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Research in context

Evidence before this study
Despite a growing need for multimorbidity research, studies remain limited. The dearth of
evidence linked to multimorbidity diagnoses, treatment and health outcomes is a concern given

that such evidence is key to future proofing enhanced treatments and optimal healthcare services.

Added value of this study

To our knowledge this is the first Meta-epidemiology study conducted using existing peer review
studies. This study provides an evidence base to conduct a meta-epidemiology study in the real-
world to compare existing findings as well as address knowledge and practice gaps to provide

better care for populations with multimorbidity.

Implications of the available evidence
The findings of our study provide sufficient information to develop evidence-based policies and
better processes for polypharmacy and suggest use of cultural adaptions to optimise therapeutic

benefit.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Abstract: Background: With enhanced life expectancy and ageing global populations, the prevalence of
multimorbidity continues to increase. However, there is a dearth of evidence linked to multimorbidity
diagnoses, treatments and health outcomes which remains a concern for future proofing optimal healthcare
services. Generating evidence is critical to managing multimorbidity, promoting public health and minimizing
health inequalities via effective healthcare policies that improve quality of life for vulnerable populations. This
study assessed meta-epidemiology of multimorbidity to report the gaps in scientific knowledge and clinical
practice. Methods: A systematic methodology was designed and published in PROSPERO (CRD42022347308)
to report meta-epidemiology analyses using databases including PubMed, Web of Science, ScienceDirect,
EMBASE, The Cochrane Gynaecology and Fertility Group Specialised Register of Controlled Trials and
MEDLINE for studies published between the 1% of January 1980 - 31t December 2022. A random-effects model
was used to estimate the pooled proportion of multimorbidity in adults. Forest plots, pooled odds ratios and
statistical heterogeneity metrics were used to assess the association between multimorbidity and investigated
factors. Funnel plots and Egger’s regression were used to detect and correct for publication bias. Findings: Our
findings identified women to be 0.32 times more likely to have multimorbidity in comparison to males. In
regard to ethnicity, white people were 0.47 times less likely to develop comorbidities than black people. People
who identified as a drinker or unmarried were more likely to develop comorbidities than those who are non-
drinkers or married, respectively. Regardless of smoking status, people were equally likely to have
comorbidity. In terms of environmental influences, people in rural areas were found to be 0.2 times less likely
to have comorbidity in comparison to those living in urban areas. Interestingly, people with a higher education
level were 0.57 times more likely to develop comorbidities than those with only a high school education.
Conclusion: It is evident that multimorbidity has a significant burden globally and impacts the provision of
care necessitated across populations given its association with several social determinants of health. Robust
research and healthcare policies are required to better manage multimorbidity in patients. An example of such
intervention includes employing prevention programs to reduce risk and incidence of multimorbidity within
at-risk populations.

Background

Multimorbidity is defined as the presence of two or more chronic conditions in a given
individual. The rise in ageing populations globally due to improvements in life expectancy elevates
risk of chronic health conditions such as diabetes, cancer, human immunodeficiency virus/ acquired
immunodeficiency syndrome, mental health and pain conditions'2. Multimorbidity is common
amongst vulnerable populations such as those impacted by socioeconomic inequities that accelerate
the process for deprivations. In fact, Link and Phelan have found socioeconomic status and support
to be “fundamental causes” of disease outcomes due to these factors enabling access to resources
regardless of individual-based interventions.?> On the other hand, younger populations such as
adolescents and children with congenital or acquired impairments may suffer from multimorbidity
as a result of becoming physically or mentally ill.

Patients with multimorbidity have been found to a be at a higher risk of safety issues due to the
use of polypharmacy and complex regimen management prescribed by multidisciplinary healthcare
professionals. Given the complexities of combination treatments and competing priorities regarding
clinical regimens, communication failure between healthcare professional and patients remains a
challenge. Multimorbidity is also highly associated with worsening clinical outcomes, poorer quality
of life, and increasing healthcare expenditures[3-6]. At present, multimorbidity trends present a
challenge across key stakeholders ranging from medical professions across disciplines to community
care, which require extensive specialization for hospitals.

On a macroscale, multimorbidity has been associated with varying demographic factors such as
gender and region. For instance, women have been linked with higher multimorbidity in certain
countries — a consideration for further research and health policy. [6 7]. Similarly, emerging research
includes systematic reviews and meta-analyses exploring multimorbidity in community settings,
however, their study designs included fewer chronic conditions and were restricted to a specific
geographic region [8 11]. A systematic review study incorporating longitudinal data from 1992 to
2017 concluded that the global pooled prevalence of multimorbidity in community settings was
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33.1% [8], however no insights on changes in multimorbidity patterns changed as a function of time
or number of conditions were provided.

These multimorbidity patterns were observed by Choudhry and colleagues whilst investigating
the prevalence of multimorbidity across WHO geographic regions among adults between 2000 and
2021 [19]. They found that multimorbidity patterns by geographic regions, time, age, and gender
suggested noticeable demographic and regional differences in burden of multimorbidity and that the
global burden continues at the same pace. Moreover, the authors highlighted the need for effective,
integrated interventions to reduce burden of morbidity for older adults in regions with high
prevalence such as South America, Europe, and North America. The study also found a low
prevalence in Africa suggesting the need for improved screening and diagnosis for chronic illness as
underdiagnosis may be underlying these observed discrepancies.

Similarly, mixed findings regarding prevalence of multimorbidity and the most common
comorbid diseases have been found in literature. A study by Tacken et al. [12] considering 3
categories of chronic diseases: diabetes, pulmonary and cardiovascular diseases, predicted that
multimorbidity among patients over 65 years of age would be over 30%. Whereas, Sousa and
colleagues [13] analysed the prevalence trends of multimorbidity among 15 European community-
dwelling adults to find large variability in prevalence of multimorbidity in adults aged 50 and older
between European countries. In terms of most prevalent co-occuring chronic diseases, systematic
reviews on multimorbidity identified depression, hypertension, and diabetes as most prevalent [14
15]. On the other hand, Grain et al. identified cardiovascular and metabolic diseases as the most
common diseases, followed by mental health disorders and musculoskeletal conditions [16]. Overall,
the main three broad multimorbidity patterns identified by Wallace and co-authors in individuals
aged 65 and older are: cardiovascular/metabolic disorders, anxiety/depression disorders, and
pain/neuropsychiatric disorders [17 18].

Given the mixed literature in regard to multimorbidity trends, the primary aim of our study was
to conduct a comprehensive meta-epidemiology to update the current status and identify trends of
multimorbidity globally to address gaps in scientific knowledge and clinical practice, thereby,
effectively contributing enhance care for multimorbidity populations. This study considers gender,
age, ethnicities, and races as well as, reporting the prevalence of cardiometabolic diseases,
musculoskeletal, respiratory, neurodegenerative disorders, and pharmacological treatments used —
secondary aims of the study.

Methods

A systematic methodology was developed, peer reviewed and the protocol was published in
PROSPERO (CRD42022347308). Data from studies that met the eligibility criteria were extracted.
Aim

This study aimed to report the differences in multimorbidity by gender, age, race, wealth,
marital status, smoking, alcohol consumption, geographic location, and education level.
Eligibility criteria

Our search strategy included the use of multiple databases including PubMed, Web of Science,
ScienceDirect, EMBASE, The Cochrane Gynaecology and Fertility Group Specialised Register of
Controlled Trials and MEDLINE. The search terms used include multimorbidity, cardiometabolic disease,
diabetes type I, diabetes type 11, stroke, cardiovascular diseases, cardiomyopathy, heart arrhythmias, myocardial
infarction, aortic disease, coronary artery disease, pericardial diseases, insulin, hormone replacement treatments
and menopause. All studies peer reviewed and published in English and including women between
the 30t of April 1980-30t of April 2022 were included. All studies included quantitative measures
and designs such as randomised clinical trials, mixed-methods and epidemiology studies. Studies
were excluded from the meta-analysis based on their inability to meet this predetermined criterion
to ensure consistency and maintain studies with similar methodological rigor within analyses.

Data extraction and management
All participants included within the study experienced multimorbidity. A study specific
extraction sheet was designed and employed to include interventions used, tools used and numerical
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results. The extraction template also included objectives, outcomes and demographics. Studies that
included either a sub-analysis linked to a sub-study or an additional analysis were extracted
separately if the study duration periods varied. The results of different stages were included as a new
row to the data analysis. The extracted, final pooled data was reviewed by two investigators to ensure
any disputes were discussed and agreed. The final analysis was reviewed by an independent
reviewer prior to submission.

Outcomes

The outcomes included the prevalence of multimorbidity based on biological gender,
geographical location and socio-demographical indicators such as ethnicity, smoking, alcohol
consumption and economical status.

Statistical analysis plan

Throughout this study, meta-analysis of single proportion has been utilized to synthesize the
overall prevalence of selected outcomes of interest. Additionally, a pairwise meta-analysis was used
to combine the results of multiple studies containing common denominators and/or outcomes. We
used rate and composition ratios to conduct a descriptive analysis of primary demographics and
other sociological denominators. Differences were regarded as statistically significant if the p-value
was less than 0.05. When the p-value was found to be less than 0.01, the difference was considered to
have a higher level of significance. Conducting pairwise meta-analysis allowed us to summarize the
overall effect size based on the differences between two interventions. Given that most outcomes of
interest in the analysis were dichotomous, meta-analysis with binary data was conducted.
Consequently, the pooled odds ratio (OR) with a 95% confidence interval (CI) was employed to assess
the effects of the two interventions.

Statistical heterogeneity was evaluated by the commonly used measure I* with a p-value; if
I*was greater than 50% and the associated p-value was less than 0.01, the dataset being analysed was
determined to be heterogeneous. Conversely, an I? below 50% with a large p-value associated was
determined to have weak heterogeneity.

