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and abstracts and full texts, data extraction, and quality assessment were
conducted by two independent reviewers. Any disagreements were resolved
through discussion or by involving a third reviewer. Data synthesis was
conducted using narrative synthesis and random effects meta-analysis, where
appropriate.

Results: Out of 8781 records identified from the literature search, 16 and
15 studies were included in the systematic review and meta-analysis,
respectively. All included studies were cross-sectional, and 10 met a critical
appraisal score of more than 70%. Broadly, sociodemographic, lifestyle, and
health conditions-related factors were explored in these studies. The pooled
odds of multimorbidity were higher in people aged 270 years compared to
60-69 years (odds ratio (OR) 1.51; 95% confidence interval (Cl) 1.20-1.91),
females compared to males (1.38; 1.09-1.75), single, divorced, separated, and
widowed compared to married (1.29; 1.11-1.49), economically dependent
compared to economically independent (1.54; 1.21-1.97), and smokers
compared to non-smokers (1.33; 1.16-1.52) and were lower in working
compared to not working (0.51; 0.36-0.72).

Conclusion: This systematic review and meta-analysis provided a comprehensive

picture of the problem by synthesizing the existing evidence on risk factors of
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1 | INTRODUCTION

By the end of the century, one-third of India's population will be aged
60 or more years,' increasing the risk of multimorbidity.? Multi-
morbidity is the coexistence of two or more chronic health conditions
in an individual, each one of which is either a physical non-
communicable disease (NCD) of long duration (e.g., cardiovascular
disease), a mental health condition of long duration (e.g., dementia),
or an infectious disease of long duration (e.g., hepatitis C), and this is
most widely used definition.®>* In India, the prevalence of multi-
morbidity among people aged 260 years ranges from 24% to 83%.°
Multimorbidity poses a significant burden on the healthcare system
and the economy along with having a negative impact on the patients
and their families and carers.® People with multimorbidity require
complex management regimens that may include polypharmacy,
unplanned or emergency hospital visits, hospital admissions and re-
admissions, prolonged hospital stays, and out-of-pocket expenditures
for drugs and healthcare services.” *° Major health consequences of
multimorbidity include negative effects on the physical and mental
health of patients such as physical disabilities, psychological distress,
cognitive impairment, self-doubts, depression, and anxiety.”** Their
capacity to perform activities of daily living may progressively
deteriorate®* hence, leading to poor quality of life and eventually
leading to premature deaths.24"1”

In India, several primary studies have been carried out to identify
risk factors of multimorbidity among older adults, 8728 put to date,
no systematic review has been conducted on this topic that brings
together all the available evidence. The findings could be used when
developing health interventions for addressing multimorbidity among
older adults in India. Therefore, this systematic review aimed to
synthesize the existing evidence on risk factors of multimorbidity

among older adults in India.

2 | METHODS

The systematic review was conducted and reported in conformity
with JBI systematic reviews of etiology and risk and Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
guidelines.??%° The review protocol was registered with PROSPERO
(registration number: CRD42022348425).

multimorbidity among older adults in India. These synthesized sociodemographic
and lifestyle factors should be taken into consideration when developing health

interventions for addressing multimorbidity among older adults in India.

chronic diseases, elderly, health conditions-related factors, India, lifestyle factors,
meta-analysis, multiple long-term conditions, senior citizen, sociodemographic factors,

2.1 | Inclusion criteria
2.1.1 | Population

The systematic review included studies conducted among older
adults (aged 260 years) in India. The phrases “senior citizen” or
“elderly” are used in India to refer to those 260 years, as per
the National Policy on Older Persons and Social Statistics
Division of the National Statistics Office.*132 UN also defines
the population aged 260 years as being old.3® If a study was
conducted among adults, relevant data on older adults were
extracted. The study was excluded if it was not possible to extract
these data. Any study setting was eligible, for example,
community, residential care, primary care, secondary care, and

tertiary care.

2.1.2 | Exposure

Studies reporting any risk factor, such as sociodemographic (e.g., age
and sex), lifestyle (e.g., smoking and alcohol consumption), and health

conditions-related, were included in this systematic review.

2.1.3 | Outcome

Studies on multimorbidity as an outcome were included in this
systematic review. The study authors' definition of multimorbidity
was used for this purpose. If the term multimorbidity or its
definition was not mentioned, an operational concept of multi-
morbidity was used, that is, “coexistence of two or more chronic
health conditions”.® Studies on comorbidity, defined as “any
distinct additional entity that has existed or may have occurred
during the clinical course of a patient who has index disease under

study”, were excluded.®3*

2.1.4 | Study design

This systematic review included analytical observational studies (e.g.,

cohort, case-control, and cross-sectional studies).
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2.2 | Information sources and search strategies

Several databases were searched on August 03, 2022. The electronic
databases searched for published articles were: MEDLINE (OVID;
since 1946), EMBASE (OVID; since 1974), PsycINFO (OVID; since
1806), and CINAHL Plus (EBSCOhost; since 1945). For gray
literature, ProQuest Dissertations and Theses was searched. The
search strategies were developed based on previous similar

53538 and in consultation with a librarian (see

systematic reviews
Supplementary Materials). No date or language restrictions were
applied. The reference list of all included studies and relevant

systematic reviews were screened to identify any additional studies.

2.3 | Study selection

Following the search, identified citations were collated and exported
using a reference manager software, Endnote X9.%? Once duplicates
were removed, records were imported into a web tool for systematic
reviews, Rayyan.*° Titles and abstracts were screened against the
eligibility criteria by two independent reviewers (NG and IB). Studies
identified as potentially eligible or those without an abstract were
retained for the full-text screening. If the full text of an article was
not available even through the interlibrary loan service at the
University of Nottingham (UK), the corresponding author was
contacted for the same (at least twice via email). For eligibility
assessment, the full text of the articles was screened independently
by two reviewers (NG and IB). Any disagreements that arose between
them were resolved through discussion. If a consensus was not
reached, a third reviewer (KC) was involved. Following the full-text
screening, studies not fulfilling the inclusion criteria were excluded,
and reasons for the same were recorded (see Supplementary
Materials). In the case of multiple publications from the same data
set, the article having the most complete data was included. If partial
data were reported in articles, then all such articles were included.

2.4 | Assessment of methodological quality

The methodological quality of the included studies was assessed
using the JBI checklist for observational studies by two independent
reviewers (NG and 1B).*2*® Any disagreements that arose between
them were resolved through discussion. If a consensus was not
reached, a third reviewer (KC) was involved. No cut-off quality score
was applied to exclude studies; therefore, all eligible studies
regardless of their methodological quality were included in this

review.

2.5 | Data extraction

The data were extracted from included studies using a pre-developed
and piloted data extraction form. The following details were

Open Access

extracted: publication details (first author and year of publication),
Indian state, study design, study year, study setting, population
characteristics (study population 260 years only; sample size, mean
age (in years), and number of females), unadjusted risk factors,
adjusted risk factors (as reported by study authors), assessment of
risk factors (e.g., self-reported by participants or using medical
records), definition of multimorbidity, and assessment of multi-
morbidity (e.g., self-reported by participants or using medical
records). Odds ratios (ORs) and 95% confidence intervals (Cls) were
also extracted. Adjusted ORs were preferred over unadjusted ORs. In
the absence of adjusted ORs, unadjusted ORs were extracted or
calculated (using the available raw data). If a study had multiple
categories for a risk factor, two or more categories were merged
meaningfully to form a new category for meta-analysis. For example,
if general, scheduled castes, scheduled tribes, and other backward
classes were the categories available for social caste, then the general
category was considered as the reference group, and all the other
categories were combined to form a new category. Two reviewers
(NG and IB) independently extracted the data. Any disagreements
that arose between them were resolved through discussion. If a

consensus was not reached, a third reviewer (KC) was consulted.

