cardiovasculars i vasculars cerebrals sén croniques, per la qual cosa seria
recomanable analitzar-les longitudinalment, mitjangant la utilitzaci6 de mesures
continues o repetides que ajudin a caracteritzar grups d'individus al llarg del temps, en
funcié de les malalties que presentin, i els farmacs indicats per al seu maneig. Els
dissenys longitudinals sén, per tant, especialment utils per avaluar la relacié temporal
gue els factors de risc tenen en el desenvolupament d’aquestes malalties i els resultats

del tractament [48].

c) Perspectiva de génere

La prevalenca de problemes de salut cronics és superior en dones que en homes (43,0%
i 32,6%, respectivament), i augmenten amb I'edat, sobretot a partir dels 65 anys, quan
el 68,9% de les dones i el 62,8% dels homes declaren com a minim un trastorn cronic

autopercebut [9].

A Catalunya destaca una prevalenga superior de malalties cardiovasculars i vasculars
cerebrals en els homes respecte a les dones, mentre que en les dones destaca una
prevalenca superior de diagnostics com les malalties musculoesquelétiques, I'ansietat o
la depressid segons I'Enquesta Nacional de Salut de Catalunya (ESCA) el 2021 (taula 2)
[49].
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Taula 2. Prevalenca de patologies diagnosticades per un professional de medicina (2021)

PATOLOGIES DIAGNOSTICADES PER PROFESSIONAL DE HOMES (%) DONES (%)
MEDICINA
215 anys 2 65 anys 215 anys 2 65 anys

Pressi6 alta 224 52,8 21,9 51,9
Colesterol elevat 194 34,5 19,8 39,0
Diabetis 8,2 254 7,2 18,7
Al-lérgies croniques 11,5 7,9 14,9 144
Asma 5,0 6,1 6,4 9,2
Bronquitis cronica i/o emfisema (MPOC) 3,7 8,5 4,7 9,4
Migranya o mal de cap freqiient 6,0 3,1 15,2 15,1
Mal d'esquena cronic cervical 9,5 15,3 213 32,1
Mal d'esquena cronic lumbar o dorsal 14,5 248 25,1 45,8
Malalties reumatiques i de I'aparell locomotor 144 33,6 28,1 60,5
Artrosi 9,2 27,8 21,0 54,0
Artritis 2,2 3,7 5,7 14,1
Tendinitis 44 4,2 79 84
Fibromialgia 0,1 0,1 3,1 44
Reumatisme 2,2 6,8 5,0 14,2
Incontinéncia urinaria 3,6 12,4 6,5 16,8
Depressié 56 8,2 15,8 22,9
Ansietat 78 7.9 17,5 16,5
Trastorn mental 2,0 13 24 1,7
Ictus 1,3 5,5 1,2 43
Infart de miocardi 31 8,1 0,8 2,2
Altres malalties del cor (angina de pit, etc.) 56 15,8 43 11,5
Insuficiéncia renal (problemes de ronyé) 3,5 9,8 45 111
Cirrosi, disfunci6 hepatica (problemes de fetge) 2,0 2,2 1,8 3,7

Schiaffino A, Medina A. Enquesta de salut de Catalunya (ESCA), 2021. Disponible:
https.//scientiasalut.gencat.cat/handle/11351/7854

La patologia cardiovascular és un cas paradoxal i esta descrit a la literatura que presenta
un biaix de génere, ja que es continua considerant com a una patologia més propia del
sexe masculi i la poblacié inclosa als estudis és majoritariament masculina. S’ha
subestimat el risc cardiovascular en les dones, tot i tractar-se de la primera causa de
mort i presentar un pitjor pronostic i una mortalitat més elevada davant d’un
esdeveniment cardiovascular. S’ha estimat que el risc de mort després de patir un infart

de miocardi és un 20% superior en una dona que en un home [50,51].

Entre les possibles causes, s’ha descrit un retard en el diagnostic d’aquestes patologies
d’entre 5 i 10 anys respecte als homes, que ve motivat principalment per la preséncia
de simptomes inespecifics que es poden atribuir a altres patologies i per no considerar
la patologia cardiovascular en les dones. No només s’han descrit diferencies entre
homes i dones relacionades amb |'orientacié diagnostica davant d’una situacio clinica
similar, siné que també hi ha discordances en |'orientacié terapeutica. Per exemple, en

les dones s’observen unes dosis per habitant i dia (DHD) inferiors de betablocadors
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adreneérgics, inhibidors de I’enzim convertidor d’angiotensina (IECA) o d’antagonistes de
receptor de I'aldosterona (ARAIl), anticoagulants, antiagregants, estatines. Les DHD sén
superiors respecte a les consumides en els homes, en les dones majors de 80 anys i/o

amb nivells de rendes molt baixes [50].

d) Funcionalitat renal i hepatica

L’envelliment és un procés biologic i natural que causa canvis anatomics i funcionals en
diferents organs i sistemes. Augmenta la vulnerabilitat d’organs com el cor, els pulmons,

el fetge i els ronyons causant lesions per isquemia o reperfusié [52].

A nivell renal es produeixen canvis anatomics amb I'edat com la disminucié de la massa
renal principalment del cortex, increment del greix renal i fibrosi o nefroesclerosi [53].
Aquests canvis es tradueixen en una disminucié de la funcionalitat renal per disminucid
del flux sanguini, de I’aclariment de creatinina, de |'extraccié de potassi, de la capacitat
de concentraciod i dilucid, dels nivells sérics de renina i aldosterona, de 'activacié de
vitamina D, s’observa una alteracid en |’excrecié de sodi i d’acids; aixi com un increment

de la dependéncia renal de prostaglandines per mantenir la perfusié intrarenal [53].

Es considera que la millor manera d’avaluar la funcionalitat renal és a través de la taxa
de filtrat glomerular (FG). Existeixen diferents equacions que estimen el FG, es recomana
la utilitzacié d’aquelles que utilitzen la concentracié de creatinina sérica (CREA), I’edat,
el sexe i 'eétnia com sén la MDRD (Modification of Diet in Renal Disease) i la CKD-EPI
(Chronic Kidney Disease-Epidemiology Collaboration), sent preferent I'Us d’aquesta
darrera per ser més precisa. La férmula de Cockcroft-Gault (CG), tot i que és la que s’ha
emprat historicament per les agencies reguladores dels medicaments de referencia per
establir les recomanacions de dosificacido de farmacs en funcié de I’alteracid renal,
actualment no es recomana la seva utilitzacié atés que sobreestima el FG i té en compte

la CREA mesurada per metodes no estandarditzats [54].

La perdua de la funcionalitat renal té consequéncies cliniques com un augment a la

susceptibilitat de patir una lesié renal aguda, una malaltia més avangada en cas
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d’aparicié d’'una nefropatia o també pot causar alteracions en la farmacodinamica dels
farmacs que fan servir la via renal com a principal organ excretor i causar toxicitat per

acumulacié [53].

També es presenten malalties renals de forma més prevalent en persones grans com és

la nefropatia diabetica [53]

A nivell hepatic, I'envelliment causa una disminucio de la massa hepatica (20-40%) i de
la perfusié hepatica i del flux sanguini (50%). Amb I’edat s’observen canvis cel-lulars com
I’'acumulacié de lipofuscina i de macrohepatocits, increment de poliploidia i del nombre
de mitocondries per cél-lula. De tal manera que amb I'edat, el fetge és més susceptible
a una isquémia i a una disminucié de la funcionalitat [55]. Mentre que hi ha funcions
gue disminueixen amb I'edat, altres com les transaminases i la fosfatasa alcalina no
s’afecten en gran mesura amb l'edat i amb la sintesi d’albumina hi ha resultats

discordants [55].

La disminucié del metabolisme del colesterol de lipoproteines de baixa densitat (cLDL)
condueix a un increment dels valors serics de cLDL [55] que es pot traduir en una
intensificacié de tractament hipolipemiant si es marca com a objectiu una xifra

determinada en lloc de centrar el tractament segons els objectius assistencials [32,56].

La sintesi de vitamina K es produeix al fetge i disminueix a mesura que augmenta I’edat.
De tal manera que s’haura de considerar en pacients que necessitin tractament
anticoagulant amb antagonistes de la vitamina K com és I'acenocumarol, un farmac

classificat d’alt risc per I'Institut de I’Us segur dels medicaments a Espanya [55,57].

S’ha observat una disminucié del citocrom P450 del 32% en persones de 70 anys
respecte a persones en la tercera decada de la vida, que justifica que I'aclariment
metabolic d’alguns farmacs sigui del 20 al 40% més lent en persones d’edat avangada
[55]. En tractar-se d’un dels principals sistemes d’eliminacié de farmacs, la disminucié
del citocrom P450 amb |'edat afecta la farmacocinetica dels farmacs, com s’explica al
seglient apartat, i té implicacions importants en I'eficacia i seguretat de I'is dels farmacs

gue es metabolitzen per via hepatica [58].

PATRONS DE MULTIMORBIDITAT | POLIMEDICACIO EN PERSONES D’EDAT AVANCADA A CATALUNYA 15



Finalment, tot i que la vesicula biliar esta conservada amb l'edat, la bilis té una
composicié més litogenica, per la qual, les persones d’edat avancada, sén més
susceptibles de presentar calculs biliars. Amb I'edat també disminueix la regeneracid

cel-lular a nivell hepatic [55].

1.1.3. Envelliment i farmacs

A banda dels efectes comentats a I'apartat anterior, els canvis biologics i moleculars que
es produeixen en l'envelliment, també tenen influencia en la farmacocineética i

farmacodinamica del metabolisme dels farmacs [59,60].

Els canvis que es produeixen en la farmacocinéetica dels farmacs amb I'edat han estat
estudiats i son predictibles. Es deuen a la perdua de la funcionalitat diferents organsi a
la reduccio de I'eficacia dels mecanismes d’homeostasi. Afecta en diferents fases del
procés conegut com LADME que és |'acronim d’alliberament, absorcid, distribucio,
metabolisme i excrecid. A la taula 3 s’indiquen els canvis que es produeixen

principalment a cada fase i quin efecte poden exercir sobre els farmacs [60].

Taula 3. Canvis farmacocinétics causats per I'envelliment i efecte produit

PROCES

FARMACOCINETIC CANVIS RELACIONATS AMB L’EDAT EFECTE PRODUIT
Increment pH acid
Alentiment del buidatge gastric
bsorcid Reduccié del flux sanguini esplacnic Lleugera disminucié de I"absorcié
Reduccié de la superficie d’absorcié
Reduccié de la motilitat gastrointestinal
Increment del greix corporal Increment del volum de distribucié i la semivida dels
Reduccié de la massa magra farmacs lipofils
Py . Increment de la concentracié plasmatica dels farmacs
istribucié Reduccié de I'aigua corporal hidrosolubles
Reduccié de I'albimina sérica Increment de la fracci6 lliure dels farmacs acids
Increment de I'alfa-1-glicoproteina Disminucié de la fraccié lliure dels farmacs alcalins
Reduccié del flux sanguini i massa Disminucié del primer pas hepatic i primera fase del
etabolisme hepatica metabolisme
» Reducci6 del flux sanguini renal Disminucié de I'eliminacié renal de farmacs
AGICCO Reduccié de la taxa de filtrat glomerular hidrosolubles

Adaptada de Corsonello A, et al. Curr Med Chem. 2010;17(6):571-84
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Aquests canvis generalment condueixen a un increment dels nivells plasmatics de
farmacs que es poden relacionar amb un risc incremental de patir efectes adversos als
medicaments. Excepte en els processos que condueixen a una disminucié de I'absorcié
i a una disminucié de la fraccid lliure de farmacs on I'exposicid al farmac sera més
discreta i poden tenir un efecte menor. En el cas dels farmacs que s’excreten per via
hepatica, la reduccié del primer pas hepatic i de la primera fase del metabolisme pot
conduir a una concentracié plasmatica més elevada i possible toxicitat del farmac per
acumulacié del farmac, o també es pot produir una disminucioé de I'efecte del farmac en
el cas dels profarmacs, ja que sén farmacs inactius, que requereixen el metabolisme

hepatic per transformar-se en la forma activa [58,60].

Pel que fa a I'absorcid, també s’ha de tenir present que es pot veure alterada segons la

forma farmaceutica administrada [60].

La farmacodinamica no ha estat tan estudiada com la farmacocinetica ni és tan
prevenible. Es defineix com els efectes biologics i fisiologics dels farmacs al lloc d’accié.
Depéen de multiples factors com sén la biodisponibilitat del farmac (concentracié al lloc
d’accid), interaccions entre els farmacs i els receptors (es poden observar efectes
agonics o antagonics), la regulacié homeostatica i factors especifics com I'edat, sexe,

etnica, geneética, malalties i farmacs concomitants [60,61].

Els canvis farmacodinamics que es produeixen amb |'edat poden donar-se en la
transduccio de receptors o senyals o ser el resultat de mecanismes homeostatics alterats
conduint a una afectacié del nombre, I'activitat i I'expressié dels receptors [60,61]. Pero
I’envelliment no condueix Unicament a un declivi funcional, sind que s’associa a canvis
en l'estructura i funcié d’organs i sistemes que poden conduir a una alteracié de
I'homeostasi i descompensacido que davant d’efectes modestos pot tenir un efecte
superior al que es produiria en una persona més jove [61]. Principalment, s’han
documentat canvis farmacodinamics relacionats amb I'edat en farmacs que actuen a

nivell del sistema nervids central i cardiovascular [60,61].

Els canvis de I’envelliment sobre la farmacocinética i farmacodinamica dels farmacs en

pacients que presenten multimorbiditat i polimedicacid, posen a les persones d’edat
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avangada en una situacié vulnerable de presentar més esdeveniments adversos a la
medicacid, implicant problemes de seguretat a la poblacid, carrega assistencial i costos
sanitaris rellevants [60]. En un estudi previ, s’han analitzat els problemes relacionats
amb la medicacié en poblacié major de 64 anys de forma longitudinal, posant de
manifest que en els cinc anys de seguiment s’incrementa la prescripcié de medicaments
contraindicats en malaltia renal cronica o en malaltia hepatica a mesura que la poblacié
va envellint [38]. Es necessari establir mesures per a la deteccié i prevencié d’aquests

riscos.
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1.2. MULTIMORBIDITAT

1.2.1. Definicid i prevalenca

La definicié de multimorbiditat no ha estat uniforme a la literatura medica. El terme més
acceptat i que defineix I'OMS és la coexisténcia de dues o més malalties croniques en un

mateix individu [8,10,62]

Un concepte diferent és el de comorbiditat, definit com la presencia de malalties
addicionals en relacié amb una malaltia index o principal en una persona. Aquestes
malalties poden afectar el curs i el tractament de la malaltia index que és la dominant
pel que fa a I'abordatge de la persona [62—-64]. A diferéncia de la multimorbiditat, que
és especialment util en persones amb multiples malalties, en qué no ha d’haver-hi una
malaltia principal sind que es superposen. En la interseccié de les mateixes s’ha de
contextualitzar tant I'estat biologic, fisioldgic i psicologic de la persona, com factors
culturals, socials, educacionals, economics o ambientals. A la figura 5 s’il-lustren les

diferéncies entre comorbiditat i multimorbiditat [63].

Figura 5. Diferéencies conceptuals entre comorbiditat (A) i multimorbiditat (B)

A) COMORBIDITAT B) MULTIMORBIDITAT
Pacient
Patologia
Patologia Patologia
Patologia

Adatada de Boyd, CM et al. Public Health Rev. 2010;32,451-474
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També s’ha definit el concepte de multimorbiditat complexa com la coexisténcia de tres
0 més patologies croniques. Tot i que no esta clar si aquesta definicié permet identificar

a persones amb una major complexitat i necessitat d'atencié [62].

La controversia relacionada amb el terme de multimorbiditat, no només ha estat discutit
pel que fa al nombre de patologies, siné en la manera de com mesurar aquestes, per
exemple quines patologies es mesuren, si es dona un pes diferent segons la gravetat, o
si s’inclou I’estat funcional o altres factors que no son clinics com |’estat socioeconomic

[10,18,65]. A continuacié s’exposen diferents exemples de definicié de multimorbiditat:

e The Academy of Medical Sciences del Regne Unit: coexistencia de dues o més
condicions de salut croniques en un individu, qualsevol de les quals és qualsevol
malaltia fisica no transmissible a llarg termini, una malaltia mental de llarga
durada o una malaltia infecciosa a llarg termini [18,62].

e National Institute for Health and Care Excellence (NICE): coexistencia de duos o
més malalties croniques que poden incloure malalties fisiques o mentals,
condicions croniques com la dificultat en I'aprenentatge, simptomes complexos
com la fragilitat o el dolor cronic, alteracid dels organs i sentits, abus de drogues
i/o alcohol [62,66].

e [’European General Practice Research Network (EGPRN): qualsevol combinacio
d’una malaltia cronica amb una o més malalties (aguda o cronica) o factor

biopsicosocial o factor de risc somatic [18].

Una altra barrera en la definicié de multimorbiditat ha estat la qualificacié de malaltia
cronica, fet que ha marcat I'existéncia de manca de coheréencia entre diferents estudis
en la definicié i mesura de la multimorbiditat [10]. De tal manera que s’han estimat de
forma heterogénia la prevalenca i la carrega de malaltia entre diferents autors

[21,67,68].

Estudis recents han presentat definicions operatives amb divergencies en el nombre i
tipus de patologies incloses, pes de cada patologia o sistemes d’informacié de recollida
de dades [18,69,70]. Per exemple, I'estudi Swedish National study of Ageing and Care in

Kungsholmen (SNAC-K), ha categoritzat les patologies croniques en els seixanta
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agrupadors més prevalents segons criteris clinics per tal de poder operativitzar la
definicié [71]. Aquesta metodologia esta basada en I'evidencia, el judici clinic i el
consens d’un equip multidisciplinari internacional; que va classificar els codis de totes
les patologies (nivell d’agregacié de quatre digits de la Classificacid Internacional de
Malalties, 10a revisid (CIM-10)) com a cronics o no, consensuant que es considera
malaltia cronica i posteriorment categoritzant-les en agrupadors. A la taula 4 es mostra
un exemple de I'agrupacié de patologies croniques de I'SNAC-K [71]. EI detall dels 60

agrupadors es troba a I'annex 1.

Taula 4. Mostra d’agrupacio de patologies croniques segons SNAC-K

COPD, EMPHYSEMA, CHRONIC BRONCHITIS

Included ICD-10 codes and labels

Ja1 Simple and mucopurulent chronic bronchitis
142 Unspecified chronic bronchitis

J43 Emphysema

Ja4 Other chronic obstructive pulmonary disease
147 Bronchiectasis

DEMENTIA

Included ICD-10 codes and labels

FOO Dementia in Alzheimer disease

Fo1 Vascular dementia

FO2 Dementia in other diseases classified elsewhere

FO3 Unspecified dementia

FO51 Delirium superimposed on dementia

G30 Alzheimer disease

G31 Other degenerative diseases of nervous system, not elsewhere classified
DIABETES

Included ICD-10 codes and labels

E10 Insulin-dependent diabetes mellitus

E1l Non-insulin-dependent diabetes mellitus
E13 Other specified diabetes mellitus

E14 Unspecified diabetes mellitus

E891 Postprocedural hypoinsulinaemia

HYPERTENSION

Included ICD-10 codes and labels
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110 Essential (primary) hypertension

111 Hypertensive heart disease

112 Hypertensive renal disease

113 Hypertensive heart and renal disease
115 Secondary hypertension

Adaptada de Calderdn-Larrafiaga A et al. Journals Gerontol - Ser A Biol Sci Med Sci. 2017

Tot i que encara no existeix una classificacié estandarditzada de les malalties croniques
i de la definicio operativa de multimorbiditat, la classificacio proposada per SNAC-K ha

estat adoptada per diferents autors [38,72—74].

La manca de consens sobre la seva operativa fa que els resultats siguin heterogenis a la
literatura i s’observen variacions pel que fa a la prevalenga exacta de la multimorbiditat,
gue pot anar des d’'un 13% fins a un 72% en la poblacié general [18,21,75,76]. En
qualsevol cas, la multimorbiditat té una prevalenga alta i creixent, especialment a
mesura que la poblacié envelleix, tal com es mostra a la figura 6 [77]. Afecta a més de la
meitat de la poblacié d’edat avancada, podent afectar a un 82% de la poblacié de 85 o
més anys [18,28,77-79]. Tot i haver estat més estudiada i ser més freqlent en la
poblacié envellida, no és exclusiva de I'’edat avancada i també es presenta en altres
grups d’edats més joves, podent afectar a un 30% de la poblacié d’entre 45 a 64 anys
[28]. Actualment, a Europa s’estima que uns 50 milions d’habitants presenten

multimorbiditat. Majoritariament, es tracta de persones de 65 anys o més [28,78].

Figura 6. Prevalenca de multimorbiditat segons edat i sexe
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Una revisid sistematica i metaanalisi recent, va observar que la prevalenga mitjana
global era del 37,2%. Va ser superior America del Sud (45,7%), seguida d'Ameérica del
Nord (43,1%), Europa (39,2%) i Asia (35%) [79].

La incidéncia de multimorbiditat no ha estat tan estudiada, una revisié sistematica que
engloba 36 estudis sobre poblacié general estableix en 30,7 per 1.000 habitants-any (IQR
39.5 per 1.000 habitants-any). S’ha de dir, que en els estudis s’incloien majoritariament

adults de mitjana edat [80].

1.2.2. Determinants

L’evidencia dels determinants de multimorbiditat és escassa, contradictoria i es limita a
estudis transversals [18,76]. Els principals determinants no modificables de Ia
multimorbiditat inclouen Il'edat avancada, el génere femeni i el baix estatus
socioeconomic [21,42]. També s’ha descrit determinants de la multimorbiditat

modificables com sén el consum de tabac, alcohol, activitat fisica o obesitat [18].

Sén necessaris estudis longitudinals que permetin entendre la magnitud de Ia
multimorbiditat i establir la causalitat i temporalitat. També és fonamental disposar
d’una estandarditzacié del concepte de multimorbiditat per disminuir I’heterogeneitat

entre estudis [18].

a) Edat

Com s’ha comentat anteriorment, els canvis a nivell molecular que es produeixen a
I’envelliment tenen un impacte en els diferents organs i sistemes conduint a alteracions
en la seva funcid, per exemple, amb I'edat s’observa rigidesa vascular, reduccié de
I'elasticitat del cor, pérdua de massa renal, i hepatica, reduccid de I'absorcid intestinal,

entre d’altres [14,52]. Aquests canvis condueixen a un augment de la vulnerabilitat dels
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diferents organs i consequientment la persona pot anar adquirint i acumulant malalties

croniques a mesura va envellint (figura 2,6 i 7) [14,52].

Figura 7. Prevalenca de la multimorbiditat segons I'edat i condicions quan s’inclouen en la
definicio
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MacRae C et al. PLoSMed 2023; 20(4):e1004208

Una conseqliencia del declivi dels sistemes fisiologics i carrega de malaltia que es
presenta amb |'edat és un control deficient de 'homeostasi causant fragilitat [23]. La
fragilitat i la multimorbiditat estan intimament relacionades; la majoria de les persones
fragils també presenten multimorbiditat, perd0 no totes les persones amb

multimorbiditat també presenten fragilitat [81].

b) Sexe

Actualment no esta clar si el sexe femeni és un determinant de presentar més
multimorbiditat. Es tracta d’una variable ampliament estudiada a la literatura, pero
s’observen resultats discordants [18]. Majoritariament, s’observa una relacié positiva

entre la mortalitat i el sexe femeni [18,21,79]. Una revisidé sistematica que inclou
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poblacié d’Europa, dels Estats Units d’America, del Canada i d’Australia va trobar

aquesta associacio en nou estudis i no la va trobar en cinc [18,21].

Un estudi longitudinal ha demostrat que, a més de la prevalenca, la incidencia de
multimorbiditat també va ser més alta en les dones que en els homes al llarg del temps

(figura 8) [82].

Figura 8. Incidéncia acumulada de la multimorbiditat segons sexe
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Vos R, et al. PLoS ONE. 2022;17(2): e026443

La revisid sistematica i metaanalisi de Chowdhury, també observa aquestes diferencies

en el sexe femeni, independentment de la regid geografica (figura 9) [79].
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Figura 9. Prevalenca de multimorbiditat per sexe i regid geografica
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Existeix incertesa en les causes que condueixen a aquestes diferéncies i no esta clar si
realment el sexe influeix en el risc de multimorbiditat per si, o si aquestes troballes sén
degudes a un biaix en els estudis com pot ser en els factors d’ajustament com I'edat
entre altres possibles factors de confusié o per un baix poder estadistic per trobar
diferéncies [18]. També seria plausible que el sexe tingui una implicacié com a un factor
intermediari depenent del context, més que a nivell biologic. Per exemple, factors
especifics i socials com el sexisme, la violeéncia masclista, la desigualtat d’ingressos i
pobresa entre sexes, el fet que les dones sdn més freqlientadores dels serveis sanitaris
0 que tenen una esperanca de vida més elevada podrien ser les causes d’aquesta

multimorbiditat més elevada que en el cas dels homes [18,21,83].

c) Estat socioeconomic

S’ha mostrat una relacié inversa entre I'estat socioeconomic i la prevalenca de

multimorbiditat en estudis transversals realitzats en paisos amb ingressos mitjans-alts.
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De tal manera que un baix estat socioeconomic es tradueix en una multimorbiditat més
elevada [18,21,27]. Una taxa superior de consum de tabac, una dieta no adequada, els
problemes psicosocials, I'alt nivell d’estrées, alteracions en la sén, la reduccié de
I'alfabetitzacié sanitaria i una educacié més baixa individual o dels pares son situacions
més prevalents en persones amb baix nivell d’ingressos que poden contribuir a
I'increment de la multimorbiditat [18,84,85]. També es podria donar el cas a la inversa,
que la presencia de multimorbiditat pugui causar una reduccié de rendes derivades
d’una discapacitat o augment de la despesa sanitaria, poc probable en el nostre ambit

[18].

Tot i que s’ha de tenir en compte que la poblacid més desfavorida socioeconomicament
acostumen a tenir una edat mitjana més baixa, un estudi transversal realitzat a Escocia
va trobar que I'aparicié de multimorbiditat es va produir entre 10 i 15 anys abans en els
residents de zones més de privades en comparacié amb les més riques (figura 10) [27] i
gue la seva prevalenca (incloent patologies relacionades amb salut mental) era gairebé
dues vegades més alta en les arees més necessitades en comparacido amb les arees més
riques [27,86]. Altres estudis en poblacions del Regne Unit han trobat una associacié
similar amb la multimorbiditat que inclou patologies com la depressid, I'ansietat, el mal

Us de drogues o dolor [18].
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Figura 10. Prevalenca de multimorbiditat per edat i estat socioeconomic
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Paradoxalment, altres estudis han posat de manifest que la multimorbiditat pot ser
més freqlient en persones amb un nivell socioecondmic més elevat en determinats
contexts. Aquesta diferéncia pot ser explicada pels canvis en la demografia i
epidemiologia que poden predisposar a malalties croniques [18]. Podria ser degut al
fet que aquestes persones podrien tenir més accés a aliments d'altes calories, tabac,
alcohol, i altres factors d’estil de vida que condueixen a un increment de malalties
croniques. També podrien tenir accés a doble cobertura que doni lloc a un
sobrediagnostic i sobretractament [18,87], o que al tenir major esperanca de vida,

poden acumular més malalties croniques [18].

Cal tenir cura a I’hora de fer inferéncies dels estudis per la seva naturalesa transversal.
Sén necessaris estudis longitudinals per avaluar millor la relacié entre nivell
socioeconomic i multimorbiditat. | establir politiques que disminueixin aquesta bretxa

[18].
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d) Etnia

Queda per determinar si existeix relacié entre I'étnia i la multimorbiditat. Els estudis
epidemiologics que I'han estudiat son de dificil interpretacid per presentar diferencies
en la metodologia, en la terminologia utilitzada per descriure I'étnia i perque
principalment estan realitzats en poblacié caucasica [18,86]. Molts dels estudis que
troben una associacid entre etnia i multimorbiditat estan fets en diferents grups étnics
dins d'un sol pais o d’una poblacié geograficament definida. Per tant, podria estar
actuant com un indicador especific del context per a altres factors psicosocioeconomics

com la privacid socioecondmica, o fins i tot I'estatus de migrant [18].

Tanmateix, s’ha observat que I'eétnia influeix en la susceptibilitat a determinades

patologies croniques [86], com poden ser:

e patrons amb malalties cardiopulmonars i cerebrovasculars, aixi com dolor i
patologia hepatica en homes negres.

e patrons hepatics i altres lesions fisiques entre els nadius americans.

e patrons cerebrovasculars i cancer gastrointestinal en poblacio asiatica

e patrons mentals i musculoesquelétics en poblacid caucasica.

1.2.3. Impacte de la multimorbiditat

La multimorbiditat s’"ha associat a efectes negatius en els pacients, els cuidadors, els

professionals i el sistema sanitari [18].

A nivell individual, la multimorbiditat pot modificar els resultats de la salut i conduir a
una major discapacitat o una disminucio de la qualitat de vida o fragilitat. Les persones
amb multimorbiditat tenen més risc de presentar alteracié de la funcionalitat, més
utilitzacio i ingressos no programats als dispositius d’assisténcia sanitaria, una atencié
sanitaria més fraccionada, polimedicacié i inclus també s’ha relacionat amb un augment

de la mortalitat [18,27,88-91].
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Les persones amb multimorbiditat requereixen una atencié especial tant en I'ambit
sanitari com en el domicili [18], generant una carrega de tractament amb un impacte
negatiu en la vida del pacient i del cuidador a causa de lI'increment de temps i d’energia
dedicada a gestionar I'atencio, assistir a les cites i accedir als tractaments [18]. Diferents
estudis han posat de manifest la frustracio de pacients i cuidadors a conseqiiencia d’una
coordinacio ineficient entre professionals sanitaris i nivells assistencials, conduint a una
continuitat assistencial deficient [18,92,93]. També s’ha associat la sobrecarrega del
cuidador a un increment en patologies mentals, fisiques i a un augment de la mortalitat

[18].

L'atencio als pacients amb multimorbiditat també presenta reptes en els professionals
sanitaris que sovint tenen limitacions de manca de temps i recursos per a la gestio de
pacients que requereixen una atenciéo complexa i individualitzada. També presenten
dificultats I'atencié fraccionada, voler aplicar multiples guies cliniques o prioritzar una

patologia davant de la multimorbiditat i de I'estat situacional del pacient [18,94,95].

La carrega assistencial que suposa el tractament dels pacients amb multimorbiditat
també impacta en el sistema sanitari, ja que genera un increment de visites a I'atencié
primaria i d’ingressos hospitalaris, independentment dels factors sociodemografics
[18,96,97]. Cal destacar que els ingressos hospitalaris no planificats son especialment
alts en pacients que presenten depressio, demeéncia, esquizofréenia, dificultats en

I’aprenentatge o que tenen problemes amb I'alcohol i/o substancies psicoactives [18].

En dltima instancia, la multimorbiditat també s’ha associat amb un augment de costos
tant per al pacient com per al sistema sanitari, ja siguin recursos sanitaris totals,
hospitalaris, de transicid assistencial, d'atencié primaria, d’atencié dental, als serveis
d'urgéncies i hospitalitzacions [18,98]. Una revisid sistematica a Regne Unit estima que
les persones amb multimorbiditat que presenten quatre o més patologies tenen 14,38
vegades més probabilitats de patir un ingrés hospitalari no planificat independentment
de I'edat [98]. Per altra banda, els costos generats per la multimorbiditat es deuen més
a combinacions especifiques de patologies i de grups d’edat que no pas a la quantitat de
malalties. Per exemple, la depressid associada a alguna altra patologia s’ha traduit en un

increment de costos i d’utilitzacié de recursos sanitaris de manera destacable [98].
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A Catalunya, el 51% del pressupost sanitari es dedica al 5% de la poblacié amb un risc

més elevat de carrega de morbiditat [9].

A nivell individual, especialment en determinats paisos on els usuaris paguen una part o
la totalitat de I'assistéencia medica i dels medicaments, la multimorbiditat pot suposar

una gran carrega economica per als pacients que pot arribar a ser inabordable [18].

L'augment progressiu de la multimorbiditat planteja grans reptes a la prestacié
d'assisténcia als sistemes sanitaris i als governs, tant nacionals com internacionals. S’han
evidenciat limitacions dels sistemes sanitaris actuals per a poder abordar situacions
complexes de pacients amb multimorbiditat com sén el tractament de malalties de
forma aillada, la manca de coordinacid i d’'una continuitat assistencial inadequada entre

els diferents nivells assistencials entre d’altres [42,99-101].

PATRONS DE MULTIMORBIDITAT | POLIMEDICACIO EN PERSONES D’EDAT AVANCADA A CATALUNYA 31



1.3. POLIMEDICACIO

La polimedicacido és un problema creixent per als sistemes sanitaris a mesura que
augmenta la longevitat de la poblacid i la incidencia de multimorbiditat. Igual que
succeia amb la multimorbiditat, no és exclusiva de persones d’edat avangada, pero si
presenta reptes particulars com la vulnerabilitat intrinseca o esquemes de tractament
complexos. Per aquests motius, la polimedicacié s'ha identificat com una prioritat per
als sistemes sanitaris, especialment en persones d’edat avancada i existeixen
documents marc, estratégies i eines enfocades a la disminucié de la polimedicacié i a
garantir que les persones rebin els tractaments necessaris i adequats a les seves

necessitats [28,102—-104].

1.3.1. Definicio

La polimedicacié s’esta convertint en un gran repte per als sistemes sanitaris a causa de
I'increment de la seva prevalenga en els darrers anys i en les conseqliéncies en termes

de seguretat per als pacients i de costos econdmics associats [28,102—-104].

De manera similar al que succeeix amb la multimorbiditat, tampoc existeix una definicié
operativa de polimedicacid i existeix variabilitat en la literatura. Hi ha dues
aproximacions utilitzades per a definir o mesurar polimedicacié: 1) quantitativa, on es
posa un llindar a partir de la qual es considera polimedicacid, i 2) qualitativa, que mesura

el nombre de farmacs inadequats segons uns criteris preestablerts.

A nivell quantitatiu, L'OMS defineix la polimedicacié com a |’Us cronic concomitant de 5
o més medicaments incloent tota la medicacié (de venda lliure, amb recepta, d’Us
tradicional) [102]. Mentre que una revisio sistematica indica que un 46,4% dels articles
analitzats defineix la polimedicacié com a I'is de cinc o més medicaments [105], no hi

ha tant consens quin tipus de medicacié s’hauria de considerar [102]. Establir un Ilindar
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numeric té I'avantatge de ser relativament senzill, tot i que es tracta d’un valor arbitrari

i variable amb el temps i entre els estudis (taula 5) [103,105].

Taula 5. Definicions numeriques de polimedicacio als estudis

SEGONS NOMBRE SEGONS NOMBRE DE FARMACS | DURADA O
DEFINICIO POLIMEDIACIO DE FARMACS CONTEXT
> 2 farmacs durant més de 240 dies
> 5 farmacs en el mateix mes
> 5 farmacs durant 2 90 dies
>2finsa>11 > 5 farmacs en un quadrimestre
Polimedicacié Numero de classe de > 5 farmacs a I'alta hospitalaria
farmac . .
5-9 farmacs durant > 90 dies
5-9 farmacs durant I'estada hospitalaria
5-9 farmacs en un dia dintre del periode d'estudi
10 farmacs durant I'estada hospitalaria
Gran polimedicacié >5finsa>11 > 10 farmacs en un dia dintre del periode d'estudi
Hiperpolimedicacid >10 > 10 farmacs durant > 90 dies
Polimedicacié excessiva 210 > 10 farmacs en un quadrimestre
221 > 10 farmacs durant |'estada hospitalaria
Polimedicacid persistent > 5 farmacs durant 181 dies

> 5 farmacs en 1 mes durant 2 6 mesos

Polimedicacio cronica .
(consecutius 0 no) en un any

Polimedicacié moderada Entre4i5

Hiperpolimedicacié De0Oa4

Adaptat de Masnoon N, et al. BMC Geriatr. 2017;17:230

Definir la polimedicacié de manera quantitativa, no necessariament correspon a que la
medicacid que pren el pacient sigui inadequada. Aquesta és la base per a les definicions

gualitatives de la polimedicacid, a on es pot diferenciar [28,102—-104]:

e Polimedicacié adequada: prescripcié de multiples farmacs en persones amb
complexitat clinica o per multiples patologies, on s’ha optimitzat el tractament i
s’han prescrit els farmacs d’acord amb la millor evidencia disponible.

e Polimedicacid inadequada: prescripcido de multiples farmacs que no sén adequats
per al pacient o amb els que no s’assoleix I'objectiu terapéutic marcat com podia ser
I'ds d’'un farmac no basat en l'evidéncia, prescripcié d’un farmac o dosi no

adequat/da segons les caracteristiques de la persona, quan el balang benefici-risc és
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desfavorable, quan es presenten interaccions que poden causar efectes
indesitjables, o quan el pacient presenta carrega terapeutica que condiciona

I’adheréncia al tractament.

Al no disposar d’un enfocament universal per tal de quantificar la polimedicacid, s’han
suggerit criteris pragmatics per tal de poder identificar als pacients amb polimedicacié i
conseqiientment amb un risc superior de presentar problemes relacionats amb la

medicacid a la practica clinica [103,104]:

e Pacients amb 10 o més medicaments cronics
e Pacients que reben entre quatre i nou medicaments cronics i que també
presentin:
o prescripcié d’algun farmac potencialment inadequat,
o prescripci6 de farmacs amb evidéncia de presentar interaccions
rellevants entre ells o contraindicacions,
o problemes amb I'Us de la medicacié com manca d’adheréncia o errors
amb I'administracio,
o un Unic registre de patologia a la historia clinica (amb un nombre elevat
de farmacs)

o situacio de final de vida o d’ultims dies.

1.3.2. Prevalenca

La polimedicacid sovint és la conseqiiencia del tractament de multiples malalties
croniques, per aixd esta intimament relacionada amb la multimorbiditat. S’ha estimat
que un 20,8% de les persones amb multimorbiditat (>2 patologies croniques) prenen

entre 4 i 9 medicaments, i que un 10,1% en prenen deu o més [28].

Igual que succeeix amb la multimorbiditat, al no haver-hi una definicié estandarditzada,
la seva prevalenca també es variable segons la definicid adoptada als diferents estudis i

pel context de cada pais.
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La prevalenca de polimedicacié ha anat incrementant cada any. A Espanya, entre els
anys 2005 i 2015 s’ha triplicat el nombre de persones amb > 5 medicaments (2,5% vs.
8,9%), arribant al 28,2% en persones majors de 64 anys. En canvi, la polimedicacio
excessiva (> 10 medicaments) s’ha multiplicat per deu en el mateix periode (0,1% vs.
1%), especialment s’ha observat aquesta tendéncia en la poblacié major de 80 anys. Per
altra banda, ha disminuit el nombre de persones sense tractament cronic (80,2% vs.

63,1%) [106].

Entre els factors que contribueixen a aquest increment de polimedicacid, es troba
I’envelliment que condueix a una carrega de malaltia, aixi com el nivell socioeconomic.
De tal manera que s’incrementa la polimedicacié amb I'edat (figura 11) i amb rendes

baixes (figura 12) [28].

Figura 11. Percentatge de persones amb polimedicacid segons edat
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Mair A, et al. Polypharmacy Management by 2030: a patient safety challenge. 2017
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Figura 12. Percentatge de persones amb polimedicacio segons nivell socioeconomic
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A Suécia, al 2018 es va estimar que un 44% de les persones prenien > 5 medicaments i
un 11,7% deu o més. Inclus, d’entre les persones que no presentaven polimedicacio a
I'inici de I'estudi, un 20% la presentaven anualment, arribant al 33,2% en els majors de

94 anys [107].

En la mateixa linia, una revisid sistematica i metaanalisi publicada I'any 2022 estima la
prevalenca de polimedicacié en 37% en la poblacié global i del 45% en persones amb

edat superior a 64 anys [108].

1.3.3. Causes

D’entre els determinants de la polimedicacid, hi ha causes relacionades amb el pacient,

amb la malaltia, amb els prescriptors i amb I'accessibilitat al sistema sanitari.
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a) Causes relacionades amb el pacient

L'edat i el sexe s’acostuma a relacionar amb la polimedicacié. Als estudis,
majoritariament s’ha trobat una relacié positiva amb edats més avancades. No obstant
algun article no ha observat aquesta relacié, quan s’han ajustat per I’hospitalitzacié o
per l'index de comorbiditats de Charlson, si que s’ha observat aquesta associacio. El
sexe, en canvi, ha estat un determinant controvertit, tot i que majoritariament es
relaciona amb el sexe femeni, algun article la relaciona amb el masculi. Aquestes
diferéncies poden desapareixer amb el temps i especialment en les persones grans

[109].

Una revisid sistematica i metaanalisi recent també ha establert que un baix nivell
socioeconomic, es relaciona amb un risc incrementat de presentar polimedicacié que
pot arribar a ser del 21%, mesurat en nivell d’estudis, ocupacio, ingressos o classe social

[109].

Altres determinants relacionats amb la polimedicacié han estat I’habit tabaquic,
I'obesitat, viure en parella, residir en ambits urbans, o estar institucionalitzat en

residencies geriatriques [109].

b) Causes relacionades amb la malaltia

Les patologies cardiovasculars i vasculars cerebrals, aixi com els seus principals factors
de risc s’han relacionat amb un risc superior de presentar polimedicacié. S’"han descrit
taxes de prevalenga de polimedicacié que oscil-len entre el 65 i el 85% en persones que

presenten ictus, cardiopatia isquémica, insuficiencia cardiaca o malaltia renal [41].

Per altra banda, les persones amb multimorbiditat acostumen a tenir carrega de malaltia
i un estat general més complex que de forma general requerira multiples farmacs per al
control de les seves patologies [28]. S’ha de tenir present que I'abordatge de certes
malalties croniques és no farmacologic i no necessitaran farmacs pel seu control (per

exemple, cataractes o bradicardies), mentre que d’altres requeriran la prescripcié de
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diversos farmacs (per exemple, la prevencié secundaria d'un esdeveniment
cardiovascular que incloura el tractament dels factors de risc cardiovascular com

hipertensio, dislipemia i diabetis).

Les guies de practica clinica (GPC) tot i ser d’utilitat pel maneig de les malalties
croniques, s’ha de tenir present que de forma general ofereixen un enfocament
individual de la malaltia sense tenir present la multimorbiditat ni I'estat situacional del
pacient. Marcant sovint recomanacions intensives sobre el tractament farmacologic que
poden ser d’utilitat en persones amb una esperanca de vida llarga, perd que en
determinats pacients com son els que presenten complexitat clinica, multimorbiditat,
fragilitat o curta esperanca de vida generalment no estan basades en evidéncia i poden
no ser adequades [24]. L’aplicacié d’aquestes guies sense contextualitzar i sense haver
realitzat una valoracié complerta del pacient com a punt de partida per a establir els
objectius assistencials i terapeutics dels pacients, pot conduir a la prescripcié de farmacs
inadequats o d’un nombre excessiu de medicaments que sovint el balan¢ benefici-risc

és desfavorable [29,87].

c) Causes relacionades amb els prescriptors

S’ha relacionat amb la polimedicacié els multiples prescriptors i una comunicacio

deficient entre ells. Aixi com una falta de seguiment i d’educacié sanitaria [109].

Els habits dels prescriptors poden conduir al sobretractament, entés com el tractament
per al maneig de patologies que mai no causaran simptomes ni la mort al pacient, i que
té una baixa probabilitat d’obtenir benefici per al pacient, i podria causar perjudici. A la
figura 13 s’il-lustren situacions que condueixen al sobretractament [87]. El terme
anglosaxo disease-mongering fa referencia quan I'abus de la medicina preventiva i la
medicalitzacié de la vida sén promogudes per la industria farmaceutica amb I'objectiu

d’obtenir-ne beneficis economics [87].
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Figura 13. Interrelacio dels diferents conceptes que causen sobretractament

SOBRETRACTAMENT
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Medicina Inércia " Medicalitzacio
de . o medicina .
defensiva terapéutica : de lavida
complaenca preventiva

Disease mongering

Lestdn M, et al. Reptes en la prescripcié de medicaments: El sobretractament. BIT 2020

d) Causes relacionades amb el sistema sanitari

L’accés al sistema sanitari s’ha relacionat amb un increment del nombre de farmacs
prescrits. De tal manera que visitar a un especialista d’Atencié Primaria quatre cops I'any

s’ha relacionat amb quatre cops més de presentar polimedicacié [109].

Aguest risc també incrementa en les persones que han estat hospitalitzades els darrers

sis mesos o que presenten doble cobertura sanitaria [109].

1.3.4. Conseqiiéncies

La medicacio necessaria i adequada per a un pacient pot perllongar la supervivéncia, per
contra, prescripcions de farmacs inadequades o un nombre elevat de farmacs,
incrementa la probabilitat d’interaccions entre farmacs o amb malalties, o bé causar
duplicitats terapéutiques. Aquestes situacions afavoreixen el risc de presentar
esdeveniments adversos a la medicacid, que poden no ser identificats com a tal i conduir
a cascades farmacologica [110], o produir efectes adversos de diferent gravetat. Val la
pena destacar els quadres confusionals i caigudes; freqlients i amb impacte negatiu en

la salut de persones d’edat avancada i/o fragil. L’adheréncia als tractaments també pot
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estar disminuida i conseqliientment condicionar els resultats en salut que poden conduir
a un increment de la dosi diaria o la intensificacid de tractaments [111,112]. La
polimedicacid pot incrementar els ingressos hospitalaris no planificats i la mortalitat

(figura 14) [28,102-104,111,113].

Figura 14. Marc conceptual dels esdeveniments adversos deguts a polimedicacio

Hospitalitzacio, mortalitat

Funcionalitat cognitiva i
fisica, fragilitat, sarcopénia

Interaccions farmac-farmac i
farmac-patologia, reaccions
adverses i manca d’adhereéncia

POLIMEDICACIO

Wastesson JW, et al. Expert Opinion on Drug Safety, 17:12, 1185-1196

S’estima que un 11% dels ingressos hospitalaris no programats sén atribuibles a la
medicacid i que més d’un 70% sdn causats en persones d’edat igual o superior a 65 anys

i que prenen cinc o més medicaments [28].

El consum de multiples farmacs incrementa el risc de patir esdeveniments adversos de

forma exponencial. Quan s’administren dos farmacs, el risc arriba al 13%; amb cinc al
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58% i amb set o més farmacs pot arribar al 82% [114]. Aquest augment és més marcat

guan s’administra un farmac inapropiat [115].

La interaccio farmac-farmac pot ser la causa d’un esdeveniment advers en un 20-40%

dels casos en les persones polimedicades [116].

Es calcula que sobre un 30% dels esdeveniments adversos sén potencialment
prevenibles. Els grups de farmacs per al sistema cardiovascular, els analgesics i els
hipoglucemiants, contribueixen al 86,5% dels esdeveniments adversos que es podrien

prevenir[112,117].

La polimedicacié en si també esta vinculada a un deteriorament funcional i cognitiu. Les
caigudes sén una conseqtiencia del deteriorament funcional i tenen un impacte elevat
donat que s’associen a un augment de la morbiditat i mortalitat [118,119]. El
deteriorament cognitiu es manifesta en episodis de deliris i pot passar de presentar-se
en el 22% dels pacients que prenien 5 o menys farmac fins al 33% dels que prenien entre

6 i 9 farmacs, o fins al 55% en els pacients que prenien 10 o més [120].

La polimedicacié incrementa el risc de mort en un 31%. La mortalitat per qualsevol causa
ajustada per edat, sexe, area residencial i comorbiditat ha mostrat ser superior en edats
més joves, en el sexe femeni, en persones que resideixen en arees urbanes i amb un
valor inferior en I'index de comorbiditat de Charlson a mesura que incrementa el

nombre de farmacs prescrits (figura 15) [40].

La polimedicacio pot condicionar una falta d’adherencia a la medicacié que pot minvar
el benefici potencial dels tractaments farmacologics i el control inadequat de les
malalties per no prendre el farmac o bé pot incrementar el risc de presentar
esdeveniments adversos o errors de medicacié per la presa incorrecta [111,121].
S'estima que entre el 30 i el 50% de les persones no prenen els seus medicaments tal
com han estat prescrits, i en les persones d’edat avancada el risc és superior a causa de
la polimedicacid, multimorbiditat, o de discapacitat sigui fisica, cognitiva o sensorial

[121-123].
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Figura 15. Analisi de subgrups de polimedicacio i mort per qualsevol causa (ajustat per edat,
sexe, drea residencial i index de Charlson), segons Edat (A) Sexe (B) Area residencial (C) index
comorbiditat de Charlson (D)
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Finalment, la polimedicacid té consequéncies per al sistema sanitari en termes de

costos.

S’estima que pot contribuir al 4% dels costos totals evitables a nivell mundial i

gue amb una gestié adequada de la polimedicacié es podria evitar el 0,3% de la despesa

total en salut global (uns 18.000 milions de dolars americans) [28,102]. S’han fet

recomanacions especifiques per minimitzar I'impacte negatiu de la polimedicacié com

s

son:

42

Realitzar auditories mediques dirigides a pacients majors amb polimedicacid
Donar suport al paper dels farmaceutics en la gestié dels medicaments i en
estrategies de revisié de la medicacio

Identificaciéd de pacients d'alt risc i elaborar plans de gestié de medicaments

dirigits a aquest grup de persones
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e Establir un sistema de notificacio i informacié d’errors de medicacio.

El maneig farmacologic de la multimorbiditat en persones amb polimedicacié
representa un repte per als professionals de la salut i els sistemes sanitaris, especialment
en persones d’edat avancada o amb fragilitat, atés que requereix un enfocament centrat
en la persona [124]. Programes de desprescripcié o de revisié de la medicacié centrada
en la persona contribueixen a la desmedicalitzacid de la poblacié i optimitzacié de

tractament farmacologic [29,37,103,124].
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La multimorbiditat pot ser analitzada de tres maneres: 1) observant quines sén les
malalties més comunes en la poblacio, 2) establint les parelles o triades de malalties que
sén més freqlents, i 3) observant agrupacions de malalties aplicant métodes d’analisi

de clusters i obtenint PM (taula 6) [21,42,125-129].

Taula 6. Resum de les malalties croniques, combinacions i patrons de malalties més freqiients

MALALTIES COMUNS COMBINACIO DE MALALTIES PATRONS DE MALALTIES

* Depressié combinada amb 8

Diabetis
malalties (per ex: hipertensid,

Malaltia cardiaca
artritis, diabetis)

* Cancer
* Hipertensié combinada amb 6
* Hipertensio
malalties (per ex: artrosi,
* Depressio

diabetis, cancer)

Malalties pulmonar

.

Diabetis combinada amb 6

obstructiva cronica * Malalties cardiovasculars i

malalties (per ex: hipertensio,

* Ictus metaboliques
infart de miocardi)

* Artritis/artrosi * Malalties salut mental o

* Artritis combinada amb

* Osteoporosis neurologiques
hipertensid, malaltia

* Asma * Malalties osteomusculars

cardiovascular, dislipémia,

Problemes gastrointestinals
diabetis i salut mental

Insuficiéncia cardiaca

Asma combinat amb artritis,

Demeéncia ) ) )
malaltia cardiovascular i

Problemes auditius
diabetis

Problemes de visié

Artrosi combinada amb

Patologia urinaria . ) )
malaltia cardiovascular i/o

Malaltia tiroidal
malaltia metabolica

Adaptada de Xu X et al. Ageing Res Rev. 2017;37:53-68. doi: 10.1016/j.arr.2017.05.003

Els estudis de multimorbiditat es basen majoritariament en les malalties croniques per
a definir els PM, donat I'impacte que tenen en la salut de les persones, la concomitancia

amb altres patologies i la seva progressio en el temps [8,130].
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1.4.1. Técniques d’analisi de patrons

Un patré és la combinacié de variables que mostren un conjunt de caracteristiques
comunes. En el cas de la multimorbiditat, es defineix un patré de multimorbiditat com
la combinacié de malalties, generalment croniques, que presenten un grup de poblacié
amb caracteristiques similars. S’han utilitzat diferents técniques d’analisi de PM que
permeten estudiar I'associacio de multiples malalties [21,42,46]. A la taula 7 es mostren

les tecniques d’analisi de PM emprats i el seu objectiu [126-129,131].

Taula 7. Tecniques d’analisi de patrons de multimorbiditat i objectiu

Identificar factors latents basats en la suposicié que les variables associades
Analisi factorial amb el mateix factor comparteixen caracteristiques comuns responsables de
la correlacié entre ells

Identificar agrupacions de condicions de multimorbiditat mitjangant tres

Algorisme de cltster ) e - - o - .
solucions estadistiques: ajust de la multimorbiditat per casualitat, la unicitat

unificat dels resultats d'agrupament i el control de la taxa de descobriment fals
Analisi de Presentar dades categoriques multivariants en un espai de baixa dimensié
- (una contrapartida de I'analisi del component principal per a dades
correspondéncia . e ) g \ L
iltiol categoriques), mitjangant procediments grafics per revelar I'associacié entre
bl 2 variables categoriques
Analisi de xarxes Identificar xarxes de condicions de salut relacionades

Assignar entitats (problemes de salut) a grups (clisters) de manera que les
Analisi de clisters entitats del mateix clister siguin més semblants entre si que les entitats de
diferents clusters

D’entre les tecniques més utilitzades a la literatura cientifica es troben I'analisi factorial

i I'analisi de clusters jerarquics [21,42,46].

a) Diferencies entre les tecniques d’analisi factorial i de clusters
jerarquics

L’analisi factorial o exploratory factor analysis, en angles, és una tecnica estadistica

multivariant que pretén descobrir les relacions entre grups de variables. Identifica
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factors latents assumint que les variables que estiguin relacionades tenen en comu un

factor F [131,132].

La técnica d’analisi de clusters, de I'angles cluster analysis, també anomenada analisi de
conglomerats, és una técnica estadistica multivariant i exploratoria que fa servir
algorismes d’aprenentatge automatitzats (de I'anglés machine learning) no supervisats

(no hi ha informacid a priori sobre I'estructura de grup subjacent) [131,132].

L’analisi factorial redueix el conjunt de diagnostics observats a un nombre menor de
factors latents que tenen en compte les correlacions entre ells i permet la inclusié de
gualsevol diagnostic en multiples factors. Per contra, I'analisi de clisters jerarquic
assigna diagnostics a grups o cumuls, de manera que els diagnostics en el mateix grup
sén més similars entre si (distancia euclidiana), pero diferents dels diagnostics dels altres

grups i no permet que s’incloguin els diagnostics en més d’un grup [133,134].

Tant I'analisi factorial com I'analisi de clisters son métodes que agrupen les patologies
en patrons pero, ofereixen aproximacions diferents i els patrons obtinguts amb les
diferents tecniques sén diferents [10,21,46]. Mentre que l'analisi factorial s'utilitza
principalment per provar relacions hipotetiques entre mesures observades i
construccions latents i pot ser d’utilitat en la descripcié de les relacions de la
comorbiditat; I'analisi de clusters jerarquics, permet identificar i agrupar dades en
subgrups per similitud de les seves variables (un grup es presentin caracteristiques
similars i que siguin diferents de la resta de grups) i podria ser d’utilitat per a I'estudi en

profunditat dels PM [10,21,42,46,126,131,135].

b) Tecniques d’analisi de clusters

L'analisi de clusters permet caracteritzar i resumir les variables utilitzades en I'estudi
trobant alguna caracteristica inherent de cada grup, de tal manera que es puguin
observar agrupacions existents entre les variables analitzades que no han estat
detectades de manera explicita i directa a través de I'observacié [136]. Posteriorment,

una vegada establerta I'agrupacié empirica, I'analisi de I'equip investigador tractara
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d’explicar aquesta ordenacié a partir del coneixement de la matéria estudiada
contribuint a I'aprenentatge dels aspectes de la poblacié inclosa que haurien passat

inadvertits i permetrien plantejar noves hipotesis de treball.

Els resultats dels patrons obtinguts amb les técniques d’analisi de clusters dependran
del conjunt de dades disponibles, de la mesura de similitud per a comparar objectes i de

I'algorisme d’agrupament de casos (jerarquic o no jerarquic) [132].

e Analisi de clusters jerarquics

L'analisi de clusters jerarquic esta dissenyat per agrupar un conjunt de dades a
diferents nivells jerarquics, on es realitzen agrupacions successives de cada grup o
cluster. Es du a terme mitjancant un algorisme sobre la matriu de similitud de
distancies o similitud entre variables caracteristiques a agrupar. Els clisters
jerarquics i els diferents nivells d’agrupacié s’obtenen dels possibles talls que es
poden realitzar en un dendrograma, la representacié grafica de I'aplicacié de

I'algorisme (figura 16) [46,137].

Figura 16. Representacio grafica (dendrograma) de les patologies incloses en I'analisi de

clusters jerarquic a I'estudi de Déruaz-Luyet et al
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Déruaz-Luyet A, et al. BMJ Open. 2017;7(6)

Al dendrograma, es representa a |’eix vertical I'index de la jerarquia, on cada linia
vertical correspon a una observacié (malaltia). En funcié del punt de tall al

dendrograma (horitzontalment), s’obtindra un nivell d’agregacié o un altre, aixo
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dependra del grau de similitud escollit. Les malalties croniques es van considerar
com a un cluster i es van unint entre elles segons la distancia existent entre elles
(definida per la Q de Yule). A la figura 16 s’observa que les agrupacions de malalties
van ser quatre, anomenades segons les malalties classificades en els diferents grups

[46,134].

L’analisi de clusters jerarquic intenta identificar grups de casos relativament
homogenis a partir de caracteristiques seleccionades i esta organitzat de tal manera
gue un determinat grup pot estar contingut Unicament en un cldster i no permet
solapaments entre grups. Entre els principals avantatges es troba que presenta
diferents algorismes per a poder establir la similitud o no entre observacions

(centroide, distancia minima o distancia maxima).

Tot i que és una de les técniques més utilitzada en biomedicina per I'agrupacié de

patologies, entre les seves principals limitacions es troben [132]:

— es centra en malalties i no en individus,

— la solucié final depén de la mesura de la distancia escollida i presenta
susceptibilitat als valors atipics

— no és una tecnica eficient per analitzar grans quantitats d’informacio ates

gue requereixen una matriu de gran distancia.

e Analisi de clusters no jerarquics

A diferencia dels metodes jerarquics, en els no jerarquics els individus s’assignen als
clusters un cop s'han especificat el nombre de clusters. Estan menys estudiats en
biomedicina que I'analisi de clusters jerarquic, pero presenta potencials avantatges
respecte a aquests ja que, sdn menys susceptibles als valors atipics, irrellevants o
no adequats, a la influencia de I'eleccié de la mesura de distancia, i els algorismes

permeten analitzar grans quantitats de dades.

El més utilitzat, és el metode K-means, que genera agrupacions partint d’'un nombre

conegut d’agrupacions o cluisters, on cada cluster té associat un centroide (centre
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geometric) i els objectes s’assignen al centroide més proper. K-means és un
algorisme d’analisi de clusters d’agrupacié rigida (de 'anglés “hard clustering”),
aquestes tecniques (també s’inclou I'analisi de clusters jerarquic) es caracteritzen
perque cada observacio pertany Unicament a un Unic cldster i no podra estar en cap

altre [138].

Els algorismes d’analsisi de clusters d’agrupacié difusa (de I'anglés “soft clustering”)
en canvi, que permeten que els individus puguin estar classificats alhora en
diferents clusters. Altres avantatges dels algorismes d’agrupacié difusa és que
s’agrupen els individus i no les malalties, permetent que una determinada malaltia
es pugui caracteritzar a més d’un cluster [138]. L’algorisme d’analisi de clusters difus
més utilitzat és el fuzzy c-means. Aquest algorisme, és similar a k-means, en el sentit
gue estima els centres de clusters, perd amb laxitud (fuzzy), de manera que els
individus poden pertanyer a més d'un clister. Aquestes caracteristiques donen un
enfocament més clinic explicant millor la naturalesa de les patologies croniques i
poden ser d’utilitat per a coneixer com s’agrupen les malalties croniques en les
persones d’edat avancada i amb multimorbiditat [138]. Per aquestes raons, en la
present tesi, s’ha seleccionat la técnica d’analisi de clusters difusa fuzzy c-means per

a la caracteritzacio de PMP.

1.4.2. Patrons de multimorbiditat

La multimorbiditat s’ha estudiat en diferents poblacions, entorns i paisos. D’entre els
estudis que analitzen PM, generalment presenten un disseny transversal [10,20,21,42—

47].

Els patrons obtinguts amb les diferents tecniques ofereixen solucions diferents tant pel
gue fa al nombre de clusters obtinguts com per la representacio de les malalties incloses
en cada patrd [46]. En 2018, Ng et al. van publicar I'analisi comparativa dels PM
identificats amb diferents metodes analitics utilitzant les mateixes dades (Enquesta
Nacional de Salut d'Australia 2007-08). Tot i observar variabilitat en els clusters

identificats, amb les diferents técniques es van caracteritzar tres cliusters comuns: 1)
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malalties cardiovascular i metaboliques, 2) patologia mental i 3) malalties al-lergiques

[46].

Aquests resultats sén coincidents amb els observats a diferents revisions sistematiques

gue analitzen PM:

La revisio sistematica de Violdn et al. el 2014 va incloure estudis realitzats
exclusivament a I’Atencié Primaria i va excloure els realitzats sobre poblacions
especifiques diferents que I'edat. Els PM van ser realitzats amb tecniques
d’analisi de clusters i d’analisi factorial. De forma similar a I'estudi de Ng et al.
els patrons més identificats incloien: 1) malalties cardiovascular i metaboliques,
2) patologia mental i 3) artrosi i dolor [21].

Al mateix any, Prados-Torres et al. van publicar una revisid sistematica amb
resultats similars pel que fa als clusters identificats de forma predominant als
estudis inclosos [42].

Més recentment, la revisio sistematica de Busija et al. publicada I'any 2019, que
inclou estudis realitzats amb analisi factorial, analisi de clisters de malalties i de
persones i analisi de classes latent també, va identificar predominantment
clusters cardiometabolics i relacionats amb patologia mental [44].

Inclus la revisid de Rajoo et al. el 2021, que inclou dades Unicament de poblacio
asiatica, va identificar com a principals patrons els observats a les altres revisions
(cardiometabolic i de patologia mental). També es van identificar tres patrons
addicionals que incloien malalties respiratories, degeneratives i oncologiques

[43].

D’entre els possibles motius que donin resposta a les troballes heterogenies entre

estudis poden estar, per una banda, les diferencies pel que fa a la metodologia, la

definicié operativa de multimorbiditat, les técniques d’analisi de clisters utilitzades, la

poblacid i/o ambit d’inclusid. Per una altra banda, la naturalesa dinamica de les malalties

i de les seves agrupacions, que no s’aprecia en els estudis amb disseny transversals,

també ho podria explicar [21,42].
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1.4.3. Patrons de multimorbiditat longitudinals

L'evolucié de les malalties, especialment les croniques, afecta la composicid dels PM,
gue evolucionen en el temps [139]. Per tant, els PM s'han d'analitzar longitudinalment,
valorant la seva evolucid, estabilitat i/o transicions. A la darrera década s’han publicat
estudis longitudinals, perd I'evidéncia encara és escassa [20]. Coneixer les trajectories
longitudinals dels PM és una prioritat amb un alt impacte per als pacients, professionals

i sistemes sanitaris.

S’han identificat diferents metodes per analitzar els PM longitudinals (que poden anar
des del recompte de malalties, o analisis basades en clusters, fins a modelar transicions
entre malalties o seqliéncies de malalties) amb els que s’obtenen aproximacions

diferents [20].

Els estudis longitudinals proporcionen un enfocament amb una visi6 més detallada
sobre els factors de risc que no pas els estudis transversals. L'edat, un determinant
conegut de multimorbiditat, s’"ha pogut constatar que accelera la progressid de la
multimorbiditat i que les trajectories dels PM sén variables segons I’étnia, I'estat civil, el
nivell d’educacié [20]. Per altra banda, els patrons neuropsiquiatrics s’han relacionat
amb trajectories que condueixen a un major deteriorament funcional i els patrons de
patologia cardiovascular han estat els que més han fet transicions a la mort [140,141].
Per aquesta rad i per ser un dels patrons més identificats als diferents estudis, un dels
objectius de la present tesi ha estat estudiar com s’agrupen les malalties i evolucionen

els PM en persones amb patologia cardiovascular.

