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Resum

RESUM

1.- Antecedents

L’augment de I’esperanca de vida ha produit un augment de la prevalenca de la malalties croniques i
per tant de la multimorbilitat. La multimorbiditat porta com conseqiiéncia la polimedicaci6. Davant el
nou escenari epidemiologic en el nostre pais, es considera necessari avaluar la magnitud d’aquest

fenomen en les persones majors de 65 anys.
2.- Objectius

L’objectiu d’aquesta tesi és aprofundir en el coneixement i 1I’epidemiologia de la multimorbiditat en les
persones majors de 65 concretament en 1) identificar els patrons de multimorbiditat al llarg d’un periode
de sis anys, 2) comparar la taxa de mortalitat per cada patr6 i 3) descriure els farmacs prescrits aixi com

identificar els patrons de farmacs.
3.- Meétodes

Estudi de cohorts, amb analisi transversal per cada any d’estudi, amb informacié de la historia clinica
informatitzada dels centres d’atencio primaria en la poblacid entre 65 i 94 anys de Barcelona, entre els
anys 2009-2014. El criteri d’inclusid va ser que les persones tinguessin 65-94 anys al 2009, almenys
una visita en el periode d’estudi, registre a I’historia clinica de minim dues malalties croniques i1 que no
s’haguessin traslladat a una altra ciutat o a un altre proveidor de servei de salut que no fos gestionat per
I’Institut Catala de la Salut, durant el periode d’estudi. Les variables independents incloses van ser: els
diagnostics de malalties, els farmacs retirats de les oficines de farmacia; i les variables dependents
considerades: I’index de deprivacio socioeconomica MEDEA, el sexe i el grup d’edat (65-79 anys i >
80 anys). Per la mostra analitzada es va dur a terme un analisi descriptiu. Els patrons de multimorbiditat
1 de farmacs van ser identificats aplicant dues técniques: 1) analisi de correspondéncia multiple i 2)
clusteritzaci6 amb k-means. Es va calcular la taxa de mortalitat estandarditzada (TME). La
superviveéncia va ser analitzada amb ’estimaci6é de la Regressio de Cox (hazard ratio i interval de
confianga) i els resultats es van ajustar per edat, index de deprivacio, numero de malalties i farmacs.

L’analisi per respondre els tres objectius generals van ser estratificats per edat i sexe.
4.- Resultat

La mostra va constar de 190.108 pacients multimorbida (92,2% de la poblacid) on la majoria van ser
dones (59,8%). La mitjana de malalties croniques va ser de 7 (rang interquartil 5-10). Les malalties
croniques més freqiients van ser malalties cardiovasculars, metaboliques i relacionades amb 1’edat. La
prevalenca de les malalties croniques va ser estable al llarg dels sis anys d’estudi. Es van obtenir sis

patrons de multimorbiditat per cada grup d’edat i sexe, sent el patrd “No especific” el que va concentrar
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major poblacid i caracteritzant-se per estar format de malalties amb prevalenca alta perd sense cap
sistema anatomic sobrerrepresentat. Els 5 altres patrons, per cada grup, es van anomenar:
Cardiovascular, Endocri-metabolic, Muscul-esquelétic, Digestiu (dones)/Digestiu-respiratori (homes) i
Neuro-psiquiatric. El patré Muscul-esquelétic va ser el de menor TME, mentre que el patré amb major
TME va ser el Cardiovascular per a les dones i el Digestiu-respiratori pels homes. Una elevada
prescripcié de farmacs i la deprivacio socioeconomica es van associar a un augment de mortalitat. Al
2009, aproximadament la meitat dels pacients rebien 5 o0 més farmacs de manera cronica. Es van obtenir
sis patrons de farmacs per cada grup d’edat i sexe, el “No especific” i 5 altres que combinen els segiients
sistemes anatomics (Organ o sistema en el qual actua el farmac): alimentari i metabolic,
sanguini/hematopoetic, cardiovascular cutani/dermatologic, muscul-esquelétic, sistema nervios,

respiratori i d’organs dels sentits.
S.- Conclusions

La multimorbiditat esta present en la majoria de la poblacié major de 65 anys de Barcelona. Amb les
técniques de clustering de k-means s’han identificat sis patrons de multimorbiditat per cada estrat,
observant la seva estabilitat en el periode analitzat. La taxa de mortalitat va variar en funci6 dels patrons
de multimorbiditat i del sexe. El consum de 5 o més farmacs i el fet de viure en arees
socioeconomicament desfavorides també es va associar a una major mortalitat. S’han identificat sis

patrons de farmacs que responen als patrons de multimorbiditat.
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Abstract

ABSTRACT

1.- Background

An increased in life expectancy is linked with an increases in the prevalence and coexistence of multiple
chronic diseases, therefore a rise in multimorbidity and polimedication. Facing the new epidemiological
scenario in our country, is needed an evaluation on the magnitude of this phenomenon in the elderly

population.
2.- Aim of the study

The aim of this thesis is getting in depth in the knowledge and epidemiology of multiborbidity in people
over 65 years old, in particular 1) identifying multimorbidity patterns throughout six years, 2) comparing
mortality rates per each multimorbidity pattern and 3) describing drug prescription and identifying

medication patterns
3.- Methods

Cohort study with yearly cross-sectional analysis using electronical health records of primary care
centres in people 65-94 years from Barcelona during 2009-2014 period. The inclusion criteria were 65-
94 years of age in 2009 and at least one visit in the primary health centre during the study period, and
electronical health record of minimum two chronic diseases and no moved or otherwise sought care
outside the Catalan Health Institute system. Variables included per each person were the following:
number of different diseases (chronic diseases) and drug consumption as independent variables;
MEDEA deprivation Index, sex and age group (65-79 years and > 80 years) as dependent variables. For
the sample included it was carried out a descriptive analyses. Multimorbidity and medication patterns
were identified applying two techniques: 1) multiple correspondence analysis 2) k-means clustering.
Mortality rates were estimated. Surveillance was analysed estimating Cox regression (hazard ratio and
confidential interval) and results were adjusted by age group, deprivation index, diseases and drug

numbers. All data was stratified by sex and age group.
4.- Results

The sample sized was 190,108 patients with multimorbidity (92.2% of the initial sample) and 59.8%
were women. The mean number of chronic diseases were 7 (interquartile range 5-10). The most frequent
chronic diseases were cardiovascular, metabolic and age related diseases. Chronic diseases prevalence
was stable throughout the period analysed. Six multimorbidity patters were obtained per each age and
sex group, being the Non-specific pattern the one with a highest amount of sample and characterized by

prevalent diseases but not overrepresented in the pattern. The other 5 patterns were labelled:
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Cardiovascular, = Endocrin-metabolic, ~Musculoskeletal, = Digestive/Digestive-respiratory  and
Neuropsychiatric. Musculoskeletal pattern was the one with a lowest mortality rate while Digestive-
respiratory patterns for men and Cardiovascular pattern for women were those with a higher risk of
death. High drug consumption and living in deprivate areas were also associated with a higher rate of
death. In 2009, almost half of the sample were prescribed 5 or more drugs. Six medication patterns were
obtained per each age and sex group, the Non-specific pattern and 5 other encompassing different
anatomical systems (organs or systems where the drug acts): alimentary tract and metabolism, blood,

cardiovascular, dermatological, musculo-skeletal, neurological, respiratory, and sensory organ.
S.- Conclusion

Multimorbidity was present in almost all population over 65 years in Barcelona. It was identified six
multimorbidity patterns, per each age and sex group, using k-means technique, observing their stability
during the studied period. Death rate varied in accordance with multimorbidity pattern and sex. The
consumption of 5 or more drugs, as well as living in deprivate areas, were associated with a higher death
rate. It was identified six medication patterns corresponding with multimorbidity pattern previously

defined.
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4.- INTRODUCCIO






Introduccio

4.1.- Esperanca de vida

La longevitat de la societat ha anat creixent des de 1’época industrial perd ha fet un increment molt
important en el segle XX (1). La millora en la cobertura sanitaria aixi com els avengos sanitaris han estat
pilars importants (millora en infraestructures, augment de la despesa en salut i I’increment de les
prestacions sanitaries), pero aquest increment en 1’esperanca de vida no ha estat condicionat només per
aquests motius (2). Altres factors com les millores en el control d’exposici6 a factors medi ambientals,
1 canvis en estils de vida també han contribuit a I’increment de 1’esperanga de vida (3). Tot plegat ha
suposat un control de les malalties infeccioses, la disminucié de la mortalitat matern-infantil (4), i també
el control sobre els factors de risc cardiovascular. Aquests darrers canvis han estat claus per entendre la
disminucié de la mortalitat (5,6). Aixi doncs, han jugat un paper molt important en 1’augment de
I’esperanca de vida, el control dels factors de risc de diferents malalties i la millora en els serveis de

salut.

Aquest augment de I’esperanga de vida seguira en els propers anys. Segons dades de Nacions Unides,
s’espera que el numero de persones majors de 60 anys es dupliqui pel 2050 i tripliqui pel 2100: passara
de 962 milions al 2017 (12,7% de la poblacié mundial), a 2.100 milions (21,5%) pel 2050 1 3.100 milions
(27,7%) pel 2100 (7). A Europa, les persones majors de 65 anys suposaven un 19,2% de la poblacio al
2016, representaran el 23,9% al 2030 i s’estima que arribaran al 28,5% al 2050 (8). Per a Espanya, si es
mantenen les tendéncies demografiques actuals, el percentatge de poblacié major de 65 anys al 2016

representava el 18,7%, suposant un 25,6% pel 2031 i un 34,6% pel 2066 (9), tal i com es mostra a la

Figura 1.
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Figura I: Representacio de la projeccio de la piramide poblacional d’Espanya entre els anys 2016-2066

estratificat per sexe. Font: Proyecciones de Poblacion 2016-2066, Instituto Nacional de Estadistica (9).
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L’augment de 1’esperanga de vida també ha estat quantificat al 2015 per la revista the Lancet. En base a
dades poblacionals a nivell mundial, es va registrar un augment de I’esperanga de vida de 6,2 anys, amb
un interval de confianga (IC) del 95% entre 5,6 1 6,6 anys (10). Segons la publicacid, en el cas d’Espanya,
I’esperanga de vida en homes va augmentar dels 73,3 anys (IC de 73,2 a 73,5 anys) al 1990 fins a 79,0
anys (IC de 78,4 a 79,6 anys) al 2013, essent per les dones de 80,6 anys (IC de 80,4 a 80,7) al 1990 fins
84,4 anys (IC de 84,0 a 84,9 anys) al 2013. Dades més actuals del nostre pais confirmen aquesta
tendencia a I’alca, registrant-se al 2017 una esperanca de vida en les dones de 85,7 anys i en homes de

80,4 anys, tal i com es representa en la Figura 2 (11).

87.00
84.50
82.00
79.50
77.00
74.50 [~
72.00 M Dones
B B Y Y Y Y Y Y,

Figura 2: Evolucio de I’esperanca de vida al néixer per sexe entre el periode 1991-2017 a Espanya. Font: Institut

Nacional d’Estadistica (11).

Malauradament, viure més anys no esta exempt de riscos. L’estudi de Murray et al. confirma que els
anys de vida ajustats per discapacitat han augmentat per a les malalties no transmissibles (10). S’entén
com malalties no transmissibles aquelles malalties de caracter cronic, concepte més desenvolupat en
I’apartat 1.2.2. La tendéncia dels darrers 60 anys és que les malalties croniques han reemplacat a les
malalties infeccioses com a principal carrega sobre el servei sanitari, i en gran part estan relacionades
amb I’edat (12). S’ha establert que al voltant del 50% de les discapacitats globals son atribuibles a

malalties croniques (13).

L’augment de I’esperanca de vida esta estretament relacionat amb 1’envelliment, pel que la poblaci6 esta
exposada al risc de patir malalties croniques. Per a tractar les malalties croniques farem us de
medicaments. Per tant, I’envelliment sembla estar relacionat amb el ciimul de malalties croniques i el

consum de multiples farmacs. Aquesta relacio s’analitza amb detall en els segiients apartats.
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4.2.- Multimorbiditat

Amb ’augment de I’esperanca de vida es produeix un deteriorament cel-lular fisiologic com a
conseqiiéncia de I’edat i per tant, incrementa el risc de patir malalties de caracter cronic. Es per aquest
motiu que, per tal de poder entendre les noves realitats en el camp de I’envelliment sorgeixen nous
conceptes com la multimorbiditat (convivéncia de multiples malalties, explicacié més estesa a I’apartat
4.2.1). Per estudiar la multimorbiditat es necessita en primer lloc, codificar les malalties que son objecte
d’estudi. El consens en la comunitat cientifica en relacié a la nomenclatura de les malalties és clau per
tal de poder estudiar i analitzar el comportament de les mateixes. Pero també cal establir quines malalties

s’han d’incloure en 1’analisi de la multimorbiditat: agudes, croniques o ambdues.

Per tal d’organitzar les malalties, s’han proposat diferents sistemes de classificacio en els darrers anys.
El sistema més utilitzat per classificar les malalties és la Classificacio Internacional de Malalties (CIM),
en angles International Classificaction of Disease, avalada al 1990 per la 43 Assemblea de
I’Organitzaci6 Mundial de la Salut (OMS). Des de la seva creacio la llista ha estat revisada
periodicament i la darrera versio, la onzena (CIM-11), ha estat publicada al juny del 2018 (14). Amb
aproximadament 68.000 codis compresos en 22 capitols, la CIM classifica i codifica les malalties i una
amplia varietat de signes, simptomes, troballes anomales, dentincies, circumstancies socials i causes
externes de danys i/0 malaltia de les persones (15). S’utilitza per registrar les causes de morbimortalitat
de la poblacio mundial i comunicar malalties i condicions de salut, tant per I’Gs clinic com epidemiologic
(14). En el sistema informatic hospitalari i d’atencio primaria d’Espanya, la historia clinica electronica

recull els diagnostics fent us d’aquesta codificacio.

També existeixen altres llistes per classificar malalties, una d’elles és creada especificament per a
I’atencid primaria. L’organitzacié mundial de metges de familia, coneguda amb les sigles WONCA
(World Organization of National Colleges Académies) és I’encarregada d’una classificaciéo que dona
resposta a les necessitats especifiques de 1’atencid primaria. Aquesta classificacid porta el nom de
Classificacio Internacional en Atencié Primaria (CIAP) (en anglés, International Classification of
Primary Care). En I’actualitat esta vigent la versié 2, CIAP-2. Aquesta llista esta formada per 13.000
codis repartits en 17 capitols i s’inclouen tres tipus de components: motiu de consulta, el problema de
salut i el procés ates en el domini de la practica clinica del metge de familia i I’atenci6 primaria. Aquesta
estructura esta pensada per a treballar amb les raons que han conduit a la persona a demanar assisténcia
sanitaria des de la perspectiva del pacient. La informacié adquirida permet registrar els passos
importants dels pacients sense necessitat de tenir finalitzat un procés diagnostic (16,17). Tot i que aquest
sistema s’adequa més a les persones ateses a I’atencio primaria, no s’aplica per llei en els serveis sanitaris
del nostre pais. Un dels motius del seu baix s pot ser el cost economic de la seva llicéncia i el fet que

la CIM va ser préviament implementada per als estudis de morbimortalitat (18).
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Aixi doncs, disposem basicament de dos tipus de sistemes de classificacio de malalties per estudiar la
multimorbiditat. La principal diferéncia entre els dos sistemes és que la CIM esta més dirigida a estudis
de morbimortalitat, definint una malaltia concreta i fent un seguiment evolutiu de la mateixa; mentre
que la CIAP esta més orientada en la persona, és més reduida i senzilla d’utilitzar i esta dissenyada

especificament per ser utilitzada en atenci6 primaria (14,16,19).

4.2.1.- Concepte de Multimorbiditat

La comorbiditat es basa en la idea de lligar una malaltia index com a malaltia principal que és la causant
o desencadenant d’altres malalties (20,21). Pero en el transcurs del temps aquesta definicio va ser
insuficient per a descriure la realitat lligada de la co-existéncia de multiples malalties, donat que aquestes
podien no regir-se per aquest patrd. En aquest context, sorgeix el concepte de multimorbiditat (22). Com
que el concepte de multimorbiditat no ha estat consensuat de manera uniforme en la literatura medica,

és necessari revisar les diferents definicions del terme amb més profunditat.

En primer lloc, la comorbiditat va ser definida al 1970 per Feinstein com “qualsevol entitat clinica
sobreafegida durant el curs clinic d’un pacient que té una malaltia relacionada” (20). Dit d’una altra
manera, s’entén com qualsevol malaltia que existeix o esdevé en relacié amb una malaltia index (22).
Amb 1’augment de I’esperanga de vida i I’increment de gent gran en la poblacid, multiples esferes
influeixen en la morbiditat de les persones i per tant calia cercar un nou concepte (22,23). Davant la
necessitat de reflectir els diferents perfils de morbiditat de les persones va sorgir el terme
multimorbiditat, fent referéncia a la coexisténcia de malalties sense necessitat que una estigués

desencadenada o relacionada amb una altra (21).

Tot i que la majoria de vegades es fa servir la paraula multimorbiditat, altres termes com pluripatologia,
plurimalalties, polimorbiditat o multipatologia, tamb¢ han estat emprades (24). Recentment, la revista
The Lancet va definir el terme “sindémic” com la interaccio, co-existéncia, o aparicié de malalties
seqiiencials, tenint en compte factors ambientals i socials, que promouen i fomenten I’efecte negatiu que

esdevé de les interaccions de les malalties (25).

No només podem tenir confusié entre els termes tractats fins ara, sind que el mateix concepte de
multimorbiditat t¢é nombroses definicions. Aquesta evolucié respon a la realitat de la poblacio
incorporant-se la funcionalitat i I’esfera psicosocial. En I’any 2015 1’European General Practice
Research Network va publicar la definicié més amplia. El grup de treball liderat per Le Reste i en
col-laboracié amb professionals de 9 nacionalitats europees diferents, defineix la multimorbiditat com
“qualsevol combinacio d’una malaltia cronica, com a minim, amb una altra malaltia (aguda o cronica)

o un determinant biopsicosocial (associat 0 no) o un factor de risc” (26). La visid holistica d’aquesta
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definicié encaixa perfectament amb la realitat del sistema sanitari. No sent la unica, en ’any 2016, el
National Insitue for Health Care Excellence (NICE) del Regne Unit també va presentar una definicio
complexa del terme on determina que “la preséncia de dues malalties de llarga durada que poden
incloure alteracions mentals, discapacitat, fragilitat o dolor cronic, alteracio sensorial (ceguera, sordesa)

0 abus de substancies toxiques” pot correspondre també al concepte multimorbiditat (27).

Finalment, la multimorbiditat tamb¢ es pot confondre amb la fragilitat. Entenem la multimorbiditat com
la coexisténcia de diferents malalties, i la fragilitat com 1’estat vulnerable que presenta una persona
davant el camul de conseqiiéncies de les malalties que presenta o del tractament que pren per controlar-
les (28). Llavors, algunes pero no totes les persones amb multimobiditat seran considerades com fragils,

1 moltes, pero no totes les persones fragils seran considerades multimorbides (29).

Mentre que 1’Us de diferents paraules per a referir-nos al mateix concepte no ajuda, podriem dir que hi
ha més confusi6é quan el terme de multimorbiditat es vincula amb termes com ara comorbiditat o
fragilitat (22,26,30). Pero en realitat es considera que els conceptes en si estan prou diferenciats com per
a que es faci un us erroni dels mateixos (31). Pel que és util per tenir una visié6 més centrada en la
funcionalitat fisica i social, donant cabuda a multiples dimensions i tenint en compte les malalties
croniques i agudes (23). Amb aquestes definicions es reconeix la variabilitat de perfils i la complexitat
de les persones. Tot i aixi, aquestes definicions “empiriques” no es poden aplicar amb facilitat als estudis
epidemiologics, doncs la majoria de sistemes d’informaci6 no recullen aquestes caracteristiques de les
persones i estan més centrats en el diagnostic. Aquestes definicions tan amplies suposen un canvi en el

punt de partida de I’avaluacié de la persona.

En la Figura 3a veiem representat el diagrama conceptual de comorbiditat on s’observa la malaltia index
relacionada amb una o més condicions o malalties que afecten el curs i tractament de la malaltia index.
En la Figura 3b es mostra la representacido del concepte de multimorbiditat, on les condicions
representades poden ser malalties agudes o croniques freqiients (diabetis, hipertensio, infart
cerebrovascular, etc.), perd també pot representar la fragilitat del pacient, les caigudes, la discapacitat
d’una persona, etc. La intersecci6 de les diferents condicions son la representacio de la persona que les

pateix (32).

Comorbidity Multimorbidity

Comorbid
disease

Index
disease

Comorbid Comorbid
disease disease

Figura 3a/b: Diagrama conceptual de comorbiditat i diagrama conceptual de multimorbiditat. Font: Boyd et al.

(32).
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Entre la descripcio conceptual i la descripcid operativa del terme multimorbiditat hi ha una gran
variabilitat. Fins ara hem parlat del concepte de multimorbiditat, pero el terme operatiu en els manuscrits
cientifics publicats mostra una amplia heterogeneitat. Les principals variacions en la definici6 de
multimorbiditat es troben en el nimero de malalties que la defineixen (convivéncia de 2, 3, o més
malalties), tipus de malalties estudiades (agudes, croniques), la inclusié o no del nivell psicosocial o la

valoraci6 de I’esfera socioeconomic (33,34).

Podriem dir que la multimorbiditat és el descriptor més comu per a referir-nos a la coexisténcia de
malalties. Pero alhora no hi ha un consens en el tipus ni el nimero de malalties a incloure. Tota aquesta
heterogeneitat dificulta la comparacio i sintesis de les troballes publicades, el que limita les conclusions
que es poden extreure al respecte. En I’abordatge d’aquest treball considerarem la multimorbiditat com
la co-existéncia de 2 o més malalties croniques en una mateixa persona, en concordanga amb la definicio

de Ia OMS (35).

4.2.2.- Malalties croniques

El terme cronicitat, en una malaltia, s’estén com de “llarga durada” (36). Perd malauradament no hi ha
un clar consens en el temps a incloure ni en les malalties considerades croniques. Pel que, cal estar atents

en el moment d’interpretar la cronicitat per evitar conclusions erronies (37).

L’OMS defineix la malaltia cronica com tota aquella malaltia de llarga durada i lenta progressio (38).
En multiples ocasions aquestes malalties son anomenades també com “malalties no transmissibles” (en
angles, non-communicable diseases) (39), entenent I’oposat com “malalties transmissibles” (en angles,
communicable diseases), les de causa infecciosa (40). Segons dades de I’OMS, a nivell mundial i
englobant totes les edats, el 70% de les morts estan relacionades amb malalties no transmissibles. Els
paisos amb menor nivell de renta tenen major proporcié de malalties transmissibles (infeccioses) com
causants principals de mort, perd en els paisos d’ingressos alts les malalties no transmissibles
representen 9 de les 10 causes més freqilients de mort en totes les edats, que arriba al 100% de les 10
causes més freqiients en els majors de 60 anys (41). L’OMS informa que les principals causants de mort
global a nivell mundial es corresponen per ordre decreixent a: malalties cardiovasculars (17,7 milions

cada any), cancer (8,8 milions), malalties respiratories (3,9 milions) i la diabetis (1,6 milions) (42,43).

Si establim les malalties croniques com malalties estrictament no transmissibles estariem ocasionant un
biaix de seleccid. Gracies als avancos sanitaris, malalties infeccioses com el Virus de la
Immunodeficiéncia Humana (VIH) o el Virus de I’hepatitis C (VHC) s’han tornat malalties de llarga
evolucid influint en la morbimortalitat de les persones afectades, actuant com a factor de risc

cardiovascular en el cas de I’'VIH o d’hepatocarcinoma en el cas del VHC (37). Aixi doncs, es simplifica
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i s’amplia el concepte de cronicitat com aquella malaltia que és continua o que es repeteix en el temps
per un llarg periode, malalties com lumbalgies recurrents-intermitents o les infeccioses, com VIH, es
podrien incloure. Per aquest motiu, fer referéncia als termes de malalties transmissibles i no

transmissibles respon a una realitat en un periode determinat en el passat, pero no ho fa en ’actualitat.

En el context de la complexitat de les classificacions de malalties i I’heterogeneitat en la definicio de
cronicitat, pocs llistats de malalties croniques estan publicades. En un intent per avaluar i estudiar les
malalties croniques, al 2004 O’Halloran et al. van publicar una seleccié de 149 malalties considerades
croniques fent us de la classificacio CIAP-2. Els criteris per a la seleccié de condici6 cronica van ser:
durada esperada de la malaltia d’almenys 6 mesos, tenir un patr6é de recurréncia o deteriorament i tenir
un mal pronostic o patir una malaltia que tingués conseqiiéncies/seqiicles amb impacte en la qualitat de
vida de la persona (44). A I’inici de la tesi doctoral, a I’any 2015, la finica llista validada amb les
principals malalties croniques era la d’O’Halloran, per la qual cosa va ser seleccionada per classificar

les malalties a incloure en aquest treball.

4.2.3.- Determinants de la multimorbiditat

Des de finals del segle XX s’han reconegut un seguit de condicions associades a una major prevalenca
de multimorbiditat. A través de la identificacio dels determinants de la multimorbiditat es pot definir la
distribucié d’aquest fenomen. Amb aquest coneixement es pot establir estratégies de treball per a actuar
en la identificacio de les persones susceptibles a tenir multimorbiditat, en la prevencié de la seva

evolucid o en el seu optim abordatge. Els determinants de la multimorbiditat son:

A).- Factors demografics: A nivell demografic hi ha una estreta relacio entre 1’augment d’edat i el risc
de tenir multimorbiditat. Tot i que la multimorbiditat no és estrictament exclusiva entre la gent gran, si
és més prevalent (12). Si es viu més anys hi ha més risc de patir malalties croniques. Per aquest motiu
I’edat avangada és un factor determinant de la multimorbiditat (33). Respecte el sexe, multiples articles
han detectat major proporcié de multimorbiditat entre les dones (45,46), pero en alguns no ha estat un
augment significatiu (47,48). Establir la influéncia directa del sexe en el risc de patir multimorbiditat no
és clara. El que es pot confirmar és que les dones tenen major esperanca de vida (10) i que estan més
afectades de malalties croniques de baixa mortalitat (12,33,49). Aquests fets poden explicar perque la
multimorbiditat és més freqiient entre les dones que els homes. La relacio esmentada es manté en tots

els grups d’edat analitzats a partir dels 25 anys segons un estudi publicat per Agur et al. (49).

B).- Factors socioeconomics: El nivell socioeconomic és un factor clau que influencia en el risc
d’emmalaltir (50,51). EI nivell educatiu, com a factor de posicid socioeconomica, ha estat estudiat en

relacié amb la multimorbiditat. A Europa, multiples estudis observen una associacio significativa entre
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el nivell educatiu baix i una major prevalenca de multimorbiditat (45,52,53). També, les arees amb alta
deprivacio socioeconomica tenen més multimorbiditat que les de baixa deprivacié (12,54). L estudi
liderat per Barnett observa a Escocia que la multimorbiditat apareix entre 10-15 anys abans en la
poblacié de baix nivell socioeconomic comparat amb les d’alt nivell socioeconomic (46). Aquest
fenomen esta documentat ja en adults joves (55), pel que el pas del temps només pot agreujar aquesta

relacio.

C).- Factors de la persona: Els habits d’estil de vida influencien en el desenvolupament de malalties
croniques (56). El consum de toxics com I’alcohol i el tabac son factors d’elevada morbimortalitat
associats a ’aparicid de malalties croniques, i per tant de multimorbiditat (52). L’habit tabaquic és el
factor de risc d’almenys quatre de les deu causes de mort arreu del mén: la malaltia isquémica del cor,
la malaltia pulmonar obstructiva cronica, el cancer a nivell d’aparell respiratori (traquea, bronquis,
pulmo) o els accidents cerebrovasculars (57). Per altra banda, la manca d’activitat fisica també té un
paper rellevant a tenir en compte. L’activitat fisica habitualment s’estudia en gent jove i cal contemplar-
la entre la gent gran donat que pot arribar a disminuir entre un 15-30% la mortalitat entre aquelles

persones que practiquen exercici de manera rutinaria (58).

Altres factors de la persona, com ’obesitat i la preseéncia de malalties mentals, també estan associats a
un augment de la multimorbiditat (33,59,60). Un index de massa corporal elevat augmenta la freqiiéncia
de patir multiples malalties de caracter cronic com pot ser la diabetis tipus 2, les malalties
cardiovasculars o les miscul-esquelétiques (61). Presentant les persones amb obesitat més del doble de
possibilitats de patir multimorbiditat que les persones sense obesitat (62). La multimorbiditat tamb¢
s'associa a problemes de salut mental com la depressio, en relacio a la perdua de qualitat de vida del
propi pacient (63), o a la influéncia de la severitat de les malalties croniques sobre I'esfera psicologica

en forma d’estrés (64).

4.2 4.- Conseqiiencies de la Multimorbiditat

La multimorbiditat es torna un repta pels serveis sanitaris donada les conseqiiéncies relacionades amb
ella. La multimorbiditat esta associada a una disminucid en la qualitat de vida, a una alteracio de la
mobilitat i de les habilitats funcionals, aixi com a un augment en 1’hospitalitzacio, augment d’alteracions
fisiologiques, augment de la mortalitat i d’s de serveis sanitaris (12). Els recursos sanitaris i el cost

sobre I’atencid primaria i especialitzada és significativament major quan més malalties es pateix (65).

Per aquests motius, cal tenir en compte i con¢ixer I’impacte de la multimorbiditat. A continuacid

s’exposen aquelles conseqiliéncies directes relacionades amb la persona multimorbida:
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A).- Deteriorament funcional: El deteriorament funcional es defineix com la davallada de les habilitats
que una persona presenta, on es veu disminuida I’autonomia funcional i augmentada la discapacitat (66).
Es a dir, es pot traduir com el pas de la persona d’un estat independent a un depenent per a realitzar
activitats basiques de la vida diaria, com la higiene o les cures personals, i les activitats instrumentals,
com controlar els diners, comprar o cuinar (67,68). Un augment en el nombre de malalties croniques
esta acompanyat d’un augment en el deteriorament funcional, documentant-se fins a un 50% de
possibilitats de que aparegui discapacitat funcional per a cada malaltia que s’afegeix a la persona (69).
Per tant, evitar o endarrerir el procés de dependre d’altres persones, institucions o recursos és clau per

al benestar dels pacients (70).

B).- Disminucié de la qualitat de vida: La qualitat de vida relacionada amb la salut expressa la manera
en que les persones experimenten un ben estar mental, fisic i una satisfaccié amb la vida quotidiana (71).
Les conseqiiéncies de la multimorbiditat, com la préviament exposada, influiran de manera substancial
en la percepcid de salut del pacient. Per a mantenir la qualitat de vida entre els pacients que pateixen
malalties croniques €s necessari tenir com objectius: minimitzar els simptomes derivats de les malalties
com el control del dolor, preservar la funcionalitat, reduir la discapacitat i perllongar la vida a través de
la prevencio secundaria (evitar el progrés de la malaltia i preveure les complicacions possibles derivades

de les mateixes) (72).

Donat que la convivéncia de multiples malalties pot ocasionar un empitjorament en la percepcio de la
qualitat de vida, és rellevant saber quines son aquelles malalties que tenen major impacte (73). Les
parelles de malalties que disminueixen més la qualitat de vida son les malalties relacionades amb
I’aparell muscular, vascular i les alteracions de 1’aparell digestiu alt, mentre que les combinacions de
malalties respiratories i cardiaques tenen un efecte sinérgic negatiu que potencia I’empobriment de la
qualitat de vida (74). Aquest empobriment esta en relacié amb la multimorbiditat, no amb I’edat. Com

es profunditzara posteriorment, la multimorbiditat no afecta només a la gent gran (apartat 4.2.5) (33).

Per tant, la disminucio de la qualitat de vida esta estretament lligada a les malalties croniques, és a dir,
a la multimorbiditat independentment de I’edat (75). I el seu impacte no nomes estara relacionat amb el
deteriorament de I’esfera fisica sind que també comportara una carrega a nivell emocional (76).
Minimitzar I’impacte en el transcurs evolutiu de la multimorbiditat hauria de ser un punt clau del pla

estratégic de salut d’una comunitat.

C).- Mortalitat: La convivéncia amb miltiples malalties esta en relacié amb un augment de la mortalitat
(77). Les persones que conviuen amb un major nimero de malalties tenen més risc de morir. Pero cal
tenir en compte que la mortalitat entre la gent gran, multimorbida o no multimorbida, és multifactorial.

Per tant, cal tenir en compta altres factors determinants de la mortalitat que influiran en la gent gran:
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i).- Factors ambientals: Les particules aéries de pol-lucié augmenten la mortalitat per causa natural
davant exposicions. El cami principal més probable és que les particules fines generen una inflamacio

sistémica i una resposta d’estreés oxidatiu que afavorira 1’estat d’emmalaltir (78).

ii).- Factors demografics: Les dones tenen menor mortalitat que els homes, plantejant-se dues
questions: les diferéncies en 1’esperanga de vida son degudes a una baixa mortalitat de les dones o a
factors que augmenten la mortalitat dels homes. Luy et al. van estudiar aquest fenomen i conclouen que
I’elevada mortalitat d’alguns subgrups especifics d’homes son la causa principal de la diferéncia
d’esperanca de vida entre sexes, com el fet de ser obrer (79). Altres factors de risc com els habits de

vida també tenen un paper important en I’alta mortalitat entre els homes (80).

iii).- Factors socioeconomics: Les arees de menor nivell socioeconomic es caracteritzen per tenir baix
nivell educatiu, falta d’accés a serveis sanitaris, consum d’alcohol excessiu i major habit de consum de

tabac (51).

iv).- Suport social: Les persones que gaudeixen de relacions socials adequades tenen un 50% més de

probabilitats de sobreviure, comparats amb els que tenen una xarxa deficient o pobre (81).

v).- Condicions geriatriques: La fragilitat de la gent gran o 1’associaci6 de certes malalties poden tenir
un paper en la mortalitat (82). En el cas de les dones, son més vulnerables a patir ansietat, depressio,
malalties somatomorfes i dolor; en canvi els homes pateixen amb més freqiiencia malalties

cardiovasculars i metaboliques (53).

vi).- Actuacions sanitaries: La fragmentaci6 dels nivells assistencials en els diferents sistemes sanitaris
implica un deficit en la continuitat assistencial dels pacients ancians (83). Els hospitals, 1’atencio
primaria, els centres de dia, la tele-assisténcia, la informacidé médica informatitzada, etcétera, son claus

per a mantenir la qualitat de vida en la gent gran.

Per tant, la multimorbiditat esta relacionada amb la disminucid de 1’estat de salut i amb I’augment de la
mortalitat (84), fent de la persona multimorbida algu vulnerable. Per aquest motiu, 1’estudi de la
multimorbiditat és essencial. Mantenir la salut i sobreviure (disminuir la mortalitat) sén dos aspectes
d’abordatge multidisciplinar. Caldra tenir en compte els factors esmentats que poden influir en el
desenvolupament de malalties (Figura 4). El balang entre la salut i la malaltia condicionara 1’esperanga
de vida de les persones, influit pels “Determinants de la multimorbiditat” i les “Conseqiiéncies de la
multimorbiditat”. La influéncia d’aquests factors comporta una heterogeneitat, que caldra tenir en
compte en la trajectoria de la persona, donat que multiples factors de risc acaben condicionant la

morbiditat i mortalitat. Per tant, la salut es pot considerar com un estat multidimensional on tenen un
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paper rellevant factors ambientals, factors fisics i de comportament, que conjuntament amb factors

biologics, condicionaran ’estat de salut de la persona, tal com es mostra en la Figura 4 (56).
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Figura 4: Model integratiu del curs de la vida. Font: Rizzuto D. (56).

4.2.5.- Estrateégies de mesura de la multimorbiditat

Un cop establert el concepte teoric, els determinants i les conseqiiéncies de la multimorbiditat, cal
avaluar quin és el concepte epidemiologic. Sense una definicié estandarditzada és dificil establir
meétodes de mesura i avaluacio. Per aixo, s’ha de tenir present les diferents definicions del terme i els
diferents métodes per avaluar la coexisténcia de les malalties en les persones. Els métodes fets servir

per a estudiar i caracteritzar la multimorbiditat son tres:

a) Establir la prevalenca de multimorbiditat, acompanyat de les caracteristiques de la mostra estudiada

(A).

b) Fer us dels indexs que avaluen el nombre de les malalties i la seva severitat, definint ’impacte de la

multimorbiditat (B).

¢) Determinar combinacions de 2 o 3 malalties i grups homogenis de persones per a formar patrons de

multimorbiditat, tenint en compte la freqiiéncia de les malalties (C).
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A).- Prevalenca de la multimorbiditat

Arribar a un consens en la prevalenga de multimorbiditat en la poblacid és dificil donada la variabilitat
en la definicid. La prevalenca global de multimorbiditat oscil-la entre el 12,9% al 95,1% (33). Les
diferéncies trobades en els multiples articles venen donats per diferencies en: el concepte de
multimorbiditat (si inclouen malalties agudes o croniques), el numero de malalties considerades en la
definicio (de 5, 16, a 27 fins a 149 o 335), el rang d’edat seleccionat (per exemple, en gent gran s’ha
considerat com els majors de 60 o0 majors de 65) i la mida de la mostra (85). Un exemple de la variabilitat
esmentada la trobem en analisis realitzats en el nostre pais. Es el cas d’un estudi multicéntric liderat per
Abad-Diez amb dades d’Arag6 i Catalunya, on estableix que la prevalenga de la multimorbiditat per a
majors de 65 anys és del 67,5%, tenint en compte que van seleccionar 51 malalties croniques que
pertanyen a I’Adjusted Clinical Group System (sistema ACG comentat en ’apartat B.ii) (86). Per altra
banda, I’estudi liderat per Foguet-Boreu amb dades de Catalunya estableix una prevalenca de
multimorbiditat en els majors de 65 anys de 93,9%, pero va tenir en compte tots els diagnostics actius,

menys els considerats aguts, de la historia clinica informatitzada en 1’any d’estudi (87).

Per altra banda, la multimorbiditat no és exclusiva de la gent gran, tot i que una gran part de la poblacio
que pateix multimorbiditat son majors de 65 anys (33,85). Aquest punt esmentat esta en relacié amb les
diferéncies estructurals inherents de I’edat i també al cimul de malalties croniques (88). Pero la gent
jove també pateix de multimorbiditat (89,90), podent tracar la prevalenca de la multimorbiditat com una
corba en forma de “S”: la prevalenga no arriba al 40% en els menors de 40 anys, després hi ha un

increment important fins els 70 anys i posteriorment es torna a aplanar (Figura 6) (33).

Violan 2013
Kadam 2007
2 Naessens 2011 ett 2012
O -
©
§ Naessens 201
®
2 @Abete 2004
[}
—0o |
g <
a Naessens 2011
Bamett 2012
o | Violan2013
~
Muggah 2012 @ .
Figura 6. Prevalenga de la
Barnett 2012
Bans multimorbiditat en atencio
o 4 Bamett 2012
T T T T T . N . . »
20 40 60 80 100  primaria. Font: Violdn et

Age (years) al (33)

32



Introduccio

Ara bé, la majoria d’estudis de les darreres décades s’han realitzat en paisos desenvolupats, podent
pensar que la multimorbiditat afecta només als paisos rics. Es cert que els paisos en vies de
desenvolupament no han estudiat tant la multimorbiditat donat que les malalties infeccioses han tingut
més pes, a més de presentar dificultats per registrar les malalties i dificultats en I’accés a serveis de salut
(91-93). Tot i aixi, una revisi6 sistematica duta a terme amb estudis del sud d’Asia, estableix la
prevalenca de multimorbiditat entre el 24,1% al 83% entre les persones majors de 60 anys (94), similar
a la que s’estableix en paisos d’ingressos alts (33,85). La revisio liderada per Garin, publicada al 2016,
descriu la multimorbiditat en multiples paisos de rentes baixes, mitjanes i altes. La multimorbiditat va
ser definida com la preséncia d’almenys dues de les segiients condicions: angina, artritis, asma,
cataracta, malaltia pulmonar obstructiva cronica, depressio, diabetis, edentulisme (pérdua de dents),
hipertensi6, deteriorament cognitiu, obesitat i infart cerebrovascular. La Figura 5 representa la
prevalenca de la multimorbiditat en els paisos objecte d’estudi com Ghana, Méxic o Finlandia, observant
poca difereéncia en la seva tendéncia (95). Per tant, podem dir que no sembla que la multimorbiditat

tingui barreres geografiques.
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Figura 5: Prevalenga de multimorbiditat per grups d’edat en paisos rentes baixes, mitjanes i altes. Font: Garin

et al. (95)

Aquesta tendencia indica que els canvis en els estils de vida, medi ambient, factors d’exposici6 a
urbanisme i millores en els serveis sanitaris han estat claus per a ’augment de la prevalenga de les
malalties croniques (96,97). No s’han identificat metanalisis que posin en comu totes les mostres
estudiades al respecte de la prevalenca de multimorbiditat a nivell d’Europa, América i Asia, principals
arees on s’ha estudiat. Tot i aixi, sembla que la tendéncia en paisos en vies de desenvolupament va a
I’alca, necessitant més estudis per a I’adequada documentacié (98,99).
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Finalment, cal caracteritzar la multimorbiditat descrivint la freqiiéncia de les malalties de la poblacio
que estudiem, tenint en compte caracteristiques com el pais d’origen, el rang d’edat i el sexe, entre
d’altres. En context d’aquesta tesi, i donat I’ampli ventall d’estudis, es fara esmena de les prevalences
de malalties en personesmultimorbiditat pel grup d’edat major de 65 anys de la cohort EpiChron que
s’esta duent a terme a Aragd. La malaltia més prevalent en ambdos sexes és la hipertensio, que presenta
una prevalenca de 52,8% en els homes i 59,1% en les dones, seguit de la dislipémia que és present en el
33,2% dels homes i el 37,3% de les dones. En homes son freqiients la hipertrofia benigna de prostata
(20,9%), la diabetis (20,9%) P’artropatia (20,1%), les cataractes (14,4%), les malalties respiratories
(12,7%), les malalties isquémiques del cor (12,7%) i les arritmies (9,5%). En canvi les dones la
segueixen |’artropatia (32,1%), les varius (25,2%), I’osteoporosi (23%), la depressid (17,8%), la diabetis
(17,2%), les cataractes (17,1%) i I’obesitat 13,4% (100). En general, les malalties cardiovasculars, les
metaboliques, les osteomusculars, les respiratories i les neurologiques semblen ser les de major

prevalenca en la poblaci6 de gent gran (100—102).

B).- Index de comorbiditat

Una manera de quantificar la pluripatologia és a través dels index. L’objectiu d’aquests métodes és
definir el risc d’efectes negatius de les malalties croniques en la salut, perd hi ha una gran heterogeneitat
d’instruments per valorar la multimorbiditat (103). No existeix I’index de comorbiditat/multimorbiditat
ideal, sin6 que cal escollir segons 1’objectiu a avaluar, les possibilitats del lloc d’aplicacié i la poblacio
de referéncia. Diferents articles exposen el ventall de possibles index. De les revisions més recents
(103,104), es conclou que les eines més emprades son I’index de comorbiditat de Charlson (105), el
sistema ACG (106), I’escala de malalties acumulades (Cumulative Index Illness Rating Scale, CIRS)
(107), I’escala de malalties croniques (Chronic Disease Score, CDS) (108) 1 la llista de severitat de les
malalties de Duke (the Duke Severity of Illness Checklist) (109). A continuacié s’exposa una breu

descripci6 de les caracteristiques de cada un dels index:

i).- L’Index de Charlson, es va publicar al 1987 per Charlson ef al. i esta format per 19 condicions
mediques ponderades de 1’1 al 6. L’objectiu dels autors va ser desenvolupar un métode aplicable de
manera prospectiva per classificar les condicions comorbides que poden alterar o influir en la mortalitat
(105). Actualment és un dels index més utilitzats tan a estudis nacionals com internacionals,
especialment realitzats als hospitals (110,111). Les limitacions inclouen la manca de representaci6 del
conjunt de malalties que pot arribar a tenir una persona, com per exemple 1’exclusié de malalties
hematologiques no malignes com 1’anemia (112) o la falta de representacio de tot el conjunt de malalties

que poden afectar a la gent gran com 1’artritis o la davallada funcional (113,114).

ii).- El sistema ACG es va crear al 1991 als Estat Units, a la Universitat John Hopkins, i permet

classificar de diferents maneres a la poblacié segons la seva carrega de morbiditat tenint en compte les
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malalties agudes/coniques, el consum de farmacs, 1’edat i el sexe. En els seus inicis va ser dissenyada

per predir la morbiditat i carrega assistencial en atencio primaria (106).

iii).- E1 CIRS va ser publicat al 1968 amb 1’objectiu inicial de mesurar I’impacte de les malalties
croniques tenint en compte la seva gravetat. L’index esta format per 14 grups anatomics i té en compte
la severitat de la malaltia a través d’una escala. La puntuacié total del CIRS és una suma de les
puntuacions de severitat per a cada grup anatomic (107). Posteriorment 1’equip de Millar ef al. van
revisar-la per reflectir problemes comuns entre la gent gran, publicant la CIRS-G. Aquest index té un
paper més important com a index pronostic de fragilitat i molt til en atenci6 primaria donat que és un
predictor del resultat de la rehabilitacio en ancians per a determinades intervencions com la de cirurgia

de maluc (115).

iv).- E1 CDS va ser creat en els seus origens com una eina de mesura de I’estat de les malalties croniques
considerant la informacié del consum de farmacs dels pacients. Es va veure que podria predir

hospitalitzacions i mortalitat en el transcurs dels anys segons 1’edat, el sexe i les visites sanitaries (108).

v).- Llista de severitat de les malalties de Duke, publicada al 1993, és una llista que realitza el metge
per quantifica la severitat de les malalties tenint en compte els simptomes, les complicacions, el

pronostic en els 6 mesos posteriors al diagnostic i la “tractabilitat” de la malaltia (109).