Random effects model is used in meta-analysis when there exists heterogeneity among studies
being analysed; instead, fixed effects model was employed if no heterogeneity existed. A statistical
approach to dealing with heterogeneity is to stratify the dataset into subgroups based on relevant
characteristics. When there exist more than 10 studies, a subgroup analysis was employed to help
identify differences between subgroups and relationships that may be obscured by the heterogeneity
in the overall dataset.

A chi-squared test would be used to determine if there is a significant difference between
subgroups. If the test is significant, there may be publication bias, which means that studies with
negative or non-significant results may be less likely to be published than those with positive results.
The analysis was performed using R, involving the estimation of treatment effects, subgroup analyses
and result presentation. Egger’s test was utilised to detect publication bias in meta-analysis. This is
based on the regression of its accuracy on the size of the standardization effect and evaluates whether
there is significant asymmetry in the funnel plot included in the studies.

Results

In total, 165 studies reported are associated with the presence of physical health conditions and
physical multimorbidity. These multi-national studies offered potentially valuable insights into
several hypotheses that may influence multimorbidity prevalence. After evaluating 165
systematically, we identified 84 studies to be eligible for inclusion in the meta-analysis (Table 1). The
associations between marital status, gender, age group, race, wealth, region, smoking, drinking,
living environment and multimorbidity were analysed. An increase in multimorbidity functioning
was associated with being male, being younger, having a high level of education, wealth, marriage,
alcohol, being Caucasian and living in rural areas. The most prevalent multimorbidity pattern was
among people beyond 50 years of age with lower educational levels (OR =1.57, 95% CI = 0.80 - 3.08).

Table 1. Characteristics of the studies included in systematic review.
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Meta-
Study Sample Mean analysis
D Authors Year Study Type Country Size Age Age Range Inclusion
Y/N
S. Afshar et al Cross-
1 [34] 2015 sectional Myanmar 125404 72 N
K. N.
Anushree and India
2 P. S. Mishra 2022 42756 60-100 N
[35]
J Ariasdela  OPservationa
3 Torreetal 2021 sct‘; dor UK 34776 20-50 Y
[36] Y
J.E.O. South Africa
4 201 26.
Ataguba [37] 013 680 N
P. Banjare India
5 and J. 2014 310 60-100 Y
Pradhan [38]
g [1QDennett . UK 15431 756 N
et al [39]
Marjan van o1
7 den Akkeret 199g ongitudinalNetherlands oo ; 25-100 Y
al [40]
Jennifer L Cross 1917
8 Wolff et al 2002 sectional USA 75.4 65-100 Y
103
[41]
G. M. )
9 Bernardeset 20p1 Corortstudy. Brazil ol s 60100 Y
al [42]
. Retrospective
10 A-Bisqueraet 5, cohort UK 56036 424 18-80 Y
al [43]
E. Bustos- Ci?si;l Mexi
11 Vazquezetal 2017 Sesi “(’1 IO gg7a 60-100 N
[44] ey
Cluster
randomized
J. Butterworth controlled
12 202
et al [45] 020 feasibility N
trial
Cross-
13 CCaraballo 0, ectional USA 596355 484 18-80 Y
et al [46]
. Cross-
14 N-Carmlero op g ectional  Spain 1189325 0-14 N
et al [47]
15 J. Charlton et 2013 Cohort study England. 282887 55-100 Y

al [48]
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Cross-

16 S Chauhanet ) ectional India 51 373 60-100 N
al [49]
G.K. K.
17 Chung et 2021 China 3074 48.5 18-100 Y
al[50]
Cross-
19 A Cooper gy sectional gy 1420378 1 18100 Y
et al [51] analysis 48.0
G. Corrao et A nationwide
1 202 ITtal N
? al [52] 020 study ay
Cross- .
go A-KCostaet ,h ectional Brazil 330 379 0-100 Y
al [53]
Cross- .
gy CD-Costaet pie ectional  CAl 145 60-100 Y
al [54]
F.
22 Diderichsen 2021 N
et al [55]
D. A. Cross-
g3 Conzdlez- ., sectional ) alian 2912 489 N
Chica et al study
[56]
R. M. Cross-
24  Guimaraes et 2020 sectional Brazil 60-100 N
al [57]
Cross-
o5 [-Halomenet o tonal  Finland 2862 91 90-107 Y
al [58]
M. Qualitative
26 Hamiduzzam 2021 study Bangladesh 22 72 N
an et al [59]
Riyadh Crt‘.)si;l
27 Alshamsanet 2011 Sesi “(’1 UK 6690 N
al [60] uey
Rohini Observationa
1 cohort
28 Mathuretal 2018 99648 25-85 N
study
[61]
Stephanie L. Cross
29 Prady et al 2016 sectional UK 2234 26.8 N
[62]
SARAH A. Retrospective
30 AFUWAPEet 2006 cohort UK 213 37 N
al [63]
Emma Barron Cross 6141447
31 aPATON 520 sectional UK 40.9 N
et al [64] 0
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Jayati Das-

32 Munshietal 2021 Lonsgtﬁdmal England — 5o70 63 Y
[65] Y
Retrospective
Kenneth A. case note
33 Earle et al[64] 2001 review UK 5 66 N
Cross-
a4 Rebecca Pinto 2010 sectional England 1090 16.8 16-74 N
et al[65] study
Linda
Petronella Cross-
35 Martl.na 2018 sectional England 763199 108248 N
Maria study
Wijlaars et al
[66]
A. Head et Descriptive b jand 1.000.00
e 2021 epidemiology © o 46 N
Descriptive
gy AHeadet oy sudy  EPEAnd ggq 54 18-81 Y
al[68]
M. A. Crt9ss'1 Indones
38 Hussainet 2015 0N TN gg38 40-100 Y
al[69] y
Calypse B Cross-
d
39 Agborsangay 2012 sectional 95010 467 1880 Y
aetal [70] survey
Longitudinal .
40 C. A. Jackson 2016 Study Australian 4896 495 N
et al[71]
41 A. G. Jantsch 2018 Cr9ss— Brazil 3092 113 2469 Y
et al[72] sectional
o N. Jerliu et al 2013 Crf)ss— Kosovo 1890 734 65-100 Y
[73] sectional
M. C. .
43 Johnstonetal 2019 Lrospective  Scotland .o g Y
cohort study
[74]
5. V. Cohort study Scotland
44 Katikireddiet 2017 O O Y ocomane o743 N
al [75]
the
Netherlands
T. Keller et al Cohort study,, Sweden,
45 76] 2018 enmark, 19013 N
and
German
A.R.
h
46 Khanolkaret 20p1 Comortstudy 3723 N

al[77]



https://doi.org/10.20944/preprints202308.1662.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 August 2023

d0i:10.20944/preprints202308.1662.v1

Longitudinal,
gy G Knieset o, omatonally 0 ess 16-100 Y
al[78] representativ
e study
China and
s R Ku[r;rg‘;‘ etal Hn7 Ghana 15864 18-100 Y
Longitudinal
R. N. Kuo et .
49 al [80] 2013 study Taiwan 959990 N
Retrospective
50 N-E-Laneet o0 ohort Canada 1518939 755 N
al [81]
Cross-
5 f-D-Lawson o0 ectional  Scofland 7054 N
et al [82]
Cross-
52 J.Luetal [83] 2021 sectional China 7480 70.79 60-100 Y
. National
53 R-McQueenie 50 rospective 0N gr4374 N
et al [84]
Secondary
sq O-W-Mercer g cross UK 659 512 18100 Y
et al [85] sectional
Cross-
55 L-Mondoret )y 0 ctional  CAMdy5607 18-100 Y
al [86]
Austria,
Germany,
Sweden,
Netherlands
, Spain,
Italy,
France,
. Denmark,
5 O R-Nielsen ), Cross o tzerland, 63842 50-100 Y
et al [87] sectional .
Belgium,
Czech
Republic,
Luxembour
g, Slovenia,
Estonia and
Israel
sy M-Niksicet ,,, Cohortstudy o . 1250 684 18100 Y
al [88]
Cross-
55 D-T-Nuneset o,y ectional  Brazil 9412 50-100 Y

al [89]
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Switzerland,
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and the
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Cross- Basque
J. F. Orueta et )
60 al [91] 2013 sectional Country 452698
Anecdotal
B. Perera et al .
61 [92] 2020 analysis UK
. Retrospective
6 Re[lélg’] °tal 2015 cohort UK 346551
63 B. Reis-Santos 2013 Cr?ss— Brazil 30881 20-60
et al [94] sectional
Cross-
sectional,
G.Q.R observational Portueal
64 -Q.Romana ., , ortuga 4911
et al [95] . . .
epidemiologi
cal
65 B. L. Ryan et 2018 Cr?ss— Canada 1358119 396 0-105
al [96] sectional 1
. Longitudinal
L. 1 Engl
66 S”Eg;]r etal 2019 Study ngland - 1300 66(10.9)  50-100
A. Singh-
67 Manouxetal 2018 OnOTTStUAY gy 8270 502
[98]
g D-J-Smithet Cross UK 751801 545
al [99] sectional
Multilevel
M. J. Smith et England
69 al [100] 2021 cohort study 45414
S.K.R.van Longitudinal
70 Zon et al 2020 cohort us 10719 53.8 50-64
[101]
H. M. Longitudinal Canada
71  Vasiliadiset 2021 cohort 1570
al [102]
. Viol 1 -
gp ©Viclanetal ,,,, ~ Cross Spain 1356761 474  19-100
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10