Guisado-Clavero et al. van detectar una estabilitat considerable d'alguns PM en sis anys
i el patré que més va evolucionar cap a altres patrons, va ser el no especific (figura 17)

[142].
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Figura 17. Evolucid de les persones que romanen a cada patré de multimorbiditat
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Guisado-Clavero M, et al. BMC Geriatr. 2018,;18(1):16

Un dels metodes utilitzats en I'estudi de les trajectories del PM sén els Hidden Markov
Models (HMM). Els HMM integren una xarxa bayesiana dinamica que funciona amb la
seqléncia temporal de les dades del pacient estudiat sent les observacions variables
aleatories condicionades per un estat o cluster ocult [143,144]. Aquests models
presenten avantatges respecte als models utilitzats previament, per exemple, que es té
en compte la variabilitat existent en les interaccions de les malalties croniques al llarg
del temps, considerant les caracteristiques de l'individu i la seva evolucidé al llarg del

temps [145].

La carrega de malalties croniques que un individu va acumulant longitudinalment
impacta en la transicio de l'individu entre patrons, per tant, mitjancant els HMM es pot
millorar la caracteritzacié dels grups de poblacid amb multimorbiditat obtenint un
enfocament integral de I'evolucié de la multimorbiditat al llarg de la vida d'un pacient
gue permetin el disseny d’estratégies preventives. Per aquestes raons, i per no estar
molt representats a la literatura cientifica [91,145,146], els HMM han estat els métodes

utilitzats en I'estudi de les trajectories dels patrons a aquesta tesi.
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1.4.4. Patrons de polimedicacio

S’ha descrit I’existencia de PM solids des del punt de vista farmacologic i clinic a nivell
poblacional [147]. Tot i aix0, la polimedicacid ha estat analitzada principalment de
manera descriptiva a la literatura cientifica, en termes de farmacs utilitzats en els
diferents PM. Dels estudis publicats, els investigadors s’han centrat gairebé
exclusivament en els PM o de polimedicacid, pero sense considerar tots dos de manera
simultania. Per altra banda, tot i que hi ha algunes guies de practica clinica amb
recomanacions sobre multimorbiditat i polimedicacié, no consideren la medicacié
préviament prescrita i com pot influir en els resultats en la salut de les persones [37,148—

150].

La medicacio es considera una variable proxy de la malaltia, sense que hagi d’haver-hi
una relacié directa amb esdeveniments adversos [40,151,152]. Aquest fet dificulta
estimar 'efecte de la polimedicacié sobre I'estat global de salut de les persones i si
analitzem la multimorbiditat i la polimedicacié en conjunt es poden produir errors de
sobreestimacid. Tanmateix, analitzar la multimorbiditat segons els farmacs indicats per
al tractament de cada malaltia pot ajudar a identificar subgrups de pacients que
necessiten una gestié clinica personalitzada. Per tant, un enfocament conjunt de les
malalties i la polimedicacié ajudara a coneixer amb més precisié el comportament de les

malalties i la medicacid i poder definir estrategies individualitzades en funcié del PMP.
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JUSTIFICACIO

L'envelliment de la poblacié s’ha convertit en un repte emergent i creixent per als
sistemes de salut a nivell mundial [1]. Els canvis biolodgics i moleculars que es produeixen
en l'envelliment causen canvis anatomics i funcionals a diferents organs i sistemes,
augmentant la seva vulnerabilitat [52,55]. El deteriorament dels principals organs
eliminadors de farmacs com el ronyd i el fetge, pot condicionar la seguretat als farmacs
ates que tenen influéncia en la farmacocinetica i farmacodinamica del metabolisme dels
farmacs [59,60]. En el cas d’organs com el cor incrementa el risc de patir esdeveniments
cardiovasculars, una de les principals causes de mortalitat a nivell mundial, especialment

en poblacié envellida [13,30].

Les persones d’edat avancada presenten més polimedicacié i tenen més risc de
presentar multimorbiditat [140]. La multimorbiditat pot conduir a una major
discapacitat, disminucio de la qualitat de vida o presentar fragilitat. Les persones amb
multimorbiditat utilitzen més recursos sanitaris i presenten més ingressos no
programats als dispositius d’assisténcia sanitaria, una atencio sanitaria més fraccionada,
polimedicacid i inclus també s’ha relacionat amb un augment de la mortalitat [18,27,88—
91]. S’ha de tenir present que la polimedicacié incrementa el risc de presentar
problemes de seguretat relacionats amb els medicaments [114,115]. Pot causar quadres
confusionals i caigudes amb relativa freqiiencia que presenten un impacte negatiu en la
salut, especialment en les persones d’edat avangada. També pot fer disminuir
I'adherencia als tractaments, condicionant els resultats en salut [111,112]. La
polimedicacid s’ha relacionat amb un increment d’ingressos hospitalaris no planificats i

de mortalitat [28,102-104,111,113].

A Catalunya, el 51% del pressupost sanitari es dedica Unicament al 5% de la poblacié
amb un risc més elevat de carrega de morbiditat i més complexitat, que inclou persones
que presenten polimedicacié i multimorbiditat [9]. L'augment progressiu de la
multimorbiditat i de la polimedicacid, planteja grans reptes en la prestacié d'assistencia
per als sistemes sanitaris i els governs a nivell nacional i internacional [10,18,28,102—

104].

A la present tesi, es pretén estudiar com s’agrupen les persones d’edat avancada que

presenten multimorbiditat i la seva relacié amb la polimedicacié. Donat que les malalties
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i els farmacs son dinamics, és fonamental I'estudi amb un disseny longitudinal que
permeti coneixer I'evolucid d’aquestes agrupacions, aixi com quines agrupacions

presenten més alteracio renal i/o hepatica.

En el primer article, pretenem caracteritzar els PM en persones d’edat avangada,
descriure la medicacié que prenen, i estudiar com evoluciona la funcié renal i/o

hepatica, aixi com les trajectories de cada PM.

En un segon article caracteritzarem PMP de forma conjunta. Considerarem la medicacid
com a una variable proxy de la multimorbiditat [40,151,152] i previ a I'aplicacié de les
tecniques de clusters, realitzarem un procés de mapping relacionant les patologies
croniques amb els medicaments indicats per al seu tractament. La creacié d’una variable
combinada de patologia-medicament fara que I'algoritme de clustering fuzzy c-means
sigui menys susceptible als valors atipics de dades, I'eleccié de la mesura de la distancia
i la inclusio de variables inadequades o irrellevants. L’analisi de la polimedicacié
conjuntament amb la multimorbiditat permetra estudiar de forma més precisa

I’agrupacié de malalties i farmacs en la poblacié polimedicada.

El tercer article es centrara en la poblacido amb patologia cardiovascular. Aquesta amb
els seus factors de risc es troben entre les principals causes de mortalitat [13,30],
diferents estudis han confirmat que els patrons que inclouen persones amb patologia
cardiovascular son els que presenten més risc de mortalitat [140,141] i també es tracta
d’una poblacié més envellida iamb més risc de presentar polimedicacid. Per altra banda,
els farmacs per al sistema cardiovasculars sén un dels grups de farmacs que generen
més esdeveniments adversos prevenibles [112,117]. Coneixer com s’agrupen i
evolucionen les malalties i els farmacs en poblacié envellida, amb multimorbiditat i
patologia cardiovascular permetra establir estrategies individualitzades que puguin
contribuir a una millor assisténcia sanitaria i millorar els resultats en salut d’aquestes
persones que presenten un risc incrementat de presentar esdeveniments adversos

[42,99-101].
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HIPOTES/

3.1. HIPOTESI PRINCIPAL

Les malalties i la medicacid s’agrupen segons les caracteristiques individuals de les
persones permetent identificar els PM i polimedicacid de les persones majors de 65 anys

a Catalunya.

3.2. HIPOTESIS ESPECIFIQUES

a) Les patologies croniques incloses en els PM longitudinals condicionen la
medicacié. La funcionalitat renal i hepatica de les persones d’edat avancada amb

multimorbiditat i polimedicacid es deteriora durant el seguiment.

b) Una analisi conjunta de les patologies croniques i la medicacié permet

caracteritzar amb més precisio a les persones en PMP.

c) Les malalties croniques i la medicacié que prenen s’agrupen en clusters
longitudinals especifics de multimorbiditat i polimedicacié en persones amb

patologia cardiovascular.
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OBJECTIUS

4.1. OBJECTIU GLOBAL

Coneixer com s’agrupen i evolucionen les malalties i la medicacid segons les
caracteristiques individuals de les persones major de 65 anys que presenten

multimorbiditat i sén ateses a I’Atencié Primaria de Catalunya.

4.2. OBJECTIUS ESPECIFICS

a) Analitzar la utilitzacié6 de medicaments segons PM longitudinals en poblacié
major de 65 anys a Catalunya i determinar quins patrons tenen més probabilitats
de presentar alteracions en la funcid renal i hepatica durant el periode de

seguiment.

b) Determinar PMP en la poblacié6 major de 65 anys a Catalunya mitjangant
tecniques de solf-clustering combinades amb un procés de mapping de

patologies croniques i medicacio.

c) Identificar i analitzar els PMP longitudinals en poblacié major de 65 anys amb

patologia cardiovascular a Catalunya.
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MATERIAL | METODES

5.1. POBLACIO | AMBIT D’ESTUDI

Estudi realitzat a Catalunya entre gener de 2012 i desembre de 2016. En el moment
basal de I'estudi (any 2012), hi havia censada una poblacié de 7.515.398 habitants [153].
A Catalunya, el Sistema Nacional de Salut garanteix a les persones una cobertura
sanitaria universal financada a través d’impostos fiscals. Els medicaments i productes
sanitaris sén financats totalment o parcialment en funcié de la renda, l'edat i les

malalties de les persones [154].

L'Institut Catala de la Salut (ICS) és el principal proveidor de salut publica a Catalunya. A
I’any inicial de I’estudi, donava cobertura a 5.501.784 persones (77,2% de la poblacié
catalana) i gestionava 288 Equips d’Atencié Primaria (EAP), d’entre altres dispositius

d’Atencioé Primaria [155].
A I'estudi es van incloure les persones que complien els seglients criteris:

e persones d’entre 65 i 99 anys assignades als EAP de I'ICS el desembre de 2011 i
gue estiguessin vives el desembre de 2012,

e persones ateses com a minim un cop a un EAP de I'lICS durant el periode de
seguiment

e persones registrades a la base de dades SIDIAP.

Durant el seguiment, no es van permetre entrades de persones a la cohort de
seguiment. Les perdues de seguiment van ser degudes a la mort de les persones o al

seu trasllat i assignacié a un altre proveidor sanitari.

Als articles 1 i 2 van complir els criteris d’inclusié 916.619 persones. A |'estudi 3, la
poblacié inclosa va ser la subpoblacidé que es va agrupar en PM cardiovascular a I'estudi
1 (114.516 persones). A la figura 18, es representa el diagrama de flux de les persones

qgue van ser incloses en cada article que compon la present tesi.
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Figura 18. Poblacid inclosa articles de la tesi segons els criteris d’inclusio
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5.2. DISSENY

Es tracta de I'’estudi d’'una cohort de pacients tancada realitzat sobre una base de dades
de la historia clinica electronica d’Atencié Primaria (Real World Data). Es van realitzar

dos dissenys diferents segons I'estudi publicat.

Els articles 1 i 3 corresponen a estudis longitudinals iniciats el gener de 2012 i finalitzats
el desembre de 2016 [156]. Mentre que I'estudi 2 correspon a un tall transversal

realitzat a I'inici de I'estudi (2012) [156].
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5.3. BASE DE DADES

Totes les variables de I'estudi van ser obtingudes de la base de dades SIDIAP [157] que
disposa de registres electronics de salut anonims, validats i de qualitat des de 2006 de
les persones assignades als EAPS de I'lCS. Inclou registres de salut de I’Atencié Primaria
i de I'Especialitzada, corresponents a dades demografiques, situacid socioeconomica,
registres clinics de salut (variables analitiques, diagnostics clinics, prescripcio de farmacs
i farmacs retirats de la farmacia comunitaria mitjancant recepta del sistema nacional de
salut) entre altres variables. Un 50,7% de la poblacié inclosa a SIDIAP és de sexe femeni
i I'edat mediana és de 44 anys (RIC: 25-60). Majoritariament, la poblacié és de
nacionalitat espanyola (83,9%) i viu en zones urbanes (88,4%), principalment a la regié
de Barcelona (75,3%). Es considera que la mostra de la poblacié inclosa a SIDIAP és
representativa de la poblacié catalana en termes d’edat, sexe i distribucio geografica
(figura 19) [158].

Figura 19. Distribucié en edat i sexe de la poblacio inclosa en la base de dades SIDIAP i de la
poblacio general a Catalunya (juny 2021)
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Recalde M., el al. International Journal of Epidemiology, 2022, e324—e336
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5.4. VARIABLES D’ESTUDI

5.4.1. Patologies croniques i multimorbiditat

Les patologies, a la base de dades SIDIAP, van ser codificades segons la desena versio de
la Classificacié Estadistica Internacional de Malalties i Problemes Relacionats amb la

Salut (CIM-10) [159].

Es va definir la multimorbiditat com la preséncia de dues o més patologies croniques,
incloses en un dels 60 grups de malalties determinades per Calderdn_Larranaga et al. a
I'estudi SNAC-K, tenint presents determinats parametres clinics, de laboratori i de
medicacid addicionals per a I'avaluacio de determinades condicions [71]. Al'annex 1 es

detallen les agrupacions de patologies croniques determinades a SNAC-K.

A l'estudi es van incloure les categories de patologies croniques que presentaven una
prevalenca del 2% en la poblacié d'estudi en el moment basal. Es van incloure un total
de 47 categories de patologies croniques de SNAC-K. A I'annex 2 es detalla la prevalenca

de les 60 patologies croniques determinades a SNAC-K [71].

5.4.2. Mortalitat i trasllats

La mortalitat es va mesurar a partir de la data de mort registrada a I'estacio clinica de
treball (ECAP) i SIDIAP, es va crear una variable indicadora d'aquest esdeveniment. Es va
considerar la mortalitat per totes les causes, ja que no es disposava de la causa de mort.
Si una persona era assignada a un EAP d’un proveidor de salut diferent de I'lCS durant

el periode d'estudi, es va considerar com a una perdua de seguiment.
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5.4.3. Farmacs i polimedicacio

La informacid sobre |'exposiciéd a farmacs de la poblacié es va obtenir dels envasos
facturats a la farmacia comunitaria d’aquelles prescripcions realitzades pels
professionals de I’Atencid Primaria i Especialitzada finangats a carrec del Sistema

Nacional de Salut.

Es va excloure la medicacié d’us hospitalari, medicacid hospitalaria de dispensacié
ambulatoria per part dels Serveis de Farmacia hospitalaris, i medicaments no finangats

pel Sistema Nacional de Salut.

Els medicaments es van classificar segons el Sistema de Classificacio Quimica
Terapéutica Anatomica (ATC) [160]. Es va utilitzar el 4t nivell d’agregacié de I’ATC (grup

quimic, farmaceutic o terapéutic) per facilitar I'analisi i la interpretacié dels resultats.

Es van incloure els medicaments que van presentar una prevalenga >1% al moment
basal i que els pacients prenien de forma cronica. Es va considerar com a Us cronic quan
la persona va recollir de la farmacia comunitaria tres o més envasos del farmac durant
cada any del periode d'estudi. Addicionalment, es va incloure en I'analisi el grup de
medicaments Altres preparats que influeixen sobre la mineralitzacié (MO5BX) atés que
s’'inclou un medicament d’administracié semestral. Finalment, es van incloure 89 grups

de farmacs, la seva prevalenca es detalla a I'annex 3.

Cada categoria de farmacs va ser inclosa com a una variable dicotomica individual. La
polimedicacid es va definir com a I"Gs cronic i concomitant de cinc o més grups de
farmacs diferents (ATC de 4t nivell) dels 89 grups de farmacs inclosos, en una mateixa

persona per a cada any de I'estudi [105].
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5.4.4. Mapping de malalties croniques i grups de farmacs

Es va fer un mapping de les 60 categories de malalties croniques SNAC-K [71] i els 89
grups de farmacs. L’associacié es va fer mitjangant una revisié exhaustiva dels farmacs
indicats per a les patologies incloses categories de malalties croniques SNAC-K [71]. Com
a referéncies bibliografiques es van fer servir bases de dades, monografies de productes
autoritzats per I’Agencia Espafola del Medicamento y Productos Sanitarios i guies de

practica clinica internacionals rellevants [161-163].

Les associacions de patologia cronica-farmac es van crear en forma de variables
dicotomiques segons si les persones presentaven una de les patologies incloses en les
agrupacions SNAC-K [71] estaven prenent zero, un o més d’un farmac inclos en el grup
de farmacs que es va relacionar. Per exemple, el grup de patologies croniques Al-lérgies
es va relacionar amb 7 grups de farmacs (ATC amb nivell d’agregacié de 4t nivell); una
persona es classificaria en aquest grup si presenta una patologia cronica inclosa en el
grup Al-lérgies de 'SNAC-K i hagués recollit de la farmacia com a minim un farmac dels

7 grups associats amb aquestes patologies.

Dels 47 grups de patologies croniques, a set d’elles no es va poder fer el procés de
mapping, atés que el tractament per al seu maneig és no farmacologic o amb farmacs
exclosos d'aquest estudi. Els 40 grups de patologies restants es van assignar als grups de
farmacs. Es van incloure els grups de patologia cronica-farmac amb una prevalencga >2%.
A la figura 20 es representa el diagrama de flux de les 29 agrupacions de patologies
croniques-farmacs inclosos, i a 'annex 4 es presenta el mapping de patologies croniques

i farmacs.
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Figura 20. Agrupacions de patologies croniques-farmacs incloses en els articles
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Adaptat Stafford,G et al. Int. J. Environ. Res. PublicHealth 2021,18,9216

5.4.5. Variables analitiques

Durant els cinc anys de seguiment, es van analitzar les variables analitiques anualment

per identificar si estaven alterades o no.

Es van analitzar les variables segiients:
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estimat (FGe).

alcalina (FA)

Altres variables com I’'hemoglobina (Hb).

Relacionades amb la funcio renal: creatinina sérica (CREA) i filtrat glomerular

Relacionades amb la funcié hepatica: aspartat aminotransferasa (AST),

alanina transaminasa (ALT), gamma-glutamiltransferasa (GGT) i fosfatasa

Relacionades amb factors de risc cardiovasculars: colesterol total (COL),
glucémia (GLUC) i hemoglobina glicosilada (HbA1c)

Proteines com l'alfa-1-antitripsina (AAT) i I'albumina
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Els valors de referéncia per a determinar si una variable analitica estava alterada o no
van ser definits pels laboratoris d’analisis cliniques de I'ICS. A la taula 8 s’indiquen els

valors de referéncia per a cada variable analitzada.

Taula 8. Valors de les variables analitiques analitzades considerades alterades

VALOR ALTERAT
VARIABLE ANALITICA
INFERIOR A SUPERIOR A
AAT <85 mg/dL >213 mg/dL
Albumina <3.1g/dL >4.3 g/dL
COoL = >6.22 mmol/L
CREA <0.6 mg/dL >1.5 mg/dL
FA <45 |U/L >115 1U/L
GGT <7 1U/L >50 IU/L
AST <41U/L >40 1U/L
ALT <01U/L >40 1U/L
GLUC <70 mg/dL >100 mg/dL
HbAlc = >6.5%
FGe <60 ml/min/1.73m? -
Hb <13g/dL (homes) i
<12 g/dL (dones)

a) Funcid renal

La funcio renal es va calcular utilitzant la formula d’eFG Modification of Diet in Renal

Disease de quatre variables (MDRD-4) [164].

Es va considerar que una persona tenia alteracio de la funcié renal quan presentava una

o més determinacions de I’eFG inferior a 60 ml/min/1.73 m? posterior a I'any basal.
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b) Funcid hepatica

Al’estudi 1 es va analitzar la funcié hepatica i es va considerar que un pacient presentava
alteracio de la funcid hepatica quan en els anys posteriors al basal, presentava almenys
un dels valors segiient: ALP > 2 x 129 UI/L; ALT > 5 x 41 UI/L (homes) o ALT > 5 x 33 UI/L
(dones); GGT > 61 UI/L [165].

5.4.6. Variables demografiques i socioeconomiques

Les variables demografiques analitzades en I’any inicial i final de I'estudi van ser: edat
(anys), sexe (variable dicotomica com home o dona), nombre de visites als EAP i estatus

socioeconomic.

Aquesta ultima variable es va classificar segons l'index de “Mortalidad en dreas
pequefias Espafolas y Desigualdades Socioeconomicas y Ambientales” (MEDEA)
espanyol, que classifica les persones en quintils segons el nivell de privacid
socioeconomica a les arees urbanes de residéncia (una puntuacié superior equival a més

privacid), amb una categoria especifica per a les zones rurals [166].
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5.5. ANALISI ESTADISTICA

Les caracteristiques de la poblacid inclosa en els tres estudis que formen part de la
present tesi, es van analitzar al moment inicial, i cada any de seguiment. Les variables
categoriques es van informar com freqliéncia i percentatge (%); les quantitatives amb
distribucié normal, com mitjana i desviacié estandard (SD) i les quantitatives que no

mostraven una distribucié normal, com mediana i rang interquartilic (RIC).

Per a la caracteritzacié dels PM i dels PMP, en un primer pas es va aplicar una analisi de
correspondeéncia multiple, mitjancant el métode de PCAmix, amb I'objectiu de reduir la
dimensionalitat de la base de dades mantenint la complexitat original de les dades
longitudinals [167]. Per seleccionar el nombre optim de dimensions a retenir, es va
utilitzar la regla de Karlis-Saporta-Spinaki [168]. En un segon pas, es van agrupar les
persones segons els farmacs o agrupacions de patologies croniques-farmacs, edat i sexe
mitjangant I'algorisme de cluster fuzzy c-means [169]. Els HMM es van aplicar per
caracteritzar I'evolucio temporal dels patrons i les transicions de les persones. El conjunt
de parametres de HMM es van estimar mitjangant I'aplicacié de I'algorisme de Baum-
Welch i l'algorisme de Viterbi [143]. Finalment, I'equip investigador va decidir el nombre
final de clusters tenint present el model amb la millor versemblanca (log-likelihood) i la

rellevancia clinica dels clusters.

Els PM i els PMP es van descriure en termes de prevalenca, ratio observat/esperat (ratio
O/E) i exclusivitat de malalties croniques i/o farmacs.

A l'estudi 1, es van calcular de la seglient manera:

e Ratio O/E: dividint la mitjana d’envasos de farmacs en el clUster per la mitjana
d’envasos de farmacs de tota la poblacié.
e Exclusivitat: dividint el nombre d’envasos de farmacs inclosos en la poblacio del

cluster, dividit entre el nombre total d’envasos de farmacs.

Als estudis 2 i 3, en canvi, es van calcular:
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e Ratio O/E: dividint prevalenca de les patologies croniques o els grups de
patologia cronica-farmac en el clister per la prevalenca de les mateixes
patologies croniques o grups de patologia cronica-farmac a la poblacio total de
I'estudi.

e Exclusivitat: dividint el nombre de persones amb patologies croniques o grups
de patologia cronica-farmac en un clister especific, dividit entre el nombre de
persones amb les mateixes patologies o grups de patologia cronica-farmac de

tota la poblacid inclosa.

Es considerava que els farmacs (estudi 1) o els grups de patologia cronica-farmac
(estudis 2 i 3) estaven sobrerepresentats i caracteritzaven el clister quan la ratio O/E
era superior a 2. Els valors d'exclusivitat (>30%) també es va considerar, pero de manera

complementaria.

Els patrons es van comparar d'acord amb la distribucio de variables sociodemografiques,
cliniques i de serveis sanitaris I’any inicial i final de I'estudi. Les variables analitiques

també es van comparar entre patrons, utilitzant la prova de chi-quadrat.

Les diferéncies de comportament de funcié renal i hepatica segons els PM es van estimar
mitjancant models de regressioé logistica i es van calcular els Odds Ratio (OR) i intervals
de confianca del 95% (IC95%) ajustats per edat, sexe, estatus socioeconomic (MEDEA) i

el nombre total d’envasos consumits I'any 2012.

Les analisis es va realitzar utilitzant Stata (versié 15) i R (versions 4.2.1 i anteriors). El

nivell de significacio estadistica es va establir a=0,05.
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5.6. DECLARACIO ETICA

Els estudis s"han realitzat d'acord amb les directrius de la Declaracié de Helsinki sobre
aspectes &tics [170]. El protocol de I'estudi va ser aprovat pel Comité d'Etica de Recerca
Clinica, Fundacio Institut Universitari per a la Recerca a I'Atencid Primaria de Salut Jordi
Gol i Gurina (IDIAPJGol) (Protocol No: P17/080). Totes les dades van ser anonimes, la
confidencialitat de les persones incloses en I'estudi es va garantir en consonancia amb
la Llei Organica de Proteccié de Dades de Caracter Personal (3/2018 del 5 de desembre,

LOPD) [171].
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RESULTATS

La present tesi doctoral esta basada en tres articles cientifics publicats a revistes

indexades revisades per parelles i amb factor d’impacte:

Article 1:

Villén N, Guisado-Clavero M, Ferndndez-Bertolin S, Troncoso-Marifio A, Foguet-
Boreu Q, Amado E, Pons-Vigués M, Roso-Llorach A, Violan C. Multimorbidity
patterns, polypharmacy and their association with liver and kidney abnormalities
in people over 65 years of age: a longitudinal study. BMC Geriatr. 2020 Jun
12;20(1):206. doi: 10.1186/s12877-020-01580-1. Erratum in: BMC Geriatr. 2022
May 6;22(1):399. PMID: 32532213; PMCID: PMC7291454 [172].

Article 2:

Stafford G, Villén N, Roso-Llorach A, Troncoso-Mariiio A, Monteagudo M, Violdn
C. Combined Multimorbidity and Polypharmacy Patterns in the Elderly: A Cross-
Sectional Study in Primary Health Care. Int J Environ Res Public Health. 2021 Sep
1;18(17):9216. doi: 10.3390/ijerph18179216. PMID: 34501805; PMCID:
PMC8430667 [156].

Article 3:

Villén N, Roso-Llorach A, Gallego-Moll C, Danes-Castells M, Fernandez-Bertolin
S, Troncoso-Marifio A, Monteagudo M, Amado E, Violan C. Polypharmacy
Patterns in Multimorbid Older People with Cardiovascular Disease: Longitudinal
Study. Geriatrics (Basel). 2022 Dec 13;7(6):141. doi: 10.3390/geriatrics7060141.
PMID: 36547277; PMCID: PMC9777651 [173].
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6.1. RESUM DELS ARTICLES

6.1.1. Article 1

Es vanincloure 916.619 persones, majoritariament dones (57,8%) d’'una edat mitjana de
75,4 anys (SD 7,4) amb multimorbiditat (93,1%) i polimedicacio (53,2%). Al final del

seguiment, van completar el periode d’estudi 743.827 persones.

La mitjana de les patologies croniques registrades, dels medicaments recollits a la
farmacia comunitaria i de les visites cliniques a I’Atencié Primaria de salut van
incrementar durant el seguiment. En el cas de les patologies va passar de 6 (RIC 4-8) a 7
(RIC 5-10), els farmacs van incrementar de 5 (RIC 2-8) fins a 8 (RIC 3-8) i les visites van

passar de 9 (RIC 5-16 a 10 (RIC 5-17) respectivament.

Aquest estudi permet identificar un perfil de polimedicacid especific per a cada PM. Els
medicaments més prescrits en cada un dels deu patrons identificats, correspon a la
medicacid de les malalties sobrerepresentades a cada PM especific: 1) Non-Specific; 2)
Eye Impairment and Mental; 3) Minority Metabolic Autoimmune-Inflammatory; 4)
Cardio-Circulatory and Renal; 5) Cardio-Circulatory, Mental, Respiratory and
Genitourinary; 6) Neurological, Digestive and Circulatory; 7) Respiratory and Ear; 8)
Digestive; 9) Neurological, Musculoskeletal and Minor i 10) Multisystem. Aquest perfil
es manté estable durant els cinc anys de seguiment. La mediana del nombre de farmacs
prescrits i recollits a la farmacia comunitaria és variable entre patrons i oscil-la dels 3

(patré Non-Specific) fins a 8 medicaments (patré Multisystem).

La funcid renal anormal s'observa amb més freqtiéncia en els PM Cardio-Circulatory and
Renal i Minority Metabolic Autoimmune-Inflammatory. Mentre que es va observar un
risc major de funcid hepatica anormal en els PM Digestive i en el Cardio-Circulatory and

Renal.
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Els patrons Cardio-Circulatory and Renal i el Cardio-Circulatory, Mental, Respiratory
and Genitourinary agrupen a persones amb patologia cardiovascular. Les persones
incloses en aquests dos patrons destaquen per presentar més polimedicacié (86,9% i
80,75 de les persones en el moment inicial), un nombre elevat de patologies croniques
(mitjana de 9 (RIC 7-11) i 8 (RIC 7-10)) i de vistes a I’Atencid Primaria de salut (mitjana
de 20 (RIC 11-32) i 14 (RIC 9-23)) respectivament.

6.1.2. Article 2

La poblacié estudiada en aquest article, va ser la mateixa que a I'estudi 1 (916.619
persones). Presentaven una mitjana de 6 patologies croniques 6 (RIC 4-8) i 5
medicaments 6 (RIC 2-8). Les malalties croniques més freqiients que va presentar la
poblacié van ser la hipertensié (71%), dislipemia (50,9%), artrosi i altres malalties
articulars degeneratives (32,8%), obesitat (28,7%) i diabetis (25,1%). Els medicaments
més utilitzats van ser els inhibidors de la bomba de protons (44,3%), els inhibidors de la
hidroximetil-glutaril-CoA reductasa (38,2%), anilides (28,4%), els inhibidors de
I'agregacio de plaquetes, excloent I'heparina (35,6%), i els derivats de benzodiazepines

(20,9%).

Es van identificar set patrons combinats de polimedicacié i multimorbiditat: 1) Non-
Specific; 2) Diabetes; 3) Neurological and Musculoskeletal, Female Dominant; 4)
Behavioral, Neurological, and Musculoskeletal, Female Dominant; 5) Cardio-
cerebrovascular and Renal; 6) Cardiovascular, Renal, Inflammatory, and Respiratory;

7) Multisystem.

Al patré Non-Specific no es van sobrerepresentar cap associacio de patologia cronica-
medicament o patologia cronica. Va incloure el nombre més gran de persones (37,6%
de la poblacié de I'estudi) i corresponia les d’edat menor (74,20 anys, SD 7.47) i amb el
percentatge més baix de multimorbiditat (81,74%) i polimedicacié (15,38%). Van haver-
hi dos patrons en els quals de forma predominant s’incloien dones: el Neurological and
Musculoskeletal (69,05% dones) i Behavioral, Neurological, and Musculoskeletal

(75,08%) i presentaven patologies més associades al sexe femeni. També es van
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observar dos patrons de patologia cardiovascular, el Cardio-cerebrovascular and Renal
on destaquen la malaltia vascular periférica i les patologies isquemiques tant a nivell
cardiovarculars, com cerebrovasculars; i el Cardiovascular, Renal, Inflammatory, and
Respiratory; on estan més sobrerepresentades les patologies cardiaques com la
fibril-lacié auricular, la insuficiencia cardiaca i les bradicardies. En aquest patrd
s'inclouen un major nombre de persones amb diagnostic de deu o més patologies
croniques (30,82%), que prenen deu o més medicaments (27,71%), i que s’han visitat
deu o més cops a I’Atencid Primaria de Salut (75,38%). Aquests dos patrons de patologia
cardiovascular destaquen per presentar un major nombre de persones polimedicades
(83,65% i 83,54% respectivament). Finalment, es va identificar el patré Multisystem que
representa el grup més petit d'individus de la poblacié d'estudi (5,41%) i conté diverses

malalties sobrerepresentades corresponent a multiples sistemes.

6.1.3. Article 3

Aguest estudi va incloure 114.516 persones, les corresponents als PM Cardio-Circulatory
and Renal i al PM Cardio-Circulatory, Mental, Respiratory and Genitourinary
caracteritzats a I’estudi 1. Majoritariament, eren homes (59,6%) amb una edat mitjana
de 78,8 anys (DE 7,4) i una alta prevalenca de la polimedicacié (83,5%). Van completar
el seguiment 72.091 persones (63%) i van morir durant el seguiment 39.365 persones

(34%).

Es van identificar 8 PMP combinats. Els PMP on van predominar les dones van ser: Patré
Mental, behavioural, digestive and cerebrovascular (62,4% dones) que inclou les
persones més envellides i de privades socioeconomicament; el patré Neuropathy,
autoimmune and musculoskeletal (61,1% dones) caracteritzat per ser el que inclou a
més persones que presenten polimedicacid i el segon amb la poblacid més jove; i el
patré Musculoskeletal, mental, behavioural, genitourinary, digestive and
dermatological (58,6% dones) on les persones incloses presenten un nombre elevat de
malalties i de farmacs. En els homes van predominar els patrons Non-specific (57,6%

homes), caracteritzat per incloure una poblacid jove i amb menys polimedicacié. El patré
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Multisystemic (67,7% homes) on la poblacié va presentar una major alteracié de la
funcié renal. El patrd Respiratory, cardiovascular, behavioural and genitourinary era
practicament exclusiu d’homes (99,2%) i incloia la poblacié més jove. Finalment, el patré
Diabetes and ischemic cardiopathy (66,1% homes) és el que va presentar més alteracid
de la GLUC i de I'HbA1c. El vuite patrd, Cardiac, va ser paritari i el que va generar més

visites a I’Atencio Primaria de salut.

Durant el periode de seguiment, les malalties i tractaments farmacologics que

caracteritzen les persones agrupades en cada patro es van mantenir estables.

Majoritariament, les persones es van mantenir en el patré on es van agrupar a l'inici de
I’estudi. La permaneéncia en el mateix patro va ser més alta en el patré Cardiac (67,27%).
Els patrons que van presentar la mortalitat més alta van ser el Mental, behavioural,
digestive and cerebrovascular (60,2%) i el Multisystemic (42,08%). La majoria de les
trajectories consistien en una Unica transicié entre dos grups, principalment cap a la
mort i els trasllats. Les transicions més frequients van ser des del patré Musculoskeletal,
mental, behavioural, genitourinary, digestive and dermatological cap al Non-specific

(4,5%) i del Non-specific al Mental, behavioural, digestive and cerebrovascular.
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6.2. ARTICLES PUBLICATS QUE FORMEN EL COMPENDI DE LA TESI

6.2.1. Article 1

Villén N, Guisado-Clavero M, Fernandez-Bertolin S, Troncoso-Marifio A, Foguet-Boreu
Q, Amado E, Pons-Vigués M, Roso-Llorach A, Violdn C. Multimorbidity patterns,
polypharmacy and their association with liver and kidney abnormalities in people over
65 years of age: a longitudinal study. BMC Geriatr. 2020 Jun 12;20(1):206. doi:
10.1186/s12877-020-01580-1. Erratum in: BMC Geriatr. 2022 May 6;22(1):399. PMID:
32532213; PMCID: PMC7291454 [172].

PATRONS DE MULTIMORBIDITAT | POLIMEDICACIO EN PERSONES D’EDAT AVANCADA A CATALUNYA 91






RESULTATS

Villén et al. BMC Geriatrics (2020) 20:206
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Abstract

Background: The implementation of individual clinical practice guidelines in patients with multimorbidity often
results in polypharmacy. Our aim was to analyse medication use according to longitudinal multimorbidity patterns
(MP) and determine during a 5-year period (2012-16) which MP are associated with abnormal liver and kidney
function in primary care patients over 65 years of age living in Catalonia.

Methods: Design: Longitudinal study (years 2012 to 2016) based on the electronic health records contained in
Information System for Research in Primary Care database of the Catalan Institute of Health (SIDIAP). Variables: age,
sex, MP, medication and polypharmacy (drug exposure obtained from the Pharmacy Invoice Registry). Medicines
were classified in accordance with the Anatomical Therapeutic Chemical Classification System (ATC). Glomerular
filtration rate was used to determine abnormal kidney function, and serum levels of alkaline phosphatase, alanine
transaminase and gamma-glutamyl transpeptidase were used to diagnose abnormal liver function. Statistics: For
medication use in MP, we calculated annual mean packages of each drug in each MP, and observed/expected
ratios were obtained by dividing mean packages in the cluster by mean packages of the same drug in the overall
population. Logistic regression models were fitted to estimate the association between MP at baseline and
abnormal kidney and liver function tests during follow up.
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elderly population.

Results: Nine hundred sixteen thousand six hundred nineteen patients were included, and 743,827 completed the
follow up. We identified one polypharmacy profile per MP, and concluded that the most prescribed drugs in each
pattern corresponded to the diseases overrepresented in that specific MP. The median of drugs ranged from 3
(Cluster 1 - Non-Specific) to 8 (Cluster 10 - Multisystem Pattern). Abnormal kidney function was most commonly
observed in the Cluster 4 - Cardio-Circulatory and Renal (Odds Ratio [OR] 2.19; Confidence interval [CI] 95% 2.15—
2.23) and Cluster 3 - Minority Metabolic Autoimmune-Inflammatory (OR 2.16; Cl 95% 2.12-2.20) MP. A higher risk of
abnormal liver function was observed in the Cluster 8 - Digestive (OR 3.39; Cl 95% 3.30-3.49), and Cluster 4 -
Cardio-Circulatory and Renal (OR 1.96; Cl 95% 1.91-2.02) MP.

Conclusions: A higher risk of abnormal kidney and liver function was observed in specific MP. The long-term
characterisation of MP and polypharmacy illustrates the burden of chronic multimorbidity and polypharmacy in the

Keywords: Multimorbidity, Epidemiology, Polypharmacy, Primary health care, Ageing, Longitudinal study

Background

Multimorbidity generally refers to the co-occurrence of
multiple chronic medical conditions in a single individ-
ual [1]. Globally, multimorbidity is growing into a major
concern due to the longer lifespan of the population, the
complexity of their health status and its relation to
greater use of healthcare services [2, 3]. Additionally, liv-
ing with multiple chronic diseases is commonly associ-
ated with the use of numerous drugs, function decline,
lower of quality of life and increased mortality [4, 5].

Generally, prescription in patients with multimorbidity
is based on the recommendations of individual disease-
specific clinical practice guidelines. This frequently re-
sults in polypharmacy [6], commonly defined as the
concomitant consumption of 5 or more drugs [7]. Poly-
pharmacy is closely related to drug-drug and drug-
disease interactions, therapeutic redundancies and ad-
verse drug reactions that can cause hospital admission,
worsen chronic conditions and increase morbidity and
mortality, especially in the elderly and frail population
[8-10]. Moreover, many drugs used to treat chronic dis-
eases have a modest benefit at most and an increased
risk of adverse reactions in this population.

The dynamic changes in cellular biological processes
associated with aging [11] influence the pharmacokinet-
ics and pharmacodynamics of drug metabolization [12].
Importantly, the mitochondrial function decline linked
to the aging process increases the vulnerability of organs
such as heart, lungs, liver and kidney to ischemia/reper-
fusion injury [13]. Consequently, understanding the link
between polypharmacy and specific multimorbidity pat-
terns (MP) and their interrelation with liver and kidney
function decline is crucial for the design of strategies
that prevent adverse effects of medication among the
elderly. Additionally, there is a lack of longitudinal infor-
mation about the effects of polypharmacy on adverse
drug reactions and dynamic cellular changes associated
with aging.

94

The pharmacological management of multimorbidity
represents a challenge for health professionals, especially
in elderly or frail patients, since it requires a person-
centred approach as opposed to treating multiple dis-
eases as independent entities [14]. Few publications
address medication use according to MP, and to our
knowledge this is the first study which includes long-
term data on this issue [15-19].

In another article, we described MP in people over 65
years of age and followed their trajectories during 5
years. We used soft clustering techniques, which enabled
us to study MP considering as the unit of analysis the
patient plus all their diagnosed chronic diseases. We
identified multimorbidity trajectories which were mostly
stable [20]. In addition, we observed that nine over ten
patterns involved a large number of chronic diseases and
drugs. However, that study did not analyse the charac-
teristics and use of medicines associated with MP over
time, and their association with liver and kidney function
abnormalities.

The main aim of this study was to analyse medication
use according to longitudinal MP and characterize them
annually in primary care patients over 65 years of age
during the 2012-16 period in Catalonia. The secondary
aim was to determine which patterns are more likely to
present an abnormal liver and kidney function during
follow-up.

Methods

Design, setting, and study population

A longitudinal study was carried out in Catalonia
(Spain), a Mediterranean region of 7,515,398 inhabitants
(2012) [21]. The Spanish National Health Service pro-
vides universal coverage, financed mainly by tax revenue.
The Catalan Health Institute (CHI) manages 285 pri-
mary health care centres (PHCCs) in Catalonia that
serve 5,501,784 people, corresponding to the 77.2% of
the population [22].
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Inclusion criteria were individuals aged 65—99 years on
31 December 2011 that survived until 31st of December
2012 (index date), with at least one PHCC visit during
the 5-year study period (2012-2016). No new entries
were allowed in the cohort. Attrition was caused by
mortality or transfer to another healthcare provider. We
included 916,619 people at baseline and 743,827 com-
pleted all follow-up (Fig. 1).

Data sources

The Information System for Research in Primary Care
(SIDIAP) contains the clinical information from the
electronic health records (EHR) of the CHI PHCCs since
2006 [23]. The SIDIAP database includes anonymized
longitudinal EHR from primary and secondary care that
collect information on demographics, symptoms, diag-
noses, prescriptions, socio-economic status and the
Pharmacy Invoice Registry .

Variables
All variables were obtained directly from the SIDIAP
database [23].

Chronic diseases and multimorbidity

In the SIDIAP, diseases are coded in accordance with
the International Classification of Diseases, version 10
(ICD-10). An operational definition of multimorbidity
was used, i.e., the presence of two or more chronic dis-
eases, based on the selected 60 groups of chronic dis-
eases determined by the Swedish National study of
Aging and Care in Kungsholmen [24], with additional
clinical, laboratory and medication related parameters
for the assessment of certain conditions.
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Death and drop out

Death was measured as the occurrence of this event, re-
gardless of cause. If a person transferred out of the CHI
healthcare provider during the study period, they were
considered lost to follow-up (drop-outs).

Drugs and polypharmacy

Information on drug exposure was obtained from the
Pharmacy Invoice Registry, which includes drugs pre-
scribed by primary care and hospital physicians and sub-
sidized by the national health system. The study
included only systemic drugs, and excluded hospital
medication, drugs dispensed by hospital pharmacies,
drugs not subsidized by public health services and top-
ical medication (e.g. ointments and lotions). Drugs were
classified according to the Anatomical Therapeutic
Chemical Classification System (ATC) [25]. We used the
4th level (Chemical, Pharmacological or Therapeutic
subgroup) to facilitate analysis and interpretation.
Chronic use was considered when the person used three
packages of the drug during each year of the study
period. Each drug was coded into a dichotomous vari-
able. Polypharmacy was defined as the concurrent use of
5 or more drugs in the same individual for each year of
the study [7].

Kidney function

Kidney function was calculated each follow up year
using the four-variable Modification of Diet in Renal
Disease (MDRD-4) creatinine calibrated to isotope dilu-
tion mass spectrometry (IDMS10) equation to estimate
glomerular filtration rate (eGFR) [26]. When one or
more eGFR was <60 ml/min/1.73 m? after the baseline
year, we classified it as abnormal kidney function.

2012 2013 2014 2015 2016
916,619 874,860 833,870 787,886 743,827
5,917 6,017 6,969 5,853
35,842 34,973 39,015 38,206
Alive Dropped out d
Fig. 1 Longitudinal Flow Chart of study period (Years 2012-2016; N=916,619 people)
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Liver function

Liver function was determined each follow up year by
analysing serum levels of alkaline phosphatase (ALP),
alanine transaminase (ALT) and gamma-glutamyl trans-
peptidase (GGT). Liver function was considered abnor-
mal when after baseline, at least one of the values was as
follows: ALP >2 x 129 IU/L; ALT> 5 x 41 IU/L (men) or
ALT> 5 x 33 IU/L (women); GGT > 61 IU/L [27].

Other variables

Demographic variables analysed at baseline and at the
end of study were: age at baseline (years), sex (men,
women), socio-economic status (Mortality in Spanish
small areas and Socioeconomic and Environmental In-
equalities [MEDEA] index); quintiles from least to most
deprived) [28] and number of total visits to PHCCs.

Statistical analysis

Descriptive statistics were used to summarize overall in-
formation. Participants’ characteristics and prevalence of
chronic diseases and medication use were measured at
baseline and final year, and during the follow-up period.

MP were identified using two steps: 1) the dataset was
pre-processed by applying a mixture of Principal Com-
ponent Analysis and Multiple Correspondence Analysis
(PCAmix). For the grouping of participants, it was as-
sumed that the patient population was initially distrib-
uted into a fuzzy set of clusters, corresponding to the
different MP [29]; 2) In order to model the temporal
evolution of individuals and clusters, the sequential indi-
vidual observations were assumed to follow a dynamic
random process represented by a Hidden Markov Model
(HMM). The set of HMM parameters was fitted to the
observation data by applying the Baum-Welch algo-
rithm. Afterwards, a validation process was applied in
order to obtain the optimal parameters and longitudinal
clusters. The best cluster trajectory is computed by
maximizing the probability of the observed sequence,
conditioned to the best computed model parameters
(Viterbi Algorithm). Next, we associated each cluster
with a hidden state or MP to characterize it.

The final clusters were defined as MP by the research
team based on the clinical significance. We eventually
obtained ten MP, and also drop out and mortality clus-
ters. To describe the MP, prevalences of diseases in each
cluster were calculated. Observed/expected ratios (O/E-
ratios) were obtained by dividing disease prevalence in
the cluster by disease prevalence in the overall popula-
tion. Exclusivity, defined as the proportion of patients
with the disease included in the cluster over the total
number of patients with the disease, was also calculated.
A disease was considered to be part of a MP when the
O/E-ratio was 22. A more detailed description of the
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applied machine learning technique can be found else-
where [30].

Medication use in multimorbidity patterns

To describe chronic medication use in each multimor-
bidity pattern (MP), we calculated annual mean packages
for each drug in each cluster. Next, we defined O/E-ra-
tios, obtained by dividing mean packages in the cluster
by mean packages in the overall population. We also de-
fined exclusivity as the number of medication packages
included in the cluster over the total number of medica-
tion packages. A medication was considered part of a
MP when the O/E-ratio was >2. As a complementary ap-
proach, we also investigated medicines that presented an
exclusivity value higher than the percentage frequency of
each cluster.

Logistic regression models were fitted to estimate the
association between MP at baseline and abnormal kid-
ney and liver function values during follow up. Odds ra-
tio (OR) and 95% confidence interval (CI) were adjusted
for age, sex, socioeconomic status (MEDEA variable)
and total number of packages in 2012. We used multiple
imputation to minimize the selection bias resulting from
the presence of missing values for MEDEA (7%). We
used multiple imputation by chained equations to obtain
seven imputed datasets [31]. The final models were fit-
ted with multiple imputed datasets using Rubin’s rules
to combine effect estimates and standard errors to allow
for the uncertainty related to missing data.

The analyses were carried out using R version 3.6.1 (R
Foundation for Statistical Computing, Vienna, Austria).
The significance level was set at o = 0.05.

Results

A total of 916,619 people over 65 years of age living in
Catalonia were included at baseline (women: 57.8%;
mean age: 75.4; standard deviation [SD]: 7.4), 853,085
(93.1%) met multimorbidity criteria, and 487,502 (53.2%)
criteria for polypharmacy. At the end of the study
period, 743,827 participants had completed follow-up
(Fig. 1). The mean number of chronic diseases was 6
(interquartile range [IQR] 4.0-8.0) at baseline and 7
(IQR 5.0-10.0) in the final year, whereas mean number
of medicines during follow-up was 5 (IQR baseline 2.0—
8.0 and IQR at final year 3.0-8.0). The proportion of pa-
tients with multimorbidity and polypharmacy was higher
at the end of the study period than at baseline (93.1 and
53.3% vs 97.2 and 56.8%, respectively) (Table 1).

The most prevalent invoiced drugs, from highest to
lowest, were proton pump inhibitors (PPI), 3-hidroxi-3-
metil-glutaril-CoA reductase (HMGCoA-reductase) in-
hibitors and anilides. During follow-up, the most com-
mon drugs remained unchanged, but the prescription
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had expanded to include more patients (Supplementary
File 1).

Ten MP were identified at baseline (see characteristics of
each MP in Table 1). Except for Cluster 1 (C1) and Cluster
4 (C4), the number of people included in all clusters in-
creased during the study period. Most people remain in the
same cluster during follow up. For all MP, the most com-
mon shift is dying. The probability of dying varies signifi-
cantly depending on which MP the patient was classified.

Characteristics of medication use in relation to
multimorbidity patterns

Overall, we observed that overrepresented (O/E-ratio >
2) drugs (measured as mean packages) in each MP were
associated with the overrepresented diseases in that
same MP. Naturally, these drugs are intended to treat
specific chronic diseases overrepresented in their corre-
sponding MP (Supplementary File 2). For example, in:

Cluster2 (C2)-Eye Impairment and Mental: The most
used drugs at baseline were ophthalmologic beta
blockers. It should be noted that more than half of the
general population with glaucoma and under treatment
with ophthalmic beta blockers are included in this
cluster (Exclusivity 50.59 and 48.75% at baseline,
respectively).

Cluster3 (C3)-Minority Metabolic Autoimmune-
Inflammatory: At baseline, the most overrepresented
drugs were glucocorticoids, uric acid lowering agents,
and Vitamin D and analogues.

Cluster4 (C4)-Cardio-Circulatory and Renal: At baseline,
people included in this pattern had 17 different drug groups
overrepresented, mainly to treat ischemic cardiovascular

Page 8 of 13

disease, heart failure, valvular heart disease, cardiac
arrhythmias, diabetes, kidney failure and anaemia (Fig. 2).
Cluster5 (C5)-Cardio-Circulatory, Mental, Respiratory
and Genitourinary: At baseline, people included in this
pattern had 20 different drug groups overrepresented:
peripheral vasodilators, bronchodilators, drugs for
ischemic cardiomyopathy, heart failure, prostate
diseases and diabetes.

Cluster6 (C6)-Neurological, Digestive and Circulatory:
Overrepresentation in this cluster is mostly constituted
by patients with Parkinson’s disease and corresponding
treatment, mainly dopamine, dopamine derivatives and
other medicines used in neurological disorders. These
diseases and related medications are practically
exclusive to this cluster (more than 90.0% at the
beginning of the study).

Cluster7 (C7)-Respiratory and Ear: Drugs included in
this cluster were glucocorticoids, adrenergics in
combination with corticosteroids or other drugs
excluding anticholinergics, selective beta-2-
adrenoreceptor agonists, anticholinergics, corticoste-
roids, and antihistamines for systemic use.

Cluster8 (C8)-Digestive: The most prescribed
medication corresponds to drugs used for the
treatment of chronic liver diseases.

Cluster9 (C9)-Neurological, Musculoskeletal and
Minor: In this group the most overrepresented drugs
are anti-inflammatory and analgesics, in agreement
with the MP.

Cluster10 (C10)-Multisystem: The least common
pattern, it has multiple overrepresented disorders from
different systems, and the corresponding medications
used to treat these disorders.

Diseases
Cardiac valve diseases -
Heart failure -
Atrial fibrillation -
Bradycardias and conduction diseases -
Ischemic heart disease -
Chronic kidney diseases -
Cerebrovascular disease -
Anemia -
Other eye diseases -
Thyroid diseases -

4 2

O/E ratio

2012 2016

Fig. 2 Cardio-Circulatory and Renal patterns in relation with drug prescription

Drug packages
-CO1AA Digitalis glycosides
-BO1AA Vitamin K antagonists
- CO3DA Aldosterone antagonists
-C01BD Antiarrhythmics, class Il
- CO3CA Sulfonamides, plain
-CO7AG Alpha and beta blocking agents
-A12BA Potassium
-CO1DA Organic nitrates
-BO3AA Iron bivalent, oral preparations
- C08DB Benzothiazepine derivatives

4
O/E ratio

2

2012 2016

100
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As an example, Fig. 3 represents the evolution dur-
ing follow up of the O/E-ratio and mean number of
medication packages for the ten most used drugs in
C4-Cardio-Circulatory and Renal and C5-Cardio-Cir-
culatory, Mental, Respiratory and Genitourinary. In
these two MP, both the O/E-ratio and mean number
of medication packages increase or remain stable over
time.

RESULTATS
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Considering CI1-Non-Specific as a reference, an in-
crease in abnormal kidney function was observed in the
different MP over the study period. The highest propor-
tion of abnormal kidney function was observed in the
C4-Cardio-Circulatory and Renal (OR 2.19; CI 95%
2.15-2.23) and C3-Minority Metabolic Autoimmune-
Inflammatory MP (OR 2.16; CI 95% 2.12-2.20) (Table 2
and Supplementary file 3). The MP with a higher risk of

Cluster 4

Name

Diseases —— typortension
90 T = Heart failure
80- — Opipidemia
- R —
X 70-
A, = Cardiac valve diseases
>
PomESEEREE =
50 A == Osteoarthritis and other degenerative joint diseases
40- == Anemia
2012 2013 2014 2015 2016
Year i
. Name
Diseases

Cardiac valve diseases.

Heart failure

%

Al fibritation

——— Bradycardias and conduction diseases

——— Ischemic heart disease

4- Chronic kidney diseases
1 | ——— Cerebrovascular disease
R — —— Anemia
e
I I i i i P
2012 2013 2014 2015 2016
Year ~—— Thyroid diseases
Cluster 5
) Name
Diseases .
s0- __ e dieases
—— e
70- 6-
- — Citen
R 60- % c
~ ~—— COPD, emphysema, chronic bronchitis ©
> [}
Q 50- — [—— =,
0
S ——
prs| — .
F b= -
30- //q—_ﬁ—:‘ 2
S S O
2012 2013 2014 2015 2016
Year -
) Nome
Diseases Pepbers veseordsesse
9- \\ [ ——
= | cor, anphyeeme, crona troncils
5-
74
charichoa s
w Prostate diseases. w
e -~ -
O 55 o4
\ Bradycardias and conduction diseases
_— ——— Cerebrovascular disease
3- — —— 3-

S N W Heart faiure.

. . . ] 3 ——  Perpheralneuopathy
2012 2013 2014 2015 2016
Year

Dementa

Fig. 3 Prevalence and O/E ratio evolution over time for diseases and drugs in Cluster 4 - Cardio Circulatory and Renal and Cluster 5 - Cardio

Circulatory, Mental, Respiratory and Genitourinary

Drugs packages

' ' ' ' '
2012 2013 2014 2015 2016

Drugs packages

' ' ' ' '
2012 2013 2014 2015 2016

Name.

Drugs packages

———  A028C Proton pump inhibitors.
~——— CO3CA Sulfonamides, plain
——— C10AA HMG CoA reductase inhibitors.

—— NO2BE Anilides

=
© ———  BO1AC Platelet aggregation inhibitors excl. heparin
O 5-
= —— 01AA Vitamin K anlagonists

4

— CooAA AGE it ln
34 — ~——— NOSBA Benzodiazepine derivatives
2012 2013 2014 2015 2016
Year —— CO%CA Angtensinl niagonis,pen
Name
Drugs packages —— oA Digis gcosides
7-

_

BO1AA Vitamin K antagonists
——— C03DA Aldosterone antagonists

—— CO1BD Antiarrhythmics, class il

~——— C03CA Sulfonamides, plain

——— CO7AG Aipha and beta blocking agents
——— A12BA Potassium

~—— CO1DA Organic nitrates

3 v : : : —— BO3AA Iron bivalent,oralpreparations
2012 2013 2014 2015 2016
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~——— C08DB Benzothiazepine derivatives

Name

——— BOTAC Plateet aggregation inhibors excl.heparin
~—— AG2BC Proton pump inhiblors
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—— NOZBE Anides

——  A10BA Biguanides

——— GO4CA Alpha-adrenorecepior antagonists

—— CO9AA ACE inhibtors, piain
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——— RO38B Antcholnergics

NOSBA Benzodiazepine derivatives
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‘CO4AD Puine derivatives
I [ —— R0388 Antchoinergics
—— Co1DA Organic irates
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Table 2 Logistic regression models for Kidney and Liver function by cluster.

Renal function
Cluster 1 - Non-Specific Normal (n)  Abnormal (n) Unadjusted Adjusted* Adjusted**

300752 84035 OR 2.50% 97.50% OR 2.50% 97.50% OR 2.50% 97.50%
Cluster 2 - Eye Impairment and Mental 113793 63294 1.991 1.966 2.015 1701 1678 1.725 1714 1.692 1.737
Cluster 3 - Minority N boli i ine-Infl Y 41494 30696 2.648 2.604 2.692 2158 2120 2.198 2.158 2.120 2.196
Cluster 4 - Cardio-Circulatory and Renal 27876 32316 4.149 4.076 4.223 2.260 2214 2.307 2,191 2.149 2.234
Cluster 5 - Cardio-Circulatory, Mental, Respiratory and Genitourinary 33303 21021 2.259 2.217 2.302 1.561 1527 1.596 1.550 1.518 1.583
Cluster 6 - Neurological, Digestive and Circulatory 29584 12838 1.553 1519 1.588 0.991 0.967 1.015 0.982 0.959 1.005
Cluster 7 - Respiratory and Ear 28696 12948 1615 1.580 1.651 1.210 1181 1.240 1.220 1191 1.249
Cluster 8 - Digestive 24959 10733 1.539 1.503 1.576 1.307 1273 1341 1.292 1.260 1.325
Cluster 9 - Neurological, Musculoskeletal and minor 24108 9175 1.362 1328 1397 1.157 1126 1.189 1173 1142 1.204
Cluster 10 - Multisystem Pattern 9262 5736 2216 2143 2293 1.389 1338 1441 1.395 1.346 1.445
*Sex, Age, MEDEA, N2 packages 2012, N2 eGFR 2012 (Complete Cases)
**Sex, Age, MEDEA, N2 packages 2012, N2 eGFR 2012 (Multiple Imputation)

Liver function
Cluster 1 - Non-Specific Normal (n)  Abnormal (n) Unadjusted Adjusted* Adjusted**

353379 31408 OR  250% 97.50% OR  250% 97.50% OR  250% 97.50%
Cluster 2 - Eye Impairment and Mental 158951 18136 1.284 1259 1.309 1.206 1.181 1231 1.207 1.183 1.232
Cluster 3 - Minority N ic A ine-Infl Y 62867 9323 1.669 1.628 1710 1361 1325 1.397 1.356 1322 1391
Cluster 4 - Cardio-Circulatory and Renal 50604 9588 2132 2.080 2.185 2.001 1945 2.060 1.961 1.908 2.015
Cluster 5 - Cardio-Circulatory, Mental, Respiratory and Genitourinary 46498 7826 1.894 1.844 1.945 1.250 1.213 1.288 1.240 1.204 1.276
Cluster 6 - Neurological, Digestive and Circulatory 38518 3904 1.140 1101 1181 1.038 1.000 1.078 1.022 0.986 1.060
Cluster 7 - Respiratory and Ear 37542 4102 1.229 1.188 1.272 1.140 1.099 1.183 1.142 1.103 1.183
Cluster 8 - Digestive 26314 9378 4.010 3.906 4.116 3.422 3.327 3.521 3.391 3.300 3.485
Cluster 9 - Neurological, Musculoskeletal and minor 30058 3225 1207 1162 1254 1179 1132 1.227 1176 1131 1.224
Cluster 10 - Multisystem Pattern 13049 1949 1.680 1.600 1.765 1.562 1.482 1.647 1.588 1.509 1671

*Sex, Age, MEDEA, N2 packages 2012, N2 liver function lab 2012 (Complete Cases)
**Sex, Age, MEDEA, N2 packages 2012, N¢ liver function lab 2012 (Multiple Imputation)

abnormal liver function were C8-Digestive (OR 3.39; CI
95% 3.30-3.49), followed by C4-Cardio-Circulatory and
Renal (OR 1.96; CI 95% 1.91-2.02) (Table 2 and Supple-
mentary File 4).

Discussion

Key results

This study informs on the use of medication by the eld-
erly population during 5 years of follow up, according to
the ten most common MP. Predictably, the most over-
represented drugs in each MP coincide with the most
overrepresented disorders in that same MP. Also, the
medicines most prescribed in the study population re-
main unchanged throughout the follow up period. The
analysis of polypharmacy based on specific MP and their
association with abnormal liver and kidney function has
revealed that the patients included in the various MP
present high rates of abnormal liver and kidney function
when compared to the MP CI-Non-Specific, underlining
the need for new safety criteria in these patients [32, 33].

Polypharmacy and their evolution

In C2-Eye Impairment and Mental, the medicines most
frequently prescribed correspond to the ocular disorders
diagnosed. However, in other groups of diseases of this
MP, for instance the Neurotic, stress-related and somato-
form diseases, which correspond mainly to cigarette con-
sumption, the pharmacological treatment is not subsidised
by the public health system and consequently does not ap-
pear in the Pharmacy Invoice Registry.
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In C3-Minority Metabolic Autoimmune-Inflammatory,
over 50% of diseases are exclusive of this cluster. How-
ever, even if the medication is associated with overrepre-
sented conditions, it does not have high exclusivity since
these medicines have different authorised indications,
for instance glucocorticoids and Vitamin D and ana-
logues, which are even indicated off-label [34, 35].

The MP C4-Cardio-Circulatory and Renal and C5-
Cardio-Circulatory, Mental, Respiratory and Genitouri-
nary, illustrate the patients with multimorbidity who are
prescribed polypharmacy to treat overrepresented dis-
eases. In addition, some diseases as diabetes that are not
overrepresented might need various medicines to control
the condition. Moreover, recent intensification of treat-
ments has translated into an increase in drug prescrip-
tion [36, 37].

In C9-Neurological, Musculoskeletal and Minor, meta-
mizole has replaced traditional nonsteroidal anti-
inflammatory drugs (NSAIDs), probably due to emerging
safety concerns of NSAIDs regarding the kidney [38],
cardiovascular [39, 40], and digestive systems [39].

Abnormal kidney and liver failure function

This study shows that most patients with multimorbidity
receiving polypharmacy present abnormal kidney and liver
function. While the design of this study cannot explain
the causes of the abnormal kidney and liver function ob-
served, we hypothesise that they probably originate from
the baseline disorders of the patients, adverse effects from
the medication, inappropriate prescribing and lack of ad-
justment to the kidney and liver function of each patient,
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which are usually affected by old age [11-13, 41-43]. This
study, based on medication packages dispensed in phar-
macies, underlines the importance of stringent monitoring
of prescriptions, particularly in patients that might have
abnormal kidney and liver function. We recommend the
use of prompts in the EHR to adjust medication dosage in
accordance with liver function and eGFR.

Abnormal kidney function is highest in patients from
MP C4 and C3. In MP C4 -Cardio-Circulatory and
Renal, in addition to the baseline kidney and cardiovascular
disorders of these patients, abnormal kidney function has
been attributed to the hemodynamic effects of diuretics
causing nephrotoxicity [41]. The MP C3-Minority Meta-
bolic Autoimmune-Inflammatory includes patients with
hypothyroidism [44] and overrepresentation of allopurinol,
both causes of abnormal kidney function.

Abnormal liver function is highest in patients from
clusters C8 and C4. The risk is highest in patients in C8
- Digestive, since this pattern represents patients with
liver disease. C4- Cardio-Circulatory and Renal has the
oldest patients and the highest prescription of vitamin K
antagonists, which can cause cholestasis [42].