C).- Patrons d’agrupament de malalties

S’entén com patrd la combinacié de malalties que posen de manifest un conjunt de caracteristiques en
un grup. En el cas dels patrons de multimorbiditat es posa en comu un conjunt de malalties, podent-se
definir en base a totes les malalties que té diagnosticades un pacient (agudes i croniques). La majoria
d’estudis de multimorbiditat han definit els patrons en base a les malalties croniques donada la
rellevancia que aquestes tenen en la salut, aixi com la durabilitat i progressio que tenen en el temps. Per
descriure els patrons de malalties s’han utilitzat dos métodes, definint combinacions de 2 o 3 malalties

1 definint associacions de multiples malalties.

Una primera aproximacio en la definicié d’agrupacions de malalties es realitza de manera descriptiva
mitjangant freqliéncies i observant combinacions de malalties. Per exemple, a Bélgica van trobar que la
hipertensié-osteoartritis va ser la combinacié de malalties més freqlient (116). A Alemanya va ser la
hipertensio-diabetis i hipertensio-ictus (117). Aquestes dades concorden amb les publicades en la revisio
sistematica de Violan et al., on la hipertensio i 1’osteoartitis van se les combinacions més freqiients,
seguides de la combinacié de diferents malalties cardiovasculars (33). La combinacié de malalties
respon al pes que té la malaltia a la societat, enteses com malalties freqiients, perod també segons pais de
procedéncia. Per exemple a Sud Africa, malalties infeccioses com el VIH s’han tornat croniques, i han

estat establertes combinacions com VIH i malalties cardiovasculars (118). Llavors, des de que malalties
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infeccioses com el VIH, VHC i tuberculosis poden cronificar-se per la millora en els seus tractaments,
en paisos de ingressos economics mig-baix son esperables combinacions que incloguin aquestes

condicions (97,119).

Una segona aproximacid per obtenir agrupacions homogenies de malalties croniques és fer servir
metodes que permetin estudiar 1’associacié de multiples malalties per definir patrons. S’han identificat
cinc metodes d’analisis de patrons: 1’analisi factorial, algoritme de cluster unificat, 1’analisi de
correspondéncia multiple, ’analisi de xarxes i I’analisi de clusters (120). Pero son dos les técniques que
predominen en els articles, 1’analisi factorial i 1’analisi de clusters (33,34). Aquestes técniques son

tractades més endavant (apartat 4.4.).

Un cop establert el patré de multimorbiditat caldria avaluar la trajectoria longitudinal per tal de veure si
es mostren canvis, és a dir, si els patrons evolucionen o si per contra es mantenen estables en el temps.
Altra informacié que es podria obtenir seria la relacié temporal entre una condici6 inicial i I’aparicio
conseqiient d’altres condicions, o determinar factors que podrien predisposar a una persona a
desenvolupar d'una malaltia a altres, tenint en compte per exemple factors genétics (121), a més dels
esmentats en 1’apartat 4.2.3. Pero la majoria d’estudis que avaluen les malalties croniques i els patrons
de multimorbiditat son estudis observacionals transversals (33,34). I aquells estudis que fan un analisi
longitudinal, avaluen factors associats amb la multimorbiditat com la relacié amb factors demografics o
socioeconomics (100,102,122—124). Per exemple, France et al. analitzen 5 cohorts, d’un a quatre anys
de seguiment, observant un augment del cost sanitari, de 1’is de serveis sanitaris, la ratio de mort i el
deteriorament fisic entre les persones multimorbides (123). La incidéncia de la multimorbiditat també
s’ha estudiat en cohorts de 10 i 14 anys, respectivament, on s’objectiva ’augment de multimorbiditat
associat amb ’edat (102,122). Pero no consten estudis que analitzin la trajectoria dels patrons de

multimorbiditat al llarg del temps.

Llavors, la multimorbiditat pot ser analitzada: observant quines son les malalties més comuns en la
poblaci6, establint quines parelles o triades de malalties son les més freqiients, i finalment, observant
agrupacions de malalties aplicant metodes d’agrupacié i obtenint els patrons de multimorbiditat
(33,34,103,125,126). En la Taula 1 esta representat un resum dels resultats obtinguts de I’estudi de la

multimorbiditat amb les tres estratégies esmentades.
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Taula 1: Resum de les malalties croniques i multimorbiditat més freqiients. Taula adaptada de Xiaolin

Xu (127).

Malalties comuns

Combinacié de malalties

Patrons de malalties

Hipertensi6 Malalties
Dislipemia Depressio i altres 8 malalties cardiovasculars i
Diabetis (per ex: hipertensio, artritis, metaboliques

Malalties cardiaques

Malalties respiratories
Problemes urinaris
Infart cerebral
Artritis/osteoartritis
Osteoporosis
Problemes gastroeintestinals
Depressio
Demeéncia

Problemes sensorials
Malaltia tiroidea

Hipertensié combinat amb 6
osteoartritis, diabetis, cancer)

Diabetis combinat amb altres

diabetis)

malalties (per ex:

6 malalties (per ex:
hipertensio, infart de
miocardi)

Artritis combinat amb
hipertensio, malaltia
cardiovascular, dislipémia,
diabetis 1 salut mental

Asma combinat amb artritis,
malaltia cardiovascular o
diabetis

Osteoartritis combinada amb
malaltia cardiovascular o
metabolica

Malalties salut mental o

neurologiques

Malalties osteo-
musculars
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4.3.- Consum de farmacs

Les persones amb multimorbiditat acostumen a tenir un estat general més complex que requerira de
multiples farmacs per al control de les multiples malalties amb les que convisquin. Tot i aixi, cal tenir
en compte que certes malalties croniques no necessitaran de farmacs per el seu bon control (per exemple,
cataracta), mentre que altres malalties requeriran la prescripcid de varis farmacs (per exemple, la

hipertensi6 arterial o la diabetis) (128).

Les guies de practica clinica (GPC) son eines importants pel maneig de les malalties croniques pero es
basen en les recomanacions sobre una malaltia cronica aillada, no tenint en compte els pacients amb
multimorbiditat. L’aplicacié de les GPC comportara habitualment una acumulacié de farmacs sense
prioritzar a nivell individual, especialment necessaria en aquells pacients més fragils on la carrega
terapeutica pot ser excessiva (129). Aixi doncs 1’avaluacié del consum de medicaments €s crucial per a

fer un abordatge adequat i integral de la complexitat que caracteritza als pacients multimorbids.

4.3.1.- Concepte de polifarmacia

El consum de farmacs és extens en la poblacié general, més encara entre la gent gran (130,131). Per
referir-nos al consum de multiples farmacs, podem fer Gs del prefix “poli-” que ve del grec polys (molt),
1 obtenir la paraula “polifarmacia”. Aquest terme va sorgir a la literatura meédica fa més d’un segle (132)
i ha estat emprat en multiples articles, perd no hi ha un consens del nombre de farmacs implicats. Les

definicions de polifarmacia son nombroses, i el criteri varia d’estudi a estudi (Taula 2) (133).

Taula 2: Definicions numériques de polifarmacia i els termes associats segons la durada terapéutica i/o

I’entorn de salut. Taula adaptada, font: Masnoon et al. (133).

Terme Numero de farmacs

Polifarmacia > 2 durant més de 240 dies
> 5 farmacs en el mateix mes
> 5 farmacs durant > 90 dies
> 5 farmacs en un quadrimestre
> farmacs a l'alta hospitalaria
5-9 farmacs durant > 90 dies
5-9 farmacs durant l'estada hospitalaria

10 farmacs durant I'estada hospitalaria
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(Continuacié Taula 2)

Terme Niimero de farmacs
Gran polifarmacia > 10 farmacs en un dia dintre del periode d'estudi
Hiper-polifarmacia > 10 farmacs durant > 90 dies
Polifarmacia excessiva > 10 farmacs en un quadrimestre

> 10 farmacs durant l'estada hospitalaria

Polifarmacia persistent > 5 farmacs durant 181 dies

Polifarmacia cronica > 5 medicaments en 1 mes per més de 6 mesos consecutius

S’extreu d’aquesta taula els multiples termes en que es pot fer referéncia al consum de multiples farmacs.
Les definicions poden ser quantitatives o qualitatives. A nivell quantitatiu s’ha considerat la
polifarmacia des del consum de 2 o més farmacs fins el consum de 5, 6, 7 0 més farmacs, i també s’ha
categoritzat la polifarmacia com menor (0-4 farmacs), moderada (4-5 farmacs), major (6-9 farmacs)
(134) o excessiva (9, 10 o més farmacs) (135). Pero el terme polimedicacié no només fa referéncia a la
seva forma quantitativa sind també es fa servir en termes qualitatius com: “polifarmacia apropiada”,
entesa com el consum de farmacs indicats per les malalties que presenta la persona o “polifarmacia
inadequada”, en els casos que s’estigui consumint més farmacs dels clinicament necessaris o que el risc

(efectes adversos) de prendre’ls superin els beneficis (136).

Tenint en compte les diferents definicions, la més registrada és quantitativa numérica, observant que
fins a un 46,4% dels articles que tracten la definicié de polifarmacia ho fan com el consum de 5 0 més
farmacs (133). Donada la falta de consens en la definicid, en la tesi doctoral es parla de “consum de

multiples farmacs” o de polifarmacia, especificant el nombre de farmacs emprats.

4.3.2.- Prevalenca i caracteristiques relacionades amb el consum de farmacs

L’0s de medicaments esta estretament relacionat amb les malalties croniques i augmenta en el decurs
del temps. En el periode 2006-2011/2012 es va documentar a Espanya un augment de la polimedicacio
(4 o més farmacs) 32,5% al 36,4%, ta i com es representa en la Figura 7 (131). Perd han estat
documentats majors augments en majors periodes. Per exemple, a Escocia entre el 1995 i el 2010, es va
objectivar un augment del 20,8% de les persones polimedicades (>5 farmacs) i del 5,8% els que

consumien >10 farmacs (130).
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Figura 7: Distribucié de la polifarmacia en funcio de I’any estratificat per grups d’edat i sexe en la poblacio

major de 65 anys. Font: Martin-Pérez et al. (131).

Alguns motius dels que explicarien aquest augment del consum de farmacs son: la disponibilitat de
farmacs eficacos per determinats simptomes (com 1’insomni o el dolor), el seguiment de les GPC per
arribar a controls Ooptims de les malalties i les intervencions preventives per reduir el risc de mortalitat i
malalties. Aquest increment farmacologic és especialment manifest en les malalties cardiovasculars, en
concret en el grup de farmacs per a reduir el risc de patir un ictus o un infart agut de miocardi (130). A
més a més, en dades del nostre pais, la tendéncia del consum d’alguns farmacs especifics també¢ és a
I’al¢a, com en el cas dels analgesics, els hipolipemiants o els antidiabétics (131), coincidint amb estudis
realitzats en altres indrets com en el Regne Unit (137). Un dels grups que també ha presentat un augment

del seu consum son els relaxants/tranquil-litzants/sedants (131).

Aixi doncs, el consum de multiples farmacs pot ser apropiat per a tractar a un pacient que pateix
multiples patologies. L’adequaci6 del consum de multiples medicaments és d’important rellevancia per
aquelles malalties considerades croniques on la progressio de la malaltia mateixa requerira de varis
medicaments. Per exemple, en el cas de la hipertensio arterial, que té una prevalenca de 42,6% en la
poblacio6 adulta espanyola major de 18 anys, prenen tractament el 88,3% dels diagnosticats (138). En
aquesta patologia, seguint les GPC, podem arribar a donar fins a 3-4 farmacs (per exemple un inhibidor
de I’enzim convertidor d’angiotensina, un beta-bloquejant i un diiirétic) per tal de mantenir xifres de

tensio arterial en el rang considerat com “malaltia ben controlada” (139).

Les GPC ens donen el coneixement dins d’un marc teoric idil-lic de com actuar en la prevencio,
diagnostic, tractament i seguiment d’una malaltia cronica. Amb 1’edat, les complicacions adquirides per

efectes adversos de farmacs son ben conegudes. Per tal d’evitar-les al maxim, s’han creat diferents
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criteris per a fer un bon s dels farmacs en la gent gran. A continuaci6 es presenten les eines més

conegudes:

A).- Criteris de Beer de la Societat Americana de Geriatria. Publicats per primera vegada al 1991, ha
patit multiples revisions essent la ultima al 2015 (140). Originariament, van ser dissenyats per a detectar
prescripcions inapropiades en les resideéncies de gent gran d’Estats Units. En els seus inicis constava de
30 farmacs que calia evitar, posteriorment es va tenir en compte els diagnostics ajustant els farmacs

inadequats segons patologia incloent 199 principis actius (140,141).

B).- LaIPET (Improved Prescribing in the Elderly Tool) publicats al 2000, és d’origen canadenc. Esta
conformat per 14 errors de prescripcid que van consensuar experts al Canada. Els criteris van ser validats
amb malalts aguts hospitalitzats. Al descriure pocs casos i pocs suposits, aquests criteris no s’han fet

servir gaire més enlla del seu pais d’origen (142).

C).- El MAI (Medication Appropriateness Index) utilitzen 10 criteris implicits en la prescripcié com a
mesura d’una adequada prescripcid perd no fan referéncia explicita a determinats farmacs o grups de
farmacs que son problematics en la gent gran, ni recull efectes beneficiosos de certs farmacs. Prediuen
I’aparici6 de resultats clinics adversos que deriven en hospitalitzacions i visites a urgéncies per

problemes relacionats amb el consum de farmacs (143).

D).- Els criteris STOPP-START (Screening Tool of Older Person’s potentially inappropriate
Prescriptions/Screening Tool to Alert doctors to the Right indicated Treatment). Criteris publicats al
2008 a Irlanda, van ser rapidament recolzats per la European Union Geriatric Medicine Society. Aquests
criteris estan organitzats per sistemes fisiologics, podent ser aplicats de manera rapida, on recullen els

errors més comuns de tractament i d’omissi6 de prescripcions en la gent gran (144).

4.3.3.- Conseqiiéncies del consum de multiples farmacs

Llavors, la gent gran és un sector de la poblacié vulnerable en consumir multiples farmacs. Aquest fet
esta condicionat per factors de la persona (com el control de malalties de base o simptomes) o factors
del prescriptor, com el criteri clinic del professional sanitari. A més, presenten canvis fisiologics

inherents amb 1’edat que afecten la farmacocinética i farmacodinamia (145).

Entenem com farmacocinética els processos que realitza el nostre cos al farmac, que inclou el procés
d’absorcio, distribucio, metabolisme i excrecio del farmac (146). L’interaccié farmac-farmac pot afectar
o alterar qualsevol dels procesos farmacocinétics esmentats. Aquestes alteracions poden ocasionar un
augment o un descens en la concentracié d’un dels farmacs comportant una toxicitat i una ineficacia en

I’acci6 que tenia comesa i per tant en el control de la malaltia (147). Per altra banda, la farmacodinamia
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¢és I’acci6 que el farmac fa al nostre cos, estant relacionat amb 1’activitat farmacologica del principi
actiu. Es a dir, compren I’estudi dels mecanismes d’acci6 dels farmacs i dels efectes bioquimics o
fiosiologics (146). L’interaccié farmacodinamica es produeix quan un farmac altera la resposta d’un
altre per interaccio en el lloc del receptor o actua en un lloc diferent per millorar o disminuir els efectes
del primer farmac (147). L’interaccid pot comportar una accidé antagonista (inhibint una resposta) o
agonista (iniciant una resposta). Aquesta interaccio no cal que estigui lligada a I’edat ja que pot ser per

la propia naturalesa farmacocinética o farmacodinamica del farmac (148).

El propi sistema sanitari €s responsable, en part, de les interaccié que esdevenen del consum de muiltiples
farmacs. Una de les principals causes d’aquestes interaccions son les visites a multiples especialistes
que el pacient realitza per tractar les diferents malalties que pateix. Tot i aixi, I’estudi de Frank er al.
observen que un 96% dels pacients estudiats no estavan prenen el que el seu metge de familia pensava
(149). La descoordinaci6 i la falta de comunicacid entre professionals sanitaris influeix de manera

negativa en el pacient.

Per tant, 1’4s de multiples farmacs té I’objectiu de controlar diferents simptomes i malalties, pero no esta
exempt de riscos sobre la salut de les persones. A 1’augmentar el numero de farmacs que una persona
consumeix, augmenta la possibilitat d’interaccié dels farmacs en forma de farmac-farmac, farmac-
malaltia, farmac-alimentacio, farmac-nutricio, farmac-alcohol o farmac-herbes medicinals. Fora del cost
directe al servei sanitari, haurem de tenir present les conseqiiéncies que pot arribar a tenir prendre

multiples farmacs (150):

A).- Efectes adversos associats al consum de multiples farmacs: S’enten com efecte advers
farmacologic, un efecte no desitjat en conseqiiencia al consum d’un determinat farmac (151). El consum
de 2 farmacs esta relacionat amb un increment del 13% del risc de patir un efecte advers, amb el consum
de 5 farmacs I’increment del risc és del 58% i pot arribar al 82% amb el consum de 7 o més farmacs
(152). T aquest augment és expoencial en el cas d’afegir un farmac inapropiat (153). El grup de farmacs
cardiovasculars, analgesics 1 hipoglicémics, suposen un 86,5% de les reaccions adverses que es podrien
preveure. Els simptomes relacionats son en un 77,2%, simptomes a nivell del sistema nervios central,
alteracions electrolitiques/renals i del tracte gastrointstinal (154). Es calcula que al voltant d’un 30%
dels efectes adversos son potencialment previsibles. Llavors, els farmacas més relacionats amb efectes
adversos son els cardiovasculars, els diurétics, els anticoagulants, els antiinflamatoris no esteroideus,

els antibiotics i els hipoglicemiants (155).

B).- Interaccions dels farmacs: Les causes que poden desencadenar una interaccié entre farmacs i
desencadenar un efecte advers, pot ser donat per: una mala eleccié del farmac, no tenir en compte la
funci6 renal, donar una dosi equivocada, 1’eleccid equivocada d’una ruta d’administracié (topica,
intramuscular, oral, etc.), o per errors en la presa del medicament (156). Les interaccions potencials

entre farmac-farmac séon comuns, suposant entre un 20-40% dels efectes adversos en la gent gran
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polimedicada (157). En un estudi multicéntric europeu, realitzat en persones insitucionalitzades a
residéncies, van objectivar que un 46% dels pacients tenien una interaccié potencial farmac-farmac, de
les quals un 10% estavan catalogades com de greu interacci6 (158). Aixi doncs, caldra tenir present les
interaccions farmacodinamiques i les interaccions farmacocinetiques a nivell d’abrorcid/excrecio i a
nivell del metabolisme del farmac, per tal de disminuir les interaccions inadequades o innapropiades

entre farmacs (156).

C).- Falta d’adhereéncia a la medicacié: La posologia de multiples farmacs en una persona pot ser molt
complexa i pot acabar en una mala presa de la medicaci6 (159), essent un fet de gran importancia per la
gent gran. Tot i que el nombre de medicaments és un predictor de mala d’adheréncia, més que I’edat en
si (160,161). S’enten com adheréncia el grau en el que la conducta d’un pacient en relacié amb la presa
de medicaments es correspon amb les recomanacions acordades amb el professional sanitari (162). Pero
multiples facotrs poden influir en la mala adheréncia a medicaments com la progressio de les malalties,
el fracas terapeutic d’altres medicaments, processos d’hospitalitzacié i reaccions adverses d’altres

medicaments (160).

D).- Davallada en I’estat funcional i cognitiu: La polimedicacié ha estat vinculada a un deteriorament
funcional, fet que comporta la disminucio6 de les habilitats instrumentals de la vida diaria. Les caigudes
son una conseqiiencia d’aquest deteriorament funcional i son de gran importancia donat que s’associen
a un augment de la mortalitat i morbiditat (150,159). La polimedicacioé també s’ha vinculat a un decliu
de capacitats cognitives manifestat per episodis de deliris (163). Aquesta devallada queda de manifest
en I’estudi de Jyrkké et al. on es documenta que un 22% dels pacients que prenien 5 o menys farmac
tenien alteracions cognitives, passant a ser el 33% entre aquells que prenien 6-9 farmacs, i representant
el 55% en els pacients que consumien 10 o més (164). L’interacci6 esdevinguda entre la presa de farmacs
associats a un decliu funcional/cognitiu €s una de les complicacions més freqiients i reversibles en la

polimedicacio6 (165).

Aixi doncs, en moltes ocasions la polifarmacia entre la gent gran sera un fet inevitable que respondra a
la necessitat de tractar les muliples malalties croniques que tingui. Tot i aixi, cal tenir present els punts
esmentats per tal de minimitzar al maxim les conseqiiéncies esdevingudes de la presa de multiples
farmacs. Optimitzar el tractament en les comunitats més vulnerables, en aquest cas entre la gent gran,
¢és un punt clau per millorar 1’atencio de la seva salut. L’adequacié de la prescripciod es pot realitzar
evitant els farmacs inapropiats, les duplicitats i la medicacid excessiva. L’ Institut Catala de la Salut té
un programa a nivell ambulatori per donar suport a ’activitat assistencial dels professionals sanitaris
respecte la seguretat farmacologica, contribuint a millorar la prescripcioé farmacologica en 1’ambit de la

seguretat clinica, I’efectivitat i I’eficiéncia.

Per una banda hi ha el Self-audit, eina que facilita la revisio sistematica de les prescripcions, identificant

aquells pacients que poden tenir algun problema relacionat amb la seva medicaci6. El Self-audit té en
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compte les duplicitats terapéutiques, els farmacs contraindicats per patologies de base del propi pacient,
per medicacio desaconsellada en relacié a 1’edat avancada o les durades de tractament inadequades
(166). D’altra banda també existeix el Prefaseg que és una eina per preveure errors de medicacio.
Aquesta eina s’activa davant determinats avisos en el moment de prescriure farmacs on hi hagi
interaccions no recomanables entre el nou farmac prescrit donat d’alta i els que previament prenia el

pacient (167,168).

Aquests programaris informatics permeten als professionals dur a terme un procés d’autoavaluacié per
a contribuir a la millora, de manera continuada, de la qualitat de la prescripcio i de la seguretat clinica
del pacient. Pocs estudis avaluen 1’efectivitat d’aquestes eines, essent un d’ells publicat al 2010 on
afirmen que els dos programes esmentats donen resultats positius després de 16 mesos d’implementacio
amb una influéncia directa en el 56% dels pacients avaluats i el 16% dels polimedicats (169).

Malauradamnet 1’eficiencia d’aquestes eines esta escasament analitzada.
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4.4.- Metodes de clustering

L’estadistica descriptiva esta constituida per un conjunt de técniques que classifica, presenta, descriu,
resumeix 1 analitza les dades relatives a una o més caracteristiques de les persones d’una poblacio.
Depenent del nimero de variables o caracteristiques que s’estigui estudiant en una persona es defineix
I’estadistica com: univariant, quan hi ha I’estudi d’una tnica variable; bivariant, quan s’estudia dues
caracteristiques d’una persona; o multivariant quan hi ha implicades 2 o més variables per a cada
persona o objecte d’estudi. En aquest ultim cas, la informacié estadistica és de caracter
multidimensional, per tant, la geometria, el calcul matricial i les distribucions multivariants juguen un

paper fonamental (170).

En el moment de processar les dades d’un estudi cal tenir en compte la modelacié estadistica. Segons
un estadistic de renom, Leo Breiman, hi ha dues cultures per a modelar I’estadistica. En la seva definicio,
una primera visio correspondria a 1’estadistica classica. Aquesta assumeix que les dades son generades
per un model de dades estocastiques, és a dir, un model basat en la teoria de la probabilitat. Es defineix
estocastic com un conjunt de dades, variables aleratories, que depenen d’un parametre que habitualment
és el temps (171). Per altra banda, una segona cultura, correspondria als professionals del mon de les
computadores, els quals utilitzen aprenentatges automatitzats amb modelacions algoritmiques on tracta

el mecanisme de dades com desconegut (172,173).

Aquest aprenentatge automatitzat també es coneix com machine learning, algoritmes que executa una
computadora i per mitja dels quals va aprenent de manera automatica. Per desenvolupar aquests
algoritmes es poden aplicar dos modalitats d’aprenentatges. Un primer, conegut com aprenentatge
supervisat (supervised learning) on tenim un seguit de x caracteristiques mesurades en n observacions
i una resposta ¥ mesurada en les mateixes n observacions. Es a dir, I’algoritme combina preguntes i
respostes podent obtenir prediccions. I un segon, I’aprenentatge sense supervisio (unsupervised
learning) basat en técniques estadistiques que analitzen un seguit de caracteristiques mesurades a n
observacions. En aquest cas no estem interessats en prediccions perqué no tenim la variable resposta Y

(174). Llavors la seva funci6 és la d’agrupar i/o observar relacions entre variables.

La metodologia d’aquesta tesi doctoral es basa en técniques d’analisi multivariant de dades independents
amb meétodes sense supervisido. Amb 1’objectiu de poder coneixer millor el comportament de les
malalties croniques es va plantejar estudiar la seva distribucid a través d’agrupacions de persones.
Llavors, per a definir agrupacions, és a dir, subgrups homogenis de variables (malalties) o persones, cal
coneixer les técniques fins el moment publicades: 1’analisi de clisters com els clasters jerarquics
d’aglomerats, 1’analisi factorial, la ratio observat/esperat i 1’analisi de correspondéncia multiple (120).

Pero les tecniques d’agrupacidé més emprades son I’analisi factorial i les técniques de clustering (33).
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4.4.1.- Analisi factorial

L’analisi factorial ve de I’anglés exploratory factor analysis (EFA). Es una técnica estadistica
multivariant que té per objectiu descobrir les relacions entre un grup de variables, facilitant la
comprensid d’un fenomen objecte d’estudi. La idea basica és que a través d’un conjunt de variables
estudiem la seva interrelaci6. Amb 1’analisi factorial assumim que les relacions entre variables
existeixen perque les variables son manifestacions comunes de factors no “observables” de forma directa
(175). Aquest métode vol expressar p variables observables com una combinaci6 lineal de m variables
hipotetiques o latents, denominades factors F. L’analisi factorial obté i interpreta els factors comuns a
partir d’'una matriu de correlacions de variables. En un model multifactorial, 1’analisi factorial de m
factors comuns considera que les p variables observables X/.... Xp depenen de m variables latents

F1...Fm, anomenades factors comuns (170).

Es a dir, identifica factors latents basat en I’assumpci6é de que les variables que estiguin associades
tindran en comu un factor F' que les relaciona, responsable de la correlacié que tinguin aquelles variables
(120). Per exemple, en un estudi dut a terme per I’equip de Prados-Torres et al. fent s de 1’analisi
factorial, van identificar patrons de multimorbilitat analitzant la relaci6é que tenien les malalties amb el
calcul dels factors F. Inicialment es va definir que aquelles malalties que tinguessin un valor de carrega
factorial F >0.25 dintre de cada factor serien elements que formarien part del patré de multimorbiditat

(176).

A la Figura 8 esta exposat el patr6 definit en dones majors de 65 anys fent s d’aquesta tecnica. Si es fa
una lectura detallada de la Figura 8, el Factor 1 (F1) esta format per: alteracié de lipids (F1 0.25),
osteoporosis (F1 0.40), malalties tiroidees (F1 0.25), refluxe gastro-esofagic (F1 0.44), diverticles al
colon (F1 0.31), altres malalties osteomuculars, ansietat (F1 0.37) 1 dermatitis (F1 0.27). En canvi, el
Factor 2 (F2) esta format per: insuficiencia cardiaca congestiva (F2 0.39), arritmies cardiaques (F2 0.34),
deficit de ferro (F2 0.35), malalties cerebrovasculars (F2 0.36), demeéncia i delirium (F2 0.42), ulceres
croniques cutanees (F2 0.50). De la mateixa manera es fa la lactura del Factor 3 on predominen malalties
cardiaques i el Factor 4 (F4) on s’observa una associacio entre els problemes de comportament (F4 0.39)

i la depressio (F4 0.79) (176).
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Factor1 Factor2 Factor3 Factord

Disorders of lipoid metabolism 0.25 —0.16 0.04 —0.06
Osteoporosis 0.40 —0.07 —-017 —0.07
Thyroid disease 0.25 0.01 0.02 -0.13
Gastro-oesophageal reflux 0.44 013 —0.14 0.09
Diverticular disease of colon 0.31 0.14 —0.08 0.01
Varicose veins of lower extremities 0.30 0.03 0.05 —0.02
Arthropathy 0.30 —0.04 0.09 0.00
Cervical pain syndromes 0.28 —0.09 —0.02 0.01
Low back pain 0.34 —0.06 0.05 0.07
Anxiety, neuroses 0.37 0.18 —0.07 —-0.13
Dermatitis and eczema 0.27 0.02 0.03 0.04
Congestive heart failure —0.04 0.39 0.37 0.03
Cardiac arrhythmia —0.02 0.34 0.36 —0.14
Iron deficiency, other deficiency anaemia 010 035 0.14 0.00
Cerebrovascular disease —0.03 0.36 0.08 0.08
Dementia and delirium —0.01 0.42 —013 0.00
Chronic ulcer of the skin —0.16 0.50 0.10 0.02
Ischemic heart disease (excluding infarction) 0.09 0.18 0.29 —0.06
Hypertension 0.1 —0.08 0.44 0.03
Diabetes —0.13 0.04 0.46 —0.02
Haematologic disorders, other 0.01 0.12 0.31 0.05
Obesity 013 —0.25 0.30 013
Behaviour problems 017 0.19 —0.06 0.39
Depression 0.06 —0.06 0.05 0.79

Figura 8: Valors dels Factors obtinguts per analisi factorial en el grup de dones de més de 65 anys. Prados-Torres

etal. (176)

A partir de les malalties que formen part dels factors exposats, s’extableix el nom de les malalties
correlacionades 1 es refereix a elles com a patrons de multimorbiditat. Seguint I’exemple exposat en la
Figura 8, es nombren els patrons com: patrdé mecanic-tiroideo (Factor 1), patrd psicogeriatric (Factor
2), patr6 cardio-metabolic (Factor 3) i patré depressiu (Factor 4) (176). Nombrosos estudis, des del
2010 han realitzat analisi factorial on s’observen tres patrons coincidents: Cardio-metabolic, Psico-

geriatric 1 el Muscul-esquelétic (34).

4.4.2.- Clustering

La técnica de clustering o analisi de conglomerats, cluster analysis (CA) en anglés, és una técnica
exploratoria que localitza i agrupa dades en subgrups desconeguts fins el moment. Quan es realitzan
aquests grups el que es preten és que les observacions que pertanyen al mateix grup siguin similars,
mentre que les observacions entre els grups hagin de ser diferents les unes amb les altres (177). Per tant,
el CA defineix agrupacions on els objectes d’un grup si son similars entre si 1 diferents dels objectes

d’altres grups.

Els grups formats vindran determinats per les multiples variables
fetes servir en l'estudi, perd l'interés esta en caracteritzar i1 resumir aquest navol de
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variables observables trobant alguna caracteristica inherent de cada grup (178). L’objectiu €s saber la
possible agrupacio “natural” existent entre les dades analitzades;
és a dir, veure estructures latents no detectades explicita i directament a través de les
variables observades. Després, l'investigador tractara d'especificar la configuracio dels
grups oposats en el conjunt de dades, tractant d'explicar aquesta ordenacio
amb arguments, generalment, aliens a la técnica en si mateixa (coneixement teoric de
materia estudiada, connexi6 amb altres estudis, etc.). Per tant, una vegada establerta
empiricament la classificaci6, per a que aquesta sigui TUtil, pot ser analitzada
detingudament a fi de descriure les claus o propietats que han produit tal
agrupament (87). L'aparicié d'aquesta estructura pot portar a l'investigador a aprendre
aspectes o propietats de les persones que d'una altra manera haurien passat inadvertides.
Tot plegat, pot conduir a plantejar noves hipotesis de treball 1  noves

recerques des de diferents perspectives.

Els resultats obtinguts amb les técniques de cluster dependran de tres punts importants:
1.- L’algoritme d’agrupament de casos: clister jerarquic o k-means

2.- Conjunt de dades disponible

3.- La mesura de similitud per a comparar objectes que dependra del tipus de dades que tinguem.

Clusters jerarquics

El cluster jerarquic és una técnica dissenyada per agrupar un conjunt de dades a diferents nivells o
jerarquies. Una classificacio jerarquica és una successio d’agrupacions tal que cada grup o cluster s’obté
agrupant el conjunt de dades estudiades. Per tal de realitzar el clustering és necessari poder calcular la
matriu de distancies o similitud entre les variables, ¢és a dir les caracteristiques a agrupar. Sobre aquesta
matriu de similitud es du a terme 1’analisi de clasters jerarquic mitjangant un algoritme. El resultat
d’aplicar aquest algoritme de clustering jerarquic es pot representar mitjangat 1’anomenat dendrograma
(grafic amb forma d’arbre). Els clusters jerarquics i els diferents nivells d’agrupacio s’obtenen dels

possibles talls que es poden realitzar en un dendrograma (179).

Per a entendre la tecnica exposarem la interpretacio de la seva forma, el dendrograma (Figura 9): en
I’eix vertical tenim representat I’index de la jerarquia; cada linia vertical representa una observacio
(malaltia) pero si tallem el dendrograma en un punt lleugerament superior, alguna d’aquestes linies es
fusiona en branques amb una altre contigua. Aixo correspon al grau de similitud escollit. A mesura que

ens movem verticalment les branques es van fusionant.
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Les malalties croniques es van considerar com un clister per ells mateixos i van anar sent units segons
la distancia (definida per la Q de Yule) present entre ells. En el dendrograma de la Figura 9 es pot
observar com les agrupacions de malalties van ser quatre. Els patrons de multimorbiditat de la mostra
van ser nombrats segons les malalties classificades en els diferents grups, trobant els patrons de malalties
segiient: 1) factors de risc cardiovasculars i malalties cardiovasculars, 2) malalties relacionades amb
I’edat i malalties relacionades amb el sindrome metabolic, 3) dependéncia de tabac/alcohol i malaltia

pulmonar obstructiva cronica i 4) dolor en general, malalties muscul-esqueletiques i1 psicologiques
(180).
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Clusters of chronic conditions
1 Cardiovascular risk factors and conditions 3 Alcohol and tobacco-related conditions

K22 - Risk factor cardiovascular disease R95 — Chronic obstructive pulmonary disease
K91 - Cerebrovascular disease P17 ~ Tobacco abuse
Y77 — Malignant neoplasm prostate P15 ~ Chronic alcohol abuse

IHD — Ischemic heart disease
K78 — Atrial fibrillation

2 Metabolic and age-related conditions 4  Pain, musculoskeletal and psychological
HO2 - Hearing complaint and presbyacusis conditions
L89 ~ Osteoarthrosis of hip R96 — Asthma
L90 - Osteoarthrosis of knee L95 - Osteoporosis
BP — Elevated BP/hypertension L88 ~ Rheumatoid arthritis/seropositive arthritis
T92 - Gout D93 - Irritable bowel syndrome
D - Diabetes P76 - Depressive disorder
T82 - Obesity AQ1 - Pain general/multiple site

U04 - Incontinence (urine)
K92 - Atherosclerosis/PVD
‘N94 — Peripheral neuritis / Neuropathy

Figura 9: Dendrograma de les malalties considerades en I’analisi jerarquic de I’estudi. Font: Déruaz-Luyet et al.

(180).

Un dels principals problemes d’aquesta técnica €s que el nombre de clusters és dificil de definir, tot i
que existeixen diferents index per tal d’estudiar el nombre de clusters optim. Una de les altres
desavantatges €s que al tractar-se d’una tecnica jerarquica en el que un objecte queda classificat
rigidament en un Unic clister, no permet que aquest objecte pugui pertanyer a més d’un cluster. El que
si presenta aquest métode és diferents algoritmes per a poder establir la similitud o dissimilitud entre

observacions. Els algoritmes que aquest métode pot utilitzar son: centroide (centre geomeétric o mitjana
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de distancia entre dues observacions), la distancia minima o definint la distancia maxima de dues

observacions (174).

K- means

K-means ¢€s una técnica de clustering que identifica els grups segons les diferéncies que hi ha entre
observacions, agrupant-les en un nombre preestablert de grups sense solapament: cada observacio estara
localitzada a un grup, no podent estar en un altre. Es el que es coneix com classificacio “hard”, “dur”

en angles (179).

En la Figura 10 esta representat en 1’espai la disposicio de 150 observacions. Cada grup esta representat
per un color i cada observacid per un punt. Aixi doncs, veiem representat si hi ha 2 grups (K=2), si hi
ha 3 grups definits (k=3) o 4 grups (k=4) (174). El nimero de grups que hi ha s’estableix abans de fer
les agrupacions i es realitza determinant els centroides (centre geométric) de cada cluster. Es a dir, el
centroide és la mitjana de les caracteristiques de tots els elements del cluster. Llavors s’assigna cada
observacio al cluster amb el que té un centroide més proper. La distancia entre el centroide i I’observacio
s’estableix per la distancia euclidea (distancia matematica entre dos punts diferents, en aquest cas de

I’observacio al centroide del cluster).

K=2 K=3 K=4

* o,

Figura 10: Representacio d’agrupacions seguint la técnica de k-means segons el niimero preestablert

d’agrupacions. Font: James et al. (174).

K-means segueix els segiients passos per tal de disminuir la distancia que pot haver entre observacions,

1 per tant poder fer les agrupacions el més homogéenies possibles:

1. Assignaci¢ aleatoria de cadascuna de les observacions a un dels K clusters (assignacid inicial
de clusters)

2. Repetir fins que I’assignacid de clusters deixi de variar:
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a. Calcular el centroide per a cada cluster

b. Assignar cada element al cluster que tingui el centroide més proper a ell, que s’avalua amb
la distancia euclidea
Donat que I’algoritme de k-means realitza una assignacié inicial aleatoria, és necessari realitzar
multiples vegades 1’algoritme des de diferents punts o centroides aleatoris per definir el nimero total de
grups esperats en la mostra (174). Per tant, la técnica troba un nombre d’agrupacions que s’indiquen a
I’inici i a posteriori s’avalua si el nombre de clusters és adequat. Aquesta adequacio6 s’estableix amb

diferents index, com per exemple 1’index de Jaccard (177).

Llavors, k-means €s una técnica de clustering que genera agrupacions per particions amb un nimero
conegut de grups, previ analisi, on cada cluster té associat un centroide (centre geometric) i els objectes
s’assignen al centroide més proper. Finalment, per tal d’assegurar-nos que la técnica dona grups estables,

la prova d’observar els objectes agrupats segons el centroide es repeteix iterativament.

Un dels desavantatges de la técnica de k-means resulta de la necessitat de definir a priori el numero de
grups. Una alternativa per no haver-ho de fer és realitzar una técnica de jerarquitzacio (174). En el cluster
jerarquic no trobem divisions de grups amb un nimero determinat preestablert. Per contra, la
classificacio esta formada per una série de participants que van d’un Unic clister a la seva base que conté
totes les persones, fins a n clusters determinats per models (177). També cal tenir en compte que la
técnica de jerarquitzacié pot ser adequada en el tractament d’un niimero baix de dades, en canvi, en el
cas de voler avaluar un nimero elevat d’observacions, la técnica de k-means és millor ja que no €s

necessari calcular la matriu de distancies.

4.4.3.- Analisi factorial versus clustering amb k-means

A TI’hora de realitzar agrupacions cal definir 1’objectiu que es vol analitzar per seleccionar el metode
d’analisi optim. Per aquest motiu s’ha exposat les diferents técniques principals d’agrupament. A

continuacio es representa de manera grafica les principals diferéncies de les dues técniques (181).

La principal diferéncia entre les dues técniques, és que I’EFA parteix de variables individuals (malalties)
de n participants, mentre que 1’analisi de cluster amb k-means permet partir d’una variable formada per
multiples (persona amb multiples malalties croniques), tenint en compte totes les variables que
I’acompanyen. La representacié grafica d’aquesta gran diferencia la veiem a continuacio en la taula 3

(182):
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Taula 3: Principals diferéncies entre 1’analisi de clisters amb k-means i I’analisi factorial.

Analisi de clasters: k-means

Analisi factorial

Objectiu

Agrupa casos

Agrupa caracteristiques

Troba subgrups homogenis en un grans
grups

Descriu la correlacié de les variables
per entendre com es relacionen entre
elles

Categoritza

Simplifica, redueix

Complexitat de
la mostra

Hi ha restricci6 de la mostra

No hi ha restriccions de la mostra

No necessitem que les variables estiguin
correlacionades, lliure de valors extrems
Assumeixes una mesura de similitud entre
observacions

han de tenir una
correlacio entre elles
Assumeixen  que  existeix  un
acorrelacio entre variables

Les wvariables

Resultats

Interpretaci6 subjectiva dels subgrups
formats en base a les seves caracteristiques

Interpretacié segons associacié de
factors F

Aplicacio

Aconsegueixes una distribuci6 de dades per
definir caracteristiques de cada patro

Investigar la relaci6 de variables

Resumeix, redueix

informacié

comprimeix i

Investiga conceptes que no son
facilment mesurables de manera
directa, unint/relacionant un nombre
elevat de variables en algunes poques
variables que son els que formen els
factors

Definir grups amb similitud i dissimilars
entre ells

Defineixen associacions de factors F

En ocasions pots determinar tendéncies de
dades dinamiques

No ¢és adequat estudiar tendéncies de
dades dinamiques
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5.- JUSTIFICACIO






Justificacio

A tot el mon I’esperancga de vida esta augmentant gracies als avengos, entre d’altres factors, en la recerca
i l'atencio medica (10). No obstant aixo, una vida més llarga esta estretament relacionada amb la
probabilitat de desenvolupar més malalties croniques (183). Encara que I'esperanca de vida global i els
anys de vida saludables s'han incrementat a tot el mon, la qualitat de vida i la capacitat funcional han
empitjorat a causa de condicions croniques molt relacionades amb I'envelliment (10). Nous conceptes,

com la multimorbiditat, i técniques d’avaluaci6 han estat definits per explicar aquest fenomen (22,26).

La investigacio sobre la multimorbiditat és limitada i s'ha centrat en descriure la prevalenga, estimar la
severitat i les seves conseqiiéncies (73,184). Els estudis de prevalenga, principalment amb dissenys
transversals, han identificat patrons de multimorbiditat en pacients majors de 65 anys agafant com punt
de partida les malalties. La técnica més ampliament utilitzada han estat I'EFA o els clusters jerarquics
(87,185,186). Recentment, s’ha demostrat que el métode d’analisi amb I'EFA és util per descriure la
correlacid entre variables, mentre que les técniques de CA permeten realitzar un analisi a fons del patro

d'associacions no aleatories entre variables determinants d'una persona (187).

De la unitat definida per la persona i la seva complexitat (malalties croniques que li pertanyen) es poden
obtenir agrupacions, €s a dir, patrons de multimorbiditat que reflecteixin la realitat assistencial d’atencio
primaria. Tanmateix, les malalties que conformin el patré de multimorbiditat poden estar relacionades,
1 per tant mostrar diferéncies en les taxes de supervivéncia. Fins el moment, les agrupacions s’havien
definit segons la relacié existent entre variables (malalties o0 medicaments) fent us de I’analisi factorial
1 clusters jerarquics majoritariament. Pero és crucial realitzar els estudis establint com a part central de

I’analisi de la persona amb tot el conjunt de malalties i/o de medicaments.

Per tots aquests motius es pretén definir els patrons de multimorbiditat i de medicaments fent us de

técniques de clustering amb k-means, i analitzar la taxa de mortalitat segons el patré de multimorbiditat.
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6.- HIPOTESIS I OBJECTIUS






Hipotesis i Objectius

3.1.- Hipotesis

1.- La prevalenca de la multimorbiditat i els patrons de multimorbiditat varien al llarg del temps i varien

segons 1’edat i el sexe.

2.- La taxa de mortalitat i de superviveéncia varien en funcio del patré de multimorbiditat, 1'edat, el sexe,

la posicio socioeconomica, el nombre de medicaments i el nombre de malalties croniques.

3.- Els medicaments més prescrits estan en relacio a les malalties croniques més freqiients i per tant, es
pot definir patrons de medicaments que donen resposta als patrons de multimorbiditat préviament

definits.

3.2.- Objectius

Objectiu General:

Identificar els patrons de multimorbiditat i de farmacs de les persones majors de 65 anys que viuen a
Barcelona, definint els patrons de multimorbiditat durant un periode de 6 anys (2009-2014) i

comparant la seva supervivéncia.

Objectius especifics:

1.- Determinar la prevalenca de la multimorbiditat i de les malalties croniques en els adults majors de
65 anys de Barcelona i definir els patrons de multimorbiditat observant la seva evolucié en un periode

de sis anys (2009-2014).

2.- Determinar la taxa de mortalitat segons el patré de multimorbiditat i el sexe. Analitzar la relaci6 del
sexe, I’edat, I’estat socioeconomic, el nombre de malalties, el nombre de farmacs prescrits i el patr6 de

multimorbiditat amb la supervivéncia.

3.- Determinar els farmacs prescrits més freqiients segons 1’edat i el sexe. Definir els patrons de farmacs

i comparar-los amb els patrons de multimorbiditat per a I’any 2009.
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7.- METODES






Metodes

Per a donar resposta a les hipotesis plantejades en aquesta tesi doctoral, s’han publicat tres articles en
revistes indexades, un article per cada objectiu especific. A continuacid s’exposa la metodologia que es

va emprar en els estudis d’aquest treball:

7.1.- Disseny i poblacié d’estudi

El disseny basic va ser el d’un estudi observacional longitudinal prospectiu basat en registres electronics
de les histories cliniques dels 50 centres d’atencid primaria (eCAP) de Barcelona (2009-2014), de

I’Institut Catala de la Salut (188). Les dades obtingudes van conformar aixi una cohort.

