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Abstract

Background. Population ageing challenges health care systems due to the high prevalence and impact of multimorbidity in older adults. 

However, little is known about how chronic conditions present in certain multimorbidity patterns, which could have great impact on 

public health at several levels. The aim of our study was to identify and describe multimorbidity patterns in low-, middle-, and high-income 

countries.

Methods. We analyzed data from the Collaborative Research on Ageing in Europe project (Finland, Poland, and Spain) and the World Health 

Organization’s Study on Global Ageing and Adult Health (China, Ghana, India, Mexico, Russia, and South Africa). These cross-sectional 

studies obtained data from 41,909 noninstitutionalized adults older than 50  years. Exploratory factor analysis was performed to detect 

multimorbidity patterns. Additional adjusted binary logistic regressions were performed to identify associations between sociodemographic 

factors and multimorbidity.

Results. Overall multimorbidity prevalence was high across countries. Hypertension, cataract, and arthritis were the most prevalent comorbid 

conditions. Two or three multimorbidity patterns were found per country. Several patterns were identi�ed across several countries: “cardio-

respiratory” (angina, asthma, and chronic obstructive pulmonary disease), “metabolic” (diabetes, obesity, and hypertension), and “mental-

articular” (arthritis and depression).

Conclusions. A high prevalence of multimorbidity occurs in older adults across countries, with low- and middle-income countries gradually 

approaching the �gures of richer countries. Certain multimorbidity patterns are present in several countries, which suggest that common 

underlying etiopathogenic factors may play a role. Deeper understanding of these patterns may lead to the development of preventive actions 

to diminish their prevalence and also give rise to new, comprehensive approaches for the management of these co-occurring conditions.

Key Words: Multimorbidities—Public health—Health disparities—Epidemiology—Morbidity—Socioeconomic issues
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Worldwide, the proportion of those aged 60 years or older is pro-

jected to almost triple by 2050 (1). This rapid ageing is accompa-

nied by a signi�cant increase in chronic conditions, especially in 

low- and middle- income countries (LMICs). The World Health 

Organization declared the rise in chronic conditions a worldwide 

epidemic, accounting for 63% of the 57 million global deaths in a 

report from 2008 (2,3). Multimorbidity, de�ned as the co-occur-

rence of at least two chronic conditions, is observed in two thirds of 

older adults (4), and has been related to poor clinical and �nancial 

outcomes (3,5–8). Indeed, multimorbidity is responsible for 65% of 

total health care expenditure in high-income countries due to the 

extensive use of health services (8). The increasing trends in mul-

timorbidity may have considerable �nancial implications over the 

next few decades, especially in LMICs (8,9), which face an un�n-

ished agenda of communicable diseases and must now simultane-

ously address chronic conditions with scarce resources and limited 

health care systems.

The epidemiology of multiple chronic conditions is poorly under-

stood since the majority of studies have assessed single diseases or 

comorbid pairs in association with a single index disease (10,11). 

Thus, efforts to describe the full patterns of co-occurring diseases in 

the population have recently emerged to provide a complete picture 

of the distribution of chronic conditions (12). However, variations in 

methodology and the scarcity of studies, especially in LMICs, show 

that further research is needed (12,13). Distinct patterns may be 

observed in LMICs with respect to high-income countries due to dif-

ferences in population age structures, socioeconomic status, disease 

burden, and health care systems (9).

To address multimorbidity from a public health perspective, 

previous studies have underlined the importance of integrating 

multimorbidity into clinical guidelines, providing self-care manage-

ment strategies, prioritizing the prevention of chronic conditions 

and avoiding fragmented care (10,14,15). However, if genuine pro-

gress is to be achieved, more evidence on multimorbidity patterns 

is required. Thus, the current study aims to elucidate the epide-

miology of multiple chronic conditions, including correlation pat-

terns in the older population, using nationally representative data 

from the World Health Organization’s (WHO) Study on Global 

AGEing and Adult Health (SAGE) survey (China, Ghana, India, 

Mexico, Russia, and South Africa), and the Collaborative Research 

on Ageing in Europe (COURAGE) survey (Finland, Poland, and 

Spain).

Methods

Study Design and Data Extraction

We analyzed data from the COURAGE and SAGE studies. 