Comparison with the literature

Most studies on MP use a cross-sectional design. Some
publications include longitudinal data, but to our know-
ledge no data on the association of MP and abnormal
kidney and liver function have been published [45].. In
the literature, European articles underscore medication
for depression and chronic obstructive pulmonary dis-
ease (COPD) in the elderly [18], which we included in
clusters C9 and C5, respectively. In contrast, Japanese
authors observe the highest risk of polypharmacy in ma-
lignant, digestive and urologic patterns [17]. While we
excluded drugs for the treatment of malignancies in our
study, we did not observe overrepresentation of drugs
for the gastrointestinal system, since they are the type of
medication most consumed in the general population,
nor for urological diseases, which are highly prevalent in
the population over 65 years. Interestingly, in the Japa-
nese study only 25% of patients were over 65 years of
age. Ultimately, if we analysed the drugs overrepresented
in specific patterns such as the cardiovascular (C4 and
C5), these medicines would practically replicate poly-
pharmacy patterns described in other publications [18],
i.e, drugs for cardiovascular diseases, for diabetes and
for gout. However, our medication patterns included
also the treatments for other diseases in MP C4 and C5,
for instance anaemia, pain, glaucoma, COPD and benign
prostatic hyperplasia.

Strengths and limitations
One of the major strengths of this study is the use of a
large, high-quality database that originates from the
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primary care EHR, which includes a large proportion of
the population with multimorbidity and with polyphar-
macy [23]. Furthermore, we have used a classification
for chronic diseases previously validated by a clinically
driven methodology, which allows a homogeneous as-
sessment of chronic diseases and polypharmacy in a
manageable number of categories, and also the uniform
evaluation of chronicity in the European Union [24].

This study also presents some limitations. Firstly, we
only considered the medications for which at least three
packages during each year of the study period had been
dispensed. While this could underestimate some medi-
cines, it is extremely unusual to dispense less than 3
packages per year of drugs treating chronic diseases.
Similarly, we excluded the medication for acute condi-
tions, some of which can cause temporary abnormalities
in kidney and liver function. Secondly, the SIDIAP only
collects information on drugs prescribed by primary care
and hospital physicians which are dispensed by commu-
nity pharmacies. Consequently, our analysis cannot rule
out active ingredients included in hospital drug regimes,
over-the-counter medicines and para-pharmacy prod-
ucts, which might also impair kidney and liver function.
Thirdly and finally, censoring of people who died and
people who transferred might have influenced estima-
tions of risk associations in a competing-risk scenario,
which was not an objective of this study.

Our research shows that while prescription of poly-
pharmacy might be justified with regard to clinical
guidelines, it increases the risk of adverse drug reactions
and might negatively affect kidney and liver function.
Crucially, the risk of overtreatment, which occurs when
the prescribed medications have no clinically significant
benefit and when the risk of adverse effects associated
with an additional medication outweighs the overall bene-
fit of the treatment, is high in polypharmacy [46, 47].

Conclusions

Polypharmacy is highly prevalent in older adults. The
most frequently prescribed medicines were related to
MP and their consumption was maintained throughout
the follow-up period.

Finally, this study provides real-world data on the evolu-
tion of polypharmacy and multimorbidity among older
adults and describes the association between polypharmacy
and abnormal liver and kidney function in this population.
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Abstract: (1) Background: The acquisition of multiple chronic diseases, known as multimorbidity,
is common in the elderly population, and it is often treated with the simultaneous consumption
of several prescription drugs, known as polypharmacy. These two concepts are inherently related
and cause an undue burden on the individual. The aim of this study was to identify combined
multimorbidity and polypharmacy patterns for the elderly population in Catalonia. (2) Methods:
A cross-sectional study using electronic health records from 2012 was conducted. A mapping
process was performed linking chronic disease categories to the drug categories indicated for their
treatment. A soft clustering technique was then carried out on the final mapped categories. (3) Results:
916,619 individuals were included, with 93.1% meeting the authors’ criteria for multimorbidity and
49.9% for polypharmacy. A seven-cluster solution was identified: one non-specific (Cluster 1) and six
specific, corresponding to diabetes (Cluster 2), neurological and musculoskeletal, female dominant
(Clusters 3 and 4) and cardiovascular, cerebrovascular and renal diseases (Clusters 5 and 6), and multi-
system diseases (Cluster 7). (4) Conclusions: This study utilized a mapping process combined with a
soft clustering technique to determine combined patterns of multimorbidity and polypharmacy in
the elderly population, identifying overrepresentation in six of the seven clusters with chronic disease
and chronic disease-drug categories. These results could be applied to clinical practice guidelines in
order to better attend to patient needs. This study can serve as the foundation for future longitudinal
regarding relationships between multimorbidity and polypharmacy.

Keywords: multimorbidity; polypharmacy; elderly; primary healthcare; chronic disease; clustering;
combined patterns; machine learning

1. Introduction

The global life expectancy at birth has increased from 52.6 years in 1960 to 72.6 years
in 2018 [1]. While it is certain that people are living longer on average, this does not
necessarily mean they are living healthier lives, as an increase in life expectancy anticipates
an increase in morbidity [2,3]. As individuals age, the body changes and experiences a
state of physical decline, resulting in weaker defenses and easier acquisition of chronic
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illnesses in the later years of life [2,4]. The diagnosis of two or more chronic diseases in the
same individual is referred to as multimorbidity [5].

Multimorbid individuals tend to be prescribed a high number of medications in order
to combat their diagnosed chronic illnesses. Consumption of prescribed drugs holds a
higher prevalence and relevance in older adults, and complications could include po-
tentially inappropriate prescribing [6]. While a homogeneous operational definitional is
lacking throughout the field, literature supports the definition of polypharmacy as the
consumption of five or more drugs daily in the same individual [7]. Polypharmacy is
considered a critical public health problem that is related to drug-drug and drug-disease
interactions, adverse drug events [8-12], falls, hospital admissions and mortality [13,14].
Polypharmacy has been on the rise over the past several decades [11] and is highly associ-
ated to multimorbidity [8].

In a world with an ageing population, the burdens of multimorbidity and polyphar-
macy have undue individual and system-wide impacts on health. While there exists a
growing amount of literature regarding multimorbidity and polypharmacy, the vast major-
ity of studies analyze polypharmacy as descriptive drugs in multimorbidity patterns, focus
almost exclusively on one topic or the other without meaningfully connecting the two, or
examine the disease rather than the individual as the unit of analysis [15-17]. Furthermore,
medication is considered a proxy variable to disease [15,18,19], and, for this reason, jointly
analyzing multimorbidity and polypharmacy can produce an overestimation error due to
the fact that people with prevalent diseases such as diabetes or cardiovascular diseases are
treated with many medications for both clinical conditions and risk factors and, for this
reason, are overestimated. To avoid this, drug groups can be analyzed according to their
associated disease, thereby preventing prevalent diseases from being overestimated. This
type of approach would permit a better understanding of the patient groups and, at the
same time, facilitate strategies aimed at prevention, diagnosis, and treatment because it
includes diseases with or without drug treatment.

As far as we understand, little research has been completed regarding methods that
simultaneously analyze the combined patterns of multimorbidity and polypharmacy at
an individual level. Machine-learning soft clustering models are a robust tool capable of
performing such an analysis. Cluster analysis involves assigning individuals to a certain
cluster so that the items (i.e., units of analysis—diseases and drugs) are as similar as
possible, while individuals in different clusters are as least similar as possible. Cluster
identification is based on similarity measures, and their choice is reliant upon the data
and/or the reason for analysis [20]. Hard clustering forces each individual to belong to only
one cluster, while soft clustering (also called fuzzy clustering) grants varying degrees of
membership, thus allowing for the individual to pertain to multiple clusters [20]. The aim
of this study was to determine combined patterns of multimorbidity and polypharmacy
in the Catalan population 65-99 years of age through a machine-learning soft clustering
technique that incorporates the research team’s mapping of chronic disease and drug
associations.

2. Materials and Methods
2.1. Setting, Design, and Population

Catalonia, an autonomous community of Spain, is a Mediterranean region with
7,515,398 reported inhabitants for the year 2012 [21]. Universal health coverage is es-
tablished for residents in Spain by the National Health Service and is implemented in a
decentralized fashion through each of the seventeen autonomous communities [22]. In Cat-
alonia, the Catalan Health Institute (CHI) manages over 283 primary care centers, offering
health services to over six million residents [23].

A cross-sectional study was performed on the baseline year (2012) of a longitudinal
study (2012-2016) using electronic health records (EHRs) in Catalonia. Inclusion criteria
for the cross-sectional study population allowed for individuals 65-99 years of age on
31 December 2011, who survived until 31 December 2012, and had at least one visit to
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a CHI-managed primary care center during the longitudinal study period (2012-2016).
No new entries were permitted in the study, and dropouts were due to either death or
transfer to another primary care center outside of CHI governance. A total of 916,619
eligible individuals were included at the baseline year (Figure 1).

Population of Catalonia (2012)

(Census data)
7,515,398
~
Primary care patients pertaining to Primary care patients of providers
CHI outside CHI governance
5,501,784 2,013,614
N 1 v
Patients registered in SIDIAP
between 65-99 years of age
1,290,344
1 J
~
Patients between 65-99 years of age
at beginning of study
916,619
- v

Figure 1. Estimated population study according to selection criteria.

2.2. Data Source

The Information System for Research in Primary Care (SIDIAP) contains EHRs from
the primary care centers managed by the CHI [24]. The SIDIAP database, in addition to
clinical information, contains demographic, laboratory, and invoiced drug information,
with every datapoint linked to the individual via an anonymous and unique personal
identifier.

2.3. Variables

The SIDIAP database was the single source of information for all variables. All
variables were analyzed exclusively within the study period (2012).

2.3.1. Chronic Diseases and Multimorbidity

All diseases in the SIDIAP database were coded according to the International Classi-
fication of Diseases, Version 10 (ICD-10). An operational definition for multimorbidity was
based on the 60 chronic disease categories determined by Calderon-Larrafiaga et al. in the
Swedish National study of Aging and Care in Kungsholmen (SNAC-K) [25]. Each chronic
disease category was included as an individual binary variable, and multimorbidity was
defined via a dichotomous variable as the presence of two or more diagnoses from the 60
chronic disease categories. However, only chronic disease categories with >2% prevalence
in the study population were included for final analysis, thus leaving 47 SNAC-K chronic
disease categories in total (Appendix A Table Al).

2.3.2. Drugs and Classification

Invoiced drugs recorded in the SIDIAP database included drugs dispensed in phar-
macies. Drugs received in hospital and/or dispensed by a hospital pharmacy and all other
drugs not subsidized through the national health system were excluded from this study.
Drugs were coded according to the Anatomical Therapeutic Chemical (ATC) Classification
System, which categorizes drugs through various levels of specificity into groups (hereafter
referred to as “drug categories”) according to the targeted organ/system and their chemical,
pharmacological, and therapeutic properties [26]. Drug categories with >1% prevalence
in the study population were included for final analysis. Chronic use for invoiced drugs
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was determined for individuals who were invoiced three or more packages of the same
drug categories during the study period. While not meeting the prevalence or chronic use
criteria, the drug category Other Drugs Affecting Bone Structure and Mineralization (ATC 4th
level code “M05BX”) was added to the study due to its twice-a-year treatment regimen
for chronic diseases. Each drug category was included as an individual binary variable,
and polypharmacy was defined via a dichotomous variable as chronic use in the same
individual for five or more different drug categories (ATC 4th level) from the eighty-nine
drug categories outlined in the following section.

2.3.3. Grouping of Drugs and Mapping to Chronic Diseases

The research team identified 89 different drug categories (ATC 4th level) (Appendix A
Table A2) associated to the 60 chronic disease categories mentioned prior via a thorough
revision of several databases that are well-known international clinical guidelines for each
disease [27-29]. A mapping was done of all 60 SNAC-K chronic disease categories [25] and
89 drug categories. Drug categories were mapped to the SNAC-K chronic disease categories
for which they are prescribed to treat. Chronic disease-drug categories were then created
in the form of dichotomous variables for individuals who were diagnosed with a SNAC-K
chronic disease category and, depending on disease management criteria, invoiced 0, 1,
or 1+ of the mapped drug categories. (For example, the Allergy disease category was
mapped with seven drug categories. An individual would qualify in this category if
diagnosed with a disease pertaining to the Allergy disease category and invoiced at least
one of the seven drug categories). A total of seven of the final 47 SNAC-K chronic diseases
categories require non-pharmacological treatments or treatment with drugs excluded from
this study and, therefore, could not be mapped. The remaining 40 SNAC-K chronic disease
categories were mapped to drug categories, resulting in 29 chronic disease-drug categories
containing > 2% prevalence in the study population (see Appendix A Table A3 for mapping
example; see Supplementary Materials Table S1 for complete mapping process). The
seven chronic disease categories requiring non-pharmacological treatment or treatment
with drugs excluded from this study and the 29 chronic disease-drug categories, all with
prevalence > 2%, were included to determine combined patterns of multimorbidity and
polypharmacy (Figure 2).

‘ 60 chronic disease categories

47 chronic disease categories with
>2% prevalence in study population

40 chronic disease categories with
pharmacological treatment

!

Process of mapping
(See Supplementary Materials Table
S1)

non-pharmacological treatment or
treatment with drugs excluded from
this study (included)

with >2% prevalence

(included)

7 chronic disease categories with
with <2% prevalence (excluded)

29 chronic disease-drug categories J

11 chronic disease-drug categories J

Figure 2. Number of significant chronic disease or chronic disease-drug categories after mapping.

2.3.4. Other Variables

Pertinent demographic data analyzed in the study includes age (measured in years),
sex (female or male), and socioeconomic status (measured by the MEDEA [Mortality
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in Spanish Small Areas and Socioeconomic and Environmental Inequalities] Index via
quintiles from least deprived to most deprived for urban areas, while rural areas were
sorted into an independent category [30]).

2.4. Statistical Analysis

Descriptive statistics were applied to summarize preliminary findings.

Due to the high dimensionality of the SIDIAP database, dimension-reduction tech-
niques were exercised through PCA Mix, an application of principal component analysis
(PCA) for numeric original variables and multiple correspondence analysis (MCA) for
binary variables. This method reduced the size of the database while maintaining the
complexity of the original data. The Karlis-Saporta—Spinaki rule was applied in order to
select the appropriate number of dimensions to preserve [31].

Using the reduced database, the combined multimorbidity and polypharmacy patterns
were determined through a fuzzy c-means (FCM) clustering algorithm [32], incorporating
the twenty-nine chronic disease-drug categories and the seven chronic disease categories
with non-pharmacological treatment or treatment with drugs excluded from this study, all
of which satisfied the prevalence threshold of >2% in the study population. To obtain a
range with the ideal number of clusters, validation indices [33] were calculated (Supplemen-
tary Materials Figure S1). The outcome of the FCM clustering algorithm was a determined
number of models with different numbers of clusters in each model, as calculated by the
validation indices. Each model contained varying degrees of disease-medication associ-
ation, and the final model of clusters was determined by the research team according to
clinical relevance.

The clusters were described in two parts: (1) observed/expected ratios (O/E ratios)
were calculated by dividing the prevalence of a chronic disease or chronic disease-drug
category in a specific cluster by the prevalence of the same chronic disease or chronic
disease-drug category in the entire study population; (2) exclusivity was determined by
dividing the number of individuals with a chronic disease or chronic disease-drug category
in a specific cluster by the amount of all individuals with the same chronic disease or
chronic disease-drug category in the entire study population. A threshold of two for the
O/E ratio was set in order for a disease/medication to be considered a relevant part of
a cluster [34,35]. An exclusivity threshold of 30% was a secondary, but not determining,
factor when evaluating the chronic disease or chronic disease-drug categories association
with a cluster.

All analyses were performed in R version 4.0.3 and Stata version 15. Specifically, R
was used to run the PCA mix and FCM clustering algorithm; Stata was used for data
management.

3. Results

Of the 916,619 eligible individuals 65 years and over (women: 57.8%; mean age:
75.4; standard deviation; 7.4), 853,085 (93.1%) satisfied the criteria for multimorbidity, and
457,576 (49.9%) for polypharmacy (Figure 3). The most frequent chronic disease categories
in the population were hypertension (71%), dyslipidemia (50.9%), osteoarthritis and other
degenerative joint diseases (32.8%), obesity (28.7%), and diabetes (25.1%) [Appendix A
Table Al], with a median of six chronic diseases (interquartile range [IQR] 4.0-8.0) per
person. The most prevalent drug categories included proton pump inhibitors (44.3%),
HMG CoA reductase inhibitors (38.2%), anilides (28.4%), platelet aggregation inhibitors,
excluding heparin (35.6%), and benzodiazepine derivatives (20.9%) [Appendix A Table A2],
with a median of 5 drugs (IQR 2.0-8.0) per person.
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Multimorbidity
853,085

Polypharmacy
457,576

Multimorbidity and
Polypharmacy

455,364

Figure 3. Multimorbid and polymedicated individuals in the study aged 65-99 years (1 = 916,619,

Catalonia, 2012).

The authors identified a seven-cluster solution for combined patterns of multimor-
bidity and polypharmacy. Cluster 2 to Cluster 7 contained over 99% multimorbidity in
each cluster and reported higher overrepresentation values (O/E ratio > 2) for at least
one of the chronic disease or chronic disease-drug categories. Characteristics of the study
participants in each cluster are detailed in Appendix A Table A4. Principal results and the
most frequent chronic disease and chronic disease-drug categories by cluster (Table 1) are

highlighted below:

Table 1. Most frequent 15 chronic disease or chronic disease-drug categories in individuals aged 65-99 years by cluster

(n =916,619, Catalonia, 2012).

Pattern Disease or Disease-Medication Category o O/E Ratio EX
Chronic disease group for solid neoplasms 12.86 0.86 32.37
Chronic disease-drug group for prostate diseases 7.82 0.77 29.11
Chronic disease-drug group for osteoporosis 7.74 0.74 27.74
Chronic disease group for deafness and hearing loss 591 0.60 22.58
Chronic disease-drug group for CQPD, emphysema, and chronic 426 0.53 20.03
bronchitis
1 Chronic disease-drug group for .esophagus, stomach, and duodenum 377 0.52 19.54
Non-Specific diseases
(n = 344,958: 37.63%) Chronic disease-drug group for thyroid diseases 2.84 0.51 19.34
Chronic disease group for cataract and lens diseases 8.47 0.50 18.65
Chronic disease-drug group for dementia 1.56 0.47 17.61
Chronic disease-drug group for hypertension 26.41 0.46 17.48
Chronic disease group for bradycardias and conduction diseases 112 0.40 15.13
Chronic disease-drug group for sleep disorders 2.22 0.39 14.64
Chronic disease group for obesity 11.29 0.39 14.82
Chronic disease-drug group for dyslipidemia 12.32 0.38 14.40
Chronic disease group for chronic pancreas, biliary tract, and 1.09 037 13.78

gallbladder diseases
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Table 1. Cont.
Pattern Disease or Disease-Medication Category (0] O/E Ratio EX
Chronic disease-drug group for diabetes 39.52 2.15 41.93
Chronic disease-drug group for glaucoma 10.75 1.78 34.65
Chronic disease group for obesity 49.61 1.73 33.68
Chronic disease-drug group for dyslipidemia 55.12 1.71 33.33
Chronic disease-drug group for hypertension 84.37 1.48 28.89
Chronic disease-drug group for thyroid diseases 7.44 1.34 26.17
. 2 Chronic disease-drug group for chronic kidney diseases 13.92 1.32 25.69
(n= 17[;2?;3?189. 47%) Chronic disease-drug group for ischemic heart disease 8.52 1.11 21.61
Chronic disease-drug group for cerebrovascular diseases 6.54 1.01 19.69
Chronic disease group for cataract and lens diseases 17.15 1.00 19.54
Chronic disease-drug group for peripheral vascular disease 2.55 1.00 19.47
Chronic disease-drug group for prostate diseases 9.58 0.95 18.46
Chronic disease group for solid neoplasms 14.06 0.94 18.31
Chronic disease group for deafness and hearing loss 8.42 0.85 16.64
Chronic disease group for chronic.pancreas, biliary tract, and 240 0.80 15.67
gallbladder diseases

Chronic disease-drug group for peripheral neuropathy 9.73 3.08 34.56
Chronic disease-drug group for dorsopathies 24.05 2.88 32.24
Chronic disease-drug group f‘or other musculoskeletal and joint .42 273 30.64

diseases
Chronic disease-drug group for other genitourinary diseases 8.68 2.44 27.32
Chronic disease-drug group for glaucoma 14.68 2.43 27.25
Chronic diseasde;;lzﬁgrii;)‘:lepi (f)(i)1r1 to;tgz:il;ritis and other 41.87 216 24.19
Neurolo?gi cal and Chronic disease group for deafness and hearing loss 19.68 2.00 22.40
lzl\e/lrl;llsailell]giliﬁlii?rll,t Chronic disease—drl;g(;) Iﬁz{;t;g) f;); gieslzgosteiz, stress-related, and 2038 199 2236
(n =102,750: 11.21%) Chronic disease group for cataract and lens diseases 33.75 1.98 22.14
Chronic disease-drug group for depression and mood diseases 23.16 1.86 20.90
Chronic disease-drug group for osteoporosis 18.91 1.80 20.17
Chronic disease-drug group for colitis and related diseases 18.22 1.79 20.09
Chronic disease-drug group for sleep disorders 9.93 1.74 19.51
Chronic disease-drug group fgr other psychiatric and behavioral 318 1.58 17.71

diseases
Chronic disease-drug group for esophagus, stomach, and duodenum 11.29 1.55 17.41

diseases
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Table 1. Cont.
Pattern Disease or Disease-Medication Category (o) O/E Ratio EX
Chronic disease-drug group ff)r other psychiatric and behavioral 742 3.69 36.34
diseases
Chronic disease-drug group for nteurotlc, stress-related, and 37.33 3.65 36.00
somatoform diseases
Chronic disease-drug group for peripheral neuropathy 10.93 3.46 34.09
Chronic disease-drug group for depression and mood diseases 41.75 3.36 33.10
Chronic disease-drug group for dorsopathies 27.22 3.25 32.06
4 Chronic disease-drug group for other musculoskeletal and joint
Behavioral, fivonses 26.65 3.25 32.00
Neurological, and - - - .

Musculoskeletal, Chronic disease-drug group for other genitourinary diseases 9.81 2.76 27.14
Female Dominant Chronic disease-drug group for sleep disorders 15.07 2.64 26.02
(n=90,287: 9.85%) A I

Chronic disease-drug group for osteoarthritis and other
L. . 47.21 243 23.97
degenerative joint diseases
Chronic disease-drug group for colitis and related diseases 22.46 2.21 21.76
Chronic disease-drug group for osteoporosis 20.89 1.99 19.58
Chronic disease-drug group for .esophagus, stomach, and duodenum 13.80 1.90 18.70
diseases
Chronic disease-drug group for thyroid diseases 8.76 1.58 15.60
Chronic disease-drug group for autoimmune diseases 3.12 143 14.13
Chronic disease group for deafness and hearing loss 13.77 1.40 13.77
Chronic disease-drug group for peripheral vascular disease 12.02 4.71 41.57
Chronic disease-drug group for ischemic heart disease 29.85 3.89 34.32
Chronic disease-drug group for cerebrovascular diseases 19.34 2.99 26.37
Chronic disease-drug group for heart failure 21.10 2.83 24.94
Chronic disease group for bradycardias and conduction diseases 7.04 2.53 22.33
Chronic disease-drug group for atrial fibrillation 15.98 2.39 21.06
5 Chronic disease-drug group éf)r other psychiatric and behavioral 463 230 20.33
Cardio-cerebrovascular 1seases
and Renal Chronic disease-drug group for chronic kidney diseases 21.85 2.07 18.27
(n = 80,855: 8.827%) Chronic disease-drug group for COPD, emphysema, chronic bronchitis ~ 15.85 1.98 17.45
Chronic disease-drug group for colitis and related diseases 19.64 1.93 17.04
Chronic disease-drug group for anemia 11.32 1.93 17.00
Chronic disease-drug group for neurotic, stress-related, and 18.28 1.79 15.79
somatoform diseases
Chronic disease-drug group for prostate diseases 17.96 1.78 15.67
Chronic disease-drug group for depression and mood diseases 21.75 1.75 15.45
Chronic disease-drug group for sleep disorders 9.50 1.67 14.69
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Table 1. Cont.
Pattern Disease or Disease-Medication Category (0] O/E Ratio EX
Chronic disease-drug group for atrial fibrillation 40.07 5.99 45.54
Chronic disease-drug group for heart failure 42.57 5.70 43.38
Chronic disease group for bradycardias and conduction diseases 11.50 4.14 31.48
Chronic disease-drug group for inflammatory arthropathies 11.16 3.34 25.41
Chronic disease-drug group for autoimmune diseases 7.07 3.25 24.69
Chronic disease-drug group for anemia 17.61 3.00 22.81
) 6 Chronic disease-drug group for chronic kidney diseases 31.24 2.96 22.52
C?;?f;;ﬁ?:i; I:ir(;al, Chronic disease-drug group for FZ‘OPD, emphysema, chronic 20.53 2.56 19.49
Respiratory bronchitis
(n =69,720: 7.61%) Chronic disease-drug group for ischemic heart disease 17.01 2.22 16.86
Chronic disease-drug group for peripheral vascular disease 5.36 2.10 15.97
Chronic disease group for chronic.pancreas, biliary tract, and 488 164 12.45
gallbladder diseases
Chronic disease-drug group for cerebrovascular diseases 10.29 1.59 12.10
Chronic disease-drug group for colitis and related diseases 1591 1.56 11.90
Chronic disease-drug group for prostate diseases 14.98 1.48 11.27
Chronic disease-drug group for hypertension 83.43 1.47 11.16
Chronic disease group for other digestive diseases 23.29 9.70 52.46
Chronic disease-drug group for dementia 21.63 6.48 35.07
Chronic disease group for chronic'pancreas, biliary tract, and 16.95 5.69 30.77
gallbladder diseases

Chronic disease-drug group for autoimmune diseases 10.95 5.03 27.19
Chronic disease-drug group for inflammatory arthropathies 14.80 443 23.97
Chronic disease-drug group for anemia 19.82 3.37 18.25
Chronic disease-drug group for atrial fibrillation 14.80 2.21 11.96
Multis7ys tom Chronic disease-drug group for heart failure 16.37 2.19 11.87
(n = 49,592: 5.41%) Chronic disease-drug group for colitis and related diseases 19.34 1.90 10.29
Chronic disease-drug group for chronic kidney diseases 19.73 1.87 10.12

Chronic disease group for bradycardias and conduction diseases 4.49 1.61 8.73

Chronic disease-drug group for COPD, emphysema, chronic bronchitis ~ 12.50 1.56 8.44

Chronic disease-drug group for cerebrovascular diseases 10.06 1.55 8.41

Chronic disease-drug group for .esophagus, stomach, and duodenum 9.95 137 741

diseases
Chronic disease-drug group for osteoarthritis and other degenerative 25.47 131 710

joint diseases

Categories highlighted in gray are chronic disease categories; those in white are chronic disease-drug categories. Categories in bold reach
the O/E ratio threshold of two. Abbreviations: O: disease prevalence in the cluster; O/E ratio: observed/expected ratio; Ex: exclusivity;

COPD: chronic obstructive pulmonary disease.

Cluster 1 (non-specific) included a substantial number of individuals that do not
present any overrepresented chronic disease or chronic disease-drug category (O/E ratios
are below two and exclusivity values are below 30%). Cluster 1 was also the cluster with
the lowest average age (74.20 years, SD 7.47) and the lowest percentage of individuals with

multimorbidity (81.74%) and polypharmacy (15.38%).
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Diabetes (Cluster 2): The only category that surpassed the O/E ratio threshold was
chronic disease-drug group for “diabetes” (O/E ratio 2.15), with exclusivity of 41.93%.

Neurological and musculoskeletal, female dominant (Cluster 3): 69.05% of the indi-
viduals in this cluster were female, with exclusivity for the chronic disease-drug groups for
“peripheral neuropathy”, “dorsopathies”, and “other musculoskeletal and joint diseases”
all surpassing 30%. Similar to Cluster 3 is behavioral, neurological, and musculoskeletal,
female dominant (Cluster 4), which also has a high proportion of females (75.08%) and
contains many of the chronic disease-drug groups from the neurological and musculoskele-
tal categories. However, the differentiating factor is the emphasis on behavioral chronic
disease-drug groups, with several groups pertaining to this category as well.

Cardio-cerebrovascular and renal (Cluster 5): The vast majority (six out of eight) of
the significant groups in this cluster are cardiovascular related, with exclusivity of chronic
disease-drug groups for “peripheral vascular disease” and “ischemic heart disease” both
exceeding 30%. This cluster contained the highest proportion of polypharmacy (83.65%).

Cardiovascular, renal, inflammatory, and respiratory (Cluster 6): Cardiovascular
categories occupy the top three spots, with chronic disease-drug categories for “atrial
fibrillation” (O/E ratio 5.99) and “heart failure” (O/E ratio 5.70), and chronic disease
category “bradycardias and conduction disorders” (O/E ratio 4.14), all exceeding an
exclusivity of 30%. This cluster contained the highest proportions for individuals diagnosed
with 10 or more chronic diseases (30.82%), individuals prescribed 10 or more chronic drugs
(27.71%), and individuals with 10 or more primary care visits (75.38%). Polypharmacy was
nearly that of Cluster 5 (83.54%).

The multisystem pattern identified in Cluster 7 represents the smallest group of indi-
viduals from the study population (5.41%) and contains several overrepresented diseases
corresponding to multiple systems, in which individuals with digestive disease dominate
the cluster.

Socioeconomic status (measured by MEDEA index) between categories appears to
remain relatively stable in Cluster 2 to Cluster 7, with most deprived fluctuating between
13.63-15.79% and least deprived between 14.90-16.57%. Those in rural health settings
fluctuate between 19.34-23.83% in Cluster 2 to Cluster 7.

4. Discussion
4.1. Key Results

In this article, patterns for multimorbidity and polypharmacy were analyzed in a joint
manner by means of creating a variable relating each drug to one or more diseases for which
they are indicated. Such patterns were obtained via specified criteria that allowed for the
identification of multimorbid individuals that also qualified as polymedicated (those who
were invoiced more than five distinct drugs in one year). This study ultimately identified
distinct patterns with singular characteristics, with some more profound in women than in
men. This is a key point in order to carry out a stricter follow up of the individuals who
have a higher risk of presenting secondary effects caused by drugs or drug interaction.

Cluster 1 (non-specific) did not overrepresent any disease and Cluster 7 (multisys-
temic) overrepresented diseases from many systems are less specific than Clusters 2 to 6.
These cluster types have been identified in other studies [35,36]. In our study, we were
able to identify overrepresented diseases that do not have any prescribed drug in primary
healthcare, such as neoplastic disease, deafness and hearing loss, and bradycardias and
conduction diseases. These data suggest that diseases and drugs should be considered in
combination to more efficiently identify multimorbidity patterns [37].

It was observed that the chronic disease-drug categories “hypertension” and “dys-
lipidemia” are distributed throughout the seven obtained clusters. Individuals with these
common pathologies are therefore not grouped together in any one specific cluster; rather,
they are spread throughout all seven. The fuzzy c-means method is a technique that
classifies individuals based on cluster probability membership, and, given that there were
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many individuals with these chronic diseases and associated drugs in the study, the results
are homogenously distributed throughout the study population [37].

The patterns from Cluster 2 to Cluster 6 group individuals who share similar chronic
disease-drug categories. Cluster 2 is classified as diabetes because 41.93% of individuals
included in the cluster are diabetic. Although not reaching the O/E threshold of two,
associations are still observed between diabetes and obesity, cataracts, and neoplasms, all
diseases that are frequently presented in diabetic individuals [38—40].

Cluster 3 (neurological and musculoskeletal) and Cluster 4 (behavioral, neurological,
and musculoskeletal) include patterns predominantly in women. The clustering model
identified these two groups of individuals that present similar health problems with
singular characteristics. The patterns within behavioral, neurological, and musculoskeletal
show an association with autoimmune diseases that are also more frequent in women [41].

Cluster 5 (cardio-cerebrovascular and renal) and Cluster 6 (cardiovascular, renal, in-
flammatory, and respiratory) include chronic disease-drug patterns that primarily treat
cardiac, cardiovascular, cerebrovascular, and renal pathologies. This association, which
has been observed in a previous study that indicated a pattern of increased mortality [16],
concerns closely related pathologies that also share risk factors and even treatments. This
study allows for the grouping of individuals with similar chronic disease and chronic
disease-drug categories into two differentiated and specific clusters, given that Cluster 6
(cardiovascular, renal, inflammatory, and respiratory) includes a chronic disease-drug cate-
gory for inflammatory pathologies as well as a chronic disease-drug group for respiratory
diseases. Chronic inflammation as a mechanism in atherosclerosis carries a higher risk for
cardiovascular and cerebrovascular events [42]. Autoimmune diseases and arthrosis have
also been linked to an increase in cardiovascular disease, although this could be due to
adverse effects of the treatments for these diseases, such as corticoids [43,44].

A small group of individuals who presented polypharmacy did not satisfy the con-
dition for multimorbidity. This could be due to the individuals having received multiple
treatments during the study period without them coinciding. On the other hand, there
is also the possibility that some pathologies could be treated with five or more drugs
simultaneously for certain patients, with neuropathy being a prime example.

The inclusion of the same study variable for chronic diseases and drugs indicated for
their respective diseases’ treatment is an advantage that allows for a better identification
of the individuals and, thereby, allows to better orient the clinical management of these
groups of individuals.

The methodology used for mapping drugs and chronic diseases permitted the iden-
tification of a new chronic diseases-drug category. This new variable applied to fuzzy
clustering methods is less susceptible to outliers in the data, choice of distance measure,
and the inclusion of inappropriate or irrelevant variables [35,45,46].

This mapping process between chronic diseases and drugs, together with the applica-
tion of the fuzzy method, will be very useful for multimorbidity studies where drugs are
used as a proxy variable.

Soft clustering methods offer a new methodological approach towards understanding
the relationships between specific diseases or drugs in individuals. This is an essential
step in improving the care of patients and the quality of health systems. Analyzing
multimorbidity patterns based on drugs permits the identification of patient subgroups
with different clinical approaches and attention. Our analysis focuses on groups of patients
with specific diseases and drugs as opposed to other studies centered in diseases.

This methodology can be applied in a large variety of studies using electronic health
records to study polypharmacy and multimorbidity.

4.2. Comparison to the Literature

Studies performed with clustering methods concerning multimorbidity and polyphar-
macy are novel but becoming more frequent [47]; however, these studies generally approach
multimorbidity with a polypharmacy perspective or vice versa. To the authors” knowledge,
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this study is the first in conveying a combined approach to multimorbidity and polyphar-
macy by combining both topics into one inclusive variable to determine joint outcomes.
Although, as previously mentioned, some of the patterns obtained (neurological and
musculoskeletal, female dominant; behavioral, neurological, and musculoskeletal, female
dominant; and cardio-cerebrovascular and renal) coincide with the literature [17,37,48].

4.3. Strengths and Limitations

The sample size, with nearly one million individuals, is a clear advantage of the study.
Considering individuals as the primary variable for analysis rather than diseases [34], the
study employs a large, high-quality database composed of primary health care records
representative of the Catalan population aged > 65 years [24], an age group that is more
susceptible to present health problems related to drugs. The inclusion of all drugs that
are indicated for different diseases with a minimum number of packages facilitates the
identification of those individuals who should be more thoroughly monitored. Regarding
the method, soft clustering offers a methodologic focus in understanding the relations be-
tween specific diseases and individuals. The analysis of multimorbidity and polypharmacy
patterns can identify subgroups of patients with different associated diseases and drugs.
The extensive mapping process of drug categories to their respective SNAC-K chronic
disease categories provides a further level of detail than most other clustering techniques
within the literature. This can ultimately serve as a framework for future studies that wish
to map diseases and drugs under certain conditions to determine combined patterns.

Some limitations of this study should be considered. Individuals who met initial
selection criteria but sought care outside of CHI governance were ineligible, possibly
introducing selection bias for individuals who chose to seek care in a private healthcare
facility. However, this is a small group of the population, and the results of this study
can be applied to the general population. Drugs were recorded via invoices, and hospital
drugs were not included, which could have influenced the calculation for polypharmacy.
Concerning the clusters, the results obtained in this study are similar to those obtained
in other studies without prior mapping; nevertheless, we consider that this methodology
more precisely determines which pathologies and drugs are overrepresented in each cluster,
thus more adequately defining patient profiles. Finally, while the fuzzy c-means clustering
technique used in this study is an unsupervised, exploratory method, the authors believe
that, combined with a vigorous internal validation system, this technique produces robust
results and minimizes potential pitfalls.

5. Conclusions

This study utilized a mapping process combined with a soft clustering technique to
determine combined patterns of multimorbidity and polypharmacy in the elderly Catalan
population in 2012, identifying overrepresentation in 6 of the 7 clusters with chronic disease
and chronic disease-drug categories. Cluster 2 to Cluster 6 provided recognizable patterns,
predominantly in diabetes; neurological and musculoskeletal, female dominant and behav-
ioral, neurological, and musculoskeletal, female dominant; and cardio-cerebrovascular and
renal and cardiovascular, renal, inflammatory, and respiratory. These patterns further high-
light the differences between sexes, specifically within neurological and musculoskeletal,
female dominant and behavioral, neurological, and musculoskeletal, female dominant.

The combined patterns of multimorbidity and polypharmacy identified in this study
will contribute key information to the evaluation of multimorbid and polymedicated indi-
viduals, facilitating the identification of these subgroups of individuals that require specific
attention. The obtained results could be applied to clinical practice guidelines differen-
tiating distinct population groups, such as multimorbid individuals with and without
associated diseases and/or polypharmacy. Due to the relationship between multimorbidity
and polypharmacy over long periods of time, this analysis could serve as the base to deepen
this relationship in further longitudinal studies. The patterns obtained in this research will
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allow for an in-depth study of the prescription of multiple medications in elderly people in
relation to medication-related problems.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/ijerph18179216/s1, Figure S1: validation indices, Table S1: mapping of SNAC-K chronic
disease categories and their associated ATC drugs categories.
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Table A1. Prevalence of the 60 chronic diseases included in the study in individuals aged 65-99 years (1 = 916,619, Catalonia,
2012). In the last column, list of diseases included by prevalence cut off of 2%.

Rank Chronic Conditions Frequency Percentage (%)  Cut Off of 2%
1 Hypertension 650,899 71.0
2 Dyslipidemia 466,585 50.9
3 Osteoarthritis and other degenerative joint diseases 300,803 32.8
4 Obesity 262,888 28.7
5 Diabetes 230,460 25.1
6 Anemia 167,577 18.3
7 Cataract and other lens diseases 156,622 17.1
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Table Al. Cont.

Rank Chronic Conditions Frequency Percentage (%) Cut Off of 2%
8 Chronic kidney diseases 153,756 16.8
9 Prostate diseases 153,635 16.8
10 Osteoporosis 151,847 16.6
11 Depression and mood diseases 148,751 16.2
12 Solid neoplasms 137,045 15.0
13 Colitis and related diseases 131,512 14.4
14 Venous and lymphatic diseases 126,997 13.9
15 Other musculoskeletal and joint diseases 124,765 13.6
16 Dorsopathies 124,603 13.6
17 Neurotic, stress-related and somatoform diseases 123,395 13.5
18 COPD, emphysema, chronic bronchitis 109,603 12.0
19 Ischemic heart disease 95,434 10.4
20 Deafness, hearing impairment 90,261 9.9
21 Sleep disorders 88,739 9.7
22 Thyroid diseases 88,445 9.7
23 Other genitourinary diseases 85,468 9.3
24 Cerebrovascular disease 80,264 8.8
25 Atrial fibrillation 80,247 8.8
26 Esophagus, stomach and duodenum diseases 80,043 8.7
27 Heart failure 74,077 8.1
28 Other eye diseases 68,939 7.5
29 Glaucoma 66,162 7.2
30 Inflammatory arthropathies 62,450 6.8
31 Dementia 59,213 6.5
32 Cardiac valve diseases 52,100 5.7
33 Peripheral neuropathy 49,127 54
34 Other psychiatric and behavioral diseases 46,841 5.1
35 Asthma 43,663 48
36 Allergy 40,394 44
37 Autoimmune diseases 39,350 4.3
38 Ear, nose, throat diseases 38,752 42
39 Peripheral vascular disease 30,674 34
40 Other neurological diseases 28,541 3.1
41 Chronic pancreas, biliary tract and gallbladder diseases 27,321 3.0
42 Migraine and facial pain syndromes 25,999 2.8
43 Bradycardias and conduction diseases 25,476 2.8
44 Chronic liver diseases 22,633 2.5
45 Other digestive diseases 22,022 24
46 Parkinson and parkinsonism 20,833 2.3
47 Other metabolic diseases 18,997 2.1
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Table A1. Cont.

Rank Chronic Conditions Frequency Percentage (%) Cut Off of 2%
48 Other cardiovascular diseases 16,833 1.8
49 Other skin diseases 15,363 1.7
50 Chronic ulcer of the skin 13,869 1.5
51 Blood and blood forming organ diseases 13,575 15
52 Other respiratory diseases 9974 1.1
53 Epilepsy 8981 1.0
54 Hematological neoplasms 8174 0.9
55 Chronic infectious diseases 6647 0.7
56 Inflammatory bowel diseases 5549 0.6
57 Schizophrenia and delusional diseases 4792 0.5
58 Blindness, visual impairment 4772 0.5
59 Multiple sclerosis 576 0.1
60 Chromosomal abnormalities 77 0.0

Abbreviations: COPD: chronic obstructive pulmonary disease. The black shading in the lower part of the table IS necessary, as it indicates a
cut off of 2%, as defined in the first line.

Table A2. Prevalence of the 89 medication categories diseases included in the study in individuals aged 65-99 years
(n =916,619, Catalonia, 2012).

Rank ATC-5 Code Medication Categories Frequency Percentage (%)
1 A02BC Proton pump inhibitors 405,942 44.29
2 C10AA HMG CoA reductase inhibitors 349,676 38.15
3 NO2BE Anilides 260,018 28.37
4 B01AC Platelet aggregation inhibitors excl. heparin 234,306 25.56
5 NO5BA Benzodiazepine derivatives 191,870 20.93
6 C09AA ACE inhibitors, plain 182,906 19.95
7 A10BA Biguanides 119,955 13.09
8 C08CA Dihydropyridine derivatives 116,713 12.73
9 NO6AB Selective serotonin reuptake inhibitors 116,497 12.71
10 C07AB Beta blocking agents, selective 102,442 11.18
11 CO03CA Sulfonamides, plain 101,933 11.12
12 CO09CA Angiotensin I antagonists, plain 99,742 10.88
13 A12AX Calcium, combinations with vitamin D and/or other drugs 93,581 10.21
14 CO3AA Thiazides, plain 86,414 9.43
15 C09DA Angiotensin II antagonists and diuretics 80,115 8.74
16 MO1AE Propionic acid derivatives 79,393 8.66
17 C09BA ACE inhibitors and diuretics 74,494 8.13
18 GO04CA Alpha-adrenoreceptor antagonists 71,028 7.75
19 BO1AA Vitamin K antagonists 62,331 6.80

20 MO5BA Bisphosphonates 62,313 6.80
21 RO3BB Anticholinergics 53,159 5.80
22 NO05CD Benzodiazepine derivatives 52,859 5.77
23 A10BB Sulfonylureas 50,812 5.54
24 HO3AA Thyroid hormones 50,699 5.53

Adrenergics in combination with corticosteroids or other

2 RO3AK drugs, excl. anticholinergics

50,644 5.53
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Table A2. Cont.

Rank ATC-5 Code Medication Categories Frequency Percentage (%)
26 NO02AX Other opioids 48,388 5.28
27 MO4AA Preparations inhibiting uric acid production 47,629 5.20
28 NO6AX Other antidepressants 45,357 4.95
29 RO3AC Selective beta-2-adrenoreceptor agonists 43,972 4.80
30 SO01ED Beta blocking agents 42,513 4.64
31 CO01DA Organic nitrates 41,674 4.55
32 SO01EE Prostaglandin analogues 40,643 443
33 NO3AX Other antiepileptics 37,873 413
34 BO3AA Iron bivalent, oral preparations 35,13 3.83
35 MO1AX Other anti-inflammatory and. antirheumatic agents, 34,490 376

non-steroids
36 MO1AB Acetic acid derivatives and related substances 30,848 3.37
37 N02BB Pyrazolones 30,600 3.34
38 C02CA Alpha-adrenoreceptor antagonists 26,333 2.87
39 NO7CA Antivertigo preparations 25,290 2.76
40 CO1EB Other cardiac preparations 24,272 2.65
41 G04BD Drugs for urinary frequency and incontinence 23,646 2.58
42 DO01AC Imidazole and triazole derivatives 23,459 2.56
43 AO3FA Propulsives 22,461 2.45
44 A10AE Insulins and analogues for injection, long-acting 21,678 2.36
45 HO02AB Glucocorticoids 21,493 2.34
46 CO01AA Digitalis glycosides 21,190 2.31
47 D07AC Corticosteroids, potent (Group III) 20,599 2.25
48 G04CB Testosterone-5-alpha reductase inhibitors 19,379 2.11
49 NO06DA Anticholinesterases 19,366 2.11
50 C08DB Benzothiazepine derivatives 19,211 2.10
51 RO3BA Glucocorticoids 19,143 2.09
52 RO6AX Other antihistamines for systemic use 18,609 2.03
53 C07AG Alpha and beta blocking agents 18,198 1.99
54 A02BA H2-receptor antagonists 18,158 1.98
55 CO03BA Sulfonamides, plain 17,998 1.96
56 C10AB Fibrates 17,874 1.95
57 NO5CF Benzodiazepine related drugs 17,914 1.95
58 GO03CA Natural and semisynthetic estrogens, plain 16,513 1.80
59 CO3DA Aldosterone antagonists 16,367 1.79
60 N06DX Other anti-dementia drugs 16,292 1.78
61 A10BD Combinations of oral blood glucose lowering drugs 15,397 1.68
62 NO6AA Non-selective monoamine reuptake inhibitors 15,364 1.68
63 NO5AH Diazepines, oxazepines, thiazepines and oxepines 14,249 1.55
64 RO1AD Corticosteroids 13,880 1.51
65 G04CX Other drugs used in benign prostatic hypertrophy 13,684 1.49
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Table A2. Cont.

Rank ATC-5 Code Medication Categories Frequency Percentage (%)
66 JOIMA Fluoroquinolones 13,610 1.48
67 CO3EA Low-ceiling diuretics and potassium-sparing agents 13,179 1.44
68 A10BX Other blood glucose lowering drugs, excl. insulins 12,933 1.41
69 A12AA Calcium 12,809 1.40
70 C09DB Angiotensin II antagonists and calcium channel blockers 12,698 1.39
71 A12BA Potassium 12,625 1.38
72 JO1CR Combinations of penicillins, incl. beta-lactamase inhibitors 12,658 1.38
73 C04AD Purine derivatives 12,589 1.37
74 C10AX Other lipid modifying agents 12,579 1.37
75 MO1AH Coxibs 12,537 1.37
76 NO4BA Dopa and dopa derivatives 12,280 1.34
77 DO1AE Other antifungals for topical use 11,514 1.26
78 Al1CC Vitamin D and analogues 11,262 1.23
o e medase i pemelieo
80 A10AC Insulins and analogues for injection, intermediate-acting 10,925 1.19
81 NO02AB Phenylpiperidine derivatives 10,802 1.18
82 BO3BA Vitamin B12 (cyanocobalamin and analogues) 10,613 1.16
83 C01BD Antiarrhythmics, class III 10,511 1.15
84 NO5AX Other antipsychotics 10,404 114
85 CO07AA Beta blocking agents, non-selective 10,231 1.12
86 SO01EC Carbonic anhydrase inhibitors 9737 1.06
87 BO3AB Iron trivalent, oral preparations 9504 1.04
88 NO3AE Benzodiazepine derivatives 9211 1.00
89 MO05BX Other drugs affecting bone structure and mineralization 7652 0.83

Abbreviations: HMGCoA-reductase: 3-Hidroxi-3-metil-glutaril-CoA reductase; ACE inhibitors: angiotensin converting enzyme inhibitors.

Table A3. Mapping of SNAC-K chronic disease categories and their associated ATC drugs categories (first two categories).

ALLERGY

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

ICD-10 codes and labels included in chronic disease category

J301 Allergic rhinitis due to pollen RO1AD Corticosteroids (nasal use)

J302 Other seasonal allergic rhinitis RO3AC Selective beta-2-adrenoreceptor agonists
1303 Other allergic rhinitis Rosak  Adrenersies in d’ii‘gg::g?vatviictfl‘ocl‘iﬁ;itser(’ids
J304 Allergic rhinitis, unspecified RO3BA Glucocorticoids (inhalation)

J450 Predominantly allergic asthma RO3BB Anticholinergics

K522 Allergic and dietetic gastroenteritis and colitis RO6AX Other antihistamines for systemic use

L20 Atopic dermatitis DO07AC Corticosteroids, potent (Group III) (topical use)
L23 Allergic contact dermatitis

L500 Allergic urticaria

7516 Desensitization to allergens
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Table A3. Cont.

ANEMIA

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

ICD-10 codes and labels included in chronic disease category

D50 Iron deficiency anaemia BO3AA Iron bivalent, oral preparations
D51 Vitamin B12 deficiency anaemia BO3AB Iron trivalent, oral preparations
D52 Folate deficiency anaemia BO3BA Vitamin B12 (cyanocobalamin and analogues)
D53 Other nutritional anaemias HO2AB Glucocorticoids (systemic use, plain)
D55 Anaemia due to enzyme disorders
D56 Thalassaemia
D57 Sickle-cell disorders
D58 Other hereditary haemolytic anaemias
D59 Acquired haemolytic anaemia
D60 Acquired pure red cell aplasia

[erythroblastopenia]
D61 Other aplastic anaemias
D63 Anaemia in chronic diseases classified elsewhere
D64 Other anaemias

Only chronic diseases and their associated ATC drug categories resulting in chronic disease or chronic disease-drug categories > 2%
prevalence are included in this table. For the sake of brevity, only the first two mapped categories are shown. The complete mapping table
can be found in Supplementary Materials Table S1. Remaining categories with <2% prevalence can be sent to readers upon request.
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Table A4. Variables characterizing each cluster for chronic disease or chronic disease-drug category threshold of 2% (1 = 916,619).
3. Neurological and ZMLNMWMMMHMNE 5. Cardio- - nwnmmmﬂnmn:_wd Study Population
1. Non-Specific 2. Diabetes mS:mM:__WmeTS_m gsmniomro_\nﬁr Omnmwmﬂwmnﬂ_wn In mwszsﬁom%\ and 7. Multisystem (AlD
emale Dominan Female Dominant and Rena Respiratory
Number of people, n 344,958 178,457 102,750 90,287 80,855 69,720 49,592 916,619
Multimorbidity, (%) 281,952 (81.74) 178,412 (99.97) 102,629 (99.88) 90,245 (99.95) 80,819 (99.96) 69,680 (99.94) 49,347 (99.51) 853,084 (93.07)
Polypharmacy, (%) 53,070 (15.38) 105,323 (59.02) 69,503 (67.64) 68,276 (75.62) 67,635 (83.65) 58,245 (83.54) 35,523 (71.63) 457,575 (49.92)
Women, 1 (%) 187,691 (54.41) 98,251 (55.06) 70,946 (69.05) 67,785 (75.08) 39,649 (49.04) 35,130 (50.39) 29,679 (59.85) 529,131 (57.73)
Men, 1 (%) 157,267 (45.59) 80,206 (44.94) 31,803 (30.95) 22,502 (24.92) 41,207 (50.96) 34,590 (49.61) 19,913 (40.15) 387,488 (42.27)
Age, mean (SD) 74.28 (7.47) 74.61 (6.86) 75.82 (7.07) 75.43 (7.06) 77.06 (7.34) 78.47 (7.30) 78.27 (7.52) 7541 (7.39)
Age (categories), 1 (%)
[65,70) 119,921 (34.76) 51,741 (28.99) 24,050 (23.41) 23,121 (25.61) 15,649 (19.35) 9796 (14.05) 7901 (15.93) 252,178 (27.51)
[70,80) 140,724 (40.79) 83,142 (46.59) 47,314 (46.05) 41,082 (45.5) 34,708 (42.93) 28,197 (40.44) 19,419 (39.16) 394,586 (43.05)
[80,90) 71,317 (20.67) 39,345 (22.05) 27,970 (27.22) 23,398 (25.92) 26,574 (32.87) 27,204 (39.02) 18,936 (38.18) 234,744 (25.61)
[90,99] 12,997 (3.77) 4229 (2.37) 3416 (3.32) 2686 (2.97) 3924 (4.85) 4524 (6.49) 3336 (6.73) 35,111 (3.83)
MEDEA * index, n (%)
R 71,007 (21.98) 35,761 (21.22) 18,739 (19.54) 16,239 (19.34) 15,426 (21.01) 14,514 (23.28) 10,563 (23.83) 182,249 (19.88)
U1 63,526 (19.67) 25,114 (14.90) 14,580 (15.20) 13,131 (15.64) 11,684 (15.91) 9413 (15.10) 7344 (16.57) 144,792 (15.80)
u2 53,337 (16.51) 26,606 (15.79) 15,239 (15.89) 13,307 (15.85) 11,546 (15.72) 9563 (15.34) 6832 (15.41) 136,430 (14.88)
U3 51,420 (15.92) 28,004 (16.62) 15,988 (16.67) 13,976 (16.64) 11,928 (16.24) 9839 (15.78) 7068 (15.94) 138,223 (15.08)
U4 46,598 (14.43) 28,059 (16.65) 16,264 (16.96) 14,066 (16.75) 11,795 (16.06) 9726 (15.60) 6480 (14.62) 132,988 (14.51)
U5 37,128 (11.49) 24,998 (14.83) 15,109 (15.75) 13,264 (15.79) 11,050 (15.05) 9290 (14.90) 6043 (13.63) 116,882 (12.75)
&Mwwwﬂmmwmo_ﬂm%_ 3[2-5] 6[4-7] 7 [5-9] 8 [6-10] 8 [6-10] 8 [6-10] 7 [6-10] 6[4-8]
Number of chronic
diseases (categories), 1 (%)
0 25,380 (7.36) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 25,380 (2.77)
1 37,626 (10.91) 45 (0.03) 121 (0.12) 42 (0.05) 36 (0.04) 40 (0.06) 244 (0.49) 38,154 (4.16)
[2,5) 176,529 (51.17) 50,912 (28.53) 12,934 (12.59) 7896 (8.75) 7990 (9.88) 6133 (8.8) 6441 (12.99) 268,836 (29.33)
[5,10) 99,930 (28.97) 114,840 (64.35) 67,586 (65.78) 58,154 (64.41) 51,082 (63.18) 42,058 (60.32) 30,059 (60.61) 463,709 (50.59)
>10 5493 (1.59) 12,660 (7.09) 22,109 (21.52) 24,195 (26.8) 21,747 (26.9) 21,489 (30.82) 12,847 (25.91) 120,540 (13.15)
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Table A4. Cont.

4. Behavioral,

6. Cardiovascular,

3. Neurological and Neurological, and 5. Cardio- Renal Study Population
1. Non-Specific 2. Diabetes Musculoskeletal, urological, Cerebrovascular 4 7. Multisystem udy ropulatt
. Musculoskeletal, Inflammatory, and (Al
Female Dominant . and Renal .
Female Dominant Respiratory
Number of medications, 2 [0-3] 5[3-7] 6 [4-8] 6 [5-9] 7 [5-9] 7 [5-10] 6 [4-9] 4[2-7]
median [IQR]
Number of medications,
(categories), 1 (%)

0 113,702 (32.96) 536 (0.3) 1414 (1.38) 132 (0.15) 24 (0.03) 180 (0.26) 1801 (3.63) 117,789 (12.85)

1 50,694 (14.7) 5232 (2.93) 3057 (2.97) 1282 (1.42) 581 (0.72) 602 (0.86) 1364 (2.75) 62,812 (6.85)
[2,5) 127,492 (36.96) 67,366 (37.75) 28,777 (28.01) 20,597 (22.81) 12,615 (15.6) 10,692 (15.34) 10,904 (21.99) 278,442 (30.38)
[5,10) 50,510 (14.64) 90,914 (50.94) 55,102 (53.63) 52,401 (58.04) 47,710 (59.01) 38,927 (55.83) 25,494 (51.41) 361,058 (39.39)

>10 2560 (0.74) 14,410 (8.07) 14,401 (14.02) 15,875 (17.58) 19,924 (24.64) 19,318 (27.71) 10,029 (20.22) 96,518 (10.53)

Number of visits 2012,
median [IQR] 6 [2-10] 10 [6-16] 12 [7-18] 12 [7-19] 14 [8-23] 18 [10-29] 13 [7-23] 9 [5-16]
Number of visits 2012
(categories), n (%)

0 44,954 (13.03) 825 (0.46) 637 (0.62) 317 (0.35) 242 (0.3) 204 (0.29) 766 (1.54) 47,945 (5.23)

1 25,389 (7.36) 3155 (1.77) 1463 (1.42) 1213 (1.34) 1026 (1.27) 683 (0.98) 954 (1.92) 33,884 (3.7)
[2,5) 75,895 (22) 20,685 (11.59) 9889 (9.62) 8168 (9.05) 6708 (8.3) 4336 (6.22) 4759 (9.6) 130,439 (14.23)
[5,10) 101,438 (29.41) 56,518 (31.67) 27,564 (26.83) 22,805 (25.26) 18,077 (22.36) 11,938 (17.12) 11,008 (22.2) 249,349 (27.2)
>10 97,283 (28.2) 97,274 (54.51) 63,197 (61.51) 57,783 (64) 54,802 (67.78) 52,558 (75.38) 32,105 (64.74) 455,002 (49.64)

For the sake of simplicity, all numbers in the table were rounded to its closest natural number. * MEDEA index starts with U1 (urban setting, least deprived) and ends with U5 (urban setting, most deprived).
Individuals in rural settings are classified in the variable R. MEDEA index n = 851,564.
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Abstract: (1) Introduction: Cardiovascular disease is associated with high mortality, especially in
older people. This study aimed to characterize the evolution of combined multimorbidity and
polypharmacy patterns in older people with different cardiovascular disease profiles. (2) Material and
methods: This longitudinal study drew data from the Information System for Research in Primary
Care in people aged 65 to 99 years with profiles of cardiovascular multimorbidity. Combined patterns
of multimorbidity and polypharmacy were analysed using fuzzy c-means clustering techniques and
hidden Markov models. The prevalence, observed/expected ratio, and exclusivity of chronic diseases
and/or groups of these with the corresponding medication were described. (3) Results: The study
included 114,516 people, mostly men (59.6%) with a mean age of 78.8 years and a high prevalence
of polypharmacy (83.5%). The following patterns were identified: Mental, behavioural, digestive and
cerebrovascular; Neuropathy, autoimmune and musculoskeletal; Musculoskeletal, mental, behavioural, geni-
tourinary, digestive and dermatological; Non-specific; Multisystemic; Respiratory, cardiovascular, behavioural
and genitourinary; Diabetes and ischemic cardiopathy; and Cardiac. The prevalence of overrepresented
health problems and drugs remained stable over the years, although by study end, cohort survivors
had more polypharmacy and multimorbidity. Most people followed the same pattern over time; the
most frequent transitions were from Non-specific to Mental, behavioural, digestive and cerebrovascular
and from Musculoskeletal, mental, behavioural, genitourinary, digestive and dermatological to Non-specific.
(4) Conclusions: Eight combined multimorbidity and polypharmacy patterns, differentiated by sex,
remained stable over follow-up. Understanding the behaviour of different diseases and drugs can
help design individualised interventions in populations with clinical complexity.

Keywords: polypharmacy; multimorbidity; elderly; cardiovascular disease; chronic disease;
combined patterns; clustering; primary healthcare

1. Introduction

The ageing population has emerged as a major and growing challenge for public
healthcare systems, with the population aged over 60 years expected to double between
2020 and 2050, and the population over 80 years of age expected to triple [1].

Cardiovascular disease (CVD) is one of the primary causes of morbidity and mortality
and mainly affects people over 70 years of age [2,3]. It was responsible for 17.9 million
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deaths worldwide in 2019 (32% of global mortality), representing the number one cause of
death in both men and women [2-4]. CVD is associated with multimorbidity that leads to
polypharmacy (that is, actively using five or more prescription drugs), especially in people
over 65 years of age, who are also more susceptible to drug-related safety problems [5-7].
The increased use of medication has an impact on medication-related outcomes [8] as well
as on morbidity, hospitalizations, mortality, and health system expenditure [6,9-11]. In
addition, the pharmacokinetics and pharmacodynamics of drugs are different in older
compared to younger adults due to the accumulation of cellular and molecular damage,
which can make organs such as the kidneys, liver, heart, or lungs more vulnerable [12,13].
Thus, polypharmacy has been identified as a priority for health systems, especially in older
people [14].

At the same time, numerous studies have identified consistent patterns of cardiovas-
cular multimorbidity, regardless of population characteristics and the analytical technique
used [15-23]. Our group previously found that among the main patterns of multimorbidity,
those dominated by CVD were associated with more advanced age along with greater
mortality, polypharmacy, comorbidity, and alterations in kidney and liver function [19].
The cases that fit into these patterns were also the ones associated with the most visits
to primary health care (PHC) [19,20]. Therefore, substantial health system resources are
required to meet the needs of people with patterns of cardiovascular multimorbidity.

Interventions for preventing and treating the main cardiovascular risk factors have
contributed to a decrease in cardiovascular mortality in Europe, although this is still
considered insufficient [5,24]. However, people with CVD also have other comorbidities
requiring pharmacological management. The joint prescription of drugs indicated for CVD
and other comorbidities hinders optimal disease management in these people and favors
side effects produced by polypharmacy [25].

The literature mainly analyses polypharmacy descriptively, in terms of drugs used
in different multimorbidity patterns, and researchers focus almost exclusively on either
multimorbidity or polypharmacy patterns, without simultaneously considering both. Med-
ication is considered a proxy variable for the disease, so analysing multimorbidity and
polypharmacy together can lead to overestimation errors. However, analysing multimor-
bidity according to the drugs indicated for treating each disease can help identify subgroups
of patients who need personalized clinical management. Therefore, a joint approach to
managing both disease and polypharmacy is needed; this must be personalized and appro-
priate for each multimorbidity and polypharmacy pattern in the subgroup of older people
with CVD.

CVDs are chronic diseases, so they need to be analysed longitudinally, using contin-
uous or repeated measurements that help characterize groups of individuals over time,
according to the diseases they have, and the drugs indicated for their management. Lon-
gitudinal designs are thus especially useful for evaluating the temporal relationship that
risk factors have with disease development and treatment outcomes [26], including, for
example, the relationship(s) between different diseases and drugs in people with CVD.

Although there are some clinical practice guidelines with recommendations on mul-
timorbidity and polypharmacy, they do not consider the previous medication prescribed
over time and how it can influence patient management [10,25,27]. Knowing how diseases
cluster in this population and the specific medications that are used continuously and
together can contribute to better health care.

This study aims to identify and analyse the evolution of combined multimorbidity and
polypharmacy patterns in people aged 65 years and older with CVD in Catalonia (Spain),
between 2012 and 2016.

2. Materials and Methods
2.1. Design, Setting, and Population

This longitudinal study was performed in Catalonia (Spain), a Mediterranean region
with an estimated population of 7,515,398 inhabitants in 2012 (study baseline) [28]. Univer-
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sal health coverage is organized through the Spanish National Health Service and financed
primarily by tax revenue. In Catalonia, the Catalan Health Institute is the main public
healthcare provider and manages 285 PHC centres, which covered around 5,501,784 people
(77.2% of Catalan population) at study baseline [29].

Inclusion criteria were people aged 65 to 99 years in December 2011 who were alive
in December 2012, had at last one visit to public PHC during the five-year study pe-
riod (2012-2016), were registered in the Information System for Research in Primary Care
(SIDIAP), and had been identified as belonging to two baseline cardiovascular multi-
morbidity patterns in a previous study [19]. No new entries were allowed in the study.
Dropouts were due to mortality or transfer to another healthcare provider. A total of
114,516 individuals were included at baseline, and 72,091 completed follow-up (Figure 1).

s N
Catalonia population

(census data 2012)
N=7,515,398

v

Patients with coverage in Catalan Health
Institute
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v
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" \l, J
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Figure 1. Estimated population study according to selection criteria.