2.6 | Data synthesis

Initially, narrative synthesis was conducted. Where at least two
studies reported the same or similar risk factors, a meta-analysis was
conducted using Review Manager (RevMan) 5.4 software.** The ORs
with 95% Cls were pooled using the random effects meta-analysis
approach and generic inverse variance.*>*¢ The standard errors were
used in creating the forest plots, which were calculated in STATA v17
using the following formula: standard error = (log upper Cl-log lower
C1)/3.92.* The statistical heterogeneity across studies was estimated
using |2 statistics. The 12 values of <50%, between 50% and 74%, and
>75% were interpreted as low, moderate, and high levels of statistical
heterogeneity, respectively.*®

2.7 | Assessment of publication bias

The publication bias was assessed using a funnel plot, provided at
least 10 studies were included in the meta-analysis.*

3 | RESULTS
3.1 | Inclusion of studies

Eight thousand seven hundred eighty-one records were identified
from the literature search, and all were in the English language. After
the removal of duplicates, 7378 records were left for the title and
abstract screening. Following the title and abstract screening, 93
records were left for the full-text screening. Finally, 16 studies were
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included in this systematic review,b1819:50-62 qut of these 16 studies,
15 were included in the meta-analysis.1819:5052-¢2 Figyre 1 shows

the process of study selection and inclusion.

3.2 | Characteristics of included studies

The characteristics of the included studies are presented in Table 1.
Five studies were conducted on a nationally representative sam-
ple, 1950576165 five in the northern states,'®>#5>°80 three in the

5692 and one in both

eastern states, 2% two in the southern states,
northern and southern states.>® All included studies were cross-
sectional and conducted in the community except for four (one each
was conducted in residential care,’® primary care,®? both community
and primary care,'® and community, residential care, primary care,
secondary care, and tertiary care).”® The studies were published in
2004 and after. The sample size of older adults in the included
studies varied from 148 to 42,756. The mean age of older adults in
the included studies ranged from 66 to 75 years. Broadly, socio-
demographic, lifestyle, and health conditions-related factors were
explored in the studies. All included studies used self-reported data
on exposures except for one (which used medical records).®? The
same definition of multimorbidity (i.e., the coexistence of two or

more chronic health conditions in an individual) was reported in 12

study, no definition was provided.>® Nine studies used self-reported

1.19,51,52,56-59.61 56 ysed medical records,®?

18,53-55

data on multimorbidity,

four used both self-reported data and medical records,
0

one
screened selected chronic health conditions,®® and one had not

reported the details.>®

3.3 | Methodological quality of included studies

The methodological quality of the included studies is presented in
Table 2. The critical appraisal scores varied from 38% to 88%. Ten
studies obtained a score of more than 70%, that is, answered ‘yes’ to
at least six questions on the JBI checklist for analytical cross-sectional
studies.119:°0:51.56-59.61.62 The inclusion criteria were clearly defined
in all the studies except for one.>? All included studies described
study participants and settings in detail except for one (where the
exact study location was unclear).>® In nine studies, exposure was not

measured using a valid and reliable method.1819:50:52:54.56.60-62 To

53,55,60

definition of multimorbidity was unclear in three studies, and

one had not defined it°>° Two studies did not identify the

confounders,>®>*

and four had not stated strategies to deal with
them.®5254¢0 Only two studies assessed multimorbidity using a
reliable and valid method.”®°° Appropriate statistical analysis, such as

multivariable logistic regression, was used in all included studies

studies, whereas it was unclear in three studies,”®>>>° and in one except for four, 18235460
[ Identification of studies via databases and registers [ Identification of studies via other methods ]
="
Records removed before

c screening: - .

= Records identified from:

E Records identified from: 31“? ||1cit§3r)ecords removed Websites (n = 05)

= Databases (n = 8,765) > R . Organisations (n = 0)

b Registers (n = 0) Recolds m_arked as ineligible Citation searching (n = 11)

S by automation tools (n = 0)

Records removed for other
reasons (n = 0)

— l

Records excluded
(n=7,292)

Records screened

(n=17.362)

v

Reports sought for retrieval Reports not retrieved

v

Reports sought for retrieval Reports not retrieved

(n=0)

\4

!

Reports assessed for eligibility

v

Reports excluded:
Ineligible outcome (n = 08)
Ineligible population +
ineligible outcome (n = 01)

2 (n=170) (n=0) (n=16)
£
: |
Reports excluded:
RePons assessed for eligibility Inel!g?ble population (n = 04)* P
(n=70) Ineligible outcome (n = 17)* (n=16)
Ineligible study design
(n=02)*
Ineligible population +
ineligible outcome (n = 08)*
Relevant data could not be
— v extracted (n = 16)*
() No additional data could be
3 Studies included in review extracted (n = 14)
A (n=16) <
o Reports of included studies i
£ (n=16)
—

FIGURE 1 PRISMA flow diagram for systematic reviews which included searches of databases, registers, and other sources. *See

Supplementary Materials.

85U80|7 SUOWWOD aA 810 (el (dde au Aq pausenob ae sejone VO ‘@S JO S3|nJ 10 A%eiq)auljuO 3|1 UO (SUORIPUCO-pUe-SWLIR)AL0D A8 | AeIq U1 [UO//:SANY) SUORIPUOD pUe SWe 1 8y} 88S *[202/€0/50] U0 AriqiTauluo A8|im ‘WeyBumoN JO AiseAun Aq STET Z/SU/Z00T OT/I0pW0D A8 | 1M Aeiq 1 |Bul|uo//Sdny Wiy pepeoumod ‘Z ‘v20Z ‘GE8886E2



23988835, 2024, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/hsr2.1915 by University Of Nottingham, Wiley Online Library on [05/03/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

5 of 20

Health Science Reports
PO ssmmesss— WILEY

GOEL ET AL

(senunuo))

Sp.Jodal
|ed1paw
EETGEEY] sjued
J1_Yy3 pue -bijed
sjuedpiped Aq
Aq pajiodau-j|9s pauyap JoN  papodali-j|9s pajiodas JoN
(5) 039€q0}
sumay s)
supjows ‘(SN)
juswaduene
Ul (S)
9ouapuadapul
21WOoU023
40 33835 ‘(SN)
21582 SN)
uofeanpa
sjued ‘(SN) xapul
sallipiqiow -diped u3eam (SN)
sjuedijed aJow Aq snjejs [ejLew

AQ payodau-jes 10 oM} SuineH  pajpiodai-§|ag ‘(S) 98e (SN) oS

suonIpuod
J1uoayd sjued
2Jow JO oM} -piped
sjueddijed Jo 9ouasaud Aq

Aq payiodal-§|as snoauelnwis  pajodal-§as 9]qe1oesIxa 10N

((S) 359421 (S)
You (S) alppiw
(SN) 400d
‘(424) 3s2400d)
awoodul (S)
0uUapIsal Jo
2oe|d {(S) 91582
‘() uonesnpa

sjued (SN) 4opuad
-bied ‘s) T£=
syuedidiped Aq (SN) 0£-59

Aq papiodal-§as pauyap J0N  papodal-jas  ‘(Jad) #9-09) 98y

ApigJownnw  s1032e} si Jo
JUBWSSASSY

Aupigownnw
JO JUBISSISSY

<m‘_ 03oe)