Nationally representative samples were generated by multistage 

clustered sampling (Table 1). At the time of the survey, countries 

included in the COURAGE and SAGE surveys corresponded to 

high-, and low/middle-income countries respectively, according to 

the World Bank Classi�cation (16). The sample included noninsti-

tutionalized adults aged 18 years or older, with oversampling of 

adults 50 years or older as they were the principal target of the 

study. Brie�y, the two projects followed the same protocol and 

used equivalent standardized questionnaires to gather informa-

tion on health and well-being. The survey protocol was translated 

from English into participating countries’ languages following 

WHO guidelines for translation and adaptation of instruments 

(17). Face-to-face structured interviews were conducted by trained 

interviewers at respondents’ homes. In cases where the inter-

viewer judged that the respondent was not capable of answering 

the questions due to severe cognitive problems, a short version of 

the survey was administered to proxy respondents. Blood pres-

sure, weight, and height measurements were collected by the inter-

viewer using standard protocols. Sampling weights were generated 

to adjust for the population structure reported by the United 

Nations Statistical Division for the SAGE study and the National 

Institutes of Statistics for the COURAGE study. Ethical approval 

was obtained from local research review boards and the WHO 

Ethical Review Committee. Informed consent was obtained from 

all participants.

Variables

We selected 12 chronic conditions with high prevalence in most set-

tings that affect signi�cantly on health (angina, arthritis, asthma, 

cataract, chronic obstructive pulmonary disease [COPD], depres-

sion, diabetes, edentulism, hypertension, cognitive impairment, 

obesity, and stroke). To assess conditions, a combined method was 

used consisting of self-reported physician’s diagnosis and/or symp-

tom-based algorithms or measurements (Supplementary Appendix). 

Questions on speci�c symptoms were used to detect undiagnosed 

cases. Multimorbidity was de�ned as having at least 2 of the 12 

chronic conditions (4). Sociodemographic data on age, gender, mari-

tal status, education level, urbanicity, and household income (wealth 

quintiles were generated based on country-speci�c income) were also 

collected.

Statistical Analyses

Unweighted frequencies, weighted proportions, means, standard 

deviations, cross tabulations, and graphical displays were used 

for descriptive analysis. Multimorbidity patterns were analyzed 

through exploratory factor analysis. This statistical technique 

reveals the factors that summarize the correlation between a series 

of variables, providing information on the underlying structure 

of the data. A  tetrachoric correlation matrix was used due to the 

binary nature of the variables, assuming that diseases have a pro-

gressive course until they reach a certain threshold (diagnosis). 

A  combined approach (parallel analysis and scree test) was used 

to extract the number of factors as recommended (Supplementary 

Appendix). The Kaiser–Meyer–Olkin method was used to estimate 

the adequacy of the sample, while cumulative variance was calcu-

lated to demonstrate the variance explained by each selected factor. 

Oblique rotation was performed to provide easier interpretation of 

the factor analysis. Multivariable logistic regressions were used to 

examine the relationship between sociodemographic variables and 

multimorbidity, while adjusting for age, gender, education, marital 

status, urbanicity, and wealth. Results are reported as adjusted odds 

ratios with 95% CI. The regression analyses took into account the 

sampling weights and the complex sampling design. Rates of miss-

ing values were low overall. More than 10% of data were missing 

for only three variables: obesity (Mexico 11.9%; Russia 11.2%), 

education (South Africa 15.7%), and wealth (Spain 20.7%). We 

analyzed data with Stata version 12.1 (Stata Corp LP, College 

Station, TX). Those who participated in the survey through a proxy 

respondent were excluded as most data pertaining to the current 

analysis were not collected. The level of statistical signi�cance was 

set at p < .05.
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Role of the Funding Source

There was no external funding source for this study. The correspond-

ing author had full access to all the data in the study and had �nal 

responsibility for the decision to submit for publication.

Results

We analyzed data from 41,909 individuals aged 50 years or older 

(Table 1). The mean age ranged from 61.5 (India) to 66.3 years 

(Spain) (Table 2). India, Russia, and South Africa had extremely 

high prevalence of cataract (47.4%), angina (37.3%), and obesity 

(46.9%) respectively. Russia had the highest prevalence of multi-

morbidity (71·9%), whereas China (45.1%) and Ghana (48.3%) 

had the lowest (Table 2). Overall, multimorbidity increased with 

age although the rate of increase in the oldest age groups was 

modest at best in most countries with declines observed in some 

countries. South Africa showed a unique pattern with a gradual 

decrease in multimorbidity among those aged 60  years or older 

(Figure  1; �gures for males and females are provided in the 

Supplementary Appendix).