2.2. Data Source

The SIDIAP database has held anonymized electronic health records (EHR), including
from public PHC centres, since 2006 and was the source for all study variables. The database
includes EHRs from primary and secondary health care, with data on demographics,
socioeconomic status, symptoms, diagnoses, blood test results, drug prescriptions, and
drug invoice information [30].

2.3. Variables
2.3.1. Chronic Diseases and Multimorbidity

Diseases in the SIDIAP database are coded according to the International Classification
of Diseases, 10th revision (ICD-10). An operational definition of multimorbidity was
adopted, as described by the Swedish National study of Ageing and Care in Kungsholmen
(SNAC-K) [31]. Multimorbidity was defined as the presence of two or more chronic diseases
included in the 60 selected chronic disease categories.

2.3.2. Drugs and Classification

Drugs registered in the SIDIAP database included medicines dispensed in community
pharmacies and invoiced through the National Health Service. Drugs received in hospital
and/or dispensed by a hospital pharmacy, together with all other drugs not publicly
subsidized, were excluded from the study. Drugs were coded according to the Anatomical
Therapeutic Chemical (ATC) Classification System [32], which categorizes drugs into
increasingly specific groups according to the targeted organ/system and their chemical,
pharmacological, and therapeutic properties. Altogether, 89 drug categories used in at
least 1% of the study population at baseline were included. Chronic use was defined
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as recorded invoices for three or more packages of the same drug category during the
study period. Each drug category was included as an individual dichotomous variable,
and polypharmacy was likewise defined via a dichotomous variable as chronic use by
the same individual of five or more different drug categories (ATC 4th level) out of the
89 drug categories.

2.3.3. Drug Groups and Chronic Disease Mapping

All 89 drug categories were mapped onto the 60 SNAC-K chronic disease categories for
which they are prescribed to treat. Chronic disease-drug categories were then created in the
form of dichotomous variables for individuals who were diagnosed with SNAC-K chronic
disease categories [33]. Fourteen categories of chronic disease require non-pharmacological
treatments or treatment with drugs excluded from this study, so these could not be mapped,
leaving 46 SNAC-K chronic disease categories mapped to drug categories, plus 14 chronic
disease groups. Only 41 of these with a median prevalence of at least 2% over follow-up
were analysed (see Supplementary Table S1).

2.3.4. Analytical Variables

Over the five years of follow-up, EHRs were reviewed to identify alterations in blood
test results, based on the reference values defined by Catalan Health Institute labora-
tories. The variables analysed were related to: kidney function—creatinine, estimated
glomerular filtration rate (eGFR); liver function—aspartate aminotransferase (AST or GOT),
alanine aminotransferase (ALT or GPT), gamma-glutamyltransferase (GGT), alkaline phos-
phatase (AP); cardiovascular risk factors—total cholesterol, blood glucose, glycosylated
haemoglobin (HbAlc); proteins such as alpha-1-antitrypsin (AAT) or albumin; and vari-
ables such as haemoglobin (Supplementary Table S2).

2.3.5. Demographic and Socioeconomic Variables

Demographic data, such as data on chronic drugs and diseases, were collected at
baseline and monitored over follow-up. The following variables were analysed: mean age,
sex (dichotomized as men or women), number of visits to PHC, and socioeconomic status.
This last variable was categorized according to the Spanish MEDEA index, which classifies
people into quintiles according to the level of socioeconomic deprivation in their urban area
of residence (higher score = more deprivation), with a specific category for rural areas [34].

2.4. Statistical Analysis

The characteristics of included people were described at baseline and at each year of
follow-up. Quantitative variables were described as means (standard deviation, SD) or
medians (interquartile range, IQR), as appropriate, and categorical variables as frequency
and percentage.

The combined multimorbidity and polypharmacy patterns were identified using a
two-step approach. First, the dataset was pre-processed through a principal component
analysis for categorical and continuous data (PCAmix), reducing the size and maintaining
the original longitudinal data complexity [35]. To prevent statistical noise and spurious
findings, only groups of diseases/drugs that achieved a median prevalence of 2% across all
follow-up waves were included (Supplementary Table S1).

To select the optimal number of dimensions, the Karlis—Saporta-Spinaki rule was
used [36]. For the initial clustering of participants, combined patterns based on dis-
ease/drug groups, age and sex were initially characterized through fuzzy c-means cluster-
ing [37].

Next, a hidden Markov model (HMM) was applied to characterize the temporal
evolution of individuals and clusters. Sequential individual observations were assumed
to follow a dynamic random process, and each cluster was associated with a hidden state.
The set of HMM parameters was estimated by applying the Baum-Welch algorithm, and
the best cluster was defined by means of the Viterbi algorithm [38]. The best mathematical
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model was selected after 100 iterations with different initializations for each number of
clusters. The research team decided on the final number of clusters by making a compromise
between the best log likelihood and the clinical significance.

Patterns were described in terms of prevalence, observed/expected ratios (O/E ratios)
and exclusivity of chronic diseases. O/E ratios were calculated by dividing disease/drug
group prevalence in the specific cluster by the disease prevalence in the total study popula-
tion. Exclusivity was determined by dividing the number of patients with a disease/drug
group in a specific cluster by the overall population with the same disease. Disease/drug
groups were overrepresented and characterizing the cluster when the O/E-ratio was over
2. Exclusivity values were considered to be a complementary approach [19].

Patterns were compared according to the distribution of sociodemographic, clinical,
and health services variables at baseline and study end. Furthermore, laboratory test values
were also compared by patterns, using the chi-square test.

Analyses were carried out using R (version 4.2.1, R Foundation for Statistical Comput-
ing, Vienna, Austria). The significance level was set at « = 0.05.

3. Results

A total of 72,091 people (63%) completed follow-up, and 39,365 people (34%) died
(Figure 2).

2013 2014 2015 2016

103,978 > 93,641 > 82,438 E 72,001

751 > 795

9757 > 9547

Alive Transfer out Desd

Figure 2. Longitudinal flow chart of study period (year 2012-2016; N = 114,516 persons).

At baseline, the people included were mostly men (59.6%), with a mean age of
78.8 years (SD 7.4) and a high prevalence (83.5%) of polypharmacy. At baseline versus
study end, respectively, participants had a median of 9 (IQR 7-11) versus 10 (IQR 9-13)
chronic diseases, were taking a median of 8 (IQR 6-11) medications (stable over the study
period) and visited PHC annually a median of 17 (IQR 9-28) versus 18 (IQR 10-30) times
(Table 1).

The chronic disease groups with the highest prevalence were those related to risk
factors and CVD itself, such as hypertension, dyslipidaemia, obesity, diabetes, and heart
failure. The prevalence of these diseases increased each year (Supplementary Table S1).

With respect to laboratory variables, the ones most frequently requested by physicians
were total cholesterol, creatinine, and glycaemia. The percentage of people showing
alterations in these indicators increased over follow-up, with glycaemia standing out as the
variable with the highest number of people with one or more altered results (Table 2).

Included patients were grouped into 8 combined multimorbidity and polypharmacy
patterns. The prevalence, O/E-ratio and exclusivity of the diseases, drugs and patterns for
each study year are presented in Supplementary Table S3.

Patterns dominated by women included Mental, behavioural, digestive and cerebrovascular
(62.4% women). Mental disorders, including dementia (almost exclusive to this pattern)
were overrepresented (O/E-ratio > 2). Patients in this group were older and somewhat
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deprived. Likewise, 61.1% of the patients in the Neuropathy, autoimmune and musculoskeletal
pattern were women. This pattern was characterized by a high prevalence of obesity and
musculoskeletal disease, autoimmune diseases, and peripheral neuropathy. It was the
pattern with the most polymedicated people and the second-youngest population. Finally,
the Musculoskeletal, mental, behavioural, genitourinary, digestive and dermatological pattern
comprised 58.6% women. This group was made up of patients with mainly rheumatic and
psychiatric disorders and was characterized by a high number of diseases and medications
(Tables 1 and 3; Supplementary Table S4).

Most patients belonging to other patterns were men. In the Non-specific pattern (57.6%
men), no disease, drug, or association was overrepresented with respect to the other
patterns; it mainly includes chronic diseases that do not require pharmacological treatment,
such as diseases related to the organs and senses, associated with senility and a slow disease
course. This pattern was characterized by younger participants with less polypharmacy.
The Multisystemic pattern was made up of 67.7% men. This group contained people
with very varied diseases, especially digestive and chronic inflammatory diseases, and
showed the highest levels of eGFR alterations. The Respiratory, cardiovascular, behavioural
and genitourinary pattern was almost exclusively (99.2%) made up of men. It presents a
high O/E-ratio and exclusivity of respiratory disease, tobacco use, and prostate disease,
with the youngest population out of all the patterns. In addition, the Diabetes and ischemic
cardiopathy pattern (66.1% men) is characterized by diabetes and ischemic heart disease.
Key features include a high prevalence of obesity as well as blood glucose and Hb1Alc
abnormalities (Table 2).

Finally, the Cardiac pattern, made up of people mostly affected by CVD, showed a
similar distribution between sexes. Vascular diseases were found almost exclusively in this
group, which generated the most visits to PHC out of all the patterns.

Over follow-up, the diseases and drug treatments characterizing the people grouped
in each pattern remained stable, with a similar or slightly lower O/E-ratio value.

Supplementary Table 5S4 shows the transition probability matrix between patterns.
The transition matrix diagonal shows that a high proportion of patients remained in their
baseline pattern throughout the follow-up period. Permanence in the same pattern was
highest in the Cardiac pattern (67.27%) and lowest in the Mental, behavioural, digestive and
cerebrovascular pattern (33.3%). The highest mortality was observed in Mental, behavioural,
digestive, and cerebrovascular (60.2%) and Multisystemic (42.08%). Figure 3 shows transitions
and trajectories in the individual longitudinal sequences, sorted according to the initial
pattern and the number of patients in each. Most trajectories consisted of a single transition
between two clusters. The most frequent transitions were to the death and dropout clusters
(Supplementary Table S4). The most frequent transitions were from Musculoskeletal, mental,
behaviour, genitourinary, digestive and dermatological to Non-specific (4.5%) and from Non-
specific to Mental, behavioural, digestive and cerebrovascular (3.9%) (Supplementary Table S4).



RESULTATS

Geriatrics 2022, 7, 141 7 of 19
Table 1. Variables characterizing each cluster in the study at baseline and at the end of the study (N = 114,516).
Musculoskeletal,
Zmn.:m_\ Neuropathy, wmm.u:mwoao Diabetes and gﬁ.:mr
. e Behavioural, . . . Cardiovascular, . Behavioural,
Cardiac Non-Specific . . Autoimmune and Multisystemic . Ischemic . . Overall
Digestive and Behavioural and . Genitourinary,
Musculoskeletal . . Cardiopathy . .
Variables Cerebrovascular Genitourinary Digestive and
Dermatological
Njo12 = 14,533 Nso12 = 39,530 Njo12 = 8937 Nzo12 = 5002 Nao12 = 5929 Nao12 = 12,270 Njo12 = 19,601 Nyo12 = 8714 Nao12 =
AHN.VnXuvIZNSa = AWh.mﬁuvIZNoum = Aﬂ.mﬁuvIZNSm = Ah.hnxuvIZNoum = Am.Nc\chZNe; = AHO.VQ\GVIZNO; = AHQ.anuvIZNSm = Aﬂ.mnxuvIZNoum = HH?WHQIZmog =
11,145 (15.5%) 17,749 (24.6%) 4757 (6.6%) 4393 (6.1%) 5031 (7.0%) 10,024 (13.9% 12,122 (16.8%) 6870 (9.5%) 72,091
Sex:
N 16,751 . . . . , . 46,256
Female 7116 (49.0%)-5524 (42.4%) 6917 5574 (624%)-2925 3054 (61.1%)-2548 1914 (32.3%)-1554 95 (0.77%)-96 6644 (33.9%)-3637 5108 (S86%)-389 10 100 07
(49.6%) 39.0%) (61.5%) (58.0%) (30.9%) (0.96%) (30.0%) (56.7%) (37.6%)
7417 (51.0%)-5621 Ncw\wﬂo 3363 (37.6%)-1832 1948 (38.9%)-1845 4015 (67.7%)-3477 Hmhum 12,957 (66.1%)-8485 3606 (41.4%)-2974 mm\moo
Male (50.4%) (57.6%)-10,832 (38.5%) (42.0%) (69.1%) (99.2%)-9928 (70.0%) (43.3%) (59.6%)—44,994
: (61.0%) : : : (99.0%) : : (62.4%)
Patients with Hw 33 mw\mﬁ 8937 (100%)-4757 5002 (100%)-4393 5929 (100%)-5031 W\BS 19,601 (100%)-12,122 8714 (100%)—6870 :cw\ﬂo
Multimorbidity: (100%)-11,145 (100.0%)-17,734 (100%) (100%) (100%) (100%)-10,024 (100%) (100%) (100.0%)-72,076
(100%) (99.9%) (100%) (100.0%)
Chronic 8.00 [7.00; 7.00 [6.00; 10.0 [8.00; 11.0 [9.00; 11.0 [9.00; 9.00 [7.00; 9.00 [8.00; 11.0]-11.0 11.0 [9.00; 9.00 [7.00;
diseases number  10.0]-10.0 [8.00; 9.00]-9.00 [7.00; 11.0]-11.0 [9.00; 13.0]-13.0 [11.0; 13.0]-13.0 [11.0; 11.0]-11.0 [9.00; o0 120 12.0]-12.0 [10.0; 11.0]-10.0 [9.00;
(median, IQR): 12.0] 10.0] 13.0] 15.0] 15.0] 13.0] A0S 14.0] 13.0]

. ) 12,961 25,588 o . . 10,840 19,013 . 95,588
Ww%ﬁ “MH ) (89.2%)-10,003 (647%)-11,785 5246 Mww.www 4516 4877 Nw.wo\ww&w% 5646 mwwmc\\ow&m& (88.3%)-9043 (97.0%)-11,812 8117 Mww.wo\ww&ﬁm (83.5%)-62,716
yp Y (89.8%) (66.4%) 2 2 o (90.2%) (97.4%) 27 (87.0%)

8.00 [6.00; 6.00 [3.00; 10.0 [7.00; 11.0 [8.00; 10.0 [8.00; 8.00 [6.00; . _ 9.00 [7.00; 8.00 [6.00;
Mwmwo_mwm:mwﬂﬁ. 10.0]-8.00 [6.00; 8.00]-6.00 [4.00; 12.0]-9.00 [7.00; 13.0]-11.0 [9.00; 13.0]-10.0 [8.00; 11.019.00[600; %0 __www.g_ww__ 100 45 01-9.00 [7.00; 11.0]-8.00 [6.00;
s R 10.0] 8.00] 11.0] 13.0] 13.0] 11.0] i 12.0] 11.0]
Age (Mean, SD): 763 (6.4)-75.2 (6.0)  80.6(7.5)-78.4(7.2) 843 (6.1)-82.1(5.8) 76.0 (6.2)-75.1(5.9) 80.6 (6.4)-78.8 (6.1) 745 (6.5)-735(6.0) 77.0 (6.8)-75.6 (6.36)  79.2 (6.7)-77.8 (6.4)  78.8 (7.4)-76.8 (6.8)
Age (n, %):
[65,70) 2678 (18.4%)-2417 3931 (9.94%)-2615 150 (1.68%)-127 935 (18.7%)-983 352 (5.94%)- 429 3408 (27.8%)-3165 3304 (16.9%)-2571 859 (9.86%)-845 a3 %v\mwmww 152
’ (21.7%) (14.7%) (2.67%) (22.4%) (8.53%) (31.6%) (21.2%) (12.3%) : a m " v\
.. o
12,539 44,564
[70,80) 7123 (49.0%)-5945 (31.7%)-6947 1714 (19.2%)-1382 2540 (50.8%)-2319 2138 (36.1%)-2237 6000 (48.9%)-5097 9046 (46.2%)-6113 3464 (39.8%)-3171 (38.9%)-33,211
\ (53.3%) @o_o\ ) (29.1%) (52.8%) (44.5%) (50.8%) (50.4%) (46.2%) Y 1o, ’
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Table 1. Cont.

Musculoskeletal,
Z_ﬁ.:mr Neuropathy, wmm.ﬁ:&og Diabetes and gﬁ.:mr
. e Behavioural, . . . Cardiovascular, . Behavioural,
Cardiac Non-Specific Digestive and Autoimmune and Multisystemic Behavioural and Ischemic Genitourina Overall
8 Musculoskeletal . . Cardiopathy X . oy
Variables Cerebrovascular Genitourinary Digestive and
Dermatological
Noo12 = 14,533 N2o12 = 39,530 N2o12 = 8937 N2o12 = 5002 N2o12 = 5929 Noo12 = 12,270 N3o12 = 19,601 Nao12 = 8714 Nao12 =
AHN.QQ\QVIZNSQ = A.‘w%.mc\chZNSm = Aﬂ.mc\chZNch = A%.hﬁxvvlz»oua = Am.Ne\ovIZNSm = AHO.ﬂc\ovIZNouo = AHQ.H.U\&IZNQH@ = Aﬂ.mc\chZNoum = HH%\mHmIZNSm =
11,145 (15.5%) 17,749 (24.6%) 4757 (6.6%) 4393 (6.1%) 5031 (7.0%) 10,024 (13.9%) 12,122 (16.8%) 6870 (9.5%) 72,091
[80,90) 4498 (31.0%)-2710 47 w@wwwﬁw 5356 (59.9%)-2830 1480 (29.6%)-1073 3011 (50.8%)-2195 2685 (21.9%)-1713 6690 (34.1%)-3289 3897 (44.7%)-2671 @0 ww\mwwww 693
(24.3%) (40.6%) (59.5%) (24.4%) (43.6%) (17.1%) (27.1%) (38.9%) (32.9%)
[90,99] 234 (1.61%)-73 4482 (11.3%)-975 1717 (19.2%)-418 47 (0.94%)-18 428 (7.22%)-170 177 (1.44%)-49 561 (2.86%)-149 494 (5.67%)-183 8140 (7.11%)-2035
! (0.66%) (5.49%) (8.79%) (0.41%) (3.38%) (0.49%) (1.23%) (2.66%) (2.82%)
MEDEA *:
R 2961 (22.6%)-2228 7996 (23.0%)-3406 1955 (27.3%)-980 764 (17.0%)636  1141(227%)946 1866 (169%)-1461 3368 (19.1%)-2035 1507 197%)-1164 ) M\HMW 056
(20.6%) (19.9%) (21.6%) (15.0%) (19.3%) (15.1%) (17.3%) (17.5%) .Sm 49 v\
Ul 1974 (15.1%)-1706 5718 (16.5%)-2786 1255 (17.5%)-824 489 (10.9%)—490 722 (14.4%)-744 1558 (14.1%)-1409 2487 (14.1%)-1690 1188 (15.5%)-1066 RE ww\mwm“ww 715
(15.8%) (16.3%) (18.2%) (11.5%) (15.2%) (14.5%) (14.3%) (16.1%) .Qm 49 V\
U2 2100 (16.0%)-1797 5412 (15.6%)-2793 1093 (15.3%)-710 656 (14.6%)-633 701 (13.9%)-761 1714 (15.5%)-1565 2638 (15.0%)-1811 1176 (15.4%)-1089 s »w\mmww 159
(16.6%) (16.3%) (15.7%) (14.9%) (15.6%) (16.1%) (15.4%) (16.4%) .Sm 0% v\
U3 1983 (15.1%)-1668 5638 (16.2%)-2879 1048 (14.6%)-727 748 (16.7%)-738 761 (15.1%)-818 1797 (16.3%)-1609 2953 (16.8%)-2009 1225 (16.0%)-1092 16,153 (16.0%)—
(15.4%) (16.8%) (16.1%) (17.4%) (16.7%) (16.6%) (17.0%) (16.5%) 11,540 (16.6%)
U4 2087 (15.9%)-1772 5203 (15.0%)-2774 948 (13.2%)-657 846 (18.8%)-797 833 (16.6%)-801 1978 (17.9%)-1783 3050 (17.3%)-2113 1248 (16.3%)-1105 a6 Hw\mwmw 802
(16.4%) (16.2%) (14.5%) (18.8%) (16.4%) (18.4%) (17.9%) (16.6%) .Gm 90 v\
Us 1999 (15.3%)-1631 4751 (13.7%)-2471 866 (12.1%)-631 989 (22.0%)-955 871 (17.3%)-823 2117 (19.2%)-1871 3107 (17.7%)-2133 1311 (17.1%)-1121 a5 %o\@wmm 636
(15.1%) (14.4%) (13.9%) (22.5%) (16.8%) (19.3%) (18.1%) (16.9%) .Gm 79, v\
- 25.0 [15.0; 13.0 [7.00; 17.0 [10.0; 21.0 [13.0; 24.0 [14.0; 14.0 [9.00; . B 19.0 [11.0; 17.0 [9.00;
MM._MMWMM_MNE. 35.0]-27.0 [18.0; 23.0]-13.0 [7.00; 29.0]-17.0 [8.00; 33.01-22.0 [13.0; 37.0]-25.0 [14.0; 22.0]-15.0 [9.00; 16.0 ﬂww\ W@@.w__ 16.0 31.8]-20.0 [12.0; 28.0]-18.0 [10.0;
! : 36.0] 23.0] 29.0] 35.0] 39.0] 23.0] e 33.0] 30.0]

* MEDEA index starts with U1 (urban setting, least deprived) and ends with U5 (urban setting, most deprived). Individuals in rural settings are classified in the variable R.
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Table 2. Average of analytical determinations and patients by pattern with at least one adverse result.
Musculoskeletal,
gmu.:mr Neuropathy, Wmm.ﬁ:wﬁo&o Diabetes and 2_2.:&\
. . Behavioural, . . . Cardiovascular, X Behavioural, .
Cardiac Non-Specific Digestive and Autoimmune and Multisystemic Behavioural and Ischemic Genitourina All Population
(N =14,533) (N =39,530) 8 Musculoskeletal (N =5929) viour: Cardiopathy erutourinary, (N =114,516)
Cerebrovascular (N = 5002) Genitourinary (N = 19,601) Digestive and
(N = 8937) - (N =12,270) 4 Dermatological
Year of J_.E_w- (N = 8714)
Follow- /N_M- Patients Patients Patients Patients Patients Patients Patients Patients Patients
up ables Patients with Patients with Patients with Patients with Patients with Patients with Patients with Patients with Patients with
with >1 Al- with >1 Al- with >1 Al- with >1 Al- with >1 Al- with >1 Al- with >1 Al- with >1 Al- with >1 Al-
Deter- tered Deter- tered Deter- tered Deter- tered Deter- tered Deter- tered Deter- tered Deter- tered Deter- tered
mina- Deter- mina- Deter- mina- Deter- mina- Deter- mina- Deter- mina- Deter- mina- Deter- mina- Deter- mina- Deter-
tion mina- tion mina- tion mina- tion mina- tion mina- tion mina- tion mina- tion mina- tion mina-
(%) tion (%) tion (%) tion (%) tion (%) tion (%) tion (%) tion (%) tion (%) tion
(N, %) (N, %) (N, %) (N, %) (N, %) (N, %) (N, %) (N, %) (N, %)
o 549 o 1288 o 340 o 222 o 295 o 511 o 856 o 315 o 4376
ALB_ser 11.3% (3.78%) 10.9% (3.26%) 19.3% (3.80%) 12.5% (4.44%) 16.1% (4.98%) 10.3% (4.16%) 12.4% (4.37%) 12.0% (3.61%) 12.2% (3.82%)
o 841 o 2267 o 582 o 381 o 315 o 568 o 972 o 711 o 6637
TCHOL 70.8% (5.79%) 64.8% (5.73%) 74.2% (6.51%) 81.1% (7.62%) 74.6% (5.31%) 73.0% (4.63%) 80.4% (4.96%) 73.0% (8.16%) 71.7% (5.80%)
o 1557 o 3848 o 1562 o 699 o 1268 o 1046 o 3331 o 833 o 14,144
CREAT  71.7% (10.7%) 66.0% (9.73%) 75.3% (17.5%) 81.3% (14.0%) 76.9% (21.4%) 73.7% (8.52%) 80.5% (17.0%) 74.1% (9.56%) 72.6% (12.4%)
o 1034 o 1963 o 582 o 300 o 499 o 558 o 1124 o 508 o 6568
ALP 26.2% 7.11%) 21.1% (4.97%) 24.3% (651%) 26.7% (6.00%) 29.0% (8.42%) 24.1% (455%) 24.4% (5.73%) 25.5% (5.83%) 23.9% (5.74%)
o 2070 o 3053 o 699 o 550 o 887 o 1174 o 1839 o 782 o 11,054
2012 GGT 47.5% (14.2%) 43.3% (7.72%) 49.2% (7.82%) 51.4% (11.0%) 51.9% (15.0%) 49.2% (9.57%) 51.0% (9.38%) 49.6% (8.97%) 47.5% (9.65%)
o 6000 o 13,501 o 3718 o 3023 N 2711 B 5501 o 12,696 o 2953 o 50,103
GLYC 72.0% (41.3%) 66.5% (34.2%) 75.9% (41.6%) 82.6% (60.4%) 76.9% (45.7%) 74.6% (44.8%) 82.0% (64.8%) 74.3% (33.9%) 73.3% (43.8%)
AST
o 323 o 599 o 152 o 79 o 157 o 248 o 381 o 121 o 2060
m%wd A% ooy 3O% sy 201 qzoey  P1% asswy 302% geswy 0% ooy TP qoawy T2 asewy 202 (180%)
ALT
o 631 o 1254 o 235 o 219 o 294 o 634 o 951 o 261 o 4479
mmmAWd 63.9% (4.34%) 59.3% (3.17%) 67.9% (2.63%) 72.3% (4.38%) 68.6% (4.96%) 67.4% (5.17%) 70.8% (4.85%) 67.6% (3.00%) 65.1% (3.91%)
o 2745 o 6298 o 2304 o 2200 N 1422 o 2936 o 9714 o 1104 o 28,723
HbAlc 33.5% (18.9%) 29.1% (15.9%) 42.6% (25.8%) 59.6% (44.0%) 40.9% (24.0%) 39.2% (23.9%) 64.8% (49.6%) 28.8% (12.7%) 39.8% 251%)
o 3536 o 8358 o 3530 o 1613 o 2377 o 1874 o 7042 o 2077 o 30,407
eGFR 58.7% (24.3%) 52.9% (21.1%) 64.0% (39.5%) 69.5% (32.2%) 64.8% (40.1%) 62.2% (15.3%) 68.1% (35.9%) 62.3% (23.8%) 60.1% (26.6%)
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Table 2. Cont.

Musculoskeletal,
Mental, Respiratory, . Mental,
. i Behavioural, Zm.cnomwﬁr% . . Cardiovascular, Diabetes .B:._ Behavioural, .
Cardiac Non-Specific Digestive and Autoimmune and Multisystemic Behavioural and Ischemic Genitourina All Population
(N =14,533) (N =39,530) 8 Musculoskeletal (N =5929) viour: Cardiopathy erufourinary, (N =114,516)
Cerebrovascular (N = 5002) Genitourinary (N = 19,601 Digestive and
(N = 8937) - (N =12,270) it Dermatological
Year of Analy- (N = 8714)
tical
Follow- /NM- Patients Patients Patients Patients Patients Patients Patients Patients Patients
up ables Patients with Patients with Patients with Patients  with Patients  with Patients with Patients with Patients with Patients with
with >1Al- with >1Al- with >1Al- with >1 Al- with >1 Al- with >1 Al- with >1 Al- with >1 Al- with >1 Al-
Deter- tered Deter- tered Deter- tered Deter- tered Deter- tered Deter- tered Deter- tered Deter- tered Deter- tered
mina- Deter- mina- Deter- mina- Deter- mina- Deter- mina- Deter- mina- Deter- mina- Deter- mina- Deter- mina- Deter-
tion mina- tion mina- tion mina- tion mina- tion mina- tion mina- tion mina- tion mina- tion mina-
(%) tion (%) tion (%) tion (%) tion (%) tion (%) tion (%) tion (%) tion (%) tion
(N, %) (N, %) (N, %) (N, %) (N, %) (N, %) (N, %) (N, %) (N, %)
o 713 o 776 o 214 o 323 o 349 o 708 o 815 o 395 o 4293
ALB_ser 18.6% (6.40%) 15.7% (4.37%) 25.9% (450%) 23.3% (7.35%) 24.2% (6.94%) 19.4% (7.06%) 21.3% (6.72%) 19.4% (5.75%) 19.7% (5.95%)
451 821 261 227 194 321 393 412 3080
10, 0, 0, 0, 0, 0, 0, 0, 0y
TCHOL  75.0% (4.05%) 68.7% (4.63%) 73.8% (5.49%) 82.7% (5.17%) 77.1% (3.86%) 77.0% (3.20%) 81.0% (3.24%) 75.9% (6.00%) 75.4% (4.27%)
o 1562 o 1897 o 830 o 823 o 1305 o 1245 o 2724 o 792 o 11,178
CREAT  777%  (ggmy 713% oz 779% 740 B45%  (1g7ey  805%  pmges 797% oggn 828% o T89%  qiden 779%  (55g
o 861 o 879 o 316 o 372 o 537 o 582 o 845 o 428 o 4820
ALP 30.0% (7.73%) 23.2% (4.95%) 23.8% (6.64%) 32.6% (8.47%) 33.9% (10.7%) 29.9% (5.81%) 29.5% (6.97%) 28.1% (6.23%) 28.1% (6.69%)
o 1883 o 1524 o 435 o 613 o 905 o 1116 o 1298 o 805 o 8579
2016 GGT 53.6% (16.9%) 47.1% (8.59%) 49.2% (9.14%) 56.8% (14.0%) 56.9% (18.0%) 56.3% (11.1%) 55.0% (10.7%) 53.1% (11.7%) 52.7% (11.9%)
4818 6527 1990 2714 2493 4975 8089 2618 34,224
0y 0, 0, 0, 0, 0, (o) (o) 10, 4
GLYC 77 4% (43.2%) 71.3% (36.8%) 77.0% (41.8%) 84.8% (61.8%) 80.1% (49.6%) 80.1% (49.6%) 83.5% (66.7%) 78.6% (38.1%) 78.0% (47.5%)
AST
. 294 o 297 . 85 o 112 o 153 o 252 o 273 . 120 . 1586
mOAm.d 26.8% (2.64%) 22.5% (1.67%) 24.0% (1.79%) 28.8% (2.55%) 30.5% (3.04%) 28.6% (2.51%) 28.5% (2.25%) 25.8% (1.75%) 26.4% (2.20%)
ALT 367 430 117 158 186 410 460 166 2294
m%wd 69-1% (3.29%) 63.9% (2.42%) 684% (2.46%) 748% (3.60%) 72:3% (3.70%) 72:3% (4.09%) 72:9% (3.79%) 71.1% (2.42%) 69.6% (3.18%)
o 1956 o 2568 o 1156 o 1742 o 1183 o 2509 o 5698 o 870 o 17,682
HbAlc 36.3% (17.6%) 30.4% (14.5%) 42.1% (24.3%) 60.1% (39.7%) 42.8% (23.5%) 43.5% (25.0%) 66.7% (47.0%) 30.5% (12.7%) 42.7% (24.5%)
o 3951 o 5288 o 2301 o 1975 o 2706 o 2635 o 5888 o 2346 o 27,090
eGFR 71.9% (35.5%) 65.3% (29.8%) 72.5% (48.4%) 80.3% (45.0%) 76.3% (53.8%) 74.0% (26.3%) 78.4% (48.6%) 73.3% (34.1%) 72.6% (37.6%)

All results have p < 0.05. Analytical variables with > 30% altered determinations are shaded in blue. Abbreviations: AAT: Alpha-1 antitrypsin, ALB_ser: Serum Albumin, TCHOL:
Total Cholesterol, CREAT: Cretinine, ALP: Alkaline Phosphatase, GGT: Gamma-Glutamyl Transpeptidase, GLYC: Glycaemia, AST (or SGOT): Aspartate Aminotransferase (serum
glutamic-oxaloacetic), ALT (or SGPT): Alanine Transaminase (serum glutamic-pyruvic transaminase), HbAlc: Glycosylated Haemoglobin, eGFR: estimated Glomerular Filtration Rate.
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Table 3. Evolution of combined multimorbidity and polypharmacy patterns associated with more mortality.
Baseline (2012) End of Follow-Up (2016)
Pattern Disease or Disease-Drug Prev C1 OEC1 Exc C1 Pattern Disease or Disease-Drug Prev C1 OEC1 Exc C1
Group Group
Dementia 48.96 8.67 67.69 Dementia 57.70 8.02 52.95
Depression mood 48.20 3.54 27.64 Other digestive (D) 17.87 4.10 27.07
Other digestive (D) 10.43 3.42 26.66 Depression mood 4991 3.12 20.61
Other wm%n?m.ﬂﬁ and 14.05 271 2117 Other Hum%n.w:m:.pn and 2404 273 18.03
behavioural behavioural
Neurotic, stress and 28.43 .64 20.61 Neurotic, stress and 2958 207 13.66
somatoform somatoform
Anaemia 33.21 2.54 19.85 Anaemia 30.29 2.07 13.65
Cerebrovascular 30.18 2.04 15.92 Cerebrovascular 27.50 2.00 13.18
- . Chronic pancreas,
Colitis related diseases 30.97 1.83 14.31 biliary-gallbladder (D) 8.66 1.54 10.16
Chronic pancreas, - .
biliary-gallbladder (D) 6.99 1.83 14.25 Colitis related diseases 23.50 1.32 8.71
Mental, Autoimmune 3.70 166 12.98 Mental, Chronic kidney 48.48 127 837
behavioural, behavioural,
O:mmmw:\m and Chronic an—zmv\ 39.45 1.51 11.79 O:mmmw:\m and Glaucoma 10.51 1.26 8.30
cerebrovascular Sleep 1053 145 11.30 cerebrovascular Autoimmune 351 117 7.71
Glaucoma 10.09 1.37 10.68 Sleep 14.23 113 7.45
Diabetes 39.52 1.19 9.25 Diabetes 38.28 1.09 7.21
omaomzrnw%hmmmzmasé 23.93 1.08 8.42 Thyroid 721 1.03 6.83
Hypertension 80.13 1.08 8.40 Hypertension 79.40 1.01 6.68
Osteoporosis 7.65 1.07 8.36 om3omzrzwm\hmmggcé 27.10 1.01 6.67
Thyroid 5.96 1.06 8.25 Solid neoplasms (D) 23.10 0.97 6.39
Solid neoplasms (D) 19.66 1.04 8.09 Osteoporosis 4.88 0.93 6.15
Cataract lens (D) 25.09 1.02 7.93 Cataract lens (D) 29.68 0.92 6.09
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Table 3. Cont.
Baseline (2012) End of Follow-Up (2016)
Pattern Disease or Disease-Drug Prev C1 OEC1 Exc C1 Pattern Disease or Disease-Drug Prev C1 OEC1 Exc C1
Group Group
Chronic pancreas, Chronic pancreas,
biliary-gallbladder (D) 27.74 724 57.50 biliary-gallbladder (D) 31.01 251 3845
Inflammatory arthropathies 25.48 6.71 34.75 Inflammatory arthropathies 27.83 4.94 34.47
Other respiratory (D) 11.01 476 24.63 Other respiratory (D) 13.52 3.37 23.51
Other cardiovascular 17.22 3.94 2039 Autoimmune 8.75 291 20.31
diseases (D)
Autoimmune 8.58 3.85 19.95 Other cardiovascular 17.21 2.89 20.17
diseases (D)
Other digestive (D) 9.36 3.07 15.88 Other digestive (D) 12.03 2.76 19.27
Bradycardias conduction (D) 31.57 2.69 13.95 Bradycardias conduction (D) 38.54 2.33 16.27
Peripheral neuropathy 10.58 2.19 11.32 Dorsopathies 23.63 1.79 12.47
Dorsopathies 19.67 70 10.98 Osteoarthritis, 4695 175 12.22
degenerative joint
Other genitourinary 6.53 2.03 10.48 Peripheral neuropathy 12.72 1.74 12.16
. . Osteoarthritis, 511 1.94 10.06 . . Other genitourinary 6.98 173 12.05
Multisystemic degenerative joint Multisystemic
COPD, mgwrv\mm.gm\ chronic 38.66 1.86 9.64 COPD, msﬁrv\mm.gmr chronic 38.96 1.65 1153
bronchitis bronchitis
Other musculoskeletal joint 15.37 1.85 9.59 Heart failure 68.79 1.63 11.35
Chronic kidney 47.06 1.80 9.33 Anaemia 23.79 1.62 11.34
Allergy 2.78 1.76 9.13 Other musculoskeletal joint 18.64 1.62 11.31
Anaemia 22.43 1.72 8.89 Allergy 4.75 1.61 11.22
Heart failure 62.35 1.71 8.83 Chronic kidney 61.30 1.60 11.20
Other skin (D) 3.17 1.61 8.33 Sleep 18.58 147 10.28
Sleep 11.62 1.60 8.28 Colitis related diseases 26.24 1.47 10.28
Colitis related diseases 25.22 1.49 7.73 Atrial fibrillation 47.31 1.34 9.37

Categories highlighted reach the O/E-ratio threshold of two or exclusivity > 30%. Abbreviations: Prev: disease prevalence in the cluster; O/E-ratio: observed/expected ratio; Exc:

exclusivity; COPD: chronic obstructive pulmonary; D: Disease category (all other groups correspond to disease-drug).
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Figure 3. Patterns longitudinal sequences of individuals sorted by initial pattern.

4. Discussion

This study describes how diseases and medication are grouped in people identified in
previous patterns of cardiovascular multimorbidity. Medication indicated for each disease
was used as a proxy indicator for the presence of that disease, as detailed in a previous
study [19]. Fuzzy c-means clustering techniques and hidden Markov models were applied
in a Mediterranean population over a period of five years.

The main results of this study, which had a baseline cohort of 72,091 people aged
65 years or older, are as follows: (1) Eight multimorbidity and polypharmacy patterns
were identified; (2) people with a history of CVD are subgrouped into different patterns
of polypharmacy, depending on the other diseases they have; (3) multimorbidity and
polypharmacy patterns are stable over time; most people remained in their baseline cluster,
although some patterns were more likely to lead to death.

The multimorbidity and polypharmacy patterns identified reflect the medication most
frequently administered, remaining stable over five years of follow-up. Chronic diseases
such as obesity, kidney disease, hypertension, or dyslipidaemia were highly prevalent
among all patterns, but they were not overrepresented in any of them. This is because all
the included patients presented cardiovascular risk factors [5].

The most prevalent patterns were those mainly comprising CVDs, with a low preva-
lence of other diseases. These patterns were Non-specific, Cardiac, and Diabetes and ischemic
cardiopathy.

The Cardiac pattern brings together two closely related diseases: atrial fibrillation and
heart valve disease. Valve involvement increases the risk of thromboembolism and stroke,
especially in older people and in those with associated comorbidities. The medication
associated with people who have both diseases is vitamin K antagonist anticoagulants [39],
which requires frequent visits to health care services to monitor medication use.

The high mortality observed in the Mental, behavioural, digestive and cerebrovascular
pattern may be due to patients’ older age and greater multimorbidity and polypharmacy.
These factors are interrelated, but also independently increase medication-related problems,
worsen health outcomes, and increase mortality [6,9,10,40]. The results obtained can be
interpreted in different ways. First, anaemia occurs as a complication of chronic kidney
disease, caused by inadequate production of erythropoietin, associated with increased
morbidity and mortality [41]. Second, chronic kidney disease has been related to an increase
in dementia [42], although the exact mechanism of this relationship is unknown. Third,
the overrepresented groups of diseases and medications in this cluster expose its members
to various medication groups that act at the level of the central nervous system, such
as antidepressants, anxiolytics, hypnotics, antipsychotics, gabapentinoids, and opioid
analgesics. The concomitant use of these drugs, especially in older people, increases the
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risk of safety problems such as falls, respiratory depression, and death, so it is necessary to
identify these people and periodically review their prescriptions to reduce their exposure
to these drugs [43,44].

The Neuropathy, autoimmune and musculoskeletal pattern reflects the association be-
tween osteoporosis, osteoarthritis, and obesity. Specifically, obesity produces metabolic
and inflammatory alterations that contribute to the development of osteoarthritis and
osteoporosis, although these mechanisms are complex and not fully understood. Whether
osteoporosis is associated with low or high body mass index is still under debate, but it
is quite clear that the latter condition increases the risk of developing osteoarthritis. Bone
marrow adipocytes have the same precursors as osteoblasts, which are the primary cells
involved in bone formation, and the number of bone marrow adipocytes appears to be in-
versely related to bone mineral density. Although adipokines released by these adipocytes
influence the progression of bone loss, their exact role remains controversial [45]. Phar-
macological treatment for autoimmune and musculoskeletal diseases includes systemic
corticosteroids, whose side effects include an increase in diabetes, especially in older and
obese people [46]. This pattern, together with Diabetes and ischemic cardiopathy, are the ones
in which more people present glycaemic alterations. Diabetes secondary to corticosteroids
explains why one of the most frequent transitions is from Neuropathy, autoimmune and
musculoskeletal to Diabetes and ischemic cardiopathy.

Diabetes is associated with more atheroma and increased macrophage infiltration and
intraplaque thrombi [47]. It doubles the risk of cardiovascular disease and increases chronic
kidney disease [5] helping explain the diseases overrepresented in the Diabetes and ischemic
cardiopathy pattern.

In the Respiratory, cardiovascular, behavioural and genitourinary pattern, tobacco use is
overrepresented (Other psychiatric and behavioural disorders). This risk factor provokes
an inflammatory response and causes dysfunction in the cilia and oxidative injury in
the pulmonary alveoli. It is responsible for 40% to 70% of cases of chronic obstructive
pulmonary disease (COPD), which is more prevalent in men, and its association with
increased prostate-specific antigen values and prostatic hyperplasia has been studied [48].

The laboratory parameters presenting the most alterations were those related to dia-
betes and kidney disease, two cardiovascular risk factors that figure among the 10 main
causes of death [3,5,24]. Among the causes of impaired kidney function are ageing [13],
diabetes [5] and the use of anti-inflammatory drugs used for musculoskeletal and inflam-
matory diseases. When these are administered together with drugs targeting the renin
angiotensin system and diuretics used for hypertension and other CVDs, they can cause
acute kidney injury (triple whammy) [49]. Consequently, we observed that the patterns
in which these diseases or drugs are overrepresented (Mental, behavioural, digestive and
cerebrovascular; Diabetes and ischemic cardiopathy; and Multisystemic) show more alterations
in kidney function and higher mortality.

The trajectory of the Non-specific pattern presented the most changes over the study
period. This result can be explained by the patient profile for this pattern, with younger
individuals and fewer overrepresented diseases. As the people included in this cluster
age, they acquire a greater burden of disease and more polypharmacy, moving on to more
complex patterns. This results in an increase in drugs and diseases.

To the best of our knowledge, there are no similar studies to ours, as multimorbidity
patterns are mainly studied independently of polypharmacy, so it is not possible to compare
our results with those in the literature. Moreover, we did not find any longitudinal studies
analysing polypharmacy [50]. Despite the novel approach, the same non-specific and mul-
tisystemic patterns identified by other authors, who used different clustering techniques,
were replicated here [16,51,52].

This paper analysed people with high mortality who had previously been grouped
into multimorbidity patterns dominated by different CVDs, unlike other studies focusing
on one cardiovascular disease or type of disease, precluding comparison [53].
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This study has both strengths and limitations. Among the strengths is the use of a
large, high-quality database containing primary care records that are representative of
the population with multimorbidity and polypharmacy in Catalonia [54]. In addition, we
used a clinically oriented and validated methodology to measure chronic diseases, which
allows a standardized assessment of chronic diseases in the European Union [31]. The
pre-selection of people clustered in CVD patterns with a high mortality risk is a novel aspect
that enables a better characterization of disease and polypharmacy subclusters. Finally, the
longitudinal design was apt for evaluating the relationship between cardiovascular risk
factors, the development of disease, and treatment outcomes over time [26].

Regarding the statistical analysis, different initializations can be considered in the
HMM, and there is no guarantee of reaching a global optimal solution, since the HMM
obtains a local optimum instead. To minimize this effect and ultimately use the model
with the highest probability, we performed 100 Baum-Welch iterations with different
initializations. In addition, the HMM performs better over longer periods of time. To
address this limitation and increase the reliability of the model, data from all patients for
each time interval were used [55].

Among the limitations, the SIDIAP database contains billing information for drugs
prescribed in primary and specialized care, but not drugs used or dispensed in hospital,
nor those not financed by the public healthcare system. There is also no information on
people who transferred to private healthcare providers, although these would represent
a minority of patients, and moreover, people receiving private healthcare services often
also receive care through the public system. Furthermore, relatively few variables could
be analysed, although those of the most interest for studying CVD were available. It is
understood that when doctors do not request certain laboratory tests, it is because the
patient’s clinical situation does not demand it, so the absence of laboratory data should not
be considered a bias. The results of the study are applicable to the study period. However,
recent studies carried out in Catalonia [56,57] and other countries [58] have shown that the
incidence in the diagnosis of chronic diseases and cancer has decreased after the pandemic.

Knowing how diseases and medications are grouped and evolve in older people
with cardiovascular pathology has implications for clinical practice. The results of the
study will allow the design of more specific clinical practice guidelines and prevention
strategies, leading to a more individualised management of pathologies and safer and more
appropriate use of medications.

Our work exposes some topics that would be worth to investigate further in the future,
suggesting that using fuzzy c-means clustering techniques and Hidden Markov models
identified multimorbidity patterns and phenotypes of certain subgroups of patients that
were more consistent with clinical practice. First, these results open the door to further
research in subgroups of women and in younger patients. Second, our method can be
applied to other prevalent diseases to find out how multimorbidity and polypharmacy
patterns evolve.

5. Conclusions

Using HMM to obtain longitudinal patterns of multimorbidity in people with CVD al-
lowed a characterization of this population according to their diseases and pharmacological
treatments. This approach was useful for classifying patients into specific subgroups with
both CVD and other prevalent diseases. Altogether, eight clinically meaningful clusters
were identified based on the diseases and medications included in each. The trajectories of
these multimorbidity and polypharmacy patterns were stable over time, with most people
remaining in their baseline pattern, although some patterns presented a more frequent
evolution towards death.

An understanding of the characteristics of these patterns and how they evolve can
inform the development and implementation of strategies that contribute to providing
these patients with better and more personalized health care. This study opens the door to
further research in subgroups of people with high mortality. Moreover, it contributes to
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a deeper clinical understanding of multimorbid older people with CVD. The complexity
in these patients entails a higher risk of hospital admissions, functional impairments, and
mortality, and they could benefit from tailored health and social care [59]. If the associations
between diseases and drugs described in this study are considered in clinical practice
guidelines and in the management of older patients, its results can contribute to planning
and individualising interventions in this population group.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ geriatrics7060141/s1, Table S1: Disease or disease-drug group
prevalence in all population; Table S2: Values of laboratory variables determination considered
altered; Table S3: Evolution of combined multimorbidity and polypharmacy patterns identified,
people included and diseases or diseases-drug group; Table S4: Transition probabilities for Viterbi
decoding from start to end of study between patterns.
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DISCUSSIO

7.1. TROBALLES PRINCIPALS

Aguesta tesi doctoral aporta coneixement de com s’agrupen i evolucionen les malalties
croniques i la medicacié relacionada, segons les caracteristiques individuals de les
persones major de 65 anys que presenten multimorbiditat ateses a I’Atencié Primaria

de Salut a Catalunya.

Els resultats queden exposats als articles que la componen i que han estat adjuntats a

I’apartat anterior. A continuacié s’indiquen les troballes principals.

a) L'analisi de clusters va permetre identificar 10 PM, cadascun amb un perfil de
polimedicacid  especific, concordant amb les patologies croniques
sobrerepresentades a cada PM. S’identifiquen dos patrons inespecifics: el Non-
Specific (no es sobrerepresenta cap malaltia i engloba a un 42% de la poblacid) i el
Multisystem (es sobrerepresenten multiples patologies, s’inclouen un 1,6% de les
persones i un 89,9% eren dones). També s’identifiquen vuit patrons especifics: patro
Eye Impairment and Mental (19,3% poblacié i 73,7% dones); patré Minority
Metabolic Autoimmune-Inflammatory (7,9% poblacié); dos patrons de patologia
cardiovascular (Patré Cardio-Circulatory and Renal i Patré Cardio-Circulatory,
Mental, Respiratory and Genitourinary que engloben al 6,6% (70,8% dones) i 5,9%
(93,3% homes) de la poblacié respectivament); patré Neurological, Digestive and
Circulatory (4,6% poblacid); patré Respiratory and Ear (4,5% poblacié i 74,8%
dones); patré Digestive (3,9% poblacid); i patré Neurological, Musculoskeletal and
minor (3,6% poblacio i 92,6% dones). Aquest perfil es manté durant els 5 anys de
seguiment. La polimedicacid va ser caracteristica de cada patrd i va ser més
freqlients en els PM especifics, especialment els dos patrons que inclouen patologia
cardiovascular i al Multisystem. La incidencia d’alteracié de la funcionalitat renal i
hepatica també va ser superior en els pacients que estan agrupats en patrons
especifics, especialment en el patrd Cardio-Circulatory and Renal i en el patré
Minority Metabolic Autoimmune-Inflammatory (alteracid renal); i en els patrons

Digestive i en el Cardio-Circulatory and Renal (alteracié hepatica).
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L’analisi de la multimorbiditat i la polimedicacié de manera conjunta mitjancant la
creacio previa d'una variable que relaciona cada malaltia amb el/s farmac/s indicat/s
per al seu tractament permet la identificacié de PMP. Es van identificar set PMP: dos
inespecifics (Non-Specific i Multisystem, que representen el 37,6% i el 5,41% de la
poblacid) i cinc especifics. D’entre els especifics destaquen dos patrons
predominants en dones: Neurological and Musculoskeletal, Female Dominant
(11,2% poblacio) i el patré Behavioral, Neurological, and Musculoskeletal, Female
Dominant (9,8% poblacid). Els altres tres patrons especifics estan intimament
relacionats amb la patologia cardiovascular i cerebrovascular: patré Diabetes (19,5%
poblacié), patré Cardio-cerebrovascular and Renal (8,8% poblacid), i patrd
Cardiovascular, Renal, Inflammatory, and Respiratory (7,6% poblacié). Els PMP
cardiovasculars i cerebrovasculars destaquen per incloure un major nombre de

persones amb polimedicacid.

L’analisi dels PMP en el subgrup de poblacid identificats a I'estudi 1 en els patrons
cardiovasculars (Cardio-Circulatory and Renal i Cardio- Circulatory, Mental,
Respiratory and Genitourinary) ha permes caracteritzar a aquestes persones en vuit
patrons: 1) Cardiac; 2) Non-Specific; 3) Mental, Behavioural, Digestive and
Cerebrovascular; 4) Neuropathy, Autoimmune and Musculoskeletal; 5)
Multisystemic; 6) Respiratory, Cardiovascular, Behavioural and Genitourinary; 7)
Diabetes and Ischemic Cardiopathy; 8) Musculoskeletal, Mental, Behavioural,
Genitourinary, Digestive and Dermatological. Els PMP es van mantenir estables
durant els cinc anys de seguiment. La transicid majoritaria va ser mantenir-se en el

mateix patrd seguida de la mort.
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7.2. DISCUSSIO PER OBJECTIUS

En aquest apartat, es presenta la discussid per a cada un dels objectius plantejats a

aquesta tesi doctoral (apartat 4).

Objectiu 1:

Analitzar la utilitzacié de medicaments segons PM longitudinals en poblacié major de
65 anys a Catalunya i determinar quins patrons tenen més probabilitats de presentar

alteracions en la funcid renal i hepatica durant el periode de seguiment.

L'article 1, dona resposta a aquest objectiu i permet acceptar la hipotesi “Les
patologies croniques incloses en els PM longitudinals condicionen la medicacio. La
funcionalitat renal i hepatica de les persones d’edat avancada amb multimorbiditat

i polimedicacié es deteriora durant el seguiment”.

Existeixen poques publicacions que analitzin |’Us dels medicaments segons el PM i la
majoria dels estudis utilitzen un disseny transversal [42,147,174-176]. Algunes
publicacions inclouen dades longitudinals [177], pero al nostre coneixement, no
s'han publicat dades sobre I'associacié de PM amb I'anomalia de la funcié renal i/o

hepatica [107].

Un estudi europeu analitza de forma transversal els PM en poblacié a partir de 15
anys. Els patrons obtinguts amb més freqliencia en el grup de poblacié de 65 anys o
més son concordants amb els nostres resultats i destaquen els patrons que inclouen
patologia cardiovascular; depressid i/o ansietat; i malaltia pulmonar obstructiva
cronica (COPD) amb diferéncies segons el sexe [147]. En canvi, autors japonesos
observen un risc més alt de polimedicacié en patrons de malalties oncologiques,
digestives i urologiques [175]. En el nostre article, si bé hem exclos els medicaments
per al tractament de patologies oncologiques, i per tant no queden
sobrerepresentades; tampoc observem sobrerepresentacié dels medicaments per al
sistema gastrointestinal, ja que es tracta d’un dels grups de farmacs amb un elevat
consum al nostre pais en la poblacié general [178]. A I'estudi japoneés es destaca un
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patrd urologic, curiosament només el 25% dels pacients tenien més de 65 anys. En
el nostre article, en canvi, la medicacid urologica, queda englobada en el patré
Cardio-Circulatory, Mental, Respiratory and Genitourinary (predominant d’homes)
on es sobrerepresenten medicaments per al tractament de la hiperplasia benigna de
prostata (inhibidors de la 5-alfa-reductasa i antagonistes-a-adrenergics), en
consonancia amb la literatura que indica la patologia prostatica més freqlient en

homes d’edat avancada [179].

L'analisi dels medicaments sobrerepresentats en patrons especifics com els
cardiovasculars, practicament replicarien els patrons de polimedicacio descrits en
altres publicacions, on s’inclouen farmacs tant per al tractament de les malalties
cardiovascular com per al dels factors de risc cardiovascular, incloent-hi tractament
per a la diabetis i la gota [147]. No obstant aix0, els patrons de polimedicacid de
patologies cardiovasculars observats al nostre grup, també inclouen els tractaments
per a altres malalties com I’'anémia, el dolor, el glaucoma, la MPOC i la hiperplasia

benigna de prostata.

En relacid a I'alteracié de la funcid renal, es va observar amb més freqliencia en els

patrons

Cardio-Circulatory and Renal, en el que a més dels trastorns renals i cardiovasculars
gue presenten aquests pacients, també es pot atribuir als efectes hemodinamics dels
dilretics que poden causen nefrotoxicitat [54] i; al patré Minority Metabolic
Autoimmune-inflammatory que inclou pacients amb hipotiroidisme [180] i amb
tractament amb al-lopurinol, ambdues causes de possible alteracid de la funcio renal

anormal [54].

Pel que fa a I'alteracio de la funcié hepatica, es va observar especialment en els
pacients agrupats als patrons Digestive i Cardio-Circulatory and Renal. E| patré
Digestive, representa pacients amb malaltia hepatica; i el Cardio-Circulatory and
Renal inclou la poblacié d’edat més avangada i amb la prescripcid més alta

d'antagonistes de vitamina K, que poden causar colestasi [181].
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Objectiu 2:

Determinar PMP combinats en la poblacié major de 65 anys a Catalunya mitjangant
técniques de solf-clustering combinades amb un procés de mapping de patologies

croniques i medicacio.

L'article 2, dona resposta a aquest objectiu i permet acceptar la hipotesi “Una analisi
conjunta de les patologies croniques i la medicacié permet caracteritzar amb més

precisio a les persones en PMP”.

Els estudis realitzats amb tecniques de clustering per a estudiar la multimorbiditat i
la polimedicacié sén recents, tot i que cada cop s’estan publicant més estudis amb
aquesta metodologia [150], aquests estudis generalment aproximen Ia
multimorbiditat amb una perspectiva de polimedicacié o de multimorbiditat. Segons
el nostre coneixement, aquest és el primer article que estudia de forma combinada
la multimorbiditat i la polimedicacié a través d’una variable combinada que analitza
alhora les dues variables. Alguns patrons obtinguts han estat coincidents amb altres
publicacions disponibles, com sén els patrons Neurological and Musculoskeletal,
Female Dominant; Behavioral, Neurological, and Musculoskeletal, Female

Dominant i el patré Cardio-cerebrovascular and Renal [21,42,46].

Al nostre article, vam identificar dos patrons poc especifics: el Non-Specific (no
sobrerepresenta cap patologia cronica-farmac) i el Multisystem (sobrerepresenta
patologies croniques if/o farmacs corresponents a molts organs i/o sistemes).
Aguests dos patrons han estat identificats en altres estudis [91,138]. En el nostre
article, vam ser capacos d'identificar malalties sobrerepresentades que no tenen cap
medicament prescrit a I'Atencié Primaria, com ara malalties neoplastiques, sordesa
i pérdua d'audicid, o bradicardies i patologies relacionades amb la conduccid
cardiaca. Aquestes troballes suggereixen que les malalties i els medicaments haurien
de ser considerats de manera combinada per identificar de forma més eficient els

patrons com s’agrupen les persones amb multimorbiditat [21].

Es va observar que les associacions de patologia cronica-farmac corresponents a la
hipertensio i a les dislipemies es distribueixen entre els 7 patrons obtinguts sense
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agrupar-se de forma especifica en cap patrd. Una possible explicacio és que es tracta
de patologies freqlients en persones d’edat avangada i els principals factors de risc
de patologia cardiovascular també son altament prevalent en aquesta poblacié [32].
Altre raonament és que les tecniques fuzzy c-means classifiquen els individus basant-
se en la probabilitat de pertanyer a un cluster i, hi havia molts individus amb
aquestes associacions de patologia-farmac, aquests van quedar distribuits de

manera homogenia en la poblacié de I'estudi [21].

En el patré combinat Diabetes, un 41,93% dels individus inclosos sén diabeétics.
També destaquen altres associacions de patologia-farmac com [l'obesitat, les
cataractes i les neoplasies, que tot i no s'arriba al llindar O/E de dos, es presenten

amb freqliéncia en individus diabétics [182-184].

Els PMP Neurological and Musculoskeletal, Female Dominant i el Behavioral,
Neurological, and Musculoskeletal, Female Dominant inclouen predominantment
a dones. El model d'agrupacié va identificar aquestes dues agrupacions de persones.
Aguest segon PMP, s’ha associat amb malalties autoimmunitaries que també sén

més freqlients en les dones [185].

Els PMP que agrupen a persones amb patologia cardiovascular i cerebrovascular
(patré Cardio-cerebrovascular and Renal i patré Cardiovascular, Renal,
Inflammatory, and Respiratory) han estat identificats en altres estudis,
independentment de les caracteristiques de la poblacié i la técnica analitica
utilitzada [10,21,42-47,172]. La inflamaci®é cronica com a mecanisme en
I'aterosclerosi comporta un risc més alt per als esdeveniments cardiovasculars i
cerebrovasculars [186]. Per altra banda, les malalties autoimmunitaries i I'artrosi
també s'han vinculat a un augment de les malalties cardiovasculars, encara que aixo
podria ser degut als efectes adversos dels tractaments per a aquestes malalties, com

els corticoides [187,188].

Un petit grup de persones que presentaven polimedicacié no presentaven
multimorbiditat; aix0 podria ser degut al fet que hagin rebut multiples tractaments

durant el periode d'estudi sense que coincideixin en el mateix moment. D'altra
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banda, també existeix la possibilitat que hi hagi persones amb patologies que siguin
tractades amb un nombre elevat de farmacs de forma concomitant. L’analisi
combinada de les patologies croniques i els farmacs indicats per al seu tractament
en una mateixa variable permet obviar aquestes situacions i caracteritzar millor a les
persones i, per tant, permet un abordatge clinic més aproximat a les seves

necessitats.

Objectiu 3:

Identificar i analitzar els PMP longitudinals en poblacié major de 65 anys amb

patologia cardiovascular a Catalunya.

L'article 3, dona resposta a aquest objectiu i permet acceptar la hipotesi “Les
malalties croniques i la medicacié que prenen s’agrupen en clisters longitudinals
especifics de multimorbiditat i polimedicacié en persones amb patologia

cardiovascular”.

Aguest article analitza a persones amb alta mortalitat que anteriorment s'havien
agrupat en PM cardiovasculars. Al nostre coneixement, no hi ha estudis similars als
nostres, ja que els PM s'han estudiat principalment independentment de la
polimedicacié com s’indica al punt anterior, de manera que no és possible comparar
els nostres resultats amb els de la literatura. Addicionalment, no s’ha trobat cap
estudi longitudinal que analitzés la polimedicacid i les patologies croniques en un
subgrup de persones amb patologia cardiovascular i cerebrovascular. Malgrat
tractar-se d’un nou enfocament, en aquest article també s’han identificat els patrons
Non-Specific i Multisystem, com als anteriors articles que componen aquesta tesi i
igual que en altres publicacions, tot i utilitzar diferents tecniques d’analisi de clusters

i poblacions [42,138,189].

Al nostre article, les patologies croniques com lI'obesitat, la malaltia renal, la
hipertensio o la dislipemia, com ja haviem observar als articles 1 i 2, no estaven

sobrerepresentades en cap patré [32].

PATRONS DE MULTIMORBIDITAT | POLIMEDICACIO EN PERSONES D’EDAT AVANCADA A CATALUNYA 161



162

El patro Cardiac agrupa principalment a persones amb fibril-lacié auricular i malaltia
valvular cardiaca. Aquestes patologies augmenten el risc de tromboembolisme i
vessament cerebral, especialment en persones d’edat avancada i amb comorbiditats
associades. L’abordatge farmacologic d’ambdues patologies es fa amb
anticoagulants antagonistes de vitamina K [190], que necessiten un monitoratge

estret i condueixen a visites frequents als serveis d'Atencidé Primaria.

L'alta mortalitat observada en el patré Mental, Behavioural, Digestive and
Cerebrovascular pot ser deguda al fet que aquest PMP incloia als pacients de major
edat, i en el que hi havia més persones amb multimorbiditat i polimedicacid. Aquests
factors toti estar interrelacionats, també poden augmenten de manera independent
els problemes relacionats amb la medicacio, empitjorar els resultats en salut i
augmentar la mortalitat [26,40,148,191]. L'anémia present en aquestes persones, es
produeix com a complicacié de la malaltia renal cronica, associada amb I'augment
de la morbiditat i la mortalitat [192], per altra banda, ha estat relacionada amb un
augment de la demencia tot i que es desconeix el mecanisme exacte d'aquesta
relacié [193]. Una altra explicacié ve donada perque el tractament farmacologic dels
grups sobrerepresentats de patologies-farmacs engloben a diferents farmacs que
actuen en el sistema nervids central, com antidepressius, anxiolitics, hipnotics,
antipsicotics, gabapentinoides i analgesics opioides. L'Us concomitant d'aquests
farmacs, especialment en persones grans, augmenta el risc de problemes de

seguretat com caigudes, depressid respiratoria i mort [194,195].

El patré Neuropathy, Autoimmune and Musculoskeletal reflecteix I'associacié entre
I'osteoporosi, I'artritis i I'obesitat. L'obesitat produeix alteracions metaboliques i
inflamatories que contribueixen al desenvolupament de l'artrosi i I'osteoporosi,
encara que aguests mecanismes son complexos i no s'entenen completament [196].
El  tractament farmacologic per a malalties autoimmunitaries i
musculoesquelétiques inclou corticoesteroides sistemics, els efectes secundaris dels
quals inclouen un augment de la diabetis, especialment en persones majors i obeses
[197]. Aquest patrd, juntament amb les diabetis i la cardiopatia isquemica, son els

gue presenten alteracions glucemiques. La diabetis secundaria a la utilitzacié de
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glucocorticoides explica per qué una de les transicions més freqlients és des del
patré Neuropathy, Autoimmune and Musculoskeletal cap al patré Diabetes and
Ischemic Cardiopathy. La diabetis s'associa amb més formacié d’ateroma i augment
de la infiltracié de macrofags i trombus intraplaquetaris, duplicant el risc de malaltia
cardiovascular i augmentant la malaltia renal cronica [198]. Aquests fets, expliquen

les malalties sobrerepresentades al patro Diabetes and Ischemic Cardiopathy.