Els participants van ser persones que a dia 31/12/2009 tenien entre 65 i 94 anys, presentaven 2 o més
malalties croniques diagnosticades en 1’eCAP a Barcelona ciutat, i que van estar atesos almenys una
vegada en el periode definit a posteriori. La informacié basal va ser recollida 1’any 2009 i
successivament cada 31 de desembre dels segiients 5 anys (2009-2014). La cohort va ser tancada, pel

que no hi van haver incorporacions i ’tnic motiu de sortida va ser la defuncid.

Poblac1o =65 anys al 2009 a
Barcelona: 331.256

Persones >63 anys visitades en altres
centres no [CS*:
76.140(23%)

M)

[ Persones visitades als CAP* 255,116 ]

( Persones que marxen de Barcelona:

L 48.970(19,2%)
Mostra inicial: 206.146
Persones sense Persones amb
multimorbiditat: 16.038 multimorbiditat: 190.108

* ICS: Institut Catala de la Salut * CAP: Centre d’atencié primaria

Figura 11: Diagrama de flux.
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7.2.- Fonts d’informacio

Les dades es van adquirir a través del Sistema d’informaci6 pel desenvolupament de la recerca en atenciod

primaria (SIDIAP) (189,190). Aquest sistema disposa de les segiients dades individuals anonimitzades:

1) Dades demografiques: Area Basica de Salut, municipi.
2) Variables cliniques: problemes de salut codificats seguint la CIM-10.
3) Informacié de la medicaci6é facturada a les oficines de farmacia obtenint la informacié amb la

codificacid Anatomical Therapeutic Chemical Classification (ATC) de la OMS (191).

7.3.- Variables

Variables dependents:

1) Problemes de salut: codificats segons CIM-10 (14). Es van analitzar els problemes de salut registrats

a 31 de desembre de I’any 2009, 2010, 2011, 2012, 2013 1 2014.

2) Multimorbilitat: es va definir com la presencia de 2 0 més malalties croniques. Les malalties croniques
incloses van ser les definides pels criteris d’O’Halloran et al. (44). Donat que els criteris d’O’Halloran
et al. estan codificats amb CIAP-2, es va realitzar un procés de mapping de CIAP-2 a CIM-10 de les
malalties croniques a incloure (192). A més, es va excloure les condicions que no fossin possibles per
rang d’edat establert com trastorns psicologics-autistes, acne, infertilitat o neoplasies malignes
relacionades amb la fecundacid. Dos codis diagnostics es van unir al considerar-los condicions que es
poden solapar: la obesitat i el sobrepés. El total de malalties incloses van ser 144. D’aquestes malalties
croniques van entrar a 1’estudi les que tenien una prevalenca al 2009 >1% en la poblaci6 d’estudi, en
total 84 malalties croniques. Aquest criteri es va aplicar per tal d’evitar resultats espuris en I’estudi dels

patrons.

3) Farmacs: Els farmacs estaven identificats seguint la classificaci6 ATC de la OMS (191). Aquest
sistema divideix els farmacs en cinc nivells diferents, per exemple: el primer nivell és el grup principal
(A/ Sistema digestiu 1 metabolisme); el segon, tercer i quart nivell corresponen al subgrup terapéutic,
farmacologic i quimic (A10 Farmacs emprats en diabetis, A10B Farmacs hipoglucemiants orals, AlI0BA
Biguanides) i el cinque nivell correspon a la substancia quimica (A10BA02 Merformina). En la tesi

doctoral es va treballar amb el subgrup quimic (4rt nivell de la classificacio ATC).

Els farmacs considerats van ser els que es prenien de manera continuada o cronica, tenint en compte la
prescripcio i retirada de les oficines de farmacia amb prescripcié del Sistema Nacional de Salut (SNS).

Per I’estudi de farmacs es van considerar com a medicacio cronica aquella que havia estat retirada en
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un nombre igual o superior a 6 envasos al llarg del 2009, incloent el periode inicial del 2010 per a

considerar si la medicacio era de llarga durada.

4) La variable mortalitat va ser mesurada per 1’ocurréncia registrada a SIDIAP, sense determinar la

causa de la mort, i el temps transcorregut fins 1I’esdeveniment.

Variables independents:

4) index MEDEA (Mortalidad en dreas pequeiias Espaiiolas y Desigualdades Socioecondmicas y
Ambientales): index de deprivacié economica depenent de 1’ Area Basica de Salut on estan assignats els
pacients. Aquest index publicat al 2008 es va realitzar en col-laboraci6 de 10 grups de treball on es van
seleccionar diversos indicadors socioeconomics simples de cinc ciutats d’Espanya (Barcelona, Bilbao,

Madrid, Sevilla i Valéncia) (193).
5) Sexe: masculi o femeni.

6) Grups d'edat: edat avancada (65-79 anys) i octogenaris (> 80 anys).

7 4.- Analisi estadistic

7.4.1.- Estudi descriptiu:

Pels tres articles que formen part d’aquesta tesi doctoral es va realitzar un estudi descriptiu. Per a
variables quantitatives amb distribucié normal es va fer servir la mitjana i la desviaci6 estandard, en
canvi per aquelles sense distribucié normal la mediana i el rang interquartil. Per a variables categoriques
es van representar amb freqiiencies i percentatges. Tota la informaci6 es va estratificar per a sexe i grup
d’edat (65-79 anys, > 80 anys). I per I’article 2 es van avaluar les diferéncies entre els grups amb les

proves Kruskal-Wallis i khi-quadrat (x?) segons correspongués.

7.4.2.- Estudi de patrons:

Per a donar resposta als objectius especifics 11 3 es van definir els patrons de mulimorbiditat i els patrons
de farmacs (article 11 3). Per a la identificacio dels patrons es van seguir els seglients passos: 1) Analisi

de correspondéncia multiple; 2) Analisi de clistering amb 1’algoritme k-means.

1) Analisi de correspondéncia multiple: donada 1’alta dimensionalitat de la base de dades i la naturalesa

dicotomica de les variables de diagnostic i farmacs, es va aplicar una tecnica de reduccié de dimensions,
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I’analisi de correspondéncia multiple. Aquesta técnica exploratoria t€ com objectiu resumir una gran
quantitat de dades en un niimero reduit de dimensions amb la menor pérdua d’informacié possible.
Aquesta técnica va permetre reduir la base de dades i transformar les variables categoriques a continues,

preservant la complexitat de les dades originals.

2) K-means: a partir de la base de dades reduida, es van determinar els patrons de multimorbiditat i de
farmacs. Aquesta técnica va permetre agrupar les persones en grups/conglomerats de manera que el grau
d’associacio/similitud dins el mateix grup era més fort que entre les persones d’altres grups. Per a
determinar el nimero optim de conglomerats es va fer servir el criteri de Calinski-Harabasz. Per tal
d’assegurar la qualitat del claster, va caldre mesurar I’estabilitat de la soluci6 optima mitjangant
I’estimacio per metodes bootstrap amb 1’index de Jaccard amb 100 repeticions, obtenint aixi la validacio

interna del claster (177).

Definicié dels patrons de multimorbiditat i de farmacs

Alhora de definir els patrons es va tenir en compte la complexitat de cada persona. Donat que les
técniques esmentades tenien com objectiu agrupar a persones en patrons, es van aplicar uns criteris per
a donar un pes diferent a cada malaltia o farmac, i per tant un pes diferent de cada item dins el patro.
Llavors, per a cada malaltia o farmac que participava en un patr6, es van definir la prevalenca i una ratio
de sobrerrepresentacid. A més a més, donada la complexitat i varietat de farmacs que una persona podia
arribar a consumir, es va afegir en els patrons de farmacs un tercer criteri, I’exclusivitat. A continuacio

es presenten amb detall:
1) Prevalenca de la malaltia o farmac en el patro.

2) Ratio observat/esperat (ratio O/E): proporcid entre la prevalenga de la malaltia o del farmac en un

patrd concret respecte la seva prevalenca en el seu grup d’edat/sexe. Per a fer la lectura del patrd, es va
considerar que una ratio O/E >2 definia un pes rellevant en aquell patr6. Per tant, es va considerar que
la malaltia o el farmac que presentava una ratio O/E >2 tenia major pes o importancia per estar

sobrerrepresentat.

3) Exclusivitat: percentatge de pacients que han tingut la prescripcioé d’un determinat farmac en relacid
al nombre total de pacients que també el tenen prescrit en el grup corresponent per edat i sexe.

Considerem una elevada exclusivitat quan el valor és >50%.

En aquest treball s’han fet servir els noms de clusters i patrons de manera similar perd es podria
considerar una diferéncia. Es parla de claster com 1’agrupacié obtinguda de malalties o de farmacs a
través de ’aplicacio de les técniques esmentades, analisi de correspondéncia multiple i k-means. I al

realitzar la lectura dels items que conformen cada cluster (en aquest treball s’ha tingut en compte la
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prevalenga, ratio O/E +/- exclusivitat) se li assigna un nom clinic i llavors parlem de patr6. En el cas
dels patrons de multimorbiditat el nom que se li va assignar al clister era donat pels sistemes anatomics
de les malalties que van estar sobrerrepresentats (ratio O/E >2). En el cas dels patrons de farmacs, el
nom assignat va tenir en compte el grup de farmacs sobrerrepresentats (farmacs amb una ratio O/E >2)

i aquells amb elevada exclusivitat (farmacs amb exclusivitat >50%).

Finalment, la consisténcia dels clusters obtinguts va estar consensuat pels col-laboradors dels articles
publicats tenint en compte criteris clinics segons 1’experiéncia dels professionals. Els patrons es van
descriure, no només per les malalties i els farmacs, sin6 també pel nimero de persones que el

conformaven, estratificats pel grup d’edat i de sexe.

7.4.3.- Estudi de la taxa de mortalitat:

La taxa de mortalitat es va calcular segons el patré de multimorbiditat, I’index de deprivacio, les
malalties croniques (variable categorica) i els farmacs prescrits (variable categorica) pels quatre estrats,
segons el grup d’edat i el sexe. La taxa de mortalitat crua i estandarditzada es va realitzar tenint en

compte el cens del 2011 a Catalunya, sent estimades segons el temps transcorregut.

La supervivencia segons el patré de multimorbiditat es va estimar mitjangant la regressié de Cox pels
quatre estrats, I’index de deprivaci6, les malalties croniques (variable continua) i els farmacs prescrits
(variable continua) del 2009. Préviament es van analitzar les grafiques de Kaplan-Meier i test de
Logrank. Es van obtenir els hazard ratio crus i ajustats de cada patré amb els seus intervals de confianca
del 95%. Es va utilitzar com a referéncia el patr6 Muscul-esquelétic per ser el de menor taxa de

mortalitat.

7.5.- Consideracions etiques:

Els estudis realitzats s’han desenvolupat seguint les normes de la Declaracié de Helsinki i Tokio sobre
aspectes ¢ctics (194). El protocol de I’estudi va ser avaluat pel Comite étic d’investigacio clinica de
I’Institut Universitari d’Investigacié en Atencié Primaria-Jordi Gol (n° de protocol: P15/149). Els
registres inclosos en la base de dades del SIDIAP eren anonims i tots els codis d’identificacio de
pacients, professionals i zones basiques de salut estaven encriptats, pel que estava impossibilitada la
identificacid dels subjectes per part de 1I’equip investigador. La confidencialitat dels subjectes inclosos
en I’estudi es va considerar garantida i en consonancia amb la Llei Organica de Proteccié de Dades de

Caracter Personal (15/1999 del 13 de Desembre, LOPD) vigent a I’inici d’aquesta tesi doctoral.
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Abstract

Background: Multimorbidity is the coexistence of more than two chronic diseases in the same individual, however,
there is no consensus about the best definition. In addition, few studies have described the variability of multimorbidity
patterns over time. The aim of this study was to identify multimorbidity patterns and their variability over a
6-year period in patients older than 65 years attended in primary health care.

Methods: A cohort study with yearly cross-sectional analysis of electronic health records from 50 primary health care
centres in Barcelona. Selected patients had multimorbidity and were 65 years of age or older in 2009. Diagnoses
(International Classification of Primary Care, second edition) were extracted using O'Halloran criteria for chronic
diseases. Multimorbidity patterns were identified using two steps: 1) multiple correspondence analysis and 2) k-means
clustering. Analysis was stratified by sex and age group (65-79 and 280 years) at the beginning of the study period.

Results: Analysis of 2009 electronic health records from 190,108 patients with multimorbidity (59.8% women) found a
mean age of 71.8 for the 65-79 age group and 84.16 years for those over 80 (Standard Deviation [SD] 4.35 and 3.46,
respectively); the median number of chronic diseases was seven (Interquartil range [IQR] 5-10). We obtained 6 clusters
of multimorbidity patterns (1 nonspecific and 5 specifics) in each group, being the specific ones: Musculoskeletal,
Endocrine-metabolic, Digestive/Digestive-respiratory, Neurological, and Cardiovascular patterns. A minimum of 42.
5% of the sample remained in the same pattern at the end of the study, reflecting the stability of these patterns.
Conclusions: This study identified six multimorbidity patterns per each group, one nonnspecific pattern and five
of them with a specific pattern related to an organic system. The multimorbidity patterns obtained had similar
characteristics throughout the study period. These data are useful to improve clinical management of each specific
subgroup of patients showing a particular multimorbidity pattern.

Keywords: Multimorbidity, Chronic disease, Ageing, Primary health care, Cluster analysis, Electronic health record

Background

Multimorbidity is defined as the coexistence of two or
more chronic diseases [1, 2]. Although overall life expect-
ancy and healthy life years have increased worldwide,
quality of life and functional capacity has worsened [3]
due to the chronic conditions strongly related to aging.
Some studies predict a rise in prevalence of these
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conditions [4]; population multimorbidity prevalence cur-
rently ranges from 12.9% to 95.1% [5]. In addition, rates of
hospitalization and treatment for people with chronic dis-
eases have soared; consequently, a growth in the burden
of disease on health systems is assumed in general, and in
primary health care in particular [3].

Although life expectancy has increased in the last cen-
tury [3], research on multimorbidity has been limited
and has focused on describing prevalence, estimating
severity, and assessing quality of life [6, 7].

In clinical practice, individual patients often present
with a collection of chronic diseases which may or may

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
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not have a common aetiology, but which require greatly
differing and often incompatible management. Preva-
lence studies, mostly with transversal designs, have iden-
tified multimorbidity patterns in patients older than
65 years, but few prospective longitudinal studies have
been published and none of them have analysed a period
longer than 4 years [5]. With better knowledge about
the evolution of multimorbidity patterns, the joint man-
agement of several chronic diseases simultaneously
could be more effective.

On the other hand, most of the published studies con-
sidered diseases, not individuals, as the variable of ana-
lysis in assessing multimorbidity patterns. This inhibits
an exploration of multimorbidity patterns that takes into
account their trajectories and evolution along the indi-
vidual’s lifetime.

Finally, no consensus has been established about a
standard model to determine multimorbidity patterns.
Published studies differ in the variables included, such as
the unit of analysis selected (patients versus diseases),
the statistical method for grouping diseases (factor ana-
lysis vs. cluster analysis), diseases included (chronic and/
or acute), and number of diseases considered [8, 9].
Nevertheless, non-hierarchical cluster analysis assigns
patients into a specified number of clusters [10]. The
results are less susceptible to outliers in the data, the
influence of the distance measure chosen, or the inclu-
sion of inappropriate or irrelevant variables. Some non-
hierarchical cluster analysis methods, like k-means, use
algorithms that do not need a distance matrix and can
analyse extremely large data sets [10-12].

The aim of this study was to identify multimorbidity
patterns over a six-year study period in electronic health
records from a Mediterranean urban population older
than 65 years and with multimorbidity, attended in pri-
mary health care centres in Barcelona (Spain).

Methods
Design, setting, and study population
A cohort study with a cross-sectional analysis was car-
ried out in each year of the study period, from 2009 to
2014, in Barcelona, Catalonia (Spain), a city of Mediter-
ranean region with 1,619,337 inhabitants (31/12/2009)
[13]. The Spanish National Health Service provides uni-
versal coverage, financed mainly by tax revenue. The
Catalan Health Institute (CHI) manages 50 primary
health care centres (PHCs) in Barcelona that represent
74% of the population [14]. The CHI’s Information Sys-
tem for Research in Primary Care (SIDIAP) contains the
clinical information as electronic health records (EHR)
recorded by its PHCs since 2006 [15-17].

Inclusion criteria were 65-94 years of age on 31
December 2009 and at least one PHC visit during the 6-
year study period. From the initial sample of 206,146
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(Fig. 1), we excluded people who moved or otherwise
sought care outside the CHI system. The only reason to
exit the cohort was death (n = 24,013), and no new partici-
pants were introduced during the study period.

Prevalence of individual conditions varies with age, as
does multimorbidity and disease patterns. In order to ob-
tain a more homogenous sample in terms of multimorbid-
ity, we focused on patients from Barcelona city with
multimorbidity, defined as 2 or more diagnoses of chronic
disease active as of 31 December 2009. We obtained infor-
mation on that population during 6 years and analysed
the data 6 times at cross-sectional time points, every
December from 2009 to 2014. However, mortality data
were obtained 5 times, from 2010 to 2014.

Coding and selection of diseases

Diseases are coded in SIDIAP using International Classi-
fication of Diseases version 10 (ICD-10). We mapped
ICD-10 codes to International Classification of Primary
Care, second edition (ICPC-2) codes in order to select
chronic diseases by O’Halloran criteria [18] based on the
ICPC-2. We only considered chronic diseases with a
prevalence over 1% to avoid spurious associations and
obtain epidemiologically coherent patterns. Chronic dis-
eases were coded as a dichotomous variable.

Variables

The unit of measurement was the diagnosis (values: 1 for
present, O for absent). Other variables recorded for each
patient were the following: number of different diseases
(chronic diseases active on 31 December each year), age
groups in 2009 (65-79; >80), and sex (women, men).

Statistical analysis

Data access: Data were obtained from SIDIAP after the
study was authorized. All authors were granted access to
the database. No missing values were handled, as sex
and age were universally recorded, so there were no
missing values and no missing data were imputed.
Wrong codes for sex-specific diagnoses and diagnoses
with inconsistent dates were excluded.

Descriptive analysis

Analyses were stratified by sex and age. Descriptive sta-
tistics were used to summarize overall information. Cat-
egorical variables were expressed as frequencies
(percentage) and continuous as mean (Standard devi-
ation, SD) or median (interquartile range, IQR). Chi-
square test and Mann-Whitney test were used to assess
differences between age groups by sex.

Prevalence of each chronic disease was calculated for
each year in order to study the evolution over time.
Multimorbidity patterns were identified using two steps:
1) multiple correspondence analysis (MCA) and 2) k-
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People =65 years old in 2009,
in Barcelona: 331,256

)

People =65 years old visited in other

health care provider not CHI*:
76,140 (23%)

[ People visited in PHC": 255,116 ]

' N
People who relocated outside
Barcelona:

48,970 (19.2%)

. J

[ Total initial sample: 206,146 ]

Fig. 1 Flow chart of the study

People without
multimorbidity: 16,038

People with
multimorbidity: 190,108

means clustering. For every year of study (2009-14),
MCA and k-means analysis included only those individ-
uals that were alive as of 31 December each year.

Multiple correspondence analysis

This data analysis technique for nominal categorical data
was used to detect and represent underlying structures
in the data set. The MCA method allows representation
in a multidimensional space of relationships between a
set of dichotomous or categorical variables, in our case
diagnoses, that would otherwise be difficult to observe
in contingency tables and to show groups of patients
with the same characteristics [19, 20]. MCA also allows
the direct representation of patients as points (coordi-
nates) in geometric space, transforming the original bin-
ary data to continuous data. The MCA analysis was
based on the indicator matrix. Optimal number of
dimensions extracted and percentages of inertia were
determined by scree plot.

k-means clustering

From the geometric space created in MCA, patients
were classified in clusters according to proximity criteria
using the k-means algorithm with random initial cen-
troids. Clusters centres were obtained for each cluster.
Optimal number of clusters (k) was assessed according
to Calinski Harabaz criteria, using 100 iterations. The
optimal number of clusters is the solution with the high-
est Calinski-Harabaz index value. To assess internal
cluster quality, cluster stability of the optimal solution
was computed using Jaccard bootstrap values with 100
runs [10]. “Highly stable” clusters should yield average
Jaccard similarities of 0.85 and above.

Multimorbidity patterns

To describe multimorbidity patterns, frequencies and
percentage of diseases in each cluster were calculated.
Observed/expected (O/E) ratios were obtained by divid-
ing disease prevalence in the cluster by disease preva-
lence in each age group, by sex. To define a specific
pattern, we considered those diseases with an intra-
cluster prevalence 220% and an over-expression with O/
E ratio > 2 [21]. The names of patterns are related to the
main system affected in each cluster.

Descriptive statistics of age and number of diagnoses
per each cluster were also obtained. Clinical criteria were
used to evaluate the consistency and utility of the final
cluster solution, based on clusters previously described
in the literature and a consensus opinion drawn from
the clinical experience of the research team (3 family
physicians and 2 epidemiologists engaged in daily patient
care). Stability in the patterns was considered as the
number of persons staying in the same pattern in 2014,
as well as the percentage of people who remained in the
same pattern at the end of the study compared to 2009.

The consistency of multimorbidity patterns was
established by analysing the number (percentage) of
people who remained stable within the cluster during
the study period.

The analyses were carried out using SPSS for Win-
dows, version 18 (SPSS Inc., Chicago, IL, USA) and R
version 3.3.1, procedures FactorMineR, fpc, and vegan(R
Foundation for Statistical Computing, Vienna, Austria).

Results

Out of 206,146 persons analysed at the beginning of the
study in 2009, 190,108 (92.2%) fulfilled multimorbidity
criteria (Fig. 1) and 59.8% were women. The mean age at
the beginning of the study was 71.8 (SD 4.35) years for
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the group 65-79 years old, and 84.2 years (SD 3.46) for
the group over 80. In 2009, 31.2% to 39.1% of the popu-
lation had fewer than 5 chronic diseases, while 40.2% to
42.3% had 6 to 9 diseases and 20.7% to 28.2% had re-
ceived more than 10 diagnoses. The median number of
diseases was 7 (IQR 5-10) for women and for men older
than 80 years; the younger men (aged 65-79 years) had
a median of 6 diseases (IQR 4-9) (Table 1).

Chronic diseases prevalence

Hypertension, uncomplicated was the most prevalent
chronic disease in all groups over the period of time
studied, followed by Lipid disorder. In the group aged
65-79 years, uncomplicated hypertension affected 69%
of women and 68% of men in 2009, and lipid disorder
affected 57.7% and 49.4%, respectively. Other prevalent
diagnoses for women in this age group in 2009 were
Osteoporosis (32.6%), Obesity (29.2%), and Depressive
disorder (27.3%); among men, ageing-related diseases
were prevalent, including Benign prostatic hypertrophy
(41.6%), Cataracts (21.4%), and Diabetes, non-insulin-
dependent (30.8%). The top 10 chronic diseases for
women and men throughout the study period are shown

Table 1 Number of diseases, stratified by sex and age group
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in Fig. 2. Few changes in prevalence were observed over
the 6 years analysed.

K-means clustering

Using the Calinski criterion, six clusters were considered
as the optimal solution for both age and sex strata. Aver-
age Jaccard bootstrap values for both women and men
were 0.85 and above.

Multimorbidity patterns
For each of the four groups studied (two age groups of
men and women), 6 clusters were identified using the k-
means method. The first pattern, formed by only the
most prevalent diseases, was named the “nonspecific”
pattern; the remaining 5 patterns were specific to
Musculoskeletal, Endocrine-metabolic, Digestive/digest-
ive-respiratory, Neuropsychiatric, and Cardiovascular
diseases, in decreasing order depending on the percent-
age of the population included [see Additional files 1, 2].
The first cluster had the largest percentage of the
sample, both women and men: 35.6 and 36.7% of those
aged 65—79 years, 34.3-34.1% of those aged 80 and older
respectively [see Additional files 1-4]. For women, the

Patients included in the analysis in 2009, N = 190,108

Women

65-79 years
80,208 (42.2)

Total, n(%)

Number of diagnoses’, n(%)

2 4249 (5.3)
[3-5] 22,491 (28.1)
[6-9] 32,663 (40.7)
210 20,805 (25.9)
Median number of diagnoses (IQR)” 7 (5-10)
Number of diagnoses included in cluster analysis 83
Patients included in the analysis in 2014, N = 166,095
Women
70-79 years

Total n(%)

Number of diagnoses’, n(%)

2 3220 (6.2)

[3-5] 16,662 (32.1)

[6-9] 21,334 (41.2)

210 10,619 (20.5)
Median number of diagnoses (IQR)” 6 (4-9)
Number of diagnoses included in cluster analysis™ 80

51,835 (31.2)

Men
280 years 65-79 years 280 years
33442 (17.6) 59,331 (31.2) 17,127 (9.0)
1595 (4.8) 3770 (64) 782 (4.6)
8688 (26.0) 19429 (32.7) 4534 (26.5)
13,732 (41.0) 23,846 (40.2) 7252 (42.3)
9427 (28.2) 12,286 (20.7) 4559 (26.6)
7 (5-10) 6 (4-9) 7 (5-10)
85 84 85

Men
280 years 70-79 years 280 years
49,940 (30.1) 38,127 (22.9) 26,193 (15.8)
2026 (4.1) 2811 (74) 1125 (4.3)
12,144 (24.3) 13,879 (36.4) 6818 (26.0)
21,316 (42.7) 15,119 (39.6) 11,333 (433)
14,454 (28.9) 6318 (16.6) 6917 (26.4)
7 (5-10) 6 (4-8) 7 (5-10)
84 80 82

Abbreviations: /QR Inter-quartile range
“Chi-square test; all p-values < 0.001
“Mann—Whitney test; P < 0.001
““Chronic diseases with >1% prevalence
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Fig. 2 Prevalence of chronic disease across the study period per each age group, stratified by sex

top 3 diagnoses throughout the study period were
Hypertension, uncomplicated; Lipid disorder; and Osteo-
porosis. In the older group, Osteoarthritis, other was
added to the list for the first year and Cataract for the
other 5 years analysed [see Additional files 1-3].Similarly
for men, three diseases predominated in the Nonspecific
pattern throughout the study period: Hypertension,
uncomplicated; Lipid disorder, and Benign prostatic
hypertrophy. In older men, these diseases were
joined by Diabetes, non-insulin dependent in the first
year, adding Cataract in the remaining 5 years [see
Additional files 2, 4]. There was no over-represented
disease in these groups (O/E ratio > 2).

Few variations were detected in terms of prevalence
and O/E ratios for the elements of a specific cluster, as
shown in the example presented in Tables 2 and 3. A
pattern observed in women aged 65-79 years was la-
belled the Neuropsychiatric pattern (Table 2). Some
neurological diseases were over-represented in 2009,
such as Dementia (O/E ratio 5.98) or Stroke/cerebrovas-
cular accident (O/E ratio 4.81), with a prevalence >20%.
Other over-represented diseases (O/E ratio>2) had a

prevalence <20% and bear little relation to the main sys-
tem affected, such as Ischaemic heart disease without
angina (O/E ratio 4.27, prevalence of 13.9%) or Athero-
sclerosis/peripheral vascular disease (O/E ratio 3.08,
prevalence of 9.6%). A large number of patients (in the
Table 2, 42.5% of women aged 65-79 years) stayed in
the same pattern from baseline until the end of the study
period. The rest of these percentages are presented in
[see Additional files 1, 2].

Table 3 shows men aged 65-79 years with the Neuro-
psychiatric pattern, containing almost the same diseases
as the homologous pattern in women. Differences be-
tween the patterns are mainly sex-related diseases such
as Benign prostatic hypertrophy.

Following the same method as these two examples, it
can be observed that chronic diseases included in each
pattern at the beginning of the sample mostly persisted
throughout the 6 years analysed. Some variations were ob-
served, such as chronic disease leaving the pattern when it
did not meet the inclusion criteria, sometimes only by a
few decimal points that decided whether a disease
remained in a pattern or not [see Additional files 1-4].
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Table 2 Example of multimorbidity pattern: neuropsychiatric pattern considering observed/expected ratio in one cluster across

women aged 65-79 years

Neuropsychiatric pattern 2009 2010 2011 2012 2013 2014
Number of persons in the cluster n=_8242 n=7493 n=6770 n=6042 n=>5360 n=4688
Persons stable in the pattern. n(9%) 8242° (100) 7210° (87.5) 6297° (76.4) 5386" (65.4) 45367 (55.0) 35037 (42.5)
ICPC2 Diagnoses Pre® O/ Pre® O/ Prel® O/ Pre® O/ Pre® O/ Prev® O
(%) %) % %) (%) (%) r©
K86  Hypertension, uncomplicated 704 1.02 698 1.02 687 1.01 686 103 686 1.04 708 1.09
T93 Lipid disorder 67.6 117 684 1.18 681 117 679 116 684 117 706 1.21
P76  Depressive disorder 535 196 537 197 531 195 534 197 513 190 492 1.86
L95  Osteoporosis 395 121 399 122 400 123 393 122 392 124 392 1.27
P70 Dementia 324 598 308 631 301 6.79 279 705 254 733 210 6.94
L91 Osteoarthritis. other 31.8 118 311 116 30.1 113 304 116 295 114 293 1.15
T90  Diabetes. non-insulin dependent 310 138 309 140 306 140 328 152 337 160 374 1.81
F92  Cataract 294 115 292 116 29.1 118 292 122 282 123 264 1.22
K90  Stroke/cerebrovascular accident 235 481 231 4.94 224 502 215 511 202 508 169 4.50
P71 Organic psychosis, other 16.0 572 162 606 160 625 158 646 155 661 146 6.66
K76  Ischaemic heart disease without 139 427 139 447 136 457 142 504 154 568 179 7.00
angina
K91 Cerebrovascular disease 129 6.05 125 611 124 623 124 633 124 655 115 6.36
N87  Parkinsonism 12.8 662 119 6.51 122 700 116 712 117 747 111 7.72
N99  Neurological disease, other 116 463 119 485 118 488 118 500 110 4.78 107 4.86
K92  Atherosclerosis/ peripheral vascular 96 3.08 96 317 96 330 96 345 94 347 114 4.36
disease
K89  Transient cerebral ischaemia 93 367 9.1 374 86 369 87 390 80 377 69 345
K74 Ischaemic heart disease with angina 8.7 384 89 397 86 4.03 90 448 9.1 481 114 6.54
K75  Acute myocardial infarction 79 479 80 51177 516 78 560 87 653 96 7.61
N88  Epilepsy 64 583 65 6.08 69 645 66 627 64 628 - -
B81 Anaemia. Vit B12/folate deficiency 4.0 283 37 274 36 2.78 35 286 35 3.09 29 2.80
F83 Retinopathy - - 55 212 59 232 72 287 72 296 98 4.13
N94  Peripheral neuritis/neuropathy - - - - - - 53 215 55 228 70 2.98
782  Obesity - - - - - - 211 072 218 074 230 0.79
B82  Anaemia. other/unspecified - - - - - - - - 13.1 2.09 139 246
F84  Macular degeneration - - - - - - - - - - 32 2.24

“People who stay in the same cluster during the period of study
PPrev: prevalence
“O/E r: observed/expected ratio. Italic numbers indicate O/E r > 2

Among women aged 80 and older, as in the younger
group, we defined six clusters (Nonspecific and 5 specific
multimorbidity patterns) with the same names, even if the
diseases varied, because the main system affected was the
same. The Muskuloskeletal, Endocrine-metabolic, Digest-
ive and Cardiovascular patterns showed changes in 1 or 2
diseases, but the Neuropsychiatric pattern had added 4
diseases to the cluster by the end of the study period [see
Additional file 3].

Several differences were observed in the older group
of men, as well. First, the Endocrine-metabolic pattern
in this age group was defined by diseases localized in
the Cardiovascular patterns in men aged 65-79 years.

Secondly, the Digestive pattern incorporated respiratory
diseases, becoming the Digestive-respiratory pattern (as
in the last year analysed in men 65-79 years), com-
posed of 9 more chronic diseases than the Digestive
pattern. Thirdly, the Neuropsychiatric and Cardiovascu-
lar patterns lost some diseases. Finally, no important
changes were found in the Musculoskeletal pattern [see
Additional file 4].

Furthermore, the percentage of patients whose mul-
timorbidity pattern remained stable exceeded 42.5%
for all patterns per each sex and age group. The Non-
specific patterns had the highest values for stability at
the end of the period for all groups except men aged



Guisado-Clavero et al. BMC Geriatrics (2018) 18:16

Page 7 of 11

Table 3 Example of multimorbidity pattern: neuropsychiatric pattern considering observed/expected ratio in one cluster across men
aged 65-79 years

Neuropsychiatric pattern 2009 2010 2011 2012 2013 2014
Number of persons in the cluster n=>5956 n=>5644 n=15080 n=4483 n=3819 n=3274
Patients stable in the pattern, n(%) 59567 (100) 50137 (84.2) 4205% (70.6) 3757° (63.1) 3214° (54.0) 2741° (46.0)
ICPC2 Diagnosis Prev® O/ Pre® O/ Pre® OE Pre® OE Pre® OE Pre® O
(%) (%) %) %) (%) (%) r©
K86  Hypertension, uncomplicated 67.3 099 700 103 710 1.05 689 1.02 681 102 662 0.99
T93 Lipid disorder 54.5 1.10 586 117 606 120 599 118 603 1.18 587 1.15
Y85  Benign prostatic hypertrophy 457 110 439 1.05 424 101 424 1.02 429 103 445 1.08
T90 Diabetes, non-insulin dependent 378 123 425 139 455 149 432 143 421 140 382 1.28
K90  Stroke/cerebrovascular accident 349 431 354 456 355 473 350 486 353 511 355 534
P76 Depressive disorder 34.1 311 321 295 304 283 314 294 319 3.04 323 3.19
P70 Dementia 28.2 6.56 243 624 222 632 222 684 215 752 217 873
F92 Cataract 238 111 241 114 243 116 234 114 237 120 212 1.13
K76 Ischaemic heart disease without 21.5 2.12 240 242 244 252 244 2.57 225 244 200 2.23
angina
K92 Atherosclerosis/peripheral vascular 19.6 2.16 234 263 252 292 237 283 226 2.78 203 2.60
disease
K91 Cerebrovascular disease 194 584 201 6.08 209 646 208 6.57 214 6.90 212 7.07
N87  Parkinsonism 17.3 6.74 150 6.14 136 588 136 6.12 139 6.66 142 7.10
K75  Acute myocardial infarction 135 206 158 247 156 2.50 158 262 149 252 128 2.28
N99  Neurological disease, other 135 508 130 496 128 498 133 524 139 565 147 6.22
P71 Organic psychosis, other 135 6.13 123 577 1.7 566 114 576 120 635 126 6.99
K89  Transient cerebral ischaemia 11.1 358 106 352 103 354 98 350 97 363 90 3.62
K74 Ischaemic heart disease with angina 103 235 111 258 113 271 119 293 111 279 97 2.50
N88  Epilepsy 82 6.13 74 561 71 543 78 6.06 85 6.69 9.1 733
A04  Weakness/tiredness. General 64 263 6.1 250 60 253 57 251 59 283 57 313
B81 Anaemia. Vit B12/folate deficiency 4.0 263 39 265 39 2.79 3.1 239 28 220 26 2.12
B82  Anaemia. other/unspecified - - 14.5 201 148 213 137 208 - - - -
F83  Retinopathy - - 6.5 213 74 245 66 217 64 209 - -
N94  Peripheral neuritis/neuropathy - - 6.2 207 65 222 66 225 65 228 57 2.07
U99  Urinary disease. Other - - 204 122 203 124 - - - - - -

#People who stayed in the same cluster throughout the period of study
bprev: prevalence
“O/E r: observed/expected ratio. Italic numbers indicate O/E r > 2

80 and older, for which the cardiovascular pattern
was the highest (Fig. 3).

Discussion

We explored multimorbidity patterns and their 6-year
evolution in people aged 65 years and older with
multimorbidity attended in PHC. The most prevalent
chronic diseases, Hypertension, uncomplicated and Lipid
disorder, were represented in all clusters in all four
groups (i.e., men and women aged 65-79 and >80 years).
We found 6 clusters per group, 5 of them with a specific
pattern related to an organic system: Musculoskeletal,
Endocrine-metabolic, Digestive/Digestive-respiratory, Neuro-
psychiatric and Cardiovascular patterns. We analysed

multimorbidity patterns over 6 years and found that they
remained quite similar from the beginning to the end of
the study period.

We observed a high prevalence of multimorbidity in
our population sample, with a higher proportion for
women, as in other published studies [5, 8] and described
6 patterns in each study group. In addition, the prevalence
of chronic diseases and multimorbidity patterns was
similar to previous studies in Catalonia [22] and in
other developed countries [23-25]. In a separate
study in the same sample, we analysed mortality rates
and observed higher mortality among men with
Digestive-respiratory patterns and among women with
Cardiovascular pattern [26].
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In both age groups, both men and women had the
same 5 multimorbidity pattern names plus one add-
itional cluster: a Digestive disease pattern in women and
a Digestive-respiratory pattern in men. This difference is
probably related to the smoking and alcohol habits that
were more common among men than among women in
the age groups studied [27]. The differences observed be-
tween age groups were related to disease prevalence and
O/E ratio; no significant differences between men and
women were found in the systems that were most com-
monly affected by the prevalent diseases. As a result, fu-
ture clinical guidelines could focus on improving common
management of multimorbidity in all older patients.

It is particularly noteworthy that more than 50% of
those showing the Nonspecific pattern remained in that
same pattern across the period analysed, without moving
on to a specific pattern; a few degenerative diseases were
added in the older groups. In addition, this first (Nonspe-
cific) cluster was defined by highly prevalent diseases,
with no over-represented chronic diseases, so that the
association between diseases could exist by chance. Con-
sequently, this first cluster showed that a considerable
portion of the sample had no system-specific pattern.

In contrast, across the specific patterns we also observed a
large proportion (range from 425 to 64.7%) of people
remaining stable (in terms of chronic disease prevalence) in
the same pattern. Maximum stability was observed for the
Nonspecific pattern in both groups aged 65 to 79 years and
in older women; for men aged 80 and older, the Cardiovas-
cular pattern showed the greatest stability. Moreover, some

people changed from one pattern to another but the multi-
morbidity pattern kept mostly stable during the 6 years stud-
ied, confirming the long-term stability of the multimorbidity
pattern composition. In view of these results, an association
could be hypothesized between multimorbidity and specific
genetic conditions, as well as previously suggested associa-
tions with lifestyle and environmental conditions [28].

Estimates of multimorbidity pattern prevalences differ
deeply in the literature because of variations in methods,
data sources and structures, populations and diseases
studied. Although this makes it challenging to compare
study results [5, 29, 30], there are some similarities between
the present and previous studies. For instance, the most
common organic systems affected in previous studies of
multimorbidity patterns were cardiovascular/metabolic,
neuropsychiatric (mental health), and musculoskeletal [30].
Our study found patterns affecting these same organic sys-
tems; however, it offers another point of view for defining
multimorbidity patterns. Cluster analysis shows the com-
plexity of multimorbidity in persons aged 65 years and
older and is likely to be helpful in shaping future strategies
to continue studying this important health issue.

Previous studies have analysed no more than four years
of data [29], compared to six years of information about the
evolution of a multimorbidity pattern in our study. As a re-
sult, we identified long-term stability in multimorbidity pat-
terns, observing some differences between age groups,
related to prevalence and O/E ratio in chronic diseases.
Useful information can be extracted from our study for the
monitoring and treatment of each multimorbidity pattern.
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Strengths and limitations

A major strength of this study is the analysis of a large,
high-quality EHR database, representative of a large
population. In the context of a national health system
with universal coverage, EHR data have been shown to
yield more reliable and representative conclusions than
those derived from survey-based studies [25]. The inclu-
sion of all chronic diagnoses registered in EHR contrib-
uted to a more accurate analysis of the multimorbidity
patterns in this population. Moreover, the use of data
collected by the primary health care system increased
the external validation of the information extracted be-
cause primary care centres in Barcelona attended more
than 70% of the population at least once a year during
the study period. As the nonspecific pattern contained
well-known chronic diseases with established clinical
guidance, the information extracted is relevant but less
useful in clinical practice than the specific patterns de-
fined. The long time period observed provided informa-
tion on the stability of the patterns during six years,
enabling us to focus on creating better strategies to ad-
dress all five specific patterns in terms of prevention,
diagnosis, and treatment of these systemic clusters of
prevalent diseases.

A number of limitations must be taken into account
as well. First, EHR accuracy depends on the data entered
by each general physician or nurse, and EHR systems are
not designed as general-purpose research tools [31]. An-
other weakness could be the attention only to chronic
diseases, which precludes awareness of acute diseases or
bio-psychosocial factors [2]. Nonetheless, the inclusion
of a wide range of diseases makes it possible to find mul-
timorbidity patterns not previously obtained and in-
creases complexity in terms of assembling patterns.
Finally, we did not have data on cause of death.

In addition, using MCA can produce low percentages
of variation on principal axes, complicating the choice of
the number of dimensions to retain. We assumed a five-
dimension solution, using the elbow rule in the scree
plot to have the most accurate solution possible without
including an unwieldy number of dimensions in the ana-
lysis [19]. Although we did not retain the total variance
of the dataset, clustering techniques can be applied to
the reduced dataset while preserving its complexity.

The strength of using k-means cluster analysis is that
the results are less susceptible to outliers in the data, the
influence of the chosen distance measure, or the inclu-
sion of inappropriate or irrelevant variables. The method
can also analyse extremely large data sets (as in this
study), as no distance matrix is required. On the other
hand, some disadvantages of the method are that differ-
ent solutions can occur for each set of seed points and
there is no guarantee of optimal clustering [11]. To
minimize this shortcoming, we tested the internal
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validity of our solution using bootstrap methods [32],
and the results were highly stable (Jaccard > 0.85). How-
ever, the method is not efficient when a large number of
potential cluster solutions are to be considered [11]; to
address this limitation, we computed the optimal num-
ber using analytical indexes like Calinski Harabasz [33].

Future research

With this confirmation of the stability of multimorbidity
patterns across age groups, sex, and time, some actions
could be considered to improve multimorbidity manage-
ment. For instance, clinical guidance could encompass a
specific pattern to deal with its complexity rather than
creating multiple guidelines for each of the chronic dis-
eases. Relevant information could be extracted from our
study for the monitoring and treatment of each multi-
morbidity pattern. Finally, genetic factors, as well as
socioeconomic status, should be taken into account in
future studies.

Conclusions

We identified a very large proportion of people over
65 years with multimorbidity, distributed in six clusters;
five affected a specific system in the body and one had a
nonspecific pattern. The major portion of the sample fit
this last pattern, which had few diseases; this finding
could be related to genetic or social characteristics of
the sample. On the other hand, stability in a specific pat-
tern over an extended time period might give us the in-
formation needed to take a new approach and improve a
patient’s situation. For instance, a new clinical practice
guideline could be developed to control a combination
of chronic diseases rather than each one individually.

As the prevalence of chronic diseases was stable over
the period studied, multimorbidity patterns also became
firmer. Therefore, the k-means technique is useful to
analyse multimorbidity patterns in real-world data.

The observation that multimorbidity patterns are con-
stant over time is very useful for the specific clinical
management of each patient who fits a specific multi-
morbidity pattern. Further studies using this method in
other groups of patients should be performed to validate
the results obtained.
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Appendix 1: Multimorbidity patterns in women 65-79 years across the period analysed. Patterns defined by

prevalence >20% and ratio O/E >2.