The multivariable analysis showed signi�cantly higher odds for 

multimorbidity for the following factors: higher age (except South 

Africa); female (except Finland, Poland, and Spain), lower education 

(except China, Ghana, and Mexico); separated/divorced/widowed 

in Ghana, India, South Africa, and Spain; and rural inhabitance 

in China, Ghana, and South Africa (Table  3). Mixed results were 

observed for wealth with opposing trends observed between some 

countries.

The prevalence of comorbidity in people with each chronic con-

dition, based on the pooled sample, is illustrated in Figure 2. The 

patterns observed in individual countries were similar to that of  

the overall sample and are shown in the Supplementary Appendix. 

The most prevalent comorbid condition was hypertension, especially 

among those with obesity, stroke, diabetes, and angina. Arthritis and 

cataract were also common comorbid conditions.

The exploratory factor analysis revealed two or three relevant 

multimorbidity patterns per country (Supplementary Appendix). 

Several multimorbidity patterns were identi�ed across countries 

(Table  4). First, a “cardio-respiratory” pattern, including angina, 

asthma, and COPD, was present in most countries except Finland 

and Russia, explaining the largest proportion of the variance in all 

countries. Other conditions in this pattern for some countries were 

stroke, depression, arthritis, and cataract. Secondly, a “metabolic” 

pattern was present in all countries except Mexico. This pattern 

included diabetes, obesity, and hypertension, in addition to other 

speci�c conditions depending on the country. A “mental-articular” 

pattern was observed in China, Ghana, and India and a “respira-

tory” pattern in Finland and Russia. Finally, single separate pat-

terns in Finland and Mexico, including cardiovascular disorders, 

were also detected but could not be categorized into any of the 

previous groups.

Discussion

To the best of our knowledge, this is the �rst cross-national, multi-

continent study on multimorbidity patterns. We found a high preva-

lence of multimorbidity across all participating countries. Several 

multimorbidity patterns of chronic diseases emerged and were simi-

lar across countries. The main strengths of our study are the large 

sample size and the use of nationally representative datasets from 

diverse settings. Also, our diagnostic de�nition incorporating symp-

toms or blood pressure measurement is likely to have reduced under-

diagnosis especially in resource-limited settings.

Russia, Spain, Poland, and Finland accounted for the highest 

multimorbidity burden for similar age groups. The high prevalence 

of multimorbidity observed in high-income countries has been asso-

ciated with increased level of development. Lower cardiovascular 

mortality and/or case fatality rates due to better medical manage-

ment may, for example, allow people with multimorbidity to live 

longer (3). The already high prevalence of multimorbidity in LMICs 

may eventually become similar to that in developed countries due 

to the rapid increase in risk factors such as unplanned urbanization, 

ageing trends, unhealthy dietary patterns, sedentary lifestyles, glo-

balization of product marketing (tobacco, alcohol, unhealthy food, 

etc.), and availability of better health care (3). In Russia, the coun-

try with the highest prevalence of stroke and angina in our study, 

cardiovascular mortality remains strikingly high and is the cause 

of 57% of all deaths, whereas this rate has decreased over time in 

other European countries (18). Certain risk factors, such as the high 

rate of alcohol consumption, and rapid societal changes may have 

resulted in an markedly increased risk of morbidity and mortality 

from circulatory diseases in Russia (18,19). In the systematic review 

by Marengoni and coworkers, which included data from 41 articles, 

the prevalence of multimorbidity in older adults ranged from 55% 

to 98% (4). This prevalence is similar to the �gures obtained in our 

study (45.1%–71.9%).