En el patré Respiratory, Cardiovascular, Behavioural and Genitourinary, |'Us del
tabac esta sobrerepresentat (altres trastorns psiquiatrics i conductuals). Aquest
factor de risc provoca una resposta inflamatoria i causa disfuncié en els cilis i lesions
oxidatives en els alvéols pulmonars. Es responsable del 40% al 70% dels casos de
COPD, que és més freqlient en els homes, i s’"ha estudiat la seva associacid amb

I'augment de I'antigen especific de la prostata i de la hiperplasia prostatica [199].

Les variables analitiques que van presentar més alteracions durant el periode de
I’estudi van ser les relacionades amb la diabetis i la malaltia renal, dos factors de risc
cardiovascular que es troben entre les 10 causes principals de la mort [13,32,200].
La funcié renal alterada es pot explicar per I'envelliment [32] la diabetis [32] i I'Us de
medicaments antiinflamatoris, utilitzats per a les malalties musculoesquelétiques i
inflamatories, que administrats de forma concomitant amb farmacs del sistema
renina-angiotensina i dilretics utilitzats per a la hipertensié arterial i altres
patologies cardiovasculars, poden causar una triple whammy [201]. Els patrons on
es presenta més alteracié de la funcid renal i més mortalitat sén en els que aquestes
patologies i/o farmacs estan sobrerepresentats: Mental, Behavioural, Digestive

and Cerebrovascular; Diabetes and Ischemic Cardiopathy; i Multisystem.

La trajectoria que va presentar la majoria dels canvis durant el periode d'estudi
correspon a la del patré Non-Specific. Aquest PMP inclou les persones més joves i
amb menys patologies-farmacs sobrerepresentats. A mesura que les persones
agrupades en aquest patré adquireixen una major carrega de malaltia i més

polimedicacio, van passant a patrons més complexos.
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7.3. DISCUSSIO CONJUNTA DELS RESULTATS DELS TRES ARTICLES

A la present tesi, s’ha volgut estudiar la relacié entre els medicaments i les patologies
croniques i siaquestes associacions, es mantenen en el temps. A partir del primer article,
en el que es va fer un estudi descriptiu de com s’agrupaven els medicaments i les
patologies croniques en persones d’edat avangada, es van buscar dues vies diferents per
aprofundir en el seu estudi. Per una banda, a 'article 2, es va crear una mesura proxy
gue relacionés cada farmac amb les patologies per a les quals tenen indicacid, de tal
manera que permetés mesurar-les de manera combinada disminuint la confusié entre
ambdods factors. En canvi, a I'article 3, es va estudiar la relacié entre medicaments i
patologies de manera transversal, especificament en un subgrup de persones amb
complexitat clinica, com sén les que presenten malalties cardiovasculars i

cerebrovasculars.

Als tres articles s’han identificat els patrons Non-Specific i Multisystem, igual que s’ha
observat a altres estudis publicats, tal com s’ha esmentat previament [91,138]. Als tres
articles, els patrons Non-Specific sén els que agrupen a més poblacié (34,5% - 42,0%) i

els Multisystem dels que agrupen a menys (1,6% - 5,4%).

D’entre els patrons identificats, destaquen les patologies prevalents en poblacié d’edat
avancada. Als tres articles s’han observat dos patrons diferenciats que agrupen a
persones amb patologia cardiovascular i cerebrovascular amb diferents caracteristiques.
També destaquen patrons amb sobrerepresentacid de patologies relacionades com la
diabetis i la malaltia renal. Als tres estudis també destaquen patologies que pertanyen
a altres organs i sistemes com el musculoesquelétic, neurologic, conductual-mental i
respiratori principalment. Aquestes patologies han estat sobrerepresentades en PM a
publicacions realitzades sobre diferents poblacions i realitzats amb tecniques d’analisi

de clusters variables [21,42—-44].

Els articles 2 i 3, mitjangant I'estudi dels PMP, han permes fer una aproximaciéo més
acurada de com s’agrupen les persones estudiades, i han permeés coneixer les
trajectories que segueixen en el temps. Com s’ha comentat al punt anterior,

majoritariament els estudis analitzen la multimorbiditat de forma independent a la
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polimedicacié. Al nostre coneixement no hi ha estudis que analitzin PMP de forma

transversal.
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7.4. DISCUSSIO D’ASPECTES GENERALS

7.4.1. Poblacio inclosa

En la present tesi es vol estudiar com s’agrupen les malalties i la medicacid en la poblacié
de Catalunya amb edat igual o superior a 65 anys i amb el subgrup de poblacié amb

patologia cardiovascular.

La multimorbiditat no és exclusiva de persones d’edat avancada [18,19] i s’ha estudiat
en diferents grups d’edat [10,20]; perd hi ha molts estudis que estudien la
multimorbiditat en poblacié d’edat avancada (60-65) per tractar-se d’una edat on

existeix una forta relacié entre ambdues [18,21,22].

Es va seleccionar la poblacié de 65 anys o més donat que es tracta d’un grup de poblacié
gue és més susceptible de presentar polimedicacié i esdeveniments adversos a la
mateixa com interaccions entre farmacs increment del risc de caigudes, alteracié
cognitiva i increment de visites als serveis sanitaris, entre altres problemes relacionats
amb la medicacio [26,28]. Aquestes persones, son les que poden obtenir més beneficis

d’estrategies d’intervencid proactives i d’una atencié més individualitzada [29].

En el primer article que inclou aquesta tesi, es van agrupar aquestes persones en PM i
es van identificar dos patrons que agrupaven a persones amb patologia cardiovascular.
Es van caracteritzar per presentar més polimedicacid, un nombre elevat tant de
patologies croniques, com vistes a I’Atencié Primaria de salut i més alteracidé de la
funcionalitat renal i hepatica [172]. Per altra banda, la malaltia cardiovascular és una de
les principals causes de morbimortalitat, especialment en aquest grup d’edat [13]. Per
aquests motius, a 'article 3 es va estudiar com s’agrupa aquesta poblacié identificada

als PMP cardiovascular.
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7.4.2. Patologia cronica i multimorbiditat

Existeix controversia en la definicié operativa de malaltia cronica i multimorbiditat.
Aquest fet fa que els estudis que analitzen la multimorbiditat, prenen com a referencia
una definicié que pot no ser coincident amb la que s’adopten a altres publicacions
[10,202]. Aquesta variabilitat fa que els estudis siguin heterogenis i la comparacié entre

ells sigui inconsistent, comprometent la validesa externa d’aquests estudis.

Per evitar aquest biaix, els estudis que formen part de la present tesi, parteixen d’una
definiciéd de malaltia cronica i multimorbiditat validada. Per a les patologies, s’ha pres
com a referencia la CIM-10 [159], que correspon a la traduccidé al catala de la
International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision (ICD-10), de 'OMS. Aquesta classificacié agrupa els diagnostics segons la seva

etiologia, topografia, anatomia patologica i/o la naturalesa de la lesié produida.

Per a la definicié de multimorbiditat s’ha adoptat la classificacié elaborada per Calderdn-
Larranaga et al. a I'estudi SNAC-K [71]. Es tracta d’una definicié de multimorbiditat
ampliament utilitzada en estudis internacionals, basada en I’avaluacié clinica de
diagnostics realitzada per professionals de medicina especialistes en epidemiologia i
medicina familiar i comunitaria amb ampli coneixement sobre geriatria, que ha estat
validada especificament en poblacié d’edat avancada, a diferéncia d’altres definicions

operatives de multimorbiditat [72-74].

7.4.3. Patologia cardiovascular

Les publicacions que estudien els PM agrupen en un o més patrons a les persones que
presenten patologia cardiovascular independentment de les caracteristiques de la
poblacié i de la tecnica de clustering utilitzada [10,21,42—-47,172]. Aix0, pot ser degut al
fet que la malaltia cardiovascular és prevalent globalment i amb impacte important en

la salut [30].
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Als articles que s’inclouen en aquesta tesi, també s’han identificat PM cardiovascular.
Aguests patrons s’han relacionat amb més complexitat en el seu abordatge, ja que els
pacients que s’agrupen presenten una edat més avangada juntament amb una major
mortalitat, polimedicacié, comorbiditats, alteracions de la funcié renal i hepaticaiinclus
també es van associar amb més visites a I'Atencié Primaria de salut [45,172]. Per altra
banda, estudis que analitzen la polimedicacid, han detectat que els farmacs per a la
patologia cardiovascular contribueixen a la prescripcid6 d’'un nombre elevat de

medicaments, i es relacionen amb més problemes de seguretat [107,112].

Amb aquest raonament, juntament amb el fet que la patologia cardiovascular és una de
les principals causes de morbiditat i mortalitat que I'any 2019 va ser responsable d’un
32% de la mortalitat a tot el mdn [13,30], es va considerar que seria d’utilitat a la practica
clinica caracteritzar i estudiar I'evolucido dels PMP en la poblacid que havia estat

identificada en PM cardiovascular, corresponent a I'objectiu 3 d’aquesta tesi.

7.4.4. Medicacio i polimedicacio

S’ha utilitzat la classificacié6 de medicaments ATC, una classificacié estandarditzada i
promoguda per I'OMS [160]. Per contra, no hi ha consens en la definicié operativa de
polimedicacid, que pot ser definida en termes quantitatius o qualitatius, sent
complementaries aquestes definicions. Una revisié sistematica publicada per Masnoon
et al. el 2017 conclou que la definicié de polimedicacid utilitzada amb més freqiieéncia
va ser la quantitativa, corresponent a la utilitzaciéo de 5 o més medicaments al dia que
es va utilitzar en un 46,4% de les publicacions analitzades. Només un 6,4% dels articles
diferenciaven la polimedicacié de manera qualitativa (com a apropiada o inapropiada)
[105]. En aquesta linia, diferents autors havien descrit que el risc de presentar
problemes relacionats amb la medicacio creix a mesura que s’incrementa el nombre de
medicaments que pren la persona, sent destacable a partir de 5 0 més medicaments

[40,203,204].
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Als articles que integren aquesta tesi, van en consonancia a aquest criteri: es va
considerar un pacient polimedicat pel criteri numeéric de prendre 5 0 més medicaments
sense diferenciar entre polimedicacid apropiada o inapropiada. Per la naturalesa
poblacional dels estudis, no s’ha pogut contemplar la definicié qualitativa de

polimedicacio.
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7.5. FORTALESES

Una de les principals fortaleses és que es tracta d’un estudi realitzat amb Real World
Data, mitjangant la base de dades SIDIAP, una gran base de dades d’alta qualitat basada
en els registres de la historia clinica electronica que inclou la informacié de les persones
assignades als EAP de I'lCS a Catalunya, que correspon un 77,2% de la poblacid catalana.
L'estudi inclou a gran part de les persones que presenten multimorbiditat i
polimedicacié d’edat igual o superior a 65 anys de Catalunya. SIDIAP es considera una
base de dades representativa de la poblacié catalana, i conseqlientment permet
generalitzar els resultats en el nostre ambit [158]. Per altra banda, hem utilitzat una
definicié operativa i validada per mesurar les patologies croniques, la multimorbiditat i
la polimedicacié que permet I’estandarditzacié dels resultats i obtenir una bona validesa

externa [71].

La realitzacié d’un procés de mapping que relaciona les patologies croniques amb la
medicacid utilitzada per al seu tractament previ a la realitzacié a I’analisi de clusters ha
obtingut patrons similars als observats en altres estudis, no obstant aix0, considerem
gue agquesta metodologia determina amb més precisid quines patologies i farmacs estan
sobrerepresentats a cada cluster, ja que no sobreestima les patologies que es tracten
amb molts medicaments i té en compte d’igual manera a aquelles en qué I'abordatge

no és farmacologic. D’aquesta manera, el perfil dels pacients queden millor definits.

Aquesta tesi inclou dos aspectes innovadors. Per una banda, la preseleccié de les
persones agrupades en PM cardiovascular permet caracteritzar millor a aquesta
poblacié complexa que presenta un alt risc de mortalitat. Per una altra banda, el disseny
longitudinal ha permes estudiar la relacid entre els factors de risc cardiovascular,

I’evolucié de les patologies i els resultats del tractament farmacologic amb el temps.
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7.6. LIMITACIONS

La naturalesa d’Atencié Primaria de la bases de dades SIDIAP fa que contingui
informacié de facturaci6 de medicaments prescrits a ['Atencid Primaria i a
I’especialitzada, perd no disposa d’informacié dels medicaments utilitzats o dispensats
a l'hospital, ni d’aquells no finangats pel sistema sanitari public. Tot i aixo,
majoritariament, la patologia cronica és prescrita des de I’Atencié Primaria i queda

registre a SIDIAP.

Per altra banda, com I'objectiu és I'estudi de la medicacio cronica, no es té en compte el

tractament de la patologia aguda que podria influir en la funcionalitat renal i/o hepatica.

Tampoc es disposa d’informacid de les persones que estan assignades a EAP d’Atencié
Primaria que no pertanyen a I'lCS o que es van traslladar a altres proveidors d'assisténcia
sanitaria publics o privats, encara que aquests representen la minoria de la poblacié
catalana, ates que I'ICS és el proveidor sanitari majoritari de Catalunya i, les persones
que reben serveis sanitaris a centres privats sovint tenen doble cobertura, i també reben
atencid a través del sistema sanitari public, de tal manera que aquesta poblacid es pot

considerar representativa i els resultats es poden aplicar a la poblacié general.

Per altra banda, només es disposa d’'un nombre limitat de variables analitiques i per
tractar-se d’una base de dades assistencials, només ho estan si ho sol-licita el
professional, no obstant aix0, les més rellevants per a l'estudi de la malaltia
cardiovascular estaven disponibles i, per altra banda, quan els metges no sol-liciten
determinades proves de laboratori, és perqué la situacid clinica del pacient no ho
exigeix, de manera que |'abséncia de dades de laboratori no s'hauria de considerar un

biaix de I'estudi.

Finalment, comentar que tot i que la técnica d’analisi de clusters fuzzy c-means que s’ha
utilitzat en aquest estudi és un metode exploratori no supervisat, els autors consideren
que de forma combinada amb un sistema de validacié interna, aquesta tecnica produeix

resultats robustos i minimitza possibles biaixos.
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7.7. APLICABILITAT

Aguesta tesi és aplicable a la poblacié d’edat avancada de Catalunya, ja que esta
realitzada sobre la poblacié inclosa a SIDIAP, que es considera que és una mostra
representativa de la poblacid catalana en termes I'edat, sexe i distribucidé geografica
[158]; tot i que en altres regions geografiques on les caracteristiques de la poblacié
siguin diferents, pot no ser aplicable aquesta informacié. Al nostre ambit, permet
coneixer com s’agrupen les malalties i la medicacié a la poblacié i com evolucionen en
el temps. La naturalesa transversal de l'estudi permet predir I'evolucié de les

caracteristiques de la poblacié d’edat avangada de Catalunya.

L’estudi de com s’agrupen i evolucionen les patologies i els farmacs relacionats en
persones grans amb patologia cardiovascular o quins grups de poblacié poden tenir més
empitjorament de la funcié renal i/o hepatica, permet dissenyar directrius de practica
clinica i estrategies de prevencid especifiques, que possibilitin la planificacid en
I’abordatge farmacologic de les persones amb complexitat clinica i amb caracteristiques
similars que sén atesa als centres de salut del nostre pais. Aquestes accions poden
conduir a una gestid individualitzada de les patologies croniques i un Us més segur i

adequat dels medicaments en poblacié vulnerable.
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7.8. INVESTIGACIO FUTURA

La present tesi ha estudiat i caracteritzat com s’agrupen i evolucionen amb el temps les
malalties i la polimedicaciéd en poblacié d’edat avancada i especificament amb un
subgrup de persones amb patologia cardiovascular. Aquests estudis realitzats amb
tecniques de soft-clustering, amb un procés previ de mapping que relacionen patologies
croniques i farmacs, i HMM; obren la porta per a estudiar les agrupacions de patologies
i farmacs en poblacié diferent com sén els subgrups de dones i de persones més joves.
Per altra banda, el metode utilitzat es pot aplicar a altres malalties prevalents a la

poblacié catalana per a estudiar com evolucionen els PMP.
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CONCLUSIONS

1. La polimedicacido és altament prevalent en la poblacié d’edat avangada a

Catalunya.

2.  Els medicaments prescrits amb major freqiiencia estaven relacionats amb les
patologies croniques sobrerepresentades als patrons de multimorbiditat. El seu

consum es manté estable durant els cinc anys de seguiment de I'estudi.

3.  L'alteracio de la funcié renal i hepatica és variable entre els patrons observats. La
major alteracid s’observa en el patré que agrupa les persones amb patologies

cardiovasculars.

4.  Caracteritzar els patrons de morbiditat i polimedicacié de forma longitudinal
permet coneixer la carrega de la multimorbiditat cronica i la polimedicacié en la

poblacié d'edat avangada durant un periode de cinc anys.

5. La utilitzacié d’un procés de mapping combinat amb una técnica de soft-clustering
per determinar patrons combinats de multimorbiditat i polimedicacié en la
poblacié d'edat avangada permet caracteritzar millor les persones que s’agrupen

en patrons especifics.

6.  Esvanidentificar cinc patrons especifics de malalties croniques i farmacs. Aquests
patrons van ser: 1) Diabetes, 2) Neurological and Musculoskeletal, Female
Dominant; 3) Behavioral, Neurological, and Musculoskeletal, Female Dominant;
4) Cardio-cerebrovascular and Renal, 5) Cardiovascular, Renal, Inflammatory,

and Respiratory.

7. Es van identificar patrons de polimedicacid i multimorbiditat especifics per sexe.
Els patrons que van incloure patologia musculoesquelética i del sistema nervids

central van ser més prevalents en el sexe femeni.

8. Es van identificar vuit patrons longitudinals de polimedicacié i multimorbiditat
cardiovascular. Les seves trajectories van ser estables en el temps. La majoria de
les persones es van mantenir en el seu patrd basal, mentre que el patré Mental,
Behavioural, Digestive and Cerebrovascular va presentar una evolucid més

freqlient cap a la mort.
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ANNEXES

10.1. MATERIAL SUPLEMENTARI ARTICLE 1

Al. Codis descriptiu CIM-10 inclosos i exclosos a cada agrupador de malaltia cronica

segons SNAC-K.

A2. Parametres clinics i relacionats amb medicaments addicionals utilitzats en SNAC-K

per a condicions croniques especifiques.

A3. Prevalenca dels 30 farmacs més prescrits i facturats durant el periode de seguiment

en persones majors de 65 anys a Catalunya

A4. Patrons de multimorbiditat amb Hidden Markov Models a l'inici (any 2012) i al darrer

any (2016) de I'estudi i farmacs associats a cada patré

A5. Evolucid de la funcio renal durant el seguiment del global de la poblacié i per clisters

i any de seguiment

A6. Evolucid de la funié hepatica durant el seguiment del global de la poblacié i per

clusters i any de seguiment
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Al. Codis descriptiu CIM-10 inclosos i exclosos a cada agrupador de malaltia cronica segons
SNAC-K (adaptat Calderdn-Larrafiaga A, et al. J Gerontol A Biol Sci Med Sci 2017;72:1417-23).

ALLERGY

Included ICD-10 codes and labels

J301 Allergic rhinitis due to pollen

1302 Other seasonal allergic rhinitis

J303 Other allergic rhinitis

1304 Allergic rhinitis, unspecified

1450 Predominantly allergic asthma

K522 Allergic and dietetic gastroenteritis and colitis
L20 Atopic dermatitis

L23 Allergic contact dermatitis

L500 Allergic urticaria

7516 Desensitization to allergens

ANEMIA

Included ICD-10 codes and labels

D50 Iron deficiency anaemia

D51 Vitamin B12 deficiency anaemia

D52 Folate deficiency anaemia

D53 Other nutritional anaemias

D55 Anaemia due to enzyme disorders

D56 Thalassaemia

D57 Sickle-cell disorders

D58 Other hereditary haemolytic anaemias

D59 Acquired haemolytic anaemia

D60 Acquired pure red cell aplasia [erythroblastopenia)
D61 Other aplastic anaemias

D63 Anaemia in chronic diseases classified elsewhere
D64 Other anaemias

Excluded ICD-10 codes and labels

D563 Thalassaemia trait

D590 Drug-induced autoimmune haemolytic anaemia

D592 Drug-induced nonautoimmune haemolytic anaemia
D593 Haemolytic-uraemic syndrome

D596 Haemoglobinuria due to haemolysis from other external causes
D601 Transient acquired pure red cell aplasia

D611 Drug-induced aplastic anaemia

D612 Aplastic anaemia due to other external agents

D642 Secondary sideroblastic anaemia due to drugs and toxins
ASTHMA

Included ICD-10 codes and labels

145 Asthma
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ATRIAL FIBRILLATION

Included ICD-10 codes and labels

148

Atrial fibrillation and flutter

AUTOIMMUNE DISEASES

Included ICD-10 codes and labels

1731 Thromboangiitis obliterans [Buerger]

L10 Pemphigus

L12 Pemphigoid

L40 Psoriasis

L41 Parapsoriasis

L93 Lupus erythematosus

L94 Other localized connective tissue disorders

L95 Vasculitis limited to skin, not elsewhere classified
M30 Polyarteritis nodosa and related conditions

M31 Other necrotizing vasculopathies

M32 Systemic lupus erythematosus

M33 Dermatopolymyositis

M34 | Systemic sclerosis

M35 Other systemic involvement of connective tissue
M36 | Systemic disorders of connective tissue in diseases classified elsewhere

Excluded ICD-10 codes and labels

L105 | Drug-induced pemphigus

M320 | Drug-induced systemic lupus erythematosus

M342 | Systemic sclerosis induced by drugs and chemicals

M357 | Hypermobility syndrome

M358 | Other specified systemic involvement of connective tissue
M359 | Systemic involvement of connective tissue, unspecified
M360 | Dermato(poly)myositis in neoplastic disease

M361 | Arthropathy in neoplastic disease

M362 | Haemophilic arthropathy

M363 | Arthropathy in other blood disorders

BLINDNESS, VISUAL IMPAIRMENT

Included ICD-10 codes and labels

H54 Visual impairment including blindness (binocular or monocular)
Z442 | Fitting and adjustment of artificial eye
7970 | Presence of artificial eye

Excluded ICD-10 codes and labels

H543

Mild or no visual impairment, binocular

BLOOD AND BLOOD FORMING ORGAN DISEASES

Included ICD-10 codes and labels

D66 Hereditary factor VIII deficiency
D67 Hereditary factor IX deficiency
D68 Other coagulation defects
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D69 Purpura and other haemorrhagic conditions

D71 Functional disorders of polymorphonuclear neutrophils

D720 | Genetic anomalies of leukocytes

D730 | Hyposplenism

D731 | Hypersplenism

D732 | Chronic congestive splenomegaly

D74 Methaemoglobinaemia

D750 | Familial erythrocytosis

D761 | Haemophagocytic lymphohistiocytosis

D763 | Other histiocytosis syndromes

D77 Other disorders of blood and blood-forming organs in diseases classified elsewhere
D80 Immunodeficiency with predominantly antibody defects

D81 Combined immunodeficiencies

D82 Immunodeficiency associated with other major defects

D83 Common variable immunodeficiency

D84 Other immunodeficiencies

D86 Sarcoidosis

D89 Other disorders involving the immune mechanism, not elsewhere classified

Excluded ICD-10 codes and labels

D683 | Haemorrhagic disorder due to circulating anticoagulants
D684 | Acquired coagulation factor deficiency

D695 | Secondary thrombocytopenia

D748 | Other methaemoglobinaemias

D807 | Transient hypogammaglobulinaemia of infancy

D891 | Cryoglobulinaemia

D893 | Immune reconstitution syndrome

BRADYCARDIAS AND CONDUCTION DISEASES

Included ICD-10 codes and labels

1441 Atrioventricular block, second degree

1442 Atrioventricular block, complete

1443 Other and unspecified atrioventricular block
1453 Trifascicular block

1455 Other specified heart block

7950 | Presence of cardiac pacemaker

CARDIAC VALVE DISEASES

Included ICD-10 codes and labels

105 Rheumatic mitral valve diseases

106 Rheumatic aortic valve diseases

107 Rheumatic tricuspid valve diseases

108 Multiple valve diseases

1091 Rheumatic diseases of endocardium, valve unspecified
1098 Other specified rheumatic heart diseases

134 Nonrheumatic mitral valve disorders
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135 Nonrheumatic aortic valve disorders

136 Nonrheumatic tricuspid valve disorders
137 Pulmonary valve disorders
138 Endocarditis, valve unspecified

1390 Mitral valve disorders in diseases classified elsewhere

1391 Aortic valve disorders in diseases classified elsewhere

1392 Tricuspid valve disorders in diseases classified elsewhere

1393 Pulmonary valve disorders in diseases classified elsewhere

1394 Multiple valve disorders in diseases classified elsewhere

Q22 Congenital malformations of pulmonary and tricuspid valves

Q23 Congenital malformations of aortic and mitral valves

7952 | Presence of prosthetic heart valve

7953 | Presence of xenogenic heart valve

7954 | Presence of other heart-valve replacement

CATARACT AND OTHER LENS DISEASES

Included ICD-10 codes and labels

H25 Senile cataract

H26 Other cataract

H27 Other disorders of lens

H28 Cataract and other disorders of lens in diseases classified elsewhere

Q12 Congenital lens malformations

2961 Presence of intraocular lens

CEREBROVASCULAR DISEASE

Included ICD-10 codes and labels

G45 Transient cerebral ischaemic attacks and related syndromes
G46 Vascular syndromes of brain in cerebrovascular diseases
160 Subarachnoid haemorrhage

161 Intracerebral haemorrhage

162 Other nontraumatic intracranial haemorrhage

163 Cerebral infarction

164 Stroke, not specified as haemorrhage or infarction

167 Other cerebrovascular diseases

169 Sequelae of cerebrovascular disease

CHROMOSOMAL ABNORMALITIES

Included ICD-10 codes and labels

Q90 Down syndrome

Q91 Edwards syndrome and Patau syndrome

Q92 Other trisomies and partial trisomies of the autosomes, not elsewhere classified

Q93 Monosomies and deletions from the autosomes, not elsewhere classified

Q95 Balanced rearrangements and structural markers, not elsewhere classified

Q96 Turner syndrome

Q97 Other sex chromosome abnormalities, female phenotype, not elsewhere classified

Q98 Other sex chromosome abnormalities, male phenotype, not elsewhere classified
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Q99 Other chromosome abnormalities, not elsewhere classified

CHRONIC INFECTIOUS DISEASES

Included ICD-10 codes and labels

Al5 Respiratory tuberculosis, bacteriologically and histologically confirmed

Al6 Respiratory tuberculosis, not confirmed bacteriologically or histologically

Al7 Tuberculosis of nervous system

Al8 Tuberculosis of other organs

Al19 Miliary tuberculosis

A30 Leprosy [Hansen disease]

A31 Infection due to other mycobacteria

A50 Congenital syphilis

A52 Late syphilis

A53 Other and unspecified syphilis

A65 Nonvenereal syphilis

A66 Yaws

A67 Pinta [carate]

A692 | Lyme disease

A81 Atypical virus infections of central nervous system

B20 Human immunodeficiency virus [HIV] disease resulting in infectious and parasitic diseases
B21 Human immunodeficiency virus [HIV] disease resulting in malignant neoplasms

B22 Human immunodeficiency virus [HIV] disease resulting in other specified diseases

B23 Human immunodeficiency virus [HIV] disease resulting in other conditions

B24 Unspecified human immunodeficiency virus [HIV] disease

B381 | Chronic pulmonary coccidioidomycosis

B391 | Chronic pulmonary histoplasmosis capsulati

B401 | Chronic pulmonary blastomycosis

B572 | Chagas disease (chronic) with heart involvement

B573 | Chagas disease (chronic) with digestive system involvement

B574 | Chagas disease (chronic) with nervous system involvement

B575 | Chagas disease (chronic) with other organ involvement

B65 Schistosomiasis [bilharziasis]

B92 Sequelae of leprosy

B94 Sequelae of other and unspecified infectious and parasitic diseases

J65 Pneumoconiosis associated with tuberculosis

M863 | Chronic multifocal osteomyelitis

M864 | Chronic osteomyelitis with draining sinus

M865 | Other chronic haematogenous osteomyelitis

M866 | Other chronic osteomyelitis
CHRONIC KIDNEY DISEASES

Included ICD-10 codes and labels

1120 Hypertensive renal disease with renal failure

1130 Hypertensive heart and renal disease with (congestive) heart failure

1131 Hypertensive heart and renal disease with renal failure
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1132 Hypertensive heart and renal disease with both (congestive) heart failure and renal failure
1139 Hypertensive heart and renal disease, unspecified
NO1 Rapidly progressive nephritic syndrome

NO3 Chronic nephritic syndrome

NO4 Nephrotic syndrome

NO5 Unspecified nephritic syndrome

NO7 Hereditary nephropathy, not elsewhere classified
NO8 Glomerular disorders in diseases classified elsewhere
N11 Chronic tubulo-interstitial nephritis

N183 | Chronic kidney disease, stage 3

N184 | Chronic kidney disease, stage 4

N185 | Chronic kidney disease, stage 5

N189 | Chronic kidney disease, unspecified

Q60 Renal agenesis and other reduction defects of kidney
Q611 | Polycystic kidney, autosomal recessive

Q612 | Polycystic kidney, autosomal dominant

Q613 | Polycystic kidney, unspecified

Q614 | Renal dysplasia

Q615 | Medullary cystic kidney

Q618 | Other cystic kidney diseases

Q619 | Cystic kidney disease, unspecified

7905 | Acquired absence of kidney

7940 | Kidney transplant status

CHRONIC LIVER DISEASES

Included ICD-10 codes and labels

B18 Chronic viral hepatitis

K70 Alcoholic liver disease

K713 | Toxic liver disease with chronic persistent hepatitis
K714 | Toxic liver disease with chronic lobular hepatitis
K715 | Toxic liver disease with chronic active hepatitis
K717 | Toxic liver disease with fibrosis and cirrhosis of liver
K721 | Chronic hepatic failure

K73 Chronic hepatitis, not elsewhere classified

K74 Fibrosis and cirrhosis of liver

K753 | Granulomatous hepatitis, not elsewhere classified
K754 | Autoimmune hepatitis

K758 | Other specified inflammatory liver diseases

K761 | Chronic passive congestion of liver

K766 | Portal hypertension

K767 | Hepatorenal syndrome

K778 | Liver disorders in other diseases classified elsewhere
Q446 | Cystic disease of liver

7944 Liver transplant status
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Excluded ICD-10 codes and labels

K700

Alcoholic fatty liver

K701

Alcoholic hepatitis

CHRONIC PANCREAS, BILIARY TRACT AND GALLBLADDER DISEASES

Included ICD-10 codes and labels

K800 | Calculus of gallbladder with acute cholecystitis
K801 | Calculus of gallbladder with other cholecystitis
K802 | Calculus of gallbladder without cholecystitis
K808 | Other cholelithiasis

K811 | Chronic cholecystitis

K86 Other diseases of pancreas

Q440 | Agenesis, aplasia and hypoplasia of gallbladder
Q441 | Other congenital malformations of gallbladder
Q442 | Atresia of bile ducts

Q443 | Congenital stenosis and stricture of bile ducts
Q444 | Choledochal cyst

Q445 | Other congenital malformations of bile ducts
Q450 | Agenesis, aplasia and hypoplasia of pancreas

Excluded ICD-10 codes and labels

K862 | Cyst of pancreas
K863 | Pseudocyst of pancreas
K869 | Disease of pancreas, unspecified

CHRONIC ULCER OF THE SKIN

Included ICD-10 codes and labels

1830 Varicose veins of lower extremities with ulcer

1832 Varicose veins of lower extremities with both ulcer and inflammation
L89 Decubitus ulcer and pressure area

L97 Ulcer of lower limb, not elsewhere classified

L984 Chronic ulcer of skin, not elsewhere classified

COLITIS AND RELATED DISEASES

Included ICD-10 codes and labels

K520 | Gastroenteritis and colitis due to radiation

K528 | Other specified noninfective gastroenteritis and colitis

K551 | Chronic vascular disorders of intestine

K552 | Angiodysplasia of colon

K572 | Diverticular disease of large intestine with perforation and abscess

K573 | Diverticular disease of large intestine without perforation or abscess

K574 | Diverticular disease of both small and large intestine with perforation and abscess
K575 | Diverticular disease of both small and large intestine without perforation or abscess
K578 | Diverticular disease of intestine, part unspecified, with perforation and abscess
K579 | Diverticular disease of intestine, part unspecified, without perforation or abscess
K58 Irritable bowel syndrome

K590 | Constipation
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K592 | Neurogenic bowel, not elsewhere classified

K62 Other diseases of anus and rectum

K634 | Enteroptosis

K64 Haemorrhoids and perianal venous thrombosis

Excluded ICD-10 codes and labels

K620 | Anal polyp

K621 | Rectal polyp

K625 | Haemorrhage of anus and rectum

K626 | Ulcer of anus and rectum

K645 | Perianal venous thrombosis

COPD, EMPHYSEMA, CHRONIC BRONCHITIS

Included ICD-10 codes and labels

Ja1 Simple and mucopurulent chronic bronchitis

142 Unspecified chronic bronchitis

J4a3 Emphysema

Jaa Other chronic obstructive pulmonary disease

147 Bronchiectasis

DEAFNESS, HEARING IMPAIRMENT

Included ICD-10 codes and labels

H80 Otosclerosis

H90 Conductive and sensorineural hearing loss

H911 | Presbycusis

H913 | Deaf mutism, not elsewhere classified

H919 | Hearing loss, unspecified

Ql6 Congenital malformations of ear causing impairment of hearing

Z453 | Adjustment and management of implanted hearing device

Z461 | Fitting and adjustment of hearing aid

7962 | Presence of otological and audiological implants

72974 | Presence of external hearing-aid

DEMENTIA

Included ICD-10 codes and labels

FOO Dementia in Alzheimer disease
FO1 Vascular dementia
FO2 Dementia in other diseases classified elsewhere

FO3 Unspecified dementia

FO51 | Delirium superimposed on dementia

G30 Alzheimer disease

G31 Other degenerative diseases of nervous system, not elsewhere classified

DEPRESSION AND MOOD DISEASES

Included ICD-10 codes and labels

F30 Manic episode

F31 Bipolar affective disorder

F32 Depressive episode
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F33 Recurrent depressive disorder

F34 Persistent mood [affective] disorders
F38 Other mood [affective] disorders

F39 Unspecified mood [affective] disorder
F412 | Mixed anxiety and depressive disorder
DIABETES

Included ICD-10 codes and labels

E10 Insulin-dependent diabetes mellitus

E11 Non-insulin-dependent diabetes mellitus
E13 Other specified diabetes mellitus

E14 Unspecified diabetes mellitus

E891 | Postprocedural hypoinsulinaemia

DORSOPATHIES

Included ICD-10 codes and labels

M40 Kyphosis and lordosis

M41 Scoliosis

M42 Spinal osteochondrosis

M43 Other deforming dorsopathies

M47 | Spondylosis

M48 Other spondylopathies

M49 Spondylopathies in diseases classified elsewhere
M50 Cervical disc disorders

M51 Other intervertebral disc disorders

M53 Other dorsopathies, not elsewhere classified
Q675 | Congenital deformity of spine

Q761 | Klippel-Feil syndrome

Q764 | Other congenital malformations of spine, not associated with scoliosis
DYSLIPIDEMIA

Included ICD-10 codes and labels

E78

Disorders of lipoprotein metabolism and other lipidaemias

EAR, NOSE, THROAT DISEASES

Included ICD-10 codes and labels

H604 | Cholesteatoma of external ear

H661 | Chronic tubotympanic suppurative otitis media
H662 | Chronic atticoantral suppurative otitis media
H663 | Other chronic suppurative otitis media

H701 | Chronic mastoiditis

H71 Cholesteatoma of middle ear

H731 | Chronic myringitis

H741 | Adhesive middle ear disease

H810 | MUnibre disease

H831 | Labyrinthine fistula

H832 | Labyrinthine dysfunction
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H95 Postprocedural disorders of ear and mastoid process, not elsewhere classified

J300 Vasomotor rhinitis

J31 Chronic rhinitis, nasopharyngitis and pharyngitis

132 Chronic sinusitis

J33 Nasal polyp

1341 Cyst and mucocele of nose and nasal sinus

1342 Deviated nasal septum

1343 Hypertrophy of nasal turbinates

135 Chronic diseases of tonsils and adenoids

137 Chronic laryngitis and laryngotracheitis

1380 Paralysis of vocal cords and larynx

1386 Stenosis of larynx

K051 | Chronic gingivitis

K053 | Chronic periodontitis

K07 Dentofacial anomalies [including malocclusion]

K110 | Atrophy of salivary gland

K117 | Disturbances of salivary secretion

Q30 Congenital malformations of nose

Q31 Congenital malformations of larynx

Q32 Congenital malformations of trachea and bronchus

Q35 Cleft palate

Q36 Cleft lip

Q37 Cleft palate with cleft lip

Q38 Other congenital malformations of tongue, mouth and pharynx

EPILEPSY

Included ICD-10 codes and labels

G40 ‘ Epilepsy

Excluded ICD-10 codes and labels

G405 ‘ Special epileptic syndromes

ESOPHAGUS, STOMACH AND DUODENUM DISEASES

Included ICD-10 codes and labels

185 Oesophageal varices

1864 Gastric varices

1982 Oesophageal varices without bleeding in diseases classified elsewhere

1983 Oesophageal varices with bleeding in diseases classified elsewhere

K21 Gastro-oesophageal reflux disease

K220 | Achalasia of cardia

K222 | Oesophageal obstruction

K224 | Dyskinesia of oesophagus

K225 | Diverticulum of oesophagus, acquired

K227 | Barrett oesophagus

K230 | Tuberculous oesophagitis

K231 | Megaoesophagus in Chagas disease
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K254 | Gastric ulcer: Chronic or unspecified with haemorrhage

K255 | Gastric ulcer: Chronic or unspecified with perforation

K256 | Gastric ulcer: Chronic or unspecified with both haemorrhage and perforation

K257 | Gastric ulcer: Chronic without haemorrhage or perforation

K264 | Duodenal ulcer: Chronic or unspecified with haemorrhage

K265 | Duodenal ulcer: Chronic or unspecified with perforation

K266 | Duodenal ulcer: Chronic or unspecified with both haemorrhage and perforation

K267 | Duodenal ulcer: Chronic without haemorrhage or perforation

K274 | Peptic ulcer, site unspecified: Chronic or unspecified with haemorrhage

K275 | Peptic ulcer, site unspecified: Chronic or unspecified with perforation

K276 | Peptic ulcer, site unspecified: Chronic or unspecified with both haemorrhage and perforation

K277 | Peptic ulcer, site unspecified: Chronic without haemorrhage or perforation

K284 | Gastrojejunal ulcer: Chronic or unspecified with haemorrhage

K285 | Gastrojejunal ulcer: Chronic or unspecified with perforation

K286 | Gastrojejunal ulcer: Chronic or unspecified with both haemorrhage and perforation

K287 | Gastrojejunal ulcer: Chronic without haemorrhage or perforation

K293 | Chronic superficial gastritis

K294 | Chronic atrophic gastritis

K295 | Chronic gastritis, unspecified

K296 | Other gastritis

K297 | Gastritis, unspecified

K298 | Duodenitis

K299 | Gastroduodenitis, unspecified

K311 | Adult hypertrophic pyloric stenosis

K312 | Hourglass stricture and stenosis of stomach

K313 | Pylorospasm, not elsewhere classified

K314 | Gastric diverticulum

K315 | Obstruction of duodenum

Q39 Congenital malformations of oesophagus

Q40 Other congenital malformations of upper alimentary tract

7903 | Acquired absence of part of stomach

GLAUCOMA

Included ICD-10 codes and labels

H401 | Primary open-angle glaucoma

H402 | Primary angle-closure glaucoma

H403 | Glaucoma secondary to eye trauma

H404 | Glaucoma secondary to eye inflammation

H405 | Glaucoma secondary to other eye disorders

H406 | Glaucoma secondary to drugs

H408 | Other glaucoma

H409 | Glaucoma, unspecified

HEART FAILURE

Included ICD-10 codes and labels
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1110 Hypertensive heart disease with (congestive) heart failure

1130 Hypertensive heart and renal disease with (congestive) heart failure

1132 Hypertensive heart and renal disease with both (congestive) heart failure and renal failure

127 Other pulmonary heart diseases

1280 Arteriovenous fistula of pulmonary vessels

142 Cardiomyopathy

143 Cardiomyopathy in diseases classified elsewhere

150 Heart failure

1515 Myocardial degeneration

1517 Cardiomegaly

1528 Other heart disorders in other diseases classified elsewhere

7941 Heart transplant status

7943 | Heart and lungs transplant status

HEMATOLOGICAL NEOPLASMS

Included ICD-10 codes and labels

C81 Hodgkin lymphoma

C82 Follicular lymphoma

C83 Non-follicular lymphoma

c84 Mature T/NK-cell lymphomas

C85 Other and unspecified types of non-Hodgkin lymphoma

C86 Other specified types of T/NK-cell lymphoma

Cc88 Malignant immunoproliferative diseases

C90 Multiple myeloma and malignant plasma cell neoplasms

Cca1 Lymphoid leukaemia

C92 Myeloid leukaemia

C93 Monocytic leukaemia

C94 Other leukaemias of specified cell type

C95 Leukaemia of unspecified cell type
Cc96 Other and unspecified malignant neoplasms of lymphoid, haematopoietic and related tissue
HYPERTENSION

Included ICD-10 codes and labels

110 Essential (primary) hypertension

111 Hypertensive heart disease

112 Hypertensive renal disease

113 Hypertensive heart and renal disease
115 Secondary hypertension

INFLAMMATORY ARTHROPATHIES

Included ICD-10 codes and labels

MO023 | Reiter disease

MO05 Seropositive rheumatoid arthritis

MO06 Other rheumatoid arthritis

MO07 Psoriatic and enteropathic arthropathies

M08 Juvenile arthritis
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M09 Juvenile arthritis in diseases classified elsewhere

M10 Gout

M11 Other crystal arthropathies

M12 Other specific arthropathies

M13 Other arthritis

M14 | Arthropathies in other diseases classified elsewhere

M45 Ankylosing spondylitis

M460 | Spinal enthesopathy

M461 | Sacroiliitis, not elsewhere classified

M468 | Other specified inflammatory spondylopathies

M469 | Inflammatory spondylopathy, unspecified

INFLAMMATORY BOWEL DISEASES

Included ICD-10 codes and labels

K50 Crohn disease [regional enteritis]

K51 Ulcerative colitis

ISCHEMIC HEART DISEASE

Included ICD-10 codes and labels

120 Angina pectoris

121 Acute myocardial infarction

122 Subsequent myocardial infarction
124 Other acute ischaemic heart diseases
125 Chronic ischaemic heart disease

7951 | Presence of aortocoronary bypass graft

7955 | Presence of coronary angioplasty implant and graft

MIGRAINE AND FACIAL PAIN SYNDROMES

Included ICD-10 codes and labels
G43 Migraine

G440 | Cluster headache syndrome

G441 | Vascular headache, not elsewhere classified

G442 | Tension-type headache

G443 | Chronic post-traumatic headache

G448 | Other specified headache syndromes

G50 Disorders of trigeminal nerve

MULTIPLE SCLEROSIS

Included ICD-10 codes and labels

G35 Multiple sclerosis

NEUROTIC, STRESS-RELATED AND SOMATOFORM DISEASES

Included ICD-10 codes and labels

F40 Phobic anxiety disorders

F41 Other anxiety disorders

F42 Obsessive-compulsive disorder
F43 Reaction to severe stress, and adjustment disorders
F44 Dissociative [conversion] disorders
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F45 Somatoform disorders

F48 Other neurotic disorders

Excluded ICD-10 codes and labels

F430 Acute stress reaction

F432 | Adjustment disorders

OBESITY

Included ICD-10 codes and labels

E66 Obesity

OSTEOARTHRITIS AND OTHER DEGENERATIVE JOINT DISEASES

Included ICD-10 codes and labels

M15 Polyarthrosis

M16 Coxarthrosis [arthrosis of hip]

M17 Gonarthrosis [arthrosis of knee]

M18 | Arthrosis of first carpometacarpal joint

M19 Other arthrosis

M362 | Haemophilic arthropathy

M363 | Arthropathy in other blood disorders

OSTEOPOROSIS

Included ICD-10 codes and labels

M80 Osteoporosis with pathological fracture

Ms81 Osteoporosis without pathological fracture

Mm82 Osteoporosis in diseases classified elsewhere

OTHER CARDIOVASCULAR DISEASES

Included ICD-10 codes and labels

109 Other rheumatic heart diseases

1281 Aneurysm of pulmonary artery

1310 Chronic adhesive pericarditis

1311 Chronic constrictive pericarditis

1456 Pre-excitation syndrome

1495 Sick sinus syndrome

1498 Other specified cardiac arrhythmias

170 Atherosclerosis
171 Aortic aneurysm and dissection
172 Other aneurysm and dissection

1790 Aneurysm of aorta in diseases classified elsewhere

1791 Aortitis in diseases classified elsewhere

1950 Idiopathic hypotension

1951 Orthostatic hypotension

1958 Other hypotension

Q20 Congenital malformations of cardiac chambers and connections

Q21 Congenital malformations of cardiac septa

Q24 Other congenital malformations of heart

Q25 Congenital malformations of great arteries
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Q26 Congenital malformations of great veins

Q27 Other congenital malformations of peripheral vascular system
Q28 Other congenital malformations of circulatory system

7958 | Presence of other cardiac and vascular implants and grafts
7959 | Presence of cardiac and vascular implant and graft, unspecified

Excluded ICD-10 codes and labels

1091 Rheumatic diseases of endocardium, valve unspecified
1098 Other specified rheumatic heart diseases

1702 Atherosclerosis of arteries of extremities

OTHER DIGESTIVE DISEASES

Included ICD-10 codes and labels

K660 | Peritoneal adhesions

K900 | Coeliac disease

K901 | Tropical sprue

K902 | Blind loop syndrome, not elsewhere classified

K911 | Postgastric surgery syndromes

K93 Disorders of other digestive organs in diseases classified elsewhere
Q41 Congenital absence, atresia and stenosis of small intestine
Q42 Congenital absence, atresia and stenosis of large intestine
Q43 Other congenital malformations of intestine

R15 Faecal incontinence

7904 | Acquired absence of other parts of digestive tract

7980 | Intestinal bypass and anastomosis status

OTHER EYE DISEASES

Included ICD-10 codes and labels

H022 | Lagophthalmos

HO023 | Blepharochalasis

HO024 | Ptosis of eyelid

HO025 | Other disorders affecting eyelid function

HO4 Disorders of lacrimal system

HO5 Disorders of orbit

H104 | Chronic conjunctivitis

H17 Corneal scars and opacities

H184 | Corneal degeneration

H185 | Hereditary corneal dystrophies

H186 | Keratoconus

H187 | Other corneal deformities

H188 | Other specified disorders of cornea

H189 | Disorder of cornea, unspecified

H193 | Keratitis and keratoconjunctivitis in other diseases classified elsewhere
H198 | Other disorders of sclera and cornea in diseases classified elsewhere
H201 | Chronic iridocyclitis

H21 Other disorders of iris and ciliary body
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H310 | Chorioretinal scars

H311 | Choroidal degeneration

H312 | Hereditary choroidal dystrophy

H318 | Other specified disorders of choroid

H319 | Disorder of choroid, unspecified

H33 Retinal detachments and breaks

H352 | Other proliferative retinopathy

H353 | Degeneration of macula and posterior pole

H354 | Peripheral retinal degeneration

H355 | Hereditary retinal dystrophy

H357 | Separation of retinal layers

H358 | Other specified retinal disorders

H359 | Retinal disorder, unspecified

H36 Retinal disorders in diseases classified elsewhere

H47 Other disorders of optic [2nd] nerve and visual pathways
H48 Disorders of optic [2nd] nerve and visual pathways in diseases classified elsewhere
H49 Paralytic strabismus

H51 Other disorders of binocular movement

Q10 Congenital malformations of eyelid, lacrimal apparatus and orbit
Q11 Anophthalmos, microphthalmos and macrophthalmos
Q13 Congenital malformations of anterior segment of eye
Q14 Congenital malformations of posterior segment of eye
Q15 Other congenital malformations of eye

7947 | Corneal transplant status

Excluded ICD-10 codes and labels

HO043 | Acute and unspecified inflammation of lacrimal passages
HO50 | Acute inflammation of orbit

H470 | Disorders of optic nerve, not elsewhere classified

H471 | Papilloedema, unspecified

H481 | Retrobulbar neuritis in diseases classified elsewhere

OTHER GENITOURINARY DISEASES

Included ICD-10 codes and labels

B901 | Sequelae of genitourinary tuberculosis
N200 | Calculus of kidney

N202 | Calculus of kidney with calculus of ureter
N209 | Urinary calculus, unspecified

N210 | Calculus in bladder

N218 | Other lower urinary tract calculus

N219 | Calculus of lower urinary tract, unspecified
N22 Calculus of urinary tract in diseases classified elsewhere
N301 | Interstitial cystitis (chronic)

N302 | Other chronic cystitis

N303 | Trigonitis
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N304 | Irradiation cystitis

N31 Neuromuscular dysfunction of bladder, not elsewhere classified
N320 | Bladder-neck obstruction

N323 | Diverticulum of bladder

N328 | Other specified disorders of bladder

N329 | Bladder disorder, unspecified

N33 Bladder disorders in diseases classified elsewhere
N35 Urethral stricture

N393 | Stress incontinence

N394 | Other specified urinary incontinence

N480 | Leukoplakia of penis

N484 | Impotence of organic origin

N489 | Disorder of penis, unspecified

N701 | Chronic salpingitis and oophoritis

N711 | Chronic inflammatory disease of uterus

N731 | Chronic parametritis and pelvic cellulitis

N734 | Female chronic pelvic peritonitis

N736 | Female pelvic peritoneal adhesions

N761 | Subacute and chronic vaginitis

N763 | Subacute and chronic vulvitis

N81 Female genital prolapse

N88 Other noninflammatory disorders of cervix uteri
N895 | Stricture and atresia of vagina

N905 | Atrophy of vulva

N952 | Postmenopausal atrophic vaginitis

Q54 Hypospadias

Q620 | Congenital hydronephrosis

Q621 | Atresia and stenosis of ureter

Q622 | Congenital megaloureter

Q623 | Other obstructive defects of renal pelvis and ureter
Q624 | Agenesis of ureter

Q627 | Congenital vesico-uretero-renal reflux

Q628 | Other congenital malformations of ureter

Q638 | Other specified congenital malformations of kidney
Q639 | Congenital malformation of kidney, unspecified
Q640 | Epispadias

Q641 | Exstrophy of urinary bladder

Q643 | Other atresia and stenosis of urethra and bladder neck
Q644 | Malformation of urachus

Q645 | Congenital absence of bladder and urethra

Q646 | Congenital diverticulum of bladder

Q647 | Other congenital malformations of bladder and urethra
Q648 | Other specified congenital malformations of urinary system
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Q649 | Congenital malformation of urinary system, unspecified

7906 | Acquired absence of other organs of urinary tract

7907 | Acquired absence of genital organ(s)

72960 | Presence of urogenital implants

OTHER METABOLIC DISEASES

Included ICD-10 codes and labels

E20 Hypoparathyroidism

E21 Hyperparathyroidism and other disorders of parathyroid gland

E22 Hyperfunction of pituitary gland

E23 Hypofunction and other disorders of pituitary gland

E24 Cushing syndrome

E25 Adrenogenital disorders

E26 Hyperaldosteronism

E27 Other disorders of adrenal gland

E28 Ovarian dysfunction

E29 Testicular dysfunction

E31 Polyglandular dysfunction

E34 Other endocrine disorders

E35 Disorders of endocrine glands in diseases classified elsewhere

E40 Kwashiorkor

E41 Nutritional marasmus

E42 Marasmic kwashiorkor

E43 Unspecified severe protein-energy malnutrition

E44 Protein-energy malnutrition of moderate and mild degree

E45 Retarded development following protein-energy malnutrition

E46 Unspecified protein-energy malnutrition

E64 Sequelae of malnutrition and other nutritional deficiencies

E70 Disorders of aromatic amino-acid metabolism

E71 Disorders of branched-chain amino-acid metabolism and fatty-acid metabolism
E72 Other disorders of amino-acid metabolism

E74 Other disorders of carbohydrate metabolism

E75 Disorders of sphingolipid metabolism and other lipid storage disorders
E76 Disorders of glycosaminoglycan metabolism

E77 Disorders of glycoprotein metabolism

E79 Disorders of purine and pyrimidine metabolism

E8O Disorders of porphyrin and bilirubin metabolism

E83 Disorders of mineral metabolism

E84 Cystic fibrosis

E85 Amyloidosis

E88 Other metabolic disorders

E89 Postprocedural endocrine and metabolic disorders, not elsewhere classified

K903 Pancreatic steatorrhoea

K904 | Malabsorption due to intolerance, not elsewhere classified
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K908 | Other intestinal malabsorption

K909 | Intestinal malabsorption, unspecified

K912 | Postsurgical malabsorption, not elsewhere classified
M83 Adult osteomalacia

M88 Paget disease of bone [osteitis deformans]

N25 Disorders resulting from impaired renal tubular function

Excluded ICD-10 codes and labels

E231 | Drug-induced hypopituitarism

E242 | Drug-induced Cushing syndrome

E244 | Alcohol-induced pseudo-Cushing syndrome

E273 | Drug-induced adrenocortical insufficiency

E343 | Short stature, not elsewhere classified

E344 | Constitutional tall stature

E350 | Disorders of thyroid gland in diseases classified elsewhere
E441 | Mild protein-energy malnutrition

E790 | Hyperuricaemia without signs of inflammatory arthritis and tophaceous disease
E804 | Gilbert syndrome

E883 | Tumour lysis syndrome

E890 | Postprocedural hypothyroidism

E892 | Postprocedural hypoparathyroidism

OTHER MUSCULOSKELETAL AND JOINT DISEASES

Included ICD-10 codes and labels

B902 | Sequelae of tuberculosis of bones and joints
M212 | Flexion deformity

M213 | Wrist or foot drop (acquired)

M214 | Flat foot [pes planus] (acquired)

M215 | Acquired clawhand, clubhand, clawfoot and clubfoot
M216 | Other acquired deformities of ankle and foot
M217 | Unequal limb length (acquired)

M218 | Other specified acquired deformities of limbs
M219 | Acquired deformity of limb, unspecified

M22 Disorders of patella

M23 Internal derangement of knee

M24 Other specific joint derangements

M252 | Flail joint

M253 | Other instability of joint

M357 | Hypermobility syndrome

M61 Calcification and ossification of muscle
M652 | Calcific tendinitis

M653 | Trigger finger

M654 | Radial styloid tenosynovitis [de Quervain]
M700 | Chronic crepitant synovitis of hand and wrist
M720 | Palmar fascial fibromatosis [Dupuytren]
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M722 | Plantar fascial fibromatosis

M724 | Pseudosarcomatous fibromatosis

M750 | Adhesive capsulitis of shoulder

M751 | Rotator cuff syndrome

M753 | Calcific tendinitis of shoulder

M754 | Impingement syndrome of shoulder

M797 | Fibromyalgia

M841 | Nonunion of fracture [pseudarthrosis]

M89 Other disorders of bone

M91 | Juvenile osteochondrosis of hip and pelvis

M93 Other osteochondropathies

M94 Other disorders of cartilage

M96 Postprocedural musculoskeletal disorders, not elsewhere classified
M99 Biomechanical lesions, not elsewhere classified

Q65 Congenital deformities of hip

Q66 Congenital deformities of feet

Q68 Other congenital musculoskeletal deformities

Q71 Reduction defects of upper limb

Q72 Reduction defects of lower limb

Q73 Reduction defects of unspecified limb

Q74 Other congenital malformations of limb(s)

Q77 Osteochondrodysplasia with defects of growth of tubular bones and spine
Q78 Other osteochondrodysplasias

Q796 | Ehlers-Danlos syndrome

Q798 | Other congenital malformations of musculoskeletal system

Q87 Other specified congenital malformation syndromes affecting multiple systems
S$382 | Traumatic amputation of external genital organs

S48 Traumatic amputation of shoulder and upper arm

S58 Traumatic amputation of forearm

S68 Traumatic amputation of wrist and hand

S78 Traumatic amputation of hip and thigh

588 Traumatic amputation of lower leg

S98 Traumatic amputation of ankle and foot

TO5 Traumatic amputations involving multiple body regions

T096 | Traumatic amputation of trunk, level unspecified

T116 | Traumatic amputation of upper limb, level unspecified

T136 | Traumatic amputation of lower limb, level unspecified

T147 | Crushing injury and traumatic amputation of unspecified body region
T90 Sequelae of injuries of head

T91 Sequelae of injuries of neck and trunk

T92 Sequelae of injuries of upper limb

T93 Sequelae of injuries of lower limb

T94 Sequelae of injuries involving multiple and unspecified body regions
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T95 Sequelae of burns, corrosions and frostbite

T96 Sequelae of poisoning by drugs, medicaments and biological substances
T97 Sequelae of toxic effects of substances chiefly nonmedicinal as to source
T98 Sequelae of other and unspecified effects of external causes

Z440 | Fitting and adjustment of artificial arm (complete)(partial)

Z441 | Fitting and adjustment of artificial leg (complete)(partial)

7891 | Acquired absence of hand and wrist

7892 | Acquired absence of upper limb above wrist

7893 | Acquired absence of both upper limbs [any level]

7894 | Acquired absence of foot and ankle

7895 | Acquired absence of leg at or below knee

7896 | Acquired absence of leg above knee

7897 | Acquired absence of both lower limbs [any level, except toes alone]

7898 | Acquired absence of upper and lower limbs [any level]

7899 | Acquired absence of limb, unspecified

7946 Bone transplant status

7966 | Presence of orthopaedic joint implants

Z971 | Presence of artificial limb (complete)(partial)

OTHER NEUROLOGICAL DISEASES

Included ICD-10 codes and labels

B900 | Sequelae of central nervous system tuberculosis

D482 | Neoplasm of uncertain or unknown behaviour: Peripheral nerves and autonomic nervous system

G041 | Tropical spastic paraplegia

G09 Sequelae of inflammatory diseases of central nervous system

G10 Huntington disease

G11 Hereditary ataxia

G12 Spinal muscular atrophy and related syndromes

G13 Systemic atrophies primarily affecting central nervous system in diseases classified elsewhere

G24 Dystonia

G25 Other extrapyramidal and movement disorders

G26 Extrapyramidal and movement disorders in diseases classified elsewhere

G32 Other degenerative disorders of nervous system in diseases classified elsewhere

G37 Other demyelinating diseases of central nervous system

G51 Facial nerve disorders

G52 Disorders of other cranial nerves

G53 Cranial nerve disorders in diseases classified elsewhere

G70 Myasthenia gravis and other myoneural disorders

G71 Primary disorders of muscles

G723 | Periodic paralysis

G724 | Inflammatory myopathy, not elsewhere classified

G728 | Other specified myopathies

G729 | Myopathy, unspecified

G73 Disorders of myoneural junction and muscle in diseases classified elsewhere
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G80 Cerebral palsy

G81 Hemiplegia

G82 Paraplegia and tetraplegia

G83 Other paralytic syndromes

G90 Disorders of autonomic nervous system

GI1 Hydrocephalus

G938 | Other specified disorders of brain

G939 | Disorder of brain, unspecified

G95 Other diseases of spinal cord

G99 Other disorders of nervous system in diseases classified elsewhere
M471 | Other spondylosis with myelopathy

Qo0 Anencephaly and similar malformations

Qo1 Encephalocele

Q02 Microcephaly

Qo3 Congenital hydrocephalus

Qo4 Other congenital malformations of brain

Qo5 Spina bifida

Qo6 Other congenital malformations of spinal cord
Qo7 Other congenital malformations of nervous system
Q760 | Spina bifida occulta

Excluded ICD-10 codes and labels

G130 | Paraneoplastic neuromyopathy and neuropathy

G131 | Other systemic atrophy primarily affecting central nervous system in neoplastic disease
G251 | Drug-induced tremor

G254 | Drug-induced chorea

G256 | Drug-induced tics and other tics of organic origin

G510 | Bell palsy

G732 | Other myasthenic syndromes in neoplastic disease

G733 | Myasthenic syndromes in other diseases classified elsewhere

G734 | Myopathy in infectious and parasitic diseases classified elsewhere

G838 | Other specified paralytic syndromes

OTHER PSYCHIATRIC AND BEHAVIORAL DISEASES

Included ICD-10 codes and labels

FO4 Organic amnesic syndrome, not induced by alcohol and other psychoactive substances

FO6 Other mental disorders due to brain damage and dysfunction and to physical disease

FO7 Personality and behavioural disorders due to brain disease, damage and dysfunction

FO9 Unspecified organic or symptomatic mental disorder

F102 | Mental and behavioural disorders due to use of alcohol: Dependence syndrome

F106 | Mental and behavioural disorders due to use of alcohol: Amnesic syndrome

F107 | Mental and behavioural disorders due to use of alcohol: Residual and late-onset psychotic disorder
F112 | Mental and behavioural disorders due to use of opioids: Dependence syndrome

F116 | Mental and behavioural disorders due to use of opioids: Amnesic syndrome

F117 | Mental and behavioural disorders due to use of opioids: Residual and late-onset psychotic disorder
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F122 | Mental and behavioural disorders due to use of cannabinoids: Dependence syndrome

F126 | Mental and behavioural disorders due to use of cannabinoids: Amnesic syndrome

F127 | Mental and behavioural disorders due to use of cannabinoids: Residual and late-onset psychotic
disorder
F132 | Mental and behavioural disorders due to use of sedatives or hypnotics: Dependence syndrome

F136 | Mental and behavioural disorders due to use of sedatives or hypnotics: Amnesic syndrome

F137 | Mental and behavioural disorders due to use of sedatives or hypnotics: Residual and late-onset
psychotic disorder
F142 | Mental and behavioural disorders due to use of cocaine: Dependence syndrome

F146 | Mental and behavioural disorders due to use of cocaine: Amnesic syndrome

F147 | Mental and behavioural disorders due to use of cocaine: Residual and late-onset psychotic disorder

F152 | Mental and behavioural disorders due to use of other stimulants, including caffeine: Dependence
syndrome

F156 Mental and behavioural disorders due to use of other stimulants, including caffeine: Amnesic
syndrome

F157 Mental and behavioural disorders due to use of other stimulants, including caffeine: Residual and late-
onset psychotic disorder

F162 | Mental and behavioural disorders due to use of hallucinogens: Dependence syndrome

F166 | Mental and behavioural disorders due to use of hallucinogens: Amnesic syndrome

F167 | Mental and behavioural disorders due to use of hallucinogens: Residual and late-onset psychotic
disorder
F172 | Mental and behavioural disorders due to use of tobacco: Dependence syndrome

F176 | Mental and behavioural disorders due to use of tobacco: Amnesic syndrome

F177 | Mental and behavioural disorders due to use of tobacco: Residual and late-onset psychotic disorder

F182 | Mental and behavioural disorders due to use of volatile solvents: Dependence syndrome

F186 | Mental and behavioural disorders due to use of volatile solvents: Amnesic syndrome

F187 | Mental and behavioural disorders due to use of volatile solvents: Residual and late-onset psychotic
disorder

F192 | Mental and behavioural disorders due to multiple drug use and use of other psychoactive substances:
Dependence syndrome

F196 | Mental and behavioural disorders due to multiple drug use and use of other psychoactive substances:
Amnesic syndrome

F197 | Mental and behavioural disorders due to multiple drug use and use of other psychoactive substances:
Residual and late-onset psychotic disorder

F50 Eating disorders

F52 Sexual dysfunction, not caused by organic disorder or disease

F60 Specific personality disorders

F61 Mixed and other personality disorders

F62 Enduring personality changes, not attributable to brain damage and disease

F63 Habit and impulse disorders

F68 Other disorders of adult personality and behaviour

F70 Mild mental retardation

F71 Moderate mental retardation
F72 Severe mental retardation
F73 Profound mental retardation

F78 Other mental retardation

F79 Unspecified mental retardation
F80 Specific developmental disorders of speech and language
F81 Specific developmental disorders of scholastic skills
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F82 Specific developmental disorder of motor function
F83 Mixed specific developmental disorders

F84 Pervasive developmental disorders

F88 Other disorders of psychological development

F89 Unspecified disorder of psychological development
F95 Tic disorders

F99 Mental disorder, not otherwise specified

OTHER RESPIRATORY DISEASES

Included ICD-10 codes and labels

B909 | Sequelae of respiratory and unspecified tuberculosis
E662 | Extreme obesity with alveolar hypoventilation

J60 Coalworker pneumoconiosis

J61 Pneumoconiosis due to asbestos and other mineral fibres
162 Pneumoconiosis due to dust containing silica

J63 Pneumoconiosis due to other inorganic dusts

J64 Unspecified pneumoconiosis

J65 Pneumoconiosis associated with tuberculosis

166 Airway disease due to specific organic dust

167 Hypersensitivity pneumonitis due to organic dust
1684 Chronic respiratory conditions due to chemicals, gases, fumes and vapours
J701 Chronic and other pulmonary manifestations due to radiation
J703 Chronic drug-induced interstitial lung disorders

1704 Drug-induced interstitial lung disorders, unspecified
184 Other interstitial pulmonary diseases

192 Pleural plaque

J941 Fibrothorax

J953 Chronic pulmonary insufficiency following surgery
J955 Postprocedural subglottic stenosis

1961 Chronic respiratory failure

198 Other respiratory disorders

Q33 Congenital malformations of lung

Q34 Other congenital malformations of respiratory system
7902 | Acquired absence of lung [part of]

7942 Lung transplant status

7943 | Heart and lungs transplant status

7963 | Presence of artificial larynx

Excluded ICD-10 codes and labels

1981 Pulmonary collapse

OTHER SKIN DISEASES

Included ICD-10 codes and labels

L13 Other bullous disorders

L28 Lichen simplex chronicus and prurigo

L301 | Dyshidrosis [pompholyx]

228




ANNEXES

L43 Lichen planus

L508 Other urticaria

L581 Chronic radiodermatitis

L85 Other epidermal thickening

Q80 Congenital ichthyosis

Q81 Epidermolysis bullosa

Q821 | Xeroderma pigmentosum

Q822 | Mastocytosis

Q829 | Congenital malformation of skin, unspecified

Excluded ICD-10 codes and labels

L432 | Lichenoid drug reaction

PARKINSON AND PARKINSONISM

Included ICD-10 codes and labels

G20 Parkinson disease

G21 Secondary parkinsonism

G22 Parkinsonism in diseases classified elsewhere

G23 Other degenerative diseases of basal ganglia

Excluded ICD-10 codes and labels

G210 | Malignant neuroleptic syndrome

PERIPHERAL NEUROPATHY
Included ICD-10 codes and labels

B91 Sequelae of poliomyelitis

G14 Postpolio syndrome

G54 Nerve root and plexus disorders

G55 Nerve root and plexus compressions in diseases classified elsewhere
G56 Mononeuropathies of upper limb
G57 Mononeuropathies of lower limb

G58 Other mononeuropathies

G59 Mononeuropathy in diseases classified elsewhere

G60 Hereditary and idiopathic neuropathy

G628 | Other specified polyneuropathies

G629 | Polyneuropathy, unspecified

G63 Polyneuropathy in diseases classified elsewhere

M472 | Other spondylosis with radiculopathy

M531 | Cervicobrachial syndrome

M541 | Radiculopathy

Excluded ICD-10 codes and labels

G631 | Polyneuropathy in neoplastic disease

PERIPHERAL VASCULAR DISEASE

Included ICD-10 codes and labels

1702 Atherosclerosis of arteries of extremities

173 Other peripheral vascular diseases

1792 Peripheral angiopathy in diseases classified elsewhere
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1798 Other disorders of arteries, arterioles and capillaries in diseases classified elsewhere

Excluded ICD-10 codes and labels

1731 Thromboangiitis obliterans [Buerger]

1738 Other specified peripheral vascular diseases

PROSTATE DISEASES

Included ICD-10 codes and labels

N40 Hyperplasia of prostate

N411 | Chronic prostatitis

N418 | Other inflammatory diseases of prostate

SCHIZOPHRENIA AND DELUSIONAL DISEASES

Included ICD-10 codes and labels

F20 Schizophrenia

F22 Persistent delusional disorders
F24 Induced delusional disorder
F25 Schizoaffective disorders

F28 Other nonorganic psychotic disorders

SLEEP DISORDERS

Included ICD-10 codes and labels

F510 | Nonorganic insomnia

F511 Nonorganic hypersomnia

F512 | Nonorganic disorder of the sleep-wake schedule

F513 | Sleepwalking [somnambulism]

G47 Sleep disorders

SOLID NEOPLASMS

Included ICD-10 codes and labels

C Malignant neoplasms

D00 Carcinoma in situ of oral cavity, oesophagus and stomach

D01 Carcinoma in situ of other and unspecified digestive organs
D02 Carcinoma in situ of middle ear and respiratory system
D03 Melanoma in situ

D04 Carcinoma in situ of skin

D05 Carcinoma in situ of breast

D06 Carcinoma in situ of cervix uteri

D07 Carcinoma in situ of other and unspecified genital organs

D09 Carcinoma in situ of other and unspecified sites

D320 | Benign neoplasm: Cerebral meninges

D321 | Benign neoplasm: Spinal meninges

D329 | Benign neoplasm: Meninges, unspecified

D330 | Benign neoplasm: Brain, supratentorial

D331 | Benign neoplasm: Brain, infratentorial

D332 | Benign neoplasm: Brain, unspecified

D333 | Benign neoplasm: Cranial nerves

D334 | Benign neoplasm: Spinal cord
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Q85 Phakomatoses, not elsewhere classified

Excluded ICD-10 codes and labels

C81 Hodgkin lymphoma

C82 Follicular lymphoma

C83 Non-follicular lymphoma

c84 Mature T/NK-cell lymphomas

C85 Other and unspecified types of non-Hodgkin lymphoma

C86 Other specified types of T/NK-cell lymphoma

Cc88 Malignant immunoproliferative diseases

C90 Multiple myeloma and malignant plasma cell neoplasms

Cca1 Lymphoid leukaemia

C92 Myeloid leukaemia

C93 Monocytic leukaemia

C94 Other leukaemias of specified cell type

C95 Leukaemia of unspecified cell type

C96 Other and unspecified malignant neoplasms of lymphoid, haematopoietic and related tissue

THYROID DISEASES

Included ICD-10 codes and labels

EOO Congenital iodine-deficiency syndrome

EO1 lodine-deficiency-related thyroid disorders and allied conditions

E02 Subclinical iodine-deficiency hypothyroidism

EO3 Other hypothyroidism

EO5 Thyrotoxicosis [hyperthyroidism]

E062 | Chronic thyroiditis with transient thyrotoxicosis

E063 | Autoimmune thyroiditis

E065 | Other chronic thyroiditis

EO7 Other disorders of thyroid

E350 | Disorders of thyroid gland in diseases classified elsewhere

E890 | Postprocedural hypothyroidism

Excluded ICD-10 codes and labels

E035 | Myxoedema coma

VENOUS AND LYMPHATIC DISEASES

Included ICD-10 codes and labels

1780 Hereditary haemorrhagic telangiectasia

183 Varicose veins of lower extremities
187 Other disorders of veins
189 Other noninfective disorders of lymphatic vessels and lymph nodes

1972 Postmastectomy lymphoedema syndrome

Q820 | Hereditary lymphoedema

Quan tots els subcodis dins d'un codi CIM-10 donat van ser classificats com a cronics, es va incloure el nivell
d'agregacidé més alt possible de la jerarquia a la llista (per exemple, codi de tres digits per a I'asma (J45).
Abreviatures: COPD: Chronic obstructive Pulmonary Disease, ICD-10: nternational Classification of Diseases 10th

Revision
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A2. Parametres clinics i relacionats amb farmacs addicionals utilitzats en SNAC-K per a
condicions croniques especifiques (Calderon-Larrafiaga A, et al. ] Gerontol A Biol Sci Med Sci
2017;72:1417-23).