2009 2014
Nonspecific pattern, n=28,592 (35.6 %) Nonspecific pattern, n=18,852 (36,4 %)
O/E | Stable in the pattern, n=17,465 (61.1%) O/E
Pre* ratio Pre* ratio
Code* Disease Code®
K86  Hypertension, uncomplicated 55% 0,79 |T93  Lipid disorder 53% 0,91
T93  Lipid disorder 51% 0,89 | K86  Hypertension 48% 0,74
L95  Osteoporosis 35% 1,06 L95  Osteoporosis 37% 1,19
Muskuloskeletal pattern n=14,267 (17.8%) Endocrine-metabolic pattern, n=10,151 (19.6 %)
O/E | Stable in the pattern, n=7,967 (55.8 %) O/E
Pre* ratio Pre* ratio
Code® Disease Code® Disease
K86  Hypertension, uncomplicated 68% 0,99|K86  Hypertension 92% 1,42
T93 Lipid disorder 63% 1,10/ T93 Lipid disorder 66% 1,14
L91 Osteoarthritis, other 45% 1,68 |T82 Obesity 64% 2,20
L90 Osteoarthritis of knee 45% 1,91|T90 Diabetes 53% 2,56
L92 Shoulder syndrome 43% 2,39|L90 Osteoarthritis of knee 32% 1,43
L95  Osteoporosis 43% 1,30|F83 Retinopathy 6% 2,73
K95  Varicose veins of leg 43% 1,91
L99 Muskuloskeletal disease, other 40% 1,97
F92 Cataract 40% 1,55
T82 Obesity 37% 1,28
P76  Depressive disorder 36% 1,32
L86  Back syndrome with radiating pain 34% 2,23
S99 Skin disease, other 26% 2,08
P74  Anxiety disorder/anxiety state 24% 1,55
H86  Deafness 23% 1,89
L83  Neck syndrome 22% 2,68
L89  Osteoarthritis of hip 19% 2,43
N93  Carpal tunnel syndrome 17% 2,70
L85  Acquired deformity of spine 15% 2,86
L84  Back syndrome without radiating pain  14% 2,78
H82  Vertiginous syndrome 10% 2,04
S86 Dermatitis, seborrhoeic 9% 2,39
L93 Tennis elbow 3% 2,95
Muskuloskeletal pattern, n=8,759
Endocrine-metabolic pattern, n=13,863 (17.3%) (16.9%)
O/E | Stable in the pattern, n=7,697 (55.5%) O/E
Pre* ratio Pre* ratio
Code® Disease Code® Disease
K86  Hypertension, uncomplicated 94% 1,37 | K86  Hypertension 62% 0,96
T93 Lipid disorder 69% 1,19|T93 Lipid disorder 60% 1,03
T90 Diabetes, non-insulin dependent 64% 2,88 |L91 Osteoarthritis, other 45% 1,76
T82 Obesity 62% 2,13(L90 Osteoarthritis of knee 43% 1,94
L90 Osteoarthritis of knee 31% 1,30|L92 Shoulder syndrome 43% 2,38
F92 Cataract 24% 0,94 | K95  Varicose veins of leg 42% 1,97
U99  Urinary disease, other 23% 1,69|L99 Muskuloskeletal disease 42% 1,98
L91  Osteoarthritis, other 21% 0,77 |P76 Depressive disorder 36% 1,37
F83  Retinopathy 10% 3,90| T82  Obesity 36% 1,23
N94  Peripheral neuritis/neuropathy 5% 2,10|L86 Back syndrome 36% 2,38




T92 Gout 3% 2,72|L95 Osteoporosis 3B 1,14
F92 Cataract 34% 1,57
L83  Neck syndrome 24% 2,97
S99  Skin disease, other 23% 1,94
P74  Anxiety disorder 23% 1,45
H86  Deafness 21% 1,91
L89  Osteoarthritis of hip 19% 2,72
N93  Carpal tunnel syndrome 18% 2,95
L85  Acquired deformity 16% 3,29
L84  Back syndrome 15% 3,22
S86 Dermatitis, seborrhoeic 7% 2,13
L93  Tennis elbow 4% 3,19
Digestive pattern, n=9,414 (11.7 %) Digestive pattern n=6,449 (12.4%)
O/E | Stable in the pattern, n=5,223 (55.5%) O/E
Pre* ratio Pre* ratio
Code* Disease Code® Disease
K86  Hypertension, uncomplicated 67% 0,97 | K86  Hypertension 66% 1,02
T93 Lipid disorder 46% 0,80|T93 Lipid disorder 53% 0,90
L95  Osteoporosis 40% 1,24|L95  Osteoporosis 39% 1,26
D98  Cholecystitis/cholelithiasis 34% 3,91 |P76 Depressive disorder 32% 1,22
P76  Depressive disorder 33% 1,22|D98  Cholecystitis/cholelithiasis 29% 3,96
L91  Osteoarthritis, other 30% 1,13|L91  Osteoarthritis, other 29% 1,13
D99  Disease digestive system, other 30% 5,15|D92  Diverticular disease 29% 3,61
D92  Diverticular disease 28% 3,30|T82 Obesity 28% 0,96
D97  Liver disease NOS 28% 4,79|D97  Liver disease NOS 27% 4,40
F92 Cataract 27% 1,07 | D99  Disease digestive system 27% 5,28
T82  Obesity 27% 0,92|F92  Cataract 23% 1,07
K95  Varicose veins of leg 24% 1,07 |L99 Muskuloskeletal disease 23% 1,07
L99 Muskuloskeletal disease, other 24% 1,16 | K95  Varicose veins of leg 22% 1,03
T90  Diabetes, non-insulin dependent 22% 0,96 |U99  Urinary disease, other 21% 1,94
U99  Urinary disease, other 22% 155|T90  Diabetes, non-insulin 20% 0,96
L90  Osteoarthritis of knee 20% 0,85|L90  Osteoarthritis of knee 20% 0,89
D84  Oesophagus disease 18% 2,23|D84  Oesophagus disease 19% 2,33
D72  Viral hepatitis 17% 5,55|T99  Endocrine/metabolic 19% 2,02
X99  Genital disease, other 17% 2,29 X99  Genital disease, other 18% 2,43
D81  Congenital anomaly, digestive system 15% 3,42 | D81  Congenital anomaly 17% 3,92
R99  Respiratory disease, other 14% 2,11|R99  Respiratory disease, other 13% 2,09
T81  Goitre 9% 2,04|T81  Goitre 11% 2,57
D93 Irritable bowel syndrome 6% 3,55|D72  Viral hepatitis 11% 4,28
D75  Malignant neoplasm, colon/rectum 5% 2,31| D93 Irritable bowel syndrome 7% 3,70
B83  Purpura/coagulation defects 5% 3,32| D75  Malignant neoplasm, colon 4% 2,44
D86  Peptic ulcer, other 5% 3,60| D85  Duodenal ulcer 4% 3,20
D85  Duodenal ulcer 5% 2,89|B83  Purpura/coagulation 4% 3,25
Malignant neoplasm, genital, female,
X77  others 4% 3,08| X77  Malignant neoplasm, genital 4% 3,30
A70  Tuberculosis 4% 3,31|D86  Peptic ulcer, other 3% 2,87
Neuropsychiatric pattern, n=8,242 (10.3%) Neuropsychiatric pattern n=4,688 (9.0 %)
O/E | Stable in the pattern, n=3,503 (42.5%) O/E
Pre* ratio Pre* ratio
Code® Disease Code® Disease
K86  Hypertension, uncomplicated 70% 1,02|K86  Hypertension 71% 1,09
T93 Lipid disorder 68% 1,17|T93 Lipid disorder 71% 1,21
P76 Depressive disorder 54% 1,96 | P76 Depressive disorder 49% 1,86
L95  Osteoporosis 39% 1,21|L95  Osteoporosis 39% 1,27




P70 Dementia 32% 5,98 T90 Diabetes 3% 181
L91 Osteoarthritis, other 32% 1,18|L91  Osteoarthritis 29% 1,15
T90  Diabetes, non-insulin dependent 31% 1,38 F92  Cataract 26% 1,22
F92 Cataract 29% 1,15|/T82  Obesity 23% 0,79
K90  Stroke/cerebrovascular accident 24% 4,81 |P70 Dementia 21% 6,94
P71  Organic psychosis, other 16% 5,72| K76  Ischaemic heart disease 18% 7,00
Ischaemic heart disease without
K76  angina 14% 4,27 | K90  Stroke 17% 4,50
K91  Cerebrovascular disease 13% 6,05|P71  Organic psychosis 15% 6,66
N87  Parkinsonism 13% 6,62|B82  Anaemia, other 14% 2,46
N99  Neurological disease, other 12% 4,63| K91  Cerebrovascular disease 12% 6,36
Atherosclerosis/peripheral vascular Atherosclerosis/peripheral vascular
K92  disease 10% 3,08| K92  disease 11% 4,36
K89  Transient cerebral ischaemia 9% 3,67| K74  Ischaemic heart disease 11% 6,54
K74  Ischaemic heart disease with angina 9% 3,84|N87  Parkinsonism 11% 7,72
K75  Acute myocardial infarction 8% 4,79|N99  Neurological disease 11% 4,86
N88  Epilepsy 6% 5,83|F83  Retinopathy 10% 4,13
B81  Anaemia, Vit B12/folate deficiency 4% 2,83 K75  Acute myocardial 10% 7,61
N94  Peripheral neuritis 7% 2,98
K89  Transient cerebral ischaemia 7% 3,45
F84 Macular degeneration 3% 2,24
B81  Anaemia, Vit B12 3% 2,80
Cardiovascular pattern, n=5,830 (7.3%) Cardiovascular pattern, n=2,936 (5.7 %)
O/E | Stable in the pattern, n=2,607 (44.7 %) O/E
Pre* ratio Pre* ratio
Code* Disease Code® Disease
K86  Hypertension, uncomplicated 82% 1,19|K86  Hypertension 78% 1,19
K78  Atrial fibrillation/flutter 60% 6,80 | K78  Atrial fibrillation/flutter 58% 9,10
T93  Lipid disorder 53% 0,93|T93  Lipid disorder 53% 0,91
K83  Heart valve disease NOS 50% 7,10 | K83  Heart valve disease 48% 8,29
K77  Heart failure 49% 8,87 | K77  Heart failure 44% 12,29
T82  Obesity 38% 1,30|T82  Obesity 38% 1,31
L95  Osteoporosis 32% 0,98 L95  Osteoporosis 30% 0,97
K84  Heart disease, other 30% 3,39| K84  Heart disease, other 29% 3,89
L91  Osteoarthritis, other 29% 1,09|L91  Osteoarthritis, other 27% 1,07
F92 Cataract 29% 1,15|K95  Varicose veins of leg 27% 1,26
U99  Urinary disease, other 29% 2,08|L90 Osteoarthritis of knee 27% 1,21
K95  Varicose veins of leg 29% 1,30 T90 Diabetes, non-insulin 25% 1,21
L90  Osteoarthritis of knee 28% 1,19 |P76 Depressive disorder 25% 0,94
T90  Diabetes, non-insulin dependent 26% 1,17 |F92  Cataract 24% 1,12
P76  Depressive disorder 25% 0,93| K71  Rheumatic fever/heart 23% 17,12
K71  Rheumatic fever/heart disease 21% 12,77 |U99  Urinary disease, other 23% 2,11
Endocrine/metabolic/nutritional
T99  disease, other 21% 1,97 |T99  Endocrine/metabolic 19% 2,02
K87  Hypertension, complicated 19% 5,03| K87  Hypertension 18% 5,54
B82  Anaemia, other/unspecified 16% 2,03|R99  Respiratory disease 14% 2,22
R99  Respiratory disease, other 14% 2,13| K90  Stroke/cerebrovascular 12% 3,24
Chronic obstructive pulmonary
R95  disease 13% 2,99(B82  Anaemia, other 12% 2,03
Chronic obstructive pulmonary
K90  Stroke/cerebrovascular accident 11% 2,31|R95  disease 11% 2,98
K80  Cardiac arrhythmia NOS 9% 3,61|K80  Cardiac arrhythmia 8% 4,07
Ischaemic heart disease without
K76  angina 9% 2,67 | K76 Ischaemic heart disease % 2,79
K74  Ischaemic heart disease with angina 6% 2,59|T85 Hyperthyroidism 4% 2,24
T85  Hyperthyroidism/thyrotoxicosis 5% 2,34| K81  Heart/arterial murmur 4% 2,99
K75  Acute myocardial infarction 4% 2,47 | K74  Ischaemic heart disease 4% 2,09
T92  Gout 4% 3,14 | K79  Paroxysmal tachycardia 3% 3,04




K81  Heart/arterial murmur NOS 4% 2,48 | K75  Acute myocardial 3% 2,38

K79  Paroxysmal tachycardia 4% 3,10

#= O/E r: observed/expected ratio
Pre*= Prevalence ratio
& = International Classification of Primary Care, second edition



Appendix 2: Multimorbidity patterns in men 65-79 years across the period analysed. Patterns defined by prevalence >20%

and ratio O/E >2.

2009
Nonspecific pattern, n=21,765 ( 36.7 %)

2014

Nonspecific pattern, n=14,553 (38.2 %)

O/E | Stable in the pattern, n=13,511 (62.1%) O/E
Pre* ratio Pre* ratio
Code* Disease Code*
K86  Hypertension, uncomplicated 57% 0,83 |K86  Hypertension, uncomplicated 56% 0,84
T93  Lipid disorder 40% 0,82 |T93  Lipid disorder 43% 0,85
Y85  Benign prostatic hypertrophy 40% 0,96 |Y85 Benign prostatic hypertrophy 41% 1,00
Endocrine-metabolic pattern, n=6,910
Endocrine-metabolic pattern, n=11,118 (18.7%) (18.1%)
O/E | Stable in the pattern, n=6,222 (56.0%) O/E
Pre* ratio Pre* ratio
Code® Disease Code* Disease
K86  Hypertension, uncomplicated 92% 1,35 |K86  Hypertension, uncomplicated 91% 1,36
T90  Diabetes, non-insulin dependent 73% 2,37 |T90  Diabetes, non-insulin dependent 76% 2,55
T93 Lipid disorder 72% 1,45 |T93  Lipid disorder 70% 1,37
T82  Obesity 38% 1,89 |T82  Obesity 39% 1,87
Y85  Benign prostatic hypertrophy 32% 0,76 |Y85  Benign prostatic hypertrophy 29% 0,70
Endocrine/metabolic/nutritional disease,
U99  Urinary disease, other 29% 1,70 |T99  other 25% 1,72
Endocrine/metabolic/nutritional disease,
T99  other 27% 1,80 |U99  Urinary disease, other 24% 1,63
F92 Cataract 21% 0,98 |F92 Cataract 21% 1,12
F83  Retinopathy 11% 3,78 |F83  Retinopathy 12% 4,04
N94  Peripheral neuritis/neuropathy 6% 2,11
Muskuloskeletal pattern n=8,824 ( 14.9%) Muskuloskeletal pattern n=5,469 (14.3%)
O/E | Stable in the pattern, n=5,057 (57.3%) O/E
Pre* ratio Pre* ratio
Code® Disease Code® Disease
K86  Hypertension, uncomplicated 67% 0,99 |K86  Hypertension, uncomplicated 65% 0,97
Y85  Benign prostatic hypertrophy 62% 1,48 |Y85  Benign prostatic hypertrophy 60% 1,46
T93  Lipid disorder 51% 1,03 |T93  Lipid disorder 52% 1,02
L90  Osteoarthritis of knee 34% 2,60 [L90  Osteoarthritis of knee 34% 2,73
F92 Cataract 33% 155 |L86 Back syndrome with radiating pain 33% 2,78
L86  Back syndrome with radiating pain 31% 2,61 |[L92  Shoulder syndrome 30% 2,75
L91 Osteoarthritis, other 31% 245 |L91 Osteoarthritis, other 30% 2,55
L92  Shoulder syndrome 31% 2,83 |T82  Obesity 27% 1,28
T82  Obesity 27% 1,38 |L99  Muskuloskeletal disease, other 27% 2,92
L99 Muskuloskeletal disease, other 27% 291 |F92 Cataract 26% 1,38
S99 Skin disease, other 26% 2,32 |H86  Deafness 26% 2,10
H86  Deafness 26% 2,10 |S99 Skin disease, other 24% 2,23
T90  Diabetes, non-insulin dependent 20% 0,66 |L83 Neck syndrome 21% 3,56
L83 Neck syndrome 20% 3,31 |K95  Varicose veins of leg 16% 2,25
K95  Varicose veins of leg 18% 2,29 |L89  Osteoarthritis of hip 16% 3,18
L89  Osteoarthritis of hip 16% 2,99 |P74  Anxiety disorder/anxiety state 15% 2,02
D92  Diverticular disease 15% 2,07 |D84  Oesophagus disease 14% 2,11
P74 Anxiety disorder/anxiety state 14% 2,00 |S86  Dermatitis, seborrhoeic 13% 2,21
D84  Oesophagus disease 14% 2,19 |L84  Back syndrome without radiating pain 11% 4,42
S86 Dermatitis, seborrhoeic 13% 2,33 |N93  Carpal tunnel syndrome 9% 3,74
L84  Back syndrome without radiating pain 10% 3,91 |H82  Vertiginous syndrome % 2,82
N93  Carpal tunnel syndrome 10% 3,71 |L85  Acquired deformity of spine 7% 4,54
H82  Vertiginous syndrome 9% 2,81 |R96  Asthma 7% 2,08




R96  Asthma 7% 2,18 |D81  Congenital anomaly, digestive system 6% 2,23
L85  Acquired deformity of spine 6% 4,16 |L93  Tennis elbow 4% 3,02
D81  Congenital anomaly, digestive system 6% 2,24
L93  Tennis elbow 4% 3,39
S87  Dermatitis/atopic eczema 4% 2,10
Digestive-respiratory pattern, n=6,396 (10.8%) Digestive-respiratory pattern, n=4,442 (11.7 %)
O/E | Stable in the pattern, n=3,109 (48.6 %) O/E
Pre* ratio Pre* ratio
Code® Disease Code® Disease
K86  Hypertension, uncomplicated 58% 0,85 |K86  Hypertension, uncomplicated 56% 0,84
R95  Chronic obstructive pulmonary disease  44% 2,53 |R95  Chronic obstructive pulmonary disease ~ 46% 3,04
T93  Lipid disorder 34% 0,68 |T93  Lipid disorder 37% 0,72
Y85  Benign prostatic hypertrophy 30% 0,73 |Y85  Benign prostatic hypertrophy 31% 0,76
T90  Diabetes, non-insulin dependent 30% 0,97 |[T90  Diabetes, non-insulin dependent 26% 0,88
D97  Liver disease NOS 28% 4,78 |R99  Respiratory disease, other 26% 2,28
F92 Cataract 23% 1,07 |F92 Cataract 24% 1,26
R99  Respiratory disease, other 22% 1,92 |D97  Liver disease NOS 23% 3,76
D98  Cholecystitis/cholelithiasis 21% 2,90 |[D99 Disease digestive system, other 21% 3,50
P15 Chronic alcohol abuse 21% 552 |[D98  Cholecystitis/cholelithiasis 20% 3,19
D99  Disease digestive system, other 20% 2,95 |P15 Chronic alcohol abuse 18% 5,12
D72  Viral hepatitis 17% 6,25 |B82  Anaemia, other/unspecified 12% 2,13
R84  Malignant neoplasm, bronchus, lung 11% 5,96 |D72  Viral hepatitis 11% 4,58
Malignant neoplasm, digestive
D77  other/NOS 10% 8,27 |U76  Malignant neoplasm, bladder 10% 2,95
U76  Malignant neoplasm, bladder 10% 2,45 |D75  Malignant neoplasm, colon/rectum 10% 2,87
D75  Malignant neoplasm, colon/rectum 10% 2,34 | D85  Duodenal ulcer 9% 2,52
D86  Peptic ulcer, other 9% 3,14 | D86  Peptic ulcer, other 9% 3,73
A79  Malignancy NOS 9% 553 |A70  Tuberculosis 9% 6,04
A70  Tuberculosis 8% 4,65 |R84  Malignant neoplasm, bronchus, lung 8% 7,34
D85  Duodenal ulcer 8% 2,00 |A79  Malighancy NOS 6% 6,06
D81  Congenital anomaly, digestive system 6% 2,16
B81  Anaemia, Vit B12/folate deficiency 3% 2,42
T81  Goitre 2% 2,14
Neuropsychiatric pattern, n=5,956 (10.0%) Cardiovascular pattern, n=3,479 (9.1 %)
O/E | Stable in the pattern, n=2,741 (46.0%) O/E
Pre* ratio Pre* ratio
Code® Disease Code* Disease
K86  Hypertension, uncomplicated 67% 0,99 |K86  Hypertension, uncomplicated 82% 1,23
T93 Lipid disorder 54% 1,10 |T93  Lipid disorder 55% 1,08
Y85  Benign prostatic hypertrophy 46% 1,10 | K78  Atrial fibrillation/flutter 54% 5,68
T90  Diabetes, non-insulin dependent 38% 1,23 |Y85  Benign prostatic hypertrophy 44% 1,08
K90  Stroke/cerebrovascular accident 35% 4,31 |K77  Heart failure 39% 8,48
P76 Depressive disorder 34% 3,11 |K83  Heart valve disease NOS 37% 7,15
P70 Dementia 28% 6,56 |K84  Heart disease, other 32% 2,66
F92  Cataract 24% 1,11 |U99  Urinary disease, other 31% 2,08
K76  Ischaemic heart disease without angina 22% 2,12 | T82  Obesity 31% 1,46
Atherosclerosis/peripheral vascular
K92  disease 20% 2,16 |T90 Diabetes, non-insulin dependent 30% 1,02
Endocrine/metabolic/nutritional
K91  Cerebrovascular disease 19% 5,84 |T99  disease,other 27% 1,86
N87  Parkinsonism 17% 6,74 |R95  Chronic obstructive pulmonary disease ~ 24% 1,62
K75  Acute myocardial infarction 14% 2,06 |K76  Ischaemic heart disease without angina  24% 2,69
N99  Neurological disease, other 13% 5,08 |K87  Hypertension, complicated 18% 4,38
P71  Organic psychosis, other 13% 6,13 |T92  Gout 16% 2,04




K89  Transient cerebral ischaemia 11% 3,58 | K75  Acute myocardial infarction 15% 2,65
K74  Ischaemic heart disease with angina 10% 2,35 | K80  Cardiac arrhythmia NOS 9% 3,24
N88  Epilepsy 8% 6,13 |K74 Ischaemic heart disease with angina 8% 2,19
A04  Weakness/tiredness, general 6% 2,63 |B83  Purpura/coagulation defects 5% 2,15
B81  Anaemia, Vit B12/folate deficiency 4% 2,63
Cardiovascular pattern, n=5,272 (8.9 %) Neuropsychiatric pattern, n=3,274 (8.6 %)
O/E | Stable in the pattern, n=2,418 (45.9%) O/E

Pre* ratio Pre* ratio
Code* Disease Code* Disease
K86  Hypertension, uncomplicated 81% 1,19 | K86  Hypertension, uncomplicated 66% 0,99
K78  Atrial fibrillation/flutter 57% 4,84 | T93 Lipid disorder 59% 1,15
T93  Lipid disorder 50% 1,02 | Y85  Benign prostatic hypertrophy 45% 1,08
K77  Heart failure 47% 7,39 | T90 Diabetes, non-insulin dependent 38% 1,28
Y85  Benign prostatic hypertrophy 45% 1,08 | K90  Stroke/cerebrovascular accident 35% 5,34
K83  Heart valve disease NOS 42% 7,05 | P76 Depressive disorder 32% 3,19
U99  Urinary disease, other 35% 2,07 | P70 Dementia 22% 8,73
K84  Heart disease, other 35% 2,61 |F92 Cataract 21% 1,13
T90  Diabetes, non-insulin dependent 29% 0,94 | K91  Cerebrovascular disease 21% 7,07

Atherosclerosis/peripheral vascular
R95  Chronic obstructive pulmonary disease 28% 1,65 | K92  disease 20% 2,60
Endocrine/metabolic/nutritional disease, Ischaemic heart disease without

T99 other 27% 1,79 |K76  angina 20% 2,23
T82  Obesity 25% 1,27 |N99  Neurological disease, other 15% 6,22
F92 Cataract 25% 1,17 |N87  Parkinsonism 14% 7,10
K76  Ischaemic heart disease without angina  23% 2,29 | K75  Acute myocardial infarction 13% 2,28
R99  Respiratory disease, other 20% 1,75 |P71  Organic psychosis, other 13% 6,99
K87  Hypertension, complicated 18% 4,08 | K74  Ischaemic heart disease with angina ~ 10% 2,50
K75  Acute myocardial infarction 15% 2,37 |N88  Epilepsy 9% 7,33
B82  Anaemia, other/unspecified 15% 2,09 | K89  Transient cerebral ischaemia 9% 3,62
K71  Rheumatic fever/heart disease 11% 10,62 | A04  Weakness/tiredness, general 6% 3,13
K80  Cardiac arrhythmia NOS 9% 2,86 |N94  Peripheral neuritis/neuropathy 6% 2,07
T85  Hyperthyroidism/thyrotoxicosis 3% 3,01 |[B81  Anaemia, Vit B12/folate deficiency 3% 2,12

#= O/E r: observed/expected ratio
Pre*= Prevalence ratio
& = International Classification of Primary Care, second edition




Appendix 3: Multimorbidity patterns in women >80 years across the period analysed. Patterns defined by prevalence

>20% and ratio O/E >2.

2009
Nonspecific pattern, n=11,455 (34.3%)

2014
Nonspecific pattern, n=17,439 ( 35.0 %)

O/E | Stable in the pattern, n=7,565 (66.0%) O/E
Pre* ratio Pre* ratio
Code* Disease Code* Disease
K86  Hypertension, uncomplicated 74% 0,93 | K86 Hypertension, uncomplicated 72% 0,92
T93  Lipid disorder 35% 0,76 | T93 Lipid disorder 44% 0,83
L91  Osteoarthritis, other 23% 0,71 | L95 Osteoporosis 26% 0,83
L95  Osteoporosis 20% 0,70 | L91 Osteoarthritis, other 22% 0,70
F92 Cataract 21% 0,72
Muskuloskeletal pattern n=5,382 (16.1%) Muskuloskeletal pattern n=8,502 (17.0%)
O/E | Persons stable in the pattern 3,370 (62.6 %) O/E
Pre* ratio Pre* ratio
Code® Disease Code* Disease
K86  Hypertension, uncomplicated 83% 1,05 | K86 Hypertension, uncomplicated 77% 0,99
T93  Lipid disorder 60% 1,28 | T93 Lipid disorder 64% 1,22
F92  Cataract 51% 1,79 | L95 Osteoporosis 47% 1,50
L95  Osteoporosis 49% 1,70 | F92 Cataract 47% 1,57
L91  Osteoarthritis, other 45% 1,42 | L90 Osteoarthritis of knee 45% 1,80
L90  Osteoarthritis of knee 42% 1,89 | L91 Osteoarthritis, other 44% 1,43
K95  Varicose veins of leg 40% 1,90 | K95 Varicose veins of leg 40% 1,71
L92  Shoulder syndrome 33% 3,02 | L92 Shoulder syndrome 37% 2,72
H86  Deafness 29% 1,81 | L99 Muskuloskeletal disease, other 32% 2,17
P76  Depressive disorder 29% 1,15 | P76 Depressive disorder 31% 1,18
L99  Muskuloskeletal disease, other 27% 2,38 | T82 Obesity 29% 1,21
L86  Back syndrome with radiating pain 26% 2,83 | L86 Back syndrome with radiating pain 29% 2,55
T82  Obesity 25% 1,28 | H86 Deafhess 26% 1,62
U99  Urinary disease, other 24% 0,95 | L83 Necksyndrome 22% 2,93
P74  Anxiety disorder/anxiety state 22% 1,92 | P74 Anxiety disorder/anxiety state 22% 1,61
S99  Skin disease, other 21% 2,41 | S99 Skin disease, other 21% 2,15
L89  Osteoarthritis of hip 20% 2,40 | L89 Osteoarthritis of hip 20% 2,31
L83  Neck syndrome 18% 3,01 | L85 Acquired deformity of spine 17% 3,19
L85  Acquired deformity of spine 15% 3,17 | L84 Back syndrome without radiating pain 14% 2,84
N93  Carpal tunnel syndrome 12% 2,93 | N93 Carpal tunnel syndrome 13% 2,64
L84  Back syndrome without radiating pain ~ 12% 3,02 | H82 Vertiginous syndrome 9% 2,09
H82  Vertiginous syndrome 12% 2,33 | S86 Dermatitis, seborrhoeic 9% 2,82
S77  Malignant neoplasm of skin 11% 2,06 | N89 Migraine 3% 2,46
S86  Dermatitis, seborrhoeic 9% 2,99 | S87 Dermatitis/atopic eczema 3% 211
S87  Dermatitis/atopic eczema 3% 2,50
H84  Presbycusis 3% 2,42
Neuropsychiatric pattern, n=5,007 (15.0%) Neuropsychiatric pattern n=6,808 (13.6 %)
O/E | Stable in the pattern, n=3,241 (64.7 %) O/E
Pre* ratio Pre* ratio
Code® Disease Code* Disease
K86 Hypertension, uncomplicated 71% 0,89 | K86 Hypertension, uncomplicated 73% 0,93
P76  Depressive disorder 56% 2,19 | T93 Lipid disorder 62% 1,17
T93  Lipid disorder 54% 1,15 | P76 Depressive disorder 55% 2,12
P70 Dementia 48% 2,59 | P70 Dementia 44% 3,33
L91  Osteoarthritis, other 40% 1,26 | L91 Osteoarthritis, other 39% 1,26
L95  Osteoporosis 39% 1,35 | L95 Osteoporosis 39% 1,23
K90 Stroke/cerebrovascular accident 28% 2,76 | K90 Stroke/cerebrovascular accident 25% 3,30




F92 Cataract 23% 0,82 | F92 Cataract 25% 0,83
U99 Urinary disease, other 22% 0,85 | T90 Diabetes, non-insulin dependent 22% 0,97
N87  Parkinsonism 14% 4,30 | U99 Urinary disease, other 20% 0,89
K89  Transient cerebral ischaemia 14% 2,94 | P71 Organic psychosis, other 15% 3,10
K91 Cerebrovascular disease 12% 3,69 | N87 Parkinsonism 13% 4,62
P71  Organic psychosis, other 12% 2,33 | K76 Ischaemic heart disease without angina 12% 2,43
N99 Neurological disease, other 9% 3,49 | K89 Transient cerebral ischaemia 11% 2,98
N88 Epilepsy 6% 4,59 | K91 Cerebrovascular disease 11% 3,73
D93  Irritable bowel syndrome 5% 3,69 | N99 Neurological disease, other 10% 3,93
D86  Peptid ulcer, other 4% 2,01 | K74 Ischaemic heart disease with angina 6% 2,03
K75 Acute myocardial infarction 6% 2,53
N88 Epilepsy 5% 4,26
B81 Anaemia, Vit B12/folate deficiency 5% 2,10
D93 Irritable bowel syndrome 4% 2,47
Endocrine-metabolic pattern, n=4,286 (12.8%) Endocrine-metabolic pattern n=6,662 (13.4%)
O/E | Stable in the pattern, n=2,693 (62.8%) O/E
Pre* ratio Pre* ratio
Code® Disease Code#® Disease
K86 Hypertension, uncomplicated 96% 1,21 | K86 Hypertension, uncomplicated 96% 1,23
T90 Diabetes, non-insulin dependent 72% 3,17 | T90 Diabetes, non-insulin dependent 74% 3,26
T93  Lipid disorder 68% 1,46 | T93 Lipid disorder 69% 1,32
U99  Urinary disease, other 54% 2,10 | T82 Obesity 53% 2,17
T82  Obesity 43% 2,25 | U99 Urinary disease, other 46% 2,01
F92 Cataract 33% 1,17 | L90 Osteoarthritis of knee 33% 1,32
L91  Osteoarthritis, other 30% 0,96 | F92 Cataract 33% 1,10
L90  Osteoarthritis of knee 28% 1,27 | L91 Osteoarthritis, other 27% 0,86
B82  Anaemia, other/unspecified 28% 2,00 | B82 Anaemia, other/unspecified 23% 1,95
Endocrine/metabolic/nutritional Endocrine/metabolic/nutritional disease,
T99 disease,other 24% 2,16 | T99 other 23% 2,04
P76  Depressive disorder 22% 0,86 | P76 Depressive disorder 21% 0,80
F83  Retinopathy 14% 6,92 | F83 Retinopathy 15% 6,28
N94  Peripherla neuritis/neuropathy 8% 4,51 | N94 Peripherla neuritis/neuropathy 8% 4,17
K75  Acute myocardial infarction 7% 2,28 | T92 Gout 5% 3,37
T92 Gout 5% 3,40
Cardiovascular pattern, n=4,111 (12.3%) Cardiovascular pattern, n=5,279 (10.6 %)
O/E | Stable in the pattern, n=2,599 (63.2%) O/E
Pre* ratio Pre* ratio
Code& Disease Code® Disease
K86 Hypertension, uncomplicated 86% 1,08 | K86 Hypertension, uncomplicated 86% 1,10
K77  Heart failure 66% 4,48 | K78 Atrial fibrillation/flutter 61% 4,21
K78  Atrial fibrillation/flutter 62% 3,43 | K77 Heart failure 59% 5,67
T93  Lipid disorder 45% 0,97 | T93 Lipid disorder 52% 0,99
K83 Heart valve disease NOS 43% 4,68 | K83 Heart valve disease NOS 47% 5,21
U99  Urinary disease, other 41% 1,60 | U99 Urinary disease, other 39% 1,69
L91  Osteoarthritis, other 30% 0,94 | L95 Osteoporosis 31% 0,98
L95  Osteoporosis 29% 1,00 | L91 Osteoarthritis, other 30% 0,98
K84 Heart disease, other 26% 2,14 | T82 Obesity 29% 1,21
F92  Cataract 25% 0,87 | F92 Cataract 29% 0,98
K95  Varicose veins of leg 23% 1,09 | K95 Varicose veins of leg 29% 1,23
L90 Osteoarthritis of knee 21% 0,95 | K84 Heart disease, other 27% 2,32




T82  Obesity 20% 1,06 | L90 Osteoarthritis of knee 27% 1,05
P76  Depressive disorder 20% 0,80 | P76 Depressive disorder 22% 0,86
T90 Diabetes, non-insulin dependent 20% 0,87 | T90 Diabetes, non-insulin dependent 22% 0,96
K76 Ischaemic heart disease without angina  17% 2,76 | K87 Hypertension, complicated 18% 3,78
K87  Hypertension, complicated 14% 3,04 | K76 Ischaemic heart disease without angina 14% 2,85
R95  Chronic obstructive pulmonary disease ~ 13% 2,68 | K71 Rheumatic fever/heart disease 14% 8,11
K71 Rheumatic fever/heart disease 13% 6,80 | R95 Chronic obstructive pulmonary disease 13% 2,94
R99  Respiratory disease, other 11% 2,07 | R99 Respiratory disease, other 12% 2,11
K74  Ischaemic heart disease with angina 10% 2,69 | K74 Ischaemic heart disease with angina 9% 3,01
K75  Acute myocardial infarction 8% 2,77 | K80 Cardiac arrhytmia NOS 7% 2,34
K79  Paroxysmal tachycardia 3% 2,71 | K75 Acute myocardial infarction 6% 2,88
T92 Gout 3% 2,10
K79 Paroxysmal tachycardia 3% 2,63
Digestive pattern, n=3,201 (9.6 %) Digestive pattern. n=5,190 (10.4%)
O/E | Stable in the pattern, n=1,901 (59.4%) O/E
Pre* ratio Pre* ratio
Code® Disease Code® Disease
K86  Hypertension, uncomplicated 76% 0,95 | K86 Hypertension, uncomplicated 77% 0,99
D98  Cholecystitis/cholelithiasis 36% 3,62 | L95 Osteoporosis 39% 1,24
L91  Osteoarthritis, other 34% 1,06 | L91 Osteoarthritis, other 37% 1,18
L95  Osteoporosis 33% 1,15 | D98 Cholecystitis/cholelithiasis 34% 3,82
F92  Cataract 32% 1,14 | F92 Cataract 34% 1,14
P76  Depressive disorder 30% 1,17 | P76 Depressive disorder 32% 1,24
K95  Varicose veins of leg 28% 1,32 | K95 Varicose veins of leg 31% 1,35
L90  Osteoarthritis of knee 28% 1,26 | T93 Lipid disorder 30% 0,57
T93  Lipid disorder 27% 0,58 | U99 Urinary disease, other 30% 1,31
T82  Obesity 26% 1,35 | D92 Diverticular disease 28% 2,85
D99  Disease digestive system, other 26% 4,27 | L90 Osteoarthritis of knee 27% 1,08
U99  Urinary disease, other 25% 0,99 | T82 Obesity 26% 1,08
D92  Diverticular disease 25% 2,78 | D99 Disease digestive system, other 25% 4,61
T90  Diabetes, non-insulin dependent 24% 1,07 | D72 Viral hepatitis 22% 8,13
D72  Viral hepatitis 23% 9,09 | B82 Anaemia, other/unspecified 22% 1,82
B82  Anaemia, other/unspecified 20% 1,46 | D97 Liver disease NOS 21% 6,04
D97  Liver disease NOS 20% 7,96 | T90 Diabetes, non-insulin dependent 20% 0,89
X99  Genital disease, other 14% 3,38 | R99 Respiratory disease, other 14% 2,40
R99  Respiratory disease, other 14% 2,64 | D81 Congenital anomaly digestive system 12% 2,74
D81  Congenital anomaly, digestive system  11% 2,81 | X99 Genital disease, other 11% 2,34
R95  Chronic obstructive pulmonary disease 10% 2,06 | K94 Phlebitis/thrombophlebitis 6% 2,27
K94  Phlebitis/thrombophlebitis 10% 2,76 | D75 Malignant neoplasm colon/rectum 6% 2,24
D75 Malignant neoplasm, colon/rectum 9% 2,69 | T81 Goitre 6% 2,03
D86  Peptic ulcer, other 6% 3,30 | D86 Peptic ulcer, other 5% 3,47
A70  Tuberculosis 6% 4,48 | B83 Purpura/coagulation defects 5% 3,30
Malignant neoplasm, genital, female,
X77  other 6% 5,30 | A70 Tuberculosis 5% 4,07
B83  Purpura/coagulation defects 5% 3,61 | D93 Irritable bowel syndrome 4% 2,18
K93  Pulmonary embolism 4% 4,11 | L88 Rheumatoid/seropositive arthritis 4% 2,62
Malignant neoplasm, genital, female,
D85  Duodenal ulcer 4% 2,59 | X77 other 3% 3,19
A79  Malignancy NOS 4% 3,85 | D85 Duodenal ulcer 3% 2,05
B75 Benign/unspecified neoplasm blood 3% 2,70




Appendix 4: Multimorbidity patterns in men >80 years across the period analysed. Patterns defined by prevalence >20%

and ratio O/E >2.
2009 2014
Nonspecific pattern, n=5,834 (34.1%) Nonspecific pattern, n=9,244 (35.3%)
O/E | Stable pattern, n=3,140 (53.8%) O/E
Pre* ratio Pre* ratio
Code® Disease Code® Disease
K86  Hypertension, uncomplicated 70% 0,98 | K86 Hypertension, uncomplicated 74% 1,02
Y85 Benign prostatic hypertrophy 37% 0,83 | Y85 Benign prostatic hypertrophy 40% 0,85
T93  Lipid disorder 29% 0,77 | T93 Lipid disorder 40% 0,91
T90 Diabetes, non-insulin dependent 23% 0,82 | T90 Diabetes, non-insulin dependent 25% 0,84
F92 Cataract 20% 0,74
Endocrine-metabolic pattern, n=2,411 (14.1%) Digestive-respiratory pattern n=4,060 (15.5%)
O/E | Stable in pattern, n=1,174 (48.7 %) O/E
Pre* ratio Pre* ratio
Code® Disease Code® Disease
K86  Hypertension, uncomplicated 87% 1,21 | Y85 Benign prostatic hypertrophy 49% 1,03
T93  Lipid disorder 72% 1,91 | K86 Hypertension, uncomplicated 43% 0,59
T90 Diabetes, non-insulin dependent 65% 2,30 | R95 Chronic obstructive pulmonary disease 40% 2,18
U99  Urinary disease, other 48% 1,81 | F92 Cataract 30% 1,09
K76 Ischaemic heart disease without angina ~ 43% 3,32 | T93 Lipid disorder 28% 0,65
Y85  Benign prostatic hypertrophy 41% 0,90 | R99 Respiratory disease, other 23% 2,23
Atherosclerosis/peripheral vascular
K92 disease 32% 2,79 | D92 Diverticular disease 20% 2,35
K75  Acute myocardial infarction 30% 3,56 | D99 Disease digestive system, other 19% 2,83
Endocrine/metabolic/nutritional disease,
T99  other 26% 1,75 | D98 Cholecystitis/cholelithiasis 17% 2,04
K77  Heart failure 24% 1,71 | D84 Oesophagus disease 14% 2,27
F92  Cataract 24% 0,92 | L95 Osteoporosis 12% 2,59
K84  Heart disease, other 22% 1,21 | D85 Duodenal ulcer 10% 2,31
R95  Chronic obstructive pulmonary disease ~ 21% 1,02 | D97 Liver disease NOS 9% 2,60
K78  Atrial fibrillation/flutter 20% 0,94 | D81 Congenital anomaly, digestive system 9% 3,02
K74  Ischaemic heart disease with angina 18% 3,07 | D86 Peptic ulcer, other 7% 2,42
F83  Retinopathy 11% 4,78 | R96 Asthma % 2,54
N94  Peripheral neuritis/neuropathy 9% 3,54 | D72 Viral hepatitis 7% 291
K91 Cerebrovascular disease 9% 2,03 | A70 Tuberculosis 6% 3,78
P15 Chronic alcohol abuse 3% 2,05
Muskuloskeletal pattern, n=2,373 (13.9%) Muskuloskeletal pattern, n=3,694 (14.1%)
O/E | Stable in pattern, n=1,286 (54.2%) O/E
Pre* ratio Pre* ratio




Code® Disease Code® Disease
K86  Hypertension, uncomplicated 81% 1,14 | K86 Hypertension, uncomplicated 83% 1,15
Y85  Benign prostatic hypertrophy 65% 1,44 | Y85 Benign prostatic hypertrophy 62% 1,32
F92 Cataract 48% 1,82 | T93 Lipid disorder 51% 1,15
T93  Lipid disorder 43% 1,16 | F92 Cataract 44% 1,60
L90  Osteoarthritis of knee 39% 2,61 | L90 Osteoarthritis of knee 40% 2,45
H86 Deafness 34% 2,12 | T82 Obesity 33% 2,00
L91  Osteoarthritis, other 30% 1,79 | T90 Diabetes, non-insulin dependent 33% 1,13
U99  Urinary disease, other 29% 1,10 | L91 Osteoarthritis, other 31% 1,91
K84  Heart disease, other 26% 1,43 | U99 Urinary disease, other 28% 1,14
S99  Skin disease, other 26% 2,77 | H86 Deafness 27% 1,67
T82  Obesity 25% 2,00 | L86 Back syndrome with radiating pain 27% 2,68
T90 Diabetes, non-insulin dependent 25% 0,86 | L92 Shoulder syndrome 25% 2,97
L86 Back syndrome with radiating pain 23% 2,78 | K84 Heart disease, other 25% 1,39
Endocrine/metabolic/nutritional disease,
F93  Glaucoma 22% 1,70 | T99 other 24% 1,54
L92  Shoulder syndrome 21% 3,25 | S99 Skin disease, other 24% 2,28
L99 Muskuloskeletal disease, other 21% 2,64 | L99 Muskuloskeletal disease, other 24% 2,65
Endocrine/metabolic/nutritional disease,
T99 other 20% 1,38 | F93 Glaucoma 21% 1,53
K95  Varicose veins of leg 20% 2,12 | L89 Osteoarthritis of hip 20% 2,93
L89  Osteoarthritis of hip 19% 2,90 | K95 Varicose veins of leg 20% 2,09
S77  Malignant neoplasm of skin 17% 2,03 | L83 Neck syndrome 19% 2,98
L83  Neck syndrome 17% 3,51 | N93 Carpal tunnel syndrome 12% 4,55
P74  Anxiety disorder/anxiety state 12% 2,14 | L84 Back syndrome without radiating pain 12% 3,75
S86  Dermatitis, seborrhoeic 11% 2,81 | S86 Dermatitis, seborrhoeic 11% 2,32
N93  Carpal tunnel syndrome 9% 4,48 | H82 Vertiginous syndrome % 2,28
H82  Vertiginous syndrome 9% 2,70 | N94 Peripheral neuritis/neuropathy 7% 2,27
L84  Back syndrome without radiating pain 9% 3,09 | L85 Acquired deformity of spine 6% 3,16
L85  Acquired deformity of spine 5% 2,81 | S87 Dermatitis/atopic eczema 4% 2,39
S87  Dermatitis/atopic eczema 4% 2,91
B75  Benign/unspecified neoplasm, blood 4% 2,58
H84  Presbycusis 2% 2,14
K81 Heart/arterial murmur NOS 2% 2,12
Digestive-respiratory pattern, n=2,285 (13.3%) Endocrine-metabolic pattern n=3,305 (12.6 %)
O/E | Stable in pattern, n=1,028 (45.0%) O/E
Pre* ratio Pre* ratio
Code® Disease Code® Disease
R95  Chronic obstructive pulmonary disease ~ 54% 2,58 | K86 Hypertension, uncomplicated 83% 1,15
K86  Hypertension, uncomplicated 54% 0,75 | T93 Lipid disorder 73% 1,66
Y85  Benign prostatic hypertrophy 42% 0,93 | T90 Diabetes, non-insulin dependent 67% 2,30
R99  Respiratory disease, other 30% 3,20 | K76 Ischaemic heart disease without angina 47% 3,89
F92  Cataract 26% 0,98 | Y85 Benign prostatic hypertrophy 43% 0,91
U99  Urinary disease, other 25% 0,93 | U99 Urinary disease, other 41% 1,72
Atherosclerosis/peripheral vascular
D98 Cholecystitis/cholelithiasis 24% 2,82 | K92 disease 33% 3,16
T93  Lipid disorder 24% 0,64 | K75 Acute myocardial infarction 31% 4,52
D99 Disease digestive system, other 20% 3,01 | F92 Cataract 26% 0,97
K78  Atrial fibrillation/flutter 20% 0,94 | R95 Chronic obstructive pulmonary disease 23% 1,26
Endocrine/metabolic/nutritional
L91  Osteoarthritis, other 20% 1,16 | T99 disease,other 23% 1,48




D92 Diverticular disease 19% 2,35 | K74 Ischaemic heart disease with angina 22% 4,23
L95 Osteoporosis 13% 2,59 | K77 Heart failure 21% 2,08
D75 Malignant neoplasm, colon/rectum 11% 2,04 | B82 Anaemia, other/unspecified 20% 1,72
D72  Viral hepatitis 11% 4,14 | K84 Heart disease, other 20% 1,11
D97  Liver disease NOS 11% 4,42 | F83 Retinopathy 13% 4,80
A70  Tuberculosis 11% 5,24 | N94 Peripheral neuritis/neuropathy 9% 3,11
D85 Duodenal ulcer 10% 2,31 | K91 Cerebrovascular disease 9% 2,19
R96 Asthma 8% 3,30
D86  Peptic ulcer, other 7% 2,21
B81  Anaemia, Vit B12/folate deficiency 7% 2,15
D81 Congenital anomaly, digestive system 7% 2,67
S91  Psoriasis 6% 2,05
A79  Malignancy, NOS 5% 2,54
Malignant neoplasm, digestive
D77 other/INOS 5% 4,01
R84  Malignant neoplasm, bronchus, lung 4% 3,08
P15  Chronic alcohol abuse 4% 3,37
L85  Acquired deformity of spine 4% 2,03
K93  Pulmonary embolism 3% 2,42
Neuropsychiatric pattern, n=2,277 (13.3%) Neuropsychiatric pattern, n=3,030 (11.6%)
O/E | Stable in pattern, n=1,131 (49.7 %) O/E
Pre* ratio Pre* ratio
Code® Disease Code® Disease
K86  Hypertension, uncomplicated 58% 0,82 | K86 Hypertension, uncomplicated 69% 0,95
Y85  Benign prostatic hypertrophy 50% 1,12 | Y85 Benign prostatic hypertrophy 52% 1,09
P70 Dementia 47% 3,58 | P70 Dementia 44% 4,92
P76  Depressive disorder 35% 2,93 | T93 Lipid disorder 42% 0,96
T93  Lipid disorder 35% 0,93 | P76 Depressive disorder 36% 3,15
K90  Stroke/cerebrovascular accident 33% 2,44 | K90 Stroke/cerebrovascular accident 33% 3,10
F92  Cataract 26% 1,01 | T90 Diabetes, non-insulin dependent 26% 0,90
N87  Parkinsonism 22% 5,01 | F92 Cataract 26% 0,94
T90 Diabetes, non-insulin dependent 21% 0,74 | N87 Parkinsonism 23% 6,46
K78  Atrial fibrillation/flutter 21% 0,97 | H86 Deafness 21% 1,31
H86 Deafness 21% 1,29 | L91 Osteoarthritis, other 20% 1,25
L91  Osteoarthritis, other 20% 1,20 | P71 Organic psychosis, other 19% 4,66
P71  Organic psychosis, other 13% 3,46 | K91 Cerebrovascular disease 14% 3,40
K91 Cerebrovascular disease 12% 2,77 | K89 Transient cerebral ischaemia 12% 2,71
K89 Transient cerebral ischaemia 11% 2,06 | N99 Neurological disease, other 12% 4,22
N99 Neurological disease, other 10% 3,17 | N88 Epilepsy 8% 5,22
N88  Epilepsy 7% 4,84 | A04 Weakness/tiredness, general 7% 2,13
A04  Weakness/tiredness, general 6% 2,01 | B81 Anaemia, Vit B12/folate deficiency 6% 2,08
K88  Postural hypotension 5% 4,62 | K88 Postural hypotension 4% 3,62
Cardiovascular pattern, n=1,947 (11.4%) Cardiovascular pattern n=2,860 (10.9%)
O/E | Stable in pattern, n=1,116 (57.3%) O/E
Pre* ratio Pre* ratio
Code® Disease Code® Disease
K86 Hypertension, uncomplicated 81% 1,14 | K86 Hypertension, uncomplicated 86% 1,19
K78  Atrial fibrillation/flutter 62% 2,94 | K78 Atrial fibrillation/flutter 58% 3,33




K77
K83
Y85
u99
K84
T93

F92

T99
T90
R95
B82
K87
K71
K80
T85
K81

Heart failure

Heart valve disease NOS
Benign prostatic hypertrophy
Urinary disease, other

Heart disease, other

Lipid disorder

Cataract
Endocrine/metabolic/nutritional disease,
other

Diabetes, non-insulin dependent
Chronic obstructive pulmonary disease
Anaemia, other/unspecified
Hypertension, complicated

Rheumatic fever/heart disease

Cardiac arrhytmia NOS
Hyperthyroidism/thyrotoxicosis
Heart/arterial murmur NOS

52%
48%
46%
46%
39%
33%

27%

24%
24%
23%
22%
21%
11%
10%
3%
3%

3,66
5,79
1,03
1,73
2,18
0,88

1,02

1,65
0,84
1,13
1,61
4,47
8,18
2,45
3,37
2,68

Y85
u99
K83
K77
K84
T93

T99

F92
K87
R95
T90
T82
B82
K71
K80
K81
T85

Benign prostatic hypertrophy
Urinary disease, other

Heart valve disease NOS
Heart failure

Heart disease, other

Lipid disorder
Endocrine/metabolic/nutritional disease,
other

Cataract

Hypertension, complicated

Chronic obstructive pulmonary disease
Diabetes, non-insulin dependent
Obesity

Anaemia, other/unspecified
Rheumatic fever/heart disease

Cardiac arrhythmia NOS

Heart/arterial murmur NOS
Hyperthyroidism/thyrotoxicosis

50%
48%
45%
44%
39%
39%

30%

28%
25%
25%
25%
22%
21%
10%
9%
3%
2%

1,05
2,00
5,71
4,43
2,21
0,89

1,95

1,03
4,93
1,37
0,84
1,33
1,78
7,97
2,13
2,87
2,24
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Survival in relation to multimorbidity patterns in
older adults in primary care in Barcelona, Spain
(2010-2014): a longitudinal study based on electronic

health records

Carolina Ibarra-Castillo,' Marina Guisado-Clavero, "> Concepcié Violan-Fors,
Mariona Pons-Vigués,">* Tomas Lopez-Jiménez, "> Albert Roso-Llorach'

ABSTRACT

Background Several studies have analysed the
characteristics of multimorbidity patterns but none have
evaluated the relationship with survival. The purpose of
this study was to compare survival across older adults
with different chronic multimorbidity patterns (CMPs).
Methods Prospective longitudinal observational study
using electronic health records for 190 108 people aged
=65 years in Barcelona, Spain (2009-2014). CMPs
were identified by cluster analysis. Mortality rates were
estimated using the Catalan population structure and
individual time at risk. Survival according to CMP (Cox
regression) was analysed using hazard ratios (HRs) and
95% confidence intervals (Cls) with stratification by sex
and age group (65-79, 80-94) and adjustment for age
at onset, deprivation index, number of chronic conditions
and invoiced drugs.