73 X.L. Xu etal 2018 Cohort study Australia 11914 477 4550 Y
[104]
Population-
Y. Zh 1
74 : 1%‘;]“ 2020 based, panel China 11817 62 50-100 Y
data analysis
A two-stage
75 Z. Zhou et al 2021 clust(.er China 64, 395 60 5.08 v
[106] sampling
method
76 Aarts et al 2012 Cohort study Netherlands 1184 55.4 24.81 Y
[107]
Aarts et al Cross- Netherlands
77 2011 sectional 15188 70 55-90 N
[108]
Aarts et al Prospective Netherlands
78 2011 study 1763 55.4 24-81 Y
[109]
79 ~Abizandaet - Cohortstudy o . g 786 70-100 N
al [110]
Agborsanga Cross- Canada
go 8 8 2012 sectional 4752 477 1890 Y
aetal [111]
Agborsanga Cross-
g1 8 82 2013  sectional  Canada 4946 466 18-85 Y
aetal [112]
g Asborsangay Camada o0y 477 18100 Y
aetal [113]
83 Ahrenfeldt et 2019 Cohort Study  Europe 19946 66.05 N
al [114]
Alimohamma Iran
84 dian et al 2017 Cohort Study 49946 40-75 Y
[115]
Prospective .
85 Angst et al 2002 cohort Switzerland 591 N
[116]
Linda Juel Cross- Europe
86 Ahrenfeldtet 2019 sectional p 244258  66.25 N
al [117]
Multiethnic
Ayesha A Cross-
87  Appaetal 2014 sectional USA 1997 60.2 Y
[118] cohort
Mary L
88 Adamsetal 2017 USA 400000 N
[119]
Thatiana
Lameira .
89  Maciel 2018 0% Brazil 54 60-100 Y
sectional
Amaral 1

[120]
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Cross-
gp KeMMOKAN o510 sectional “CUKOT yg108 54 N
etal [121]
Diane Retrospective Australia
91 Arnold-Reed 2018 cohort study 4285 38.2 18-90 Y
et al [122]
China,
Perianayaga Ghana,
India,
92 o 2015 Mexico, 42236 18-100 Y
Arokiasamy )
etal [123] Russia,
South
Judith
93 Sinnigeetal 2015 Netherlands 0100 669 55-80 Y
[124]
Dawit T Cluster
94 Zemedikunet 2018 analysis UK 502643 58 40-69 Y
al [125]
Luke T A UK
95 Mounceetal 2018 Cohort 4564 50-100 Y
[126]
Anne W logistic Australia
96 Tayloretal 2010 regression 3206 20-80 Y
[127]
Davy Cross- Multiple
97 Vancampfort 2019 sectional ~ continents 34129 62.4 N
et al [128]
Davy seccl;(i)cfi_al Multiple
98 Vancampfort 2018 continents 14585 72.6 65-100 Y
study
et al [129]
Carole E Cross- Switzerland
99  Aubertetal 2016 sectional 1002 63.5 50-80 Y
[130]
Christine S Cross- Germany
100 Autenriethet 2013 sectional 1007 75.7 65-94 Y
al [131]
Caroline Observationa Switzerland
101 Béhleretal 2015 I study 229493  74.9 65-100 Y
[132]
44 low and
Davy Cross- middle
102 Vancampfort 2017 sectional income 194431  38.3 N
et al [133] countries
Sarah Prospective Australia
103 Bernardetal 2016 cohort 306 81.8 65-105 Y
[134]
Tuhin Biswas Cross- Bangladesh
104 2019 sectional 8763 35-100 N

et al [135]
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Amy Prospective
105 Blakemoreet 2016 cohort design UK 4377 75
al [136]
. Cross-
106 BOWHNBCB 5019 sectional USA 4217 567  50-64
et al [137]
Secondary
analysis of
data from a
sub study
Helena C of the .
107 Brittetal 2021 _ DeACH - Australia g0
[138] (Bettermg the
Evaluation
And
Care of
Health)
Paula
Broeiro- Cross-
108 2019 ) Portugal 800376  59.8
Gongalves et sectional
al [139]
France,
Germany,
Jako S P
109 Burgersetal 2010 " 8973
[140] Netherlands
, New
Zealand,
UK, USA
Bianca M .
110 Buurmanetal 2016 Lrospective  The 639 782
cohort  Netherlands
[141]
Amaia
qp calderons Sweden 3363 746
Larranaga et
al [142]
Marco
112 Canevellietal 2020 Italy 185 75.1
[143]
Alanna M.
113 Chamberlain 2020 USA 198941
et al [144]
114 e (E?Z;‘] etal on1s China 30774
Retrospective
Tsun-kit Chu Cross- .
115 et al [146] 2018 sectional China 382
study
Yogini V. C s
116 Chugdasama 2019 Lomgitudinal UK 01050 55 18900

et al [139]

study
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Cristina
Cimarras- Cross- .
117 Otal et al 2014 sectional Spain 22190
[147]
Weng Yee Cross-
118  Chinetal 2016 . China 9259 48 18-100
sectional
[148]
India,
China,
Sutapa Russia,
Cross- .
119 Agrawaletal 2016 sectional Mexico, 40166 57.8
[149] South
Africa,
Ghana
1pp JaneMGunn o, Cross o ctralia 6864 5089 1876
et al [150] sectional
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Meta-analysis

Prevalence of Multimorbidity Cohort

We explored the prevalence of the multimorbidity cohort to assess the proportion of people with
multimorbidity. Meta-analysis of single proportions was applied to 84 studies with a sample of
24,160,411 individuals, resulting in a prevalence of 33% (95% CI = [0.28, 0.38]). Figure 1 shows the
forest plot for 84 studies. A high degree of heterogeneity with 100% of I? (p-value = 0) was seen
indicating statistically significant heterogeneity.