J0 uoniuyaq sy paysnipy

Sui8e
SpJemo}
apnine

‘(S) smyels
|ejew

(s) 98e (SN)
juswasueuse

Su

“(SN) 49pua

(SN) xepul
Yeam ‘(SN)
uondwnsuod
022eqo3 ‘(SN)
3upjows
“(SN)
jJuswasuelse
3un (S)
Aduapuadap
2]WOoU023
‘(SN) @158
[B190S “(SN)
uojjeonpa
‘(SN) snye3s
|ejew

‘(S) a8e (S) xas

(SN) 28y

(S) xaput
yijeam

‘(S) @duspisal
Jo aoe|d

‘(S) @1se2
181905 (S)
uofesnpa

(S) 49pus

_si030e4
>su pajsnipeun

E)[e[RITNE]

SS

«(u) saje

T9C Ppayodas JoN

LST papiodal 10N

pajiodas
1N

papodal
8'0¢
w4 «(S1eah ui)

a8e uea|y

azis ajdwes

ocy S9A
ote S9A
SS ON
9SL'ty SOA
«(U)  ¢Auo siesh
09< uon

-ejndod

Apms

Ajunwwo)

Ajunwwo)

Ajunwwo)

Ajunwwo)

Suimes Apnis

|euo132as
002 -sso1)  [eSuag 1S9\
[41014 |euoi1das
-110¢ -$S01D eysipo
ueyjseley
‘qefund
|euo1329s ‘ejesay
(0] 4014 -S040 ‘exejeule)y
S9110]1149)
810¢ |euondas uojun ||e
-L10C -SS01D  pue s91e3s ||y
Jeak Apmis  uBisap Apmis  23e3s uelpu]

'S3IpN}s papn|aul Jo SalIsla3deIRYD)

£5700C
Ayogenjeyd

257102
aJeflueg

15910C
Awesepjory

0s2202
2a4ysnuy

uonedijqnd
Jo Jeak pue
Joyine 3si14

T 314avl



23988835, 2024, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/hsr2.1915 by University Of Nottingham, Wiley Online Library on [05/03/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

GOEL ET AL

OpenAccess

6 of 20 _Health Science Reports
WILEY P

-uou) sjued
sanss| yjeay -1o1ed
sjuedidijed O1WD)SAS auow Aq

Aq pajiodai-}9S 10 OM] JO ddUSsSald  papiodal-jas

uonIpuod
xapul
2y} se saseasip
ay1 Jo Aue
Supje; Jnoypm
suonipuod sjued
oluoJyd -pied
a|diynw Aq
pauodal-J|9s

sjueddijed

Aq papiodal-§9S  JO 92U31INID0-0D)

SpJ02Jal sjued
|eaipaw -1d1ed
‘syuedidied Aq
AQ papodau-jes pauyap JoN  papodai-j9s
103284 Ysl

Jljewos Jo (jou
10 pajeldosse)
10308y eI
-osoydAsdolq
JO ‘(d1uodyd Jo
9jnoe) asessip

Sp.Jodal J3Y10 BUO 1se3| sjued
|ed1paw 1€ yum aseasip -121ed
‘syuedpdiied Jluoayd Jo Aq

Aq papodau-y9s uoljeulquod Auy  pauodau-j|9s

510308} Ysu Jo
JUSWSSISSY

Aypigrownnu
40 uoniuyaq

Aypigqrownw
JO JuUBWISSasSsy

(SN)

J4apuas ‘(SN)

9A0(ge pue

08 ‘(S) 6£-0L
‘#34) 69-09) 28v

()
uolsuayiadAy
J0
A1o3s1y Ajiwey
‘(S) se19qelp
Jo Aiojsiy
Aliwey “(SN)
uondwnsuod
Joyooje
‘(SN) 032eqoy
SETENTCIIN
“(SN)
Supjows juaiin)

9]qe1oesIxa J0N

papodal JoN

<m._0uUNw
SIsk parsnipy

3unjows
‘(SN)
uopesnpa
‘(SN)

19puasd ‘(SN) 98y

(S)
uondwnsuod
[oyod[e ‘(SN)
uondwnsuod
022eq03 (SN)
3upjows (s)

9)5€d [BID0S
‘(SN) smels
J1WOoU023
-0120s
‘(S) snyexs
sHom (SN)
uoijeanpa
(SN) 2dAy
Alwey (SN)
Japuagd «(S) 98y

(SN) 23v

(5) 2dky
Aliwey
(SN) xepul
ssew Apoq
(S) snyess
2]WOoU023
-0120s
‘(S) smyeys
[e3LEW (SN)
uojjeonpa
)

Jopuagd «(S) 98y

((SN)
|Ee3HWWOod
-uou

(s) Jiedsap
‘(424) Ayareay)

_si0yoey
>si pajsnipeun

aJed 610C |euondas 95¢C0C
V9L SL z81'T SOA [ejuspIsay -L10C -$S01D euesuea | e|nwese
0coc |euondas
LVE vcoL ScL S9A  Ajunwwod -610C -$504D BYSIPO  ;0C0C MIeYsH
|euoi29s elpu|
STT 09°0L 144 S9A  Ajunwwod 9102 -SS0JD  YMON Ul AND  6TOC 4ney
|euoid9s
06¢ L2399 1439 S9A  Ajunwwod 102 -$501D qgefund »g910C uler
+(u) sajeway «(s1eak ui) «(U) ¢Auo sieah  Suiyes Apnis  Jeah Apmis  uSisap Apnis a)e)s uelpuj uonesiqnd
o8e ueay 9zis s|dwes 09< uon 40 1eaA pue
-ejndod Joyne 3si14
Apms
(penunuod) T 379VL



23988835, 2024, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/hsr2.1915 by University Of Nottingham, Wiley Online Library on [05/03/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

7 of 20

Health Science Reports
PO ssmmesss— WILEY

GOEL €T AL

(senunuo))

sjued
saseasip -piyed
sjueddijied 21UoJYd aJow Aq

Aq pajiodal-§9S 10 OM] JO 9dUSsSald  pamodal-Jas

(soseasIp
a|gesiunwwod

Ajpiqrownu - 51039e4 3isH J0
JO uoIUYS  JUSWSSISSY

Aypigqrownw
JO JuUBWISSasSsy

)sed
(SN) sapo
(s) vensuyd

(S) wiisniA “@4)

npuiH) uoiia4
(S) apuinb
aunypuadxs
uondwnsuod
ejded uad
Apuow (s)
19A3U (SN) aJed
‘(424) Apusnbauy)
AyAnoe
[ea1sAyd ‘(SN)
uondwnsuod
[o4ode (SN)
uondwnsuod
022eq0} S)
snjejs Suppom
(S) siawpo
(SN) pamopim
‘(424) paLLew
Ajpuaind)
snyejs
[e3ew (S)
uonednpa ‘((SN)
PIo-1s9pio (S)
Plo-pjo ‘(34) pio
-3unoA) a8e (S)
ones diy-isiem
su Y81y «S)
2oUBIBJWINDID
151IEM
sk y31Y «(S)
Y3I9MI9A0 /35900