Condition Clinical and drug-related parameters

Anemia Hemoglobin <13 g/dl in men and <12 g/dl in women*
Use of iron preparations (BO3A) or other antianemic
preparations (BO3XA)

Asthma Use of leukotriene receptor antagonists (RO3DC) or

antiallergic agents, excl. corticosteroids (RO3BC)

Atrial fibrillation

Discrete P wave undetectable and irregular ventricular rate
(12-lead electrocardiogram)

Autoimmune diseases

Use of antipsoriatics (D05)

Bradycardias and
conduction diseases

Presence of a cardiac pacemaker (12-lead electrocardiogram)

Chronic infectious
diseases

Use of drugs for treatment of tuberculosis excluding
cycloserine, rifampicine, rifamicyne and hydrazides (JO4A
excl. JO4ABO1, J04AB02, JO4AB03 and JO4AC)

Chronic kidney
diseases

Glomerular filtration rate <60 ml/min/1.73m2 (assessed using
the CKD-EPI equation)?

Chronic pancreas,
biliary tract and
gallbladder diseases

Use of multienzymes (lipase, protease etc.) (AOSAAQ2)

Colitis and related
diseases

Use of drugs for constipation (AO6A)

COPD, Emphysema,
Chronic Bronchitis

Use of anticholinergics (RO3BB)

Dementia Diagnostic and Statistical Manual of Mental Disorders, Third
Edition, Revised® (assessed by two different physicians, and a
third one in case of disagreement)

Use of anticholinesterases (NO6DA) or memantine (NO6DX01)

Diabetes Glycated hemoglobin (A1C) 26.5%"

Use of antidiabetics (A10)

Esophagus, stomach
and duodenum
diseases

Use of other drugs for peptic ulcer and gastro-oesophageal
reflux disease (A02BX)

Glaucoma

Use of beta blocking agents (SO1ED)

Hearing impairment

Unable to hear the interviewer’s voice at a normal volume
(assessed by a nurse)

Hypercholesterolemia

Serum total cholesterol 26.22 mmol/L>

Hypertension

Blood pressure >140/90 mmHg®
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Inflammatory
arthropathies

Use of gold preparations (M0O1CB)

Inflammatory bowel
diseases

Use of intestinal antiinflammatory agents (AO7E)

Ischemic heart
disease

Use of organic nitrates (CO1DA) or ranolazine (CO1EB18)

Migraine and facial
pain syndromes

Use of antimigraine preparations (N02C)

Obesity

Body Mass Index >30 kg/m?

Osteoporosis

Use of bisphosphonates (M0O5BA), bisphosphonate
combinations (M05BB), strontium ranelate (M0O5BX03) or
strontium ranelate and colecalciferol (M0O5BX53)

Other psychiatric and
behavioral diseases

Use of drugs for alcohol dependence (NO7BB)

Parkinson and
parkinsonism

Use of dopa and dopa derivatives (NO4BA), dopamine
agonists (NO4BC), or other dopaminergic agents (NO4BX)

Peripheral vascular
disease

Use of cilostazol (BO1AC23)

Prostate diseases

Use of drugs for benign prostatic hypertrophy excluding
testosterone-5-alpha reductase inhibitors (GO4C excl. GO4CB)

Thyroid diseases

Use of thyroid hormones (HO3AA) or antithyroid preparations
(HO3B)

Visual impairment

Unable to see the physician at a close distance with or
without aid (assessed by a nurse)

Els codis ATC corresponents a cada medicament es mostren entre parentesis. Només es van tenir en compte els

medicaments que podien ser vinculats de manera inequivoca a les condicions croniques i es van excloure els
medicaments amb més d'una indicacid. La seleccid dels codis ATC es va basar en una revisié de la literatura i en el

criteri clinic dels metges.

Els criteris presentats en aquesta taula es van utilitzar a més dels diagnostics assignats a SNAC-K. Per exemple, I'Us

d'agents dopaminérgics es va considerar com a indicatiu de la preséncia del sindrome de Parkinson, fins i tot en

absencia d'altra informacid diagnostica

PATRONS DE MULTIMORBIDITAT | POLIMEDICACIO EN PERSONES D’EDAT AVANCADA A CATALUNYA
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A3. Prevalenga dels 30 farmacs més prescrits i facturats durant el periode de sequiment en persones majors de 65 anys a Catalunya

50
~8-A02BC Proton pump inhibitors

=>~=C10AA HMG CoA reductase inhibitors

45 ~8—-NO02BE Anilides

——BO01AC Platelet aggregation inhibitors excl. heparin
—4—NO05BA Benzodiazepine derivatives

2 =4—C09AA ACE inhibitors, plain

—4—A10BA Biguanides
=#=C08CA Dihydropyridine derivatives

35 ==N06AB Selective serotonin reuptake inhibitors

——CO07AB Beta blocking agents, selective
~#-C03CA Sulfonamides, plain

30 ~4=—COICA Angiotensin Il antagonists, plain

o— =>=A12AX Calcium, combinations with vitamin D and/or other drugs

=#=C03AA Thiazides, plain

25 —0—-CO9DA Angiotensin Il antagonists and diuretics
——MO1AE Propionic acid derivatives

v ~——CO09BA ACE inhibitors and diuretics

20 >— GO4CA Alpha-adrenoreceptor antagonists
—4—B01AA Vitamin K antagonists

~#-MO5BA Bisphosphonates

15 =#—=R03BB Anticholinergics

— =>=N05CD Benzodiazepine derivatives

~#=A10BB Sulfonylureas

10 —

~T=HO3AA Thyroid hormones

~+=R0O3AK Adrenergics in combination with corticosteroids or other drugs, excl. anticholinergics

; — e —NORAX Other opioids

m— ——— — — — MO4AA Preparations inhibiting uric acid production

~4=NO6AX Other antidepressants

7~R0O3AC Selective beta-2-adrenoreceptor agonists

SO1ED Beta blocking agents
2012 2013 2014 2015 2016
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A4. Patrons de multimorbiditat amb Hidden Markov Models a l'inici (any 2012) i al darrer any (2016) de I'estudi i farmacs associats a cada patré

CLUSTER 1 - NON-SPECIFIC PATTERN
Nyos, =384787 (42.0% , 52.5% female) Nyy =258700 (34.8%, 53.3% female)

Mean # packages O/E ratio Exclusivity Prevalence OJE ratio Exclusivity
ATCS Drugs Disease

2012 2016 2012 2016 2012 2016 2012 2016 2012 2016 2012 2016
GO4CA | Alpha-adrenoreceptor antagonists 0,75 0,95 0,95 0,95 39,78 33,08 Prostate diseases 16,28 20,17 0,97 1,00 40,77 34,89
Go4cB Testosterone-5-alpha reductaseinhibitors 0,20 0,27 0,92 0,94 38,75 32,66 Hypertension 60,31 66,72 0,85 0,87 35,65 30,34
GOACX Other drugs used in benign prostatic hypertrophy. 0,13 0,12 0,92 0,97 38,51 33,69 Solid 12,60 15,78 0,84 0,83 35,37 28,97
MO1AX Other antii natory and anti ic agents, non-steroids 0,25 0,08 0,91 1,03 38,09 35,92 ipi i 41,72 47,00 0,82 0,85 34,41 29,43
NO6DX Other anti-dementia drugs 0,13 0,05 0,86 0,82 36,23 28,36 Dementia 5,01 5,37 0,78 0,71 32,54 24,85
C03BA ides, plain 0,16 0,15 0,85 0,91 35,55 31,80 Osteoporosis 12,34 12,51 0,75 0,74 31,28 25,84
C09BA ACE inhibitors and diuretics 0,74 0,97 0,83 0,91 34,72 31,53 Osteoarthritis and other degenerative joint diseases 23,72 30,07 0,72 0,75 30,34 25,96
NO6DA |Anticholinesterases 0,16 0,17 0,83 0,75 34,68 26,20 Other musculoskeletal and joint diseases 9,31 13,03 0,68 0,71 28,70 24,58
NOSAX Other anti i 0,08 0,09 0,82 0,72 34,59 24,88 Vi d lymphatic diseases 9,46 12,85 0,68 0,71 28,65 24,79
MO1AE Propionic acid derivati 0,68 0,46 0,82 0,91 34,53 31,81 Deafness, hearing impairment 6,59 10,72 0,67 0,71 28,11 24,59
CO3EA Low-ceiling diuretics and potassium-sparing agents 0,07 0,06 0,82 0,85 34,23 29,67 Other psychiatric and behavioral diseases 3,34 5,00 0,65 0,60 27,41 20,82
C03AA Thiazides, plain 0,94 1,07 0,81 0,88 34,06 30,55 i 8,83 13,21 0,65 0,68 27,26 23,65
A12AA Calcium 0,09 0,06 0,79 0,75 32,97 26,06 Cerebrovascular disease 5,57 5,28 0,64 0,61 26,70 21,37
C09AA ACE inhibitors, plain 1,54 1,87 0,78 0,83 32,69 28,81 Obesity 18,15 22,44 0,63 0,68 26,57 23,51
C09DB i in il i deal hannel blockers 0,11 0,08 0,77 0,80 32,42 28,00 COPD, chronic iti 7,37 8,28 0,62 0,61 25,88 21,09
MO1AB | Acetic acid derivatives and related substances 0,27 0,08 0,77 0,82 32,21 28,49 Cataract and other lens diseases 10,31 17,14 0,60 0,68 25,34 23,49
MOSBA Bisphosphonates 0,47 0,24 0,76 0,74 32,08 25,70 Colitisand related diseases 8,32 9,19 0,58 0,57 24,35 19,70
C09DA i in Il i d diuretics 0,73 0,85 0,76 0,79 31,98 27,52 Other genitourinary diseases 5,37 7,81 0,58 0,61 24,17 21,10
C10AA HMG CoA inhibi 2,99 3,19 0,75 0,76 31,68 26,53 Sleep disorders 5,55 11,73 0,57 0,64 24,06 22,15
A12AX Calcium, combinations with vitamin D and/or other drugs 0,53 0,51 0,75 0,77 31,64 26,87 Esophagus, stomach and duodenum diseases 4,92 8,81 0,56 0,61 23,67 21,22
MO1AH  |Coxibs 0,09 0,03 0,73 0,83 30,83 28,77 Ear, nose, throat diseases 2,33 3,80 0,55 0,59 23,17 20,51
NO7CA ivertif i 0,23 0,26 0,72 0,71 30,43 24,66 Thyroid diseases 5,31 7,46 0,55 0,58 23,10 20,20
JO1CR Combinations of penicillins, incl. beta-lactamase inhibitors 0,14 0,11 0,72 0,68 30,10 23,52 Ischemic heart disease 5,67 5,85 0,54 0,54 22,85 18,73
CO9CA i in 11 ists, plain 0,87 0,95 0,71 0,70 29,90 24,33 Diabetes 13,60 14,46 0,54 0,54 22,71 18,63
DO1AE Other anti topical use 0,08 0,10 0,71 0,67 29,61 23,40 Anemia 9,88 12,30 0,54 0,54 22,69 18,69
CO8CA i idine derivatives 0,91 1,16 0,70 0,70 29,53 24,24 Atrial fibrillation 4,62 6,40 0,53 0,56 22,14 19,34
DO7AC Corticosteroids, potent (group Ill) 0,16 0,13 0,69 0,65 28,86 22,69 Chronic kidney diseases 8,56 15,20 0,51 0,57 21,82 19,98
GO3CA Natural and semisynthetic estrogens, plain 0,09 0,00 0,68 0,81 28,53 28,15 Allergy 2,11 4,22 0,48 0,54 20,09 18,81
CO1EB Other cardiac 0,18 0,07 0,68 0,55 28,49 19,10 igrai facial pain syndromes 1,35 1,58 0,47 0,46 19,92 16,04
JO1IMA i 0,13 0,14 0,67 0,63 28,28 21,86 Bradycardias and conduction diseases 1,25 2,32 0,45 0,51 18,85 17,79

CLUSTER 2 - EYE IMPAIRMENT AND MENTAL DISEASES
Nyosy =177087 (19.3%, 73.7% female) Nyoy, = 155088 (20.8%, 73.3% female)

Mean # packages O/E ratio Exclusivity Prevalence O/E ratio Exclusivity
ATCS Drugs Disease

2012 2016 2012 2016 2012 2016 2012 2016 2012 2016 2012 2016
SO1ED Beta blocking agents 1,54 1,61 2,76 2,55 53,32 53,11 18,90 21,83 2,62 234 50,59 48,75
A108D Combinations of oral blood glucose lowering drugs 0,31 0,47 1,89 1,77 36,47 36,97 Other eye diseases 16,64 20,94 2,21 1,98 42,74 41,34
SO1EE Prostaglandin analogues 0,91 1,01 1,87 1,79 36,14 37,25 Neurotic, stress-related and somatoform diseases 28,96 33,27 2,15 1,82 41,56 37,94
A108A i 2,56 2,64 1,74 1,67 33,63 34,82 ion and mood diseases 31,37 33,59 1,93 1,71 37,35 35,54
SO1EC Carbonic anhydrase inhibi 0,22 0,28 1,73 1,77 33,49 36,98 Migraine and facial pain syndromes 4,62 4,85 1,63 1,42 31,47 29,58
A1088 Sulfonylureas 0,83 0,78 1,73 1,75 33,42 36,53 Diabetes 39,92 41,01 1,59 1,52 30,67 31,66
NO6AA Non-selecti i inhibi 0,31 0,27 1,65 1,44 31,82 30,00 Thyroid diseases 14,34 17,30 1,49 1,35 28,72 28,05
A10AD Insulins and analogues for injection, i i long-acting combined with fast 0,21 0,22 1,60 1,58 30,88 33,02 Obesity 42,02 43,46 1,47 1,31 28,31 27,28
HO3AA | Thyroid hormones 0,50 0,41 1,58 1,82 30,54 29,54 Dyslipidemia 67,55 69,31 1,33 1,25 25,64 26,01
A108X Other blood glucose lowering drugs, excl. insulins 0,19 0,29 1,53 1,59 29,65 33,23 Cataract and other lens diseases 22,64 31,51 1,32 1,24 25,59 25,88
NO6AB i i inhibi 1,76 1,83 1,52 1,42 29,45 29,67 Other genitourinary diseases 12,07 14,76 1,29 1,15 25,00 23,89
|A10AC Insulins and analogues for injection, intermediate-acting 0,15 0,13 1,50 1,51 29,05 31,41 Allergy 5,57 8,87 1,26 1,14 24,40 23,69
ALOAE Insulins and analogues for injection, long-acting 0,26 0,38 1,50 1,48 28,91 30,77 Sleep disorders 12,12 21,10 1,25 1,15 24,18 23,87
GO3CA Natural and semisynthetic estrogens, plain 0,21 0,00 1,50 1,24 28,89 25,93 Ear, nose, throat diseases 5,07 6,95 1,20 1,08 23,15 22,46
C1048 Fibrates 0,25 0,23 1,48 1,41 28,55 29,45 Hypertension 82,04 84,80 1,16 1,11 22,32 23,11
NOGAX Other antidepressants 0,74 0,95 1,45 1,33 28,08 27,75 stomach and diseases 10,05 15,60 1,15 1,08 22,23 22,51
NOSBA Benzodiazepine derivatives 3,19 3,10 1,45 1,37 28,07 28,56 Osteoarthritis and other degenerative joint diseases 36,63 42,40 1,12 1,05 21,57 21,94
C09BA ACE inhibitors and diuretics 1,24 1,42 1,38 1,32 26,72 27,44 Chronic kidney diseases 18,61 28,32 1,11 1,07 21,44 22,30
C03BA ides, plain 0,26 0,22 1,37 1,33 26,53 27,65 Deafness, hearing impairment 10,81 16,03 1,10 1,06 21,21 22,01
[T Thiazides, plain 1,58 1,59 1,37 1,30 26,45 27,12 Venous and lymphatic diseases 14,81 18,10 1,07 1,00 20,66 20,93
COIDA___|Angiotensin Il antagonists and diuretics 1,29 1,41 1,35 1,31 26,04 27,38 Osteoporosis 16,80 15,67 1,01 0,93 19,60 19,38
NOSCF iazepi drugs 0,27 0,17 1,34 1,31 25,92 27,40 Colitis and related diseases 14,43 15,93 1,01 0,98 19,44 20,46
NOSCD iazepine derivatives 1,00 1,11 1,32 1,26 25,42 26,32 Other and joint diseases 12,66 15,64 0,93 0,85 17,97 17,68
CO3EA Low-ceiling diuretics and potassium-sparing agents 0,11 0,09 1,31 1,30 25,29 27,00 Solid neoplasms 13,84 17,45 0,93 0,92 17,88 19,20
C10AA HMG CoA reductase nhibitors 5,11 5,06 1,29 1,21 24,94 25,17 Anemia 16,05 21,05 0,88 0,92 16,96 19,17
C10AX Other lipid modifyi ts 0,18 0,12 1,25 1,11 24,14 23,23 i 10,83 15,06 0,80 0,78 15,39 16,16
MO1AH | Coxibs 0,15 0,05 1,25 1,12 24,12 23,36 Other psychiatric and behavioral diseases 4,00 7,24 0,78 0,87 15,10 18,06
MO1AE __|Propionic acid derivati 1,01 0,58 1,22 1,14 23,48 23,74 Peripheral 4,11 5,68 0,77 0,71 14,81 14,90

NO7CA __|Antivertigo preparations 0,39 0,44 1,21 1,21 23,29 25,12 Cerebrovascular disease 6,19 6,65 0,71 0,77 13,65 16,13
0908 iotensin II istsand cal hannel blockers 0,18 0,12 1,20 1,14 23,19 23,84 Ischemic heart disease 7,08 7,72 0,68 0,71 13,13 14,80




A4. Patrons de multimorbiditat amb Hidden Markov Models a I'inici (any 2012) i al darrer any (2016) de I'estudi i farmacs associats a cada patré (cont.)
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CLUSTER 3 - MINORITY METABOLIC AUTOIMMUNE-INFLAMATORY PATTERN

Nyos2 =72190 (7.9%, 43.5% female) Ny =73237 (9.8%, 43.0% female)
Mean # packages O/E ratio Exclusivity Prevalence OJE ratio Exclusivity
ATCS Drugs Disease

2012 2016 2012 2016 2012 2016 2012 2016 2012 2016 2012 2016
H02AB Glucocorticoids 0,98 0,98 4,12 3,30 32,47 32,52 Other metabolic diseases 15,58 16,58 7,52 5,70 59,21 56,11
MO4AA Preparationsinhibiting uric acid production 1,23 1,37 3,45 332 27,15 32,71 Inflammatory arthropathies 49,21 53,01 7,22 541 56,88 53,25
A11CC Vitamin D and analogues 0,27 0,50 2,45 177 19,32 17,46 | Autoimmune diseases 30,75 31,23 7,16 5,46 56,41 53,76
MO1AB _|Acetic acid derivati d related 0,60 0,17 1,71 1,83 13,49 18,03 Chronic kidney diseases 28,99 39,36 1,73 1,49 13,61 14,64
BO3AB Iron trivalent, oral preparations 0,15 0,17 1,58 1,30 12,45 12,84 Anemia 28,09 31,09 1,54 1,36 12,10 13,37
DO7AC Cortit ids, potent (group 111} 0,36 0,28 1,57 1,41 12,37 13,86 Prostate diseases 25,02 29,87 1,49 1,49 11,76 14,63
C02CA |Alpha-adrenoreceptor antagonists 0,53 0,46 1,52 1,55 12,00 15,27 Solid neoplasms 21,69 25,94 1,45 1,37 11,43 13,48
MOSBA i 0,90 0,50 1,46 1,58 11,48 15,53 O i 22,38 21,08 1,35 1,25 10,64 12,32
G04cA Alph: 1,14 1,46 1,44 1,46 11,33 14,37 Esophagus, stomach and di 11,58 17,16 1,33 1,19 10,44 11,70
A12AX Calcium, combinations with vitamin D and/or other drugs 0,98 0,84 1,41 1,29 11,08 12,66  Thyroid diseases 12,20 14,55 1,26 1,13 9,96 11,15
G0o4cB Testosterone-5-alpha reductase inhibitors 0,30 0,41 1,40 1,44 11,01 14,14 Peripheral vascular disease 3,85 4,89 1,15 1,11 9,05 10,94
GO4CX Other drugs used in benign prostatic 0,20 0,18 1,40 1,41 11,00 13,92 Other and joint diseases 15,52 19,61 1,14 1,06 8,98 10,47
|BO3AA Iron bivalent, oral preparations 0,41 0,40 1,36 1,19 10,71 11,71 Osteoarthritis and other degenerative joint diseases 37,27 43,00 1,14 1,07 8,94 10,51
BO3BA Vitamin B12 (cyanocobalamin and analogues) 0,13 0,17 1,35 1,20 10,63 11,85 COPD, emphysema, chronic bronchitis 13,45 15,11 1,13 1,11 8,86 10,89
A12AA Calcium 0,15 0,12 1,35 1,39 10,61 13,64 Dorsopathies 15,09 19,71 1,11 1,02 8,74 9,99
MO1AH Coxibs 0,17 0,05 1,34 1,30 10,55 12,84 Hypertension 76,65 80,43 1,08 1,05 8,50 10,35
HO3AA  [Thyroid hormones 0,40 0,34 1,29 1,17 10,15 11,48 Colitisand related diseases 15,06 16,63 1,05 1,03 8,26 10,09
C10AB Fibrates 0,21 0,19 1,28 1,16 10,07 11,39 ipidemi 50,80 53,57 1,00 0,96 7,86 9,50
NO2AB Phenylpiperidine derivatives 0,24 0,39 1,27 1,11 10,04 10,90 Cataract and other lens diseases 17,00 23,81 0,99 0,94 7,84 9,24
NO2AX Other opioids 0,86 1,14 1,25 1,08 9,88 10,62 | Allergy 4,33 7,14 0,98 0,92 7,75 9,01
DO1AE Other antifungals for topical use 0,14 0,17 1,24 1,12 9,77 11,04 Venous and lymphatic diseases 13,48 16,27 0,97 0,90 7,66 8,88
CO8CA Dihydropyridine derivatives 1,57 2,03 1,21 1,21 9,54 11,96 Obesity 27,87 31,12 0,97 0,94 7,65 9,23
CO9DB | Angiotensin Il antagonists and calcium channel blockers 0,17 0,12 1,19 1,15 9,34 11,36 Deafness, hearing i 9,48 14,32 0,96 0,94 7,58 9,29
CO9BA ACEinhibitors and diuretics 1,05 1,15 1,17 1,07 9,24 10,56 Sleep disorders 9,23 16,73 0,95 0,91 7,51 8,95
| A02BC Proton pump inhibitors 5,68 5,42 1,16 1,09 9,12 10,77 Other psychiatric and behavioral diseases 4,70 7,21 0,92 0,86 7,24 8,49
NO2BB Pyrazolones 0,45 0,79 1,15 1,04 9,04 10,20 Ear, nose, throat diseases 3,72 5,39 0,88 0,84 6,93 8,23
C04AD 0,14 0,10 1,12 1,11 8,81 10,90 Peripheral neuropathy 2,47 6,33 0,83 0,80 6,56 7,84
MO1AE | Propionic acid 0,92 0,55 1,12 1,09 8,80 10,70 Other genitourinary diseases 7,76 10,26 0,83 0,80 6,55 7,85
co3cA |Angiotensin Il antagonists, plain 1,36 1,48 1,11 1,09 8,76 10,69 Bradycardias and conduction diseases 2,27 4,28 0,82 0,94 6,42 9,28
CO9DA |Angiotensin Il antagonists and diuretics 1,07 1,11 1,11 1,04 8,75 10,20 Ischemic heart disease 8,25 9,09 0,79 0,84 6,24 8,23

CLUSTER 4 - CARDIO-CIRCULATORY AND RENAL PATTERN
Nyosz 60192 (6.6%, 70.8% female) Nyoyq =46244 (6.2%, 70.9% female)
Mean # packages O/E ratio Exclusivity Prevalence O/E ratio Exclusivity
ATCS Drugs Disease

2012 2016 2012 2016 2012 2016 2012 2016 2012 2016 2012 2016
co1AA 0,82 0,70 6,84 6,61 44,89 41,07 Cardiac valve diseases 43,18 53,79 7,60 6,88 49,89 42,77
BO1AA Vitamin K 3,43 4,06 524 39,20 32,57 Heart failure 57,79 65,65 7,15 6,55 46,95 40,73
CO3DA nists 0,85 1,00 547 36,14 33,98 | Atrial fibrillation 54,10 62,24 6,18 5,41 40,58 33,63
C01BD |Antiarrhythmics, class Il 0,45 0,43 4,42 33,28 27,48 Bradycardiasand conduction diseases 14,76 19,46 531 4,29 34,88 26,65
CO3CA plain 6,01 7,25 4,57 31,82 28,43 Ischemic heart disease 34,68 32,84 3,33 3,02 21,87 18,78
C07AG Alpha and beta blocking agents 1,35 1,34 4,09 29,73 25,40 Chronic kidney diseases 41,91 54,27 2,50 2,05 16,41 12,75
A12BA Potassium 0,50 0,31 4,10 29,49 25,47 C disease 20,44 18,17 2,33 2,11 15,33 13,15
CO1DA Organic nitrates 2,16 1,90 3,75 26,57 23,33 Anemia 41,91 44,98 2,29 1,97 15,05 12,22
BO3AA Iron bivalent, oral 0,91 0,87 2,62 19,75 16,27 Other eye diseases 15,43 18,07 2,05 1,71 13,48 10,65
cosDB Benzothiazepine derivatives 0,65 0,56 2,72 19,56 16,92 Thyroid diseases 17,42 21,27 1,81 1,66 11,85 10,29
CO7AB selective 2,65 4,16 2,87 2,91 18,84 18,08 Diabetes 42,27 39,96 1,68 1,48 11,04 9,20

injection, i long-acting combined with fast- .

[A10AD acting 0,36 0,30 2,71 2,23 17,79 13,83 Dementia 10,65 10,86 1,65 1,44 10,82 8,98
|B03AB Iron trivalent, oral preparations 0,26 0,31 2,67 2,37 17,51 14,74 Chronic pancreas, biliary tract and gallbladder diseases 471 6,07 1,58 1,38 10,38 8,59
A10AC injection, i i ting 0,27 0,18 2,64 2,14 17,36 13,31 Peripheral vascular disease 523 5,94 1,56 1,35 10,27 8,40
A10AE analogues for injection, long-acting 0,47 0,57 2,64 2,21 17,33 13,75 Glaucoma 11,06 12,64 1,53 1,35 10,07 8,42
A108X Other blood glucose lowering drugs, excl. insulins 0,30 0,35 2,41 1,91 15,84 11,89 Cataract and other lens diseases 25,89 31,73 1,52 1,25 9,95 7,77
NO2AB Phenylpip ivati 0,39 0,67 2,03 1,88 13,31 11,71 Venous and lymphatic diseases 20,92 25,15 1,51 1,40 9,92 8,67
BO3BA Vitamin B12 (cyanocobalamin and analogues) 0,19 0,23 1,96 1,69 12,87 10,49 COPD, emphysema, chronic bronchitis 17,49 18,49 1,46 1,35 9,60 8,42
SO1EC Carbonic anhydrase inhibitors 0,25 0,30 1,96 1,89 12,84 11,75 Obesity 39,95 43,22 1,39 1,30 9,15 8,09
[cosca inll ists, plain 2,36 2,45 1,94 1,80 12,71 11,18 Colitis and related diseases 19,14 18,33 1,33 1,13 8,76 7,02
MO4AA  |Preparationsinhibiting uric acid production 0,67 0,80 1,89 1,93 12,38 11,99 Osteoarthritis and other degenerative joint diseases 42,23 48,16 1,29 1,20 8,45 7,43
[ AO2BA H2-receptor antagonists 0,43 0,36 1,82 1,51 11,95 9,37 Other digestive diseases 3,00 3,81 1,25 1,19 8,20 7,39
C02CA |Alpha-adrenoreceptor antagonists 0,62 0,46 1,78 1,55 11,67 9,64 Hypertension 88,24 89,02 1,24 1,16 8,16 7,24
RO3BB icholinergi 1,02 1,16 1,77 1,65 11,60 10,28 Sleep disorders 11,85 21,54 1,22 1,17 8,04 7,27
CO1EB Other cardiac preparations 0,46 0,26 1,75 2,08 11,50 12,91 Osteoporosis 19,96 20,09 1,20 1,19 7,91 7,42
NO2BE |Anilides 5,10 6,21 1,70 1,58 11,15 9,83 Other metabolic diseases 2,41 3,25 1,16 1,12 7,62 6,94
CO9DB | Angiotensin Il antagonists and calcium channel blockers 0,25 0,14 1,69 1,40 11,12 8,73 Deafness, hearing impairment 11,40 15,95 1,16 1,05 7,60 6,54
|A11CC Vitamin D and analogues 0,18 0,41 1,68 1,45 11,05 8,98 Other genil y diseases 10,56 12,92 1,13 1,00 7,44 6,24
HO3AA | Thyroid hormones 0,52 0,47 1,67 1,61 10,98 10,02 Peripheral neuropathy 6,06 7,50 1,13 0,94 743 5,87
C10AX Other lipid ifying agents 0,24 0,18 1,64 1,68 10,76 10,46 7,67 10,96 1,13 1,12 7,39 6,95
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CLUSTER 5 - CARDIO-CIRCULATORY MENTAL, RESPIRATORY AND GENITOURINARY PATTERN
Nyoss 554324 (5.9%, 6.7% female) Nyoss =45463 (6.1%, 6.4% female)

Mean # packages OJE ratio Exclusivity Prevalence OJE ratio Exclusivity
ATCS Drugs Disease
2012 2016 2012 2016 2012 2016 2012 2016 2012 2016 2012 2016
C04AD i ivati 0,70 0,51 5,50 5,67 32,58 34,66 Peripheral vascular disease 29,36 32,92 8,77 7,49 51,99 45,77
RO3BB Anticholinergics 2,22 2,38 3,83 3,39 22,71 20,73 Other psychiatric and behavioral diseases 24,73 29,95 4,84 3,59 28,68 21,92
C01DA |Organic nitrates 1,98 1,87 3,71 3,69 21,96 22,58 copp, chronic bronchitis 44,07 45,11 3,69 3,30 21,84 20,19
GO4CA Alpha-adrenoreceptor antagonists 2,83 3,45 3,57 3,45 21,19 21,11 Ischemic heart disease 36,59 37,91 3,51 3,49 20,83 21,31
Goacs 5-alph: inhibi 0,76 0,98 3,53 3,48 20,91 21,02 Prostate diseases 57,34 64,72 3,42 3,22 20,28 19,68
GOACX Other drugs used in benign prostatic hypertrophy 0,49 0,39 3,37 3,12 19,96 19,09 Bradycardias and conduction diseases 8,35 12,77 3,00 2,81 17,81 17,19
|Ro3AC Selective beta-2-adrenoreceptor agonists 1,41 1,19 2,88 2,74 17,09 16,74 Cerebrovascular disease 21,74 20,20 2,48 2,35 14,72 14,37
RO3AK ics il ination with corti i other drugs, excl. anticholi; icd 1,40 1,35 2,81 2,49 16,65 15,25 Heart failure 17,58 21,86 2,18 2,18 12,89 13,33
A10AC Insulins and analogues for injection, i i ting 0,26 0,21 2,60 2,46 15,41 15,03 Peripheral neuropathy 10,67 14,25 1,99 1,79 11,80 10,96
A10AD Insulins and analogues for injection, it i long-acti ined with fast. 0,34 0,34 2,58 2,46 15,32 15,04 Dementia 12,62 13,86 1,95 1,84 11,58 11,26
C07AG Alpha and by ing agent: 0,76 0,84 2,55 2,56 15,10 15,63 Ear, nose, throat diseases 8,01 11,08 1,89 1,72 11,23 10,50
CO8DB i i ivatives 0,55 0,45 2,51 2,19 14,90 13,40 Deafness, hearingi il 18,58 25,54 1,89 1,68 11,18 10,29
BO1AC Platelet aggregation inhibitors excl. heparin 7,16 6,57 2,49 2,30 14,74 14,07 Atrial fibrillation 15,81 21,28 1,81 1,85 10,70 11,31
A02BA H2-receptor i 0,58 0,46 2,46 1,93 14,56 11,82 Diabetes 44,66 45,51 1,78 1,69 10,53 10,30
AL0AE Insulins and analogues for injection, long-acting 0,43 0,59 2,44 232 14,43 14,18 Other eye diseases 13,24 17,30 1,76 1,64 10,43 10,02
RO3BA icoids 0,40 0,34 2,30 2,15 13,64 13,15 Anemia 31,76 38,20 1,74 1,67 10,30 10,20
C10AX Other lipid modifyi 0,33 0,27 2,26 2,50 13,39 15,28 Sleep disorders 15,17 24,75 1,57 1,34 9,29 8,21
A10BX Other blood glucose lowering drugs, excl. insulins 0,27 0,35 2,15 1,92 12,72 11,72 Solid neoplasms 23,37 28,62 1,56 1,51 9,26 9,24
co18D i ics, class 0,19 0,21 2,12 2,19 12,57 13,38 Cardiac valve di 8,80 12,62 1,55 1,61 9,17 9,86
C02CA Alpha-adrenoreceptor antagonists 0,73 0,57 2,09 1,92 12,40 11,75 Colitis and related diseases 22,11 23,37 1,54 1,44 9,13 8,80
co1ER Other cardiac preparations 0,52 0,42 1,97 3,38 11,65 20,69 Chronic kidney diseases 24,42 37,36 1,46 1,41 8,63 8,63
CO3DA Aldosterone antagonists 0,30 0,39 1,94 2,13 11,48 13,00 Allergy 6,37 10,39 1,45 1,33 8,57 8,14
A10BA i 2,85 2,79 1,93 1,77 11,46 10,81 Cataract and other lens di 23,39 31,26 1,37 1,23 8,11 7,53
A10BB Sulfonylureas 0,92 0,77 1,92 1,72 11,40 10,54 Dorsopathies 17,68 23,47 1,30 1,21 7,71 7,39
B03AA Iron bivalent, oral i 0,57 0,63 1,90 1,90 11,28 11,64 Other digestive diseases 3,11 4,71 1,29 1,47 7,67 9,00
BO1AA Vitamin K antagonists 1,09 1,44 1,89 1,85 11,20 11,33 Inflammatory arthropathies 8,10 11,09 119 1,13 7,05 6,92
101MA i 0,37 0,41 1,88 1,85 11,13 11,30 Other and joint diseases 16,02 20,37 1,18 1,11 6,97 6,75
A10BD __[Combi foral blood ingdrugs 0,31 0,50 1,87 1,86 11,11 11,34 stomach and diseases 9,80 14,50 1,12 1,00 6,65 6,13
CO7AB Beta ts, selective 1,72 2,56 1,86 1,79 11,03 10,94 D 56,97 60,10 1,12 1,08 6,63 6,61
J01CR Combi f penicillins, incl. by inhibif 0,35 0,28 1,83 1,77 10,87 10,83 H i 77,95 81,07 1,10 1,06 6,51 6,48
CLUSTER 6 - NERVOUS, DIGESTIVE AND CIRCULATORY PATTERN
Nyoi =42822 (8.6%, 55.6% female) Nyoys =41120 (5.5%, 55.0% female)
Mean # packages OJE ratio Exclusivity Prevalence OJE ratio Exclusivity
ATCS Drugs Disease

2012 2016 2012 2016 2012 2016 2012 2016 2012 2016 2012 2016
Dopa and d ivati 2,72 2,75 20,24 93,67 90,24 Parkinson and parkinsoni 45,67 44,73 20,09 16,03 92,99 88,60
Beta blocking agents, non-selective 0,69 0,69 5,89 27,25 31,06 Other neurological diseases 48,97 56,71 15,73 11,92 72,79 65,91
iazepi ivati 0,40 0,40 4,67 21,62 24,48 Other digestive diseases 10,77 11,01 4,48 3,44 20,74 19,01
Diazepines, oxazepines, thiazepines and oxepines 0,72 1,11 4,65 21,54 19,80 Dementia 25,71 23,39 3,98 311 18,42 17,20
icholi 0,69 0,57 3,60 16,67 14,43 Cerebrovascular disease 23,56 19,77 2,69 2,30 12,45 12,72
NOSAX Other antipsychotics 0,33 0,32 3,42 15,84 14,64 Colitis and related diseases 27,16 23,70 1,89 1,46 8,76 8,08
A03FA Propulsives 0,93 0,63 3,13 14,47 14,84 Depression and mood diseases 26,00 28,55 1,60 1,45 7,42 8,01
NO3AX Other antiepileptics 1,08 131 2,64 12,22 12,92 Anemia 27,37 30,54 1,50 1,33 6,93 7,38
NOGAX __|Other anti 1,25 1,53 2,45 11,36 11,80 12,85 22,72 1,33 1,23 6,14 6,82
'aBD Drugs for urinary frequency and incontinence 0,52 0,54 2,05 9,51 9,55 21,80 25,37 1,30 1,26 6,02 6,98
NO6DX | Other anti-dementia drugs 0,31 0,14 2,05 9,47 13,13 di 16,41 19,68 1,22 1,08 5,64 5,95
DO1AC Imidazole and triazole derivatives 0,46 0,24 2,02 9,37 8,76 19,22 27,80 1,15 1,05 5,30 5,81
BO3BA Vitamin B12 (cyanocobalamin and analogues) 0,19 0,23 1,98 9,16 9,11 Bradycardias and conduction diseases 3,14 471 1,13 1,04 522 574
NOGAB __[Selective serotonin reuptakeinhibitors 2,21 2,09 1,92 8,87 8,97 Atrial fibrillation 9,75 11,72 1,11 1,02 5,16 5,63
NO2AB iperidi i 0,35 0,54 1,83 8,49 8,40 Cataract and other lens di 18,76 25,25 1,10 0,99 5,08 5,50
BO3AB Iron trivalent, oral preparations 0,16 0,21 1,67 7,74 871 Deafness, hearing impairment 10,76 15,27 1,09 1,01 5,06 5,56
NOGAA | Non-selecti i i 0,31 0,29 1,66 7,67 8,55 o: itis and other ivejoint diseases 35,77 40,90 1,09 1,02 5,04 5,61
BO3AA Iron bivalent, oral i 0,49 0,46 1,63 7,52 7,73 Other psychiatric and behavioral diseases 5,56 10,72 1,09 1,28 5,03 7,09
101MA i 0,32 0,34 1,60 7,40 8,40 Diabetes 27,09 28,34 1,08 1,05 4,99 5,80
A12BA Potassium 0,17 0,11 1,56 7,22 7,77 Dorsopathies 14,64 19,50 1,08 1,00 4,99 5,55
A02BA H2-receptor i 0,36 0,32 1,53 7,10 7,53 Heart failure 8,67 9,94 1,07 0,99 4,96 5,48
GO4CB S-alph: inhil 0,33 0,42 1,53 7,07 8,05 Ischemic heart disease 10,93 10,56 1,05 0,97 4,86 537
BO1AC Platelet aggregation inhibitors excl. heparin 4,36 4,03 1,51 7,00 7,80 Solid neoplasms 15,61 19,06 1,04 1,01 4,83 5,56
JO1CR Combinations of penicillins, incl. bet: i 0,29 0,24 1,50 6,96 8,22 COPD, chronic bronchitis 12,48 13,96 1,04 1,02 4,83 5,65
NO2BE Anilides 4,31 5,24 1,44 6,65 7,37 Other genitourinary 9,69 12,79 1,04 0,99 4,81 5,49
NOSCD Benzodiax i 1,06 1,05 1,40 6,50 6,63 O i 17,19 16,68 1,04 0,99 4,80 5,48
N02BB Pyrazolones 0,55 0,98 1,39 6,45 7,12 Hypertension 71,54 75,53 1,01 0,99 4,66 5,46
NO7CA iverti i 0,45 0,42 1,39 6,43 6,42 Glaucoma 7,20 9,12 1,00 0,98 4,62 5,40
NOSBA iazepi ivati 3,05 2,71 1,39 6,43 6,62 Other eye diseases 7,37 9,74 0,98 0,92 4,54 5,10
GO4CA Iph: i 1,09 1,36 1,37 6,34 7,53 stomach and diseases 8,28 13,33 0,95 0,92 4,39 5,10




A4. Patrons de multimorbiditat amb Hidden Markov Models a l'inici (any 2012) i al darrer any (2016) de I'estudi i farmacs associats a cada patré (cont.)

CLUSTER 7 - RESPIRATORY
Nyos =41644 (4.5%, 74.8% female) N,

AND EAR PATTERN
15 =38961 (5.2%, 74.0% female)

Mean # packages O/E ratio Exclusivity Prevalence OJE ratio Exclusivity
ATCS Drugs Disease
2012 2016 2012 2016 2012 2016 2012 2016 2012 2016 2012 2016
RO3BA Glucocorticoids 1,19 0,94 6,82 5,92 31,00 31,00 Asthma 87,37 86,44 18,34 15,71 83,33 82,29
RO3AK |Adrenergics in combination with corticosteroids or other drugs, excl. anticholinergic 3,36 3,64 6,76 6,75 30,71 35,38 Allergy 16,48 23,65 3,74 3,03 16,99 15,88
RO3AC Selective beta-2- agonists 2,99 2,42 6,12 5,56 27,81 29,13 COPD, chronic 40,94 43,59 3,42 3,19 15,55 16,72
RO388B |Anticholinergics 2,28 2,56 3,93 3,65 17,86 19,10 Ear, nose, throat diseases 9,14 11,98 2,16 1,86 9,83 9,73
RO1AD Corticosteroids 0,51 0,53 3,89 3,64 17,67 19,09 Osteoporosis 25,83 24,50 1,56 1,45 7,08 7,62
ROGAX Other antihistamines for systemic use 0,76 0,88 3,20 3,00 14,56 15,69 Venous and lymphatic diseases 20,95 25,01 1,51 1,39 6,87 7,27
HO248 Glucocorticoids 0,56 0,60 234 2,03 10,65 10,63 Obesity 42,28 46,25 1,47 1,39 6,70 7,30
101MA Fluorogquinolones 0,36 0,39 1,82 1,75 8,29 9,15 Esophagus, stomach and duodenum diseases 11,80 18,63 1,35 1,29 6,14 6,75
SO1EC Carbonic 0,22 0,24 1,77 1,54 8,03 8,08 Thyroid diseases 12,70 16,07 1,32 1,25 5,98 6,55
cosDB i 0,38 0,42 1,73 2,05 7,87 10,71 Sleep disorders 12,55 22,11 1,30 1,20 5,89 6,29
101CR Combinations of penicillins, incl. beta-lactamaseinhibitors 0,31 0,25 1,64 1,55 7,47 8,11 Osteoarthritis and other degenerative joint diseases 41,86 48,40 1,28 1,20 5,79 6,29
NO2AB Phenylpiperidine derivatives 0,30 0,49 1,56 1,39 7,10 7,27 Depression and mood diseases 20,45 23,82 1,26 1,21 5,73 6,34
MOSBA __|Bisphosphonates 0,96 0,46 1,55 1,45 7,05 7,58 Neurotic, stress-related and somatoform diseases 16,54 21,24 1,23 1,16 5,58 6,09
NO2BB Pyrazolones 0,60 1,07 1,50 1,40 6,83 7,34 Heart failure 9,80 11,98 1,21 1,20 5,51 6,26
NO2AX Other opioids 1,02 1,46 1,50 1,38 6,82 7,25 Other genitourinary diseases 11,03 14,16 1,18 1,10 5,37 5,76
A12AX Calcium, vitamin D and/or other drugs 1,05 0,90 1,50 1,37 6,81 7,17 Cataract and other lens diseases 19,97 27,60 1,17 1,09 531 5,70
G03CA Natural and semisynthetic estrogens, plain 0,21 0,00 1,47 1,27 6,67 6,67 Other musculoskeletal and joint diseases 15,78 20,50 1,16 1,11 5,27 5,83
A12A4 Calcium 0,16 0,10 1,42 1,23 6,43 6,43 i 15,39 21,21 1,13 1,09 5,14 5,72
NO2BE Anilides 4,18 5,08 1,39 1,29 6,33 6,77 Deafness, hearing impairment 11,05 16,13 1,12 1,06 5,10 5,57
HO3AA | Thyroid hormones 0,44 0,38 1,39 1,32 6,31 6,89 Migraine and facial pain syndromes 3,13 3,53 1,10 1,03 5,02 5,41
DO1AC id. d triazole derivatives 0,31 0,20 1,38 1,31 6,25 6,87 Colitis and related diseases 15,84 17,34 1,10 1,07 5,02 5,60
A12BA Potassium 0,15 0,10 1,36 1,30 6,17 6,79 Autoimmune diseases 4,68 6,08 1,09 1,06 4,96 5,57
CO3EA Low-ceiling diuretics and potassium-sparing agents 0,12 0,10 1,35 1,36 6,13 7,15 Dyslipidemia 54,22 57,46 1,07 1,03 4,84 5,42
NO6AB Selective serotonin reuptake inhibitors 1,54 1,67 1,33 1,29 6,05 6,77 Hypertension 75,39 79,59 1,06 1,04 4,82 5,45
C03CA plain 1,64 2,07 1,33 1,30 6,02 6,83 Anemia 18,67 23,26 1,02 1,02 4,64 5,32
DO7AC Corticosteroids, potent (group Ill) 0,30 0,26 1,32 1,30 6,01 6,78 Other eye diseases 7,61 10,14 1,01 0,96 4,60 5,03
MO1AH  |Coxibs 0,16 0,06 1,32 1,44 5,98 7,57 Peripheral neuropathy 5,37 7,40 1,00 0,93 4,55 4,88
DO1AE Other antifungals for topical use 0,15 0,19 1,31 1,27 5,96 6,67 Chronic kidney diseases 16,14 25,10 0,96 0,95 4,37 4,97
A03FA Propulsives 0,39 0,31 1,31 1,29 5,93 6,78 Diabetes 23,66 25,14 0,94 0,93 4,28 4,88
SO1EE Prostaglandin analogues 0,63 0,68 1,29 1,21 5,86 6,34 Glaucoma 6,49 8,33 0,90 0,89 4,08 4,67
CLUSTER 8 - DIGESTIVE PATTERN
Nyoss =35692 (3.9%, 55.8% female) Nyqyq =31744 (4.3%, 56.2% female)
Mean # packages O/E ratio Exclusivity Prevalence O/E ratio Exclusivity
ATCS Drugs Disease

2012 2016 2012 2016 2012 2016 2012 2016 2012 2016 2012 2016
Co7AA Beta blocking agents, non-selective 0,46 0,39 3,90 3,14 15,17 13,39 Chronic liver diseases 58,28 50,84 23,60 21,29 91,91 90,87
CO3DA___|Aldosterone antagonists 0,54 0,48 3,48 2,65 13,54 11,29 Chronic pancreas, biliary tract and gallbladder diseases 33,35 40,84 11,19 9,30 43,57 39,69
BO3AB Iron trivalent, oral preparations 0,18 021 1,84 1,63 7,15 6,94 Other digestive diseases 17,44 19,88 7,26 6,21 28,26 26,50
A10AC Insulins and analogues for injection, i i ting 0,19 0,14 1,83 1,71 7,11 7,29 Esophagus, stomach and diseases 17,79 24,88 2,04 1,72 7,93 7,35
BO3AA Iron bivalent, oral preparations 0,54 0,55 1,80 1,66 7,00 7,08 Other metabolic diseases 3,93 5,12 1,90 1,76 7,38 7,50
A10AD Insulins and analogues for injection, intermediate- or long-acting combined with fast4 0,23 021 1,78 1,56 6,91 6,67 Solid neoplasms 24,46 30,00 1,64 1,58 6,37 6,76
AL0AE Insulins and for injection, long-acting 0,30 0,42 1,73 1,63 6,73 6,95 Other genitourinary diseases 14,06 18,44 1,51 1,43 5,87 6,12
101MA i 0,33 0,34 1,64 1,53 6,40 6,54 Anemia 27,34 33,34 1,50 1,46 5,82 6,22
NO24B Phenylpiperidine derivatives 0,28 0,41 1,48 1,15 5,77 4,90 Other psychiatric and behavioral diseases 7,29 11,05 1,43 1,32 5,55 5,64
NO28B 0,56 0,85 1,41 1,11 5,48 4,72 Peripheral vascular disease 4,31 5,62 1,29 1,28 5,01 5,46
A11CC Vitamin D and analogues 0,15 0,34 1,39 1,22 5,42 5,19 Diabetes 32,33 33,69 1,29 1,25 5,01 5,33
B03BA Vitamin B12 and 0,13 0,18 1,38 1,32 5,37 5,65 Colitis and related diseases 18,31 20,08 1,28 1,24 4,97 5,28
AO3FA Propulsives 0,40 0,29 1,34 1,24 5,23 5,29 COPD, emphysema, chronic bronchitis 14,77 16,08 1,24 1,18 4,81 5,02
A108X Other blood glucose lowering drugs, excl. insulins 0,17 0,22 1,33 1,22 5,16 5,23 Thyroid diseases 11,59 14,82 1,20 1,15 4,68 4,92
HO3AA | Thyroid hormones 0,39 0,34 1,23 1,17 4,80 4,98 Autoimmune diseases 5,04 5,72 1,17 1,00 4,57 4,27
J01CR Combinati incl. beta- hibif 0,23 0,18 1,22 1,15 4,75 4,91 Other eye diseases 8,66 11,95 1,15 1,13 4,48 4,83
|A028C Proton pump inhibitors 5,88 5,79 1,20 1,17 4,67 4,99 Osteoporosis 18,26 18,17 1,10 1,08 4,29 4,61
Co3CA Sulfonamides, plain 1,48 1,76 1,19 1,11 4,64 4,74 Chronic kidney diseases 17,89 27,88 1,07 1,05 4,15 4,50
H024B Glucocorticoids 0,28 0,31 1,19 1,03 4,62 4,41 Venous and lymphatic diseases 14,39 17,80 1,04 0,99 4,04 4,21
A128A Potassium 0,13 0,09 1,18 1,23 4,60 5,24 Peripheral 5,56 7,48 1,04 0,94 4,04 4,02
NOSAX Other antipsychotics 0,11 0,15 1,18 1,19 4,58 5,10 Depression and mood diseases 16,44 18,56 1,01 0,94 3,94 4,02
A108A iguani 1,72 1,75 1,17 1,11 4,55 4,73 Prostate di: 16,65 20,28 0,99 1,01 3,87 4,31
DO7AC Corticosteroids, potent (group Ill) 0,27 0,22 1,17 1,13 4,55 4,82 Hypertension 70,54 75,08 0,99 0,98 3,87 4,19
A1088 Sulfonylureas 0,55 0,49 1,16 1,09 4,52 4,67 Cataract and other lens diseases 16,81 23,82 0,98 0,94 3,83 4,01
C02CA |Alpha-adrenoreceptor antagonists 0,40 0,37 1,15 1,25 4,49 5,34 Atrial fibrillation 8,57 11,24 0,98 0,98 3,81 4,17
RO3BB icholinergi 0,67 0,78 1,15 1,11 4,49 4,73 Heart failure 7,86 9,60 0,97 0,96 3,79 4,09
A12A4 Calcium 0,13 0,09 1,15 1,10 4,49 4,69 Other musculoskeletal and joint diseases 13,23 16,71 0,97 0,91 3,78 3,87
DO1AC Imidazole and triazole derivatives 0,26 0,17 1,14 1,13 4,45 4,82 i 13,18 18,10 0,97 0,93 3,78 3,98
G03CA Natural and semisynthetic estrogens, plain 0,16 0,00 1,13 1,30 4,38 5,56 Sleep disorders 9,22 16,78 0,95 0,91 3,71 3,89
NOSCF iazepi d drugs 0,22 0,14 1,11 1,02 4,32 4,37 igrai facial pain syn 2,70 3,14 0,95 0,92 3,70 3,92

238




A4. Patrons de multimorbiditat amb Hidden Markov Models a l'inici (any 2012) i al darrer any (2016) de I'estudi i farmacs associats a cada patré (cont.)