Study Events Total Proportion 95%-Cl Weight
7 ] Marjan van den Akker et al 1998 ( NA ) 18075 60857 0.30 [0.29,0.30] 12%
7 ) Marjan van den Akker et al 1998 ( 25-100 ) 18075 60857 0.30 [0.29;0.30] 12%
132 ] G G Fillenbaum et al 2000 ( 64-100 ) 1181 4034 0.29 [0.28;0.31] 1.2%
8] Jennifer L Wolffet al 2002 ( 65-100 ) 787465 1217103 0.65 [0.65,0.65] 1.2%
154 ] Didi M W Kriegsman et al 2004 ( 55-85 ) 519 2489 0.21[019,023] 12%
78] Aarts et al (2011b) 2010 ( 24-81 ) 985 1763 0.56 [0.54; 0.58] 1.2%
96 ] Anne W Taylor et al 2010 ( 20-80 ) 547 3208 0.17 [0.16:0.18] 1.2%
120 ] Jane M Gunn et al 2010 ( 18-76 ) 2154 6864 0.31 [0.30,0.32] 1.2%
136 ] Masuma Akter Khanam et al 2011 ( 60-100 ) 243 452 L 054 [049,058] 12%
76 ] Aarts et al 2012 ( 24-81) 420 1184 0.35 [0.33; 0.38] 1.2%
81] Agborsangaya et al (2013) 2012 ( 18-85 ) 919 4948 0.19 [0.18;0.20] 1.2%
39 ] Calypse B Agborsangaya et al 2012 ( 18-80 ) 876 5011 0.17 [0.16,0.19] 1.2%
100 ] Christine S Autenrieth et al 2013 ( 65-94 ) 658 1007 065 [062,068] 12%
121 ]Han MA et al 2013 (NA ) 17 159 L 0.74 [0.66; 0.80] 1.2%
149 ] Debra E Henninger et al 2013 (NA ) 1753 3212 0.55 [0.53; 0.56] 1.2%
129 ] Hendrik Dirk de Heer et al 2013 ( 18-100 ) 378 1002 038 [0.35,041] 12%
82] Agborsangaya et al (2014) 2013 ( 18-100 ) 1713 4752 0.36 [0.35,037] 12%
63 ] B. Reis-Santos et al 2013 ( 20-60 ) 454 39878 0.01 [0.01;001] 12%
15]J. Chariton et al 2013 ( 55-100 ) 36775 282887 0.13 [0.13;0.13] 1.2%
80 ] Agborsangaya et al (2012) 2014 ( 18-90 ) 1597 4752 0.34 [0.32,0.35] 12%
134 ] Christopher Harrison et al 2014 ( 20-89 ) 3805 8707 0.44 [043,045] 12%
143 ] Martin Fortin et al 2014 (45-80 ) 599 1198 0.50 [0.47,0.53] 1.2%
72]C. Violan et al 2014 ( 19-100 ) 845818 1356761 048 [0.48:0.48] 1.2%
5]P. Banjare and J. Pradhan 2014 { 60-100 ) 176 310 = 0.57 [0.51,062] 12%
87 ] Ayesha A Appa et al 2015 ( NA ) 1421 1997 071 [069:073] 12%
160 ] Kathleen Lang et al 2015 ( 40-64 ) 935 3058 0.31 [0.29;0.32] 1.2%
93 ] Judith Sinnige 1 et al 2015 ( 55-80 ) 74733 120480 0.62 [0.62:0.62] 1.2%
101 Caroline Bahler et al 2015 ( 65-100 ) 175752 229493 0.77 [0.76.0.77] 1.2%
131 Elisa Fabbri et al 2015 ( 60-95 ) 440 695 063 [0.60.067] 12%
92 ] Penanayagam Arokiasamy et al 2015 ( 18-100 ) 9250 42236 022 [0.22;022] 1.2%
38] M. A. Hussain et al 2015 (40-100 ) 3369 9438 0.36 [0.35;0.37] 1.2%
18]S. A. Cooper et al 2015 ( 18-100 ) 386695 1424378 027 [027.027] 12%
99 Carole E Aubert et al 2016 ( 50-80 ) 676 1002 067 [064,070] 12%
103 | Sarah Bernard et al 2016 ( 65-105 ) 125 306 - 0.41 [0.35,0.47] 12%
1241 D Jovic et al 2016 ( 20-100 ) 3522 13103 0.27 [0.26,0.28] 1.2%
118 ] Weng Yee Chin et al 2016 ( 18-100 ) 2347 9259 0.25[0.24,0.26] 12%
140 ] Debora Rizzuto et al 2017 ( 78-100 ) 774 1099 070 [068;073] 12%
164 ] Sanja Lujic et al 2017 ( 45-80 ) 46683 90352 0.52 [0.51;0.52] 1.2%
141] Nafeesa N Dhalwani et al 2017 { 50-100 ) 1156 5476 0.21[0.20:022] 12%
133 ] Jihun Kang et al 2017 ( 20-80 ) 153 590 026 [022,030] 12%
84 ] Alimohammadian et al (2017) 2017 ( 40-75 ) 10027 49946 020 [0.20;020] 12%
56 ] C. R. Nielsen et al 2017 ( 50-100 ) 20046 63842 0.31 [0.31:0.32] 1.2%
48] R. Kunna et al 2017 ( 18-100 ) 4731 15864 0.30 [0.29:0.31] 12%
91] Diane Amold-Reed et al 2018 ( 18-90 ) 2269 4285 053 [0.51,054] 12%
94 ) Dawit T Zemedikun et al 2018 ( 40-69 ) 95710 502643 0.19 [0.19;0.19] 1.2%
95 ] Luke T A Mounce et al 2018 ( 50-100 ) 1553 4564 0.34 [0.33:0.35] 1.2%
137 ] Dana E King et al 2018 ( 20-100 ) 3354 5541 0.61 [0.59,0.62] 1.2%
159 ] P A Laires et al 2018 (25-79) 6671 15196 0.44 [043,045] 12%
163 | Wei-Ju Lee et al 2018 ( 65-100 ) 4233 20898 020 [020;021] 12%
153 ] Ai Koyanagi et al 2018 ( 50-100 ) 16292 32715 0.50 [0.49:0.50] 1.2%
98 ] Davy Vancampfort et al 2018 ( 65-100 ) 8780 14585 0.60 [0.59:0.61] 1.2%
89 ] Thatiana Lameira Maciel Amaral et al 2018 ( 60-100 ) 176 264 - 066 [0.60,0.72] 12%
73] X. L. Xu etal 2018 ( 45-50 ) 423 11914 004 [0.03;004] 12%
65]B. L. Ryan et al 2018 ( 0-105 ) 3870639 13581191 0.28 [0.28;0.23] 1.2%
55 ] L. Mondor et al 2018 ( 18-100 ) 38085 113627 0.33 [0.33,0.34] 12%
54]S W. Mercer et al 2018 ( 18-100 ) 339 659 051 [048,055] 12%
21]C. D. Costa et al 2018 ( 60-100 ) 1356 1451 093 [0.92;095] 12%
106 ] Bowling CB et al 2019 ( 50-64 ) 3053 4217 0.72 [0.71;0.74] 12%
155 ] Kaja Kristensen et al 2019 ( 40-80 ) 5170 7604 0.68 [0.67.0.69] 1.2%
156 ] Kaja Kristensen et al 2019 ( 40-80 ) 12600 19605 0.64 [0.64,065] 12%
116 ] Yogini V. Chudasama et al 2019 ( 18-100 ) 96622 491939 0.20 [0.20:0.20] 12%
128 ] Tatsuro Ishizaki et al 2019 ( 60-100 ) 1121 2525 0.44 [0.42;048] 12%
158 ] Francisco T T Lai et al 2019 ( 18-77 ) 48 300 = 0.16 [0.12:0.21] 1.2%
135 ] Nusrat Khan et al 2019 ( 35-100 ) 1031 12338 0.08 [0.08,009] 12%
70]S. K. R. van Zon et al 2020 ( NA ) 239053 1071987 0.22 [0.22,0.22] 1.2%
74 Y. Zhao et al 2020 ( 50-100 ) 7320 11817 0.62 [0.61:0.83] 1.2%
70]S. K. R. van Zon et al 2020 ( 50-64 ) 2390 10719 022 [0.22,023] 1.2%
58] 8. P. Nunes et al 2020 ( 50-100 ) 4894 9412 052 [051,053] 12%
20] A K. Costa et al 2020 ( 0-100 ) 4969 23329 0.21[021;0.22] 12%
37 ) A Head etal 2021 ( 18-81) 523376 991243 0.53 [0.53;0.53] 1.2%
138 ] Krupa Gandhi et al 2021 ( 20-80 ) 3379 8499 0.36 [0.35,0.37] 12%
10] A Bisquera et al 2021 ( 18-80 ) 180087 826865 022 [022,022] 12%
32 ] Jayati Das-Munshi et al 2021 ( NA ) 2272 56770 0.04 [0.04:004] 12%
75]Z. Znhou et al 2021 ( 5-98 ) 59940 64395 0.83 [0.93:0.93] 12%
57 ] M. Niksic et al 2021 (18-100 ) 420 1259 0.33 [0.31,0.36] 12%
52]J. Lu etal 2021 ( 60-100 ) 2596 7480 0.35[0.34,0.38] 12%
17]G. K. K. Chung et al 2021 ( 18-100 ) 687 3074 0.22 [0.21;0.24] 1.2%
9] G. M. Bernardes et al 2021 (60-100 ) 902 1768 0.51 [0.49;0.53] 1.2%
3]J. Arias-de la Torre el al 2021 ( 20-50 ) 10310 34778 0.30 [0.29,0.30] 1.2%
13] C. Caraballo et al 2022 ( 18-80 ) 68358 486029 0.14 [0.14,0.14] 12%
47 ] G. Knies and M. Kumari 2022 ( 16-100 ) 6845 28523 0.24 [0.24;0.24] 12%
16] S. Chauhan et al 2022 ( 60-100 ) 7561 31373 i 0.24 [0.24:0.25] 1.2%
13 C. Caraballo et al 2022 ( 18-80 ) 68358 486029 0.14 [0.14,0.14] 1.2%

Random effects model 24160411 . 0.33 [0.28; 0.38] 100.0%

Heterogeneity: I° = 100%, «* = 0.5207, p = 0 !

002 06 1

Figure 1. Forest plot for the prevalence of multimorbidity cohort across 84 studies.

To explore the sources of heterogeneity, a subgroup analysis was conducted based on the
geographical locations of the studies and demonstrated in a forest plot (Figure 2). Of the 84 studies,
59 studies were from high-income countries (HICs) whereas, were 24 from middle-income countries
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(MICs). No significant subgroup difference (p-value=0.95 and I* of 100%) was identified between
high-income countries and middle-income countries when considering approximately all age groups,
as shown in Figure 2.