(S) xspul ssew
Apoq ‘(SN)
uondwnsuod
|oyodje (S)
snje3s Supjows
() awoy

40 2dA3 (SN)
uojjeanpa

<m._0uUNw
SIsk parsnipy

(SN)
juswaduense

3uinl

‘(SN) uo18au
|eaiydes80a8
(S) @duspisal
4o 22e(d (3)
9)5€d [BID0S
(s) uoiByja
(s) xopu
Yeam «(s)
uondwnsuod
[oyode ‘(S)
uondwnsuod
020e(0}

‘(S) smels
SHom s)
uopesnpa
“(S) dopuad
(s) a8e (s)

Xopul ssew Apog

(S) xapu
ssewl

Apoq ‘(SN)
uondwnsuod
Ioyod[e ‘(SN)

_si0yoey
>si pajsnipeun

(czoz
ueyney)
69591
/(zzoz pe
-wweynin)

99€'9T  pariodas J0N

«(s1eak ui)
98e ueay

+(U) sajeway

(zzoz
ue
-yneyd)
€LE'TE
/(zzoe
peww
-eYnin)
Yov'TE

()

9zis s|dwes

|euondas
sS04

810¢

S9A  Ajunwwo) -/10T

¢Aluo sieah  Suimes Apnys  aeaA Apnis  uSisap Apnis
09< uon
-ejndod

Apmis

$911031119)

uojun

lle pue

(wppiis

1daoxa)
s93els ||v

23e)s uelpu|

(panunuo?)

£1220T
ueyneyd

16T20T

pewweynin

uonesiqnd
Jo Jeak pue
Joyne 3sai4

T 314avl



23988835, 2024, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/hsr2.1915 by University Of Nottingham, Wiley Online Library on [05/03/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

GOEL ET AL

OpenAccess

8 of 20 _Health Science Reports
WILEY P

uosiad

awes ayy

0} SsuoI}puod
9SI9Ape sjued
|e42A3s -pied
4O 92U3LIND20 Aq

payodai JoN snosueynwis  payodal-§as

Aypigqrownw

O JUSWISSISSY J0 uoniuyaQq

Aypiqiownnu - s1039e4 isu Jo
JUSWISSISSY

(SN) smieas
JIWOU0J30120S
(SN) smiess
Aouspuadap
(SN)

9dAy Ajlwey
((SN) wiis

(S) wisni ‘ga4)
npuiH) uoiia4
‘(SN) ease
((SN) anoqe
pue 8 (SN)
¥8-08 (SN) 6£
-SL ‘(S) vL-0L
S) 69-59°(34)
#9-09)

o3e {(SN) Jopus)

((SN) 1avI

ou {s)

7Qy| Sesepow
‘¢ad) 1avi
24an3s) (1aV1)
Suin| Ajlep

JO SaAlRe
juapuadapul
() 1av

ou SN1av
ajespow ‘(Ja4)
QY 249A38)
Aigesip (1Qv)

JO sa

(S) Yyeay
pajes-42s (SN)
JuswaSuelle
3uIAl| {(S) uoi3aa
¥(S) @duapisas
Jo aoe|d

(s) s124p0 (5N)
sse|d pJemeq
43430 S)

aqLi} pajnpayds
‘(4o4) 93582
pajnpayos)

<m._0uUNw
SIsk parsnipy

§

(SN) sme3s
21WOoU023
-0120S

)
Aduspuadap
J]WOoU023
‘(SN)

adAy Ajlwey
(S) uoigijau
(S) @duapisal
Jo 22e|d (S)

a3e ‘(SN) Jepus 8GE panodai 10N oS/

_sloyey +(U) sajeway

>si pajsnipeun

«(s1e9A uy) «(U)
93e uesy azis 3jdwes

aJed
Ateiay
‘aJed Ale
-puodas
‘2182
Arewnd
‘aled [en
-uapIsal

‘Aunwiwo)

¢Aluo sieah  Suimes Apms

6102 [euonas
-£10Z -55010

aeak Apnis uSisap Apnis

Jwysey|
pue nwwer

23e)s uelpu|

(panunuo?)

50202
epueN

uonesiqnd
Jo Jeak pue
Joyne 3sai4

T 314avl



23988835, 2024, 2, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/hsr2.1915 by University Of Nottingham, Wiley Online Library on [05/03/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

9 of 20

Health Science Reports
PO ssmmesss— WILEY

GOEL €T AL

(sanunuo))

sjuedpiped
Aq pajiodau-j|as

suonipuod
yiesy
J1uoIyd
pad9|as

pausais

sjuedpiped
AQ papodau-yes

Aypigqrownw
JO JuUBWISSasSsy

Ajsnoaueynwis
suonIpuod
J1uoayd

aJow Jo oM ]

paulap 10N

saseasIp 9|qe

-dlunwwoduou
alow

10 OM} JO 2dUdsald

sjued

-Pdiyed

Aq
pajodau-j|as

sjued

-biyed

Aq
payodal-J|9s

sjued

-Pdiyed

Aq
pajiodal-§9s

Aypiqiownnu - s1039e4 isu Jo

40 uoniuyaq

JuswISsassy

(s) €5 ()
uondwnsuod
Ioyode (SN)
uondwnsuod

022840} ‘(S)
Supjows (s)
159U (SN)

YU (S) alppiw
(SN) dood
‘(494) 159.100d)
3|iuinb
eam )
snjejs Supom
jua.und (SN)
juswasuere
Suiny|
(s) uoBije
“(SN) @3582 ‘(SN)
snjels [ejiew
(SN) @2uapisal
Jo 22eid
((SN) s1e9A +0T
(SN) steah 6-9
{5) sieak G-1
‘(424) uozednps
ou) Juswuiepe
|euonesnpa

(5) 98e () Jopua

pajiodal 10N

9]qe1oe.Ixa J0N

<m._0uUNw
SIsk parsnipy

() uoi3au
|eaiydes3oa3
‘)
uondwnsuod
|oyode (SN)
uondwnsuod
0228401 S)
supjous s)
Xapul Y}jeam
(S) snyess
Hom s)
juswasuele
Buinl (S)

9)s€D [e1D0S
‘(S) smyezs
[e3itew (SN)
2ouapIsal
Jo 92e(d (SN)
uonednpa ()
a3e () Jopus

081G papodal jJoN

(S) Jopusn 161 9289

(S) 98y  9|qedeIX® JON  papodas J0N

«(s1eak ui)
98e ueay

_sloyey +(U) sajeway

>si pajsnipeun

7586

0s€

£YS'e
«(U)

9zis s|dwes

SOA

SOA

ON

¢AJuo sieak
09< uon
-ejndod
Apms

Ajunwwo)

Ajunwwo)

Ajunwwo)

Sumes Apms

|euoi3das
1102 -s501D)

|euondas
610C -$s04D

|euonas
£00¢C -$s04D

aeak Apnis uSisap Apnis

npeN
jlwej
‘ejesay
‘enyse
-Jeyeln|
‘eysipo
‘(e8uag
I™/M
‘qelung
‘ysopeld

[eyoewiH

yIea

|eSuag
ISOM
‘ysopeld
lenn

‘ueyiseley

‘eljyse
-1eyeln
‘e
-ejeuse)|
‘wessy

23e)s uelpu|

(panunuo?)