Multimorbidity prevalence generally increased with age with the 

exception of South Africa where a gradual decrease after 60 years 

was observed. The unique age-related trend in South Africa is con-

cordant with previous data (20) and may be associated with the 

prevalence of HIV, which is a risk factor for noncommunicable dis-

eases, across age groups (9). In rural areas of South Africa in 2008, 

the prevalence of HIV was reported to be 17.3% (women) and 

29.5% (men) in those aged 50–55 years, falling to 1.4% in those 

aged 75  years or older (21). Furthermore, women had a higher 

risk of multimorbidity except in Finland, Poland, and Spain, which 

suggests that social, biological, or physical gender differences may 

underlie the higher prevalence of multimorbidity in LMICs. Lower 

educational level was associated with higher odds for multimorbid-

ity in all countries except China, Ghana, and Mexico. As highlighted 

in previous studies (22), education may have an important role in the 

development of preventive measures for multimorbidity. China was 

the only country where a higher level of wealth but not education 

was associated with lower odds for multimorbidity. In this setting, it 

may be that wealth has a more direct impact on multimorbidity than 

education because of the lack of universal health coverage, where the 

wealthiest are more likely to have better access to health care (23). In 

Ghana and South Africa, the directionality was the opposite in terms 

of income, where higher income was associated with higher rates of 

multimorbidity. Averett and colleagues highlighted the association 

between rising income and increasing high-calorie foods intake in 

Africa, leading to higher rates of obesity and metabolic conditions 

(24). In addition, Barnett and colleagues found a strong association 

between socioeconomic deprivation and multimorbidity in Scotland 

(13). This may be the case for Spain, where we found a similar gradi-

ent with lower rates of multimorbidity in the wealthiest group. We 

hypothesize that this result may also be applicable to other European 

countries since the results in Finland and Poland were of a similar 

pattern with borderline statistical signi�cance. Furthermore, marital 
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status and urbanicity showed mixed results across countries. Further 

studies are needed to understand these between-country differences. 

Our results suggest that country-speci�c strategies may be necessary 

to address multimorbidity.

The conditions that most frequently coexisted with others were 

hypertension, arthritis, and cataract. For example, hypertension was 

present in 79% and 71% of stroke and angina patients respectively 

in the overall sample. Similar trends were observed in the country-

wise analyses. It is noticeable that in Russia, these comorbidities 

reached 95% and 88% respectively, which highlights the burden 

of cardiovascular diseases in this country. Apart from hyperten-

sion, conditions such as arthritis and cataract also often coexisted 

with other conditions. In particular, the coexistence of depression 

and cataract deserves special attention as 52% of the depressed had 

co-occurring cataract, reaching 67% in India, the country with the 

highest prevalence of cataract. This highlights the potential relevance 

of studies on mood disorders in the context of visual impairment, 

especially in India.

We classi�ed and named the patterns according to their char-

acteristics. In line with the recent systematic review by Prados-

Torres and colleagues, most of the patterns included were not 

identical but clear trends allowed for the identi�cation of sev-

eral distinct patterns (12). First of all, the “cardio-respiratory” 

pattern underlined the association among angina, asthma, and 

COPD. An association between respiratory diseases and coronary 

heart disease was previously described in clinical settings (25). 

This association may involve in�ammation, hypoxia, oxidative 

stress, or ageing. The pro-in�ammatory systemic state presents 

in patients with COPD and asthma may exacerbate the in�am-

matory pathway leading to atherosclerosis. This correlation led 

to further studies being performed to assess the effect of inhaled 

corticoids on cardiovascular outcomes among COPD patients but 

contradictory results have been found (26–28). Because this pat-

tern is widespread across countries, regardless of the region or the 

income level, it may be suggested that this is part of the natural 

biological and pathologic course of these illnesses and is related to 

general risk factors such as smoking or pollution. Other studies on 

multimorbidity have also found multimorbidity patterns with car-

dio-respiratory variables, in line with our �ndings. For example, 

Sinnige and colleagues, Prados-Torres and colleagues, Poblador-

Plou and colleagues, and Newcomer and colleagues found pat-

terns that included a wide range of cardio-respiratory conditions 

in Spain, the Netherlands, and the United States, although they did 

not characterize those patterns as “cardio-respiratory” (29–32). 

Secondly, the “metabolic” pattern consisted of diabetes, obesity, 

and hypertension and was found in eight of the nine countries. 

The association between metabolic syndrome and negative cardio-

vascular outcomes or mortality has been documented extensively 

(33). The presence of related conditions such as angina, stroke, 

cataract, and edentulism in some countries con�rms the robust-

ness of this pattern. It should be highlighted that in the systematic 

review by Prados-Torres and colleagues, metabolic diseases had 

a dominant role in multiple multimorbidity patterns, in accord-

ance with our results (12). Moreover, as in our case, some of the 

studies in the review also included additional diseases in those 

patterns (31,32,34). Finally, the “mental-articular” pattern includ-

ing arthritis and depression was found only in China, Ghana, and 

India. This result is in line with previous studies such as that from 

the World Mental Health surveys, which found that mood disor-

ders and other mental disorders were associated with arthritis in 

17 countries (35). Furthermore, several studies on multimorbidity 

patterns have also found patterns with mental-articular conditions 

(30–32,36–38). A study from Spain which included anxiety disor-

ders in the analysis also showed a clear “mental-articular” pattern 

(39). It is possible that this pattern could have emerged in more 

countries if anxiety and other mental disorder diagnoses had been 

available. The underlying cause of this association remains unclear 

but previous studies have suggested that the psychological burden 

of arthritis may lead to the onset of psychiatric disorders (35). 