Study Events Total Proportion 95%-Cl Weight
H

[ 7 ] Marjan van den Akker et al 1998 ( NA ) 18075 60857 0.30 [0.29;0.30] 1.7%
[ 7 ] Marjan van den Akker et al 1998 ( 25-100 ) 18075 60857 0.30 [0.29,0.30] 1.7%
[132] G G Fillenbaum et al 2000 ( 84-100 ) 1181 4034 029 [0.28,031] 17%
[ 8 ] Jennifer L Wolffet al 2002 ( 65-100 ) 787465 1217103 0.65 [0.65; 0.65] 1.7%
[ 154 ] Didi M W Kriegsman et al 2004 ( 55-85 ) 519 2489 0.21 [0.19:0.23] 1.7%
[78] Aarts et al (2011b) 2010 ( 24-81) 985 1763 0.56 [0.54,0.58] 1.7%
[96 ] Anne W Taylor et al 2010 ( 20-80 ) 547 3208 0.17 [0.16;0.18] 17%
[120 ] Jane M Gunn et al 2010 ( 18-76 ) 2154 6864 0.31 [0.30;0.32] 17%
[ 78] Aarts et al 2012 ( 24-81) 420 1184 0.35 [0.33; 0.38] 1.7%
[81] Agborsangaya et al (2013) 2012 ( 18-85 ) 919 4946 0.19 [0.18;0.20] 1.7%
[ 39] Calypse B Agborsangaya et al 2012 ( 18-80 ) 876 5011 0.17 [0.16;0.18] 17%
[ 100 ] Chnistine S Autenrieth et al 2013 ( 65-94 ) 658 1007 0.65 [0.62; 0.68] 1.7%
[121] Han MA et al 2013 (NA ) 17 159 . 0.74 [0.66;0.80] 1.7%
[ 149 ] Debra E Henninger et al 2013 (NA ) 1753 3212 0.55 [0.53,0.56] 1.7%
[ 82] Agborsangaya et al (2014) 2013 ( 18-100 ) 1713 4752 036 [0.35,037] 17%
[15] J. Charlton et al 2013 ( 55-100 ) 36775 282887 0.13 [0.13;0.13] 1.7%
[ 80 ] Agborsangaya et al (2012) 2014 ( 18-90 ) 1597 4752 0.34 [0.32,0.35] 1.7%
[ 134 ] Christopher Harrison et al 2014 ( 20-89 ) 3805 8707 0.44 [0.43,045] 17%
[ 143 ] Martin Fortin et al 2014 ( 45-80 ) 599 1196 0.50 [047,053] 17%
[72] C. Violan et al 2014 ( 19-100 ) 645818 1356761 0.48 [0.48;048] 17%
[87] Ayesha A Appa et al 2015 ( NA ) 1421 1997 0.71 [0.69;0.73] 1.7%
[ 160 ] Kathleen Lang et al 2015 ( 40-64 ) 935 3058 0.31 [029,032] 17%
[ 93 ] Judith Sinnige 1 et al 2015 ( 55-80 ) 74733 120480 062 [062;,062] 17%
[ 101 ] Caroline Bahler et al 2015 ( 65-100 ) 175752 229493 0.77 [0.76; 0.77] 1.7%
[18]S. A. Cooper et al 2015 ( 18-100 ) 386695 1424378 0.27 [0.27:0.27] 1.7%
[99] Carole E Aubert et al 2016 ( 50-80 ) 676 1002 0.67 [0.64,0.70] 1.7%
[ 103 ] Sarah Bernard et al 2016 ( 65-105 ) 125 306 - 041 [0.35,047] 17%
[ 140 ] Debora Rizzuto et al 2017 ( 78-100 ) 774 1099 0.70 [0.68; 0.73] 1.7%
[ 164 ] Sanja Lujic et al 2017 (45-80 ) 46683 90352 0.52 [0.51;0.52] 1.7%
[ 141] Nafeesa N Dhalwani et al 2017 ( 50-100 ) 1156 5476 0.21 [0.20;0.22] 17%
[ 133 ] Jihun Kang et al 2017 ( 20-80 } 153 590 +* 026 [022,030] 17%
[56] C. R. Nielsen et al 2017 { 50-100 ) 20046 63842 0.31 [0.31;0.32] 1.7%
[ 91] Diane Arnold-Reed et al 2018 ( 18-80 ) 2269 4285 0.53 [0.51;0.54] 1.7%
[ 94 ] Dawit T Zemedikun et al 2018 ( 40-69 ) 95710 502643 0.19 [0.19,0.19] 17%
[95] Luke T A Mounce et al 2018 ( 50-100 ) 1553 4564 034 (033,035 17%
[ 137 ) Dana E King et al 2018 { 20-100 ) 3354 5541 0.61 [0.59;0.62] 1.7%
[ 159 ] P A Laires et al 2018 ( 25-79 ) 6671 15196 0.44 [0.43,045] 1.7%
[ 163 ] Wei-Ju Lee et al 2018 ( 65-100 ) 4233 20898 0.20 [0.20,021] 17%
[73]X L. Xu etal 2018 ( 45-50 ) 423 11914 0.04 [0.03;0.04] 17%
[65] 8. L. Ryan et al 2018 { 0-105 ) 3870639 13581191 0.28 [0.28;0.29] 1.7%
[55] L. Mondor et al 2018 ( 18-100 ) 38065 113627 0.33 [0.33;0.34] 1.7%
[54]S. W. Mercer et al 2018 ( 18-100 ) 339 659 = 0.51 [048,055] 17%
[ 106 ] Bowling CB et al 2019 ( 50-64 ) 3053 4217 072 [0.71,074] 17%
[ 155 ] Kaja Kristensen et al 2019 ( 40-80 ) 5170 7604 0.68 [0.67:0.68] 1.7%
[ 158 ] Kaja Kristensen et al 2019 { 40-80 ) 12600 19605 0.64 [0.64:0.85] 17%
[ 116 ] Yogini V. Chudasama et al 2018 ( 18-100 ) 96622 491939 0.20 [0.20,020] 17%
[ 128 ] Tatsuro Ishizaki et al 2019 ( 60-100 ) 121 2525 044 [042;048] 17%
[ 158 ] Francisco T T Lai et al 2019 ( 18-77 ) 48 300 - 0.16 [0.12;0.21] 16%
[70]S.K.R. van Zon et al 2020 ( NA ) 239053 1071987 022 [0.22,0.22] 1.7%
[70]S. K. R. van Zon et al 2020 ( 50-64 ) 2380 10719 022 [0.22,023] 17%
[37] A Head et al 2021 ( 18-81) 523376 991243 0.53 [0.53; 053] 17%
[ 138 ] Krupa Gandhi et al 2021 ( 20-80 ) 3379 9499 0.36 [0.35;0.37] 1.7%
[ 10] A Bisquera et al 2021 ( 18-80 ) 180087 826865 0.22 [0.22,0.22] 1.7%
[ 32] Jayati Das-Munshi et al 2021 ( NA ) 2272 56770 004 [0.04,004] 17%
[57 ] M. Niksic et al 2021 ( 18-100 ) 420 1259 033 [0.31,036] 17%
[3]J. Arias-de la Torre et al 2021 ( 20-50 ) 10310 34776 0.30 [0.29;0.30] 1.7%
[13]C. Caraballo et al 2022 ( 18-80 ) 68358 486029 0.14 [0.14,0.14] 17%
[47 ] G. Knies and M. Kumari 2022 ( 16-100 ) 6845 28523 024 [024,024] 17%
[13] C. Caraballo et al 2022 ( 18-80 ) 68358 486029 0.14 [0.14;0.14] 17%
i effects model 23764227 . 0.32 [0.28; 0.38] 100.0%
[ 136 ] Masuma Akter Khanam et al 2011 ( 60-100 ) 243 452 0.54 [0.49;0.58] 42%
[ 129 ] Hendrik Dirk de Heer et al 2013 ( 18-100 ) 378 1002 0.38 [0.35;0.41] 42%
[63] B. Reis-Santos et al 2013 ( 20-60 ) 454 39878 0.01 [0.01,001] 42%
[5]P. Banjare and J. Pradhan 2014 ( 60-100 ) 176 310 - 0.57 [0.51;0.62] 4.2%
[ 131 ] Elisa Fabbri et al 2015 ( 60-95 ) 440 695 0.63 [0.60; 0.67] 4.2%
[ 92 ] Perianayagam Arokiasamy et al 2015 { 18-100 ) 9250 42236 0.22 [022,022] 42%
[38]M A Hussain et al 2015 ( 40-100 ) 3369 9438 036 [0.35,037] 42%
[ 124 ] D Jovic et al 2016 ( 20-100 ) 3522 13103 0.27 [0.26; 0.28] 42%
[ 118 ] Weng Yee Chin et al 2016 ( 18-100 ) 2347 9259 0.25 [0.24:0.26] 4.2%
[ 84 ] Alimohammadian et al (2017) 2017 ( 40-75 ) 10027 49946 0.20 [0.20;0.20] 4.2%
[48]R Kunna et al 2017 ( 18-100 ) 4731 15864 0.30 [0.29,0.31] 42%
[ 153 ] Ai Koyanagi et al 2018 ( 50-100 ) 16292 32715 0.50 [0.49;0.50] 42%
[ 98 ] Davy Vancampfort et al 2018 ( 65-100 ) 8780 14585 0.60 [0.59; 0.61] 4.2%
[ 89 ] Thatiana Lameira Maciel Amaral et al 2018 ( 60-100 ) 175 264 = 0.66 [0.60,0.72] 42%
[21]C D. Costa et al 2018 ( 60-100 ) 1355 1451 093 [0.92,095] 42%
[ 135 ) Nusrat Khan et al 2019 ( 35-100 ) 1031 12338 0.08 [0.08;0.03] 42%
[74]Y. Zhao et al 2020 ( 50-100 ) 7320 11817 0.62 [0.61;0.83] 42%
[58]B. P. Nunes et al 2020 ( 50-100 ) 4894 9412 0.52 [0.51,0.53] 42%
[20] A K. Costa et al 2020 ( 0-100 ) 4969 23329 021[021,022] 42%
[75]Z Znou et al 2021 (5-98 ) 59340 64395 0.93 [0.93;0.93] 42%
[52]J. Lu etal 2021 ( 60-100 ) 2596 7480 0.35 [0.34: 0.368] 4.2%
[17]G. K. K. Chung et al 2021 ( 18-100 ) 687 3074 0.22 [0.21,0.24] 42%
[92]G. M. Bernardes et al 2021 ( 60-100 ) 902 1768 0.51 [049,053] 42%
[ 16] S. Chauhan et al 2022 ( 60-100 ) 7561 31373 0.24 [0.24;0.25] 4.2%
R effects model 396184 > 0.33 [0.23; 0.47] 100.0%
Heterogeneity: /= 100%, ©* = 05207, p = 0

Test for subgroup differences: zf =000,df=1(p=095) 002 06 1

Figure 2. Forest plot for the prevalence of multimorbidity in MICs and HICs.

A moderate level of heterogeneity was seen across countries when exploring the association
between age and multimorbidity. Figure 3 shows a statistically significant difference (p-value<0.05)
identified between HICs and MICs when solely considering adults aged 50 and older, where the
pooled prevalence was 36% (95% CI = [0.26, 0.49]) and 53% (95% CI = [0.44, 0.64]), respectively.
Additionally, heterogeneity remained unchanged in HICs (I = 100%, p-value = 0) and MICs (/% =
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100%, p-value = 0), indicating that the identified heterogeneity was not influenced by geographical
location (Figure 3). The value of X-squared was 4.24, indicating the differences between subgroups
to be significant. Therefore, people over 50 in middle-income countries were found to be more likely
to have multimorbidity than their counterparts in high-income countries.