15220
eweys

091202
Jeeyqeld

10T 1red

uonesiqnd
Jo Jeak pue
Joyne 3sai4

T 314avl



10 of 20 WI LEy_HeaIth Science Reports GOEL eT AL

OpenAccess

3.4 | Meta-analysis

» > &
e =
= T S 2 —_
55 & £33
£ 6 = 2ET 9 Fifteen studies were included in the meta-analysis.
8 E S 985 ¢go9
25 2 5
< %)
> ; s . " 3.4.1 | Sociodemographic factors
5% ¢ E 5 2 5
s€ £5t2 g2tz
= o o
£E §S5:£§ 528 1. Age
= =3 5 h o
o 3 o 2
o EgE O =
g - The pooled odds of multimorbidity were higher in people aged
't L ) b L
g 8 _ = s 28 270 years compared to those aged 60-69 years (OR: 1.51; 95% Cl:
5 X ©§ 8 -5 5
i § 2 r&ssa 1.20-1.91). High statistical heterogeneity was found across studies
0 oy (7]
<5 = » (12 94%) (see Figure 2).
K]
é ?‘j 5 2. Sex
o © S
2w ¥ g
1%} (3] f=
:%‘E § g The pooled odds of multimorbidity were higher in
. females compared to males (OR: 1.38; 95% Cl: 1.09-1.75). High
4 —~ —
2 ge SE2 E 2 statistical heterogeneity was found across studies (1> 90%) (see
= * S E£Z z
2 . & .5 88688 Figure 3)
a. Q@ .35 S .2C6 = :
$E < $§2%82 3 8 8s
c O oD [}
SRS < © 3. Social caste
K3}
P:
‘f‘ § No association was found between social caste and multi-
QL X%
g g " morbidity (OR: 0.91; 95% CI: 0.63-1.31). High statistical heteroge-
(7] o]
= < - neity was found across studies (12 99%) (see Figure 4).
B
$% 8 .
e 8 9 ©° 4. Religion
3> 5 b
£ z N
9 No association was found between religion and multimorbidity
& (OR: 1.48; 95% Cl 0.90-2.45). High statistical heterogeneity was
=3
£ 8 ound across studies %) (see Figure 5).
g ® o found tudies (1> 98%) (see Fi 5)
SE I <
= )
535 5. Education
% S A w»
2868 o
-] z s L .
o s : g No significant association was found between education
(0] -~ .
= g zz # and multimorbidity (OR: 1.29; 95% CI: 0.81-2.07). High
S = SEg w 2 .. . . 2
>~ & EES S s = statistical heterogeneity was found across studies (I 99%) (see
S E £ z 3 )
h o [§) .% _§~ Figure 6).
5 S 3
§ o 3
= I + ﬁ 2 6. Marital status
B g £3
o 134 & £
3 o
i) = = 73 5 The pooled odds of multimorbidity were higher in single,
a o <] =
3 . *;E . *;:3 FO divorced, separated, and widowed people compared to married
> o 2 o —_ =
E § s 2 2 people (OR: 1.29; 95% CI: 1.11-1.49). Moderate statistical heteroge-
(2] =
- € ‘("% neity was found across studies (1> 73%) (see Figure 7).
H g g S
2 s : 58
= £ o . 2 3 7. Family type
c 5 o < c g
S8 B > =€ £
N s v No association was found between family type and
- S5 g g 5 o e E . -
w £ ; -,‘_,% o S o 5 § § multimorbidity (OR: 1.24, 95% Cl: 0.91-1.68). Moderate
- o 22 Q s & . . .
) ‘E > % g N § N c>; F=, statistical heterogeneity was found across studies (12 59%) (see
E . > ;’3 > o Figure 8)
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TABLE 2 Methodological quality of included studies.

Study
Anushree 2022°°

fo)
frd
yo)
N
yo)
w
R
yo)
(5]
o
o

Arokiasamy 2015°*
Banjare 201652
Chakraborty 20043
Chauhan 2022%°
Jain 2016°*

Kaur 2019°°
Kshatri 2020*
Maramula 2020°°
Muhammad 2022°7
Nanda 2020°®

Pati 2014°°
Prabhakar 2021¢°
Sharma 2022%*
Vargese 20202

< < < < < < < < < < < < < c =< <
< < < < < < < < < Cc < < < < =< <
C c cc < < < c < < cc < c c <
< < < C < < < < < Cc < < c < < z
< < < < < < < < < < c < c < =< <
Z < < zZ < < < < < < z < zZz < =< <

Verma 20198

O
N
O
N
i
iy
~N
w
oo
oo
~N
wv

Total % of “yes” to each
critical appraisal
question

Health Science Reports

Open Access

Q7 Q8
N Y
U Y
U Y
Y U
N Y
U N
U Y
U Y
N Y
N Y
N Y
N Y
Y N
N Y
N Y
Y N
19 75

—W[ LEY 11 of 20

Critical appraisal score
(total % of “yes” to critical
appraisal questions)

75
75
63
50
75
38
63
88
75
88
88
88
50
75
75
63

Note: 1. Were the criteria for inclusion in the sample clearly defined? 2. Were the study subjects and the setting described in detail? 3. Was the exposure
measured in a valid and reliable way? 4. Were objective, standard criteria used for measurement of the condition? 5. Were confounding factors identified?
6. Were strategies to deal with confounding factors stated? 7. Were the outcomes measured in a valid and reliable way? 8. Was appropriate statistical

analysis used?
Abbreviations: N, no; U, unclear; Y, yes.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Banjare *2014 0944 0258 71% 2.57 [1.55, 4.26] o
Chakrahorty™ 2004 0978 0205 81% 2.66 [1.78,3.97] i
Jain*2016 0.457 0211 8.0% 1.58[1.04, 2.39] [T
Kaur* 2019 0609 0411 4.7% 1.84[0.82, 4.11] T
Kshatri* 2020 -0.356 0158  9.0% 0.70[0.51,0.99] -
Maramula* 2020 019 0135 94% 1.21[0.93,1.58] [ 5
Muhammad™ 2022 0.148 0.026 10.6% 1.16[1.10,1.22] &
Nanda* 2020 0652 0153 9.0% 1.92[1.42, 259 oy
Pati* 2014 0.488 0.077 10.2% 1.63[1.40,1.89] -
Sharma* 2022 0.77 0.047 10.5% 216 [1.97,2.37) .
Vargese 2020 0.148 0346 56% 1.16[(0.59, 2.28] = -
Verma* 2019 0.047 0.208 8.0% 1.05(0.70,1.58] =
Total (95% Cl) 100.0% 1.51[1.20, 1.91] L3
Heterogeneity: Tau*= 0.13; Chi*=183.00, df= 11 (P < 0.00001), = 94% 50 01 011 ] 150 100’