Alternatively, other mechanisms such as the in�ammatory path-

way may also be involved.

Health care models need to adapt to increasing multimorbidity 

rates. This is especially relevant in LMICs, where all levels of care 

must be carefully planned in the context of economic restraints. The 

Innovative Care for Chronic Conditions framework developed by 

the World Health Organization provides a roadmap to cope with 

chronic conditions in developing countries but there still is need to 

fully incorporate multimorbidity according to recent recommended 

modi�cations (9). From a biological perspective, the need to study 

the interaction of diseases has been highlighted as a �rst step to a 

better understanding of health care population needs. From the 

patients’ perspective, burden (managing self-care, behavior changes, 

treatment modalities, and clinic visits) and capacity to cope with this 

burden are fundamental issues when addressing multimorbidity (9). 

Minimally disruptive health care should be provided with integrated 

generalist care that prevents fragmentation, aiming to improve 

capacity, care, and reduce the workload of medical personnel. From 

the community perspective, activities such as adherence clubs and 

monitoring systems have also been recommended. The goal would 

be a care continuum with prevention of chronic conditions as one of 

the pillars of that care.

Our study has several limitations. Multimorbidity studies 

would bene�t from standardized conceptualization and inclusion 

of conditions (4,39). For example, a higher number of included 

conditions would logically result in a higher prevalence of mul-

timorbidity. Thus, studies using different approaches regarding 

the inclusion of diseases are limited in terms of comparability. 

The SAGE and COURAGE studies selected a limited number of 

conditions based on their high prevalence and impact on health 

outcomes with a methodology that allowed cross-national 

Figure 1. Multimorbidity prevalence across age groups. Prevalence 

calculation was based on weighted sample. Multimorbidity defined as 

having at least two of the following conditions: angina, arthritis, asthma, 

cataract, COPD, depression, diabetes, edentulism, hypertension, cognitive 

impairment, obesity, and stroke.
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comparisons. We included 9 of the top 10 conditions used in 

previous studies on multimorbidity patterns with the exception 

of malignancies (12), for which we had no data. Future studies 

would bene�t from the inclusion of other conditions such as ane-

mia, malignancies, or renal diseases (12). Furthermore, we had no 

information on HIV infection which is now considered a chronic 

condition following the advent of antiretroviral therapy (9). The 

inclusion of this condition would probably have resulted in higher 

rates of multimorbidity in areas with high HIV prevalence such as 

South Africa. Next, although self-reporting of diseases has been 

shown to demonstrate good agreement with medical records in 

developed countries, in settings with limited access to health care 

systems, underreporting of diagnosis may be a problem. In the 

latter settings, individuals may be less aware of their illness or 

may only have them detected when they are severe. Consequently, 

we used a symptom-based algorithm for some conditions in addi-

tion to the self-reported medical diagnoses. This may have led to 

higher sensitivity at the expense of lower speci�city. However, the 

algorithms used were validated or in line with current guidelines 

and some biomarkers (blood pressure, weight, and height) were 

also assessed with appropriate devices. Thus, we believe that the 

use of the algorithms was necessary and justi�able to address our 

study question. Finally, further studies are needed to explore the 

impact of polypharmacy and patients’ degree of control over each 

condition, for which we had no information, on the multimorbid-

ity patterns.

Conclusions

Multimorbidity has become one of the greatest challenges for 

health care systems. Poor clinical outcomes, including high mor-

tality and disability rates, are strongly associated with multi-

morbidity. The relationship between multiple chronic conditions 

and health costs is almost exponential, due to excessive use and 

fragmentation of care. Access to treatment, polypharmacy, poor 

self-management, lifestyle changes, and patients’ ability to cope 

with this burden are the issues that should be considered when 

developing health care policies. The importance of implementing 

guidelines that consider multiple co-occurring chronic conditions 

rather than focusing on single diseases has also been highlighted. 