Study Events  Total Proportion 95%-Cl Weight
[ 7 ] Marjan van den Akker et al 1998 ( NA ) 18075 60857 0.30 [0.29; 0.30] 4.8%
[ 132 ] G G Fillenbaum et al 2000 ( 64-100 ) 1181 4034 0.29 [0.28;0.31] 4.8%
[ 8 ] Jennifer L Wolffet al 2002 ( 65-100 ) 787465 1217103 0.65 [0.65; 0.65] 4.8%
[ 154 ] Didi M W Kriegsman et al 2004 ( 55-85 ) 519 2489 0.21 [0.19;0.23] 4.8%
[ 100 ] Christine S Autenrieth et al 2013 ( 65-94 ) 658 1007 0.65 [0.62; 0.68] 4.8%
[121 ] Han MA et al 2013 (NA) 117 159 = 0.74 [0.66;0.80] 4.7%
[ 149 ] Debra E Henninger et al 2013 ( NA ) 1753 3212 0.55 [0.53; 0.56] 4.8%
[ 15]J. Charlton et al 2013 ( 55-100 ) 36775 282887 0.13 [0.13;0.13] 4.8%
[ 93 ] Judith Sinnige 1 et al 2015 ( 55-80 ) 74733 120480 0.62 [0.62; 0.62] 4.8%
[ 101 ] Caroline Bahler et al 2015 ( 65-100 ) 175752 229493 0.77 [0.76;0.77] 4.8%
[ 99 ] Carole E Aubert et al 2016 ( 50-80 ) 676 1002 0.67 [0.64;0.70] 4.8%
[ 103 ] Sarah Bernard et al 2016 ( 65-105 ) 125 306 = 0.41 [0.35;0.47] 4.7%
[ 140 ] Debora Rizzuto et al 2017 ( 78-100 ) 774 1099 0.70 [0.68;0.73] 4.8%
[ 141 ] Nafeesa N Dhalwani et al 2017 ( 50-100 ) 1156 5476 0.21 [0.20;0.22] 4.8%
[56]C. R. Nielsen et al 2017 ( 50-100) 20046 63842 0.31 [0.31;0.32] 4.8%
[95] Luke T A Mounce et al 2018 ( 50-100 ) 1553 4564 0.34 [0.33; 0.35] 4.8%
[ 163 ] Wei-Ju Lee et al 2018 ( 65-100 ) 4233 20898 0.20 [0.20; 0.21] 4.8%
[ 106 ] Bowling CB et al 2019 ( 50-64 ) 3053 4217 0.72 [0.71;0.74] 4.8%
[ 128 ] Tatsuro Ishizaki et al 2019 ( 60-100 ) 1121 2525 0.44 [0.42;0.46] 4.8%
[70]S. K. R. van Zon et al 2020 ( 50-64 ) 2390 10719 0.22 [0.22;0.23] 4.8%
[ 32 ] Jayati Das-Munshi et al 2021 ( NA) 2272 56770 0.04 [0.04;0.04] 4.8%
offe : 2093139 > 0.36 [0.26; 0.49] 100.0%
[ 136 ] Masuma Akter Khanam et al 2011 ( 60-100 ) 243 452 0.54 [0.49;0.58] 8.3%
[ 5] P. Banjare and J. Pradhan 2014 ( 60-100 ) 176 310 ia 0.57 [0.51;0.62] 8.3%
[ 131 ] Elisa Fabbri et al 2015 ( 60-95 ) 440 695 0.63 [0.60; 0.67] 8.3%
[ 153 ] Ai Koyanagi et al 2018 ( 50-100 ) 16292 32715 0.50 [0.49; 0.50] 8.3%
[ 98 ] Davy Vancampfort et al 2018 ( 65-100 ) 8780 14585 0.60 [0.59;0.61] 8.3%
[ 89 ] Thatiana Lameira Maciel Amaral et al 2018 ( 60-100 ) 175 264 = 0.66 [0.60;0.72] 8.3%
[21]C.D. Costa et al 2018 ( 60-100 ) 1355 1451 0.93 [0.92;0.95] 8.3%
[74]Y. Zhao et al 2020 ( 50-100 ) 7320 11817 0.62 [0.61;0.63] 8.3%
[58]B. P. Nunes et al 2020 ( 50-100 ) 4894 9412 0.52 [0.51;0.53] 8.3%
[52]J. Lu etal 2021 ( 60-100) 2596 7480 0.35 [0.34;0.36] 8.3%
[9]G. M. Bernardes et al 2021 ( 60-100 ) 902 1768 0.51 [0.49; 0.53] 8.3%
[16]S. Chauhan et al 2022 ( 60-100 ) 7561 31373 0.24 [0.24;0.25] 8.3%
n effects 112322 <> 0.53 [0.44; 0.64] 100.0%
Heterogeneity: /2 = 100%, t° = 0.4106, p = 0
Test for subgroup differences: xf =4.24,df=1(p =0.04) 002 06 1

Figure 3. Forest plot for the prevalence of multimorbidity in MIC and HIC age 50 above.

Gender differences

A total of 34 studies with a sample size of 17,267,458 people reported differences in
multimorbidity levels between females and males. The pooled odds ratio (OR) of multimorbidity
between females and males was 1.32 (95% CI = [1.21, 1.43]), indicating that females were 0.32-times
more likely to have multimorbidity in comparison to males. A high heterogeneity of 99% of I? (p-
value < 0.01) was identified in Figure 4.
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Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
[ 7 ] Marjan van den Akker et al 1998 ( all age groups ) 9905 31227 8164 29630 122 [1.18;1.26] 3.2%
[ 136 ] Masuma Akter Khanam et al 2011 ( 60+ ) 162 248 81 204 ‘ 2.86 [1.95;4.20] 2.0%
[ 39 ] Calypse B Agborsangaya et al 2012 ( 18-65+ ) 503 2618 373 2393 : 129 [1.11;1.49] 3.0%
[42 ] N. Jerliu et al 2013 ( 65+ ) 531 941 434 949 ‘ 154 [1.28;1.84] 2.8%
[ 63 ] B. Reis-Santos et al 2013 ( 20-60 ) 190 12835 264 27043 E 1.52 [1.26;1.84] 2.8%
[68]D.J. Smith et al 2013 ( 18+ ) 1661 724949 1021 699429 k 148 [1.36; 1.60] 3.2%
[ 82 ] Agborsangaya et al 2013 ( 18-65+ ) 978 2680 735 2072 ; 1.05[0.93;1.18] 3.1%
[ 5]P. Banjare and J. Pradhan 2014 ( 60+ ) 79 157 97 163 —'{ 0.58 [0.37;0.92] 1.7%
[ 92 ] Perianayagam Arokiasamy et al 2015 ( 18+ ) 5950 23993 3466 18243 ‘ 141 [1.34;1.47] 32%
[ 93 ] Judith Sinnige et al 2015 ( mean:66.9(9.8) ) 42313 66105 32420 54375 4 1.20 [1.18;1.23] 3.3%
[ 101 ] Caroline Bahler et al 2015 ( 65+ ) 102564 131369 73188 98124 I 1.21 [1.19;1.24] 3.3%
[ 1241 D Jovic 1, J Marinkovic 2, D Vukovic 3 2016 ( 18+) 2164 6797 1358 6306 ‘ 1.70 [1.57;1.84] 3.2%
[48 ] R. Kunna et al 2017 ( 50+ ) 2670 8284 2061 7480 i 1.25 [1.17;1.34] 3.2%
[56 ] C. R. Nielsen et al 2017 ( 50+ ) 11813 35368 8400 28474 i 1.20 [1.16; 1.24] 3.2%
[ 84 ] Alimohammadian et al 2017 ( 40-75 ) 7187 28748 2840 21198 ‘ 2.15 [2.05;2.26] 3.2%
[ 141 ] Nafeesa N Dhalwani et al 2017 ( 50+ ) 614 2901 542 2575 1.01 [0.88; 1.15] 3.0%
[41]A. G. Jantsch et al 2018 ( 24-69 ) 648 1714 376 1378 ‘ 1.62 [1.39;1.89] 3.0%
[85]B. L. Ryan et al 2018 ( mean:39.6(22.7) ) 1169533 6917081 897645 6664110 1.31 [1.30; 1.31] 3.3%
[ 89 ] Thatiana Lameira Maciel Amaral 1 2018 ( 60+ ) 113 161 62 103 |—> 1.56 [0.93;2.62] 1.5%
[95] Luke T A Mounce et al 2018 ( 50+ ) 977 2570 576 1994 ‘ 151 [1.33;1.71] 3.0%
[ 137 ] Dana E King et al 2018 ( 20+ ) 1803 2872 1551 2669 5 1.22 [1.09; 1.35] 3.1%
[ 153 ] Ai Koyanagi et al 2018 ( 50+ ) 9286 16914 7016 15801 152 [1.46;1.59] 3.2%
[159] P A Laires, J Perelman 2018 ( 25-79 ) 4361 8517 2378 6679 ‘ 1.90 [1.78;2.03] 3.2%
[ 163 ] Wei-Ju Lee et al 2018 ( 65+ ) 2235 11054 1998 9844 S 1.00 [0.93;1.08] 3.2%
[43 ] M. C. Johnston et al 2019 ( mean:48 ) 223 3736 165 3448 i 1.26 [1.03; 1.55] 2.7%
[ 116 ] Yogini V. Chudasama et al 2019 ( mean:58 ) 51801 267883 44821 224056 < 0.96 [0.95;0.97] 3.3%
[ 128 ] Tatsuro Ishizaki et al 2019 ( 60+ ) 627 1357 495 1168 & 1.17 [1.00; 1.37] 2.9%
[ 135 ] Nusrat Khan et al 2019 ( 35+ ) 567 6343 464 5995 ; 1.17 [1.03; 1.33]  3.0%
[ 158 ] Francisco T T Lai et al 2018 ( 18-77 ) 21 150 27 150 B 0.74 [0.40; 1.38] 1.2%
[20]A. K. Costa et al 2020 ( all age groups ) 3383 12318 1586 11011 ‘ 225[211;2.40] 32%
[ 10 ] A. Bisquera et al 2021 ( 18+ ) 97688 430434 82399 396431 i 1.12 [1.11;1.13]  3.3%
[ 32 ] Jayati Das-Munshi et al 2021 ( mean:63(14) ) 1146 24916 1126 29582 : 1.22 [1.12;1.33] 3.2%
[75]Z. Zhou et al 2021 ( 45-75) 24678 26406 35262 37989 (7 1.10 [1.04; 1.18] 3.2%
[2] K. N. Anushree and P. S. Mishra 2022 ( 60+ ) 605 20855 613 21901 1.04 [0.93;1.16] 3.1%

Random effects model 8834501 8432957 i 1.32[1.21; 1.43] 100.0%

Heterogeneity: /> = 99%, t> = 0.0585, p = 0
0.01 052

Female Male

Figure 4. Forest plot for the association between multimorbidity and gender.

Rural-Urban differences

Of the sample, five studies included both, rural and urban populations. It is significant evidence
of statistical heterogeneity (of 12=99%, p-value <0.01). Figure 5 showed that the pooled OR of 0.8, but
(95% CI = [0.60, 1.06]) included 1, which indicates no statistical significance. Based on systematic
analyses, our findings indicate that people living in rural areas are 0.2 times less likely to have
comorbidity in comparison to those living in urban areas.