Testfor overall effect: Z=3.48 (P=0.0005)

decreased odds

increased odds

FIGURE 2 Forest plot of the association between age and multimorbidity. 60-69 years of age was the reference group, and 270 years was

the other group. *Unadjusted ORs and 95% ClI.
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight [V, Random, 95% CI IV, Random, 95% CI
Anushree 2022 0128 013 103% 1.14[0.88,1.47) ™
Banjare 2014 -0.525 0.313 6.5% 0.59[0.32,1.09 —= 1
Chakraborty* 2004 0.336 0.209 8.6% 1.40[0.93, 2.11] T
Jain*2016 0.944 0.188 91% 2.571.78,3.72] =
Kshatri* 2020 0122 0149 99% 1.13[0.84,1.51) T™
Maramula 2020 0.336 018 9.3% 1.40[0.98, 1.99] EE
Muhammad 2022 -0.15 0044 11.5% 0.86 [0.79, 0.94)] -
Nanda 2020 0182 0319 65.4% 1.20[0.64, 2.24) N
Prabhakar® 2021 1.115 0.225 8.3% 3.05[1.96,4.74)] ——
Sharma 2022 0169 0062 11.3% 1.18[1.05,1.34] -
Verma® 2019 0.946 0.207 8.7% 2.58[1.72, 3.86] ==
Total (95% CI) 100.0% 1.38 [1.09, 1.75] s
Heterogeneity: Tau*= 0.13; Chi*= 96.46, df= 10 (P < 0.00001); F= 90% =0 01 011 150 100:

Test for overall effect: Z= 269 (P = 0.007) decreased odds increased odds

FIGURE 3 Forest plot of the association between sex and multimorbidity. Studies reporting either sex or gender were combined as ‘sex’.
Male was the reference group, and female was the other group. *Unadjusted ORs and 95% ClI.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
Anushree* 2022 -0.867 0016 238% 0.42[0.41,0.43) =
Banjare *2014 -0.094 037 125% 0.91[0.44,1.88) —
Kshatri* 2020 1.761 0.256 16.6% 5.82[3.52, 9.61] ==
Muhammad® 2022 -0.371 0.029 23.7% 0.69[0.65, 0.73] L
Sharma* 2022 -0.356 0.047 235% 0.70[0.64,0.77) =
Total (95% CI) 100.0% 0.91[0.63, 1.31] *

Heterogeneity: Tau®= 0.15; Chi*= 385.69, df= 4 (P < 0.00001); IF= 99%

Test for overall effect Z=0.51 (P = 0.61)

01 1 10 100

decreased odds increased odds

FIGURE 4 Forest plot of the association between social caste and multimorbidity. The general category of social caste was the reference
group, and other categories (i.e., scheduled castes, scheduled tribes, and other backward classes) were combined to form the other group.
*Unadjusted ORs and 95% ClI.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Muhammad* 2022 0.095 0.034 351% 1.10[1.03,1.18]
Nanda® 2020 035 0178 301% 1.42[1.00, 2.01)
Sharma* 2022 0.737 0.051 348% 2.09[1.89, 2.31) ja]
Total (95% CI) 100.0% 1.48 [0.90, 2.45]

0.01 0.1 1 10 100
decreased odds increased odds

Heterogeneity: Tau®=0.19; Chi*=109.81, df= 2 (P < 0.00001); F= 98%
Testfor overall effect Z=154 (P=012)

FIGURE 5 Forest plot of the association between religion and multimorbidity. Hindu religion was the reference group, and other categories
(i.e., Muslims, Sikhs, Christians, and others) were combined to form the other group. *Unadjusted ORs and 95% CI.

8. Living arrangements 9. Economic dependency

No association was found between living arrangements The pooled odds of multimorbidity were higher in economically
and multimorbidity (OR: 1.10; 95% Cl: 0.90-1.35). Moderate

statistical heterogeneity was found across studies (12 52%) (see

dependent people compared to economically independent people
(OR: 1.54; 95% ClI: 1.21-1.97). No statistical heterogeneity was

Figure 9). found across studies (12 0%) (see Figure 10).
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Anushree* 2022 142 0022 131% 414[3.96,4.32) -
Banjare* 2014 001 0233 11.7% 1.01 [0.64, 1.59) .
Jain* 2016 0.029 0182 122% 1.03[0.72,1.47] -
Kshatri* 2020 0262 015 125% 1.30[0.97,1.74] -
Maramula™ 2022 0.231 0153 125% 1.26 [0.93,1.70] =
Muhammad* 2022 0678 0027 131% 1.97[1.87,2.08) .
Sharma* 2022 0058 0.043 131% 1.06 [0.97,1.15] r
Verma® 2019 -0.7556 0208 12.0% 0.47[0.31,0.70]
Total (95% CI) 100.0% 1.29[0.81, 2.07]

Heterogeneity: Tau®= 0.44; Chi*= 1141.49, df= 7 (P < 0.00001); F= 99%

Test for overall effect: Z=1.08 (P =0.28)

0.1

~

10 100

decreased odds increased odds

FIGURE 6 Forest plot of the association between education and multimorbidity. No education or illiteracy was combined as the reference
group, and primary school, secondary school, and higher education were combined to form the other group. *Unadjusted ORs and 95% CI.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Banjare* 2014 -0105 0234 77% 0.90[0.57,1.42] -
Chakraborty™ 2004 0.626 0201 97% 1.87[1.26, 2.77) I
Jain* 2016 0.657 0197 10.0% 1.93[1.31,2.84) ——
Muhammad* 2022 0113 0027 33.6% 1.12[1.06,1.18] r
Sharma* 2022 0215 0045 311% 1.24[1.14,1.35] u
Verma* 2018 0379 0234 77% 1.46(0.92, 2.31) ™
Total (95% Cl) 100.0% 1.29[1.11, 1.49] +
Heterogeneity, Tau®= 0.02; Chi*=18.32, df=5 (P=0.003); F=73% 051 110 100:

Test for overall effect: Z= 3.43 (P = 0.0006) decreased odds increased odds

FIGURE 7 Forest plot of the association between marital status and multimorbidity. Married was the reference group, and other categories
(i.e., single, divorced, separated, and widowed) were combined to form the other group. *Unadjusted ORs and 95% CI.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Jain* 2016 0565 0186 29.9% 1.76 [1.20, 2.58) —+
Kshatri* 2020 0095 017 338% 1.10[0.79,1.53)
Nanda* 2020 0.039 0154 36.4% 1.04[0.77,1.41]
Total (95% Cl) 100.0% 1.24]0.91, 1.68]
Heterogeneity: Tau®= 0.04, Chi*= 4.93, df= 2 (P = 0.08), F= 58% 'U o1 051 1 1?0 100:

Test for overall effect Z=1.37 (P=0.17) decreased odds increased odds

FIGURE 8 Forest plot of the association between family type and multimorbidity. The nuclear family was the reference group, and the joint
family was the other group. *Unadjusted ORs and 95% ClI.

10. Work status 11. Socioeconomic status

No association was found between socioeconomic status
and multimorbidity (OR: 1.11; 95% Cl: 0.78-1.57). Moderate
statistical heterogeneity was found across studies (12 74%) (see
Figure 12).

The pooled odds of multimorbidity were lower in working people
compared to those not working (OR: 0.51; 95% Cl: 0.36-0.72). High
statistical heterogeneity was found across studies (12 95%) (see
Figure 11).
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Odds Ratio Odds Ratio

Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Banjare* 2014 0113 0424 52% 1.121[0.49, 2.57) N

Chakraborty* 2004 -0.342 0348 74% 0.71[0.36, 1.41] .