Figure 2. Comorbidity prevalence using overall pooled data. For country-wise information see Supplementary Appendix. To interpret the graph, choose one 

condition in the left column and then from the total patients with this condition check the percentage of those who have one of the co-occurring conditions from 

the list below.

Table  4. Multimorbidity Patterns in the SAGE and COURAGE 

Countries

Pattern Number of 

Countries

Countries Conditions

Cardio- 

respiratory

7 China, Ghana, 

India, Mexico, 

Poland, South 

Africa, Spain

Angina, asthma, 

COPD, strokeG,M,P,SA, 

depressionC,I,M,P,SA,S, 

arthritisC,M,P,SA,S, 

cataractC,M,P

Metabolic 8 China, Finland, 

Ghana, India, 

Poland, Russia, 

South Africa, 

Spain

Diabetes, obesity, 

hypertension, 

anginaC,F,P,R,SA,S, 

strokeC,G,R,SA,S, 

cataractC,R,SA,S, 

arthritisP,R,SA,S, 

edentulismR,SA,S, 

depressionR

Mental-

articular

3 China, Ghana, 

India

Arthritis, depression, 

strokeC, cataractC,I, 

anginaI

Respiratory 2 Finland, Russia Asthma, COPD, 

cataractR

Other 1 Finland Angina, cataract, 

diabetes, edentulism, 

hypertension, stroke

Other 1 Mexico Cataract, diabetes, 

stroke

Notes: Each pattern includes those conditions characteristics, in bold, pre-

sent in all countries with the pattern. For conditions that were only present in a 

speci�c pattern for some countries, superscript was used. Superscript: C = Chi-

na; F = Finland; G = Ghana; I = India; M = Mexico; P = Poland; R = Russia; 

SA = South Africa; S = Spain. COURAGE Collaborative Research on Ageing in 

Europe; SAGE Study on Global AGEing and Adult Health.
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Understanding the interactions between chronic diseases is a cru-

cial �rst step toward a more realistic and comprehensive approach 

to guiding policy and establishing new clinical guidelines. Some of 

the multimorbidity patterns are common across countries, prob-

ably due to shared underlying biological processes or risk factors. 

Better understanding of these issues may facilitate the implementa-

tion of general approaches in diverse settings and the study of these 

interactions in the future.

Funding

N.G. was supported by the Spanish Ministry of Education, Culture 

and Sport (FPU grant 12/05661). A.K.’s work was supported by the 

Miguel Servet contract by CIBERSAM. WHO’s SAGE study is sup-

ported by the United States National Institute on Aging’s Division 

of Behavioral and Social Research through Interagency Agreements 

(OGHA 04034785; YA1323-08-CN-0020; Y1-AG-1005-01) and 

through research grants (R01-AG034479 and R21-AG034263) and 

the World Health Organization’s Department of Health Statistics 

and Information Systems. The COURAGE study has received 

funding from the European Community’s Seventh Framework 

Programme (FP7/2007–2013) under grant agreement number 

223071 and from the Instituto de Salud Carlos III-FIS under 

research grant numbers PS09/00295, PS09/01845, and PI12/01490. 

The study was also supported by the Centro de Investigación 

Biomédica en Red de Salud Mental (CIBERSAM), Instituto de 

Salud Carlos III. The views expressed in this article are those of the 

authors and do not necessarily represent the views or policies of 

the World Health Organization. The funders had no role in study 

design, data collection, and analysis, decision to publish, or prepa-

ration of the manuscript. 

Acknowledgment

We would like to thank Anna Gimeno for her support in the management of 

�gures.

References

 1. United Nations, Department of Economic and Social Affairs, Popula-

tion Division. World Population Ageing 2013. New York, NY: United 

Nations; 2013. http://www.un.org/en/development/desa/population/publi-

cations/pdf/ageing/WorldPopulationAgeing2013.pdf. Accessed March 15,  

2015.

 2. Vogeli C, Shields AE, Lee TA, et al. Multiple chronic conditions: preva-

lence, health consequences, and implications for quality, care management, 

and costs. J Gen Intern Med. 2007;22(suppl 3):391–395.

 3. United Nations, General Assembly. Prevention and Control of Non-com-

municable Diseases. New York, NY: United Nations; 2011. http://www.

un.org/ga/search/view_doc.asp?symbol=A/66/83&Lang=E. Accessed 

March 15, 2015.