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
[ 63 ] B. Reis-Santos et al 2013 ( Brazil ) 26 3150 293 25097 -’-: 0.70 [0.47; 1.05] 15.1%
[ 92 ] Perianayagam Arokiasamy1 et al 2015 ( China) 5358 23399 3861 18837 I 1.15 [1.10; 1.21] 21.4%
[48 ] R. Kunna et al 2017 ( China ) 2165 8392 2566 7472 i 0.66 [0.62;0.71] 21.3%
[ 84 ] Alimohammadian et al (2017) 2017 (Iran ) 7747 38354 2295 11592 . 1.03 [0.97; 1.08] 21.4%
[2] K. N. Anushree and P. S. Mishra 2022 ( India ) 543 23593 786 19163 0.55 [0.49; 0.62] 20.9%
Random effects model 96888 82161 : 0.80 [0.60; 1.06] 100.0%
Heterogeneity: /2 = 99%, % = 0.0985, p < 0.01
0.01 05 2

Rural Urban
Figure 5. Forest plot for difference of multimorbidity with rural and urban areas.

Difference between smokers and non-smokers
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Figure 6 depicts how eight studies conducted a large-scale survey covering 10 countries
(n=619,862) to study the comorbidity responses to smoking versus not smoking. Significant evidence
of statistical heterogeneity was found (of 12=99%, p-value < 0.01). The pooled OR of 1.00 (95% CI =
[0.84, 1.19]), which is not statistically significant. Based on systematic analyses, our findings indicate
that people were equally likely to have comorbidity whether they smoked or not.

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
[ 5]P. Banjare and J. Pradhan 2014 ( 60+ ) 58 96 118 214 —:» 1.24 [0.76; 2.03] 6.6%
[ 84 ] Alimohammadian et al 2017 ( 40-75) 1320 8622 8719 41323 ! 0.68 [0.63;0.72] 13.8%
[ 141 ] Nafeesa N Dhalwani et al 2017 ( 50+ ) 186 835 970 4641 : 1.08 [0.91; 1.30] 12.2%
[95] Luke T A Mounce et al 2018 ( 50+ ) 998 2792 555 1772 | 1.22 [1.07; 1.38] 13.0%
[ 153 ] Ai Koyanagi et al 2018 ( 50+ ) 6500 13511 9794 19204 | 0.89 [0.85;0.93] 13.9%
[163 ] Wei-Ju Lee et al 2018 ( 65+) 264 1296 3994 19607 i 1.00 [0.87; 1.15] 12.8%
[ 116 ] Yogini V. Chudasama et al 2019 ( mean:58 ) 49592 221035 46543 269050 | 1.38 [1.36; 1.40] 14.0%
[10] A. Bisquera et al 2021 ( 18+ ) 1376 5017 3355 10847 0.84 [0.78; 0.91] 13.7%

Random effects model 253204 366658 i 1.00 [0.84; 1.19] 100.0%

Heterogeneity: /2 = 99%, 2 = 0.0552, p < 0.01
0.01 05 2

No smoking Smoking

Figure 6. Forest plot for the association between multimorbidity and smoke.

Differences between black and white patients

The factor of ethnicity has been extensively discussed in numerous studies; for example,
Caraballo et al[13] and King et al[137] discovered that multimorbidity was common and had been
increasing in the United States due to temporal trends in ethnic disparities. By examining the roles of
white and black ethnicities in multimorbidity and improving forest plot targeted systematic review,
a meta-analysis was conducted with a total sample size of 554,733 people across 4 studies (ref. Figure
7). The pooled odds ratio (OR) was 0.53 (95% CI = [0.20, 1.41]), which is not statistically significant.
Based on systematic analyses, our findings indicate that white people were 0.47 times less likely to
develop comorbidities than black people. The associated 1% = 99% (p-value < 0.01) shows that the
sample has a high degree of heterogeneity.

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
[ 63 ] B. Reis-Santos et al 2013 ( 20-60 ) 182 14135 2370 24544 ‘ 0.12 [0.10; 0.14] 24.9%
[ 137 ] Dana E King et al 2018 ( 20+ ) 1570 2377 734 1135 | 1.06 [0.92; 1.23] 24.9%
[ 32 ] Jayati Das-Munshi et al 2021 ( mean:63(14)) 578 12363 781 14150 5 0.84 [0.75;0.94] 25.0%
[13] C. Caraballo et al 2022 ( 18+ ) 56114 415659 12244 70370 0.74 [0.73;0.76] 25.1%

Random effects model 444534 110199 % 0.53 [0.20; 1.41] 100.0%

Heterogeneity: /% = 99%, % = 0.9808, p < 0.01
0.01 05 2

White Black

Figure 7. Forest plot for the association between multimorbidity and ethnicity.

Differences in educational status

A total of four studies with a sample size of 11,475 people reported differences in comorbidity
levels between high school and university settings. The pooled odds ratio (OR) was 1.57 (95% CI =
[0.80, 3.08]), which is not statistically significant. Based on systematic analyses, our findings indicate
that people with a college education were 0.57 times more likely to develop comorbidities than those
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with only a high school education. Figure 10 indicates significant evidence of statistical heterogeneity
(I* =92%, p-value <0.01).

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
[ 39 ] Calypse B Agborsangaya et al 2012 ( 18-65+) 438 2367 176 1211 | 1.34 [1.10; 1.62] 26.6%
[ 82 ] Agborsangaya et al 2013 ( 18-65+ ) 1375 3568 364 1218 2 1.47 [1.28; 1.69] 26.9%
[48 ]1R. Kunna et al 2017 ( 50+ ) 601 2167 212 660 0.81 [0.67; 0.98] 26.6%
[ 158 ] Francisco T T Lai et al 2019 ( 18-77 ) 33 134 9 150 3 5.12[2.35; 11.17] 19.9%
Random effects model 8236 3239 1.57 [0.80; 3.08] 100.0%
Heterogeneity: /% = 92%, % = 0.4365, p < 0.01
0.01 05 2

High school University

Figure 8. Forest plot for difference of multimorbidity with high school and university education
levels.

Difference among patients that consume alcohol

We conducted a meta-analysis of five studies with a sample size of 600,313 patients. A high
heterogeneity was detected with I? =98% and p-value < 0.01. The random effects model reported
an odds ratio (OR) of 0.97 (95% CI = [0.84,1.11]), which is not statistically significant. Based on
systematic analyses, our findings indicate that people who do not drink were less likely to develop
comorbidities than those who drink.

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
[ 84 ] Alimohammadian et al 2017 ( 40-75) 347 1721 8777 48225 ' 1.14 [1.01; 1.28] 19.0%
[ 141 ] Nafeesa N Dhalwani et al 2017 ( 50+ ) 290 1535 866 3941 ‘ 0.83 [0.71;0.96] 17.7%
[ 153 ] Ai Koyanagi et al 2018 ( 50+ ) 5554 10894 10692 21821 ] 1.08 [1.03; 1.13] 21.6%
[ 163 ] Wei-Ju Lee et al 2018 ( 65+ ) 474 2294 3758 18604 : 1.03 [0.92; 1.15] 19.6%
[ 116 ] Yogini V. Chudasama et al 2019 ( mean:58 ) 32088 183249 64377 308029 0.80 [0.79; 0.82] 22.0%

Random effects model 199693 400620 J 0.97 [0.84; 1.11] 100.0%

Heterogeneity: /2 = 98%, t? = 0.0233, p < 0.01
0.01 0.5 2

No alcohol Alcohol
Figure 9. Forest plot for the association between multimorbidity and alcohol.

Socioeconomical status

To assess if wealth is a helpful indicator of comorbidity, it is of great significance to study a
sample size of 215,766 people across five studies; the results are shown in Figure 10. As indicated in
the forest plot, the pooled odds ratio (OR) of multimorbidity between poor people and rich people
was found to be 1.34 (95% CI = [0.86,2,07]), which is not statistically significant. Based on systematic
analyses, our findings indicate that poor people are 0.34 times more likely to have multimorbidity in
comparison to rich people. The value of 100% of 1% (p-value < 0.01) indicates significant statistical
heterogeneity.
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Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
[ 5] P. Banjare and J. Pradhan 2014 ( 60-100 ) 37 61 34 63 —;H 1.31 [0.64; 2.68] 14.0%
[ 153 ] Ai Koyanagi et al 2018 ( 50+ ) 2041 5529 3529 7622 ) 1.32 [1.23; 1.41] 22.0%
[159 1P A Laires , J Perelman 2018 ( 25-79 ) 1431 2795 1089 3331 2.16 [1.95; 2.40] 21.9%
[54]S. W. Mercer et al 2018 ( 18-100 ) 207 356 132 303 * 1.80 [1.32; 2.45] 20.0%
[ 116 ] Yogini V. Chudasama et al 2019 ( mean:58 ) 17163 99178 23543 97001 0.65 [0.64; 0.67] 22.2%

Random effects model 107919 108320 & 1.34 [0.86; 2.07] 100.0%

Heterogeneity: /2 = 100%, t° = 0.2256, p < 0.01
0.01 052

Poor Rich

Figure 10. Forest plot for the Rich-pool difference in multimorbidity cohort.

Difference between married and non-married

To explore the association between multimorbidity cohorts in married and non-married people,
a meta-analysis was applied to four studies with a total sample size of 63,043 people. Our findings
revealed that people see a substantial reduction in their risk of having comorbidities when they got
married. Figure 11 showed that the pooled odds ratio (OR) of multimorbidity between married and
non-married people was 0.94 (CI 95%=[0.52,1.68]), which is not statistically significant. Figure 11
indicates significant evidence of statistical heterogeneity (1> =98%, p-value <0.01). We observed that,
on average, unmarried people were more likely to develop multimorbidity than people who got

married.
Experimental Control
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
[ 136 ] Masuma Akter Khanam et al 2011 ( 60+ ) 122 260 119 189 —0—1 0.52 [0.35; 0.76] 24.0%
[ 5] P. Banjare and J. Pradhan 2014 ( 60-100 ) 108 187 68 123 ] 1.11 [0.70; 1.75] 23.0%
[ 84 ] Alimohammadian et al 2017 ( 40-75) 1858 6073 8160 43873 ' 1.93 [1.82;2.05] 26.7%
[ 135 ] Nusrat Khan et al 2019 ( 35+) 789 10174 242 2164 0.67 [0.57;0.78] 26.3%

Random effects model 16694 46349 ‘l'» 0.94 [0.52; 1.68] 100.0%

Heterogeneity: /2 = 98%, 12 = 0.3319, p < 0.01
0.01 052

Married Unmarried

Figure 11. Forest plot for the association between multimorbidity and marriage.