CLUSTER 9 - NERVOUS, MUSCULOSKELETAL, AND MINOR DISEASES PATTERN

Nyos, =33283 (3.6%, 92.6% female) Nyoyq =36522 (4.9%, 92.3% female)
Mean # packages O/E ratio Exclusivity Prevalence OJE ratio Exclusivity
ATCS Drugs Disease

2012 2016 2012 2016 2012 2016 2012 2016 2012 2016 2012 2016
GO3CA Natural and semisynthetic estrogens, plain 0,43 0,00 3,05 3,92 11,09 19,26 Peripheral neuropathy 44,00 48,08 8,21 6,05 29,81 29,71
MO1AH _ |Coxibs 0,34 0,11 2,78 2,66 10,10 13,06 Dorsopathies 60,18 66,21 4,43 3,41 16,08 16,74
NO2AX Other opioids 1,83 2,56 2,68 2,43 9,74 11,91 Other and joint diseases 57,04 63,04 4,19 3,42 15,22 16,79
MO1AX___|Other antii matory and ic agents, non-steroids 0,69 0,15 2,48 1,92 9,01 9,41 Other y diseases 28,92 33,40 3,10 2,60 11,26 12,74
NO3AX Other antiepileptics 1,01 1,25 2,46 2,23 8,95 10,94 Venous and lymphatic diseases 40,63 45,32 2,93 2,51 10,65 12,34
NO24B iperidi 0,47 0,85 2,44 2,39 8,85 11,76 Migraine and facial pain syndromes 8,03 8,49 2,83 2,49 10,28 12,20
NOGAA Non-selecti 0,45 0,43 237 2,26 8,62 11,11 Other neurological diseases 8,60 12,09 2,76 2,54 10,03 12,48
MOSBA __|Bisphosphonates 1,35 0,59 2,19 1,85 7,95 9,08 Other digestive diseases 5,73 6,10 2,38 1,30 8,66 9,35
MO1AB _ |Acetic acid derivati d related 0,74 0,18 2,12 1,94 7,72 9,50 itis and other joint diseases 73,88 79,76 2,25 1,98 8,17 9,72
MO1AE Propionic acid i 1,75 0,98 2,12 1,94 7,69 9,52 o: 35,44 32,07 2,14 1,90 7,77 9,35
A12AX Calcium, combinations with vitamin D and/or other drugs 1,47 1,20 2,11 1,83 7,66 8,97 Depression and mood diseases 32,61 35,97 2,01 1,83 7,30 8,97
NO3AE Benzodiazepine derivatives 0,18 0,17 2,07 1,87 7,53 9,20 Neurotic, stress-related and somatoform diseases 26,14 31,56 1,94 1,73 7,05 8,48
NO28B Pyrazolones 0,78 1,60 1,98 2,10 7,20 10,29 Obesity 52,27 55,09 1,82 1,66 6,62 8,15
G04BD Drugs for urinary frequency and incontinence 0,45 0,55 1,79 1,75 6,52 8,58 Other eye diseases 12,61 15,53 1,68 1,47 6,09 7,23
NOGAX Other antidepressants 0,91 1,20 1,79 1,68 6,50 8,24 Ear, nose, throat diseases 7,08 9,83 1,68 1,52 6,08 7,49
A12A4 Calcium 0,20 0,14 1,79 1,65 6,49 8,08 Deafness, hearing impairment 15,85 22,38 1,61 1,48 5,84 7,24
NO6AB Selective serotonin reuptake inhibitors 1,96 2,15 1,70 1,67 6,17 8,18 Sleep disorders 15,14 26,05 1,56 1,41 5,68 6,94
DO1AE Other anti topical use 0,19 0,23 1,68 1,58 6,11 7,77 Esophagus, stomach and diseases 13,52 20,45 1,55 1,42 5,62 6,95
NOSCF Benzodiazepi drugs 0,33 0,22 1,67 1,65 6,08 8,11 Thyroid diseases 14,52 17,88 1,50 1,39 5,46 6,83
NO2BE Anilides 4,90 6,13 1,63 1,56 5,93 7,65 Colitis and related diseases 21,03 23,90 1,47 1,47 5,32 7,23
NOSCD pine derivatives 1,21 1,32 1,60 1,50 5,80 7,39 Chronic pancreas, biliary tract and diseases 4,14 5,67 1,39 1,29 5,04 6,33
HO3AA  [Thyroid hormones 0,50 0,42 1,59 1,46 5,76 717 Cataract and other lens diseases 22,87 33,10 1,34 1,30 4,86 6,41
Co3AA Thiazides, plain 1,77 1,78 1,54 1,46 5,58 7,17 Autoimmune diseases 5,64 7,10 1,31 1,24 4,77 6,09
Co7AA Beta blocking agents, non-selective 0,18 0,22 1,52 1,78 5,51 8,75 ipidemi 65,85 67,81 1,29 1,22 4,70 5,99
NOSBA Benzodiazepine derivatives 3,32 3,31 1,51 1,46 5,49 7,18 Allergy 5,30 8,77 1,20 1,12 4,37 5,52
CO3EA Low-ceiling diuretics and potassium-sparing agents 0,12 0,10 1,45 1,82 5,27 6,95 Hypertension 75,90 80,39 1,07 1,05 3,88 5,16
ROGAX Other antihistamines for systemic use 0,34 0,41 1,43 1,39 5,18 6,81 Cardiac valve diseases 5,55 8,01 0,98 1,03 3,54 5,03
AO3FA Propulsives 0,42 0,33 1,40 1,41 5,09 6,93 Inflammatory arthropathies 6,55 9,34 0,96 0,95 3,49 4,68
A02BC Proton pump inhibitors 6,87 6,53 1,40 1,32 5,08 6,46 Other metabolic diseases 1,98 2,83 0,95 0,97 3,46 4,77
NO7CA  |Antivertigo pt 0,45 0,56 1,40 1,52 5,08 7,46 Diabetes 23,53 26,18 0,94 0,97 3,40 4,76

CLUSTER 10 - MULTISYSTEM PATTERN
Nyoss = 14998 (1.6%, 89.9% female) Nyqyq = 16828 (2.3%, 89.2% female)
Mean # packages O/E ratio Exclusivity Prevalence Exclusivity
ATCS Drugs Disease

2012 2016 2012 2016 2012 2016 2012 2016 2012 2016
NOGAX Other antidepressants 1,72 2,27 3,38 3,16 5,53 7,16 Migraine and facial pain syndromes 19,98 20,99 11,53 13,90
GO3CA Natural and semisynthetic estrogens, plain 0,47 0,00 338 2,62 5,52 5,93 Other digestive diseases 16,63 18,91 11,33 13,36
A03FA Propulsives 0,95 0,67 3,19 2,85 5,22 6,46 Ear, nose, throat diseases 20,42 25,15 7,90 8,83
NO24AB i es 0,58 1,02 3,04 2,89 4,98 6,54 Allergy 20,72 27,63 7,69 8,01
NOGAA Non-selective ine reup! 0,54 0,50 2,88 2,64 4,71 5,97 Neurotic, stress-related and somatoform diseases 58,46 62,85 7,11 7,78
NO6AB Selective serotonin reuptake inhibitors 3,23 3,25 2,80 2,52 4,59 5,71 Esophagus, stomach and duodenum diseases 37,16 45,42 6,96 7,11
MOSBA i 1,73 0,76 2,80 2,39 4,58 5,40 Chronic pancreas, biliary tract and diseases 11,83 13,67 6,49 7,04
NO3AE Benzodiazepine derivatives 0,24 0,22 2,77 2,46 4,53 5,56 Depression and mood diseases 62,64 65,35 6,32 7,51
RO1AD Corticosteroids 0,34 0,35 2,59 2,40 4,24 5,43 Colitis and related diseases 52,50 55,38 5,99 7,72
A12A% Calcium, inati ith vitamin D andjor other drugs 1,75 1,41 2,50 2,15 4,10 4,87 Other eye diseases 27,31 29,71 5,94 6,37
NOSBA pine derivatives 5,47 5,01 2,49 2,22 4,07 5,02 Other inary diseases 32,58 37,32 5,72 6,56
NO2BB Pyrazolones 0,98 1,70 2,49 2,22 4,07 5,03 Sleep disorders 32,55 45,61 5,50 5,60
NO2AX Other opioids 1,69 1,98 2,47 1,88 4,04 4,24 Other metabolic diseases 6,79 8,55 5,36 6,65
ROGAX Other antihistamines for systemic use 0,58 0,67 2,44 2,30 4,00 5,21 Osteoporosis 51,69 48,73 5,11 6,55
HO3AA | Thyroid hormones 0,76 0,61 2,43 2,12 3,98 4,80 Deafness, hearing impairment 30,33 36,62 5,04 5,46
NOSCD Benzodiazepine derivatives 1,84 1,91 2,43 2,18 3,97 4,93 Asthma 13,66 14,15 4,69 5,82
SO1ED Beta blocking agents 1,35 1,41 2,41 2,22 3,94 5,03 37,21 42,66 4,48 4,97
A11CC Vitamin D and analogues 0,26 0,59 2,41 2,07 3,94 4,69 Autoimmune diseases 11,74 13,66 4,48 5,40
NOSCF iazepi drugs 0,47 0,25 234 1,89 3,83 4,27 Glaucoma 19,10 21,71 4,33 5,26
NOSAH i d oxepines 0,36 0,81 2,33 2,62 3,81 5,92 Cataract and other lens di 42,73 50,26 4,09 4,48
A12A4 Calcium 0,26 0,18 2,29 217 3,75 4,90 Peripheral neuropathy 13,26 15,96 4,05 4,54
NO3AX Other anti 0,92 1,15 2,25 2,05 3,69 4,63 Chronic liver diseases 6,03 5,42 4,00 5,13
NO6DX Other anti-dementia drugs 0,33 0,13 2,21 2,18 3,61 4,93 Venous and lymphatic diseases 33,10 36,61 3,91 4,59
NO7CA _|Antivertigo preparations 0,71 0,74 2,20 2,01 3,60 4,55 Thyroid diseases 22,48 26,65 3,81 4,69
BO3AB Iron trivalent, oral preparations 0,20 0,26 2,05 1,96 3,36 4,43 Other musculoskeletal and joint diseases 30,06 34,75 3,61 4,26
G04BD Drugs for urinary frequency and i 0,52 0,56 2,04 1,79 3,34 4,04 Other neurological diseases 6,87 9,47 3,61 4,51
NO6DA _ |Anticholinesterases 0,39 0,44 2,02 2,03 3,30 4,58 Dementia 14,21 16,87 3,60 5,08
NOSAX Other antipsychotics 0,19 0,27 1,99 2,18 3,25 4,94 Cardiac valve diseases 11,79 14,81 3,39 4,29
DO1AE Other antifungals for topical use 0,22 0,27 1,95 1,85 3,19 4,18 Osteoarthritis and other degenerative joint diseases 60,91 66,27 3,04 3,72
SO1EC Carbonic inhibi 0,25 0,29 1,95 1,83 3,19 4,14 Anemia 31,93 36,08 2,86 3,57




Aba. Evolucio de la funcio renal durant el sequiment del global de la poblacid inclosa per any de sequiment

Variables

2012

2013

2014

2015

2016

Number of active people

916,619

874,86

833,87

787,886

743,827

Number of people with eFG values (%)

476,285 (51.96)

497,953 (56.92)

452,940 (54.32)

482,248 (61.21)

485,163 (65.23)

Mean number of eFG values (SD)

1.34(0.76)

1.36(0.81)

1.52(1.19)

1.56 (1.35)

1.53(1.25)

Number of people with altered eFG values (%)

123,913 (26.02)

134,775 (27.07)

133,726 (29.52)

157,293 (32.62)

157,194 (32.40)

Mean number of altered eFG values (SD)

0.36(0.73)

0.38(0.77)

0.46 (0.96)

0.52(1.08)

0.52(1.07)

A5b. Evolucio de la funcio renal durant el sequiment per cluster i any de sequiment
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2012 2013 2014
Clusters Number of Number of Number of Mea ber of | Number of Number of Mea ber of | Number of Number of Mea ber of
in cluster um = Mean number of | =2 n num um = Mean number of | = n num um = Mean number of | pesre n num
with eFG values €FG values (SD) with altered eFG altered eFG with eFG values €FG values (D)3 with altered eFG altered eFG with eFG values €FG values (D)7 with altered eFG altered eFG

(%) values (%) values (SD) (%)2 values (%)4 values (SD)5 (%)6 values (%)8 values (SD)9
Non-Specific 384,787 166,872 (43.37) 1.24 (0.69) 26,708 (16.01) 0.20(0.53) 179,822 (48.85) 1.26(0.75) 31,651 (17.60) 0.23 (0.59) 166,691 (47.25) 1.42(1.12) 34,537(20.72) 0.30(0.77)
Eye Impairment and Mental 177,087 105,534 (59.59) 1.33(0.67) 27,502 (26.06) 0.34(0.67) 111,977 (64.32) 1.35(0.72) 30,993 (27.68) 0.37(0.71) 103,652 (60.87) 1.51(1.10) 31,486 (30.38) 0.45 (0.90)
Minority i y 72,19 40,006 (55.42) 1.49 (0.98) 16,231 (40.57) 0.60(0.94) 40,958 (59.23) 1.50(1.03) 16,714 (40.81) 0.62(0.98) 37,498 (56.78) 1.70 (1.46) 15,887 (42.37) 0.73(1.23)
Cardio-Circulatory and Renal 60,192 36,291 (60.29) 1.49(0.89) 20,218 (55.71) 0.83 (1.01) 34,784 (64.85) 1.54 (0.98) 19,823 (56.99) 0.89 (1.09) 29,578 (62.21) 1.70(1.31) 17,502 (59.17) 1.02(1.32)
Cardio-Circulatory, Mental, Respiratory and Genitourinary 54,324 32,587 (59.99) 1.46 (0.86) 10,189 (31.27) 0.46 (0.85) 32,583 (64.72) 1.47(0.93) 10,688 (32.80) 0.49(0.90) 28,137(61.04) 1.66(1.38) 10,231 (36.36) 0.62(1.20)
Nervous, Digestive and Circulatory 42,422 22,805 (53.76) 1.34(0.72) 6,610 (28.98) 0.39(0.72) 22,033 (57.62) 1.35(0.75) 6,591(29.91) 0.41(0.77) 18,632 (54.25) 1.50 (1.07) 5,993 (32.17) 0.48(0.93)
Respiratory and Ear 41,644 23,337 (56.04) 1.31(0.68) 5,543 (23.75) 0.32(0.67) 24,456 (60.91) 1.35(0.74) 6,153 (25.16) 0.34(0.70) 22,131(57.41) 1.50 (1.14) 6,085 (27.50) 0.42(0.92)
Digestive 35,692 18,537 (51.94) 1.48(1.01) 4,852 (26.17) 0.39(0.83) 18,696 (56.31) 1.48 (1.00) 5,099 (27.27) 0.41(0.84) 16,591 (53.53) 1.66 (1.44) 4,979 (30.01) 0.50 (1.06)
Nervous, and minor 33,283 20,943 (62.92) 1.31(0.61) 3,362 (16.05) 0.21(0.53) 22,687 (68.41) 1.34(0.71) 4,059 (17.89) 0.24 (0.59) 21,151 (64.36) 1.46 (0.91) 4,204 (19.88) 0.28(0.71)
Multisystem Pattern 14,998 9,373 (62.49) 1.43(0.81) 2,698 (28.78) 0.40(0.75) 9,957 (67.31) 1.43(0.81) 3,004 (30.17) 0.42(0.75) 8,879 (61.90) 1.61(1.27) 2,822 (31.78) 0.50 (0.98)

2015 2016
Clusters LoEEm0
in duster Number of people N e Number of people | Mean number of | Number of people ] Number of people | Mean number of
with eFG values with altered eFG altered eFG with eFG values with altered eFG altered eFG
(oo [cFOValues(SDIL] " )12 | values (sD)13 (e [cFOValues(SDMS| © o %016 | values (sD)17

Non-Specific 384,787 181,300 (53.93) 1.44(1.22) 43,568 (24.03) 0.35 (0.84) 187,833 (58.62) 1.42(1.15) 45,833 (24.40) 0.36 (0.86)
Eye Impairment and Mental 177,087 111,576 (67.50) 1.54 (1.25) 37,460 (33.57) 0.51(1.02) 113,838(71.23) 1.52(1.15) 38,337 (33.68) 0.52 (1.00)
Minority boli i fl 72,19 40,105 (64.29) 1.75(1.64) 18,357 (45.77) 0.80(1.37) 39,971 (68.00) 1.69 (1.47) 18,151 (45.41) 0.80 (1.34)
Cardio-Circulatory and Renal 60,192 28,557 (69.66) 1.80(1.51) 17,890 (62.65) 1.13(1.47) 25,540 (72.64) 1.77(1.52) 15,759 (61.70) 1.11(1.51)
Cardio-Circulatory, Mental, Respiratory and Genitourinary 54,324 28,679 (69.20) 1.78(1.70) 11,702 (40.80) 0.75 (1.43) 26,833 (72.66) 1.74 (1.48) 11,331(42.23) 0.77 (1.36)
Nervous, Digestive and Circulatory 42,422 18,644 (61.66) 1.53(1.24) 6,641 (35.62) 0.55 (1.11) 17,401 (65.16) 1.49(1.13) 6,084 (34.96) 0.53 (1.03)
Respiratory and Ear 41,644 23,554 (64.10) 1.55(1.31) 7,265 (30.84) 0.48 (0.98) 23,757 (68.07) 1.52(1.15) 7,323 (30.82) 0.49 (1.02)
Digestive 35,692 17,695 (61.80) 1.82(1.82) 5,808 (32.82) 0.59 (1.29) 17,477 (66.05) 1.83 (1.68) 5,775 (33.04) 0.61(1.30)
Nervous, Musculoskeletal and minor 33,283 22,636 (69.86) 1.50(1.00) 5,233 (23.12) 0.34(0.78) 23,218 (73.04) 1.49(1.03) 5,384 (23.19) 0.35 (0.81)
Multisystem Pattern 14,998 9,502 (70.12) 1.65(1.33) 3,369 (35.46) 0.56 (1.03) 9,295 (72.45) 1.63(1.29) 3,217 (34.61) 0.56 (1.04)




A6a. Evolucid de la funié hepatica durant el sequiment del global de la poblacid inclosa per any de sequiment

Variables 2012 2013 2014 2015 2016
Number of active people 916,619 874,86 833,87 787,886 743,827
Number of people with liver function values (%) 533,277 (58.18) | 521,802 (59.64) | 512,040(61.41) | 509,182 (64.63) | 492,063 (66.15)
Mean number of liver function values (SD) 2.69(2.16) 2.67(2.20) 2.72(2.30) 2.97(2.78) 3.00(3.00)
Number of people with altered liver function values (%) [ 41,665 (7.81) 39,922 (7.65) 39,639 (7.74) 41,680 (8.19) 41,179 (8.37)
Mean number of altered liver function values (SD) 0.11(0.50) 0.11(0.51) 0.11(0.50) 0.13(0.59) 0.14 (0.65)
A6b. Evolucid de la funié hepatica durant el sequiment per cluster i any de sequiment
2015 2016
Number of people
Clusters indl
n cluster Number of people | Mean number of | Number of people | Mean number of Number of people | Mean number of Number of people | Mean number of
with liver function (liver function values| with altered liver altered liver with liver function |liver function values | with altered liver altered liver
values (%) (sp) fi values (%) |fi values (SD) values (%) (sp) function values (%) |function values (SD)
Non-Specific 384,787 197,567 (58.76) 2.74 (2.59) 12,873 (6.52) 0.10(0.51) 194,829 (60.80) 2.78(2.88) 13,188 (6.77) 0.11 (0.60)
Eye Impairment and Mental 177,087 114,841 (69.48) 2.89 (2.56) 7,884 (6.87) 0.10 (0.54) 112,753 (70.55) 2.93(2.82) 7,994 (7.09) 0.11(0.56)
Minority boli i fl y 72,19 42,039 (67.39) 3.41(3.34) 3,932(9.35) 0.15 (0.65) 40,312 (68.58) 3.48(3.61) 4,007 (9.94) 0.17 (0.76)
Cardio-Circulatory and Renal 60,192 28,483 (69.48) 3.32(2.99) 3,831(13.45) 0.22(0.75) 24,836 (70.64) 3.30(3.12) 3,480 (14.01) 0.23(0.73)
Cardio-Circulatory, Mental, Respiratory and Genitourinary 54,324 29,200 (70.45) 3.26 (3.16) 3,239 (11.09) 0.18(0.67) 26,654 (72.17) 3.33(3.22) 3,102 (11.64) 0.19 (0.76)
Nervous, Digestive and Circulatory 42,422 19,547 (64.64) 2.85(2.58) 1,480 (7.57) 0.11(0.57) 17,490 (65.49) 2.83(2.50) 1,407 (8.04) 0.12(0.57)
Respiratory and Ear 41,644 24,700 (67.22) 2.92(2.63) 1,714 (6.94) 0.10 (0.50) 24,053 (68.92) 2.94(2.73) 1,685 (7.01) 0.11(0.54)
Digestive 35,692 19,313 (67.45) 4.07 (3.85) 4,605 (23.84) 0.42(1.03) 18,274 (69.07) 4.18 (4.14) 4,045 (22.14) 0.41(1.12)
Nervous, Musc and minor 33,283 23,682 (73.09) 2.80(2.23) 1,303 (5.50) 0.08 (0.43) 23,549 (74.08) 2.87 (2.42) 1,456 (6.18) 0.09 (0.46)
Multisystem Pattern 14,998 9,810 (72.39) 3.23(2.80) 819 (8.35) 0.13(0.51) 9,313 (72.59) 3.28(3.14) 815 (8.75) 0.15 (0.66)
2012 2013 2014
Clusters Number of people
in cluster Number of people | Mean number of | Number of people | Mean number of Number of people | Mean number of | Number of people | Mean number of Number of people | Mean number of | Number of people | Mean number of
with liver function |liver function values | with altered liver altered liver with liver function |liver function values | with altered liver altered liver with liver function |liver function values | with altered liver altered liver
values (%) (sp) function values (%) (function values (SD) values (%) (sp) function values (%) |function values (SD) values (%) (sp) function values (%) |function values (SD)
Non-Specific 384,787 192,906 (50.13) 2.47 (1.98) 11,270 (5.84) 0.08 (0.42) 194,610 (52.87) 2.47 (2.07) 11,587 (5.95) 0.08 (0.46) 195,073 (55.29) 2.53(2.19) 11,859 (6.08) 0.09 (0.46)
Eye Impairment and Mental 177,087 114,515 (64.67) 2.60(1.92) 6,926 (6.05) 0.08 (0.41) 113,632 (65.27) 2.59 (1.96) 6,792 (5.98) 0.08(0.43) 113,485 (66.65) 2.67(2.15) 7,167 (6.32) 0.09 (0.44)
Minority i i y 72,19 44,863 (62.15) 3.13(2.76) 4,083 (9.10) 0.14 (0.58) 42,903 (62.05) 3.07(2.76) 3,748 (8.74) 0.13(0.59) 42,047 (63.67) 3.08(2.77) 3,774 (8.98) 0.13(0.56)
Cardio-Circulatory and Renal 60,192 39,295 (65.28) 2.97 (2.37) 4,763 (12.12) 0.18(0.59) 35,314 (65.84) 2.95 (2.42) 4,364 (12.36) 0.19 (0.64) 31,881 (67.06) 2.99 (2.47) 4,001 (12.55) 0.18 (0.63)
Cardio-Circulatory, Mental, Respiratory and Genitourinary 54,324 35,853 (66.00) 2.87 (2.30) 3,622 (10.10) 0.15 (0.56) 33,348 (66.24) 2.86 (2.41) 3,378 (10.13) 0.15 (0.61) 30,879 (66.98) 2.89(2.39) 3,251(10.53) 0.15 (0.55)
Nervous, Digestive and Circulatory 42,422 25,359 (59.78) 2.69 (2.05) 1,858 (7.33) 0.10(0.45) 23,062 (60.31) 2.64 (2.05) 1,615 (7.00) 0.10(0.45) 21,155 (61.60) 2.65(2.07) 1,458 (6.89) 0.10(0.45)
Respiratory and Ear 41,644 25,812 (61.98) 2.60 (1.90) 1,516 (5.87) 0.08(0.39) 25,376 (63.20) 2.60 (2.00) 1,575 (6.21) 0.09 (0.43) 24,791 (64.32) 2.67 (2.20) 1,541(6.22) 0.09 (0.42)
Digestive 35,692 21,701 (60.80) 3.60 (3.00) 5,667 (26.11) 0.43 (1.02) 20,274 (61.06) 3.45(2.86) 4,882 (24.08) 0.39(0.92) 19,563 (63.12) 3.50 (2.86) 4,600 (23.51) 0.37(0.89)
Nervous, and minor 33,283 22,735 (68.31) 2.58(1.77) 1,178(5.18) 0.07 (0.36) 23,039 (69.47) 2.56 (1.90) 1,196 (5.19) 0.07 (0.35) 23,163 (70.48) 2.60(2.02) 1,165 (5.03) 0.07(0.34)
Pattern 14,998 10,238 (68.26) 2.95(2.18) 782 (7.64) 0.11(0.48) 10,244 (69.25) 2.92(2.26) 785 (7.66) 0.11(0.48) 10,003 (69.73) 2.99 (2.41) 823 (8.23) 0.12(0.51)







ANNEXES

10.2. MATERIAL SUPLEMENTARI ARTICLE 2

A7. Prevalenca de les 60 malalties croniques incloses en individus d'edats compreses
entre 65199 anys (N =916.619, Catalunya, 2012). A I'Gltima columna, llista de malalties

incloses pel tall de prevalenca del 2%.

A8. Prevalenca de les 89 categories de farmacs incloses en individus d'edats compreses

entre 65i99 anys (N =916.619, Catalunya, 2012)
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A10. index de validacié

Al11. Variables que caracteritzen cada patré de multimorbiditat i polimedicacid

combinat
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ANNEXES

A7. Prevalenca de les 60 malalties croniques incloses en individus d'edats compreses entre 65 i
99 anys (N = 916.619, Catalunya, 2012).

Rank Chronic conditions Frequency Perc(eg;l)tage i‘}t;/{f
1 Hypertension 650,899 71.0
2 Dyslipidaemia 466,585 50.9
3 Osteoarthritis and other degenerative joint diseases 300,803 32.8
4 Obesity 262,888 28.7
5 Diabetes 230,460 25.1
6 Anaemia 167,577 18.3
7 Cataract and other lens diseases 156,622 17.1
8 Chronic kidney diseases 153,756 16.8
9 Prostate diseases 153,635 16.8
10 Osteoporosis 151,847 16.6
11 Depression and mood diseases 148,751 16.2
12 Solid neoplasms 137,045 15.0
13 Colitis and related diseases 131,512 14.4
14 Venous and lymphatic diseases 126,997 13.9
15 Other musculoskeletal and joint diseases 124,765 13.6
16 Dorsopathies 124,603 13.6
17 Neurotic, stress-related and somatoform diseases 123,395 13.5
18 COPD, emphysema, chronic bronchitis 109,603 12.0
19 Ischemic heart disease 95,434 10.4

20 Deafness, hearing impairment 90,261 9.9
21 Sleep disorders 88,739 9.7
22 Thyroid diseases 88,445 9.7
23 Other genitourinary diseases 85,468 9.3
24 Cerebrovascular disease 80,264 8.8
25 Atrial fibrillation 80,247 8.8
26 Esophagus, stomach and duodenum diseases 80,043 8.7
27 Heart failure 74,077 8.1
28 Other eye diseases 68,939 7.5
29 Glaucoma 66,162 7.2
30 Inflammatory arthropathies 62,450 6.8
31 Dementia 59,213 6.5
32 Cardiac valve diseases 52,100 5.7
33 Peripheral neuropathy 49,127 5.4
34 Other psychiatric and behavioural diseases 46,841 5.1
35 Asthma 43,663 4.8
36 Allergy 40,394 4.4
37 Autoimmune diseases 39,350 4.3
38 Ear, nose, throat diseases 38,752 4.2
39 Peripheral vascular disease 30,674 3.4
40 Other neurological diseases 28,541 3.1
a1 grsre(;r;iecs pancreas, biliary tract and gallbladder 27321 3.0
42 Migraine and facial pain syndromes 25,999 2.8
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43 Bradycardias and conduction diseases 25,476 2.8
44 Chronic liver diseases 22,633 2.5
45 Other digestive diseases 22,022 2.4
46 Parkinson and parkinsonism 20,833 2.3
47 Other metabolic diseases 18,997 2.1
48 Other cardiovascular diseases 16,833 1.8
49 Other skin diseases 15,363 1.7
50 Chronic ulcer of the skin 13,869 1.5
51 Blood and blood forming organ diseases 13,575 1.5
52 Other respiratory diseases 9,974 1.1
53 Epilepsy 8,981 1.0
54 Haematological neoplasms 8,174 0.9
55 Chronic infectious diseases 6,647 0.7
56 Inflammatory bowel diseases 5,549 0.6
57 Schizophrenia and delusional diseases 4,792 0.5
58 Blindness, visual impairment 4,772 0.5
59 Multiple sclerosis 576 0.1
60 Chromosomal abnormalities 77 0.0

NOTA: A I'Ultima columna, llista de malalties incloses pel tall de prevalenga del 2%.
Abreviatures: COPD: Chronic obstructive Pulmonary Disease.
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ANNEXES

A8. Prevalenca de les 89 categories de farmacs incloses en individus d'edats compreses entre
65i99 anys (N = 916.619, Catalunya, 2012)

Rank /(‘.'Z‘;es Medication categories Frequency Percentage (%)
1 A02BC Proton pump inhibitors 405,942 44.29
2 C10AA HMG CoA reductase inhibitors 349,676 38.15
3 NO2BE Anilides 260,018 28.37
4 BO1AC Platelet aggregation inhibitors excl. heparin 234,306 25.56
5 NO5BA Benzodiazepine derivatives 191,870 20.93
6 CO9AA ACE inhibitors, plain 182,906 19.95
7 A10BA Biguanides 119,955 13.09
8 CO8CA Dihydropyridine derivatives 116,713 12.73
9 NO6AB Selective serotonin reuptake inhibitors 116,497 12.71
10 CO7AB Beta blocking agents, selective 102,442 11.18
11 CO3CA Sulfonamides, plain 101,933 11.12
12 CO9CA Angiotensin Il antagonists, plain 99,742 10.88
13 A12AX E;I]cei:?r,ucgc;mbinations with vitamin D and/or 93,581 1021
14 CO3AA Thiazides, plain 86,414 9.43
15 CO9DA Angiotensin Il antagonists and diuretics 80,115 8.74
16 MO1AE Propionic acid derivatives 79,393 8.66
17 CO9BA ACE inhibitors and diuretics 74,494 8.13
18 GO4ACA Alpha-adrenoreceptor antagonists 71,028 7.75
19 BO1AA Vitamin K antagonists 62,331 6.80
20 MO5BA Bisphosphonates 62,313 6.80
21 RO3BB Anticholinergics 53,159 5.80
22 NO5CD Benzodiazepine derivatives 52,859 5.77
23 A10BB Sulfonylureas 50,812 5.54
24 HO3AA Thyroid hormones 50,699 5.53

Adrenergics in combination with
25 RO3AK corticosteroids or other drugs, excl. 50,644 5.53
anticholinergics
26 NO2AX Other opioids 48,388 5.28
27 MO4AA Preparations inhibiting uric acid production 47,629 5.20
28 NO6AX Other antidepressants 45,357 4,95
29 RO3AC Selective beta-2-adrenoreceptor agonists 43,972 4.80
30 SO1ED Beta blocking agents 42,513 4.64
31 CO1DA Organic nitrates 41,674 4,55
32 SO1EE Prostaglandin analogues 40,643 4.43
33 NO3AX Other antiepileptics 37,873 4.13
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ATC-5

Rank Code Medication categories Frequency Percentage (%)
1 A02BC Proton pump inhibitors 405,942 44.29
2 C10AA HMG CoA reductase inhibitors 349,676 38.15
3 NO2BE Anilides 260,018 28.37
4 BO1AC Platelet aggregation inhibitors excl. heparin 234,306 25.56
5 NO5BA Benzodiazepine derivatives 191,870 20.93
6 CO9AA ACE inhibitors, plain 182,906 19.95
7 A10BA Biguanides 119,955 13.09
8 CO8CA Dihydropyridine derivatives 116,713 12.73
9 NO6AB Selective serotonin reuptake inhibitors 116,497 12.71
10 CO7AB Beta blocking agents, selective 102,442 11.18
11 CO3CA Sulfonamides, plain 101,933 11.12
12 CO9CA Angiotensin Il antagonists, plain 99,742 10.88
13 A12AX g;l]ceitj?r,ucgc;mbinations with vitamin D and/or 93,581 1021
14 CO3AA Thiazides, plain 86,414 9.43
15 CO9DA Angiotensin Il antagonists and diuretics 80,115 8.74
16 MO1AE Propionic acid derivatives 79,393 8.66
17 CO9BA ACE inhibitors and diuretics 74,494 8.13
18 GO4ACA Alpha-adrenoreceptor antagonists 71,028 7.75
19 BO1AA Vitamin K antagonists 62,331 6.80
20 MO5BA Bisphosphonates 62,313 6.80
21 RO3BB Anticholinergics 53,159 5.80
22 NO5CD Benzodiazepine derivatives 52,859 5.77
23 A10BB Sulfonylureas 50,812 5.54
24 HO3AA Thyroid hormones 50,699 5.53

Adrenergics in combination with
25 RO3AK corticosteroids or other drugs, excl. 50,644 5.53

anticholinergics
26 NO2AX Other opioids 48,388 5.28
27 MO4AA Preparations inhibiting uric acid production 47,629 5.20
28 NO6AX Other antidepressants 45,357 4,95
29 RO3AC Selective beta-2-adrenoreceptor agonists 43,972 4.80
30 SO1ED Beta blocking agents 42,513 4.64
31 CO1DA Organic nitrates 41,674 4,55
32 SO1EE Prostaglandin analogues 40,643 4.43
33 NO3AX Other antiepileptics 37,873 4.13
34 BO3AA Iron bivalent, oral preparations 35,13 3.83
35 MO1AX g;zsis?:zr_gsgg?j:ory and antirheumatic 34,490 3.76
36 MO1AB Acetic acid derivatives and related substances 30,848 3.37
37 NO2BB Pyrazolones 30,600 3.34
38 C02CA Alpha-adrenoreceptor antagonists 26,333 2.87
39 NO7CA Antivertigo preparations 25,290 2.76
40 CO1EB Other cardiac preparations 24,272 2.65
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41 G04BD Drugs for urinary frequency and incontinence 23,646 2.58
42 DO1AC Imidazole and triazole derivatives 23,459 2.56
43 AO3FA Propulsives 22,461 2.45
a4 A10AE I;:;:Jr:gs and analogues for injection, long- 21678 )36
45 HO02AB Glucocorticoids 21,493 2.34
46 CO1AA Digitalis glycosides 21,190 2.31
47 DO7AC Corticosteroids, potent (group Ill) 20,599 2.25
48 G04CB Testosterone-5-alpha reductase inhibitors 19,379 2.11
49 NO6DA Anticholinesterases 19,366 2.11
50 CosDB Benzothiazepine derivatives 19,211 2.10
51 RO3BA Glucocorticoids 19,143 2.09
52 RO6AX Other antihistamines for systemic use 18,609 2.03
53 CO7AG Alpha and beta blocking agents 18,198 1.99
54 AO02BA H2-receptor antagonists 18,158 1.98
55 CO3BA Sulfonamides, plain 17,998 1.96
56 C10AB Fibrates 17,874 1.95
57 NO5CF Benzodiazepine related drugs 17,914 1.95
58 GO3CA Natural and semisynthetic estrogens, plain 16,513 1.80
59 CO3DA Aldosterone antagonists 16,367 1.79
60 NO6DX Other anti-dementia drugs 16,292 1.78
61 A10BD gtr)uné?inations of oral blood glucose lowering 15,397 168
62 NOGAA Non-selective monoamine reuptake inhibitors 15,364 1.68
63 NOSAH E)i(aezpiﬁienses, oxazepines, thiazepines and 14,249 155
64 RO1AD Corticosteroids 13,880 1.51
65 GOACX Other drugs used in benign prostatic 13,684 1.49
hypertrophy
66 JOIMA Fluoroquinolones 13,610 1.48
67 CO3EA I:;z/';fseiling diuretics and potassium-sparing 13,179 1.44
68 AL0BX .Othe‘r blood glucose lowering drugs, excl. 12,933 141
insulins
69 A12AA Calcium 12,809 1.40
70 CO9DB Angiotensin Il antagonists and calcium 12,698 1.39
channel blockers
71 A12BA Potassium 12,625 1.38
7 JO1CR Combinati(.)ns.of penicillins, incl. beta- 12,658 138
lactamase inhibitors
73 CO4AD Purine derivatives 12,589 1.37
74 C10AX Other lipid modifying agents 12,579 1.37
75 MO1AH Coxibs 12,537 1.37
76 NO4BA Dopa and dopa derivatives 12,280 1.34
77 DO1AE Other antifungals for topical use 11,514 1.26
78 Al11CC Vitamin D and analogues 11,262 1.23
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Insulins and analogues for injection,
79 A10AD intermediate- or long-acting combined with 11,056 1.21
fast-acting
80 ALOAC !nsullns a.nd anal(.)gues for injection, 10,925 119
intermediate-acting
81 NO2AB Phenylpiperidine derivatives 10,802 1.18
82 BO3BA Vitamin B12 (cyanocobalamin and analogues) 10,613 1.16
83 C01BD Antiarrhythmics, class IlI 10,511 1.15
84 NO5AX Other antipsychotics 10,404 1.14
85 CO7AA Beta blocking agents, non-selective 10,231 1.12
86 SO1EC Carbonic anhydrase inhibitors 9,737 1.06
87 BO3AB Iron trivalent, oral preparations 9,504 1.04
88 NO3AE Benzodiazepine derivatives 9,211 1.00
89 MOSBX Ot.her d.rug§ affecting bone structure and 7652 0.83
mineralization

Abreviatures: HMGCoA-reductase: 3-Hidroxi-3-metil-glutaril-CoA reductase; ACE inhibitors: Angiotensin convertint
enzyme inhibitors
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A9. Mapping de les categories de malalties croniques de SNAC-K i agrupacions de farmacs
segons ATC.

ALLERGY

ATC-5 codes and labels for drugs associated to chronic disease

category. Includes none or any of the following:

J301 Allergic rhinitis due to pollen RO1AD Corticosteroids (nasal use)
Selective beta-2-

Included ICD-10 codes and labels

1302 Other seasonal allergic rhinitis RO3AC .
adrenoreceptor agonists
Adrenergics in combination

J303 Other allergic rhinitis RO3AK with corticosteroids or other
drugs, excl. anticholinergics

1304 Allergic rhinitis, unspecified RO3BA Glucocorticoids (inhalation)

1450 Predominantly allergic asthma RO3BB Anticholinergics

K522 Allergic and dietetic gastroenteritis and colitis | RO6AX Other a.nt|h|stam|nes for
systemic use

L20 Atopic dermatitis DO7AC Cort'cosmm'dsf potent
(group 1) (topical use)

L23 Allergic contact dermatitis

L500 Allergic urticaria

7516 Desensitization to allergens

ANEMIA

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
Iron bivalent, oral

Included ICD-10 codes and labels

D50 Iron deficiency anaemia BO3AA .
preparations

D51 Vitamin B12 deficiency anaemia BO3AB Iron trivalent, oral
preparations
Vitamin B12

D52 Folate deficiency anaemia BO3BA (cyanocobalamin and
analogues)

D53 Other nutritional anaemias HO2AB Glucocqrt|c0|ds (systemic
use, plain)

D55 Anaemia due to enzyme disorders

D56 Thalassaemia

D57 Sickle-cell disorders

D58 Other hereditary haemolytic anaemias

D59 Acquired haemolytic anaemia

Acquired pure red cell aplasia

D60 [erythroblastopenia]
D61 Other aplastic anaemias
Anaemia in chronic diseases classified
D63
elsewhere
D64 Other anaemias
ASTHMA

Included 1CD-10 codes and labels ATC-5 codes anq labels for drugs associated to chronic disease
category. Must include:
145 Asthma RO3AC Selective beta-2-
adrenoreceptor agonists
And at least one of the following:

Adrenergics in combination

RO3AK with corticosteroids or other

drugs, excl. anticholinergics
RO3BA Glucocorticoids (inhalation)
RO3BB Anticholinergics

ATRIAL FIBRILLATION
ATC-5 codes and labels for drugs associated to chronic disease

Included ICD-10 cod d label
nclude codes and fabels category. Includes none or any of the following:

148 Atrial fibrillation and flutter BO1AA Vitamin K antagonists
CO1AA Digitalis glycosides
CO01BD Antiarrhythmics, class Il
CO7AB Beta b'locklng agents,
selective

AUTOIMMUNE DISEASES
ATC-5 codes and labels for drugs associated to chronic disease

Included ICD-10 cod d label
nclude codes and fabels category. Must include at least one of the following:

PATRONS DE MULTIMORBIDITAT | POLIMEDICACIO EN PERSONES D’EDAT AVANCADA A CATALUNYA 251



1731 Thromboangiitis obliterans [Buerger]

L10 Pemphigus

L12 Pemphigoid

L40 Psoriasis

L41 Parapsoriasis

L93 Lupus erythematosus

L94 Other localized connective tissue disorders
Vasculitis limited to skin, not elsewhere

L95 e
classified

M30 Polyarteritis nodosa and related conditions

M31 Other necrotizing vasculopathies

M32 Systemic lupus erythematosus

M33 Dermatopolymyositis

M34 Systemic sclerosis

M35 Other systemic involvement of connective
tissue

Systemic disorders of connective tissue in
diseases classified elsewhere
BLINDNESS, VISUAL IMPAIRMENT

M36

Included ICD-10 codes and labels

Visual impairment including blindness

H54 .

(binocular or monocular)
72442 Fitting and adjustment of artificial eye
7970 Presence of artificial eye

BLOOD AND BLOOD FORMING ORGAN DISEASES
Included ICD-10 codes and labels

D66 Hereditary factor VIII deficiency

D67 Hereditary factor IX deficiency

D68 Other coagulation defects

D69 Purpura and other haemorrhagic conditions

D71 Functional disorders of polymorphonuclear
neutrophils

D720 Genetic anomalies of leukocytes

D730 Hyposplenism

D731 Hypersplenism

D732 Chronic congestive splenomegaly

D74 Methaemoglobinaemia

D750 Familial erythrocytosis

D761 Haemophagocytic lymphohistiocytosis

D763 Other histiocytosis syndromes

D77 Other disorders of blood and blood-forming
organs in diseases classified elsewhere

D8O Immunodeficiency with predominantly

antibody defects
D81 Combined immunodeficiencies
Immunodeficiency associated with other

b82 major defects

D83 Common variable immunodeficiency
D84 Other immunodeficiencies

D86 Sarcoidosis

D89 Other disorders involving the immune

mechanism, not elsewhere classified
BRADYCARDIAS AND CONDUCTION DISEASES

Included ICD-10 codes and labels

1441 Atrioventricular block, second degree

1442 Atrioventricular block, complete

1443 Other and unspecified atrioventricular block
1453 Trifascicular block

1455 Other specified heart block

7950 Presence of cardiac pacemaker

252

DO7AC

HO2AB

MO1AX
NO2BE

Glucocorticoids (systemic
use, plain)

Other antiinflammatory and
antirheumatic agents, non-
steroids

Anilides

Corticosteroids, potent
(group Ill) (topical use)

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

SO1ED

Beta blocking agents

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

BO1AA
BO1AC

HO2AB

Vitamin K antagonists
Platelet aggregation
inhibitors excl. heparin
Glucocorticoids (systemic
use, plain)

Non-pharmacological treatment or treatment with drugs excluded

from this study



CARDIAC VALVE DISEASES

Included ICD-10 codes and labels

105
106
107
108

1091

1098
134
135
136
137
138

1390

1391

1392

1393

1394

Q22

Q23

7952
7953
7954

Rheumatic mitral valve diseases

Rheumatic aortic valve diseases

Rheumatic tricuspid valve diseases

Multiple valve diseases

Rheumatic diseases of endocardium, valve
unspecified

Other specified rheumatic heart diseases
Nonrheumatic mitral valve disorders
Nonrheumatic aortic valve disorders
Nonrheumatic tricuspid valve disorders
Pulmonary valve disorders

Endocarditis, valve unspecified

Mitral valve disorders in diseases classified
elsewhere

Aortic valve disorders in diseases classified
elsewhere

Tricuspid valve disorders in diseases classified
elsewhere

Pulmonary valve disorders in diseases
classified elsewhere

Multiple valve disorders in diseases classified
elsewhere

Congenital malformations of pulmonary and
tricuspid valves

Congenital malformations of aortic and mitral
valves

Presence of prosthetic heart valve

Presence of xenogenic heart valve

Presence of other heart-valve replacement

CATARACT AND OTHER LENS DISEASES

Included ICD-10 codes and labels

H25
H26
H27

H28

Q12
7961

Senile cataract

Other cataract

Other disorders of lens

Cataract and other disorders of lens in
diseases classified elsewhere
Congenital lens malformations
Presence of intraocular lens

CEREBROVASCULAR DISEASE

Included ICD-10 codes and labels

G45

G46

160
161
162
163

164

167
169

Transient cerebral ischaemic attacks and
related syndromes

Vascular syndromes of brain in
cerebrovascular diseases

Subarachnoid haemorrhage
Intracerebral haemorrhage

Other nontraumatic intracranial haemorrhage
Cerebral infarction

Stroke, not specified as haemorrhage or
infarction

Other cerebrovascular diseases
Sequelae of cerebrovascular disease

CHRONIC KIDNEY DISEASES

Included ICD-10 codes and labels

1120
1130

1131

1132

Hypertensive renal disease with renal failure
Hypertensive heart and renal disease with
(congestive) heart failure

Hypertensive heart and renal disease with
renal failure

Hypertensive heart and renal disease with
both (congestive) heart failure and renal
failure

ANNEXES

ATC-5 codes and labels for drugs associated to chronic disease
category. Must include at least one of the following:
BO1AA Vitamin K antagonists

Non-pharmacological treatment or treatment with drugs excluded
from this study

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
Platelet aggregation

BO1AC inhibitors excl. heparin

CO8CA Dihydropyridine derivatives

ATC-5 codes and labels for drugs associated to chronic disease
category. Must include at least one of the following:

CO3BA Sulfonamides, plain
CO3CA Sulfonamides, plain
CO3EA Low—cejllmg dlur'et|cs and
potassium-sparing agents
CO7AA Beta blocking agents, non-

selective
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Hypertensive heart and renal disease,

1139 unspecified
NO1 Rapidly progressive nephritic syndrome
NO3 Chronic nephritic syndrome
NO4 Nephrotic syndrome
NO5 Unspecified nephritic syndrome
Hereditary nephropathy, not elsewhere
NO7 .
classified
Glomerular disorders in diseases classified
NO8
elsewhere
N11 Chronic tubulo-interstitial nephritis
N183 Chronic kidney disease, stage 3
N184 Chronic kidney disease, stage 4
N185 Chronic kidney disease, stage 5
N189 Chronic kidney disease, unspecified
Renal agenesis and other reduction defects of
Q60 )
kidney
Q611 Polycystic kidney, autosomal recessive
Q612 Polycystic kidney, autosomal dominant
Q613 Polycystic kidney, unspecified
Q614 Renal dysplasia
Q615 Medullary cystic kidney
Q618 Other cystic kidney diseases
Q619 Cystic kidney disease, unspecified
7905 Acquired absence of kidney
7940 Kidney transplant status

CHRONIC LIVER DISEASES
Included ICD-10 codes and labels

B18 Chronic viral hepatitis

K70 Alcoholic liver disease

K713 Toxic !|Yer disease with chronic persistent
hepatitis

K714 Toxic !|Yer disease with chronic lobular
hepatitis

K715 Toxic !|Yer disease with chronic active
hepatitis
Toxic liver disease with fibrosis and cirrhosis

K717 .
of liver

K721 Chronic hepatic failure

K73 Chronic hepatitis, not elsewhere classified

K74 Fibrosis and cirrhosis of liver

K753 Gran.u.lomatous hepatitis, not elsewhere
classified

K754 Autoimmune hepatitis

K758 Other specified inflammatory liver diseases

K761 Chronic passive congestion of liver

K766 Portal hypertension

K767 Hepatorenal syndrome

K778 Liver disorders in other diseases classified
elsewhere

Q446 Cystic disease of liver

7944 Liver transplant status

CO7AB

CO9AA
CO9CA

HO2AB

MO1AX

Beta blocking agents,
selective

ACE inhibitors, plain
Angiotensin |l antagonists,
plain

Glucocorticoids (systemic
use, plain)

Other antiinflammatory and
antirheumatic agents, non-
steroids

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

CO3AA
CO3BA

CO3CA

CO3DA

CO7AA

HO2AB

MO1AX

CHRONIC PANCREAS, BILIARY TRACT AND GALLBLADDER DISEASES
Non-pharmacological treatment or treatment with drugs excluded

Included ICD-10 codes and labels

Calculus of gallbladder with acute

K800 .
cholecystitis
K801 Calculus t?f.gallbladder with other
cholecystitis
K802 Calculus of gallbladder without cholecystitis
K808 Other cholelithiasis
K811 Chronic cholecystitis
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from this study

Thiazides, plain
Sulfonamides, plain

Sulfonamides, plain

Aldosterone antagonists

Beta blocking agents, non-
selective

Glucocorticoids (systemic
use, plain)

Other antiinflammatory and
antirheumatic agents, non-
steroids



K86
Q440

Q441

Q442
Q443
Q444
Q445
Q450

Other diseases of pancreas

Agenesis, aplasia and hypoplasia of
gallbladder

Other congenital malformations of
gallbladder

Atresia of bile ducts

Congenital stenosis and stricture of bile ducts
Choledochal cyst

Other congenital malformations of bile ducts
Agenesis, aplasia and hypoplasia of pancreas

CHRONIC ULCER OF THE SKIN

Included ICD-10 codes and labels

1830

1832

L89

L97
L984

Varicose veins of lower extremities with ulcer

Varicose veins of lower extremities with both
ulcer and inflammation

Decubitus ulcer and pressure area
Ulcer of lower limb, not elsewhere classified
Chronic ulcer of skin, not elsewhere classified

COLITIS AND RELATED DISEASES

Included ICD-10 codes and labels

K520

K528
K551
K552

K572

K573

K574

K575

K578

K579

K58
K590

K592

K62
K634

K64

Gastroenteritis and colitis due to radiation

Other specified noninfective gastroenteritis
and colitis
Chronic vascular disorders of intestine

Angiodysplasia of colon

Diverticular disease of large intestine with
perforation and abscess

Diverticular disease of large intestine without
perforation or abscess

Diverticular disease of both small and large
intestine with perforation and abscess

Diverticular disease of both small and large
intestine without perforation or abscess

Diverticular disease of intestine, part
unspecified, with perforation and abscess
Diverticular disease of intestine, part
unspecified, without perforation or abscess
Irritable bowel syndrome

Constipation

Neurogenic bowel, not elsewhere classified

Other diseases of anus and rectum
Enteroptosis

Haemorrhoids and perianal venous
thrombosis

COPD, EMPHYSEMA, CHRONIC BRONCHITIS

Included ICD-10 codes and labels

J41

142

J43

J44

147

Simple and mucopurulent chronic bronchitis
Unspecified chronic bronchitis

Emphysema

Other chronic obstructive pulmonary disease

Bronchiectasis

DEAFNESS, HEARING IMPAIRMENT

Included ICD-10 codes and labels

ANNEXES

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

CO04AD Purine derivatives
Other antiinflammatory and
MO1AX antirheumatic agents, non-
steroids
NO2AX Other opioids

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
Platelet aggregation

BO1AC
inhibitors excl. heparin

BO3AA Iron b|va!ent, oral
preparations

CO1DA Organic nitrates

HO2AB Glucocqrt|c0|ds (systemic
use, plain)

MO1AB Acetic acid derivatives and
related substances

MO1AE Propionic acid derivatives

MO1AH Coxibs
Other antiinflammatory and

MO1AX antirheumatic agents, non-
steroids

NO2AB Phenylpiperidine derivatives

NO2AX Other opioids

NO2BB Pyrazolones

NO2BE Anilides

NOGAA Non-selective monoamine

reuptake inhibitors

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
Combinations of penicillins,

JO1CR incl. beta-lactamase
inhibitors

JOIMA Fluoroquinolones

RO3AC Selective beta-2- .
adrenoreceptor agonists
Adrenergics in combination

RO3AK with corticosteroids or other
drugs, excl. anticholinergics

RO3BA Glucocorticoids (inhalation)

RO3BB Anticholinergics

Non-pharmacological treatment or treatment with drugs excluded
from this study
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H80 Otosclerosis

H90 Conductive and sensorineural hearing loss
H911 Presbycusis

H913 Deaf mutism, not elsewhere classified
H919 Hearing loss, unspecified

Congenital malformations of ear causing

16
o impairment of hearing
Adjustment and management of implanted
7453 . .
hearing device
7461 Fitting and adjustment of hearing aid
7962 Presence of otological and audiological
implants
7974 Presence of external hearing-aid
DEMENTIA

Included ICD-10 codes and labels

FOO Dementia in Alzheimer disease
FO1 Vascular dementia
Dementia in other diseases classified
FO2
elsewhere
FO3 Unspecified dementia
FO51 Delirium superimposed on dementia
G30 Alzheimer disease
631 Other degenerative diseases of nervous

system, not elsewhere classified
DEPRESSION AND MOOD DISEASES

Included ICD-10 codes and labels

F30 Manic episode

F31 Bipolar affective disorder

F32 Depressive episode

F33 Recurrent depressive disorder

F34 Persistent mood [affective] disorders
F38 Other mood [affective] disorders

F39 Unspecified mood [affective] disorder
F412 Mixed anxiety and depressive disorder
DIABETES

Included ICD-10 codes and labels

E10 Insulin-dependent diabetes mellitus

E11 Non-insulin-dependent diabetes mellitus
E13 Other specified diabetes mellitus

E14 Unspecified diabetes mellitus

E891 Postprocedural hypoinsulinaemia

DORSOPATHIES
Included ICD-10 codes and labels

M40 Kyphosis and lordosis

M41 Scoliosis

M42 Spinal osteochondrosis

M43 Other deforming dorsopathies
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ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

NO5AH
NO5AX
NO6DA
NO6DX

Diazepines, oxazepines,
thiazepines and oxepines
Other antipsychotics

Anticholinesterases

Other anti-dementia drugs

ATC-5 codes and labels for drugs associated to chronic disease
category. Must include at least one of the following:

NO3AX
NO5AH

NO5AX
NO5BA
NO5CD

NO5CF

NO6AA

NO6AB
NO6AX

Other antiepileptics
Diazepines, oxazepines,
thiazepines and oxepines
Other antipsychotics
Benzodiazepine derivatives
Benzodiazepine derivatives
Benzodiazepine related
drugs

Non-selective monoamine
reuptake inhibitors
Selective serotonin reuptake
inhibitors

Other antidepressants

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

A10AC

A10AD

A10AE

A10BA
A10BB

A10BD

A10BX

Insulins and analogues for
injection, intermediate-
acting

Insulins and analogues for
injection, intermediate- or
long-acting combined with
fast-acting

Insulins and analogues for
injection, long-acting
Biguanides

Sulfonylureas
Combinations of oral blood
glucose lowering drugs
Other blood glucose
lowering drugs, excl. insulins

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

HO2AB

MO1AB

MO1AE
MO1AH

Glucocorticoids (systemic
use, plain)

Acetic acid derivatives and
related substances
Propionic acid derivatives
Coxibs



M47 Spondylosis MO1AX
M48 Other spondylopathies MO5BA
M49 Spondylopathies in diseases classified NO2AB
elsewhere
M50 Cervical disc disorders NO2AX
M51 Other intervertebral disc disorders NO2BB
M53 Other dorsopathies, not elsewhere classified NO2BE
Q675 Congenital deformity of spine
Q761 Klippel-Feil syndrome
Other congenital malformations of spine, not
Q764 ) . Lo
associated with scoliosis
DYSLIPIDEMIA

Included ICD-10 codes and labels

E78

ANNEXES

Other antiinflammatory and
antirheumatic agents, non-
steroids

Bisphosphonates

Phenylpiperidine derivatives

Other opioids
Pyrazolones
Anilides

ATC-5 codes and labels for drugs associated to chronic disease

category. Includes none or any of the following:

Dlsordc.er.s of Ilp'oprotem metabolism and C10AA
other lipidaemias
C10AB

C10AX

HMG CoA reductase
inhibitors

Fibrates

Other lipid modifying agents

EAR, NOSE, THROAT DISEASES
Included ICD-10 codes and labels

H604 Cholesteatoma of external ear
HE61 Chro.nic tubotympanic suppurative otitis
media
H662 Chronic atticoantral suppurative otitis media
H663 Other chronic suppurative otitis media
H701 Chronic mastoiditis
H71 Cholesteatoma of middle ear
H731 Chronic myringitis
H741 Adhesive middle ear disease
H810 MUnibre disease
H831 Labyrinthine fistula
H832 Labyrinthine dysfunction
HO5 Postprocedural disorders of ear and mastoid
process, not elsewhere classified
J300 Vasomotor rhinitis
131 Chronic rhinitis, nasopharyngitis and
pharyngitis
132 Chronic sinusitis
J33 Nasal polyp
1341 Cyst and mucocele of nose and nasal sinus
1342 Deviated nasal septum
1343 Hypertrophy of nasal turbinates
J35 Chronic diseases of tonsils and adenoids
137 Chronic laryngitis and laryngotracheitis
J380 Paralysis of vocal cords and larynx
1386 Stenosis of larynx
K051 Chronic gingivitis
K053 Chronic periodontitis
Dentofacial anomalies [including
K07 )
malocclusion]
K110 Atrophy of salivary gland
K117 Disturbances of salivary secretion
Q30 Congenital malformations of nose
Q31 Congenital malformations of larynx
Congenital malformations of trachea and
Q32
bronchus
Q35 Cleft palate
Q36 Cleft lip
Q37 Cleft palate with cleft lip
Other congenital malformations of tongue,
Q38
mouth and pharynx
EPILEPSY

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
Glucocorticoids (systemic

HO2AB use, plain)

NO7CA Antivertigo preparations
RO1AD Corticosteroids (nasal use)
ROGAX Other antihistamines for

systemic use
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Included ICD-10 codes and labels

G40

Epilepsy

ESOPHAGUS, STOMACH AND DUODENUM DISEASES

Included ICD-10 codes and labels

185
1864

1982

1983
K21
K220

K222

K224

K225

K227
K230

K231
K254
K255
K256
K257
K264
K265
K266
K267
K274

K275

K276

K277
K284
K285
K286

K287

K293
K294
K295
K296
K297
K298
K299
K311

258

Oesophageal varices

Gastric varices

Oesophageal varices without bleeding in
diseases classified elsewhere

Oesophageal varices with bleeding in diseases
classified elsewhere

Gastro-oesophageal reflux disease

Achalasia of cardia
Oesophageal obstruction

Dyskinesia of oesophagus

Diverticulum of oesophagus, acquired

Barrett oesophagus

Tuberculous oesophagitis

Megaoesophagus in Chagas disease

Gastric ulcer: Chronic or unspecified with
haemorrhage

Gastric ulcer: Chronic or unspecified with
perforation

Gastric ulcer: Chronic or unspecified with
both haemorrhage and perforation

Gastric ulcer: Chronic without haemorrhage
or perforation

Duodenal ulcer: Chronic or unspecified with
haemorrhage

Duodenal ulcer: Chronic or unspecified with
perforation

Duodenal ulcer: Chronic or unspecified with
both haemorrhage and perforation
Duodenal ulcer: Chronic without
haemorrhage or perforation

Peptic ulcer, site unspecified: Chronic or
unspecified with haemorrhage

Peptic ulcer, site unspecified: Chronic or
unspecified with perforation

Peptic ulcer, site unspecified: Chronic or
unspecified with both haemorrhage and
perforation

Peptic ulcer, site unspecified: Chronic without
haemorrhage or perforation

Gastrojejunal ulcer: Chronic or unspecified
with haemorrhage

Gastrojejunal ulcer: Chronic or unspecified
with perforation

Gastrojejunal ulcer: Chronic or unspecified
with both haemorrhage and perforation
Gastrojejunal ulcer: Chronic without
haemorrhage or perforation

Chronic superficial gastritis

Chronic atrophic gastritis

Chronic gastritis, unspecified

Other gastritis

Gastritis, unspecified

Duodenitis

Gastroduodenitis, unspecified

Adult hypertrophic pyloric stenosis

ATC-5 codes and labels for drugs associated to chronic disease
category. Must include at least one of the following:

NO3AE
NO3AX

Benzodiazepine derivativess
Other antiepileptic

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

AO02BA
A02BC

AO3FA

AllcCC
A12AA
A12AX

BO3AA

BO3AB

BO3BA

CO1DA
CO7AA

CO7AG

CO8CA

CcosDB

H2-receptor antagonists
Proton pump inhibitors

Propulsives

Vitamin D and analogues

Calcium

Calcium, combinations with
vitamin D and/or other drugs
Iron bivalent, oral
preparations

Iron trivalent, oral
preparations

Vitamin B12
(cyanocobalamin and
analogues)

Organic nitrates

Beta blocking agents, non-
selective

Alpha and beta blocking
agents

Dihydropyridine derivatives

Benzothiazepine derivatives



ANNEXES

K312 Hourglass stricture and stenosis of stomach

K313 Pylorospasm, not elsewhere classified

K314 Gastric diverticulum

K315 Obstruction of duodenum

Q39 Congenital malformations of oesophagus

Q40 Other congenital malformations of upper
alimentary tract

7903 Acquired absence of part of stomach

GLAUCOMA

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
Carbonic anhydrase

Included ICD-10 codes and labels

H401 Primary open-angle glaucoma SO1EC inhibitors

H402 Primary angle-closure glaucoma SO1ED Beta blocking agents
H403 Glaucoma secondary to eye trauma SO1EE Prostaglandin analogues
H404 Glaucoma secondary to eye inflammation

H405 Glaucoma secondary to other eye disorders

H406 Glaucoma secondary to drugs

H408 Other glaucoma

H409 Glaucoma, unspecified

HEART FAILURE
Included 1CD-10 codes and labels ATC-5 codes and labels for drugs assoc:ated.to chronic disease
category. Includes none or any of the following:

Hypertensive heart disease with (congestive)

1110 . AllCC Vitamin D and analogues
heart failure
1130 Hyperter.wswe heart a'nd renal disease with AL2AA Calcium
(congestive) heart failure
Hypertensive heart and renal disease with
1132 both (congestive) heart failure and renal BO1AA Vitamin K antagonists
failure
127 Other pulmonary heart diseases BO1AC .PIaFe.Iet aggregation .
inhibitors excl. heparin
1280 Arteriovenous fistula of pulmonary vessels BO3AA Iron b|va!ent, oral
preparations
142 Cardiomyopathy BO3AB Iron trivalent, oral
preparations
143 Cardiomyopathy in diseases classified CO1AA Digitalis glycosides
elsewhere
150 Heart failure CO01BD Antiarrhythmics, class Il
1515 Myocardial degeneration CO1DA Organic nitrates
1517 Cardiomegaly CO1EB Other cardiac preparations
1528 Othe.r.heart disorders in other diseases CO3AA Thiazides, plain
classified elsewhere
7941 Heart transplant status CO3BA Sulfonamides, plain
7943 Heart and lungs transplant status CO3CA Sulfonamides, plain
CO3DA Aldosterone antagonists
CO3EA Low—ce'llmg dlur'et|cs and
potassium-sparing agents
CO7AA Beta b'locklng agents, non-
selective
CO7AB Beta b'locklng agents,
selective
COTAG Alpha and beta blocking
agents
CO8CA Dihydropyridine derivatives
Co8DB Benzothiazepine derivatives
CO9AA ACE inhibitors, plain
CO9BA ACE inhibitors and diuretics
CO9CA Anglotensm Il antagonists,
plain
CO9DA AngloFen5|.n Il antagonists
and diuretics
Angiotensin Il antagonists
C09DB and calcium channel

blockers
HYPERTENSION
ATC-5 codes and labels for drugs associated to chronic disease

ngltezs (eI erits ame | eloek category. Includes none or any of the following:
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110

111
112
113
115

Essential (primary) hypertension

Hypertensive heart disease
Hypertensive renal disease
Hypertensive heart and renal disease
Secondary hypertension

INFLAMMATORY ARTHROPATHIES

Included ICD-10 codes and labels

MO023
MO05
MO06
MO07

MO8

M09

M10
M11
M12
M13

M14

M45
M460
M461

M468
M469

Reiter disease
Seropositive rheumatoid arthritis

Other rheumatoid arthritis
Psoriatic and enteropathic arthropathies

Juvenile arthritis

Juvenile arthritis in diseases classified
elsewhere

Gout

Other crystal arthropathies

Other specific arthropathies

Other arthritis

Arthropathies in other diseases classified
elsewhere

Ankylosing spondylitis

Spinal enthesopathy

Sacroiliitis, not elsewhere classified
Other specified inflammatory
spondylopathies

Inflammatory spondylopathy, unspecified

ISCHEMIC HEART DISEASE

Included ICD-10 codes and labels

120

121
122
124

125
7951

7955

260

Angina pectoris

Acute myocardial infarction
Subsequent myocardial infarction
Other acute ischaemic heart diseases

Chronic ischaemic heart disease

Presence of aortocoronary bypass graft

Presence of coronary angioplasty implant and
graft

CO2CA

CO3AA
CO3BA
CO3CA
CO3DA

CO3EA

CO7AA

CO7AB

CO7AG

CO8CA
CosDB
CO9AA
CO9BA

CO9CA

CO9DA

C0ooDB

Alpha-adrenoreceptor
antagonists

Thiazides, plain
Sulfonamides, plain
Sulfonamides, plain
Aldosterone antagonists
Low-ceiling diuretics and
potassium-sparing agents
Beta blocking agents, non-
selective

Beta blocking agents,
selective

Alpha and beta blocking
agents

Dihydropyridine derivatives
Benzothiazepine derivatives
ACE inhibitors, plain

ACE inhibitors and diuretics
Angiotensin Il antagonists,
plain

Angiotensin Il antagonists
and diuretics

Angiotensin Il antagonists
and calcium channel
blockers

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

HO2AB
MO1AB

MO1AE
MO1AH

MO1AX

MO4AA

Glucocorticoids

Acetic acid derivatives and
related substances
Propionic acid derivatives
Coxibs

Other antiinflammatory and
antirheumatic agents, non-
steroids

Preparations inhibiting uric
acid production

ATC-5 codes and labels for drugs associated to chronic disease

category. Must include:

BO1AC

And at least one of the following:
CO1DA
CO1EB

CO7AA
CO7AB
CO7AG

CO8CA

CosDB
CO9AA

Platelet aggregation
inhibitors excl. heparin

Organic nitrates

Other cardiac preparations
Beta blocking agents, non-
selective

Beta blocking agents,
selective

Alpha and beta blocking
agents

Dihydropyridine derivatives
derivatives
Benzothiazepine derivatives
ACE inhibitors, plain



MIGRAINE AND FACIAL PAIN SYNDROMES

Included ICD-10 codes and labels

G43

G440

G441

G442

G443
G448
G50

Migraine

Cluster headache syndrome

Vascular headache, not elsewhere classified

Tension-type headache

Chronic post-traumatic headache
Other specified headache syndromes
Disorders of trigeminal nerve

NEUROTIC, STRESS-RELATED AND SOMATOFORM

DISEASES

Included ICD-10 codes and labels

F40

F41
F42

F43

Fa4
Fa5

F48

OBESITY

Phobic anxiety disorders

Other anxiety disorders
Obsessive-compulsive disorder

Reaction to severe stress, and adjustment

disorders
Dissociative [conversion] disorders
Somatoform disorders

Other neurotic disorders

Included ICD-10 codes and labels

E66

Obesity

OSTEOARTHRITIS AND OTHER DEGENERATIVE JOINT

DISEASES

Included ICD-10 codes and labels

M15

M16

M17
M18

M19

M362
M363

Polyarthrosis

Coxarthrosis [arthrosis of hip]

Gonarthrosis [arthrosis of knee]
Arthrosis of first carpometacarpal joint

Other arthrosis

Haemophilic arthropathy
Arthropathy in other blood disorders

OSTEOPOROSIS

Included ICD-10 codes and labels

M80
M81

Osteoporosis with pathological fracture

Osteoporosis without pathological fracture

CO9CA

C10AA
C10AX

ANNEXES

Angiotensin Il antagonists,
plain

HMG CoA reductase
inhibitors

Other lipid modifying agents

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

BO3BA

CO7AA

CO7AB

MO1AB

MO1AE
MO1AH
NO3AX

NO6AA
NO7CA

Vitamin B12
(cyanocobalamin and
analogues)