Chauhan* 2022 0.029 0059 485% 1.03[0.92,1.186) [ |

Sharma* 2022 0.27 0.084 38.8% 1.31[1.08,1.57) L

Total (95% CI) 100.0% 1.10 [0.90, 1.35] ]

Heterogeneity: Tau®= 0.02; Chi*=6.28, df=3 (P=0.10); F=52% =0.01 0=1 150 100’

Test for overall effect Z= 098 (P=0.33) decreased odds increased odds

FIGURE 9 Forest plot of the association between living arrangements and multimorbidity. Living alone was the reference group, and other
categories (i.e., living with a spouse, living with children, living with both spouse and children, and living with others) were combined to form the

other group. *Unadjusted ORs and 95% CI.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Banjare* 2014 0615 0233 28.2% 1.85[1.17,2.92] ——
Nanda* 2020 0364 0146 71.8% 1.44[1.08,1.92) =
Total (95% CI) 100.0% 1.54 [1.21, 1.97] &
Heterogeneity: Tau®= 0.00; Chi*= 0.83, df=1 (P = 0.36); F= 0% 5&01 0?1 150 1005

Testfor overall effect Z=3.51 (P=0.0004)

decreased odds increased odds

FIGURE 10 Forest plot of the association between economic dependency and multimorbidity. Economically independent was the reference
group, and partially dependent and totally dependent were combined to form the other group (i.e., economically dependent). *Unadjusted ORs

and 95% ClI.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Kshatri* 2020 -0.579 0186 26.7% 0.56[0.38,0.81] —a
Muhammad®* 2022 -0916 0.032 374% 0.40[0.38,0.43] &
Sharma 2022 -0.484 0.065 36.0% 0.62[0.54, 0.70] =
Total (95% CI) 100.0% 0.51[0.36, 0.72] &
Heterogeneity: Tau®= 0.08; Chi*= 37.36, df= 2 (P < 0.00001); F= 35% 50 o1 0f1 1 1*0 100*

Test for overall effect Z=3.80 (P = 0.0001)

decreased odds

increased odds

FIGURE 11 Forest plot of the association between work status and multimorbidity. Not working was the reference group, and working was

the other group. *Unadjusted ORs and 95% CI.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Jain*2016 053 0204 236% 1.70[1.14, 2.53) -
Kshatri* 2020 0.262 015 27.5% 1.30[0.97,1.74]
Nanda* 2020 -0.041 0182 252% 0.96 [0.67,1.37)
Verma® 2019 -0.362 0202 23.7% 0.70[0.47,1.03]
Total (95% CI) 100.0% 1.11]0.78, 1.57]
Heterogeneity. Tau*=0.09, Chi*=11.41,df=3 (P=0.010); F=74% 50 01 0?1 i 1?0 1005

Test for overall effect Z=0.57 (P=0.57)

decreased odds increased odds

FIGURE 12 Forest plot of the association between socioeconomic status and multimorbidity. Lower categories of socioeconomic status (i.e.,
low, lower, and upper lower) were combined as the reference group, and higher categories of socioeconomic status (i.e., middle and upper) were
combined to form the other group. *Unadjusted ORs and 95% ClI.
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% ClI
Anushree® 2022 2.29 0032 254% 9.871(9.27,10.51) u
Banjare* 2014 -0.02 0235 24.0% 0.98[0.62, 1.55)
Muhammad® 2022 0.788 0.029 254% 2.20(2.08, 2.33] L)
Sharma* 2022 0559 0.046 25.3% 1.75[1.60,1.91] n
Total (95% CI) 100.0% 2.50[0.97, 6.47]
Heterogeneity: Tau*= 0.93; Chi*= 1559.78, df= 3 (P < 0.00001); F=100% 50 01 051 i 150 100?

Test for overall effect. Z=1.88 (P =0.06)

decreased odds increased odds

FIGURE 13 Forest plot of the association between wealth index and multimorbidity. Lower categories of wealth index (i.e., poor, poorer, and
poorest) were combined as the reference group, and higher categories of wealth index (i.e., middle and upper) were combined to form the other

group. *Unadjusted ORs and 95% ClI.

12. Wealth index

No association (borderline) was found between wealth index and
multimorbidity (OR: 2.50; 95% Cl: 0.97-6.47). High statistical
heterogeneity was found across studies (I 100%) (see Figure 13).
13. Place of residence

No association was found between place of residence and
multimorbidity (OR: 1.02; 95% Cl: 0.72-1.44). High statistical
heterogeneity was found across studies (12 95%) (see Figure 14).
14. Geographical region

No association was found between geographical region and

multimorbidity (OR: 0.83; 95% Cl: 0.61-1.13). High statistical

heterogeneity was found across studies (12 97%) (see Figure 15).

3.4.2 | Lifestyle factors
1. Smoking

The pooled odds were higher in smokers compared to non-
smokers (OR: 1.33; 95% Cl: 1.16-1.52). No statistical heterogeneity
was found across studies (1% 0%) (see Figure 16).
2. Tobacco consumption

No association was found between tobacco consumption
and multimorbidity (OR: 1.16; 95% Cl: 0.96-1.40). High
statistical heterogeneity was found across studies (12 76%) (see
Figure 17).

3. Alcohol consumption

No association was found between alcohol consumption
and multimorbidity (OR: 1.16; 95% Cl: 0.92-1.46). High

statistical heterogeneity was found across studies (1> 72%) (see
Figure 18).

3.4.3 | Health conditions-related factors
1. BMI

No association was found between body mass index (BMI) and
multimorbidity (OR: 1.86; 95% Cl: 0.94-3.67). High statistical

heterogeneity was found across studies (12 96%) (see Figure 19).

3.5 | Publication bias

Publication bias was detected in the funnel plot for age but not for

sex as a risk factor (see Figure 20 and Figure 21).

4 | DISCUSSION

We conducted a systematic review and meta-analysis on risk
factors of multimorbidity among older adults in India. Broadly,
sociodemographic, lifestyle, and health conditions-related factors
were explored in the included studies. The pooled odds of
multimorbidity were higher in people aged 270 years, females,
single, divorced, separated, and widowed, economically depen-
dent, not working, and smokers.

In our review, higher age was found to be associated with
multimorbidity. This finding is consistent with systematic reviews
of studies conducted globally.>**16-37¢3 Aging is a universal
process that is accompanied by a decline in anatomical, immuno-
logical, and cognitive functions as a result of changes at the cellular
level.64%> As individuals age, the number of chronic conditions,
their severity, and associated adverse consequences like disability,
become more profound and complex.*>* In our review, female
sex was found to be associated with multimorbidity, which is
consistent with available global evidence.'®%3%¢ A possible
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Anushree 2022 -0.449 0138 248% 0.64 [0.49, 0.84) -
Muhammad 2022 0357 0033 29.0% 1.43[1.34,1.52) L
Nanda 2020 0.227 0.263 17.7% 1.25[0.75, 2.10) 1T
Sharma 2022 -0.055 0054 285% 0.95 [0.85, 1.05)
Total (95% Cl) 100.0% 1.02[0.72, 1.44]
Heterogeneity: Tau®*= 0.11; Chi*= 66.66, df= 3 (P < 0.00001); F= 85% 50 0 011 ; 1:0 1005

Test for overall effect: Z=0.09 (P = 0.92)

decreased odds increased odds

FIGURE 14 Forest plot of the association between place of residence and multimorbidity. The rural area was the reference group, and the

urban area was the other group. *Unadjusted ORs and 95% Cl.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Muhammad® 2022 -0.03 0.039 50.2% 0.97 [0.90,1.09]
Sharma* 2022 -0.342 0.043 488% 0.71[0.65,0.77] [ |
Total (95% CI) 100.0% 0.830.61, 1.13]
Heterogeneity, Tau?= 0.05; Chi*= 28.89, df= 1 (P < 0.00001); F=37% 5&01 0f1 7 150 100=