Publication Bias

Given that results of studies that show statistically significant findings are more likely to be
published than those that do not, the true effect size or relationship between variables can be distorted
upon analysis. During gender-specific meta-analysis, females were more represented than males in
the multimorbidity group. A high heterogeneity was quantified (12 =99%, t? = 0.0585, p < 0.01),
suggesting that the studies included had substantial differences. We used statistical methods, such
as funnel plots and Egger’s regression, to detect and correct for publication bias.

The funnel plot illustrated in Figure 12 demonstrated a clear indication of statistically evaluated
minimal publication bias, as the distribution of the studies appeared asymmetric. However, the p-
value of the Egger’s regression test (Figure 13) for the meta-analysis reporting multimorbidity with
gender was 0.8196, indicating a lack of an effect size. As a result of this, significant publication bias
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cannot exist. These methods have less power if there are only a few studies in the meta-analysis, and
they can be influenced by other sources of bias, such as heterogeneity in study quality or reporting

biases.
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Figure 12. Funnel plot of studies included in the meta-analysis of multimorbidity with gender effect.

Linear regression test of funnel plot asymmetry

Test result: t =-0.23, df = 32, p-value = 0.8196

Sample estimates:
bias se.bias intercept se.intercept

-0.4692 2.0407  0.2474 0.0164

Details:

- multiplicative residual heterogeneity variance (tau”2 = 115.4231)
- predictor: standard error

- weight:  inverse variance

- reference: Egger et al. (1997), BMJ

Figure 13. Egger’s test for the gender effect on multimorbidity.

Discussion

This study represents the first meta-epidemiology study to review papers published more than
42 years ago on the increasingly critical condition of multimorbidity. Multimorbidity is considered
by WHO to have significant burden on the health of populations globally, with the sole exception of
Africa wherein, the challenge of underdiagnosis plagues our understanding of true burden in patient
populations.
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Our study included 165 papers for systematic review and 84 papers within the meta-analysis
out of a total 278 identified publications. Previous literature [12-18] identified a vast spectrum of
medical conditions as the most prevalent co-occurring chronic diseases in people with
multimorbidity. This spectrum includes depression, hypertension, diabetes, mental health disorders,
cardiovascular and metabolic diseases, musculoskeletal conditions, and neuropsychiatric disorders.
Despite these conditions being considered as the main broad multimorbidity patterns, limited
insights on how multimorbidity patterns evolve over time or based on the number of conditions have
been reported. In this study, we assessed the association between multimorbidity and numerous
demographic factors including gender, age, ethnicity, geographical location. We also evaluated
lifestyle factors such as smoking and alcohol consumption as well as economic indicators including
wealth, marriage status, and education level to report comprehensive findings. In doing so, we were
able to holistically evaluate the relationships between various social determinants of health and
multimorbidity and report effect sizes found via meta-analysis.

In exploring gender and multimorbidity, our results aligned with findings by Zielinski &
colleagues, and multimorbidity was found to be highly prevalent among women of all ages which is
contrary to the common perception that it is confined to geriatric populations [19]. It is possible these
findings are attributable to more realistic reporting as women tend to share more information with
healthcare facilities, in comparison to their male counterparts. On the other hand, exposure to
common risk factors among women could also be a driving factor for the elevated prevalence of
multimorbidity.

Given the significant rise in life expectancy and declining fertility rates, the increase in older
populations globally is expected with 1 in 6 people predicted to be over 65 years by 2050 [20].
Countries such as India and China are experiencing major transitions leading to a significant increase
in the proportion of older populations, rise in associated medical and biopsychosocial needs and thus,
elevated prevalence of multimorbidity.

Similarly to gender and age, ethnicity is one the factors that has been extensively investigated in
association with multimorbidity over the last 40 years. Our study found that white people were 0.47
times less likely to develop comorbidities compared to black people. Interestingly, a recent study by
Kuan and co-authors [xx] examined multimorbidity patterns stratified by ethnicity and other factors
such as race, sex, and age for 308 health conditions (n=872,451; eligible patients). Their study reported
that white individuals (78.7% of 2,666,234) were more likely to be diagnosed with two or more
conditions than were black (60.1% of 98,815) or south Asian individuals (60.2% of 155,435).
Additionally, they identified that spinal fractures were most strongly non-randomly associated with
malignancy in black individuals, but with osteoporosis in white individuals. It was reported that
multimorbidity had been increasing in the United Stated due to temporal trends in ethnic disparities
[13,137].Taking our findings in conjunction with findings of Kuan et. al regarding differential
diagnosis of spinal fractures, highlights the dire need for improved understanding and management
of multimorbidity across ethnic groups.

To manage multimorbidity patients, it is also vital to ensure local healthcare systems understand
the differences between the rural and urban comorbidities. This is crucial as multimorbidity is also a
strong predictor of mortality, disability and poor quality of life [21]. Our findings reported rural
populations to be 0.8 times less likely to face multimorbidity in comparison to those in urban areas.
From an economic perspective, having knowledge of the difference in prevalence and type of
comorbidities found by region may inform improved resource and expenditure allocation in
healthcare system. From a clinical perspective, these findings and further research can be a step
towards personalized healthcare by improving patient-physician interaction as physicians would be
more aware of regional differences in comorbidity to prescrible polypharmacy use or self-
management, accordingly.

Lifestyle factors such as smoking and alcohol consumption that are known to have a negative
causal impact on health were also evaluated in relation to multimorbidity. There is significant
evidence that smoking negatively impacts individual health and worsens comorbidities such as
hypertension, cardiac conditions and diabetes [22]. Though our results indicated that women may
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have had comorbidities regardless of their smoking status, a study conducted by Newson and
colleagues indicated smoking cessation in a Canadian cohort reporting the need for behavioural
change following cancer, diabetes, cardiac disease and stroke [23].

Similarly, there is sufficient evidence of excessive alcoholic consumption and an increased risk
of health issues such as unintentional injuries, depression, brain disorders, violence, liver diseases,
cancer as well as reduced health-related quality of life; elevating the likelihood of multimorbidity and
mortality. Our results identified that people who do not drink were less likely to develop
comorbidities than those who do. A national survey in the United States [25] on Drug Use and Health
from 2005 to 2014 examining excessive alcohol consumption and lifetime medical conditions (13
medical conditions and medical multimorbidity of at least 2 diseases) among adults over 50 years old
who were either binge drinkers or non-binge drinkers found that multimorbidity was lower among
binge drinkers compared to non-binge drinkers; causing significant health risks especially with the
concurrent use of other substances.

Provided that socio-economic indicators such as education levels, wealth, and marriage impact
access to resources and health outcomes, it is imperative they be assessed in relation to
multimorbidity.

Pathirana and colleagues [27] reported, from a review of 24 cross-sectional studies, that low
versus high education level and deprivation were consistently associated with increased of risk of
multimorbidity, whereas the evidence on association with family income was inconclusive (or
mixed). A German cross-sectional study including 19,294 adults with a total of 17 self-reported health
conditions along with sociodemographic characteristics [28] indicated that adults aged 40-49 years
with lower levels of education were more likely to suffer multimorbidity with a prevalence of 47.4%
matching those of highly educated individuals. Our findings indicated that people with higher
education level were 0.57 times more likely to develop comorbidities than those with a low level of
education.

In regard to the correlation between wealth and multimorbidity, our results indicate no
significant difference between high-income countries (n=59) and middle-income countries (n=24)
when all age groups were considered, however people over 50 years in middle-income countries
were more likely to have multimorbidity compared to high-income countries. In light of such
findings, it is key that emphasis in the development of national public health approaches and
prevention programs on multimorbidity is placed on supporting adults over the age of 50 especially,
in middle income countries as well as individuals with lower levels of education. It is key to note the
limitations that underdiagnosis or underreporting in certain countries may place on findings of
economic indicators and reported multimorbidities.

On the other hand, we found that prevalence of marriage was inversely associated with
multimorbidity and people showed a substantial reduction in risk of having comorbidities when they
got married. These findings align with existing evidence that married individuals have better health-
related quality of life and wellbeing compared to their unmarried counterparts. A study by Wang
and team [29] was conducted using a nationally representative data on 23641 adults aged 50-60 years
who participated in four longitudinal studies in the US, UK, Europe, and China. The study reported
that individuals who had been married for 21-30 years had a lower multimorbidity rate than those
married for less than 10 years. These associations remained robust after adjusting for socioeconomic
and lifestyle factors. Though the association of marriage and multimorbidity has not been
investigated across all age groups, these results are mainly due to influence of marital partners on
reinforcing healthy behaviours and discouraging habits such as smoking and drinking, for example.
These findings highlight the protective role that marital relationships may play against
multimorbidity by preserving overall health and wellbeing across the life course.

Conclusion

Our findings regarding multimorbidity and its association with demographic, lifestyle and
economic factors can support development of evidence-based policies and inform cultural or regional
adaptions of clinical management such as polypharmacy to optimise therapeutic benefit for patients
with multimorbidity. Some key considerations for clinical management from our findings include
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identifying women, black people, and unmarried individuals who are drinkers at high risk of
multimorbidity. Additionally, the finding that marital status may render protective effects against
multimorbidity by encouragement of healthier behaviours alludes to the role socially focused
interventions may have in negatively reinforcing lifestyle factors that increase risk of multimorbidity
in populations. High prevalence of multimorbidity places significant burden on healthcare systems
as well as the global population thus, it is imperative that robust research and healthcare policy be
implemented for optimal multimorbidity management. Lastly, earlier stage interventions such as
prevention programs to reduce risk of multimorbidity in at-risk populations may support decreased
the incidence of cases.
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