Results The highest mortality rates were observed in
men, adults aged 80-94 years, socially disadvantaged
quintiles and people prescribed more drugs and with
fewer conditions. Using the musculoskeletal pattern

as the reference category, men with the digestive-
respiratory pattern had a higher risk of death, with
adjusted HRs of 6.16 (95% CI 5.37 to 7.06) in the
65-79 age group and 2.62 (95% Cl 2.31 t0 2.97) in the
80-94 age group. In women, the cardiovascular pattern
was associated with the highest risk, with adjusted HRs
of 6.34 (95% Cl 5.28 to 7.61) in the 6579 age group
and 3.05 (95% Cl 2.73 to 3.41) in the 80-94 age group.
These patterns were also associated with the highest
mortality rates.

Conclusions Mortality and survival vary according

to CMPs in older adults stratified by sex and age.

Our findings are useful for guiding the design and
implementation of clinical management strategies.

INTRODUCTION

Multimorbidity is frequently defined as the pres-
ence of two or more chronic conditions that last for
6 months or longer." ? Based on this definition, it is
estimated that more than 50% of people aged =65
years in high-income countries have multiple
chronic conditions, and figures are expected to
rise as the population continues to age.® To eval-
uate the impact of multimorbidity, it is necessary
to first establish ‘epidemiological profiles’, as health
outcomes will vary according to the conditions

present and their interactions.** The identification
of multimorbidity patterns through cluster anal-
ysis (a method that classifies people into homoge-
neous diagnosis-based groups) is a useful approach
for identifying clusters of chronic comorbidities
in a given population. In addition, it permits the
analysis of a greater number and variety of condi-
tions. Multimorbidity has been linked to numerous
factors, including older age, female sex, low socio-
economic status and polypharmacy.®™®

The main consequences of multimorbidity in
older adults are disability, functional decline, poor
quality of life, long hospital stays, high health-
care costs and reduced survival.®® A meta-analysis
detected a positive association between the number
of chronic conditions and risk of death.” Studies
that have evaluated multimorbidity patterns based
on combinations of common conditions or factor
analysis have found that health outcomes vary
according to the patterns analysed.'® To our knowl-
edge, no studies to date have evaluated survival
in relation to multimorbidity patterns identified
through cluster analysis, despite the potential of
such an approach in guiding the design and imple-
mentation of population-based primary healthcare
strategies. The aim of this study was to compare
survival across seven previously defined multimor-
bidity patterns in people aged =65 years assigned
to primary healthcare centres (PHCCs) from an
urban area over a 5-year period (2010-2014), with
stratification by sex and age.

METHODS
Design, setting and study population
This is a prospective longitudinal study carried out
between 2009 and 2014 in 50 PHCCs managed by
the Catalan Health Institute in Barcelona, Spain.
The source of information was the Information
System for Research in Primary Care (SIDIAP) data-
base, which includes coded clinical and other infor-
mation from electronic health records (EHRs).!!
General practitioners and nurses at PHCCs system-
atically use EHRs to record diagnoses, prescriptions
and other clinical data.

The study population comprised adults aged
65-94 years registered at one of the 50 PHCCs and

who had two or more active chronic conditions
(multimorbidity) on 31 December 2009. Partici-

pants who moved outside the PHCC area during
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the study period were excluded. Baseline data were collected on
31 December 2009 and the follow-up period was from 1 January
2010 to 31 December 2014. No entries were allowed after the
beginning of the study, and the only exits or loss to follow-up
that occurred were due to death, that was also considered as
our endpoint. The cohort consisted of 190108 people (online
supplementary file S1).

Coding and selection of diseases for chronic multimorbidity
patterns

Diseases in the SIDIAP database are coded using the Inter-
national Classification of Diseases version 10 (ICD-10). We
mapped ICD-10 codes to International Classification of Primary
Care, version 2 (ICPC-2) codes to select chronic diseases that
met the O’Halloran criteria for chronic conditions in primary
care (diseases selected=147).'? In a previous study of the same
sample, seven chronic multimorbidity patterns (CMPs) were
generated by cluster analysis (K-means clustering), with consid-
eration only of diseases with a prevalence =1% to avoid spurious
associations and obtain coherent epidemiological patterns
(online supplementary file S2)."

Variables

All dependent and independent variables were obtained directly
from the SIDIAP database.

Dependent variable
The dependent variable death was measured as the occurrence of

this event, regardless of cause. The start data for calculation of
risk of death was 1 January 2010.

Independent variables

CMPs: The seven patterns identified in the previous cluster
analysis were labelled as non-specific (NS); endocrine-metabolic
(EN-MET); musculoskeletal (MSK); neurologic (NRL); cardio-
vascular (CV); digestive-respiratory (DIG-RES), in men only; and
digestive (DIG), in women only. The patterns were labelled with
the names of the conditions that had a prevalence =20%and an
observed-to-expected ratio =2 in the cluster. Each person was
assigned to a single pattern (online supplementary file $2)."

Control variables

Participants were stratified by sex and age group (65-79, 80-94)

into four strata at baseline (31 December 2009). The following

variables were used as confounders:

» Number of active chronic conditions at baseline (continuous
and categorical: 2-5, 6-9 and =10)

» Number of drugs at baseline consumed minimum during 6
months, according to the pharmacy invoice data registered
in SIDIAP database and coded with Anatomical Therapeutic
Classification (chemical subgroup) (continuous and categor-
ical: 0-1, 2—4, 5-9, =10)"

» Age (continuous)

» MEDEA deprivation index by quintiles (categorical). It
provides a measure of deprivation based on the urban census
area. People were assigned to a quintile according to their
place of residence. Higher scores on this index represent
greater socioeconomic deprivation."

Statistical analysis

The CMPs were summarised using descriptive statistics. Quanti-
tative variables were expressed as means and standard deviations
(SD) or as medians and interquartile ranges (IQRs). Qualitative

variables were expressed as percentages. Differences were evalu-
ated using the Kruskal-Wallis test or % test as appropriate.

Mortality rates were calculated by CMP, deprivation index,
number of drugs (categorical) and number of chronic conditions
(categorical) for each age-sex strata. Crude mortality rates and
standardised mortality rates (SMRs) were calculated using the
2011 census data for Catalonia and individual time at risk.

CMP survival was estimated by Cox regression for each strata
and adjusted for age, deprivation index, number of chronic
conditions (continuous) and number of drugs (continuous)
in 2009, with prior analysis of Kaplan-Meier estimates and
the log-rank test. Crude and adjusted hazard ratios (HRs) and
their 95% confidence intervals (Cls) were calculated for each
pattern. The pattern with the lowest mortality rate was used as
the reference category. The proportional hazards assumption
was checked for each model. Collinearity between predictors
was also checked. HRs were calculated for each condition in the
CMPs. All tests were bilateral and statistical significance was set
at 5%. The analyses were performed in SPSS V.21.0 and Stata
V.14.

All data were anonymised, and confidentiality of the EHRs
was protected at all times in accordance with national and inter-
national law.

RESULTS

At the time of study inclusion, 31.2% of men and 42.2% of
women were aged 65-79 years while 9.0% and 17.6% were
aged 80-94 years. People with the NS pattern had fewer chronic
conditions than people with the other patterns (mean, 4-5
vs 7-10) (table 1). The patterns containing the most people
with =10 conditions were the CV pattern in the case of men and
women aged 65-79 years and the MSK pattern in the case of
men and women aged 80-94 years.

People aged 65-79 years were taking a median of four drugs,
although over 60% of patients in the CV and NRL patterns were
taking five or more drugs at baseline. Those aged 80-94 years
were taking a median of five drugs, but this figure rose to 10 or
more in the EN-MET (27.0% of men and 19.0% of women) and
CV (16.9% of men and 21.0% of women) patterns. Patients with
the NS pattern were taking the fewest drugs (table 1).

Almost 60% of the cohort lived in the two least deprived
areas. In the male only DIG-RES pattern, 32.4% of men aged
65-79 years and 25.3% of those aged 80-94 years lived in the
two most deprived areas. For women, a similar situation was
observed in the EN-MET pattern and to a lesser extent in the
CV pattern (table 1).

Overall, SMRs per 1000 person-years were lower in the
younger age groups and in women. The patterns associated with
the highest SMRs for women and men were CV and DIG-RES,
respectively. The MSK pattern was associated with the lowest
SMRs in all age—sex strata. For men and women in both age
groups, there was a significant negative gradient between number
of chronic conditions and SMRs. People prescribed five or more
drugs had significantly higher SMRs than those prescribed four
drugs or fewer. The highest SMRs were observed in the bottom
quintile in all four strata (table 2).

Mean follow-up time (in years) was shorter for men than
women in both age groups (M =47, M = 4.0 and

65-79 80-94

W, ., =49, W, ,, =4.3), and a higher proportion of men
than women died (M, ., = 10.1%, M, ,, = 34.8% and W,
o = 4.6%, W, . = 23.9%). Total time at risk was 885701

person-years. Significant differences in survival were observed
between patients with different CMPs in the four strata

2 Ibarra-Castillo C, et al. J Epidemiol Community Health 2018;0:1-8. doi:10.1136/jech-2017-209984
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Table 1

33442)

Women aged 80-94 years (n

Pvalue MSK

17127)

NRL

Men aged 80-94 years (n

MSK
304
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NRL v DIG NS Total P value
36.6 36.1

43.4

EN-MET
303

v DIG-RES NS Total
344

EN-MET
34.1

Variables

383

424

336

36.2

394

35.6

39.0

MEDEA deprivation Q1

index (%)%

24.7

24.0

245

24.2

24.6

249

264

249

243

245

24.7

249

24.7

273

Q2

15.4

14.9 15.2 16.0 14.7
9.1 9.8
9.0

16.7

16.2

15.8

14.8

15.7

15.9

15.9

16.3

17.8

Q3

10.9

11.6

11.5

13.2

12.2

13.1 10.8 12.4 12.6 12.0 124
9.4 9.5

13.6

Q4

10.7

14.9 8.0 12.5 11.9

11.6

10.6

12.7

1.4

10.9 11.8

Q5
*Kruskal-Wallis, P<0.001 / sz, P<0.001.

$Q1 (least deprived census area)-Q5 (most deprived census area). This information was missing for 1 876 persons (1.0%) (740 men, 1136 women, 1013 people aged 65-79 years, 863 people aged 80-94 years).

CV, cardiovascular; DIG-RES, digestive respiratory; EN-MET, endocrine metabolic; MSK, musculoskeletal; NRL, neurologic; NS, non-specific; y, mean. o, SD.

(Kaplan-Meier curves for CMP in online supplementary file
S3).

Compared with the reference pattern MSK, all the CMPs were
associated with a statistically significant higher risk of death
(HRs) (crude HRs and adjusted HRs in all strata by sex and age).
In general, the risk was higher in the younger age group (65-79
years). The highest risk of death was observed in the DIG-RES
pattern for men and in the CV pattern for women (table 3).

Risk of death was significantly increased by each additional
drug but not by an increase in the number of chronic conditions.
It is noteworthy that these increases in conditions and drugs had
a worse impact on survival in the younger age groups. Increasing
age had also an impact on decreasing survival. Finally, living in
the two most deprived areas was associated with a significant
increase in the risk of death compared with living in the least
deprived area. On analysing the survival results for each condi-
tion individually, we observed that only a third of the conditions
contributed significantly to a higher risk of death (online supple-
mentary files S2 and S4).

DISCUSSION

Differences in survival and mortality rates were observed across
CMPs by sex and age. SMRs were significantly lower for women
and people aged 65-79 years for all the variables studied. Of the
seven CMPs analysed, the MSK pattern was associated with the
lowest SMRs in all four strata. This can probably be explained
by the high morbidity but low mortality associated with muscu-
loskeletal conditions.'® The highest SMRs and HRs were
observed for men with the DIG-RES pattern and for women
with the CV pattern, and these groups also contained the highest
proportion of people living in a deprived area. The relatively
high number of chronic conditions and drugs per patient is also
noteworthy among women with the CV pattern. An increase in
chronic conditions was not associated with an increase in the
risk of death. Taking more drugs, however, was a risk factor,
with five or more drugs associated with a significantly increased
risk of death. Living in a deprived area was also independently
associated with a significantly higher risk, supporting previous
reports.'” 1®

The higher SMRs observed with age in both sexes, in women
with the CV pattern and in men with the DIG-RES pattern are
consistent with vital statistics reported for Spain, where circula-
tory system conditions are the leading cause of death in women,
and respiratory and digestive disorders are the third and sixth
most common cause of death in men, respectively.'” The high
mortality observed with these patterns can be explained by the
high mortality rates associated with the conditions they contain.
Interestingly, men aged 65-79 years with the DIG-RES pattern
had the highest number of neoplasms, with prevalence rates
close to 10% and high adjusted HRs.

In our search for studies that have investigated the effect of
CMPs on mortality, we only found studies that analysed the
impact of the most likely combinations of chronic conditions on
survival, and these found that clusters of conditions had a greater
impact on health risks than individual conditions.’ 1 Despite
heterogeneous methodology of studies related with CMP, they
appear to support the idea that multimorbidity increases the risk
of death, in concordance with our results.’

A recent meta-analysis showed a positive relationship
between number of conditions and risk of death.” These
results contrast with our findings and with those of several
other recent studies that reported a null or protective effect
for number of conditions on mortality.?’ ! It should be
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Table 2 Mortality rates per 1000 person-years based on the Catalan population according to multimorbidity patterns and study variables

Men Women
SMR* SMR*
Variable CMR* Rate 95%Cl CMR* Rate 95%Cl
65-79years
Multimorbidity pattern MSK 29.2 20.1 (18.3t023.7) 11.0 7.3 (7.3t09.1)
EN-MET 95.0 69.4 (65.7 to 74.9) 49.3 329 (31.0 to 36.5)
NRL 153.4 98.6 (91.31t0 105.9) 76.7 43.8 (40.2 t0 47.5)
v 146.1 93.1 (85.8 t0 100.4) 98.6 62.1 (56.6 t0 67.6)
DIG-RES 233.8 166.2 (157.1 10 175.3) - - -
DIG - - - 51.1 34.7 (32.9t0 38.4)
NS 89.5 67.6 (63.91t071.2) 45.7 329 (31.0t0 34.7)
No. of chronic conditionst 2-5 118.7 91.3 (87.7 t0 95.0) 54.8 42.0 (40.2 to 43.8)
6-9 104.1 73.0 (71.2 t0 76.7) 47.5 329 (31.0 to 34.7)
=10 89.5 58.4 (54.8 t0 62.1) 34.7 21.9 (20.1 10 23.7)
No. of drugst 0-1 73.0 54.8 (51.1 t0 58.4) 365 274 (25.6 10 29.2)
2-4 73.0 53.0 (49.3 10 54.8) 31.0 21.9 (20.1 10 23.7)
5-9 138.8 93.1 (89.5 t0 96.8) 56.6 36.5 (34.7 t0 38.4)
=10 297.7 195.4 (182.6 t0 208.2) 129.7 78.5 (73.0 t0 85.8)
MEDEA deprivation indext# Q1 96.8 69.4 (65.7 to 71.2) 45.7 31.0 (29.2 t0 32.9)
Q2 87.7 62.1 (58.4 t0 65.7) 42.0 29.2 (27.4 t0 31)
Q3 93.1 65.7 (62.1 to 69.4) 36.5 23.7 (21.9t0 27.4)
Q4 115.1 80.4 (74.9 0 85.8) 475 329 (29.2 t0 34.7)
Q5 169.8 120.5 (113.2 to 126) 65.7 43.8 (40.2 to 47.5)
80-94 years
Multimorbidity pattern MSK 1571 60.3 (53.0 to 67.6) 87.7 36.5 (31.0t0 40.2)
EN-MET 460.2 160.7 (147.9t0 173.5) 2411 80.4 (74.9 10 87.7)
NRL 458.4 149.7 (138.8 to 160.7) 288.5 89.5 (84.0 t0 95.0)
cv 451.1 151.6 (138.8 to 162.5) 378.0 115.1 (109.6 to 122.4)
DIG-RES 5333 1771 (164.4t0 188.1) - - -
DIG - - - 275.8 95.0 (87.7 10 102.3)
NS 500.4 166.2 (158.9 to 173.5) 348.8 105.9 (102.3 to 109.6)
No. of chronic conditionst 2-5 580.7 188.1 (180.8 t0 197.2) 396.3 118.7 (113.2 t0 122.4)
6-9 432.8 146.1 (138.8 to 151.6) 270.3 85.8 (84.0 t0 89.5)
=10 286.7 104.1 (96.8t0 111.4) 168.0 60.3 (56.6 t0 63.9)
No. of drugst 0-1 306.8 100.4 (93.1 t0 107.7) 2155 65.7 (62.1t071.2)
2-4 3232 113.2 (107.7 to 120.5) 213.7 73.0 (69.4 to 76.7)
5-9 483.9 168.0 (162.5 to 175.3) 294.0 95.0 (91.3 t0 98.6)
=10 761.5 248.4 (233.8 t0 264.8) 451.1 147.9 (138.8 to 155.2)
MEDEA deprivation indextt Q1 423.7 140.6 (135.1 t0 147.9) 268.5 84.0 (80.4 10 87.7)
Q2 370.7 129.7 (120.5t0 137) 246.5 80.4 (76.7 to 84.0)
Q3 370.7 127.8 (116.9 to 137) 235.6 78.5 (73.0 to 84.0)
Q4 449.2 160.7 (146.1 t0 173.5) 283.1 96.8 (89.510 104.1)
Q5 620.9 210.0 (193.6 t0 226.4) 337.8 113.2 (105.9 to 120.5)

*Death rates are calculated according to time at risk based on 1000 person-years.
%% P<0.001 for men and women.

$Q1 (least deprived census area)—Q5 (most deprived census area). This information was missing for 1 876 persons (1.0%) (740 men, 1136 women, 1013 people aged 65-79 years, 863

people aged 80-94 years).

CMR, crude mortality rate; CV, cardiovascular; DIG-RES, digestive respiratory; EN-MET, endocrine metabolic; MSK, musculoskeletal; NS, non-specific; SMR, standardised mortality rate.

noted, however, that most of these studies analysed a limited
number of conditions, selected on the basis of severity or
prevalence, and this could have influenced the survival
outcomes observed.” 2% On analysing the adjusted HRs
for each condition separately, we found that only a third of
the conditions statistically contributed to an increased risk
of death, and in addition, conditions with higher adjusted

HRs generally had very low prevalence rates. One could thus
hypothesise that people with ‘less fatal’ conditions live for
longer and are therefore more likely to be diagnosed with
more conditions. It could also be hypothesised that they
have a higher quality of care because they are offered more
recommended services.”’Analysing the effect of multimor-
bidity on survival in terms of number of chronic conditions

Ibarra-Castillo C, et al. J Epidemiol Community Health 2018;0:1-8. doi:10.1136/jech-2017-209984 5



Downloaded from http://jech.bmj.com/ on January 16, 2018 - Published by group.bmj.com

Research report

Table 3 Crude and adjusted HRs according to multimorbidity patterns and other study variables over 5 years of follow-up

Men aged 65-79years

Women aged 65-79years

Mean follow-up time Deaths Mean follow-up time Deaths
4.73years 6015 (10.1%) 4.88years 3695 (4.6%)
Variable CHR 95%Cl AHR 95%Cl CHR 95%Cl AHR 95%Cl
Multimorbidity pattern*® MSK* 1 - 1 1 - 1
EN-MET 3.20 2.79 to 3.67 1.89 1.64 t0 2.17 4.49 3.77t05.35 2.58 2.16t03.10
NRL 5.17 4.50 t0 5.95 2.99 2.60 to 3.45 7.07 5.93 10 8.43 3.88 3.24 10 4.66
v 4.95 4.291t05.70 3.24 2.80t0 3.74 8.97 7.51 10 10.72 6.34 5.28t0 7.61
DIG-RES 7.84 6.86 to0 8.96 6.16 5.37 to 7.06 = = = =
DIG - - - - 4.69 3.91 t0 5.62 4.09 3.391t04.93
NS 3.01 2.64t03.43 1.63 1.42t01.88 4.09 3.47 to 4.84 2.21 1.84 10 2.65
No. of chronic diseases 0.82 0.81 10 0.83 0.82 0.81 10 0.83
No. of drugs 1.20 1.19t0 1.21 1.18 1.171t01.19
Age 1.10 1.09t0 1.10 1.13 1.12t0 1.14
MEDEA deprivation indext Q1* 1 - 1 -
Q2 0.95 0.89t0 1.03 0.96 0.87 to 1.05
Q3 0.97 0.89 to 1.05 0.84 0.751t00.93
Q4 1.19 1.10t0 1.29 1.13 1.01t0 1.25
Q5 1.70 1.57t0 1.83 1.51 1.36 to 1.67
Men aged 80 — 94 years Women aged 80-94 years
Mean follow-up time Deaths Mean follow-up time Deaths
4.02years 5957 (34.8%) 4.33years 7985 (23.9%)
Variable CHR 95%ClI AHR 95%ClI CHR 95%Cl AHR 95%Cl
Multimorbidity pattern* MSK* 1 - 1 - 1 - 1 -
EN-MET 2.92 2.58 t0 3.31 2.02 1.77t02.29 2.7 2.42 10 3.03 2.03 1.80 t0 2.28
NRL 2.91 2571033 1.98 1.74 10 2.25 3.25 2.92 t0 3.62 2.1 1.88 t0 2.36
v 2.86 2.51t03.25 2.27 1.99 to 2.59 4.23 3.80 to 4.70 3.05 2.73 t0 3.41
DIG-RES 3.38 2.98 to0 3.82 2.62 2.31 10 2.97 = = = =
DIG = = = = 3.10 2.76 t0 3.49 2.79 2.47 t0 3.15
NS 3.17 2.83103.55 1.78 1.57 t0 2.02 3.91 3.55t04.32 1.88 1.68t0 2.1
No. of chronic conditions 0.87 0.86 t0 0.88 0.87 0.86 to 0.87
No. of drugs 1.14 1.13t01.15 1.12 1.11t01.13
Age 1.1 1.10t0 1.12 1.13 1.13t01.14
MEDEA deprivation indext Q1* 1 - 1 -
Q2 0.94 0.88 t0 1.01 1.00 0.95 to 1.07
Q3 0.97 0.89t0 1.05 0.99 0.92 to 1.06
Q4 1.19 1.10t0 1.30 1.26 1.171t0 1.36
Q5 1.57 1.451t01.70 1.48 1.3810 1.59

*Reference category.

tQ1 (least deprived census area)—-Q5 (most deprived census area). This information was missing for 1876 persons (1.0%) (740 men, 1136 women, 1013 people aged 65-79 years, 863 people

aged 80-94 years).

AHR, adjusted HR (adjusted by age at onset, number of chronic conditions, number of invoiced drugs, deprivation index and stratified by sex); CV, cardiovascular; CHR , crude HR; DIG-RES,

digestive respiratory; EN-MET, endocrine metabolic; MSK, musculoskeletal; NS, non-specific;.

introduces a bias and is not practical in PHCCs, as mortality
will vary according to the severity of the conditions selected.’

We found that polypharmacy, considered as the concomitant use
of five or more drugs, was associated with an increased risk of
death.”? This positive association between polypharmacy and risk
of death has been established directly (polypharmacy as the cause
of death) and indirectly (multiple drugs used to control a number
of severe conditions associated with an increased risk of death).?**
These findings underline the importance of taking multimorbidity

into account when assessing the adequacy of medication and of
strengthening existing policies to protect against the dangers of
overmedication.

Coinciding with previous findings,”® we found that living in
a deprived area was associated with an increased risk of death,
particularly in patients with certain patterns, such as the EN-MET
pattern, which is closely related to living in a low socioeconomic
area.”” ** The CMPs associated with the lowest survival in men
(DIG-RES) and women (CV) included conditions that are largely
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linked to less healthy lifestyles,”” ** possibly explaining why

these patterns were more common in people living in deprived
circumstances.

Strengths and limitations

The strengths of our study are the large number of individuals
analysed, the representativeness of the sample with respect to the
general population, and the use of complete sociodemographic
and health records, a long follow-up period and real clinical
practice data. The high quality of the SIDIAP database has been
previously documented in studies that have demonstrated its
representativeness and validity for conducting epidemiological
studies.'’ Although the accuracy of coding cannot be guaranteed
at an individual level, variables and diagnoses of health problems
are recorded by general practitioners in accordance with Catalan
Clinical Practice Guidelines. In addition, checks for logical
values and data harmonisation are performed.'! Moreover,
studies that use EHRs have been found to be more accurate than
survey-based studies in national health systems with universal
coverage.”' ** By using EHRs, we were able to analyse multimor-
bidity from a population rather than a disease-centred perspec-
tive. Our study is also novel. In our review of the literature, we
did not find any studies that have evaluated survival in primary
healthcare using CMPs, let alone patterns that included the vast
majority of chronic conditions. Such an approach is particularly
useful as it can identify patterns associated with a greater risk of
death and with longer survival and hence, greater uses of health-
care resources.” >>3* The estimation of SMRs for the population
of Barcelona provides an absolute measure of death associated
with multimorbidity in older adults in Catalonia. However, data
on cause of death were not available, and we were thus only
able to study all-cause mortality. This article provides baseline
data for future research, which should consider time-dependent
variables and competing risks.

What is already known on this subject

Multimorbidity has been linked to numerous factors, including
older age, female sex, low socioeconomic status and
polypharmacy. People with multiple chronic conditions have a
higher risk of disability, functional decline, poor quality of life,
long hospital stays, high healthcare costs and reduced survival.
The few studies that have described multimorbidity patterns to
date have used different methodologies.

What this study adds

In this Catalan population, we found that survival outcomes
vary in elderly patients with different multimorbidity patterns.
Men with the digestive-respiratory pattern and women with the
cardiovascular pattern had the highest risk of death. An inverse
relationship between number of chronic conditions and risk of
death was observed when all potential conditions, regardless of
severity, were analysed. Risk of death was positively associated
with the prescription of five or more drugs and living in a
deprived area. The public health system is faced with a growing
population of older adults that will require increasingly complex
treatments appropriate to different multimorbidity patterns and
social realities.

The external validity of our study is strengthened by the
fact that the study was conducted in Spain (which has a public
national health system) and that it included 57.4% of all people
aged between 65 and 94 years living in Barcelona. One poten-
tial limitation is that PHCCs located in more deprived areas
of Barcelona are over-represented in our study.” The Catalan
Health Institute currently manages 88.19% of the centres located
in the more deprived areas of the city compared with 44.0% of
those located in better-off areas.

It would also have been desirable to assess socioeconomic
status using an individual rather than an ecological indicator,
although the MEDEA index is a validated measure that is widely
used in Spain.’® We were also unable to adjust for the likeli-
hood of being diagnosed with different conditions according
to frequency of primary care encounters, as we did not have
data on frequency of visits.** ** Finally, the use of a weighting
system for analysing the differential contribution of O’Halloran
chronic conditions to the risk of death would have enabled a
more exhaustive analysis. However, to our knowledge, no such
weighting system exists for ICPC-2 codes.

CONCLUSIONS

Differences in mortality and survival rates were observed
according to CMPs analysed by sex and age. Analysis of CMPs
is a useful approach for identifying such differences, and find-
ings should be taken into account in order to prioritise public
health policies aimed at preventing respiratory, digestive and CV
diseases, particularly considering that many of the interventions
required, especially in more deprived areas, involve targeting
lifestyle changes.
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SUPPLEMENTARY FILE 1
FLOW CHART OF THE STUDY POPULATION AT BASELINE (2009)

Persons in city of Barcelona >
65 years
331,256

Persons assigned to other
—» primary health care providers
4 76,140 (23.0%)
Persons assigned to primary
health care centers managed by
the Catalan Health Institute

A

2
255,116 People aged > 94 years or
> with transfers
v 48,970 (27.5%)

Persons within age range of
study without transfers
206,146

v v

Persons without chronic Study part|C|.pants .(V.Vlt? chronic
multimorbidity”)

multimorbidity 16,038 (7.8%) 190,108 (92.2%)

"Instituto Nacional de estadistica. Revisién del patrén municipal 2009. Barcelona.
*Generalitat de Catalunya, Institut Catala de la Salut. Memoria Institut Catala de la Salut Ambit

d’ Atencid Primaria Barcelona Ciudad; 2009
3Multimorbidity: >2 chronic conditions according to the criteria of O’Halloran et al [15] lasting

for 6 months or more and appropriate for the age range of the study population.



SUPPLEMENTARY FILE 2
GENERATION AND DESCRIPTION OF MULTIMORBIDITY PATTERNS BY SEX AND AGE

The first step towards generating the multimorbidity patterns for the study was to detect and
graphically display the underlying structures in the dataset through multiple correspondence
analysis (MCA), which is a categorical data analysis technique that was applied to explore
multidimensional associations between different diagnoses. The resulting geometric display was
used to classify people into clusters based on proximity using the K-means algorithm. The
optimal number of clusters was established by choosing the solution with the highest Calinski-
Harabasz index. Highly stable clusters should yield average Jaccard similarities of 0.85 or higher.
The clustering algorithm was run on the baseline data collected on December 31, 2009.

To describe the multimorbidity patterns generated from the clusters, we calculated the
prevalence of and observed-to-expected ratio (O/E) for each chronic condition present in the
people in the different clusters. The O/E ratio was calculated by dividing the prevalence of the
condition in each cluster by the prevalence of the same condition in the stratum (age
group/sex). Conditions with a prevalence of over 20% and an O/E ratio of 2 or more were
considered to be the predominant conditions and were used to label the different
multimorbidity patterns. The clinical criteria used to evaluate the consistency and usefulness of
the resulting patterns were established on the basis of the clinical experience of the research
team, which was formed by two general practitioners and two epidemiologists.

Tables 1 and 2 show the chronic conditions in each multimorbidity pattern for the 65-79 and
80-94 age group, respectively. The conditions highlighted in gray are the predominant

conditions in each cluster that were used to label the patterns.

Table 1. Multimorbidity patterns in the 65-79 age group

MEN WOMEN
Musculoskeletal pattern % O/E- Adjusted HR Musculoskeletal pattern % |O/ER Adjusted HR
Chronic disease R | aHR | CI95% Chronic disease aHR | CI95%

K86-Hypertension, uncomplicated 670 1.0 0.77 0.73-0.81 | K86-Hypertension, uncomplicated 68.3 1.0 0.86* 0.80-0.93
Y85-Benign prostatic hypertrophy 616 1.5 0.59 0.55-0.62 | T93-Lipid disorder 634 11 063 0.59-0.68
T93-Lipid disorder 509 1.0 0.73 0.69-0.77 | L91-Osteoarthritis, other 455 1.7 0.72 0.66-0.79
L90-Osteoarthritis of knee 343 26 0.68 0.62-0.75 | L90-Osteoarthritis of knee 451 19 070 0.64-0.77
F92-Cataract 331 15 0.68 0.64-0.74 | L92-Shoulder syndrome 434 24 0.43 0.38-0.49
L86-Back syndrome with radiating pain  31.0 2.6 0.67 0.60-0.74 | L95-Osteoporosis 426 13 0.65 0.61-0.71
L91-Osteoarthritis, other 308 2.5 0.81 0.74-0.89 | K95-Varicose veins of leg 42.5 19 0.73 0.66-0.80
L92-Shoulder syndrome 308 2.8 0.54 0.48-0.61 | L99-Musculoskeletal disease, other 39.9 2.0 0.48 0.43-0.54
T82/T83-Obesity/Overweight 273 14 064 0.59-0.70 | F92-Cataract 39.6 1.6 0.59 0.54-0.65
L99-Musculoskeletal disease, other 271 29 0.66 0.59-0.74 | T82/T83-Obesity/Overweight 374 13 0.74 0.68-0.81
S99-Skin disease, other 265 23 0.62 0.56-0.70 | P76-Depressive disorder 36.0 1.3  1.02* 0.94-1.10
H86-Deafness 264 2.1 0.60 0.54-0.66 | L86-Back syndrome with radiating pain 337 22 060 0.53-0.68
T90-Diabetes, non-insulin dependent 204 0.7 116 1.10-1.23 | S99-Skin disease, other 26.1 2.1 0.60 0.52-0.68
L83-Neck syndrome 195 3.3 0.65 0.56-0.75 | P74-Anxiety disorder/anxiety state 23.9 1.5 0.68 0.61-0.76
K95-Varicose veins of leg 17.6 2.3 0.87 0.78-0.97 | H86-Deafness 231 19 059 0.52-0.68
L89-Osteoarthritis of hip 163 3.0 0.82 0.72-0.94 | L83-Neck syndrome 22.2 2.7 058 0.49-0.69
D92-Diverticular disease 150 2.1 0.75 0.66-0.85 | L89-Osteoarthritis of hip 185 24 080 0.69-0.93
P74-Anxiety disorder/anxiety state 141 2.0 0.69 0.61-0.78 | N93-Carpal tunnel syndrome 16.8 2.7 069 0.57-0.84
D84-Oesophagus disease 139 22 0.66 0.57-0.76 | L85-Acquired deformity of spine 146 29 083 0.69-1.01
S86-Dermatitis, seborrhoeic 13.4 2.3 0.70 0.60-0.80 | L84-Back syndrome without radiating pain 13.7 28 0.75 0.62-0.91
L84-Back syndrome without radiating

pain 10.4 3.9 0.73 0.60-0.89 | H82-Vertiginous syndrome 104 20 070 0.58-0.85
N93-Carpal tunnel syndrome 9.7 3.7 0.74 0.60-0.91 | S86-Dermatitis, seborrhoeic 8.9 2.4 044 0.33-0.59
H82-Vertiginous syndrome 89 28 056 0.46-0.70 | L93-Tennis elbow 3.2 3.0 046 0.25-0.86




R96-Asthma 6.9 22 069 0.58-0.82
L85-Acquired deformity of spine 6.4 4.2 072 0.54-0.95
D81-Congenital anomaly digestive
system 59 22 1.13* 0095-1.34
L93-Tennis elbow 40 34 057 0.39-0.83
S87-Dermatitis/atopic eczema 35 21 0.70 0.54-0.91
Endocrine-metabolic pattern % O/E- Adjusted HR Endocrine-metabolic pattern % |O/ER Adjusted HR
A u
Chronic disease R aHR CI95% Chronic disease aHR Cl95%
K86-Hypertension, uncomplicated 915 1.3 0.77 0.73-0.81 | K86-Hypertension, uncomplicated 943 14 0.86* 0.80-0.93
T90-Diabetes, non-insulin dependent 731 24 1.16 1.10-1.23 | T93-Lipid disorder 68.7 1.2 0.63 0.59-0.68
T93-Lipid disorder 718 1.5 0.73 0.69-0.77 | T90-Diabetes, non-insulin dependent 645 29 1.54 1.43-1.66
T82/T83-Obesity/Overweight 376 19 0.64 0.59-0.70 | T82/T83-Obesity/Overweight 623 21 074 0.68-0.81
Y85-Benign prostatic hypertrophy 317 0.8 0.59 0.55-0.62 | L90-Osteoarthritis of knee 30.8 13 0.70 0.64-0.77
U99-Urinary disease, other 289 1.7 1.02* 0.95-1.09 | F92-Cataract 240 09 059 0.54-0.65
T99-Endocrine/metabolic/nutritional
disease,other 272 1.8 0.89 0.82-0.96 | U99-Urinary disease, other 23.4 1.7 1.27 1.16-1.39
F92-Cataract 210 1.0 0.68 0.64-0.74 | L91-Osteoarthritis, other 20.8 0.8 0.72 0.66-0.79
F83-Retinopathy 11% 3.8 F83-Retinopathy 101 39 156 1.32-1.85
N94-Peripherla neuritis/neuropathy 5.1 2.1 1.19*% 0.96-1.48
T92-Gout 3.3 2.7 152 1.17-197
Neurologic pattern % O/E- Adjusted HR Neurologic pattern % |O/ER Adjusted HR
Chronic disease R aHR CI95% Chronic disease aHR Cl95%
K86-Hypertension, uncomplicated 673 1.0 0.77 0.73-0.81 | K86-Hypertension, uncomplicated 70.4 1.0 0.86* 0.80-0.93
T93-Lipid disorder 545 1.1 0.73 0.69-0.77 | T93-Lipid disorder 676 12 0.63 0.59-0.68
Y85-Benign prostatic hypertrophy 457 1.1 059 0.55-0.62 | P76-Depressive disorder 535 2.0 1.02* 0.94-1.10
T90-Diabetes, non-insulin dependent 378 1.2 116 1.10-1.23 | L95-Osteoporosis 395 1.2 0.65 0.61-0.71
K90-Stroke/cerebrovascular accident 349 4.3 150 1.39-1.62 |P70-Dementia 32.4 6.0 1.67 1.50-1.85
P76-Depressive disorder 341 31 114 1.05-1.24 | L91-Osteoarthritis, other 318 1.2 0.72 0.66-0.79
P70-Dementia 282 6.6 1.76 1.60-1.93 | T90-Diabetes, non-insulin dependent 31.0 14 154 1.43-1.66
F92-Cataract 238 1.1 0.68 0.64-0.74 | F92-Cataract 294 12 059 0.54-0.65
K76-Ischaemic heart disease without
angina 215 21 1.00 0.92-1.09 | K90-Stroke/cerebrovascular accident 23.5 4.8 1.88 1.67-2.10
K92-Atherosclerosis/peripheral
vascular disease 196 2.2 1.63 1.51-1.76 | P71-Organic psychosis, other 16.0 57 056 0.43-0.73
K91-Cerebrovascular disease 194 58 1.09*% 0.95-1.26 | K76-Ischaemic heart disease without angina 139 43 145 1.25-1.67
N87-Parkinsonism 173 6.7 132 1.16-1.51 | K91-Cerebrovascular disease 12.9 6.1 157 1.30-191
K75-Acute myocardial infarction 135 21 112 1.02-1.23 | N87-Parkinsonism 128 6.6 194 1.65-2.28
N99-Neurological disease, other 135 51 149 1.30-1.71 | N99-Neurological disease, other 116 46 135 1.11-1.63
K92-Atherosclerosis/peripheral vascular
P71-Organic psychosis, other 135 6.1 0.57 0.45-0.72 | disease 9.6 3.1 1.66 1.42-1.94
K89-Transient cerebral ischaemia 111 3.6 1.14 0.99-1.31 | K89-Transient cerebral ischaemia 9.3 3.7 1.21 1.00-1.46
K74-Ischaemic heart disease with
angina 103 24 0.94 0.83-1.06 | K74-Ischaemic heart disease with angina 8.7 3.8 1.07 0.88-1.31
N88-Epilepsy 82 6.1 1.07* 0.86-1.32 | K75-Acute myocardial infarction 7.9 4.8 1.77 1.49-2.11
A04-Weakness/Tiredness general 6.4 26 1.01 0.84-1.21 | N88-Epilepsy 6.4 5.8 1.70 1.33-2.18
B81-Anaemia, Vit B12/folate deficiency 4.0 2.6 0.98* 0.79-1.21 | B81-Anaemia, Vit B12/folate deficiency 4.0 2.8 1.37 1.08-1.73