Beta blocking agents, non-
selective

Beta blocking agents,
selective

Acetic acid derivatives and
related substances
Propionic acid derivatives
Coxibs

Other antiepileptics
Non-selective monoamine
reuptake inhibitors
Antivertigo preparations

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

CO7AA

NO2AB
NO2AX

NO2BB

NO2BE
NO3AX

NO5AH
NO5BA
NO6AA

NO6AB

Beta blocking agents, non-
selective

Phenylpiperidine derivatives
Other opioids

Pyrazolones

Anilides

Other antiepileptics
Diazepines, oxazepines,
thiazepines and oxepines
Benzodiazepine derivatives
Non-selective monoamine
reuptake inhibitors
Selective serotonin reuptake
inhibitors

Non-pharmacological treatment or treatment with drugs excluded

from this study

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

HO2AB

MO1AB

MO1AE
MO1AH

MO1AX

NO2AB
NO2AX
NO2BB
NO2BE

Glucocorticoids (systemic
use, plain)

Acetic acid derivatives and
related substances
Propionic acid derivatives
Coxibs

Other antiinflammatory and
antirheumatic agents, non-
steroids

Phenylpiperidine derivatives
Other opioids

Pyrazolones

Anilides

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

Al1CC
A12AA

Vitamin D and analogues
Calcium
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M82 Osteoporosis in diseases classified elsewhere

OTHER DIGESTIVE DISEASES
Included ICD-10 codes and labels

K660 Peritoneal adhesions

K900 Coeliac disease

K901 Tropical sprue

K902 Blind loop syndrome, not elsewhere classified
K911 Postgastric surgery syndromes

Disorders of other digestive organs in diseases

K93 classified elsewhere

Q41 Congenital absence, atresia and stenosis of
small intestine

Q42 Congenital absence, atresia and stenosis of
large intestine

Q43 Other congenital malformations of intestine

R15 Faecal incontinence

7904 Acquired absence of other parts of digestive
tract

7980 Intestinal bypass and anastomosis status

OTHER

EYE

DISEASES

Included ICD-10 codes and labels

H022 Lagophthalmos

HO023 Blepharochalasis

H024 Ptosis of eyelid

H025 Other disorders affecting eyelid function

HO4 Disorders of lacrimal system

HO5 Disorders of orbit

H104 Chronic conjunctivitis

H17 Corneal scars and opacities

H184 Corneal degeneration

H185 Hereditary corneal dystrophies

H186 Keratoconus

H187 Other corneal deformities

H188 Other specified disorders of cornea

H189 Disorder of cornea, unspecified
Keratitis and keratoconjunctivitis in other

H193 ) .
diseases classified elsewhere

H198 O'ther disorde.rf. of sclera and cornea in
diseases classified elsewhere

H201 Chronic iridocyclitis

H21 Other disorders of iris and ciliary body

H310 Chorioretinal scars

H311 Choroidal degeneration

H312 Hereditary choroidal dystrophy

H318 Other specified disorders of choroid

H319 Disorder of choroid, unspecified

H33 Retinal detachments and breaks

H352 Other proliferative retinopathy

H353 Degeneration of macula and posterior pole

H354 Peripheral retinal degeneration

H355 Hereditary retinal dystrophy

H357 Separation of retinal layers

H358 Other specified retinal disorders

H359 Retinal disorder, unspecified

H36 Retinal disorders in diseases classified
elsewhere

Ha7 Other disorders of optic [2nd] nerve and

visual pathways

262

Calcium, combinations with
vitamin D and/or other drugs
MO5BA Bisphosphonates

Other drugs affecting bone
structure and mineralization

A12AX

MO5BX

Non-pharmacological treatment or treatment with drugs excluded
from this study

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
Glucocorticoids (systemic

HO2AB R
use, plain)



Disorders of optic [2nd] nerve and visual

Ha8 pathways in diseases classified elsewhere
H49 Paralytic strabismus
H51 Other disorders of binocular movement
Congenital malformations of eyelid, lacrimal
Q10 .
apparatus and orbit
Anophthalmos, microphthalmos and
Q11
macrophthalmos
Qi3 Congenital malformations of anterior
segment of eye
Q14 Congenital malformations of posterior
segment of eye
Ql5 Other congenital malformations of eye
7947 Corneal transplant status
OTHER
GENITOUR
INARY
DISEASES

Included ICD-10 codes and labels

B901 Sequelae of genitourinary tuberculosis
N200 Calculus of kidney
N202 Calculus of kidney with calculus of ureter
N209 Urinary calculus, unspecified
N210 Calculus in bladder
N218 Other lower urinary tract calculus
N219 Calculus of lower urinary tract, unspecified
Calculus of urinary tract in diseases classified
N22
elsewhere
N301 Interstitial cystitis (chronic)
N302 Other chronic cystitis
N303 Trigonitis
N304 Irradiation cystitis
Neuromuscular dysfunction of bladder, not
N31 e
elsewhere classified
N320 Bladder-neck obstruction
N323 Diverticulum of bladder
N328 Other specified disorders of bladder
N329 Bladder disorder, unspecified
Bladder disorders in diseases classified
N33
elsewhere
N35 Urethral stricture
N393 Stress incontinence
N394 Other specified urinary incontinence
N480 Leukoplakia of penis
N484 Impotence of organic origin
N489 Disorder of penis, unspecified
N701 Chronic salpingitis and oophoritis
N711 Chronic inflammatory disease of uterus
N731 Chronic parametritis and pelvic cellulitis
N734 Female chronic pelvic peritonitis
N736 Female pelvic peritoneal adhesions
N761 Subacute and chronic vaginitis
N763 Subacute and chronic vulvitis
N81 Female genital prolapse
N8S Other noninflammatory disorders of cervix
uteri
N895 Stricture and atresia of vagina
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ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
Alpha-adrenoreceptor

C02CA )
antagonists

GO3CA Natural and sgmlsynthetlc
estrogens, plain

GO4BD Drugs for ufmary frequency
and incontinence

GOACA AIpha—ad'renoreceptor
antagonists
Combinations of penicillins,

JO1CR incl. beta-lactamase
inhibitors

JOIMA Fluoroquinolones

MO1AB Acetic acid derivatives and
related substances

MO1AE Propionic acid derivatives

MO1AH Coxibs
Other antiinflammatory and

MO1AX antirheumatic agents, non-
steroids

NOGAA Non-selective monoamine

reuptake inhibitors

263



N905
N952
Q54

Q620
Q621
Q622

Q623

Q624
Q627
Q628

Q638

Q639

Q640
Q641

Q643

Q644
Q645
Q646

Q647

Q648

Q649

7906

7907
7960

Atrophy of vulva

Postmenopausal atrophic vaginitis
Hypospadias

Congenital hydronephrosis

Atresia and stenosis of ureter

Congenital megaloureter

Other obstructive defects of renal pelvis and
ureter

Agenesis of ureter

Congenital vesico-uretero-renal reflux
Other congenital malformations of ureter
Other specified congenital malformations of
kidney

Congenital malformation of kidney,
unspecified

Epispadias

Exstrophy of urinary bladder

Other atresia and stenosis of urethra and
bladder neck

Malformation of urachus

Congenital absence of bladder and urethra
Congenital diverticulum of bladder

Other congenital malformations of bladder
and urethra

Other specified congenital malformations of
urinary system

Congenital malformation of urinary system,
unspecified

Acquired absence of other organs of urinary
tract

Acquired absence of genital organ(s)
Presence of urogenital implants

OTHER METABOLIC DISEASES

Included ICD-10 codes and labels

E20
E21

E22
E23

E24

E25

E26
E27
E28
E29

E31
E34
E35

E40

E41
E42

E43
E44

E45
E46

264

Hypoparathyroidism
Hyperparathyroidism and other disorders of
parathyroid gland

Hyperfunction of pituitary gland

Hypofunction and other disorders of pituitary
gland

Cushing syndrome

Adrenogenital disorders

Hyperaldosteronism

Other disorders of adrenal gland
Ovarian dysfunction

Testicular dysfunction

Polyglandular dysfunction

Other endocrine disorders

Disorders of endocrine glands in diseases
classified elsewhere

Kwashiorkor

Nutritional marasmus

Marasmic kwashiorkor

Unspecified severe protein-energy
malnutrition

Protein-energy malnutrition of moderate and
mild degree

Retarded development following protein-
energy malnutrition

Unspecified protein-energy malnutrition

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

Al1CC

A12AA

A12AX

BO3AA

BO3AB

BO3BA

CO3AA
CO3BA
CO3CA
CO3DA

GO3CA

HO2AB

HO3AA

MO4AA
MO5BA

Vitamin D and analogues
Calcium

Calcium, combinations with
vitamin D and/or other drugs
Iron bivalent, oral
preparations

Iron trivalent, oral
preparations

Vitamin B12
(cyanocobalamin and
analogues)

Thiazides, plain
Sulfonamides, plain
Sulfonamides, plain
Aldosterone antagonists
Natural and semisynthetic
estrogens, plain
Glucocorticoids (systemic
use, plain)

Thyroid hormones

Preparations inhibiting uric
acid production
Bisphosphonates



E64
E70
E71

E72
E74

E75

E76
E77

E79

E80

E83
E84
E85
E88

E89
K903
K904

K908
K909

K912

M83
M88

N25

Sequelae of malnutrition and other nutritional
deficiencies

Disorders of aromatic amino-acid metabolism
Disorders of branched-chain amino-acid
metabolism and fatty-acid metabolism
Other disorders of amino-acid metabolism
Other disorders of carbohydrate metabolism
Disorders of sphingolipid metabolism and
other lipid storage disorders

Disorders of glycosaminoglycan metabolism
Disorders of glycoprotein metabolism
Disorders of purine and pyrimidine
metabolism

Disorders of porphyrin and bilirubin
metabolism

Disorders of mineral metabolism

Cystic fibrosis

Amyloidosis

Other metabolic disorders

Postprocedural endocrine and metabolic
disorders, not elsewhere classified
Pancreatic steatorrhoea

Malabsorption due to intolerance, not
elsewhere classified

Other intestinal malabsorption

Intestinal malabsorption, unspecified
Postsurgical malabsorption, not elsewhere
classified

Adult osteomalacia

Paget disease of bone [osteitis deformans]
Disorders resulting from impaired renal
tubular function

OTHER MUSCULOSKELETAL AND JOINT DISEASES

Included ICD-10 codes and labels

B902

M212
M213
M214

M215

M216
M217

M218

M219

M22

M23

M24

M252
M253
M357
M61

M652
M653
M654
M700
M720
M722
M724
M750
M751
M753
M754
M797
M841

Sequelae of tuberculosis of bones and joints

Flexion deformity

Wrist or foot drop (acquired)

Flat foot [pes planus] (acquired)

Acquired clawhand, clubhand, clawfoot and
clubfoot

Other acquired deformities of ankle and foot
Unequal limb length (acquired)

Other specified acquired deformities of limbs

Acquired deformity of limb, unspecified

Disorders of patella

Internal derangement of knee

Other specific joint derangements

Flail joint

Other instability of joint

Hypermobility syndrome

Calcification and ossification of muscle
Calcific tendinitis

Trigger finger

Radial styloid tenosynovitis [de Quervain]
Chronic crepitant synovitis of hand and wrist
Palmar fascial fiboromatosis [Dupuytren]
Plantar fascial fibromatosis
Pseudosarcomatous fibromatosis
Adhesive capsulitis of shoulder

Rotator cuff syndrome

Calcific tendinitis of shoulder
Impingement syndrome of shoulder
Fibromyalgia

Nonunion of fracture [pseudarthrosis]

ANNEXES

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
Acetic acid derivatives and

MO1AB
related substances

MO1AE Propionic acid derivatives

MO1AH Coxibs

NO2AB Phenylpiperidine derivatives

NO2AX Other opioids

NO2BB Pyrazolones

NO2BE Anilides

NOGAA Non—selec.tlvc.e r.'nonoamme
reuptake inhibitors

NOGAB .Selt.ac.tlve serotonin reuptake
inhibitors

NO6AX Other antidepressants
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M89
M91
M93
M94

M96

M99

Q65
Q66
Q68
Q71
Q72
Q73
Q74

Q77

Q78
Q796

Q798
Q87
5382

S48

S58
S68
S78
588
S98

TO5

T096
T116
T136

T147

T90
T91
T92
T93

T94
T95
T96

T97
T98
7440

7441

7891
7892

7893

7894
7895
7896

7897
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Other disorders of bone

Juvenile osteochondrosis of hip and pelvis
Other osteochondropathies

Other disorders of cartilage

Postprocedural musculoskeletal disorders,
not elsewhere classified

Biomechanical lesions, not elsewhere
classified

Congenital deformities of hip

Congenital deformities of feet

Other congenital musculoskeletal deformities
Reduction defects of upper limb

Reduction defects of lower limb

Reduction defects of unspecified limb

Other congenital malformations of limb(s)
Osteochondrodysplasia with defects of
growth of tubular bones and spine

Other osteochondrodysplasias
Ehlers-Danlos syndrome

Other congenital malformations of
musculoskeletal system

Other specified congenital malformation
syndromes affecting multiple systems
Traumatic amputation of external genital
organs

Traumatic amputation of shoulder and upper
arm

Traumatic amputation of forearm
Traumatic amputation of wrist and hand
Traumatic amputation of hip and thigh
Traumatic amputation of lower leg
Traumatic amputation of ankle and foot
Traumatic amputations involving multiple
body regions

Traumatic amputation of trunk, level
unspecified

Traumatic amputation of upper limb, level
unspecified

Traumatic amputation of lower limb, level
unspecified

Crushing injury and traumatic amputation of
unspecified body region

Sequelae of injuries of head

Sequelae of injuries of neck and trunk
Sequelae of injuries of upper limb

Sequelae of injuries of lower limb

Sequelae of injuries involving multiple and
unspecified body regions

Sequelae of burns, corrosions and frostbite
Sequelae of poisoning by drugs, medicaments
and biological substances

Sequelae of toxic effects of substances chiefly
nonmedicinal as to source

Sequelae of other and unspecified effects of
external causes

Fitting and adjustment of artificial arm
(complete)(partial)

Fitting and adjustment of artificial leg
(complete)(partial)

Acquired absence of hand and wrist
Acquired absence of upper limb above wrist
Acquired absence of both upper limbs [any
level]

Acquired absence of foot and ankle
Acquired absence of leg at or below knee
Acquired absence of leg above knee
Acquired absence of both lower limbs [any
level, except toes alone]



7898

7899
7946
7966
72971

Acquired absence of upper and lower limbs
[any level]

Acquired absence of limb, unspecified

Bone transplant status

Presence of orthopaedic joint implants
Presence of artificial limb (complete)(partial)

OTHER NEUROLOGICAL DISEASES

Included ICD-10 codes and labels

B900

D482

G041

G09

G10
G11

G12

G13

G24

G25

G26

G32

G37

G51
G52

G53

G70

G71
G723

G724

G728
G729

G73

G80
G81
G82
G83
G90
GI1
G938
G939
G95

G99

M471
Q00
Qo1
Q02
Qo3
Qo4
Q05
Qo6

Sequelae of central nervous system
tuberculosis

Neoplasm of uncertain or unknown
behaviour: Peripheral nerves and autonomic
nervous system

Tropical spastic paraplegia

Sequelae of inflammatory diseases of central
nervous system

Huntington disease

Hereditary ataxia

Spinal muscular atrophy and related
syndromes

Systemic atrophies primarily affecting central
nervous system in diseases classified
elsewhere

Dystonia

Other extrapyramidal and movement
disorders

Extrapyramidal and movement disorders in
diseases classified elsewhere

Other degenerative disorders of nervous
system in diseases classified elsewhere
Other demyelinating diseases of central
nervous system

Facial nerve disorders

Disorders of other cranial nerves

Cranial nerve disorders in diseases classified
elsewhere

Myasthenia gravis and other myoneural
disorders

Primary disorders of muscles

Periodic paralysis

Inflammatory myopathy, not elsewhere
classified

Other specified myopathies

Myopathy, unspecified

Disorders of myoneural junction and muscle
in diseases classified elsewhere

Cerebral palsy

Hemiplegia

Paraplegia and tetraplegia

Other paralytic syndromes

Disorders of autonomic nervous system
Hydrocephalus

Other specified disorders of brain
Disorder of brain, unspecified

Other diseases of spinal cord

Other disorders of nervous system in diseases

classified elsewhere

Other spondylosis with myelopathy
Anencephaly and similar malformations
Encephalocele

Microcephaly

Congenital hydrocephalus

Other congenital malformations of brain
Spina bifida

Other congenital malformations of spinal cord

ANNEXES

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

CO3DA Aldosterone antagonists
COTAA Beta b'locklng agents, non-
selective
HO2AB Glucocqrt|c0|ds (systemic
use, plain)
NO2BE Anilides
NO3AE Benzodiazepine derivatives
NO3AX Other antiepileptics
NOSAH Dl.azeplpes, oxazepmt'as,
thiazepines and oxepines
NO5AX Other antipsychotics
Non-selective monoamine
NO6AA I
reuptake inhibitors
SOLEC Carbonic anhydrase

inhibitors
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Qo7

Q760

Other congenital malformations of nervous
system
Spina bifida occulta

OTHER PSYCHIATRIC AND BEHAVIORAL DISEASES

Included ICD-10 codes and labels

FO4
FO6
FO7
FO9
F102

F106

F107

F112

F116

F117

F122

F126

F127

F132

F136

F137

F142

F146

F147

F152

F156

F157

F162

F166

F167

F172

F176
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Organic amnesic syndrome, not induced by
alcohol and other psychoactive substances
Other mental disorders due to brain damage
and dysfunction and to physical disease
Personality and behavioural disorders due to
brain disease, damage and dysfunction
Unspecified organic or symptomatic mental
disorder

Mental and behavioural disorders due to use
of alcohol: Dependence syndrome

Mental and behavioural disorders due to use
of alcohol: Amnesic syndrome

Mental and behavioural disorders due to use
of alcohol: Residual and late-onset psychotic
disorder

Mental and behavioural disorders due to use
of opioids: Dependence syndrome

Mental and behavioural disorders due to use
of opioids: Amnesic syndrome

Mental and behavioural disorders due to use
of opioids: Residual and late-onset psychotic
disorder

Mental and behavioural disorders due to use
of cannabinoids: Dependence syndrome
Mental and behavioural disorders due to use
of cannabinoids: Amnesic syndrome

Mental and behavioural disorders due to use
of cannabinoids: Residual and late-onset
psychotic disorder

Mental and behavioural disorders due to use
of sedatives or hypnotics: Dependence
syndrome

Mental and behavioural disorders due to use
of sedatives or hypnotics: Amnesic syndrome
Mental and behavioural disorders due to use
of sedatives or hypnotics: Residual and late-
onset psychotic disorder

Mental and behavioural disorders due to use
of cocaine: Dependence syndrome

Mental and behavioural disorders due to use
of cocaine: Amnesic syndrome

Mental and behavioural disorders due to use
of cocaine: Residual and late-onset psychotic
disorder

Mental and behavioural disorders due to use
of other stimulants, including caffeine:
Dependence syndrome

Mental and behavioural disorders due to use
of other stimulants, including caffeine:
Amnesic syndrome

Mental and behavioural disorders due to use
of other stimulants, including caffeine:
Residual and late-onset psychotic disorder
Mental and behavioural disorders due to use
of hallucinogens: Dependence syndrome
Mental and behavioural disorders due to use
of hallucinogens: Amnesic syndrome

Mental and behavioural disorders due to use
of hallucinogens: Residual and late-onset
psychotic disorder

Mental and behavioural disorders due to use
of tobacco: Dependence syndrome

Mental and behavioural disorders due to use
of tobacco: Amnesic syndrome

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

NO3AX

NO5AH

NO5AX

NO5BA

NO5CD

NO5CF

NO6AA

NO6AB

NO6AX

Other antiepileptics

Diazepines, oxazepines,
thiazepines and oxepines

Other antipsychotics
Benzodiazepine derivatives

Benzodiazepine derivatives

Benzodiazepine related
drugs

Non-selective monoamine
reuptake inhibitors

Selective serotonin reuptake
inhibitors

Other antidepressants



F177

F182

F186

F187

F192

F196

F197

F50
F52

F60
F61

F62
F63
F68

F70
F71
F72
F73
F78
F79

F80

F81

F82

F83
F84
Fes

F89

F95
F99

Mental and behavioural disorders due to use
of tobacco: Residual and late-onset psychotic
disorder

Mental and behavioural disorders due to use
of volatile solvents: Dependence syndrome
Mental and behavioural disorders due to use
of volatile solvents: Amnesic syndrome
Mental and behavioural disorders due to use
of volatile solvents: Residual and late-onset
psychotic disorder

Mental and behavioural disorders due to
multiple drug use and use of other
psychoactive substances: Dependence
syndrome

Mental and behavioural disorders due to
multiple drug use and use of other
psychoactive substances: Amnesic syndrome
Mental and behavioural disorders due to
multiple drug use and use of other
psychoactive substances: Residual and late-
onset psychotic disorder

Eating disorders

Sexual dysfunction, not caused by organic
disorder or disease

Specific personality disorders

Mixed and other personality disorders
Enduring personality changes, not
attributable to brain damage and disease
Habit and impulse disorders

Other disorders of adult personality and
behaviour

Mild mental retardation

Moderate mental retardation

Severe mental retardation

Profound mental retardation

Other mental retardation

Unspecified mental retardation

Specific developmental disorders of speech
and language

Specific developmental disorders of scholastic
skills

Specific developmental disorder of motor
function

Mixed specific developmental disorders
Pervasive developmental disorders

Other disorders of psychological development
Unspecified disorder of psychological
development

Tic disorders

Mental disorder, not otherwise specified

PARKINSON AND PARKINSONISM

Included ICD-10 codes and labels

G20
G21
G22
G23

Parkinson disease

Secondary parkinsonism

Parkinsonism in diseases classified elsewhere
Other degenerative diseases of basal ganglia

PERIPHERAL NEUROPATHY

Included ICD-10 codes and labels

B91

G14
G54
G55
G56

Sequelae of poliomyelitis

Postpolio syndrome

Nerve root and plexus disorders

Nerve root and plexus compressions in
diseases classified elsewhere
Mononeuropathies of upper limb

ANNEXES

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

NO4BA

Dopa and dopa derivatives

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

HO2AB

MO1AB
MO1AE
MO1AH
NO2AB

Glucocorticoids (systemic
use, plain)

Acetic acid derivatives and
related substances
Propionic acid derivatives

Coxibs

Phenylpiperidine derivatives
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G57 Mononeuropathies of lower limb

G58 Other mononeuropathies
Mononeuropathy in diseases classified
G59
elsewhere
G60 Hereditary and idiopathic neuropathy
G628 Other specified polyneuropathies

G629 Polyneuropathy, unspecified
Polyneuropathy in diseases classified
G63
elsewhere
M472 Other spondylosis with radiculopathy
M531 Cervicobrachial syndrome
M541 Radiculopathy

PERIPHERAL VASCULAR DISEASE

Included ICD-10 codes and labels

1702 Atherosclerosis of arteries of extremities
173 Other peripheral vascular diseases
Peripheral angiopathy in diseases classified
1792
elsewhere
1798 Other disorders of arteries, arterioles and

capillaries in diseases classified elsewhere
PROSTATE DISEASES

Included ICD-10 codes and labels
N40 Hyperplasia of prostate
N411

Chronic prostatitis

N418 Other inflammatory diseases of prostate

SCHIZOPHRENIA AND DELUSIONAL DISEASES

Included ICD-10 codes and labels

F20 Schizophrenia

F22 Persistent delusional disorders

F24 Induced delusional disorder

F25 Schizoaffective disorders

F28 Other nonorganic psychotic disorders

SLEEP DISORDERS

Included ICD-10 codes and labels

F510 Nonorganic insomnia
F511 Nonorganic hypersomnia
Nonorganic disorder of the sleep-wake
F512
schedule
F513 Sleepwalking [somnambulism]
G47 Sleep disorders

SOLID NEOPLASMS

Included ICD-10 codes and labels

C Malignant neoplasms
Carcinoma in situ of oral cavity, oesophagus

D00
and stomach

D01 Carcinoma in situ of other and unspecified
digestive organs

D02 Carcinoma in situ of middle ear and
respiratory system

D03 Melanoma in situ

D04 Carcinoma in situ of skin

D05 Carcinoma in situ of breast

D06 Carcinoma in situ of cervix uteri

D07 Carcinoma in situ of other and unspecified

genital organs

270

NO2AX Other opioids

NO2BB Pyrazolones

NO2BE Anilides

NO3AX Other antiepileptics
NOGAA Non-selective monoamine

reuptake inhibitors

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
Platelet aggregation

BO1AC inhibitors excl. heparin

COICA AIpha—ad'renoreceptor
antagonists

CO4AD Purine derivatives

C08CA Dihydropyridine derivatives

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
Alpha-adrenoreceptor

GO4CA )
antagonists
G04CB Testostero.ne—.S—'aIpha
reductase inhibitors
G0ACX Other d.rugs used in benign
prostatic hypertrophy
MO1AE Propionic acid derivatives

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

Diazepines, oxazepines,
thiazepines and oxepines
Other antipsychotics

NO5AH
NO5AX

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:

NO5BA Benzodiazepine derivatives
NO5CD Benzodiazepine derivatives
NOSCE Benzodiazepine related

drugs

Non-pharmacological treatment or treatment with drugs excluded
from this study



D09

D320
D321
D329
D330
D331
D332
D333
D334
Q85

Carcinoma in situ of other and unspecified
sites

Benign neoplasm: Cerebral meninges
Benign neoplasm: Spinal meninges
Benign neoplasm: Meninges, unspecified
Benign neoplasm: Brain, supratentorial
Benign neoplasm: Brain, infratentorial
Benign neoplasm: Brain, unspecified
Benign neoplasm: Cranial nerves

Benign neoplasm: Spinal cord
Phakomatoses, not elsewhere classified

THYROID DISEASES

Included ICD-10 codes and labels

EOO

EO1

E02
EO3
EO5

E062

E063
E065
EO7

E350
E890

Congenital iodine-deficiency syndrome
lodine-deficiency-related thyroid disorders
and allied conditions

Subclinical iodine-deficiency hypothyroidism
Other hypothyroidism

Thyrotoxicosis [hyperthyroidism]

Chronic thyroiditis with transient
thyrotoxicosis

Autoimmune thyroiditis

Other chronic thyroiditis

Other disorders of thyroid

Disorders of thyroid gland in diseases
classified elsewhere

Postprocedural hypothyroidism

VENOUS AND LYMPHATIC DISEASES

Included ICD-10 codes and labels

1780
183
187

189

1972
Q820

Hereditary haemorrhagic telangiectasia
Varicose veins of lower extremities

Other disorders of veins

Other noninfective disorders of lymphatic
vessels and lymph nodes

Postmastectomy lymphoedema syndrome
Hereditary lymphoedema

ANNEXES

ATC-5 codes and labels for drugs associated to chronic disease
category. Includes none or any of the following:
HO3AA Thyroid hormones

ATC-5 codes and labels for drugs

associated to chronic disease

category. Includes none or any of

the following:

CO4AD Purine derivatives

Només les malalties croniques i les seves categories de medicaments ATC associades que resulten en una
prevalenca de malalties croniques o categories de medicaments per a malalties croniques 2 2% estan incloses en
aquesta taula. Les categories restants amb una prevalencga < 2% es poden enviar als lectors sota sol-licitud.

Abreviactures: ACE inhibitors: Angiotensin convertint enzyme inhibitors; COPD: Chronic Obstructive Pulmonary
Disease; HMGCoA-reductase : 3-Hidroxi-3- metil-glutaril-CoA reductase.
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A10. Index de validacio

En total, el nostre model contenia un rang de 4 a 8 agrupacions, com s'identifica pels indexs de validacio seglients.
Segons la rellevancia clinica, es va decidir que la millor solucié estava composta per 7 agrupacions.

Mitjana de l'index Fukuyama per a un nombre creixent de clisters; I'index optim és el minim.
Fukuyama index average per 100 realizations vs number of clusters

0e+00 -

m parameter
-2e+06 -
m=1.1
m=1.2
m=1.4

m=1.5

Fukuyama index

m=2

4e+06 - m=4

2 3 4 5 6 7 8 9 10 1 12
number of clusters

Mitjana de l'index Xie-Beni per a un nombre creixent de clisters; I'index optim és el minim.
Xie Beni index average per 100 realizations vs number of clusters

1e-05-

m parameter
m=1.1
m=1.2

5e-06 - m=1.4

m=1.5

m=2
m=4

Xie Beni index

0e+00 -

2 3 4 5 6 7 8 9 10 11 12
number of clusters
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ANNEXES

A10. Index de validacié (cont.)

Mitjana de l'index de coeficient de particid per a un nombre creixent de clusters; I'index optim és el maxim.
Partition coefficient index average per 100 realizations vs number of clusters

N\ m parameter
\. m=1.1

m=1.2
0.50- \ — m=14
m=1.5
m=2

m=4

Partition coefficient index

0.25- A e ——_ 0

number of clusters

Mitjana de I'index d'entropia de particié per a un nombre creixent de clusters; I'index optim és el minim.
Partition entropy index average per 100 realizations vs number of clusters

25-
20~
5 m parameter
B m=1.1
> 1.5-
2 m=1.2
2
€ — m=14
o
g m=1.5
E10- m=2
T
o m=4
05~

number of clusters
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A10. Index de validacié (cont.)

Mitjana de I'index Calinski-Harabasz per a un nombre creixent de clusters; I'index optim és el maxim
Calinski-Harabasz index average per 100 realizations vs number of clusters

1e+05-
m parameter

m=1.1
m=1.2
m=1.4
m=1.5

m=2

Calinski-Harabasz index

5e+04 - m=4

number of clusters
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A11l. Variables que caracteritzen cada patrd de multimorbiditat i polimedicacié combinat

3. Neurological

4. Behavioral,

6. Cardiovascular,

and Neurological, and 5. Cardio- Renal Study population
1. Non-specific 2. Diabetes - cerebrovascular ! 7. Multisystem Y pop
Musculoskeletal, Musculoskeletal, and Renal Inflammatory, (all)
Female dominant Female dominant and Respiratory
Number of people, n 344,958 178,457 102,75 90,287 80,855 69,720 49,592 916,619

Multimorbidity, n (%)

281,952 (81.74)

178,412 (99.97)

102,629 (99.88)

90,245 (99.95)

80,819 (99.96)

69,68 (99.94)

49,347 (99.51)

853,084 (93.07)

Polypharmacy, n (%)

53,070 (15.38)

105,323 (59.02)

69,503 (67.64)

68,276 (75.62)

67,635 (83.65)

58,245 (83.54)

35,523 (71.63)

457,575 (49.92)

Women, n (%)

187,691 (54.41)

98,251 (55.06)

70,946 (69.05)

67,785 (75.08)

39,649 (49.04)

35,130 (50.39)

29,679 (59.85)

529,131 (57.73)

Men, n (%)

157,267 (45.59)

80,206 (44.94)

31,803 (30.95)

22,502 (24.92)

41,207 (50.96)

34,590 (49.61)

19,913 (40.15)

387,488 (42.27)

Age, mean (SD)

74.28 (7.47)

74.61 (6.86)

75.82 (7.07)

75.43 (7.06)

77.06 (7.34)

78.47 (7.30)

78.27 (7.52)

75.41 (7.39)

Age (categories), n (%)

[65,70) 119,921 (34.76) 51,741 (28.99) 24,050 (23.41) 23,121 (25.61) 15,649 (19.35) 9,796 (14.05) 7,901 (15.93) 252,178 (27.51)

[70,80) 140,724 (40.79) 83,142 (46.59) 47,314 (46.05) 41,082 (45.5) 34,708 (42.93) 28,197 (40.44) 19,419 (39.16) 394,586 (43.05)

[80,90) 71,317 (20.67) 39,345 (22.05) 27,970 (27.22) 23,398 (25.92) 26,574 (32.87) 27,204 (39.02) 18,936 (38.18) 234,744 (25.61)

[90,99] 12,997 (3.77) 4,229 (2.37) 3,416 (3.32) 2,686 (2.97) 3,924 (4.85) 4,524 (6.49) 3,336 (6.73) 35,111 (3.83)
MEDEA* index, n (%)

R 71,007 (21.98) 35,761 (21.22) 18,739 (19.54) 16,239 (19.34) 15,426 (21.01) 14,514 (23.28) 10,563 (23.83) 182,249 (19.88)
U1 63,526 (19.67) 25,114 (14.90) 14,580 (15.20) 13,131 (15.64) 11,684 (15.91) 9,413 (15.10) 7,344 (16.57) 144,792 (15.80)
U2 53,337 (16.51) 26,606 (15.79) 15,239 (15.89) 13,307 (15.85) 11,546 (15.72) 9,563 (15.34) 6,832 (15.41) 136,430 (14.88)
VE] 51,420 (15.92) 28,004 (16.62) 15,988 (16.67) 13,976 (16.64) 11,928 (16.24) 9,839 (15.78) 7,068 (15.94) 138,223 (15.08)
U4 46,598 (14.43) 28,059 (16.65) 16,264 (16.96) 14,066 (16.75) 11,795 (16.06) 9,726 (15.60) 6,480 (14.62) 132,988 (14.51)
us 37,128 (11.49) 24,998 (14.83) 15,109 (15.75) 13,264 (15.79) 11,05 (15.05) 9,290 (14.90) 6,043 (13.63) 116,882 (12.75)




3. Neurological

4. Behavioral,

6. Cardiovascular,

" . and Neurological, and o Renal, . Study population
1. Non-specific 2. Diabetes Musculoskeletal, Musculoskeletal, cerebrovascular TR, 7. Multisystem (all)
Female dominant Female dominant LG and Respiratory
imlezr el Chroﬁgéiseases' IR 3[2-5] 6 [4-7] 7[5-9] 8 [6-10] 8 [6-10] 8 [6-10] 7 [6-10] 6 [4-8]
Number of chronic diseases (categories), n (%)
0 25,380 (7.36) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 25,380 (2.77)
1 37,626 (10.91) 45 (0.03) 121 (0.12) 42 (0.05) 36 (0.04) 40 (0.06) 244 (0.49) 38,154 (4.16)
[2,5) 176,529 (51.17) 50,912 (28.53) 12,934 (12.59) 7,896 (8.75) 7,990 (9.88) 6,133 (8.8) 6,441 (12.99) 268,836 (29.33)
[5,10) 99,930 (28.97) 114,840 (64.35) 67,586 (65.78) 58,154 (64.41) 51,082 (63.18) 42,058 (60.32) 30,059 (60.61) 463,709 (50.59)
>10 5,493 (1.59) 12,660 (7.09) 22,109 (21.52) 24,195 (26.8) 21,747 (26.9) 21,489 (30.82) 12,847 (25.91) 120,540 (13.15)
0T @i m?l‘:;?tims' I EDD 2[0-3] 5[3-7] 6 [4-8] 6 [5-9] 7 [5-9] 7 [5-10] 6 [4-9] 4(2-7]
Number of medications, (categories), n (%)
0 113,702 (32.96) 536 (0.3) 1,414 (1.38) 132 (0.15) 24 (0.03) 180 (0.26) 1,801 (3.63) 117,789 (12.85)
1 50,694 (14.7) 5,232 (2.93) 3,057 (2.97) 1,282 (1.42) 581 (0.72) 602 (0.86) 1,364 (2.75) 62,812 (6.85)
[2,5) 127,492 (36.96) 67,366 (37.75) 28,777 (28.01) 20,597 (22.81) 12,615 (15.6) 10,692 (15.34) 10,904 (21.99) 278,442 (30.38)
[5,10) 50,510 (14.64) 90,914 (50.94) 55,102 (53.63) 52,401 (58.04) 47,710 (59.01) 38,927 (55.83) 25,494 (51.41) 361,058 (39.39)
>10 2,560 (0.74) 14,410 (8.07) 14,401 (14.02) 15,875 (17.58) 19,924 (24.64) 19,318 (27.71) 10,029 (20.22) 96,518 (10.53)
Number of visits 2012, median [IQR] 6 [2-10] 10 [6-16] 12 [7-18] 12 [7-19] 14 [8-23] 18 [10-29] 13 [7-23] 9 [5-16]
Number of visits 2012 (categories), n (%)
0 44,954 (13.03) 825 (0.46) 637 (0.62) 317 (0.35) 242 (0.3) 204 (0.29) 766 (1.54) 47,945 (5.23)
1 25,389 (7.36) 3,155 (1.77) 1,463 (1.42) 1,213 (1.34) 1,026 (1.27) 683 (0.98) 954 (1.92) 33,884 (3.7)
[2,5) 75,895 (22) 20,685 (11.59) 9,889 (9.62) 8,168 (9.05) 6,708 (8.3) 4,336 (6.22) 4,759 (9.6) 130,439 (14.23)
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1. Non-specific

2. Diabetes

3. Neurological
and
Musculoskeletal,
Female dominant

4. Behavioral,
Neurological, and
Musculoskeletal,
Female dominant

5. Cardio-
cerebrovascular
and Renal

6. Cardiovascular,
Renal,
Inflammatory,
and Respiratory

7. Multisystem

Study population
(all)

[5,10)

101,438 (29.41)

56,518 (31.67)

27,564 (26.83)

22,805 (25.26)

18,077 (22.36)

11,938 (17.12)

11,008 (22.2)

249,349 (27.2)

>10

97,283 (28.2)

97,274 (54.51)

63,197 (61.51)

57,783 (64)

54,802 (67.78)

52,558 (75.38)

32,105 (64.74)

455,002 (49.64)

Per raons de simplicitat, tots els nimeros de la taula es van arrodonir al seu nombre natural més proper.
*L'index MEDEA comenga amb U1 (entorn urba, menys empobrit) i acaba amb U5 (entorn urba, més empobrit). Les persones en entorns rurals estan classificades en la variable R. L'index

MEDEA n=851.564.







ANNEXES

10.3. MATERIAL SUPLEMENTARI ARTICLE 3

A12. Prevalenca de patologies croniques o d’associacions patologia cronica-farmacen la

poblacié global de I'estudi.

A13. Evolucié dels patrons combinats de multimorbiditat i polimedicacié identificats,

persones incloses i patologies o associacions de patologia-farmac.

A1l4. Probabilitats de transicié de Viterbi des de I'inici fins a la fi de I'estudi.
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A12. Prevalen¢a de patologies croniques o d’associacions patologia cronica-farmac en la poblacio global de I'estudi.

Prevalence Prevalence

e S Frequency Frequency Frequency Frequency Frequency | Prevalence |ai " Ao B LEEUE )
(n) (n) (n) (n) (n)
Hypertension 85.263 74 78.224 75 71.530 76 63.782 77 56.540 78 5,3 764
Dyslipidemia 47.958 42 44.176 42 40.642 43 36.123 a4 31.639 a4 4,8 ] 434
Heart failure 41.860 37 40.711 39 37.979 41 34.195 41 30.480 42 15,7 ] 406
Obesity (D) 39.545 35 37.550 36 34.148 36 30.811 37 27.332 38 9,8 ] 36,5
Diabetes 38.174 33 35.185 34 32.135 34 28.521 35 25.269 35 5,1 [ 34,3
Atrial fibrillation 33.255 29 32.188 31 30.676 33 28.126 34 25.413 35 21,4 (] 32,8
Chronic kidney di 29913 26 30.390 29 29.573 32 29.651 36 27.548 38 46,3 (] 31,6
Cataract lens (D) 28.289 25 27.539 26 26.674 28 25.054 30 23.198 32 30,3 (] 28,5
Osteoarthritis, degenerative joint 25.400 22 23.386 22 22.742 24 21.016 25 19.335 27 20,9 [} 24,3
Ischemic heart 28.039 24 25.413 24 22.715 24 19.920 24 17.383 24 -1,5 [} 24,3
COPD, emphysema, chronic bronchitis 23.784 21 22.087 21 20.988 22 19.137 23 16.995 24 13,5 [} 22,4
Prostate di i 22.999 20 21.722 21 20.554 22 18.904 23 17.400 24 20,2 [ 22,0
Solid neoplasms (D) 21.721 19 21.094 20 20.123 21 18.783 23 17.208 24 25,8 [} 21,5
Deafness hearing loss (D) 16.956 15 17.226 17 16.926 18 16.287 20 15.382 21 44,1 ] 18,1
Colitis related di 19.343 17 14.033 14 13.976 15 13.472 16 12.843 18 5,4 ] 16,3
Depression and mood diseases 15.584 14 14.939 14 14.024 15 12.680 15 11.519 16 17,4 [} 15,0
Peripheral vascular disease 15.364 13 14.871 14 13.868 15 12.686 15 11.569 16 19,6 [ 14,8
Cerebrovascular disease 16.940 15 15.783 15 14.008 15 12.115 15 9.925 14 6,9 (] 14,8
Bradycardias and conduction diseases (D) 13.423 12 13.754 13 13.543 14 12.853 16 11.916 17 41,0 (] 14,5
Anemia 14.954 13 13.523 13 12.843 14 11.815 14 10.556 15 12,1 (] 13,7
Cardiac valve di 12.816 11 12.442 12 12.413 13 11.800 14 10.807 15 34,0 (] 13,3
Neurotic, stress-related and somatoform di 12.328 11 11.920 11 11.671 12 10.969 13 10.303 14 32,7 '_E| 12,5
Dorsopathies 10.615 9 10.213 10 10.364 11 10.036 12 9.537 13 42,7 [ 11,1
Sleep disorders 8.324 7 9.268 9 9.868 11 9.700 12 9.092 13 73,5 (] 10,5
Esophagus, stomach and duodenum diseases 9.022 8 8.902 9 9.097 10 8.879 11 8.815 12 55,2 @] 9,7
Other musculoskeletal and joint di 9.499 8 9.045 9 8.992 10 8.649 10 8.292 12 38,7 @] 9,6
Glaucoma 8.446 7 7.810 8 7.357 8 6.686 8 6.023 8 13,1 [ 7,9
Other psychiatric and behavioral di 5.933 5 6.333 6 6.615 7 6.579 8 6.396 9 71,2 ] 7,1
Dementia 6.465 6 6.378 6 6.133 7 5.619 7 5.184 7 27,3 [ 6,6
Thyroid diseases 6.461 6 6.257 6 5.786 6 5.446 7 5.024 7 23,6 [ 6,2
Peripheral neuropathy 5.538 5 5.422 5 5.494 6 5.477 7 5.264 7 50,8 (] 5,9
Osteoporosis 8.178 7 6.002 6 4.991 5 4.365 5 3.772 5 -26,8 II_] 53
Other cardiovascular diseases (D) 5.007 4 5.038 5 4.924 5 4.684 6 4.293 6 36,2 ] 53
Chronic pancreas, biliary tract and gallbladder diseases (D) 4.387 4 4.448 4 4.374 5 4.292 5 4.057 6 47,0 [l 4,7
Inflammatory arthropathies 4.348 4 4.177 4 4.213 5 4.215 5 4.061 6 48,2 [ 4,5
Other digestive diseases (D) 3.496 3 3.482 3 3.501 4 3.365 4 3.140 4 43,0 [ 3,7
Other genitourinary diseases 3.691 3 3.514 3 3.179 3 3.067 4 2.913 4 25,5 ] 3,4
Other respiratory diseases (D) 2.651 2 2.812 3 2.967 3 2.959 4 2.892 4 73,6 ] 3,2
Autoimmunedi 2.551 2 2.369 2 2.372 3 2.289 3 2.166 3 34,5 | 2,5
Other skin diseases (D) 2.258 2 2.341 2 2.366 3 2.178 3 2.018 3 42,1 | 2,5
Allergy 1.807 2 1.955 2 2.085 2 2.209 3 2,131 3 87,3 | 2,2

Abreviatures: COPD: malaltia pulmonar obstructiva cronica; RIC: rang interquartil. D: Categoria de malaltia (tots els altres grups corresponen a malaltia-farmac). Les categories ressaltades en
blau corresponen a la Categoria de Malaltia.



A13. Evolucio dels patrons combinats de multimorbiditat i polimedicacio identificats, persones incloses i patologies o associacions de patologia-farmac.

Pattern

Cardiac

Pattern

Non-specific

Baseline (2012)

Disease or Disease-Drug Group

PrevC1

OEC1

Cardiac valve diseases 64,75 5,79 73,42
Atrial fibrillation 88,41 3,04 38,63
Heart failure 56,95 1,56 19,77
Thyroid diseases 8,60 1,52 19,35
Inflammatory arthropathies 5,29 1,39 17,69
Obesity (D) 38,76 1,12 14,24
Other cardiovascular diseases (D) 4,88 1,12 14,16
Hypertension 81,17 1,09 13,83
Osteoporosis 7,43 1,04 13,21
Chronic kidney diseases 26,83 1,03 13,03
Dyslipidemia 40,81 0,97 12,37
Chronic pancreas, biliary-gallbladder (D) 3,65 0,95 12,10
Solid neoplasms (D) 17,69 0,93 11,84
Other skin (D) 1,71 0,87 10,98
Esophagus stomach duodenum 6,81 0,86 10,97
COPD, emphysema, chronic bronchitis 17,06 0,82 10,43
Bradycardias conduction (D) 9,47 0,81 10,25
Anemia 10,46 0,80 10,16
Cataract lens (D) 18,33 0,74 9,42

Diabetes 2357 0,71 8,97

Disease or Disease-Drug Group

PrevC1

Bradycardias conduction (D) 14,14 1,21 41,64
Deafness hearing loss (D) 15,19 1,03 35,40
Other digestive (D) 3,11 1,02 35,15
Cataract lens (D) 24,00 0,97 33,53
Solid neoplasms (D) 17,00 0,90 30,95
Heart failure 31,47 0,86 29,72
Hypertension 60,03 0,81 27,83
Cerebrovascular 11,40 0,77 26,59
Osteoporosis 534 0,75 25,79
Glaucoma 5,49 0,74 25,69
Peripheral vascular 991 0,74 25,50
Atrial fibrillation 21,34 0,73 25,37
Prostate 14,48 0,72 24,88
Osteoarthritis, degenerative joint 15,79 0,71 24,57
Obesity (D) 2337 0,68 23,37
Ischemic heart 16,56 0,68 23,35
COPD, emphysema, chronic bronchitis 14,00 0,67 23,27
Chronic kidney 17,18 0,66 22,71
Colitis related diseases 11,08 0,66 22,64
Dyslipidemia 24,92 0,60 20,54

Pattern

Cardiac

Pattern

Non-specific

End of follow-up (2016)

Disease or Disease-Drug Group

PrevCl

Cardiac valve diseases 68,35 4,56 70,49
Atrial fibrillation 91,77 2,60 40,25
Heart failure 61,88 1,46 22,62
Thyroid 10,05 1,44 22,29
Inflammatory arthropathies 7,45 132 20,44
Obesity (D) 40,92 1,08 16,68
Hypertension 82,85 1,06 16,33
Chronic kidney 40,07 1,05 16,21
Osteoporosis 5,26 1,00 15,54
Chronic pancreas, biliary-gallbladder (D) 5,65 1,00 15,53
Other cardiovascular diseases (D) 5,64 0,95 14,65
Dyslipidemia 41,17 0,94 14,50
Solid neoplasms (D) 21,62 0,91 14,00
Bradycardias conduction (D) 14,08 0,85 13,17
Cataract lens (D) 27,04 0,84 12,99
Other skin (D) 2,30 0,82 12,69
COPD, emphysema, chronic bronchitis 17,93 0,76 11,76
Anemia 11,10 0,76 11,72
Esophagus stomach duodenum 9,10 0,74 11,50
Glaucoma 6,16 0,74 11,41

Disease or Disease-Drug

PrevC1l

Bradycardias conduction (D) 20,07 1,21 29,89
Deafness hearing loss (D) 22,18 1,04 25,59
Cataract lens (D) 30,01 0,93 22,96
Solid neoplasms (D) 20,85 0,87 21,50
Heart failure 35,09 0,83 20,44
Other digestive (D) 3,58 0,82 20,22
Hypertension 63,92 0,82 20,07
Osteoporosis 3,91 0,75 18,40
Peripheral vascular 11,96 0,75 18,35
Cerebrovascular 10,24 0,74 18,32
Glaucoma 6,14 0,74 18,10
Prostate 17,40 0,72 17,75
Ischemic heart 16,99 0,70 17,34
Chronic kidney 25,94 0,68 16,71
Atrial fibrillation 23,88 0,68 16,68
Osteoarthritis, degenerative joint 17,60 0,66 16,16
Obesity (D) 24,57 0,65 15,96
COPD, emphysema, chronic bronchitis 14,72 0,62 15,37
Colitis related diseases 10,75 0,60 14,86
Dyslipidemia 26,01 0,59 14,59
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Mental, behavioral,
digestive &
cerebrovascular

Pattern

D orD Drug Gro p O
Dementia 48,96 8,67 67,69
Depression mood 48,20 3,54 27,64
Other digestive (D) 10,43 3,42 26,66
Other psychiatric and behavioral 14,05 2,71 21,17
Neurotic, stress and somatoform 28,43 2,64 20,61
Anemia 33,21 2,54 19,85
Cerebrovascular 30,18 2,04 15,92
Colitis related diseases 30,97 1,83 14,31
Chronic pancreas, biliary-gallbladder (D) 6,99 1,83 14,25
Autoimmune 3,70 1,66 12,98
Chronic kidney 39,45 1,51 11,79
Sleep 10,53 1,45 11,30
Glaucoma 10,09 137 10,68
Diabetes 39,52 1,19 9,25
Osteoarthritis, degenerative joint 23,93 1,08 8,42
Hypertension 80,13 1,08 8,40
Osteoporosis 7,65 1,07 8,36
Thyroid 5,96 1,06 8,25
Solid neoplasms (D) 19,66 1,04 8,09
Cataractlens (D) 25,09 1,02 793

Mental, behavioral,
digestive &
cerebrovascular

Pattern

d of follo p
» or D D 0 P O
Dementia 57,70 8,02 52,95
Other digestive (D) 17,87 4,10 27,07
Depression mood 49,91 3,12 20,61
Other psychiatric and behavioral 24,24 2,73 18,03
Neurotic, stress and somatoform 29,58 2,07 13,66
Anemia 30,29 2,07 13,65
Cerebrovascular 27,50 2,00 13,18
Chronic pancreas, biliary-gallbladder (D) 8,66 1,54 10,16
Colitis related diseases 23,50 1,32 8,71
Chronic kidney 48,48 1,27 8,37
Glaucoma 10,51 1,26 8,30
Autoimmune 3,51 1,17 7,71
Sleep 14,23 1,13 745
Diabetes 38,28 1,09 7,21
Thyroid 7,21 1,03 6,83
Hypertension 79,40 1,01 6,68
Osteoarthritis, degenerative joint 27,10 1,01 6,67
Solid neoplasms (D) 23,10 0,97 6,39
Osteoporosis 4,88 0,93 6,15
Cataract lens (D) 29,68 0,92 6,09

Neuropathy,
autoimmune &
musculoskeletal

Disease or Disease-Drug Group Prev C1
Peripheral neuropathy 42,48 8,78 38,37
Autoimmune 16,39 7,36 32,14
Other muculoskeletal joint 37,45 4,51 19,72
Dorsopathies 41,28 445 19,45
Osteoarthritis, degenerative joint 62,00 2,80 12,21
Osteoporosis 17,51 2,45 10,71
Inflammatory arthropathies 8,20 2,16 9,43
Obesity (D) 63,01 1,82 797
Diabetes 59,12 1,77 7,75
Anemia 21,51 1,65 7,20
Dyslipidemia 60,56 1,45 6,32
Depression mood 19,23 1,41 6,17
Peripheral vascular 18,57 1,38 6,05
Neurotic, stress and somatoform 14,65 1,36 5,95
Thyroid 7,60 1,35 5,88
Chronic kidney 34,53 1,32 5,77
Ischemic heart 29,71 1,21 5,30
Hypertension 89,66 1,20 5,26
Glaucoma 8,80 1,19 521
Heart failure 42,08 1,15 5,03

Neuropathy,
autoimmune &
musculoskeletal

Disease or Disease-Drug Group Prev C1
Peripheral neuropathy 46,28 6,34 38,62
Autoimmune 17,76 5,91 36,01
Other muculoskeletal joint 40,97 3,56 21,71
Dorsopathies 47,05 3,56 21,67
Osteoarthritis, degenerative joint 66,15 2,47 15,03
Osteoporosis 12,22 2,34 14,24
Inflammatory arthropathies 9,88 1,75 10,69
Diabetes 58,82 1,68 10,23
Obesity (D) 63,37 1,67 10,19
Anemia 23,90 1,63 9,95
Thyroid 9,74 1,40 8,52
Peripheral vascular 21,83 1,36 8,29
Depression mood 21,56 1,35 8,22
Dyslipidemia 59,16 1,35 8,21
Chronic kidney 49,51 1,30 7,90
Neurotic, stress and somatoform 18,05 1,26 7,70
Heart failure 51,83 1,23 747
Ischemic heart 29,11 1,21 7,36
Glaucoma 9,74 1,17 7,11
Hypertension 90,76 1,16 7,05




Pattern

Multisystemic

Baseline (2012)

Disease or Disease-Drug Group

Prev C1

Chronic pancreas, biliary-gallbladder (D) 27,74 7,24 37,50
Inflammatory arthropathies 25,48 6,71 34,75
Other respiratory (D) 11,01 4,76 24,63
Other cardiovascular diseases (D) 17,22 3,94 20,39
Autoimmune 8,58 3,85 19,95
Other digestive (D) 9,36 3,07 15,88
Bradycardias conduction (D) 31,57 2,69 13,95
Peripheral neuropathy 10,58 2,19 11,32
Dorsopathies 19,67 2,12 10,98
Other genitourinary 6,53 2,03 10,48
Osteoarthritis, degenerative joint 43,11 194 10,06
COPD, emphysema, chronic bronchitis 38,66 1,86 9,64
Other muculoskeletal joint 15,37 1,85 9,59
Chronic kidney 47,06 1,80 9,33
Allergy 2,78 1,76 9,13
Anemia 22,43 1,72 8,89
Heart failure 62,35 1,71 8,83
Other skin (D) 3,17 1,61 8,33
Sleep 11,62 1,60 8,28
Colitis related diseases 25,22 1,49 7,73

Pattern

Multisystemic

End of follow-up (2016)

Disease or Disease-Drug Group

Prev C1

Chronic pancreas, biliary-gallbladder (D) 31,01 5,51 38,45
Inflammatory arthropathies 27,83 494 34,47
Other respiratory (D) 13,52 3,37 23,51
Autoimmune 8,75 2,91 20,31
Other cardiovascular diseases (D) 17,21 2,89 20,17
Other digestive (D) 12,03 2,76 19,27
Bradycardias conduction (D) 38,54 2,33 16,27
Dorsopathies 23,63 1,79 12,47
Osteoarthritis, degenerative joint 46,95 1,75 12,22
Peripheral neuropathy 12,72 1,74 12,16
Other genitourinary 6,98 1,73 12,05
COPD, emphysema, chronic bronchitis 38,96 1,65 11,53
Heart failure 68,79 1,63 11,35
Anemia 23,79 1,62 11,34
Other muculoskeletal joint 18,64 1,62 11,31
Allergy 4,75 1,61 11,22
Chronic kidney 61,30 1,60 11,20
Sleep 18,58 1,47 10,28
Colitis related diseases 26,24 1,47 10,28
Atrial fibrillation 47,31 1,34 9,37

Pattern Disease or Disease-Drug Group PrevC1 Pattern Disease or Disease-Drug Group PrevC1l
Allergy 8,35 5,29 56,72 Allergy 11,61 3,93 54,62
Other respiratory (D) 9,45 4,08 43,72 Other cardiovascular diseases (D) 19,41 3,26 45,33
Other cardiovascular diseases (D) 17,46 3,99 42,78 Other respiratory (D) 12,24 3,05 42,43
Other psychiatric and behavioral 20,38 3,93 42,15 Other psychiatric and behavioral 23,78 2,68 37,27
Prostate 48,33 241 25,78 Prostate 51,75 2,14 29,81
COPD, emphysema, chronic bronchitis 44,63 2,15 23,02 Other genitourinary 8,14 2,01 28,01
Peripheral vascular 27,64 2,06 22,07 COPD, emphysema, chronic bronchitis 46,31 1,96 27,31
3 Other skin (D) 3,93 1,99 21,35 X Peripheral vascular 31,12 1,94 26,96
Respiratory, Esophagus stomach duodenum 14,58 1,85 19,33 Respiratory, Other skin (D) 4,97 1,77 24,68
cardiovascular, Sleep 12,80 1,76 18,87 cardiovascular, Esophagus stomach duodenum 19,16 1,57 21,79
behavioral & Other genitourinary 522 1,62 17,34 behavioral & Sleep 18,64 1,48 20,55
genitourinary Solid neoplasms (D) 29,61 1,56 16,73 genitourinary Solid neoplasms (D) 34,62 1,45 20,17
Deafness hearing loss (D) 21,30 1,44 15,42 Ischemic heart 34,50 1,43 19,89
Neurotic, stress and somatoform 15,24 1,42 15,17 Deafness hearing loss (D) 28,93 1,36 18,85
Ischemic heart 34,10 1,39 14,92 Colitis related diseases 24,13 1,35 18,34
Colitis related diseases 21,77 1,29 13,81 Cerebrovascular 18,06 1,31 18,24
Other muculoskeletal joint 10,50 1,27 13,56 Neurotic, stress and somatoform 18,51 1,29 18,00
Cerebrovascular 18,66 1,26 13,51 Chronic pancreas, biliary-gallbladder (D) 7,15 1,27 17,67
Inflammatory arthropathies 4,73 1,24 13,34 Dyslipidemia 53,11 1,21 16,33
Dyslipidemia 51,59 1,23 13,20 Depression mood 19,00 1,19 16,54
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Diabetes & ischemic
cardiopathy

Musculoskeletal, mental,
behavioral,
genitourinary, digestive
& dermatological

Diabetes 71,00 2,13 36,45
Ischemic heart 50,95 2,08 35,61
Peripheral vascular 26,79 2,00 34,18
Other genitourinary 641 1,99 34,06
Thyroid 9,99 1,77 30,30
Glaucoma 12,73 1,73 29,54
Dyslipidemia 72,11 1,72 29,47
Cerebrovascular 23,78 1,61 27,52
Other skin (D) 3,08 1,56 26,75
Chronic kidney 39,36 151 25,79
Anemia 18,51 1,42 24,26
Obesity (D) 48,11 1,39 23,85
Hypertension 93,43 1,25 2148
Esophagus stomach duodenum 9,44 1,20 20,51
Prostate 21,16 1,05 18,03
Cataract lens (D) 24,91 1,01 17,26
Solid neoplasms (D) 18,52 0,98 16,72
Heart failure 35,58 0,97 16,66
Colitis related diseases 16,12 0,95 16,33
COPD, emphysema, chronic bronchitis 17,86 0,86 14,72
Disease or Disease-Drug O
Neurotic, stress and somatoform 43,42 4,03 30,69
Dorsopathies 34,48 3,72 28,31
Other muculoskeletal joint 27,86 3,36 25,56
Depression mood 44,53 3,27 24,90
Sleep 23,24 3,20 24,33
Osteoporosis 22,58 3,16 24,06
Other genitourinary 9,23 2,86 21,78
Esophagus stomach duodenum 20,94 2,66 20,23
Osteoarthritis, degenerative joint 56,68 2,56 19,44
Other skin (D) 4,92 2,50 19,00
Thyroid 12,62 2,24 17,03
Allergy 3,32 2,10 15,99
Colitis related diseases 33,45 1,98 15,07
Other psychiatric and behavioral 9,73 1,88 14,29
Peripheral neuropathy 8,77 1,81 13,80
Deafness hearing loss (D) 23,41 1,58 12,03
Other respiratory (D) 3,44 1,49 11,32
Cataract lens (D) 33,60 1,36 10,35
Heart failure 43,08 1,18 8,97
COPD, emphysema, chronic bronchitis 23,74 1,14 8,70

Diabetes & ischemic
cardiopathy

Musculoskeletal, mental,
behavioral,
genitourinary, digestive
& dermatological

Disease or Disease-D O

Ischemic heart 49,55 2,05 34,55
Diabetes 71,14 2,03 34,13
Peripheral vascular 31,89 1,99 3342
Other genitourinary 7,25 1,79 30,18
Cerebrovascular 22,90 1,66 27,97
Glaucoma 13,67 1,64 27,51
Dyslipidemia 70,79 161 27,12
Thyroid 10,68 1,53 25,78
Other skin (D) 3,98 1,42 23,89
Anemia 20,31 1,39 23,32
Chronic kidney 52,53 137 23,12
Obesity (D) 48,90 1,29 21,69
Hypertension 93,94 1,20 20,14
Esophagus stomach duodenum 14,20 1,16 19,52
Cataract lens (D) 33,81 1,05 17,67
Prostate 25,32 1,05 17,64
Solid neoplasms (D) 23,85 1,00 16,80
Colitis related diseases 17,07 0,96 16,11
Heart failure 39,80 0,94 15,83
Deafness hearing loss (D) 18,31 0,86 14,43

Disease or Disease-D 0

Neurotic, stress and somatoform 47,99 3,36 32,00
Dorsopathies 38,30 2,89 27,59
Depression mood 46,11 2,89 27,50
Osteoporosis 14,57 2,78 26,54
Other muculoskeletal joint 31,06 2,70 25,74
Sleep 32,34 2,56 24,44
Osteoarthritis, degenerative joint 59,27 2,21 21,06
Esophagus stomach duodenum 25,62 2,10 19,97
Other skin (D) 5,69 2,03 19,38
Thyroid 14,08 2,02 19,25
Other psychiatric and behavioral 16,49 1,86 17,71
Colitis related diseases 32,78 1,84 17,53
Other genitourinary 7,32 181 17,27
Allergy 5,01 1,69 16,14
Deafness hearing loss (D) 31,78 1,49 14,19
Peripheral neuropathy 10,54 1,44 13,75
Other respiratory (D) 5,04 1,26 11,96
Cataract lens (D) 40,00 1,24 11,85
Heart failure 50,35 1,19 11,35
Atrial fibrillation 39,69 1,13 10,73

Les categories ressaltades en vermell arriben al llindar de la relacié O/E de dos o a I'exclusivitat 230%. Les categories ressaltades en blau corresponen a la categoria de malaltia (sense farmac

associat).

Abreviacions: Prev: prevalenca de la malaltia en el clister; O/E ratio: relacié observat/esperat; Exc: exclusivitat; COPD: Chronic Obstructive Pulmonary Disease; D: categoria de malaltia (tots els
altres grups corresponen a malaltia-medicament).




A14. Probabilitats de transicio de Viterbi des de l'inici fins a la fi de I'estudi

Musculoskeletal,

Els patrons per a I'any 2012 es mostren verticalment i els de I'any 2016 horitzontalment. Els patrons ombrejats en gris corresponen a transferéncies i defuncions
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2016 Mental, behavioral, Neuropathy, st:pirator:/, Diabetes & ischemi mental, behavioral,
Cardiac Non-specific digestive & autoimmune & Multisystemic c:rehlaov.a e @ es. e genitourinary, Transfer out Death
vioral & cardiopathy ) )
2012 cerebrovascular musculoskeletal itouri digestive &
gentourfnary dermatological
Cardiac 0,77 0,4 1,21 1,54 0,02 0,16 0,98 1,18 26,48
Non-specific 2,59 42,06 3,94 0,63 2,27 2,37 1,17 3,17 4,97 36,82
Menth Perviorsl Bl 0,11 3,05 33,3 0,03 0,17 0,06 0,1 0,14 2,84 -
Nedropathy, aommune & 1,8 1,09 0,32 1,4 0,13 3,86 03 1,1 21,9
Multisystemic 0,35 1,04 0,2 0,06 1,58 42,08
Respiratory, cardiovascular,
B e e 0,11 1,13 0,13 0,07 1,08 24,69
Diabetes & ischemic
P 0,83 1,2 1,08 2,84 0,98 29,93
Musculoskeletal, mental,
behavioral, genitourinary, 1,42 4,5 1,09 0,25 1,83 28,36
digestive & dermatological
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