 4. Marengoni A, Angleman S, Melis R, et al. Aging with multimorbidity: a 

systematic review of the literature. Ageing Res Rev. 2011;10:430–439.

 5. McDaid O, Hanly MJ, Richardson K, Kee F, Kenny RA, Savva GM. The 

effect of multiple chronic conditions on self-rated health, disability and 

quality of life among the older populations of Northern Ireland and the 

Republic of Ireland: a comparison of two nationally representative cross-

sectional surveys. BMJ Open. 2013;3(6):e002571. doi:10.1136/bmjo-

pen-2013–002571.

 6. Fox MH, Reichard A. Disability, health, and multiple chronic conditions 

among people eligible for both Medicare and Medicaid, 2005–2010. Prev 

Chronic Dis. 2013;10:E157. doi:10.5888/pcd10.130064.

 7. Grif�th L, Raina P, Wu H, Zhu B, Stathokostas L. Population attributable 

risk for functional disability associated with chronic conditions in Cana-

dian older adults. Age Ageing. 2010;39:738–745.

 8. Parekh AK, Barton MB. The challenge of multiple comorbidity for the US 

health care system. JAMA. 2010;303:1303–1304.

 9. Oni T, McGrath N, BeLue R, et al. Chronic diseases and multi-morbid-

ity–a conceptual modi�cation to the WHO ICCC model for countries in 

health transition. BMC Public Health. 2014;14:575. doi:10.1186/1471-

2458-14-575.

 10. Boyd CM, Fortin M. Future of multimorbidity research: how should 

understanding of multimorbidity inform health system design? Public 

Health Rev. 2010;32(2):451–474.

 11. Fultz NH, Ofstedal MB, Herzog AR, Wallace RB. Additive and interactive 

effects of comorbid physical and mental conditions on functional health. J 

Aging Health. 2003;15:465–481.

 12. Prados-Torres A, Calderón-Larrañaga A, Hancco-Saavedra J, Poblador-

Plou B, van den Akker M. Multimorbidity patterns: a systematic review. J 

Clin Epidemiol. 2014;67:254–266.

 13. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemi-

ology of multimorbidity and implications for health care, research, and 

medical education: a cross-sectional study. Lancet. 2012;380:37–43.

 14. Kadam U. Redesigning the general practice consultation to improve care 

for patients with multimorbidity. BMJ. 2012;345:e6202. doi:10.1136/

bmj.e6202.

 15. American Geriatrics Society Expert Panel on the Care of Older Adults with 

Multimorbidity. Guiding principles for the care of older adults with mul-

timorbidity: an approach for clinicians. J Am Geriatr Soc. 2012;60(10): 

E1–E25.

 16. The World Bank IBRD IDA. World Bank Open Data [Internet]. http://data.

worldbank.org/ Accessed March 15, 2015.

 17. The World Bank IBRD IDA. World Bank Open Data. http://data.world-

bank.org/ Accessed September 12, 2014.

 18. Petrukhin IS, Lunina EY. Cardiovascular Disease Risk Factors and Mortal-

ity in Russia: Challenges and Barriers. Public Health Rev. 2011;33(2):436–

449.

 19. Leon DA, Shkolnikov VM, McKee M, Kiryanov N, Andreev E. Alcohol 

increases circulatory disease mortality in Russia: acute and chronic effects 

or misattribution of cause? Int J Epidemiol. 2010;39:1279–1290.

 20. Phaswana-Mafuya N, Peltzer K, Chirinda W, et al. Self-reported prevalence 

of chronic non-communicable diseases and associated factors among older 

adults in South Africa. Glob Health Action. 2013;6:20936. doi:10.3402/

gha.v6i0.20936.

 21. Wallrauch C, Bärnighausen T, Newell ML. HIV prevalence and inci-

dence in people 50 years and older in rural South Africa. S Afr Med J. 

2010;100:812–814.

 22. Nagel G, Peter R, Braig S, Hermann S, Rohrmann S, Linseisen J. The 

impact of education on risk factors and the occurrence of multimorbidity 

in the EPIC-Heidelberg cohort. BMC Public Health. 2008;8:384.

 23. Wang HH, Wang JJ, Lawson KD, et al. Relationships of multimorbidity 

and income with hospital admissions in 3 health care systems. Ann Fam 

Med. 2015;13:164–167.

 24. Averett SL, Stacey N, Wang Y. Decomposing race and gender differ-

ences in underweight and obesity in South Africa. Econ Hum Biol. 