Cardiovascular pattern % O/E-R Adjusted HR Cardiovascular pattern % | O/ER Adjusted HR
Chronic disease aHR CI95% Chronic disease aHR Cl95%
K86-Hypertension, uncomplicated 80.6 1.2 0.77 0.73-0.81 | K86-Hypertension, uncomplicated 81.8 1.2 0.86* 0.80-0.93
K78-Atrial fibrillation/flutter 57.5 4.8 1.22  1.13-1.32 | K78-Atrial fibrillation/flutter 59.7 6.8 1.80 1.64-1.98
T93-Lipid disorder 50.5 1.0 0.73  0.69-0.77 | T93-Lipid disorder 535 09 063 0.59-0.68
K77-Heart failure 474 74 1.81 1.66-1.98 | K83-Heart valve disease NOS 49.7 7.1 1.64 1.46-1.84
Y85-Benign prostatic hypertrophy 449 1.1 0.59 0.55-0.62 | K77-Heart failure 480 89 281 253312
K83-Heart valve disease NOS 42.4 7.0 1.27 1.14-1.41 | T82/T83-Obesity/Overweight 38.0 1.3 0.74 0.68-0.81
U99-Urinary disease, other 354 2.1 1.02* 0.95-1.09 | L95-Osteoporosis 320 1.0 0.65 0.61-0.71
K84-Heart disease, other 35.2 2.6 0.94 0.86-1.02 | K84-Heart disease, other 29.6 3.4 1.07*% 0.94-1.20
T90-Diabetes, non-insulin dependent 29.0 0.9 1.16  1.10-1.23 | L91-Osteoarthritis, other 29.4 1.1 0.72  0.66-0.79
R95-Chronic obstructive pulmonary
disease 28.5 1.6 1.59 1.49-1.69 | F92-Cataract 294 1.2 0.59 0.54-0.65
T99-Endocrine/metabolic/nutritional
disease,other 27.0 1.8 0.89 0.82-0.96 | U99-Urinary disease, other 289 21 1.27 1.16-1.39
T82/T83-0Obesity/Overweight 25.2 1.3 0.64 0.59-0.70 | K95-Varicose veins of leg 28.9 1.3  0.73 0.66-0.80
F92-Cataract 25.1 1.2 0.68 0.64-0.74 | L90-Osteoarthritis of knee 28.1 1.2 0.70 0.64-0.77
K76-Ischaemic heart disease without
angina 233 2.3 1.00 0.92-1.09 | T90-Diabetes, non-insulin dependent 26.3 1.2 1.54 1.43-1.66
R99-Respiratory disease, other 204 1.8 1.23* 1.13-1.33 | P76-Depressive disorder 254 09 1.02* 0.94-1.10
K87-Hypertension, complicated 17.9 4.1 0.99 0.87-1.14 | K71-Rheumatic fever/heart disease 208 128 2.75 2.31-3.26
T99-Endocrine/metabolic/nutritional
K75-Acute myocardial infarction 15.5 2.4 1.12 1.02-1.23 | disease,other 207 20 1.16* 1.03-1.29
B82-Anaemia, other/unspecified 15.5 2.1 1.25 1.14-1.37 | K87-Hypertension, complicated 193 50 1.03* 0.86-1.24
K71-Rheumatic fever/heart disease 10.8 10.6 1.42 1.13-1.79 | B82-Anaemia, other/unspecified 15.8 2.0 1.34 1.20-1.50
K80-Cardiac arrhytmia NOS 9.2 2.9 0.70  0.59-0.85 | R99-Respiratory disease, other 143 21 154 1.36-1.74
T85-Hyperthyroidism/thyrotoxicosis 3.1 3.0 1.30* 1.02-1.65 | R95-Chronic obstructive pulmonary disease 12.8 3.0 197 1.74-2.23
K90-Stroke/cerebrovascular accident 11.3 2.3 1.88 1.67-2.10
K80-Cardiac arrhytmia NOS 8.8 3.6 0.91* 0.72-1.15
K76-Ischaemic heart disease without angina 8.7 2.7 145 1.25-1.67
K74-Ischaemic heart disease with angina 5.9 2.6 1.07 0.88-1.31
T85-Hyperthyroidism/thyrotoxicosis 4.9 2.3 1.18*% 0.94-1.48
K75-Acute myocardial infarction 4.1 2.5 177 1.49-2.11
T92-Gout 3.8 3.1 152 1.17-1.97
K81-Heart/arterial murmur NOS 3.7 2.5 0.94 0.69-1.28
K79-Paroxysmal tachycardia 3.7 3.1 1.19 0.88-1.61
Digestive-Res.pirz.atory pattern % O/E-R Adjusted HR Digestitle Pattern % |O/ER Adjusted HR
Chronic disease aHR CI95% Chronic disease aHR CI95%
K86-Hypertension, uncomplicated 57.7 0.8 0.77 0.73-0.81 | K86-Hypertension, uncomplicated 67.2 1.0 0.86* 0.80-0.93
R95-Chronic obstructive pulmonary
disease 43.7 2.5 1.59 1.49-1.69 | T93-Lipid disorder 46.1 0.8 0.63 0.59-0.68
T93-Lipid disorder 33.5 0.7 0.73 0.69-0.77 | L95-Osteoporosis 404 1.2 0.65 0.61-0.71
Y85-Benign prostatic hypertrophy 30.3 0.7 0.59 0.55-0.62 | D98-Cholecystitis/cholelithiasis 338 39 141 1.26-1.58
T90-Diabetes, non-insulin dependent ~ 29.8 1.0 1.16 1.10-1.23 | P76-Depressive disorder 33.2 1.2 1.02* 0.94-1.10
D97-Liver disease NOS 27.9 4.8 1.72  1.55-1.91 | L91-Osteoarthritis, other 30.5 1.1 0.72 0.66-0.79
F92-Cataract 229 1.1 0.68 0.64-0.74 | D99-Disease digestive system, other 302 52 1.11* 0.95-1.29
R99-Respiratory disease, other 223 1.9 1.23* 1.13-1.33 | D92-Diverticular disease 280 33 061 0.52-071
D98-Cholecystitis/cholelithiasis 21.3 2.9 1.02 0.92-1.13 | D97-Liver disease NOS 27.7 4.8 1.77 1.54-2.03
P15-Chronic alcohol abuse 211 55 2.48 2.23-2.76 | F92-Cataract 27.3 11 0.59 0.54-0.65
D99-Disease digestive system, other 20.3 3.0 1.08 0.97-1.20 | T82/T83-Obesity/Overweight 269 09 074 0.68-0.81
D72-Viral hepatitis 17.2 6.2 2.42 2.15-2.73 | K95-Varicose veins of leg 23.9 1.1 0.73 0.66-0.80
R84-Malignant neoplasm bronchus,
lung 10.7 6.0 6.08 5.52-6.69 | L99-Musculoskeletal disease, other 235 1.2 048 0.43-0.54
D77-Malignant neoplasm digestive
other/NOS 9.9 8.3 437 3.83-4.99 | T90-Diabetes, non-insulin dependent 21.6 1.0 1.54 1.43-1.66
U76-Malignant neoplasm bladder 9.7 2.5 1.88 1.69-2.09 | U99-Urinary disease, other 216 1.6 1.27 1.16-1.39
D75-Malignant neoplasm
colon/rectum 9.7 2.3 1.82 1.64-2.02 | L90-Osteoarthritis of knee 20.1 0.9 0.70 0.64-0.77
D86-Peptid ulcer other 9.0 3.1 1.39 1.21-1.60 | D84-Oesophagus disease 17.7 2.2 050 0.42-0.61




A79-Malignancy, NOS 8.5 55 496 4.42-5.57 | D72-Viral hepatitis 174 55 3.09 2.72-3.52
A70-Tuberculosis 8.4 4.7 1.80 1.54-2.11 | X99-Genital disease, other 16.5 2.3 0.91 0.78-1.06
D85-Duodenal ulcer 8.3 2.0 1.21* 1.06-1.37 | D81-Congenital anomaly digestive system 145 34 084 0.69-1.03
R99-Respiratory disease, other 141 21 1.54 1.36-1.74
T81-Goitre 8.5 2.0 0.77 0.61-0.95
D93-Irritable bowel syndrome 6.5 36 090 0.67-1.21
D75-Malignant neoplasm colon/rectum 5.2 2.3 271 234-315
B83-Purpura/coagulation defects 5.0 3.3 1.28* 0.98-1.68
D86-Peptid ulcer other 4.9 3.6 1.20* 0.92-1.58
D85-Duodenal ulcer 4.5 2.9 1.28* 0.99-1.65
X77-Malignant neoplasm genital female
other 4.1 31 3.62 3.03-431
A70-Tuberculosis 3.8 3.3 198 1.56-2.50
Nonspet.:ific.pattern % O/E-R Adjusted HR Nonspe(lzific.pattern % |O/ER Adjusted HR
Chronic disease aHR CI95% Chronic disease aHR Cl95%
K86-Hypertension, uncomplicated 56.6 0.8 0.77 0.73-0.81 | K86-Hypertension, uncomplicated 546 0.8 0.86* 0.80-0.93
T93-Lipid disorder 40.3 0.8 0.73 0.69-0.77 | T93-Lipid disorder 51.2 0.9 0.63 0.59-0.68
Y85-Benign prostatic hypertrophy 40.0 1.0 0.59 0.55-0.62 | L95-Osteoporosis 34.7 1.1 0.65 0.61-0.71
* Test Log-Rank p<0.001/(NOS) Not Otherwise Specified.
Table 2. Multimorbidity patterns in the 80-94 age group
MEN WOMEN
Musculoskeletal pattern % O/E- Adjusted HR Musculoskeletal pattern % O/E- Adjusted HR
Chronic disease 0 R | aHR | CI95% Chronic disease 0 R aHR | CI95%
K86-Hypertension, uncomplicated 813 1.1 091 0.86-0.96 | K86-Hypertension, uncomplicated 83.1 10 0.89 0.84-0.94
Y85-Benign prostatic hypertrophy 64.7 14 0.77 0.73-0.81 | T93-Lipid disorder 596 13 0.84 0.80-0.88
F92-Cataract 477 1.8 0.85 0.80-0.91 | F92-Cataract 50.7 18 081 0.77-0.86
T93-Lipid disorder 432 1.2 0.84 0.79-0.89 | L95-Osteoporosis 489 1.7 084 0.80-0.89
L90-Osteoarthritis of knee 39.2 2.6 0.85 0.78-0.92 | L91-Osteoarthritis, other 453 14 094 0.90-0.99
H86-Deafness 33.8 21 0.78 0.72-0.84 | L90-Osteoarthritis of knee 420 19 0.87 0.81-0.92
L91-Osteoarthritis, other 303 1.8 0.86 0.80-0.93 | K95-Varicose veins of leg 405 19 0387 0.82-0.93
U99-Urinary disease, other 293 1.1 1.01 0.95-1.08 | L92-Shoulder syndrome 332 30 069 0.62-0.76
K84-Heart disease, other 256 1.4 0.93 0.86-1.00 | H86-Deafness 294 18 0.72 0.67-0.77
S99-Skin disease, other 255 2.8 0.68 0.61-0.76 | P76-Depressive disorder 293 12 094 0.89-1.00
T82/T83-Obesity/Overweight 249 2.0 0.77 0.70-0.85 | L99-Musculoskeletal disease, other 269 24 0.72 0.66-0.79
T90-Diabetes, non-insulin dependent 245 09 1.17 1.11-1.24 | L86-Back syndrome with radiating pain 256 28 0.76 0.68-0.84
L86-Back syndrome with radiating pain  23.3 2.8 0.77 0.69-0.86 | T82/T83-Obesity/Overweight 246 13 0.83 0.77-0.89
F93-Glaucoma 220 1.7 0.77 0.70-0.83 | U99-Urinary disease, other 244 1.0 0093 0.88-0.98
L92-Shoulder syndrome 213 33 067 0.58-0.77 | P74-Anxiety disorder/anxiety state 222 19 0.65 0.59-0.71
L99-Musculoskeletal disease, other 206 2.6 0.83 0.74-0.93 | S99-Skin disease, other 213 24 064 0.57-0.71
T99-Endocrine/metabolic/nutritional
disease,other 20.2 14 0.99 0.91-1.07 | L89-Osteoarthritis of hip 195 24 094 0.85-1.03
K95-Varicose veins of leg 199 2.1 091 0.82-1.00 | L83-Neck syndrome 178 3.0 0.70 0.62-0.80
L89-Osteoarthritis of hip 19.3 29 099 0.88-1.11 | L85-Acquired deformity of spine 154 32 094 0.83-1.06
S77-Malignant neoplasm of skin 173 2.0 0.74 0.66-0.83 | N93-Carpal tunnel syndrome 124 29 0.68 0.58-0.80
L83-Neck syndrome 171 35 0.58 0.49-0.69 | L84-Back syndrome without radiating pain 123 3.0 091 0.80-1.04
P74-Anxiety disorder/anxiety state 11.8 2.1 0.68 0.59-0.79 | H82-Vertiginous syndrome 115 23 0.78 0.68-0.89
S86-Dermatitis, seborrhoeic 11.2 2.8 0.76 0.64-0.90 | S77-Malignant neoplasm of skin 113 21 074 0.66-0.84
N93-Carpal tunnel syndrome 9.3 45 0.80 0.64-1.01 | S86-Dermatitis, seborrhoeic 88 30 0.68 0.56-0.81
H82-Vertiginous syndrome 9.0 2.7 0.70 0.58-0.84 | S87-Dermatitis/atopic eczema 33 25 074 0.57-0.95
L84-Back syndrome without radiating
pain 8.8 3.1 1.03 0.87-1.22 | H84-Presbyacusis 28 24 057 0.42-0.78
L85-Acquired deformity of spine 48 28 1.01 0.80-1.28
S87-Dermatitis/atopic eczema 4.2 2.9 0.76 0.58-0.99
B75-Benign/unspecified neoplasm
blood 38 2.6 0.81* 0.65-1.02
H84-Presbyacusis 22 21 070 0.51-097
K81-Heart/arterial murmur NOS 2.2 2.1 090 0.66-1.22
Endocrine-Metabolic pattern % O/E- Adjusted HR Endocrine-Metabolic pattern % O/E- Adjusted HR
Chronic disease R | aHR | CI95% Chronic disease R aHR | CI95%




K86-Hypertension, uncomplicated 865 1.2 091 0.86-0.96 | K86-Hypertension, uncomplicated 963 1.2 0.89 0.84-0.94
T93-Lipid disorder 715 19 0.84 0.79-0.89 | T90-Diabetes, non-insulin dependent 719 32 131 1.24-1.38
T90-Diabetes, non-insulin dependent 655 23 1.17 1.11-1.24 |T93-Lipid disorder 67.7 15 084 0.80-0.88
U99-Urinary disease, other 483 1.8 1.01 0.95-1.08 | U99-Urinary disease, other 535 21 093 0.88-0.98
K76-Ischaemic heart disease without
angina 432 3.3 0.93* 0.86-1.00 | T82/T83-Obesity/Overweight 434 23 0383 0.77-0.89
Y85-Benign prostatic hypertrophy 406 09 0.77 0.73-0.81 | F92-Cataract 330 12 081 0.77-0.86
K92-Atherosclerosis/peripheral
vascular disease 31.8 2.8 1.28 1.18-1.38| L91-Osteoarthritis, other 305 1.0 094 0.90-0.99
K75-Acute myocardial infarction 299 36 1.17 1.08-1.28 | L90-Osteoarthritis of knee 283 13 087 0.81-0.92
T99-Endocrine/metabolic/nutritional
disease,other 257 1.7 0.99 0.91-1.07 | B82-Anaemia, other/unspecified 280 20 0098 0.91-1.05
T99-Endocrine/metabolic/nutritional
K77-Heart failure 243 1.7 1.47 1.37-1.58 | disease,other 244 22 114 1.05-1.23
F92-Cataract 241 09 0.85 0.80-0.91 | P76-Depressive disorder 218 09 0094 0.89-1.00
K84-Heart disease, other 216 1.2 0.93 0.86-1.00 | F&83-Retinopathy 14.0 6.9 1.23* 1.04-1.45
R95-Chronic obstructive pulmonary
disease 21.2 1.0 1.33 1.25-1.42 | N94-Peripherla neuritis/neuropathy 77 45 123 1.02-1.49
K78-Atrial fibrillation/flutter 200 09 1.24 1.16-1.32 | K75-Acute myocardial infarction 66 23 152 1.36-1.70
K74-1schaemic heart disease with
angina 180 3.1 0.85* 0.76-0.96 | T92-Gout 55 34 1.13* 0.94-1.37
F83-Retinopathy 10.7 4.8 1.15*% 0.96-1.38
N94-Peripherla neuritis/neuropathy 94 35 1.01 0.84-1.20
K91-Cerebrovascular disease 9.0 2.0 1.14* 1.01-1.30
Neurologic pattern % O/E- Adjusted HR Neurologic pattern % OfE- Adjusted HR
Chronic disease R | aHR | CI95% Chronic disease R aHR | CI95%
K86-Hypertension, uncomplicated 582 0.8 0.91 0.86-0.96 | K86-Hypertension, uncomplicated 70.8 09 0.89 0.84-0.94
Y85-Benign prostatic hypertrophy 504 1.1 0.77 0.73-0.81 | P76-Depressive disorder 557 22 094 0.89-1.00
P70-Dementia 47.1 3.6 135 1.26-1.45|T93-Lipid disorder 536 12 084 0.80-0.88
P76-Depressive disorder 347 29 0.99 0.91-1.07|P70-Dementia 479 26 084 0.80-0.88
T93-Lipid disorder 346 09 0.84 0.79-0.89 | L91-Osteoarthritis, other 40.1 13 094 0.90-0.99
K90-Stroke/cerebrovascular accident 333 24 126 1.17-1.36|L95-Osteoporosis 387 13 084 0.80-0.89
F92-Cataract 264 1.0 0.85 0.80-0.91 | K90-Stroke/cerebrovascular accident 276 28 1.46 1.36-1.56
N87-Parkinsonism 220 50 133 1.19-1.49 |F92-Cataract 233 0.8 0381 0.77-0.86
T90-Diabetes, non-insulin dependent 210 0.7 1.17 1.11-1.24|U99-Urinary disease, other 216 0.8 0093 0.88-0.98
K78-Atrial fibrillation/flutter 206 1.0 1.24 1.16-1.32 | N87-Parkinsonism 145 4.3 1.22 1.09-1.38
H86-Deafness 206 1.3 0.78 0.72-0.84 | K89-Transient cerebral ischaemia 13.8 29 1.13* 1.02-1.26
L91-Osteoarthritis, other 20.2 1.2 0.86 0.80-0.93 | K91-Cerebrovascular disease 11.8 3.7 1.03 0.90-1.18
P71-Organic psychosis, other 133 3.5 047 0.39-0.58 | P71-Organic psychosis, other 116 23 044 0.37-0.51
K91-Cerebrovascular disease 123 2.8 1.14* 1.01-1.30 | N99-Neurological disease, other 9.3 35 1.08%* 0.93-1.25
K89-Transient cerebral ischaemia 10.8 2.1 1.03* 0.92-1.16 | N88-Epilepsy 6.2 4.6 1.27* 1.05-1.53
N99-Neurological disease, other 9.7 3.2 1.15* 0.99-1.34 | D93-Irritable bowel syndrome 55 37 084 0.67-1.06
N88-Epilepsy 6.9 4.8 1.15* 0.93-1.43 | D86-Peptid ulcer other 3.6 20 1.18* 1.00-1.41
A04-Weakness/Tiredness general 6.5 2.0 0.75 0.62-0.90
K88-Postural hypotension 48 46 055 0.39-0.78




Cardiovascular pattern % O/E- Adjusted HR Cardiovascular pattern % OfE- Adjusted HR
Chronic disease R | aHR ClI95% Chronic disease R aHR CI95%
K86-Hypertension, uncomplicated 812 1.1 091 0.86-0.96 | K86-Hypertension, uncomplicated 858 1.1 0.89 0.84-0.94
K78-Atrial fibrillation/flutter 622 2.9 1.24 1.16-1.32 | K77-Heart failure 66.0 4.5 1.65 1.55-1.75
K77-Heart failure 51.9 3.7 1.47 1.37-1.58 |K78-Atrial fibrillation/flutter 624 34 149 1.41-1.58
K83-Heart valve disease NOS 480 5.8 1.22* 1.11-1.35 | T93-Lipid disorder 449 1.0 084 0.80-0.88
Y85-Benign prostatic hypertrophy 465 1.0 0.77 0.73-0.81 | K83-Heart valve disease NOS 426 4.7 142* 131-154
U99-Urinary disease, other 46.2 1.7 1.01 0.95-1.08 | U99-Urinary disease, other 409 16 093 0.88-0.98
K84-Heart disease, other 39.1 2.2 0.93 0.86-1.00 | L91-Osteoarthritis, other 30.0 0.9 0.94 0.90-0.99
T93-Lipid disorder 33.0 09 0.84 0.79-0.89 | L95-Osteoporosis 289 1.0 0.84 0.80-0.89
F92-Cataract 269 1.0 0.85 0.80-0.91 | K84-Heart disease, other 259 21 1.06 0.98-1.14
T99-Endocrine/metabolic/nutritional
disease,other 242 16 099 0.91-1.07 | F92-Cataract 246 0.9 0.81 0.77-0.86
T90-Diabetes, non-insulin dependent 239 0.8 1.17 1.11-1.24 | K95-Varicose veins of leg 231 11 087 0.82-0.93
R95-Chronic obstructive pulmonary
disease 235 1.1 133 1.25-1.42 | L90-Osteoarthritis of knee 212 10 0.87 0.81-0.92
B82-Anaemia, other/unspecified 223 1.6 1.02 0.94-1.11 | T82/T83-Obesity/Overweight 204 11 0.83 0.77-0.89
K87-Hypertension, complicated 214 4.5 1.03 0.90-1.18 | P76-Depressive disorder 20.2 0.8 094 0.89-1.00
K71-Rheumatic fever/heart disease 109 82 1.59 1.29-1.95| T90-Diabetes, non-insulin dependent 19.8 09 1.31 1.24-1.38
K80-Cardiac arrhytmia NOS 100 24 0.92 0.80-1.06 | K76-Ischaemic heart disease without angina 173 2.8 1.13 1.03-1.24
T85-Hyperthyroidism/thyrotoxicosis 34 34 1.29* 1.00-1.67 | K87-Hypertension, complicated 13.7 3.0 115 1.02-1.29
K81-Heart/arterial murmur NOS 28 2.7 090 0.66-1.22 | R95-Chronic obstructive pulmonary disease  13.5 2.7  1.30 1.18-1.43
K71-Rheumatic fever/heart disease 12.6 6.8 1.95 1.69-2.25
R99-Respiratory disease, other 11.2 21 1.35* 1.22-1.50
K74-1schaemic heart disease with angina 9.7 2.7 1.06* 0.94-1.20
K75-Acute myocardial infarction 81 28 152 1.36-1.70
K79-Paroxysmal tachycardia 28 2.7 126*% 1.01-1.56
Digestive-Respiratory pattern % O/E- Adjusted HR Digestive pattern % OfE- Adjusted HR
Chronic disease R | aHR | CI95% Chronic disease R aHR | CI95%
R95-Chronic obstructive pulmonary
disease 537 2.6 1.33 1.25-1.42 |K86-Hypertension, uncomplicated 758 1.0 0.89 0.84-0.94
K86-Hypertension, uncomplicated 535 0.8 0.91 0.86-0.96 | D98-Cholecystitis/cholelithiasis 363 36 116 1.07-1.26
Y85-Benign prostatic hypertrophy 417 09 0.77 0.73-0.81 | L91-Osteoarthritis, other 337 11 094 0.90-0.99
R99-Respiratory disease, other 29.8 3.2 1.27* 1.16-1.39 | L95-Osteoporosis 330 11 084 0.80-0.89
F92-Cataract 25,7 1.0 0.85 0.80-0.91 | F92-Cataract 324 11 0.81 0.77-0.86
U99-Urinary disease, other 249 09 1.01 0.95-1.08 | P76-Depressive disorder 296 12 094 0.89-1.00
D98-Cholecystitis/cholelithiasis 245 28 0.98 0.88-1.08 | K95-Varicose veins of leg 281 13 0.87 0.82-0.93
T93-Lipid disorder 239 0.6 0.84 0.79-0.89 | L90-Osteoarthritis of knee 280 13 087 0.81-0.92
D99-Disease digestive system, other 202 3.0 1.05 0.93-1.17 | T93-Lipid disorder 269 06 084 0.80-0.88
K78-Atrial fibrillation/flutter 199 09 1.24 1.16-1.32|T82/T83-Obesity/Overweight 26.1 14 083 0.77-0.89
L91-Osteoarthritis, other 19.6 1.2 0.86 0.80-0.93 | D99-Disease digestive system, other 256 43 1.04 0.94-1.15
D92-Diverticular disease 188 2.3 0.95 0.85-1.06 | U99-Urinary disease, other 253 1.0 0.93 0.88-0.98
L95-Osteoporosis 13.2 2.6 1.08* 0.96-1.22 | D92-Diverticular disease 252 28 093 0.85-1.01
D75-Malignant neoplasm
colon/rectum 111 2.0 1.34 1.20-1.49 | T90-Diabetes, non-insulin dependent 242 1.1 1.31 1.24-1.38
D72-Viral hepatitis 111 41 2.06 1.80-2.36 | D72-Viral hepatitis 228 91 196 1.72-2.22
D97-Liver disease NOS 10.7 4.4 1.49* 1.26-1.77 | B82-Anaemia, other/unspecified 205 15 0.98 0.91-1.05
A70-Tuberculosis 106 52 151 1.27-1.79 | D97-Liver disease NOS 201 80 1.53* 1.32-1.77
D85-Duodenal ulcer 99 23 1.10 0.96-1.27 | X99-Genital disease, other 143 34 096 0.84-1.10
R96-Asthma 81 3.3 0.87 0.73-1.05 | R99-Respiratory disease, other 143 26 135* 1.22-1.50
D86-Peptid ulcer other 7.5 2.2 1.20* 1.05-1.38 | D81-Congenital anomaly digestive system 112 28 1.00 0.88-1.14
B81-Anaemia, Vit B12/folate deficiency 7.4 2.2 1.01* 0.88-1.17 | R95-Chronic obstructive pulmonary disease  10.3 2.1  1.30 1.18-1.43
D81-Congenital anomaly digestive
system 6.7 2.7 0.78 0.64-0.95 | K94-Phlebitis/thrombophlebitis 96 28 097 0.84-1.11
S91-Psoriasis 56 2.0 1.07* 0.91-1.26 | D75-Malignant neoplasm colon/rectum 86 27 142 1.26-1.59
A79-Malignancy, NOS 48 25 238 2.05-2.77 | D86-Peptid ulcer other 59 33 1.18* 1.00-1.41
D77-Malignant neoplasm digestive
other/NOS 4.7 4.0 222 1.83-2.70 | A70-Tuberculosis 57 4.5 1.38* 1.13-1.68
R84-Malignant neoplasm bronchus, X77-Malignant neoplasm genital female
lung 4.2 3.1 3.09 2.63-3.62|other 5.7 53 1.63* 1.33-1.99
P15-Chronic alcohol abuse 41 3.4 1.43* 1.13-1.80 | B83-Purpura/coagulation defects 52 36 1.11* 0.91-1.36
L85-Acquired deformity of spine 35 20 101 0.80-1.28 | K93-Pulmonary embolism 43 41 1.18* 0.93-1.50
K93-Pulmonary embolism 26 2.4 1.03* 0.79-1.35 | D85-Duodenal ulcer 42 26 133* 1.12-1.58




A79-Malignancy, NOS 39 39 238 2.00-2.83
Nonspecific pattern % O/E- Adjusted HR Nonspecific pattern % OfE- Adjusted HR
Chronic disease R | aHR | CI95% Chronic disease R aHR | CI95%
K86-Hypertension, uncomplicated 69.7 1.0 0.91 0.86-0.96 | K86-Hypertension, uncomplicated 742 09 0.89 0.84-0.94
Y85-Benign prostatic hypertrophy 374 0.8 0.77 0.73-0.81 | T93-Lipid disorder 355 0.8 084 0.80-0.88
T93-Lipid disorder 286 0.8 0.84 0.79-0.89 | L91-Osteoarthritis, other 227 0.7 094 0.90-0.99
T90-Diabetes, non-insulin dependent 234 08 1.17 1.11-1.24|195-Osteoporosis 201 0.7 0.84 0.80-0.89

* Test Log-Rank p<0.001/(NOS) Not Otherwise Specified




SUPPLEMENTARY FILE 3

KAPLAN-MEIER CURVES FOR MULTIMORBIDITY PATTERNS STRATIFIED BY
AGE AND SEX STRATA AFTER 5 YEARS OF FOLLOW-UP

Men aged 65-79 years Women aged 65-79 years
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Analysis of the Kaplan-Meier curves and application of a log rank test with p<0.001 for the four
strata showed statistically significant differences in survival in relation to the multimorbidity
patterns. In other words, survival outcomes in a group with a given pattern varied from those in
a group with another pattern. Survival was notably higher in musculoskeletal group.



SUPPLEMENTARY FILE 4
CLASSIFICATION OF CHRONIC CONDITIONS AFTER SURVIVAL ANALYSIS

Men Women
Classification of chronic conditions after survival analysis

n % n %
Log rank test p > 0.05! 46 32,4 47 33,1
Log rank p < 0.05 and AHR = 12 15 10,6 16 11,3
Log rank p < 0.05 and AHR < 13 40 28,2 34 23,9
Log rank p < 0.05 and AHR < 1* 41 28,9 45 31,7

Total 142 - 142 -

AHR = adjusted hazard ratio (adjusted by age at onset, number of chronic conditions, and number of invoiced drugs, stratified

by sex)

! No survival differences between people with the condition and those without.

% Survival differences exist, but the AHR is not significant.

* Survival differences exist according to the log rank test; the AHR is lower than 1 and significant (people with the condition die
less often than those without the condition).

* Survival differences exist according to the log rank test; the AHR is higher than 1 and significant (people with the condition die
more often than those without the condition).
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ABSTRACT

Background: Older adults suffer from various chronic conditions which make them particularly vulnerable.
The proper management of multiple drug use is therefore crucial. The aim of our study was to describe drug

prescription and medication patterns in this population.

Methods: A cross-sectional study in Barcelona (Spain) using electronic health records from 50 primary
healthcare centres. Participants were aged 65 to 94 years, presenting multimorbidity (>2 chronic diseases), and
had been prescribed at least 1 drug for 6 months or longer during 2009. We calculated the prevalence of
prescribed drugs and identified medication patterns using multiple correspondence analysis and k-means

clustering. Analyses were stratified by sex and age (65-79, 80-94 years).

Results: We studied 164,513 patients (66.8% women) prescribed a median of 4 drugs (interquartile range
[IQR]=3-7) in the 65-79 age-group and 6 drugs (IQR=4-8) in the 80-94 age-group. A minimum of 45.9% of
patients aged 65-79 years, and 61.8% of those aged 80-94 years, were prescribed 5 or more drugs. We identified
6 medication patterns, a non-specific one and 5 encompassing 8 anatomical groups (alimentary tract and
metabolism, blood, cardiovascular, dermatological, musculo-skeletal, neurological, respiratory, and sensory

organ).

Conclusions: Drug prescription is widespread among the elderly. Six medication patterns were identified, 5 of
which were related to one or more anatomical group, with associations among drugs from different systems.
Overall, guidelines do not accurately reflect the situation of the elderly multimorbid, new strategies for

managing multiple drug uses are needed to optimize prescribing in these patients.

Key words: Ageing, Cluster analysis, Drugs, Electronic Health Records, Multimorbidity, Primary Health Care.
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INTRODUCTION

Worldwide, individuals are living longer [1] thanks to advances in medical research and care [2]. For instance,
in 2016, 19% of the European population was aged 65 years or older [3], a figure that is expected to reach 30%
by 2060 [4]. Nevertheless, a longer life span is closely related to the likelihood of developing chronic disease
[5] and 55-98% of older adults suffer from multimorbidity [6]. Such patients are more likely to require multiple
drugs to achieve optimal clinical (or disease) management [7,8], indeed, a prescription rate of over 80% for >5
drugs has been reported [9]. Multiple drug use in older adults, however, is associated with overall worsening
physical and psychological health as a result of age-related changes in pharmacokinetics and pharmacodynamics
[10]. In addition, it has a potential influence on aspects of safety, including inappropriate prescription, adverse

drug reaction, risk of medication interaction (drug-drug or drug-disease interaction), and adherence [11,12].

Due to ageing vulnerability, multiple drug use in the multimorbid elderly is a main issue of concern for the
public health system. Identifying which drugs are being taken is crucial to define patients at risk. As a result,
tools need to be developed with the aim of decreasing prescription errors, drugs interactions, adverse drug
reactions, and other consequences such as falls, hospitalization, and mortality associated with multiple drug use
[13,14]. A recent systematic review described clinical management oriented to multimorbidity and
polymedication. Its recommendations, however, were focused on the risks/benefits of each drug individually
rather than collectively [15]. To date, the limited information available in the literature is mostly descriptive
[16] and methods regarding pharmaco-epidemiology in multimorbidity have yet to be established. Prescription
groups and patterns could be of help in the analysis of multiple drug use to create new strategies in the

management of complexity among multimorbid patients.

New techniques are being developed to create homogeneous patterns regarding the management of prescribed
drugs. For instance, exploratory factor analysis (EFA) which is based on correlations between variables or
factors, and cluster analysis (CA), a technique for grouping a set of individuals in such a way that they are more
similar to each other than those in other groups [17]. EFA has recently been reported to be useful for describing
correlation between variables, while CA carries out an in-depth examination of the pattern for non-random
associations between the determinant variables of an individual [18]. In recent years, EFA has been employed

to define a number of multimorbidity patterns [19-21], and some medication ones [22]. Nonetheless, the
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statistical technique employed should be taken into account. EFA correlates specific variables (e.g. diseases),
but not all the variables of one unit (e.g. patient), whilst CA could be helpful as the main starting point to look
for dissimilarities. Irrespective of the methodology employed in these studies [23], there are common biological
systems encompassing multimorbidity patterns: cardio-metabolic conditions, musculoskeletal diseases, and
mental health problems [24]. Serious diseases and those with a greater prevalence according to EFA/CA should

thus be represented with the corresponding medication.

We hypothesized that prescribed drugs could be grouped using CA to identify clusters of patients with similar
drugs and consequently create medication patterns. The objective of this study was to describe prescribed drugs

and identify medication patterns in multimorbid older adults.

METHODS

Design, setting, and inclusion criteria

We conducted a cross-sectional analysis of electronic health records (EHR) from the Information System for
Research in Primary Care (SIDIAP). This is a centralized database that contains EHR from 2006 for all the
patients who have attended primary health care centres (PHCC) run by the public Catalan Health Institute
[25,26]. The study was performed in Barcelona (Spain) in 2009 with information from 50 PHCC. The
participants were aged 65 to 94 years, and the inclusion criteria were a) to have attended a PHCC at least once
during 2009; b) to present multimorbidity, defined as the coexistence of 2 or more chronic diseases [27]; and ¢)
to have been prescribed at least 1 drug for a period of 6 months or longer during 2009 (see flow chart in Figure

1).

The study protocol was approved by the Research Ethics Committee at IDIAPJGol (Protocol no: P15/149). All
data were anonymized, and the confidentiality of the EHR was maintained at all times in accordance with

national and international law. As all data were anonymized, no consent to individuals were required.

Variables

Prescription drugs were the main unit of measurement and were coded as 1 (present) or 0 (absent). Drugs in the

SIDIAP database are classified using the Anatomical Therapeutic Chemical (ATC) system (Additional file 1),
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a measuring unit recommended by the World Health Organization for drug studies. To classify the drugs in this
study, and facilitate subsequent analysis and interpretation, we used the 4th level of the ATC system which

corresponds to chemical subgroups. Proton pump inhibitors, for example, are coded as A02BC [28].

The other variables recorded for each participant were: number of chronic diseases coded with the International
Classification of Primary Care second edition and selected using the O’Halloran criteria [29], age (65—79 years
vs 80-94 years), and sex (male vs female). According to the chronic diseases selected, chronic medication was
defined as the prescription of a drug for at least 6 continuous months during the period of study. Medication
which did not fulfil this criterion was not analysed as it was considered acute or not long-term. Neither were

supplements included as they are not financed by the Spanish health system.

Statistical analysis

Data were extracted from the SIDIAP database after authorization of the study [25]. All the authors had access
to the database. There were no missing values, as sex, age, chronic diseases, and drugs were recorded for all the

sample.

Descriptive statistics were employed to summarize the overall data. Categorical variables were expressed as
frequencies (percentage) and continuous variables as means (standard deviation [SD]) or medians (interquartile
range [IQR]). Prevalence of prescription drugs was calculated and medication patterns identified through 2
steps: 1) multiple correspondence analysis (MCA), and 2) k-means clustering. All analyses were stratified by

sex and age.

Multiple correspondence analysis

MCA is a data analysis technique used to detect and represent underlying structures in sets of nominal
categorical data. It identifies groups with similar characteristics and shows, in a multidimensional space,
relationships between dichotomous or categorical variables (in our case drug prescriptions) that would be
difficult to observe in a contingency table [30,31]. MCA also allows individuals to be directly represented as
points (coordinates) in a geometric space through the transformation of original binary data to continuous ones.
The MCA was based on the indicator matrix. The optimal number of dimensions extracted and percentages of

inertia were determined by means of a scree plot.
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K-means clustering

Using the geometric space created in the MCA, patients were classified into clusters according to proximity
criteria by means of the k-means algorithm, and centers obtained for each cluster. The optimal number of
clusters (k), which is the solution with the highest Calinski-Harabaz index value, was assessed using criteria
with 100 iterations. To assess internal cluster quality, cluster stability of the optimal solution was computed
using Jaccard bootstrap values with 100 runs [17]. Highly stable clusters should yield average Jaccard

similarities of 0.85 and above.

Medication patterns

To describe the medication patterns across the clusters, we used three criteria: a) the prevalence of prescribed
drugs in each cluster; b) the observed/expected (O/E) ratios obtained by dividing the prevalence of a particular
drug in each cluster by the prevalence of the same prescribed drug in the age and sex groups, considering over-
represented drugs when value >2; and c) exclusivity, defined as the proportion of individuals with a particular
prescribed drug included in the cluster over the total number of individuals with a particular prescribed drug in

the corresponding age and sex group, considering high exclusivity when value >50%.

Medication patterns were defined by considering drugs with a prevalence >20% or an O/E ratio >2. To identify
the importance of each medication and, as a consequence, the amount of medication included in a cluster, we
employed exclusivity. In order to facilitate the designation of a medication pattern we named the patterns
considering medications belonging to the same ATC group with an exclusivity value >50%, even when
presenting a low prevalence. And we also took into consideration to name the pattern those drugs over-
represented by O/E ratio >2. We then described medications included in each cluster using three numbers of
characteristics: prevalent drugs (prevalence >20%), drugs over-represented (O/E ratio >2) and exclusive drugs

(exclusivity >50%). But we considered only exclusive and over-represented drugs to label the pattern.

In addition to mathematical validation, clinical criteria based on previous literature [32-34] and clinical
feedback from the research team (3 family physicians and 2 epidemiologists) were employed to evaluate the

consistency and significance of the final cluster solution.
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The analyses were carried out using SPSS for Windows, version 24 (SPSS Inc., Chicago, IL, USA) and R

version 3.4.2 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

The sample was composed of 164,513 patients aged >65 years all of whom presented multimorbidity and had
at least 1 drug prescribed; 66.8% were women. The group 65-79 years had a mean age of 72.0 years (SD = 4.3)
and was prescribed a median of 4 (IQR = 3-7) drugs. The group 80-94 years had a mean age of 84.1 years (SD
= 3.4) and was prescribed a median of 6 (IQR: 4-8) drugs. At least 45.9% of the 65-79 year and 61.8% of the
80-94 year groups were prescribed 5 or more drugs. As expected, the use of 10 or more drugs was almost twice
in the 80-94 compared to the 65-79 year age group. The number of prescribed drugs and chronic diseases did
not differ between sexes (Table 1). The 10 most widely prescribed drugs across the sample belonged to 3 ATC
system groups: alimentary tract and metabolism (A), nervous system (N), and cardiovascular system (C). Proton
pump inhibitors and HMG CoA reductase inhibitors were present in the top 3 most prescribed drugs in all
groups, with platelet aggregation inhibitors (excluding heparin) in men and benzodiazepine derivatives (65-79

years) and anilides (80-94 years) for women (Table 2).

Characteristics of Medication Patterns

Six medication patterns for each age and sex group were identified. All the groups had a non-specific pattern
consisting of highly prevalent drugs that were neither over-represented nor exclusive. The other 5 patterns were
made up of drugs belonging to 1 or more anatomical groups corresponding to: alimentary tract and metabolism
(A), blood and blood forming organs (B), cardiovascular system (C), dermatological (D), musculoskeletal

system (M), nervous system (N), respiratory system (R), and sensory organs (S) (Table 3, Additional file 2-4).

As an example, findings for women 65-79 years are represented in Table 3. Six medication patterns were
identified, numbered according to the weight of the sample implied (descending order): non-specific (cluster 1),
followed by nervous system (cluster 2), musculo-skeletal+dermatological (cluster 3), alimentary tract and
metabolism (cluster 4), respiratory system (cluster 5), and cardiovascular system (cluster 6). For each cluster,

three subgroups of prescribed drugs that encompassed the pattern were defined. Three kinds of data were shown
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for every cluster. Using the example of the musculo-skeletal and dermatological pattern (cluster 3), we

identified three different groups of drugs in the pattern:

a) drugs with a high prevalence but not over- represented such as proton pump inhibitors (prevalence 66%, O/E

ratio 1.58, exclusivity 19%) and benzodiazepine derivatives (prevalence 33%, O/E ratio 1.26, exclusivity 15%);

b) drugs with a high/low prevalence over-represented with exclusivity <50% such as anilides (prevalence 61%,

O/E ratio 2.57, exclusivity 31%) and other opioids (prevalence 10%, O/E ratio 3.25, exclusivity 40%);

c) drugs with a high/low prevalence over-represented and with exclusivity >50% such as anti-inflammatory
preparations, non-steroids for topical use (prevalence 33%, O/E ratio 5.96, exclusivity 70%) and potent

corticosteroids (group III) (prevalence 9%, O/E ratio 6.65, exclusivity 81%) (Table 3).

It was observed that the non-specific pattern had the greatest number of patients for all groups and was defined
by drugs that were neither prevalent nor over-represented. With respect to the non-specific pattern, the number
of patients aged 65-79 years was higher than those aged 80-94 years for both sexes. According to the frequency
of patients, the next patterns were: for women 65-79 years “nervous system” and “musculo-
skeletal+dermatological”, whilst for women 80-94 years they included alimentary tract and metabolism as a
drug group implied in frequency; for men 65-79 years they were “cardiovascular system” and “alimentary tract
and metabolism”, and for those 80-94 years was added the drug group related to musculo-skeletal and nervous

system (Table 3, Additional files 2-4).

Comparing patterns between sexes, women had four patterns in both age groups which implied only one over-
represented anatomical system (alimentary tract and metabolism, cardiovascular system, nervous system, and
respiratory system), in contrast to men who had only two patterns implying one anatomical system
(cardiovascular and respiratory system). The other patterns were formed by two or more anatomical systems.

The rest of the results are detailed in Table 3 and Additional file 2 to 4.

Comparing patterns between age groups, no significant differences were observed for women with the exception
of additional drugs encompassing the non-specific pattern (anilides, ACE inhibitors, benzodiazepine
derivatives) (Table 3, Additional file 2). The men’s patterns, however, appeared more complex: to the non-

specific pattern were added two drugs (platelet aggregation inhibitors excluding heparin and proton pump
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inhibitors), and in the 80-94 age group the patterns encompassed multiple anatomical groups including a sensory

organs pattern (Additional files 3 and 4).

DISCUSSION

In this study, we present data regarding prescription drugs in an urban population of elderly adults with
multimorbidity. Prescription rates were high, particularly in the older subset of patients, probably due to the
greater burden of chronic disease. Proton pump inhibitors were the most widely prescribed drug with
cardiovascular and neurological drugs representing the most frequently prescribed groups. We defined 6
medication patterns which provide information about the multiple drugs grouped closely together in elderly
patients. The pattern with the most participants, non-specific, had up to 39% of the age-sex sample included
and was composed of drugs corresponding to specific diseases (hypertension, lipid disorder, depressive
disorder (women)) and others related to the secondary prevention of cardiovascular/digestive diseases (platelet
aggregation inhibitors and proton pump inhibitors). The rest of the medication patterns could be linked to the

multimorbidity ones defined in a previous article performed in the same sample [35].

Comparison with published literature

Ageing is associated with functional decline, and the prescription of multiple drugs tends to be highest in the
oldest segments of the population [36]. Just over half the patients in our study had been prescribed 5 or more
drugs, rates of between 45.0% and 80.0% have been previously described based on primary care EHR [9,37].
These results showed that the 10 most prescribed drugs were to treat metabolic, cardiovascular, and nervous
system disorders, in line with other reports for the elderly [35,38,39]. As expected, considering that heart
disease is the leading cause of death in such populations [40], cardiovascular drugs were the main group of
prescribed drugs. Looking more closely, proton pump inhibitors were the most widely prescribed drug in our
study, contrasting with findings on the prevalence of digestive tract chronic diseases conducted in the same
sample [35]. Off-label use of proton pump inhibitors could be related to the prevention of adverse
gastrointestinal effects, as reported elsewhere [41]. In addition, a high prevalence of lipid modifying (C10AA)
agents and antithrombotic drugs (BO1AC) was probably linked to their use in the primary and secondary

prevention of thrombotic events. We would like to point out that benzodiazepines, despite their potentially
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adverse effects for older adults (e.g, memory impairment, delirium, falls) [42,43], were still frequently
prescribed in our population (from 14.4% in men 65-79 years to 30.2% in women 80-94 years), with a

reported prevalence among the elderly from 10.0% to 41.6% [44,45].

Six patterns per group defining user profiles with prescribed drugs were obtained. We took into account
prescribed drugs, instead of consumed ones, because we assumed patients followed what their doctors
suggested. As we studied patients with multimorbidity, we considered chronic drugs rather than supplements or
acute prescriptions. As a result, many of the defined patterns seemed logical and in concordance with chronic
disease prevalence [35]. In addition, differences in intra- and inter-patterns were represented defining
prevalence, O/E ratio, and exclusivity for each drug. The relevance of the prescribed drug was thus represented

by these three parameters.

The non-specific pattern had the greatest number of patients in all strata as no anatomical group was over-
represented. It could, therefore, be hypothesized that patients evolve to 5 specific patterns across time, that is to
say, the non-specific pattern could represent a pre-state of a specific one. In addition, the fact that the number
of patients included in the non-specific pattern was lower in the 80-94 than the 65-79 year group points to the
hypothesis that this pattern could be a pre-specific medication one. Nevertheless, longitudinal analyses should
be conducted to substantiate this issue. With respect to specific patterns, the men’s appeared more complex than
women’s possibly because of the anatomical systems involved and male smoking habits [46]. In concordance
with this difference, more men in the 65-79 year group presented cardiovascular and respiratory patterns than
women who showed mostly neuromuscular drug-related patterns. Furthermore, the fact that the patterns of the
older participants were made up of more than one anatomical system was possibly related to the burden of
chronic disease associated with age [23]. The observed medication patterns should coincide with the
multimorbidity ones given that the former reflect the various illnesses being treated. For instance, if we compare
multimorbidity and medication patterns from the same sample, the endocrine-metabolic multimorbidity pattern
should be related to the alimentary tract and metabolism one [35]. A concept that concurs with a number of
publications that have reported that medication data may represent a way of identifying chronic conditions [47].