Test for overall effect Z=119 (P=0.23)

decreased odds increased odds

FIGURE 15 Forest plot of the association between geographical region and multimorbidity. Northern India was the reference group, and

other regions in India were combined as the other group. *Unadjusted ORs and 95% ClI.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% Cl IV, Random, 95% CI
Banjare 2014 0.615 0324 456% 1.85[0.98, 3.49] =
Kshatri* 2020 0405 0234 89% 1.50(0.95, 2.37) | I
Maramula 2022 0463 0216 10.4% 1.59[1.04, 2.43) el
Sharma 2022 0.226 008 76.0% 1.25[1.07,1.47) N
Total (95% Cl) 100.0% 1.33[1.16, 1.52] b
Heterogeneity: Tau?= 0.00; Chi*= 2.52, df= 3 (P = 0.47); F= 0% 0 o1 0= 1 1 1=0 100’

Test for overall effect. Z= 4.08 (P < 0.0001)

decreased odds increased odds

FIGURE 16 Forest plot of the association between smoking and multimorbidity. No smoking was the reference category, and smoking was

the other group. *Unadjusted ORs and 95% CI.

Odds Ratio Odds Ratio

Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% Cl

Banjare 2014 1.036 0.317 7.5% 2.82[1.51,5.29) —_—

Kshatri* 2020 0.285 0166 185% 1.33[0.96, 1.84)

Muhammad 2022 0.009 0.037 39.0% 1.01[0.94,1.08]

Sharma 2022 0.036 0.064 350% 1.04[0.91,1.19]

Total (95% CI) 100.0% 1.16 [0.96, 1.40]

Heterogeneity: Tau®= 0.02; Chi*=12.73, df= 3 (P = 0.005); F= 76% 10.01 0?1 ] 140 100:

Test for overall effect Z=1.53{(P=0.13)

decreased odds increased odds

FIGURE 17 Forest plot of the association between tobacco consumption and multimorbidity. No tobacco consumption was the reference

group, and tobacco consumption was the other group. *Unadjusted ORs and 95% CI.
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Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Kshatri* 2020 0.811 037 8.2% 2.25[1.09, 4.65)
Maramula 2020 -0.139 0193 19.8% 0.87 [0.60,1.27] o
Muhammad 2022 0.033 0.0468 39.3% 1.04 [0.95,1.14] [}
Sharma 2022 0.29 0.0897 2326% 1.34[1.11,1.62) -
Total (95% CI) 100.0% 1.16 [0.92, 1.46]

Heterogeneity: Tau*= 0.03; Chi*=10.66, df=3 (P =0.01); F=72%

Test for overall effect Z=1.26 (P = 0.21) un 04

decreased odds

r
1 10 100

increased odds

FIGURE 18 Forest plot of the association between alcohol consumption and multimorbidity. No alcohol consumption was the reference

group, and alcohol consumption was the other group. *Unadjusted ORs and 95% Cl.

Odds Ratio Odds Ratio

Study or Subgroup  log[Odds Ratio] SE Weight [V, Random, 95% Cl IV, Random, 95% Cl
JainT2016 -0.02 0184 31.9% 0.98 [0.68, 1.41]
Maramula® 2020 0631 0136 33.2% 1.88 [1.44, 2.45) -
Muhammad® 2022 1191 0031 349% 3.29([3.10,3.50] jal
Total (95% CI) 100.0% 1.86 [0.94, 3.67]

ity: 2= 2= = R= I t t } |
Heterogeneity: Tau?= 0.35;, Chi*= 56.39, df= 2 (P < 0.00001); F= 96% 001 01 i 10 100

Test for overall effect: Z=1.78 (P = 0.07)

decreased odds

increased odds

FIGURE 19 Forest plot of the association between BMI and multimorbidity. Lower two categories of BMI (i.e., underweight and normal)
were combined as the reference group, and higher two categories of BMI (i.e., overweight and obesity) were combined to form the other group.

*Unadjusted ORs and 95% ClI.
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FIGURE 20 Funnel plot to assess publication bias for age as a risk factor.

explanation could be inadequate access and utilization of healthy

lifestyle practices and healthcare facilities for females in India®”®

due to factors like socio-cultural issues or personal choices.®”

Females usually have a higher life expectancy than malest¢%”

as
they are more likely to suffer from nonfatal diseases.’® In this

review, single, divorced, separated, and widowed people had

higher odds of multimorbidity. The finding is in line with a cross-
sectional study conducted in Nepal, a neighboring country.®’
Generally, married people tend to have better physical and mental
health due to the emotional and financial support they receive
from their partner.®®’° However, factors like relationship quality
and length could be also important. In our review, economic
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FIGURE 21 Funnel plot to assess publication bias for sex as a risk factor.

dependency was found to be associated with multimorbidity.
Economic dependency can deprive individuals of a healthy lifestyle
and receive high-quality healthcare, which could explain the
above-mentioned association.”* Similarly, in this review, people
who were not working had higher odds of multimorbidity. This is
consistent with a systematic review of studies conducted in the
WHO Eastern Mediterranean countries.”? Those who do not work
can struggle with finances as well as physical and mental
health.”>”3 In our review, smoking was found to be associated
with multimorbidity. This is consistent with another systematic
review of studies conducted globally.37 Smoking is an unhealthy
lifestyle that predisposes individuals to the development of several
health conditions.”* The cumulative toxic effects of smoking have
a detrimental impact on health, particularly on the respiratory and

75 |n other words, these synthesized

cardiovascular systems.
sociodemographic and lifestyle factors should be taken into
consideration when developing health interventions for addressing
multimorbidity among older adults in India.

To the best of our knowledge, this is the first systematic
review to synthesize the existing evidence on risk factors of
multimorbidity among older adults in India. A robust systematic
review process was followed, and several databases were searched
for published and unpublished studies without any date and
language restrictions and using comprehensive search strategies.
Although a standardized critical appraisal tool was used in this
review, the assessment of methodological quality is subjective to a
large extent. However, the inter-rater reliability was 96%. In the
absence of adjusted ORs, unadjusted ORs were used in the meta-
analysis. The included studies were geographically well-distributed
across different states of India. Some of the studies were
conducted on a nationally representative sample with a large
sample size thus, giving a largely complete picture. In terms of
generalizability, the findings could be valid in similar populations,
settings, and contexts. To update this systematic review in the

future, more primary studies should be conducted on other

potential risk factors. For example, several factors (e.g., family
history of diabetes, family history of hypertension, and level of
physical activity) could not be included in any meta-analysis due to
being reported in single studies.'*8->25%57:61 |y addition, none of
the included studies explored genetic and environmental factors.
The included studies were all cross-sectional, and thus, there is a
need to conduct longitudinal studies to explore causality. Rather
than relying completely on self-reported data in primary studies,
exposures and outcomes should be measured objectively. For
example, screening people to identify chronic health conditions
and reviewing medical records for medical and surgical history.

In conclusion, this systematic review and meta-analysis provided
a comprehensive picture of the problem by synthesizing the existing
evidence on risk factors of multimorbidity among older adults in
India. These synthesized sociodemographic and lifestyle factors
should be taken into consideration when developing health interven-
tions for addressing multimorbidity among older adults in India, and
more specifically, in people aged 270 years, females, single, divorced,
separated, and widowed, economically dependent and not working,

and smokers.
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