2014;15:23–40.

 25. Müllerova H, Agusti A, Erqou S, Mapel DW. Cardiovascular comor-

bidity in COPD: systematic literature review. Chest. 2013;144: 

1163–1178.

 26. Huiart L, Ernst P, Ranouil X, Suissa S. Low-dose inhaled corticoster-

oids and the risk of acute myocardial infarction in COPD. Eur Respir J. 

2005;25:634–639.

 27. de Vries F, Pouwels S, Bracke M, et  al. Use of inhaled corticosteroids 

and the risk of non-fatal acute myocardial infarction. J Hypertens. 

2008;26:124–129.

 28. Löfdahl CG, Postma DS, Pride NB, Boe J, Thorén A. Possible protection by 

inhaled budesonide against ischaemic cardiac events in mild COPD. Eur 

Respir J. 2007;29:1115–1119.

Journals of Gerontology: MEDICAL SCIENCES, 2016, Vol. 71, No. 2 213

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/b
io

m
e
d
g
e
ro

n
to

lo
g
y
/a

rtic
le

/7
1
/2

/2
0
5
/2

6
0
5
6
2
6
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2

http://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2013.pdf
http://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2013.pdf
http://www.un.org/ga/search/view_doc.asp?symbol=A/66/83&Lang=E
http://www.un.org/ga/search/view_doc.asp?symbol=A/66/83&Lang=E
http://data.worldbank.org/
http://data.worldbank.org/
http://data.worldbank.org/
http://data.worldbank.org/


 29. Sinnige J, Korevaar JC, Westert GP, Spreeuwenberg P, Schellevis FG, 

Braspenning JC. Multimorbidity patterns in a primary care population 

aged 55 years and over. Fam Pract. 2015;pii:cmv037.

 30. Poblador-Plou B, van den Akker M, Vos R, Calderón-Larrañaga A, 

Metsemakers J, Prados-Torres A. Similar multimorbidity patterns in 

primary care patients from two European regions: results of a fac-

tor analysis. PLoS One. 2014;9:e100375. doi:10.1371/journal.pone. 

0100375.

 31. Prados-Torres A, Poblador-Plou B, Calderón-Larrañaga A, et  al. Multi-

morbidity patterns in primary care: interactions among chronic diseases 

using factor analysis. PLoS One. 2012;7:e32190. doi:10.1371/journal.

pone.0032190.

 32. Newcomer SR, Steiner JF, Bayliss EA. Identifying subgroups of com-

plex patients with cluster analysis. Am J Manag Care. 2011;17: 

e324–e332.

 33. Mottillo S, Filion KB, Genest J, et al. The metabolic syndrome and cardio-

vascular risk a systematic review and meta-analysis. J Am Coll Cardiol. 

2010;56:1113–1132.

 34. Freund T, Kunz CU, Ose D, Szecsenyi J, Peters-Klimm F. Patterns of mul-

timorbidity in primary care patients at high risk of future hospitalization. 

Popul Health Manag. 2012;15:119–124.

 35. He Y, Zhang M, Lin EH, et  al. Mental disorders among persons with 

arthritis: results from the World Mental Health Surveys. Psychol Med. 

2008;38:1639–1650.

 36. Schäfer I, von Leitner EC, Schön G, et al. Multimorbidity patterns in the 

elderly: a new approach of disease clustering identi�es complex interrela-

tions between chronic conditions. PLoS One. 2010;5:e15941.

 37. Moore KL, Boscardin WJ, Steinman MA, Schwartz JB. Patterns of chronic 

co-morbid medical conditions in older residents of U.S. nursing homes: 

differences between the sexes and across the agespan. J Nutr Health Aging. 

2014;18:429–436.

 38. Marengoni A, Bonometti F, Nobili A, et al. In-hospital death and adverse 

clinical events in elderly patients according to disease clustering: the 

REPOSI study. Rejuvenation Res. 2010;13:469–477.

 39. Garin N, Olaya B, Perales J, et al. Multimorbidity patterns in a national 

representative sample of the Spanish adult population. PLoS One. 

2014;9(1):e84794. doi:10.1371/journal.pone.0084794.

214 Journals of Gerontology: MEDICAL SCIENCES, 2016, Vol. 71, No. 2

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/b
io

m
e
d
g
e
ro

n
to

lo
g
y
/a

rtic
le

/7
1
/2

/2
0
5
/2

6
0
5
6
2
6
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2