Following this idea, medication patterns could help characterise individuals with multimorbidity. Finally, the
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use of three criteria to define patterns permitted a representation of all drugs, including those related to low

prevalence diseases. Variability between chronic diseases and treatments was thus respected in our results.

To the best of our knowledge, only one study has previously defined medication patterns using EFA [22], and
few authors have investigated such patterns in patients with multimorbidity [16]. It is difficult to draw
comparisons because of differences in drug inclusion criteria, number of drugs considered, and especially
methodology. Nevertheless, some anatomical systems, including cardiovascular, respiratory, and neurological
ones were the same. Such similarities are probably related to the strong prevalence of chronic conditions.
Nevertheless, with CA we obtained 6 markedly different patterns, and with the O/E ratio and the exclusivity

criteria we could define which drugs were over-represented, playing a more crucial role.

A recent publication has established that guidelines addressing polymedication appear arbitrary [15]. Our
research thus contributes to the definition of medication patterns which could be used to identify both user
profiles and safety issues (e.g. detecting prescription errors, for instance inappropriate drugs, or drug-drug
associations), something that is not possible with multimorbidity patterns. The definition of medication patterns
could open new paths to create instruments to prioritize groups of individuals and permit effective prescription.
In addition, establishing medication patterns in accordance to multimorbidity patterns would help to determine
prognostic factors in drug safety, define possible adverse drug reactions, and identify drug-drug and drug-
disease interactions. The analysis of medication patterns thus provides an additional perspective for interpreting

and defining the population’s health.

Strength and weakness

Our study sample is both reliable and representative of the population, thus adding robustness to our results. Moreover,
we provide an accurate reflection of real prescribing habits for the elderly with multimorbidity in an urban public
primary health care setting. Analyses of individual medication patterns can lead to new insights into individual
prescription situations. We consider that complexity among patients is well represented in these patterns. However,
some limitations should be considered. On one hand, selected criteria of chronicity (prescription of 6 or more months)
may have caused a selection bias, although we followed an established definition [23]. In addition, we have to assume

that CA is inherently exploratory in nature and different clustering algorithms may produce varying results. The lack
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of studies defining medication patterns also limits comparisons between results and populations. Finally, we should
consider as a limitation the fact that the collected data were 10 years old and may not exactly reflect current prescription
patterns. Nevertheless, these medication patterns correspond to a six-year longitudinal multimorbidity study [35,48]
in which it was observed that multimorbidity patterns did not differ at all during the period studied. In addition, in
public primary health care, the implementation of new treatments for specific diseases (for example, oral
anticoagulants or oral antidiabetic medications) are not yet generalised. For this reason, we considered that the

medication patterns represented current prescription.

Future research

Medication patterns could change with time as a consequence of multimorbidity evolution and new treatments applied
in some chronic diseases. Our study is cross-sectional, but in future research it would be advantageous to analyse large
prospective cohorts with different estimates to define medication patterns and identify their stability or evolution. In
addition, generational differences are expected due to modified lifestyle habits. Thus, re-analyses should be considered

as medication patterns are expected to alter across decades.

Taking into account drug prescription and medication patterns, improvements in guidelines for the clinical
management of elderly patients should be contemplated. In addition, the methodology used for clustering could be a

starting point for analysing drug safety in relation to drug interaction.

CONCLUSIONS

This study provides information about prescription drugs in an urban population of older adults with
multimorbidity. Our results showed highly elevated prescription rates, particularly in the older subset of
patients, probably due to the greater burden of chronic disease. Clinical practice should consider reviewing

off-label prescribed drugs for possible de-prescription.

The study of medication patterns provides a method for analysing the use of multiple drugs in elderly patients.
We identified 6 medication patterns in our series which could provide new avenues for evaluating

multimorbidity.

List of abbreviations



370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

ATC: Anatomical Therapeutic Chemical, CA: cluster analysis, EHR: electronic health records, EFA:
exploratory factor analysis, Exclus.: Exclusivity, IDIAPJGol: Institut Universitari d’Investigacié en Atencio
Primaria Jordi Gol, IQR: interquartile range, MCA: multiple correspondence analysis, O/E ratios:
observed/expected ratios, Pre.: prevalence, PHCC: primary health care centres, SD: standard deviation, SIDIAP:

System for Research in Primary Care.

DECLARATIONS

Ethics approval and consent to participate

The protocol of the study was approved by the Committee of the Ethics of Clinical Research, Institut
Universitari d’Investigaci6 en Atencié Primaria Jordi Gol (IDIAP Jordi Gol) (Protocol No: P15/149). All data
were anonymized, and the confidentiality of EHR was respected at all times in accordance with national and
international law. As all data were anonymized, no consent to individuals were required.

Consent for publication

Not applicable

Availability of data and material

The data that support the findings of this study may be obtained from SIDIAP but restrictions could apply to
those used under license. Upon reasonable request and with permission of SIDIAP they may be available from

the authors.

Competing interests

The authors declare that they have no competing interests.

Funding

This manuscript is part of a PhD being undertaken by MGC at the Public Health Department (Departament de

Pediatria, d'Obstetricia i Ginecologia i de Medicina Preventiva) at the Universitat Autonoma de Barcelona.

This work was supported by a pre-doctoral grant from Catalan Health Institute in Barcelona; by the Catalan
Society of General Practitioners (CAMFiIC) and by SIDIAP grant to MGC in 2015; this latter organization
allowed us to explore their dataset to obtain the results. The funders had no role in the study design or data

collection, analysis, and interpretation, writing of the manuscript, and decision to submit for publication.



396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

Authors' contributions

All authors contributed to the design of the study, revised the article, and approved the final version. MGC, CV,
QFB, ARL, TLJ, MAM, MPV, drafted the study protocol and obtained the funding. MGC, CV, ARL, TLJ
contributed to the analysis and interpretation of data. MGC, CV, QFB, TLJ; ARL, MAM, MPV wrote the first
draft, and all authors contributed ideas, interpreted the findings and reviewed rough drafts of the manuscript.

All the authors read and approved the final manuscript.

Acknowledgements
We thank the Catalan Health Institute, and especially the Information System for Research in Primary Care

(SIDIAP) Unit which provided the study database.

Authors’ information:

1 Geréncia d’ Ambit d’Atenci6 Primaria Barcelona Ciutat, Institut Catala de la Salut, Carrer Balmes 22,
Barcelona. Spain

2 Institut Universitari d’Investigacio en Atencidé Primaria Jordi Gol (IDIAP Jordi Gol), Gran Via Corts
Catalanes, 587 atic. 08007 Barcelona. Spain.

3 Universitat Autonoma de Barcelona, Placa Civica, 08193 Bellaterra, Barcelona, Spain.

4 Facultat d’infermeria, Universitat de Girona, Emili Grahit ,77, 17071, Girona, Spain.

5 Unitat de Suport a la Recerca de Barcelona, Institut Universitari d’Investigacié en Atencio Primaria
Jordi Gol (IDIAP Jordi Gol), Carrer Sardenya, 375, 08025, Barcelona, Spain.

6 Departament de psiquiatria, Hospital Universitari de Vic. Francesc Pla el Vigata, 1, 08500 Vic,
Barcelona, Spain.

7 Facultat de Ciencies de la Salut i Benestar. Universitat de Vic — Universitat Central de Catalunya,

Sagrada Familia, 7, 08500, Vic, Spain.

REFERENCES

1. Murray CJL, Barber RM, Foreman KJ, Ozgoren AA, Abd-Allah F, Abera SF, et al. Global, regional,



422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

10.

and national disability-adjusted life years (DALY's) for 306 diseases and injuries and healthy life
expectancy (HALE) for 188 countries, 1990-2013: quantifying the epidemiological transition. Lancet.

2015;1990-2013.

Oeppen J, Vaupel JW. Demography. Broken Limits to Life Expectancy. Science (80- ).

2002;296(May):1029-31.

Eurostat. Population structure and ageing - Statistics Explained. 2016.
http://ec.europa.eu/eurostat/statistics-explained/index.php/Population_structure_and_ageing. Accessed

23 Aug 2017.

Eurostat. Active ageing - Employment, Social Affairs & Inclusion - European Commission. 2015.

http://ec.europa.eu/social/main.jsp?catld=1062. Accessed 23 Aug 2017.

Jacob L, Breuer J, Kostev K. Prevalence of chronic diseases among older patients in German general

practices. GMS Ger Med Sci. 2016;14:1-7.

Marengoni A, Angleman S, Melis R, Mangialasche F, Karp A, Garmen A, et al. Aging with

multimorbidity: A systematic review of the literature. Ageing Res Rev. 2011 Mar 23;10(4):430-9.

Akker M Van den, Buntinx F. Multimorbidity in general practice: prevalence, incidence, and

determinants of co-occurring chronic and recurrent diseases. J Clin Epidemiol. 1998;51(5):367-75.

Wehling M. Multimorbidity and Polypharmacy: How to Reduce the Harmful Drug Load and Yet Add
Needed Drugs in the Elderly? Proposal of a New Drug Classification: Fit for the Aged: Letters to the

Editor. Journal of the American Geriatrics Society. 2009 Mar;57(3):560-1.

Freund J, Meiman J, Kraus C. Using electronic medical record data to characterize the level of
medication use by age-groups in a network of primary care clinics. J Prim Care Community Heal.

2013;4(4):286-93.

Mangoni AA, Jackson SHD. Age-related changes in pharmacokinetics and pharmacodynamics: basic

principles and practical applications. Br J Clin Pharmacol. 2003;57(1):6-14.



446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Hajjar ER, Cafiero AC, Hanlon JT. Polypharmacy in elderly patients. Am J Geriatr Pharmacother.

2007 Dec;5(4):345-51.

Salazar JA, Poon I, Nair M. Clinical consequences of polypharmacy in elderly: expect the unexpected,

think the unthinkable. Expert Opin Drug Saf. 2007 Nov 30;6(6):695-704.

Gomez C, Vega-Quiroga S, Bermejo-Pareja F, Medrano MJ, Louis ED, Benito-Leon J. Polypharmacy
in the Elderly: A Marker of Increased Risk of Mortality in a Population-Based Prospective Study

(NEDICES). Gerontology. 2015;61:301-9.

Oscanoa TJ, Lizaraso F, Carvajal A. Hospital admissions due to adverse drug reactions in the elderly.

A meta-analysis. Eur J Clin Pharmacol. 2017 Jun 1;73(6):759—70.

Muth C, Blom JW, Smith SM, Johnell K, Gonzalez-Gonzalez Al, Nguyen TS, et al. Evidence
supporting the best clinical management of patients with multimorbidity and polypharmacy: a

systematic guideline review and expert consensus. J Intern Med. 2018 Dec 10;joim.12842.

Doos L, Roberts EO, Corp N, Kadam UT. Multi-drug therapy in chronic condition multimorbidity: a

systematic review. Fam Pract. 2014;31(6):654-63.

Everitt BS, Landau S, Leese M, Stahl D. Cluster Analysis. 5th Edition. In John Wiley & Sons, Ltd;

2011. p. 321-30.

Roso-Llorach A, Violan C, Foguet-Boreu Q, Rodriguez-Blanco T, Pons-Vigués M, Pujol-Ribera E, et
al. Comparative analysis of methods for identifying multimorbidity patterns: a study of ‘real-world’

data. BMJ Open. 2018;8(3):e018986.

Britt HC, Harrison CM, Miller GC, Knox SA. Prevalence and patterns of multimorbidity in Australia.

Med J Aust. 2008;189(2):72-7.

Steinman M a., Lee SJ, John Boscardin W, Miao Y, Fung KZ, Moore KL, et al. Patterns of

Multimorbidity in Eldery Veterans. J Am Geriatr Soc. 2012;29(10):997-1003.

Foguet-Boreu Q, Violan C, Rodriguez-Blanco T, Roso-Llorach A, Pons-Vigués M, Pujol-Ribera E, et



470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

22,

23.

24.

25.

26.

217.

28.

29.

30.

al. Multimorbidity patterns in elderly primary health care patients in a South Mediterranean European

region: A cluster analysis. PLoS One. 2015;10(11):1-14.

Calderdn-Larrafiaga A, Gimeno-Feliu L a., Gonzalez-Rubio F, Poblador-Plou B, Lairla-San José M,
Abad-Diez JM, et al. Polypharmacy patterns: Unravelling systematic associations between prescribed

medications. PLoS One. 2013;8(12):1-10.

Violan C, Foguet-Boreu Q, Flores-Mateo G, Salisbury C, Blom J, Freitag M, et al. Prevalence,
determinants and patterns of multimorbidity in primary care: A systematic review of observational

studies. PLoS One. 2014;9(7):3-11.

Prados-Torres A, Calderdn-Larrafiaga A, Hancco-Saavedra J, Poblador-Plou B, Van Den Akker M.

Multimorbidity patterns: A systematic review. J Clin Epidemiol. 2014;67(3):254-66.

Garcia-Gil MDM, Hermosilla E, Prieto-Alhambra D, Fina F, Rosell M, Ramos R, et al. Construction
and validation of a scoring system for the selection of high-quality data in a Spanish population

primary care database (SIDIAP). Inform Prim Care. 2011 Jan;19(3):135-45.

Sistema d'informacié per al desenvolupament de la Investigacié en Atencié Primaria.Inicio.

http://www.sidiap.org/index.php/es. Accessed 6 Feb 2018.

Valderas JM, Starfield B, Sibbald B, Salisbury C, Roland M. Defining comorbidity: implications for

understanding health and health services. Ann Fam Med. 2009 Jan;7(4):357-63.

Christian Berg Ms, Hege Salvesen Blix Ms, Irene Litleskare Ms, Marit Rgnning Ms, Solveig Sakshaug
Ms, Hanne Stram Ms, et al. Guidelines for ATC classification and DDD assignment 2013. 16th editi.
Oslo; 2013. 1-284 p. https://www.whocc.no/filearchive/publications/1_2013guidelines.pdf. Accessed

25 Jul 2017.

O’Halloran J, Miller GC, Britt H. Defining chronic conditions for primary care with ICPC-2. Fam

Pract. 2004 Aug;21(4):381-6.

Sourial N, Wolfson C, Zhu B, Quail J, Fletcher J, Karunananthan S, et al. Correspondence analysis is a

useful tool to uncover the relationships among categorical variables. J Clin Epidemiol. 2010



495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Jun;63(6):638-46.

Garcia-Gil M, Blanch J, Comas-Cufi M, Daunis-i-Estadella J, Bolibar B, Marti R, et al. Patterns of
statin use and cholesterol goal attainment in a high-risk cardiovascular population: A retrospective

study of primary care electronic medical records. J Clin Lipidol. 2016 Jan;10(1):134-42.

Evidence-Based Clinical Decision Support at the Point of Care | UpToDate.

https://www.uptodate.com/home. Accessed 23 Jul 2017.

Cochrane Library. https://www.cochranelibrary.com/search. Accessed 21 Jul 2017.

Guies de practica clinica. Institut Catala de la Salut. http://ics.gencat.cat/ca/assistencia/coneixement-

assistencial/guies-de-practica-clinica/. Accessed 10 Sept 2017.

Guisado-Clavero M, Roso-Llorach A, Lopez-Jimenez T, Pons-Vigués M, Foguet-Boreu Q, Mufioz
MA, et al. Multimorbidity patterns in the elderly: A prospective cohort study with cluster analysis.

BMC Geriatr. 2018 Dec 16;18(1):16.

Payne RA, Avery AJ, Duerden M, Saunders CL, Simpson CR, Abel GA. Prevalence of polypharmacy

in a Scottish primary care population. Eur J Clin Pharmacol. 2014;70(5):575-81.

Buck MD, Atreja A, Brunker CP, Jain A, Suh TT, Palmer RM, et al. Potentially inappropriate
medication prescribing in outpatient practices: Prevalence and patient characteristics based on

electronic health records. Am J Geriatr Pharmacother. 2009;7(2):84-92.

Slabaugh SL, Maio V, Templin M, Abouzaid S. Prevalence and Risk of Polypharmacy among the

Elderly in an Outpatient Setting. Drugs Aging. 2010 Dec;27(12):1019-28.

Mizokami F, Koide Y, Noro T, Furuta K. Polypharmacy with common diseases in hospitalized elderly

patients. Am J Geriatr Pharmacother. 2012 Apr;10(2):123-8.

Jackson CF, Wenger NK. Cardiovascular Disease in the Elderly. Rev Espafiola Cardiol (English Ed.

2011;64(8):697-712.

George CJ, Korc B, Ross JS. Appropriate proton pump inhibitor use among older adults: A



519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

42.

43.

44,

45.

46.

47.

48.

retrospective chart review. Am J Geriatr Pharmacother. 2008 Dec 1;6(5):249-54.

Gurwitz JH, Field TS, Harrold LR, Rothschild J, Debellis K, Seger AC, et al. Incidence and
preventability of adverse drug events among older persons in the ambulatory setting. JAMA. 2003 Mar

5;289(9):1107-16.

Maher RL, Hanlon J, Hajjar ER. Clinical consequences of polypharmacy in elderly. Expert Opin Drug

Saf. 2014;13(1):59.

Madhusoodanan S, Bogunovic OJ. Safety of benzodiazepines in the geriatric population. Expert Opin

Drug Saf. 2004 Sep 23;3(5):485-93.

Morgan SG, Weymann D, Pratt B, Smolina K, Gladstone EJ, Raymond C, et al. Sex differences in the
risk of receiving potentially inappropriate prescriptions among older adults. Age Ageing. 2016

Jul;45(4):535-42.

Lopez AD, Collishaw NE, Piha T. A descriptive model of the cigarette epidemic in developed

countries. Tob Control. 1994 Sep 1;3(3):242-7.

Huber CA, Szucs TD, Rapold R, Reich O. Identifying patients with chronic conditions using pharmacy
data in Switzerland: An updated mapping approach to the classification of medications. BMC Public

Health. 2013;13(1).

Ibarra-Castillo C, Guisado-Clavero M, Violan-Fors C, Pons-Vigués M, Lépez-Jiménez T, Roso-
Llorach A. Survival in relation to multimorbidity patterns in older adults in primary care in Barcelona,
Spain (2010-2014): A longitudinal study based on electronic health records. J Epidemiol Community

Health. 2018 Jan 12;72(3):185-92.



542
543
544
545

546

547

548

549

550

551

552

Table 1. Descriptive data, by sex and age groups, of the multimorbid patients (n=164,513) aged 65-94
years attended in 2009 at primary healthcare centres located in Barcelona.

Women
65-79 years 80-94 years 65-79 years 80-94 years
Participants n (%) 78,008 (47.4) 31,848 (19.4) 41,931 (25.5) 12,726 (7.7)
Number drugs
n (%)
1-4 40,931 (52.5) 11,374 (35.7) 22,703 (54.1) 4868 (38.3)
5-9 31,500 (40.4) 16,460 (51.7) 16,339 (39.0) 6,268 (49.3)
=10 5,577 (7.1) 4,014 (12.6) 2,889 (6.9) 1,590 (12.5)
Median number of 4 (3-7) 6 (4-8) 4 (2-6) 5 (3-8)
drugs (IQR¥)
Number of chronic
diseases n (%)
2 2,806 (3.6) 1,125 (3.5) 1,792 (4.3) 410 (3.2)
[3-5] 20,301 (26.0) 7,689 (24.1) 12,484 (29.8) 3,090 (24.3)
[6-9] 33,089 (42.4) 13,495 (42.4) 17,955 (42.8) 5,562 (43.7)
=10 21,812 (28.0) 9,539 (30.0) 9,700 (23.1) 3,664 (28.8)
Median number of 7 (5-10) 8 (5-10) 7 (5-9) 7 (5-10)
chronic diseases
(IQR¥)

IQR*= Interquartile range
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Table 2. The ten most commonly prescribed drugs in 2009 for multimorbid patients (n=164,513) aged

65-94 years, by sex and age groups, attended at primary healthcare centres located in Barcelona.

Women Men
ATC
ATC code* Drug name N Yo code* Drug name N %0
AO2BC  [Proton pump inhibitors  [32,634 |41.8| c1oaa [MG COAlig 168 l434
reductase inhibitors
cloaa [MG  CoA  reductasely) noy |41 0| aozBC [FOLON PUMPl15 170 [36.2
inhibitors inhibitors
Platelet aggregation
NO5BA |Benzodiazepine derivatives |20,649 |26.5] BO1AC linhibitors excl.[13,872 [33.1
Heparin
5 | NO2BE |Anilides 18,434 |23.6| C09AA Q;ﬁ INIBItOrs, g 748 [23.2
<
2 . Alpha-
o' | Bolac [Platelet aggregation|y s 335 119.7| GOACA [adrenoreceptor  [7,235 [17.3
- inhibitors excl. Heparin ;
0 antagonists
C09AA |ACE inhibitors, plain 13,578 |17.4| A1O0BA |Biguanides 6,306 [15.0
MOSBA  |Bisphosphonates 13,309 [17.1| NO5BA Ser.‘ZOC!'azep'”e 6,019 [14.4
erivatives
NOSAB .Selgc_tlveserotonln reuptakell,522 148| cosca Dlh_ydr_opyrldlne 5006 [14.3
inhibitors derivatives
CO3AA [Thiazides, plain 10112 [13.0| corap [Be blockingly on) kg5
agents, selective
CO9CA S';?r:"tens'” Il antagonists,lg 531 111.8| NO2BE |Anilides 5625 [13.4
A02BC  [Proton pump inhibitors  [16,496 |51.8| Ao2BC [7roton PUMPl5 877 462
inhibitors
Platelet aggregation
NO2BE |Anilides 11,370 (35.7| BO1AC [inhibitors excl.[5,641 [44.3
Heparin
cloaa [HMG  CoA  reductasely) 55 las 5| croaa [MC — COAlGe7 |age
inhibitors reductase inhibitors
BO1AC [ latelet aggregation|y 515 133 g cogaa [ACE  INNIDITOTS, g 5o g 4
inhibitors excl. Heparin plain
g NO5BA |Benzodiazepine derivatives 19,633 [30.2] NO2BE [Anilides 2,638 [20.7
= Alpha-
35 C09AA |ACE inhibitors, plain 7,223 [22.7| GO4CA |adrenoreceptor 2,601 |[20.4
S antagonists
COSCA  |Dihydropyridine derivatives|5,283 [16.6| NO0SBA Ser.‘zo‘?"azep'”e 2313 [18.2
erivatives
CO3CA |Sulfonamides, plain 5,265 |16.5| CO8CA g'hydr.opy”d'”e 2260 [17.8
erivatives
NO6AB ﬁ]er:iegitt'(‘)’fssemm”'” reuptakels »og |16.5| CO3CA |Sulfonamides, plain|1,930 [15.2
Angiotensin 1l antagonists,|4,502 |14.1 1,622 J12.7
C09CA |plain CO01DA |Organic nitrates
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564
565
566
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568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588

Code*: chemical subgroup, 4rt level, ATC code (Anatomical Therapeutic Chemical classification) from the
World Health Organization (Supplementary data 1).

For more details, visit webside: https://www.whocc.no/atc/structure_and_principles/



Table 3. Example of medication patterns across women 65-79 years attended in primary health centres in
Barcelona during 2009 (N= 78,008). Selected criteria: Prevalence 220 or Observed/Expected ratio = 2.

"Musculo-skeletal system"
and "Dermatologicals"

Non-specific

Nervous system pattern

pattern

pattern

Code*
C10AA
A02BC

Code®
A02BC
NO5BA
C10AA
NO6AB
BO1AC
MO5BA
NO2BE
NO6AX
NO3AX
NO5CD
Al12AA
NO6AA
CO01DA
NO2AX
All1CC
AO06AD
NO3AE
CO7AA
HO02AB
C10AX
NO6DX
AO3FA

Code®
A02BC
NO2BE
NO5BA
MO2AA
C10AA
MO1AE
CO5CA
MO1AX
A02AD

Cluster 1 n=39,202 (50%)

Drugs
HMG CoA reductase inhibitors
Proton pump inhibitors

Cluster 2 n=14,604 (19%)

Drugs

Proton pump inhibitors
Benzodiazepine derivatives

HMG CoA reductase inhibitors
Selective serotonin reuptake inhibitors
Platelet aggregation inhibitors excl. Heparin
Bisphosphonates

Anilides

Other antidepressants

Other antiepileptics

Benzodiazepine derivatives

Calcium

Non-selective monoamine reuptake inhibitors
Organic nitrates

Other opioids

Vitamin D and analogues

Osmotically acting laxatives
Benzodiazepine derivatives

Beta blocking agents, non-selective
Glucocorticoids

Other lipid modifying agents

Other anti-dementia drugs

Propulsive

Cluster 3 n=9,502 (12%)

Drugs

Proton pump inhibitors
Anilides

Benzodiazepine derivatives

Antiinflammatory preparations, non-steroids for tropical use

HMG CoA reductase inhibitors
Propionic acid derivatives
Bioflavonoids

Other antiinflammatory and antirheumatic agents, non-steroids
Combinations and complexes of aluminium, calcium

Pre*
32%
21%

Pre*
70%
58%
56%
40%
35%
28%
26%
14%
10%
9%
7%
7%
7%
6%
6%
6%
1%
4%
4%
4%
3%
3%

Pre*
66%
61%
33%
31%
30%
27%
19%
17%
15%

O/E
ratio

0.78
0.51

O/E
ratio

1.68
2.18
1.36
2.71
1.76
1.62
1.10
3.49
3.16
2.03
2.58
3.07
2.32
2.03
2.97
2.04
3.69
2.61
2.71
2.25
2.44
2.25

O/E
ratio

1.58
2.57
1.26
5.96
0.74
4.30
2.88
2.84
4.24

#

#

#

Exclus.
39%
26%

Exclus.
31%
41%
25%
51%
33%
30%
21%
65%
59%
38%
48%
57%
43%
38%
56%
38%
69%
49%
51%
42%
46%
42%

Exclus.
19%
31%
15%
73%

9%
52%
35%
35%
52%



Alimentary tract and metabolism pattern

Respiratory system pattern

MO1AB
DO01AC
NO2AX
DO7AC
N02BB

AO06AD
RO5CB

RO6AX
NO7CA

Code®
C10AA
Al10BA
BO1AC
A02BC
A10BB
CO09AA
CO08CA
CO7AB
NO2BE
Al10AC
CO01DA
Al10AE
MO4AA
C02CA
C10AB
A10AD

GO4CA
C10AX

Code*

RO3AC
A02BC
R03BB
RO3AK

RO3BA
C10AA
NO2BE
NOSBA
BO1AC

and magnesium compounds

Acetic acid derivatives and related substances
Imidazole and triazole derivatives

Other opioids

Corticosteroidas, potent (group I11)
Pyrazolones

Osmotically acting laxatives

Mucolytics

Other antihistamines for systemic use
Antivertigo preparations

Cluster 4 n=8,745 (11 %)

Drugs

HMG CoA reductase inhibitors

Biguanides

Platelet aggregation inhibitors excl. Heparin

Proton pump inhibitors

Sulfonylureas

ACE inhibitors, plain

Dihydropyridine derivatives

Beta blocking agents, selective

Anilides

Insulins and analogues for injection, intermediate-acting
Organic nitrates

Insulins and analogues for injection, long-acting
Preparations inhibiting uric acid production
Alpha-adrenoreceptor antagonists

Fibrates

Insulins and analogues for injection, intermediate- or
long- acting combined with fast- acting
Alpha-adrenoreceptor antagonists

Other lipid modifying agents

Cluster 5 n=3,275 (4%)

Drugs

Selective beta-2-adrenoreceptor agonists
Proton pump inhibitors

Anticholinergics

Adrenergics in combination with corticosteroids or other
drugs, excl. Anticholinergics
Glucocorticoids

HMG CoA reductase inhibitors

Anilides

Benzodiazepine derivatives

Platelet aggregation inhibitors excl. Heparin

15%
10%
10%
9%
6%
6%
5%
5%
5%

Pre*
68%
65%
61%
50%
37%
30%
29%
23%
22%
10%
9%
9%
9%
7%
7%
7%

4%
4%

Pre*
72%
54%
54%
51%

40%
38%
32%
27%
23%

5.17
5.93
3.25
6.65
5.30
2.13
2.83
3.34
2.26

O/E
ratio”
1.67
5.86
3.12
1.19
6.69
1.70
2.68
2.18
0.94
6.34
3.22
6.04
2.97
3.57
2.96
6.24

2.13
2.36

O/E
ratio”
16.88

1.30
18.86
11.87

18.45
0.94
1.36
1.01
1.17

63%
2%
40%
81%
65%
26%
34%
41%
28%

Exclus.
19%
66%
35%
13%
75%
19%
30%
24%
10%
71%
36%
68%
33%
40%
33%
70%

24%
26%

Exclus.
71%
5%
79%
50%

7%
4%
6%
4%
5%
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CO3CA
R0O5CB
RO6AX
Cc08DB
HO02AB
GO4CA

Code®
BO1AA
CO3CA
A02BC
CO1AA
C10AA
NO2BE
NO5BA
CO9AA
CO7AB
C09CA
Al12BA
CO3DA
C08DB
CO7AG
MO4AA
CO01DA
BO3AA
Al10AE
AO02BA

Cardiovascular system pattern

Sulfonamides, plain
Mucolytics
Other antihistamines for systemic use
Benzothiazepine derivatives
Glucocorticoids
Alpha-adrenoreceptor antagonists
Cluster 6 n=2,680 (3%)

Drugs

Vitamin K antagonists
Sulfonamides, plain

Proton pump inhibitors
Digitalis glycosides

HMG CoA reductase inhibitors
Anilides

Benzodiazepine derivatives
ACE inhibitors, plain

Beta blocking agents, selective
Angiotensin Il antagonists, plain
Potassium

Aldosterone antagonists
Benzothiazepine derivatives
Alpha and beta blocking agents
Preparations inhibiting uric acid production
Organic nitrates

Iron bivalent, oral preparations

Insulins and analogues for injection, long-acting

H2 - receptor antagonists

14%
11%
6%
5%
4%
4%

Pre*
78%
66%
58%
53%
43%
32%
29%
27%
24%
23%
20%
19%
13%
12%
11%
9%
5%
3%
3%

2.11
6.34
3.79
2.26
3.07
2.02

O/E
ratio”
15.74
10.05

1.37
27.60

1.06

1.35

1.11

1.56

2.25

1.98
16.35
17.02

6.07

8.91

3.73

3.26

3.60

2.30

2.12

Code® chemical subgroup, 4rt level, ATC code (Anatomical Therapeutic Chemical classification) from
the World Health Organization

OIE ratio®: observed/expected ratio

Pre*: Prevalence

Exclus.: Exclusivity

9%
27%
16%

9%
13%

8%

Exclus.
54%
35%

5%
95%
4%
5%
4%
5%
8%
7%
56%
58%
21%
31%
13%
11%
12%
8%
7%



Additional file 1. The main groups of the Anatomical Therapeutic Chemical (ATC) system.

Capital letter | ATC system

Alimentary tract and metabolism

Blood and blood forming organs

Cardiovascular system

Dermatologicals

Genito urinary system and sex hormones
Systemic hormonal preparations, excl. sex hormones and insulins
Antiinfectives for systemic use

Antineoplastic and immunomodulating agents

M Musculo-skeletal system

Nervous system

Antiparasitic products, insecticides and repellents
Respiratory system

Sensory organs

Various

<lw|B|Oo|IZIZ|Ir|«|ZT|O|TO|0|T|>




Additional file 2. Pharmacy patterns across women 80-94 years attended in primary health centres in
Barcelona during 2009 (N= 31,848). Selected criteria: Prevalence >20 or Observed/Expected ratio >2.

Cluster 1 n=13,538 (43%)

O/E

Code¥* Drugs Pre* ratio’ Exclus.
& A02BC Proton pump inhibitors 27% 0,53 22%
'S £ C10AA HMG CoA reductase inhibitors 26% 0,74 32%
72 NO2BE Anilides 22% 0,60 26%
; 2 CO09AA ACE inhibitors, plain 21% 0,91 39%

NO5BA Benzodiazepine derivatives 20% 0,67 28%

Cluster 2 n=6,889 (22 %)

Code¥* Drugs Pre* OJ/E ratio Exclus.
. A02BC Proton pump inhibitors 82% 1.58 34%
§ NO2BE Anilides 64% 1.78 39%
2 NO5BA Benzodiazepine derivatives 48% 1.60 35%
5 C10AA HMG CoA reductase inhibitors 34% 0.95 21%
E BO1AC Platelet aggregation inhibitors excl. Heparin 31% 0.93 20%
Z MO5BA Bisphosphonates 27% 1.99 43%
; NO6AB Selective serotonin reuptake inhibitors 26% 1.59 34%
= MO2AA Antiinflammatory preparations, non-steroids for topical use 22% 2.67 58%
= COSCA Bioflavonoids 18% 214 46%
% MO1AE Propionic acid derivatives 16% 3.12 67%
:§ NO2AX Other opioids 13% 3.05 66%
g A02AD Combinations and complexes of aluminium, calcium and 11% 2.56 55%
e magnesium compounds
g = MO1AX Other antiinflammatory and antirheumatic agents, 9% 2.70 58%
£5 non-steroids
; g NO7CA Antivertigo preparations 9% 2.14 46%
= MO1AB Acetic acid derivatives and related substances 8% 3.01 65%
E NO3AX Other antiepileptics 7% 2.15 46%
_2 G04BD Drugs for urinary frequency and incontinence 7% 2.00 43%
:E Al12AA Calcium 7% 2.34 51%
= NO2BB Pyrazolones 6% 3.04 66%
g DO01AC Imidazole and triazole derivatives 5% 2.13 46%
2 AlLICC Vitamin D and analogues 5% 2.36 51%
% HO02AB Glucocorticoids 5% 2.48 54%
g AO3FA Propulsives 5% 2.41 52%
—F{J DO7AC Corticosteroidas, potent (group 1) 4% 291 63%
§ NO6AA Non-selective monoamine reuptake inhibitors 4% 2.56 55%
§ CO4AE Ergot alkaloids 3% 2.05 44%
; MO5BX Other drugs affecting bone structure and mineralization 3% 211 46%

RO6AX Other antihistamines for systemic use 2% 2.10 45%



Alimentary tract and metabolism pattern

Cardiovascular system pattern

Code*

BO1AC
C10AA
A02BC
Al10BA
NO2BE
CO08CA
NO5BA
CO09AA
CO7AB
CO1DA
Al0BB
CO3CA
CO09CA
Al10AC
Al10AE
C02CA
Al10BX
CO7AG

Code*
BO1AA
CO3CA
A02BC
CO1AA
NO2BE
C09AA
C10AA
NO5BA
CO07AB
Al2BA
CO09CA
CO3DA
CO01DA
MO4AA
co8DB
CO7AG
C01BD
CO8DA

Cluster 3 n=5,002 (16%)
Drugs
Platelet aggregation inhibitors excl. Heparin
HMG CoA reductase inhibitors
Proton pump inhibitors
Biguanides
Anilides
Dihydropyridine derivatives
Benzodiazepine derivatives
ACE inhibitors, plain
Beta blocking agents, selective
Organic nitrates
Sulfonylureas
Sulfonamides, plain
Angiotensin Il antagonists, plain
Insulins and analogues for injection, intermediate-acting
Insulins and analogues for injection, long-acting
Alpha-adrenoreceptor antagonists
Other blood glucose lowering drugs, excl. Insulins
Alpha and beta blocking agents

Cluster 4 n=2,740 (9%)
Drugs
Vitamin K antagonists
Sulfonamides, plain
Proton pump inhibitors
Digitalis glycosides
Anilides
ACE inhibitors, plain
HMG CoA reductase inhibitors
Benzodiazepine derivatives
Beta blocking agents, selective
Potassium
Angiotensin Il antagonists, plain
Aldosterone antagonists
Organic nitrates
Preparations inhibiting uric acid production
Benzothiazepine derivatives
Alpha and beta blocking agents
Antiarrhythmics, class I11
Phenyllalkylamine derivatives

Pre*
7%
68%
67%
37%
32%
31%
29%
28%
27%
26%
25%
23%
20%
7%
7%
6%
5%
5%

Pre*
2%
69%
61%
50%
39%
34%
33%
32%
22%
21%
21%
15%
14%
12%
11%
9%
8%
3%

O/E ratio Exclus.

2.33
1.93
1.29
4.15
0.89
1.85
0.97
1.23
2.58
3.75
4.23
1.39
1.40
4.16
4.73
2.45
4.63
2.21

37%
30%
20%
65%
14%
29%
15%
19%
41%
59%
66%
22%
22%
65%
74%
38%
73%
35%

O/E ratio Exclus.

7.75
414
1.18
8.88
1.10
1.52
0.92
1.05
2.10
6.03
1.48
7.05
2.05
2.85
3.09
4.42
4.89
2.64

67%
36%
10%
76%
9%
13%
8%
9%
18%
52%
13%
61%
18%
25%
27%
38%
42%
23%



Cluster 5 n=2,007 (6 %)

Code¥* Drugs Pre* O/E ratio Exclus.
A02BC Proton pump inhibitors 56% 1.09 7%
NO6DA Anticholinesterases 48% 13.70 86%
BO1AC Platelet aggregation inhibitors excl. Heparin 46% 1.39 9%
NOBAB Selective serotonin reuptake inhibitors 36% 2.20 14%
£ NO5BA Benzodiazepine derivatives 35% 1.17 7%
£ NO2BE Anilides 33%  0.93 6%
2 NO6DX Other anti-dementia drugs 28% 7.96 50%
E C10AA HMG CoA reductase inhibitors 26% 0.75 5%
% NOBAX Other antidepressants 26% 5.68 36%
§ NO5AH Diazepines, oxazepines, thiazepines and oxepines 22%  15.16 96%
% CO9AA ACE inhibitors, plain 22% 0.95 6%
Z. NO5AX Other antipsychotics 21% 14.38 91%
AOBAD Osmotically acting laxatives 17% 2.38 15%
NO4BA Dopa and dopa derivatives 13% 6.89 43%
NO06BX Other psychostimulants and nootropics 6% 2.76 17%
BO3BA Vitamin B12 (cyanocabalamin and analogues) 5% 2.37 15%

Cluster 6 n=1,672 (5%)

Code¥* Drugs Pre* O/E ratio Exclus.
RO3AC Selective beta-2-adrenoreceptor agonists 70%  14.65 7%
RO3BB Anticholinergics 63% 14.13 74%
A02BC Proton pump inhibitors 62% 1.19 6%
RO3AK Adrenergics in combination with corticosteroids or 45% 9.69 51%
other drugs, excl. Anticholinergics
£ NO2BE Anilides 44% 1.22 6%
% RO3BA Glucocorticoids 43% 1541 81%
;‘ BO1AC Platelet aggregation inhibitors excl. Heparin 37% 1.13 6%
2 CI0AA HMG CoA reductase inhibitors 33% 0.92 5%
z CO3CA Sulfonamides, plain 32% 1.93 10%
E’ NOSBA Benzodiazepine derivatives 31%  1.03 5%
§ CO9AA ACE inhibitors, plain 26% 1.16 6%
% RO5CB Mucolytics 12% 5.98 31%
&  Al12BA Potassium 8% 2.13 11%
C08DB Benzothiazepine derivatives 8% 2.14 11%
CO3DA Aldosterone antagonists 5% 2.32 12%
HO02AB Glucocorticoids 4% 2.18 11%
GO4CA Alpha-adrenoreceptor antagonists 4% 244 13%
RO6AX Other antihistamines for systemic use 3% 2.37 12%

*Code® chemical subgroup, 4rt level, ATC code (Anatomical Therapeutic Chemical classification)
from the World Health Organization

O/E ratio*: observed/expected ratio
Pre*: Prevalence
Exclus. : Exclusivity



Additional file 3. Medication patterns across men 65-79 years attended in primary health centres in
Barcelona during 2009 (N=41,931). Selected criteria: Prevalence >20 or Observed/Expected ratio > 2.

Non-specifc
pattern

Cardiovascular system pattern

Alimentary tract and metabolism pattern

Code*
C10AA
CO09AA

Code®*

BO1AC
CI10AA
A02BC
CO07AB
CO1DA
CO09AA
NO5BA
CO08CA
C08DB
C10AX
CO1EB
CO7AG
AO02BA

Code®*

Al10BA
CI10AA
BO1AC
Al10BB
A02BC
CO08CA
CO09AA
S01ED

SO1EE

Al10AE
C10AB
Al10BX
SO01EC

Al10AC
Al10BD
Al10AD

Cluster 1 n=20,424 (49 %)

Drugs
HMG CoA reductase inhibitors
ACE inhibitors, plain

Cluster 2 n=5,905 (14%)

Drugs
Platelet aggregation inhibitors excl. Heparin
HMG CoA reductase inhibitors
Proton pump inhibitors
Beta blocking agents, selective
Organic nitrates
ACE inhibitors, plain
Benzodiazepine derivatives
Dihydropyridine derivatives
Benzothiazepine derivatives
Other lipid modifying agents
Other cardiac preparations
Alpha and beta blocking agents
H2 - receptor antagonists

Cluster 3 n=5,327 (13%)

Drugs
Biguanides
HMG CoA reductase inhibitors
Platelet aggregation inhibitors excl. Heparin
Sulfonylureas
Proton pump inhibitors
Dihydropyridine derivatives
ACE inhibitors, plain
Beta blocking agents 1
Prostaglandin analogues 1

Insulins and analogues for injection, long-acting

Fibrates

Other blood glucose lowering drugs, excl. Insulins

Carbonic anhydrase inhibitors

Insulins and analogues for injection, intermediate-acting
Combinations of oral blood glucose lowering drugs
Insulins and analogues for injection, intermediate-

or long- acting combined with fast- acting

Pre*
30%
21%

Pre*
92%
88%
65%
51%
37%
35%
23%
23%
9%
8%
5%
5%
4%

Pre*
65%
58%
55%
46%
35%
26%
24%
17%
15%
10%
10%
8%
6%
6%
5%
4%

O/E
ratio

0.70
0.89

O/E
ratio

2.79
2.02
1.80
3.62
5.21
1.49
1.61
1.61
3.01
4.18
2.36
2.00
2.29

O/E
ratio

4.34
1.33
1.67
5.52
0.96
1.83
1.04
3.65
3.46
5.30
2.66
5.46
5.66
3.07
451
3.52

Exclus.
34%
43%

Exclus.
39%
28%
25%
51%
73%
21%
23%
23%
42%
59%
33%
28%
32%

Exclus.
55%
17%
21%
70%
12%
23%
13%
46%
44%
67%
34%
69%
2%
39%
57%
45%



"Musculo-skeletal system" and "Dermatologicals" and "Nervous system" pattern

Respiratory system pattern

Code®*
A02BC
NO2BE
NO5BA
CI10AA
BO1AC
GO4CA
MO1AE
MO2AA
NO6AB
A02AD

MO1AX

MO1AB
NO3AX
AO6AC
DO1AC
AO06AD
DO7AC
NO6AX
NO2AX
NO5CD
G04BD
RO5CB

CO5CA
MO5BA
NO7CA
RO6AX
NO5CF

CO7AA
BO3AA
BO3BA

Code®*

R03BB
RO3AC
RO3AK

A02BC
C10AA
RO3BA
BO1AC
C09AA
NO2BE
RO5CB

Cluster 4 n=5,194 (12%)

Drugs
Proton pump inhibitors
Anilides
Benzodiazepine derivatives
HMG CoA reductase inhibitors
Platelet aggregation inhibitors excl. Heparin
Alpha-adrenoreceptor antagonists
Propionic acid derivatives
Antiinflammatory preparations, non-steroids for topical use
Selective serotonin reuptake inhibitors
Combinations and complexes of aluminium, calcium and

magnesium compounds
Other antiinflammatory and antirheumatic agents, non-
steroids

Acetic acid derivatives and related substances
Other antiepileptics

Bulk-forming laxatives

Imidazole and triazole derivatives
Osmotically acting laxatives
Corticosteroidas, potent (group I11)

Other antidepressants

Other opioids

Benzodiazepine derivatives

Drugs for urinary frequency and incontinence
Mucolytics

Bioflavonoids

Bisphosphonates

Antivertigo preparations

Other antihistamines for systemic use
Benzodiazepine related drugs

Beta blocking agents, non-selective

Iron bivalent, oral preparations

Vitamin B12 (cyanocabalamin and analogues)

Cluster 5 n=3,083 (7 %)

Drugs
Anticholinergics
Selective beta-2-adrenoreceptor agonists
Adrenergics in combination with corticosteroids or
other drugs, excl. Anticholinergics
Proton pump inhibitors
HMG CoA reductase inhibitors
Glucocorticoids
Platelet aggregation inhibitors excl. Heparin
ACE inhibitors, plain
Anilides
Mucolytics

Pre*
64%
41%
34%
31%
27%
24%
19%
17%
17%
12%

11%

11%
10%
9%
8%
8%
8%
8%
7%
7%
6%
6%
5%
5%
4%
3%
3%
3%
3%
2%

Pre*
7%
66%
56%

44%
36%
32%
32%
22%
21%
14%

O/E
ratio

1.76
3.09
2.36
0.70
0.81
1.40
5.70
5.26
2.92
3.73

3.51

5.60
4.64
2.97
4.64
3.42
4.85
3.85
6.53
3.05
2.48
2.23
2.80
2.96
3.58
2.82
2.95
2.52
2.36
2.06

O/E
ratio

9.78
10.25
8.27

1.21
0.83
111
0.95
0.94
1.53
5.50

Exclus.
22%
38%
29%

9%
10%
17%
71%
65%
36%
46%

43%

69%
57%
37%
58%
42%
60%
48%
81%
38%
31%
28%
35%
37%
44%
35%
37%
31%
29%
26%

Exclus.
2%
75%
61%

9%
6%
82%
7%
7%
11%
40%



Cc08DB
HO02AB
RO6AX

Code*
BO1AA
CO3CA
CI10AA
A02BC
CO1AA
C09AA
BO1AC
CO07AB
C09CA
MO4AA
CO7AG
CO3DA
C01BD
Al12BA
co8sDB
AO06AD
BO3AA
A10AC
HO2AB
A10AD

"Cardiovascular system" and "Alimentary tract and
metabolism" pattern

Benzothiazepine derivatives
Glucocorticoids
Other antihistamines for systemic use

Cluster 6 n=1,998 (5%)

Drugs
Vitamin K antagonists
Sulfonamides, plain
HMG CoA reductase inhibitors
Proton pump inhibitors
Digitalis glycosides
ACE inhibitors, plain
Platelet aggregation inhibitors excl. Heparin
Beta blocking agents, selective
Angiotensin Il antagonists, plain
Preparations inhibiting uric acid production
Alpha and beta blocking agents
Aldosterone antagonists
Antiarrhythmics, class 111
Potassium
Benzothiazepine derivatives
Osmotically acting laxatives
Iron bivalent, oral preparations

Insulins and analogues for injection, intermediate-acting

Glucocorticoids

Insulins and analogues for injection, intermediate-

or long- acting combined with fast- acting

7%
4%
3%

Pre*
71%
57%
54%
52%
38%
36%
24%
24%
22%
22%
22%
21%
17%
14%
8%
6%
6%
4%
3%
3%

2.15
2.72
2.47

O/E
ratio

9.80
8.83
1.24
1.43
19.01
1.54
0.73
1.67
1.82
2.00
9.16
15.84
13.62
12.85
2.46
2.31
4.51
2.33
2.00
2.40

*Code® chemical subgroup, 4rt level, ATC code (Anatomical Therapeutic Chemical classification)
from the World Health Organization

O/E ratio*: observed/expected ratio

Pre*: Prevalence

Exclus. : Exclusivity

16%
20%
18%

Exclus.
47%
42%

6%
7%
91%
7%
3%
8%
9%
10%
44%
75%
65%
61%
12%
11%
22%
11%
10%
11%



Additional file 4. Medication patterns across men 80-94 years attended in primary health centres in
Barcelona during 2009 (N= 12,726). Selected criteria: Prevalence >20 or Observed/Expected ratio > 2.

Cluster 1 n=4,999 (39%)

O/E
Code* Drugs Pre* ratio Exclus.
%’ : BO1AC Platelet aggregation inhibitors excl. Heparin 22%  0.50 20%
2 § C09AA ACE inhibitors, plain 22% 0.86 34%
g E  AO02BC Proton pump inhibitors 21%  0.46 18%
r 4 C10AA HMG CoA reductase inhibitors 20%  0.55 22%
Cluster 2 n=2,619 (21%)
O/E
Code* Drugs Pre* ratio Exclus.
5 BO1AC Platelet aggregation inhibitors excl. Heparin 91% 2.04 42%
k- C10AA HMG CoA reductase inhibitors 7% 2.10 43%
:é g A02BC Proton pump inhibitors 65% 1.40 29%
< £ CO1DA Organic nitrates 36%  2.85 59%
-g f‘ C09AA ACE inhibitors, plain 34% 1.33 27%
= é CO07AB Beta blocking agents, selective 3%  2.79 57%
£ :‘é CO8CA Dihydropyridine derivatives 30% 1.68 35%
gg A10BA Biguanides 28%  2.46 51%
= 5 A10BB Sulfonylureas 21% 243 50%
§ £ NO5BA Benzodiazepine derivatives 20% 1.09 22%
§ }3 GO4CA Alpha-adrenoreceptor antagonists 20%  0.96 20%
-_g & AI10AE Insulins and analogues for injection, long-acting 5% 2.46 51%
5 A10AC Insulins and analogues for injection, intermediate-acting 5% 2.36 48%
= A10BX Other blood glucose lowering drugs, excl. Insulins 4% 2.30 47%
Cluster 3 n=2,150 (17 %)
O/E
Code* Drugs Pre* ratio Exclus.
o A02BC Proton pump inhibitors 71% 1.53 26%
§ BO1AC Platelet aggregation inhibitors excl. Heparin 49% 1.09 18%
‘g NO2BE Anilides 43%  2.05 35%
= NOSBA Benzodiazepine derivatives 35% 1.95 33%
E) C10AA HMG CoA reductase inhibitors 27%  0.73 12%
% GO4CA Alpha-adrenoreceptor antagonists 26% 1.29 22%
§ NOBAB Selective serotonin reuptake inhibitors 24%  2.88 49%
E MO2AA Antiinflammatory preparations, non-steroids for topical use  16%  2.98 50%
e AOBAD Osmotically acting laxatives 16%  2.62 44%
2 MOLAE Propionic acid derivatives 1% 432 73%
é NO6DA Anticholinesterases 10%  3.82 65%
= A02AD Combinations and complexes of aluminium, calcium 10% 242 41%
Fc% and magnesium compounds
:E NO6DX Other anti-dementia drugs 9% 3.66 62%
2 NO4BA Dopa and dopa derivatives 9% 3.80 64%
%z NOBAX Other antidepressants 9% 3.77 64%
§ G04BD Drugs for urinary frequency and incontinence 9% 242 41%
£ NO7CA Antivertigo preparations 8%  2.83 48%
Z NO3AX Other antiepileptics 8% 3.06 52%

CO5CA Bioflavonoids 8% 2.86 48%



Respiratory system pattern

Cardiovascular system pattern

NO6BX
NO5CD

MO1AX
MO1AB
BO3BA
DO7AC
NO2AX
MO5BA
DO1AC
AO3FA
HO02AB
NO5CF

Code*
R0O3BB
RO3AC
A02BC
RO3AK

BO1AC
RO3BA
C10AA
NO2BE
CO9AA
CO03CA
GO4CA
R0O5CB
HO02AB

Code*

BO1AA
CO03CA
A02BC
CO1AA
CI10AA
CO09AA
BO1AC
CO1DA
MO4AA
NO2BE
NO5BA
CO7AG
Al12BA
CO3DA
C01BD
HO3AA
AllCC

Other psychostimulants and nootropics
Benzodiazepine derivatives

Other antiinflammatory and antirheumatic agents, non-

steroids

Acetic acid derivatives and related substances
Vitamin B12 (cyanocabalamin and analogues)

Corticosteroidas, potent (group 1)
Other opioids

Bisphosphonates

Imidazole and triazole derivatives
Propulsives

Glucocorticoids

Benzodiazepine related drugs

Cluster 4 n=1,329 (10%)

Drugs
Anticholinergics
Selective beta-2-adrenoreceptor agonists
Proton pump inhibitors

Adrenergics in combination with corticosteroids

or other drugs, excl. Anticholinergics
Platelet aggregation inhibitors excl. Heparin
Glucocorticoids

HMG CoA reductase inhibitors

Anilides

ACE inhibitors, plain

Sulfonamides, plain

Alpha-adrenoreceptor antagonists
Mucolytics

Glucocorticoids

Cluster 5 n=1,165 (9%)

Drugs
Vitamin K antagonists
Sulfonamides, plain
Proton pump inhibitors
Digitalis glycosides
HMG CoA reductase inhibitors
ACE inhibitors, plain
Platelet aggregation inhibitors excl. Heparin
Organic nitrates
Preparations inhibiting uric acid production
Anilides
Benzodiazepine derivatives
Alpha and beta blocking agents
Potassium
Aldosterone antagonists
Antiarrhythmics, class 111
Thyroid hormones
Vitamin D and analogues

8%
7%

7%
6%
6%
5%
5%
5%
4%
4%
4%
3%

Pre*
81%
65%
54%
52%

46%
33%
32%
271%
25%
23%
23%
18%
5%

Pre*
73%
65%
57%
45%
41%
37%
23%
23%
23%
22%
21%
18%
16%
16%
13%
5%
4%

3.61
2.40

2.79
3.59
2.25
3.00
3.42
2.14
2.36
3.61
2.02
2.02

O/E
ratio

6.72
7.42
1.17
5.97

1.04
7.72
0.87
1.29
0.98
1.53
1.12
4.67
2.59

O/E
ratio

5.84
4.28
1.24
8.17
1.11
1.45
0.53
1.78
1.95
1.08
1.16
5.95
5.88
7.43
5.98
2.34
3.40

61%
41%

47%
61%
38%
51%
58%
36%
40%
61%
34%
34%

Exclus.
70%
T7%
12%
62%

11%
81%
9%
13%
10%
16%
12%
49%
27%

Exclus.
53%
39%
11%
75%
10%
13%

5%
16%
18%
10%
11%
54%
54%
68%
55%
21%
31%



Code*
SO1EE
SO01ED
BO1AC
SO1EC
A02BC
C10AA
SO1EA
NO2BE
C09AA
CO08CA
Al10AC

Sensory pattern

*Code® chemical subgroup, 4rt level, ATC code (Anatomical Therapeutic Chemical classification)

Cluster 6 n=464 (4 %)

Drugs
Prostaglandin analogues 1
Beta blocking agents 1
Platelet aggregation inhibitors excl. Heparin
Carbonic anhydrase inhibitors
Proton pump inhibitors
HMG CoA reductase inhibitors
Sympathomimetics in glaucoma therapy 1)
Anilides
ACE inhibitors, plain
Dihydropyridine derivatives
Insulins and analogues for injection, intermediate-acting

from the World Health Organization

O/E ratio*: observed/expected ratio

Pre*: Prevalence

Exclus. : Exclusivity

Pre*
64%
51%
48%
48%
45%
37%
28%
25%
23%
21%
4%

O/E
ratio

10.11
8.97
1.09

26.95
0.98
1.01

27.21
1.19
0.90
1.18
2.06

Exclus.
37%
33%

4%
98%
4%
4%
99%
4%
3%
4%
8%



9.- DISCUSSIO






Discussio

Els resultats de la tesi doctoral s’han exposat en els articles adjuntats en el punt anterior. A continuacio
es fa un resum dels resultats que donaran pas a les respostes de les tres hipotesis platejades i a la discussio

de les mateixes.

9.1.- Resum dels resultats principals

Article 1:

- El192,2% de la mostra va complir criteris de multimorbiditat, essent el 59,8% dones. Més de la
meitat de la mostra tenien diagnosticats 5 o més malalties croniques, i quasi un 30% de la mostra
total tenien 10 o més malalties croniques catalogades.

- Les malalties croniques amb prevalenca més elevada van ser la hipertensio i la dislipemia. Li
van seguir malalties associades a 1’edat per ambdos sexes.

- Laprevalenca de les malalties es va mantenir estable en el transcurs dels sis anys analitzats.

- Amb la técnica de clustering amb k-means es van identificar sis patrons per cada estrat d’edat i
sexe. El patro que més volum de gent presentava per a tots els estrats es va anomenar “No
especific” donat que no tenia cap malaltia sobrerrepresentada. Els altres cinc patrons englobaven
els sistemes anatomics corresponent a: 1’aparell muscul-esquelétic, endocri-metabdlic,
digestiu/digestiu-respiratori, neuro-psiquiatric i cardiovascular.

- L’analisi de clusters en el periode de 6 anys no va mostrar diferéncies significatives a nivell de
les malalties que conformaven el patrd ni en el pes que la malaltia tenia dins el patro (prevalenga,
ratio observat/esperat).

- Unaelevada proporcio, entre un 42,5% i 64,7%, de persones es van mantenir en el mateix patro

de multimorbiditat en el transcurs dels sis anys.

Article 2:

- Les dones van presentar una TME significativament inferior que en els homes.

- El patr6 Muscul-esquelétic va ser el de menor TME, mentre que el patr6 amb major TME va
ser el Cardiovascular per a les dones i el Digestiu-respiratori pels homes.

- El patré “No especific” va ser el que va presenta menor mitjana de malalties croniques i de
farmacs.

- L’augment de mortalitat es va associar a un augment del nombre de farmacs, perd no a un
augment del nombre de malalties.

- El nivell socioeconomic va influir en la mortalitat de les persones multimorbides, tenint una
major TME les persones que vivien en arees més desfavorides.
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Article 3:

- Aproximadament la meitat de la mostra consumia 5 o més farmacs.

- Els grups de farmacs més prescrits van ser els relacionats amb les malalties metaboliques,
cardiovasculars i neurologiques.

- Els patrons de farmacs definits es van assimilar als patrons de multimorbiditat de la mostra.

- Esvan identificar sis patrons de farmacs que van implicar un patr6 “No especific” on no hi havia
farmacs sobrerrepresentats de cap grup terapeutic. Els altres cinc patrons van estar formats per
la combinacié de vuit grups terapéutics diferents relacionats amb els segiients sistemes:
alimentari i metabolic, sanguini/hematopocétic, cardiovascular cutani/dermatologic, muscul-

esquelétic, sistema nervios, respiratori i d’organs dels sentits.

9.2.- Comparaci6é amb altres articles

9.2.1.- Discussio per objectius

En els articles exposats trobarem la discussio detallada de cada bloc (multimorbiditat, mortalitat-
supervivéncia i farmacs), conjuntament amb les seves limitacions i fortaleses. En aquest apartat ens
focalitzarem en els objectius especifics exposats en I’apartat 6. que donaran resposta a 1’objectiu

general.

Objectiu 1. Determinar la prevalenca de la multimorbiditat i de les malalties croniques en els adults
majors de 65 anys de Barcelona i definir els patrons de multimorbiditat observant la seva evolucié en
un periode de sis anys (2009-2014).

Davant la hipotesi d’aquest objectiu i després d’haver fet 1’estudi que correspon a I’article 1, es rebutja
la hipotesi de que “La prevalenga de la multimorbiditat i els patrons de multimorbiditat varien al llarg

del temps i varien segons 1’edat i el sexe”.

La hipotesi de partida no es compleix donat que el que s’ha observat en els resultats és I’estabilitat de
les malalties croniques en el periode estudiat de sis anys. Aquesta estabilitat condiciona la posterior
estabilitat objectivada en els patrons de multimorbiditat. Les diferéncies per grup de sexe observades
entre els patrons recau en malalties associades amb el sexe, i en un patr6d digestiu/digestiu-respiratori
probablement recau en els habits d’estil de vida. A continuacid s’exposa de manera més detallada la

discussio dels resultats de ’article 1.
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La prevalenga de la multimorbiditat en persones majors de 65 anys va ser alta en la poblacio de
Barcelona ciutat. L’elevada prevalenca de multimorbiditat obtinguda en aquesta tesi, probablement, va
estar directament relacionada amb la definicié de multimorbiditat (coexisténcia de 2 o més malalties
croniques) i la seleccio de les 146 malalties croniques d’O’Halloran (44). Aquells articles on s’ha
utilitzat com a definicié de multimorbiditat la coexisténcia de 3 o més malalties croniques i/o han tingut
en compte un menor nimero de malalties, han obtingut valors menors de prevalenga. Es el cas de
I’article de Ryan et al. que estableix la prevalenca de multimorbiditat entre la poblacié d’Ontario
(Canada) tenint en compte 17 malalties croniques i definint la multimorbiditat com la coexisténcia de 3
o més malalties. La prevalenca global de multimorbiditat en aquest estudi és de 15,2%, situant-se en el
73,5% per la mostra de més de 80 anys (195). Violan et al. defineixen la multimorbiditat com la
coexisténcia de 2 o més malalties croniques a la poblacid de Catalunya fent us dels criteris d’O’Halloran
i obtenen una prevalenga global de multimorbditat de 41,7%, essent entorn al 93% pels majors de 80
anys (196). Es esperable que la prevalenca de la multimorbiditat sigui menor si es consideren menys
malalties croniques i la definicié implica la coexisténcia de més malalties. El que es dedueix dels
resultats d’aquesta tesi, en concordanga amb la literatura publicada, és que la multimorbiditat afecta a
una part important de la poblacio, pero els resultats depenen de la definicié de multimorbiditat, les fons

d’informacio, I’edat de la poblacio de 1’estudi i les malalties incloses per a definir-ho (33,85).

El métode de k-means va permetre definir els patrons de multimorbiditat definint com variable d’analisi
la persona. L’Gs de diferents parametres per a determinar els patrons (prevalenca, ratio O/E) va reflectir
el pes de cada malaltia en cada patro, i en conseqiiéncia la complexitat interindividual de la mostra.
Considerem que determinar la prevalenga de cada malaltia i la ratio O/E en el patr6 ens ha ajudat a
informar quines malalties tenen més pes en el clister. Els estudis publicats fins el moment de la
realitzacié de I’article 1, havien definint els patrons de multimorbiditat amb la metodologia d’analisi
factorial, clisters jerarquics, clusters aglomerats i analisi de correspondéncia multiple. Aquests métodes
estableixen les agrupacions de malalties croniques basant-se en les similituds o dissimilituds (distancia
propera o llunyana) entre variables (malalties), definint aixi el grau de relaci6 entre les malalties pero
no entre persones (48,176,197-199). Com ha estat esmentat en la introduccid, I’analisi factorial és la
técnica més emprada fins el moment per a definir patrons de multimorbiditat, pero la variable principal
d’estudi era les malalties i no la persona (33). En el cas de la tesi, utilitzant com variable principal
d’analisi les persones, es dona informacié rellevant per centrar la base de I’atencio en la persona i no la

malaltia.

L’analisi longitudinal dut a terme en aquest primer article de la tesi, va trobar una estabilitat dels patrons
en un periode de sis anys. Aquest periode analitzat es podria considerar curt en el primer estrat d’edat
(65-79 anys) tenint en compte que I’esperanca de vida en el nostre pais ronda els 85 anys (10). Per aixo,
sera necessari realitzar estudis en periodes més llargs per corroborar els resultats. El que si es pot

confirmar és que durant un periode minim de sis anys els patrons de multimorbiditat son estables. Tot i
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aixi, en aquest article s’ha comprovat que només hi ha un percentatge de persones, entorn al 50%, que
es va mantenir en el mateix patré durant el periode d’estudi. Aquest fet, fa plantejar que ’altre part de
la mostra estudiada podria canviar de patré amb el transcurs del temps donat per 1’evolucié de les
malalties de base presentades o 1’aparicié de noves malalties. Els determinants que estarien associats a
aquesta evolucio al llarg del curs de la vida estarien en relacio amb factors sociodemografics,
mediambientals, d’estil de vida, biologics i genétics (56). No s’ha identificat manuscrits que relacionin
la variable temps i patré de multimorbiditat pel que no es poden realitzar comparacions amb altres

estudis.

Les diferéncies observades segons el sexe van estar en relacio amb malalties de prevalenga elevades
segons el sexe. Per exemple, I’osteoporosi €s una malaltia predominant en les dones i les malalties sexe-
depenent com la hiperplasia benigna de prostata dels homes. Cal tenir en compte que els habits d’estil

de vida

poden influir en la conformaci6 dels patrons obtinguts. En el cas de I’habit tabaquic i el consum
d’alcohol, més prevalent entre els homes que les dones en el segle XX (200), s’ha identificat el patrd
Digestiu-respiratori (homes de 65-79 anys) en el que la malaltia pulmonar obstructiva cronica (R95
Chronic obstructive pulmonary disease), les malalties hepatiques (D97 liver disease NOS) o el consum
d’alcohol (P15 Chronic alcohol abuse) estan més sobrerrepresentades. En canvi el patro Digestiu de
dones va tenir com a malalties prevalents i sobrerepresentades la colecistitis/colelitiasis (D98
Cholecystitis/cholelithiasis) 1 altres malalties del sistema digestiu (D99 Disease digestive system, other
). Finalment, no s’han trobat diferéncies amb implicacié clinica rellevants entre els grups d’edat

analitzats, 65-79 anys i 80-94 anys.

Objectiu 2.- Determinar la taxa de mortalitat segons el patré de multimorbiditat i el sexe. Analitzar
la relacio del sexe, ’edat, I’estat socioeconomic, el nombre de malalties, el nombre de farmacs

prescrits i el patr6 de multimorbiditat amb la supervivéncia.

Davant la hipotesi d’aquest objectiu i després d’haver fet I’estudi que correspon a I’article 2, s’accepta
la hipotesi de que “La taxa de mortalitat i de supervivéncia varien en funcid del patré de multimorbiditat,
lI'edat, el sexe, la posicido socioeconomica, el nombre de medicaments i el nombre de malalties

croniques.”.

En els resultats es va observar que les dones van presentar una menor taxa de mortalitat respecte els
homes. A més, van presentar un major nombre de malalties croniques: pel grup 65-79 anys les dones
van tenir una mitjana de 7,4 (desviacié estandard (DE) 3,6), en canvi els homes van presentar una
mitjana de 6,9 (DE 3.,4) i pel grup 80-94 anys les dones van presentar una mitjana de 7,7 (DE 3,6)

malalties croniques i els homes 7,6 (DE 3,5). A partir dels 80 anys la diferéncia en el nombre de malalties
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croniques va ser estreta, tot i que major en dones que en homes. Trobem doncs la paradoxa entre sexes
on les dones van presentar una menor taxa de mortalitat perd major morbiditat que els homes. Es a dir,
les dones van viure més anys que els homes pero van presentar pitjor estat de salut, fet concordant amb
les dades publicades a la literatura (201,202). Les diferéncies biologiques entre géneres com la genética,
la resposta immunitaria, els estils de vida i el rol social , tenen un paper important peroé no unic en el

desenvolupament de les malalties i per tant en els patrons de multimorbiditat (203-205).

El patr6 Muscul-esquelétic €s el que va presentar menor taxa de mortalitat, independentment dels estrats
avaluats. Les malalties muscul-esquelétiques estan relacionades amb discapacitats i alteracions
funcionals (206). En els darrers anys s’ha postulat I’associacio de malalties de 1’aparell locomotor, com
I"artritis reumatoide i 1’osteoartritis, amb 1’augment de totes les causes de mortalitat (207,208). Tot i
aixi, en les nostres dades la malaltia reumatoide no va estar representada en els patrons Muscul-
esquelétic. Aquest fet pot ser donat perqué la malaltia tingui una baixa prevalenca global o estigui
infrarregistrada en la base de dades utilitzada per la tesi. El patr6 Muscul-esquelétic definit d’aquest
treball va ser el que presentava menor mortalitat per ser menys letals les malalties que el conformaven.
Podria ser que en cas d’un augment de la representacid de la malaltia reumatoide es modifiqués la taxa

de mortalitat per a tots els grups.

En canvi, les majors taxes de mortalitat van estar en el patro Digestiu-respiratori entre els homes, i el
patré Cardiovascular entre les dones. Si observem les dades de I’Institut Nacional d’Estadistica
d’Espanya del 2016, les causes principals de mort van ser de major a menor: les malalties circulatories,
els tumors i les malalties respiratories. Per sexe, trobem que els tumors van ser la primera causa de mort
entre els homes i la segona en les dones; mentre que les malalties circulatories van ser la primera causa
entre les dones (malalties cerebrovasculars) i la segona pels homes (malalties isquémiques del cor)
(209). Aixi doncs, sembla que el resultat de mortalitat depen de la severitat de les malalties incloses en

cada patro (77).

Un augment de malalties croniques no es va associar a un augment de la taxa de mortalitat. Tot i aixi,
un meta-analisi publicat al 2016 afirma que el nombre de malalties esta relacionat amb el risc de mort
(hazard ratio: 1,20 (IC95% de 1,10 a 1,30)). I aquest risc de mort augmenta amb l'augment del nombre
de malalties si ho comparem amb la poblacié no multimorbida, el risc de mort és de 1,73 (IC95% de
1,41 al 2,13) per les persones que tenen 2 o0 més malalties i 2,72 (IC95% de 1,81 al 4,08) per les persones
que tenen 3 o més malalties (77). En altres estudis no s"ha trobat aquest efecte de la mortalitat en funcio
del nombre de malalties (210-212). Es de senyalar que llistes de malalties amb les que treballen els
estudis esmentats son més curtes, aixo pot influir en la prevalenca i severitat de la multimorbilidad de
les persones incloses en aquests estudis i per tant en la supervivencia obtinguda (77,210-212). Tot i aixi,
les dades analitzades en aquesta tesi també van mostrar que un augment en el nombre de malalties
croniques no va contribuir necessariament a un major risc de mort. Aquest fet pot ser justificat per la

diferent morbimortalitat que pot presentar cada malaltia. Analitzar 1'efecte de la multimorbiditat sobre
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la supervivencia amb totes les malalties que presenta el pacient va poder produir un biaix, donat que no
totes les malalties van contribuir de la mateixa manera en la mortalitat, perd aquesta és una informacio

que no es disposava i per la que no es va poder ajustar la causa de la mort.

Finalment, la mortalitat va ser major amb 1’augment del nombre de farmacs i amb la posicid
socioeconomica més desfavorable. Els resultats van mostrar que a partir de 5 medicaments prescrits va
haver un augment de la TME. Aquesta afirmacio esta corroborada en altres estudis on hi ha una relacio
entre la polimedicacio (consum de 5 o més farmacs) i I’augment de mortalitat (213,214). En consisténcia
amb estudis revisats, les persones de les arees economicament més desfavorides presenten una major
TME, estant associades a una major prevalenca de certes malalties com la depressio, 1’ansietat, el dolor,
la cardiopatia i la diabetis (55). Les mesures individuals del nivell socioeconomic com 1’educacio també
s’han relacionat amb la mortalitat. Aquestes estant associades a una major mortalitat prematura comparat
amb la poblacié d'elevat nivell educatiu, principalment influit per la multimorbiditat i per I'estil de vida
(215). El fet de que els estils de vida no saludables siguin més freqiients en aquestes poblacions facilitaria

l'aparicio de certes malalties, com ¢s el cas de malalties cardiovasculars i neoplasiques (216,217).

Objectiu 3. Determinar els farmacs prescrits més freqiients segons ’edat i el sexe. Definir els patrons

de farmacs i comparar-los amb els patrons de multimorbiditat per a I’any 2009.

Davant la hipotesi d’aquest objectiu i després d’haver fet I’estudi que correspon a ’article 3, s’accepta
la hipotesi de que “Els medicaments més prescrits estan en relacié a les malalties croniques més
freqlients i per tant, es pot definir patrons de medicaments que donen resposta als patrons de

multimorbiditat préviament definits”.

Els farmacs prescrits més freqiients van ser els IBP i farmacs de I’esfera cardiovascular (hipotensors o
ditirétics) i neurologica (ansiolitics o analgesics). Els farmacs esmentats van estar prescrits en
consonancia amb les malalties més freqiients diagnosticades en la mateixa poblacio (article 1). Aquestes
malalties eren de 1’esfera metabolica (diabetis, dislipémia), cardiologica (hipertensid, cardiopatia,
fibril-lacié auricular) i neuroldgica (depressio). Altres malalties relacionades amb el sexe, com
’osteoporosi en dones i la hiperplasia benigna de prostata en homes també tenen el seu tractament entre

els farmacs més prescrits (bifosfonats i alfa-adrenérgics).

Els farmacs més freqiientment prescrits coincideixen amb els obtinguts en altres estudis com es mostra
a continuacio. A Italia esta registrat que els farmacs més relacionats amb la polimedicacié van ser els
antitrombotics, els IBP i els hipotensors (218). A nivell de residéncies de gent gran també estan
documentats farmacs dels mateixos grups: hipotensors, hipolipemiants, IBP, els antitrombotics i altres
relacionats amb el sexe com els bifosfonats per a tractar I’osteoporosi (219). En general, els farmacs

cardiovasculars son els de major prevalenga (220,221) donat que responent a la necessitat de seguir les
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GPC per a tractar de manera primaria i secundaria els factors de risc cardiovasculars i les seves
conseqiiencies (222,223). I els IBP son dels farmacs més prescrits donat que responent, en gran part, a
una prescripci6 abusiva en resposta a evitar efectes adversos gastrointestinals (224). El SNS d’Espanya
va constar al 2009 que els hipolipemiants en primer lloc, i en segon lloc els IBP van ser els farmacs més

facturats a les farmacies (225). Aquesta informacié dona validesa als resultats obtinguts.

Respecte a la diferéncia entre els farmacs prescrits pels dos grups d’edat analitzats, no va ser clinicament
rellevant. La manca de diferéncia en els farmacs més prescrits és esperable donat que les malalties
croniques més freqiients en la mateixa poblacio no tenien diferéncies substancials d’un grup d’edat a un
altre (article 1). Es pot afirmar que les malalties croniques i els seus medicaments no presenten gaires

canvis al llarg dels sis anys d’estudi, un cop establerta la malaltia.

Per altra banda, la definicio dels patrons de farmacs prescrits amb técniques de clustering ha estat molt
poc explorada i documentada a nivell de publicacions cientifiques. En aquesta tesi, aplicant la técnica
de k-means, es va definir sis patrons de farmacs que van respondre al tractament dels patrons de
multimorbiditat de la mateixa mostra (226). Només s’ha trobat un article publicat on es defineix el patrd
de farmacs (defineixen polifarmacia com el consum de 3 o més farmacs) fent us de técniques
d’aprenentatge no supervisat, ’EFA. Aquest treball, publicat al 2013, defineix set patrons de
polimedicacio de la mostra analitzada tenint en compte un rang d’edat més ampli, des dels 15 anys (227).
Tot 1 que els nostres resultats no séon comparables per les diferéncies en les definicions i metodologia
aplicada, si es pot comprovar que les esferes que integren els patrons de farmacs son similars en els
aparells implicats en tres suposits: a nivell cardiovascular, neurologic i respiratori. Es esperable que les
persones que tinguin millor definit el seu patr6 de malalties croniques tindra més definit el patr6 de

prescripcié farmacologica.

9.2.2.- Discussié d’aspectes generals

Un cop descrits els punts claus de les troballes per a cada objectiu especific, s’ha considerat realitzar un

apartat per a fer la discussié d’aspectes generals relacionats amb la metodologia.
A).- Grups d’edat escollits:

La tesi doctoral focalitza el seu analisi en el grup de poblacié considerada com a gent gran, perd no hi
ha un clar consens cientific que estableixi el llindar d’edat a on comenga una persona a ser considerada
gran. En la cerca d’informacié en altres manuscrits sobre patrons de multimorbiditat, s’observen
diferents rangs d’edat per a gent gran. El més comu és considerar la poblacié major de 65 anys (228—

230). Altres mostres han estudiat a les persones majors de 60 anys (231), o inclus majors de 77 anys
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(198). Per a estudis on s’ha avaluat el consum de farmacs es consideren rangs d’edat que han estat
estratificats cada 5 anys (65-69 anys, 70-74 anys, etc.) (232), cada 10 anys (60-69anys, 70-79 anys)
(220) o es consideren dos unics talls de 65-74 anys, 75-84 anys (218).

Aixi doncs, en aquesta tesi es van realitzar analisis preliminars de les dades per a definir el rang d’edat.
Es va calcular la prevalenca de malalties croniques estratificant la poblacié major de 65 anys en rangs
de cinc anys 1 no es van observar diferéncies cliniques significatives. Finalment, donat que les
implicacions cliniques entre els sexagenaris i octogenaris €s considerable, es van definir dos rang d’edat:
65-79 anys i els majors de 80 anys. L’ ultim grup es va haver d’acotar als 94 anys perqueé el seguiment
a sis anys vista de I’estudi longitudinal faria que aquest grup de poblacié fos molt minoritaria i es podria
vulnerar la confidencialitat de la informacioé i no complir les normes de seguretat que I’IDIAP JGol té

fixades per analitzar dades de les histories cliniques electroniques.
B).- Llista de malalties:

La variabilitat de I’esfera biopsicosocial i la transitorietat de les malalties agudes dificulten la definicio
de patrons multimorbids. Per aquest motiu, les definicions holistiques de multimorbiditat sén complexes
de reflectir en els estudis. En el repas realitzat pels multiples patrons definits, sembla que la postura més
emprada en els manuscrits és definir la multimorbiditat amb les malalties croniques. Per exemple,
Prados-Torres et al. a Espanya van seleccionar 114 malalties croniques seguint els criteris de Salisbury
(considera malalties que tinguin una durada minima de sis mesos o més, malalties amb risc de
recurréncia o malalties resoltes que requereixen d’un maneig continuat) (229,233) i Kirchberger ef al. a
Alemanya van seleccionar les malalties croniques seguint I’index de Charlson i complementant-la amb
malalties neurologiques (ansietat, depressio, Parkinson, etc.) i oftalmologiques (com cataractes o

glaucoma) (117).

De les llistes de malalties croniques vigents trobem la selecciéo d’O’Halloran que esta formada per una
amplia llista de malalties que compleixen criteris de cronicitat (44). Aquesta llista té I’avantatja que esta
basada en el sistema de classificaciéo de malalties més adequat a I’atencié primaria, la CIAP-2. Una
segona llista publicada posteriorment, al 2016, liderada per Calderén-Larrafiaga, va definir 60 categories
de malalties d’una llista de 918 malalties de CIM-10 considerades croniques segons criteris de
durabilitat, deteriorament residual, i periode d’assisténcia, tractament o rehabilitacié de les malalties
(234). Aquest exercici realitzat és de gran rellevancia donat que fan Gs del coneixement d’un equip
multidisciplinar i inclouen com a criteris de seleccido de les malalties croniques parametres com la

discapacitat, la qualitat de vida, periodes de tractament o necessitats de rehabilitacio.

A T’inici d’aquest treball, la llista que estava validada era la d’O’Halloran (44), pel que les malalties
seleccionades van ser les de la seva llista. Els resultats d’aquesta tesi només tenen en compte les

malalties croniques, donat que altres variables com la fragilitat, factors mediambientals i altres de
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caracter social (nivell educatiu) no estan registrades en la historia clinica electronica i no van poder ser
utilitzades. A més, la historia clinica informatitzada de I’estat espanyol, ja sigui en 1’ambit hospitalari
com a I’atenci6 primaria, classifica les malalties dels pacients fent s de la CIM-10. Existeixen sistemes
que permeten realitzar processos de transformacio de la codificacié CIE-10 a CIAP-2 per tal de poder
classificar les malalties croniques (192). Llavors, un mapping de la llista CIM-10 a CIAP-2 va haver de
ser realitzat com a pas pont per a analitzar les dades. En futures linies d’investigacio cal consensuar la
llista de malalties croniques a fer servir. També caldra considerar parametres com la discapacitat, els
periodes de tractament o la necessitat de rehabilitacid per avaluar la multimorbiditat. Per aquest motiu,
es considera que la llista de Calderon-Larrafiaga et al. (234) podria reunir varies de les necessitats

esmentades en aquest apartat i es considerara en futurs projectes d’investigacio.
C).- Técniques diferents en la definicié de patrons:

Fins el moment de realitzar aquesta tesi doctoral les técniques estadistiques per a definir els patrons de
multomorbiditat, en la gran majoria, havien estat I’analisi factorial i el cluster jerarquic (34). Com s’ha
esmentat en I’aparat 1.4, I’analisi factorial observa i estableix les relacions entre variables, en aquest cas
malalties, 1 una mateixa variable pot estar present en diferents patrons (170,175). Pero el que trobem a
les consultes o departaments d’urgéncies son persones que presenten multiples malalties i prenen
multiples farmacs, cada una establerta en un punt diferent de la vida del pacient o de la trajectoria de la
malaltia. Per aquest motiu es va considerar important definir els patrons en base a la persona i tenint
present el comput de malalties que se li han diagnosticat. L’analisi no jerarquic amb k-means ens permet
fer aquest tipus d’analisi agafant com a punt de partida de 1’analisi la persona. Donat que cada persona
pot expressar una o varies malalties amb proporcions diferents, es va decidir caracteritzar amb un pes
determinat cada malaltia. Gracies a la ratio O/E es pot identificar quines malalties dintre del patrd estan
sobrerrepresentades, i per tant es poden considerar com més rellevants. En el cas del patr6é de farmacs,
donat que hi ha més variabilitat en el tipus de tractament que un pacient pot prendre per a controlar de
manera Optima una malaltia, es va considerar també I’exclusivitat del farmac per a definir quins grups
de farmacs calia tenir en compte. Amb aquest parametre donem visibilitat a farmacs de baixa freqiiéncia

de prescripcid pero caracteristics del patro.

La trajectoria dels patrons en el transcurs del temps €s de vital importancia per a entendre 1’evolucio
dels patrons i poder generar noves estratégies d’abordatge per la prevencio, diagnostic i tractament dels
pacients multimorbids. Per aquest motiu es va avaluar els patrons en talls transversals durant el decurs
de sis anys. Les diferéncies en els talls transversals son de baixa rellevancia clinica, pel que el patro es
va mostrar estable en el transcurs dels sis anys d’estudi. Tot i aixi, es va observar que un percentatge
entorn al 50% es manté d’inici a fi en el mateix patrd. Aquest resultat fa pensar que 1’altre proporcio de

persones pot anar canviant de patré en el context de I’evolucié de la multimorbiditat.
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9.3.- Fortaleses i Limitacions

L’estudi dut a terme en aquesta tesi doctoral presenta certes fortaleses a tenir en compte. Per comengar,
la mostra s’ha obtingut de la base de dades electronica dels centres d’atencid primaria de Barcelona pel
que es considera que la mostra és representativa de la poblacio. Tanmateix, 1’heterogeneitat entre
persones esta ben representada donat que el punt de partida de I’estudi és la persona amb el seu conjunt
de malalties. A més a més, el fet que el nostre pais tingui un servei de salut pablic on s’atén a la majoria

de la poblaci6 garanteix la validesa externa de 1’estudi.

La tecnica de k-means ha ajudat a treballar amb una gran base de dades i reflectir la complexitat
interindividual establint la prevalenca, la ratio O/E i ’exclusivitat de les variables. Aplicar técniques de
clustering no-jerarquic ha permes estudiar la multimorbiditat focalitzada en la persona, apropant-nos

meés a la realitat del malalt cronic.

Per altra banda, 1’accés a la base de dades informatitzada ens ha facilitat fer una aproximacio
longitudinal respecte la multimorbiditat i determinar la taxa de supervivencia d’un grup de poblacié que

amb major probabilitat requerira de més serveis sanitaris i d’uns altres que tindran més risc de mort.

A continuacio s’exposen les limitacions que cal considerar en aquesta tesi doctoral. Un d’ells és el
possible infrarregistre de les malalties croniques. El registre amb la historia clinica informatitzada
influeix un biaix de seleccio donat que el registre és operador depenent (és el professional sanitari qui
registra adequadament el diagnostic). Tot i aixi, per a gent gran no s’han trobat diferéncies entre el

registre de la historia informatitzada i no informatitzada per aquest rang d’edat (235).

Com s’ha esmentat en la discussid d’aspectes generals el SNS fa us de la classificacio CIM-10, per tant
no tenim la mateixa informacié i matisos que utilitzant la CIAP-2. Pero en el moment de realitzar la tesi,
la llista de malalties croniques validada era la llista d’O’Halloran i per tant es va procedir a fer un
mapping d’una classificacio a una altre. També, caldria consensuar les malalties a incloure per a I’estudi
de patrons de multimorbiditat. Per a fer un primer abordatge, partint com a unitat d’estudi la persona,
s’ha considerat adequada i representativa la llista escollida. La definicio6 holistica no s’ha pogut incloure
per la manca de registre en la base de dades d’aspectes biopsicosocials perd una alternativa per a futurs

estudis seria considerar una altre llista més extensa (234).

Altres limitacions cal tenir-les en compte en altres variables. Es el cas de 1’index MEDEA, de deprivaci6
socioeconomica, donat que el 88.1% dels centres d’atencid primaria dels barris més desfavorits estan
gestionats pel sistema public, i en canvi només estan representats el 44% dels barris econdmicament
més afavorits (236). Per altra banda, respecte els farmacs seleccionats, considerem que podria haver un
infrarregistre donat que en el 2009 la recepta electronica no estava totalment implementada en la practica

clinica ambulatoria, i es feien encara receptes en paper (237).
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Finalment, respecte a la metodologia cal tenir en compte que fent Us de k-means cada persona pertany
a un unic grup, no hi ha superposicié de persones. L.’obtencid de clusters pot anar canviant i variant, pel
que no hi ha una garantia de tenir un niimero de clusters optim. Motiu pel qual s’ha hagut d’aplicar
técniques per a minimitzar aquest desavantatge com és realitzar métodes de bootstrap o establir a priori

el nimero de clusters a trobar.

9.4.- Implicacions dels resultats i futures linies d’investigaci6

Soén necessaries noves estratégies per a 1’abordatge de les persones multimorbides atenent a la seva
complexitat. Les GPC no haurien d’estar focalitzades només a avaluar una tnica malaltia (238). Amb
la definicio dels patrons de multimorbiditat, multiples malalties estan englobades en el perfil
multimorbid d’una persona. Aquesta informacio reflexa de manera més adequada la realitat assistencial,
tan de I’ambit d’atencié primaria com hospitalaria. Per aquest motiu, la definiciéo dels patrons de

multimorbiditat poden ser la base per crear GPC que siguin més representatives de la societat actual.

Dels patrons obtinguts, €s necessari fer algunes consideracions del patrd “No especific”. Aquest patro
ens indica que hi ha un important gruix de la poblacio estudiada que té malalties prevalents pero no
sobrerrepresentades. Aquesta informacid podria indicar que es tracta d’un estadi de menor morbiditat i
previ a desenvolupar altres malalties que el farien estar classificat en un patrdé especific. Aquesta
informacio obra portes per a realitzar nous estudis per confirmar aquesta hipotesi plantejada. En cas de
ser confirmada, caldria valorar mesures de prevencié per minimitzar 1’evolucié de les malalties de base
1 per tant I’aparicié de noves malalties de major morbimortalitat. Tanmateix, la proporcidé de persones
que es mantenen en un mateix patro és considerable. Aquesta estabilitat trobada entre la gent fa plantejar
la necessitat de 1’estudi de la multimorbiditat en poblacio més jove. La majoria dels estudis sobre
prevalenca de la multimorbilitat s'han centrat en poblacions d'edats més avangades, perd son escassos
els estudis en adults joves (27). Es coneix la incidéncia de les malalties perd no com debuten i
s'estableixen en edats primerenques de la vida, podent influir en els futurs patrons de la persona. Per
aquest motiu, en futures linies d’investigacio cal ampliar el coneixement dels patrons de multimorbilitat
en adults joves. La possibilitat d'identificar I'establiment de malalties croniques en certes edats de la vida
facilitara la proposta d'intervencions de prevencio, establir recomanacions a les guies de practica clinica
per a pacients multimoribids, identificar associacions de malalties no conegudes préviament i establir
intervencions de salut amplies que afecten 'organitzaci6 dels serveis sanitaris 1 d’estils de vida que
permetin retardar l'aparicio de malalties. Un altre punt d'interés, consisteix a determinar quines malalties

son les inicials, 1 quines altres s'afegeixen posteriorment en el temps.
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També pot ser objecte d’estudi de futures linies de recerca, la proporcio de persones que no es mantenen
en un mateix patrd confirmat en aquesta tesi. Per aquest motiu, cal portar a terme estudis longitudinals
per a descriure la historia natural del desenvolupament de la multimorbiditat. Amb les técniques no
supervisades es podria arribar a establir la probabilitat de poder evolucionar a un o altre patro, establint
trajectories de les persones multimorbides. El coneixement de les trajectories de les persones
multimorbides facilitaria el desenvolupament de models pronostics i models predictius amb el transcurs
del temps. També és probable que en context d’un canvi epidemiologic de factors mediambientals i
d’habits d’estil de vida, com el que el consum de tabac ha patit en les darreres dues décades (239),
impliqui canvis en la conformacié dels patrons de multimorbiditat. Per tant, caldra anar re-avaluant i re-

definint cada cert temps els patrons per comprovar els possibles canvis que poden patir.

Per altra banda, cong¢ixer els patrons amb major morbimortalitat facilita definir el grup de poblacié més
vulnerable en poder morir. En aquest sentit, es poden crear estratégies assistencials per a la prevencio i
disminucio6 de la mortalitat, aixi com intervencions per reduir la carrega de morbiditat per a les malalties
implicades en els patrons de major morbimortalitat. Conéixer els factors associats a una major mortalitat
és de rellevant importancia. L habit de consum de farmacs cal que estigui englobada en les estrategies
d’abordatge de la multimorbiditat donada la seva relaci6 confirmada amb la mortalitat. Aixi mateix, cal
promoure 1’avaluacié continuada de 1’efectivitat del consum de farmacs per tal d’evitar medicacio
inapropiada, inefica¢ o duplicada i mantenir la seguretat del pacient. Per aquest motiu, hem d’avaluar
I’efectivitat de les eines existents que ajuden a I’adequacié de la prescripcid. Per tal de seguir procurant
per la seguretat farmacologica, cal implementar programes que ajudin a avaluar 1’adequaci6 de les
prescripcions aixi com la desprescripci6. Aquestes eines estan estretament relacionades amb la
disminucid dels efectes adversos associats al consum de multiples farmacs i la millorar en I’adheréncia
als tractaments. Les mesures relacionades amb la seguretat farmacologica tenen importants implicacions
per les persones donat que disminuiran les davallades funcionals i cognitives associades al consum de

multiples farmacs, a més de disminuir altres efectes adversos.

Amb la técnica de k-means s ha pogut obtenir patrons de multimorbiditat i de farmacs, podent plantejar
estudis conjunts amb les dues variables (malalties croniques i consum de farmacs) per a definir patrons
d’una manera més acurada. Replicar les técniques dutes a terme fara consistent els resultats obtinguts.
Aixi doncs, la caracteritzacio de les persones multimorbides ajudara a entendre el procés d’envelliment

aixi com la implementacid de noves estratégies per a tenir un estat de salut el més optim possible.
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Conclusions

1.- La multimorbiditat es manté elevada en les persones majors de 65 anys, presentant una escassa

variacio en la prevalenga de les malalties croniques i dels patrons de multimorbidirtat.

2.- Les diferencies en els patrons de multimorbiditat segons els sexe estan en relacio amb malalties

associades al sexe i en habits d’estil de vida.
3.- La taxa de mortalitat i supervivencia dels patrons de multimorbididat varien segons ’edat i el sexe.

4.- El nombre de farmacs consumits i el nivell socioeconomic influeixen en la supervivéncia de les

persones que pateixen multimorbiditat.
5.- Els farmacs més prescrits son de 1’esfera alimentari-metabdlic, cardiovascular i neurologica.

6.- Els patrons de farmacs prescrits es corresponen amb els patrons de multimorbiditat.
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