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Abstract

Objectives: This is the first systematic review and meta-analysis of the prevalence of multimorbidity, its risk factors
including socioeconomic factors, and the consequences of multimorbidity on health systems and broader society in India.

Methods: A systematic review of both published and grey literature from five databases (Medline, Embase, EBSCO,
Scopus, and ProQuest) was conducted including original studies documenting prevalence or patient outcomes associated
with multimorbidity among adults in India. We excluded studies that did not explicitly mention multimorbidity. Three
independent reviewers did primary screening based on titles and abstracts followed by full-text review for potential
eligibility. The risk of bias was independently assessed by two reviewers following the Appraisal Tool for Cross-Sectional
Studies. We presented both qualitative and quantitative (through meta-analysis) summaries of the evidence. The protocol
for this study was prospectively registered with PROSPERO (CRD42021257281).

Results: The review identified 5442 articles out of which 35 articles were finally included in this study. Twenty-three
studies were based on the primary data while 12 used secondary data. Eleven studies were conducted in hospital/primary
care setting while 24 were community-based. The pooled prevalence of multimorbidity based on (n=19) studies included
for meta-analysis was 20% (95% CI: 19% to 20%). The most frequent outcomes were increased healthcare utilization,
reduced health-related quality of life, physical and mental functioning.

Conclusion:We identified a wide variance in the magnitude of multimorbidity across age groups and regions with most of
the studies from eastern India. Nation-wide studies, studies on vulnerable populations and interventions are warranted.
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Introduction

Multimorbidity, the co-occurrence of two or more chronic
conditions in an individual is becoming a norm in low-and
middle-income countries (LMICs).1 This can be attributed
to the rise in the ageing population along with an increase in
non-communicable diseases (NCDs) vis-a-vis prevailing
infectious diseases.2 Multimorbidity encompasses all long
term conditions (LTCs) including NCDs of chronic nature
such as hypertension, diabetes or an infectious disease of
longer duration such as filariasis or a mental health con-
dition such as depression. This often leads to an increase in
healthcare utilization, expenditure along with poorer patient
outcomes.3 Further, it also deteriorates the health-related
quality of life (HRQoL).4

In LMICs such as India, multimorbidity is on the rise;
evident by a recent study that estimated a 55% prevalence
among adults attending public healthcare facilities.5

However, the evidence on multimorbidity burden is scat-
tered across various studies done in either small samples or
particular regions, but no study to date has synthesized the
national estimates. Although, the high prevalence indicates
an additional burden on the already swamped healthcare
system, the national estimate of multimorbidity burden
could help in evidence based guidance to plan changes to
the structure and delivery of primary care. Primary care is
the first and foremost point of contact between multimorbid
individuals and the healthcare systems.6 It is thus imperative
to strengthen primary care along with healthcare ad-
vancements to mitigate multimorbidity and its challenges
such as polypharmacy, and unplanned emergency health-
care use. This also lays a financial burden on families
making them vulnerable to impoverishment.7 Additionally,
multimorbid patients face convoluted care pathways as they
navigate to multiple care providers and specialists for each
of the condition.8 Moreover, the existing guidelines focus
on single disease-based management which makes it
challenging for the healthcare providers to manage multiple
long-term conditions.8 Hence, multimorbidity and primary
care research needs to be prioritized, for both resource and
planning, and to identify effective interventions.

With emerging epidemiological trends of chronic con-
ditions and transitioning demography, generating evidence
on the burden of multimorbidity is new in Indian context.9

Although, multimorbidity has become a norm, still multi-
morbidity and primary care research has not gained pace in
the country.9 A systematic review conducted in 2015, es-
timated 4.5% to 83% prevalence of multimorbidity in South

Asia.10 Given the increasing prevalence, there is a pressing
need to assess the burden and outcomes of multimorbidity in
India. Moreover, India has the second-largest population in
the world which in itself reflects the need for special at-
tention. Recent programs such as Ayushman Bharat and the
establishment of Ayushman Arogya Mandir formerly
Health and Wellness Centres along with integrating
AYUSH (Ayurveda, Yoga & Naturopathy, Unani, Siddha,
Sowa Rigpa, Homoeopathy) system in the mainstream
medical facilities shows India’s commitment to Universal
Health Coverage (UHC) which could be given direction
with a shred of cumulative evidence.11 Nonetheless, various
LMICs face similar situation in managing multimorbidity
despite its rising prevalence. Additionally, the social de-
terminants of multimorbidity remain alike for most of the
LMICs and hence, identifying these determinants through
the present review would generate relevant evidence for a
wider population. These determinants can help in making
the healthcare system aware and resilient towards the
chronic care needs of local people. Therefore, this sys-
tematic review aimed to estimate the prevalence of multi-
morbidity, identify its risk factors including social
determinants or consequences of multimorbidity in India.

Methods

Protocol and standards

This systematic review was prospectively registered with
the International Prospective Register of Systematic Re-
views (Registration ID: CRD42021257281).12 It was per-
formed and reported following Preferred Reporting Items
for Systematic reviews and Meta-analysis (PRISMA)
guidelines (Supplementary Table S1).13

Eligibility criteria

Original studies documenting prevalence, determinants or
patient outcomes associated with multimorbidity; studies
with participants aged ≥18 years; conducted either in a
primary care/outpatient or community based setting from
India were included. Studies in which multimorbidity was
not explicitly defined; or included an index condition i.e.
comorbidity were excluded. Additionally, systematic re-
views, commentaries, editorials, newsletters and qualitative
studies were also excluded.
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Information sources and search strategy

We searched both medical literature databases and grey
literature to make our search exhaustive. A compre-
hensive search was conducted using electronic databases
Medline through PubMed and Embase along with
EBSCO host and ProQuest. Google Scholar search en-
gine was also used to retrieve articles. The reference list
of included studies was hand-searched as an additional
source of information.

The basic search syntax comprised of two concepts:
multimorbidity and prevalence. We used PubMed to build
the basic search strategy, although the individual search
strategy for each database was developed separately. In
PubMed, medical subject headings (MeSH) term for
“multimorbidity”was entered in 2018.14 However, for other
databases the terms specific to database such as Emtree for
Embase along with various other keywords were used to
make the search strategy comprehensive. Thereafter, search
strategy was refined to include data from India only. The
detailed search strategy used for each database is provided
in Supplementary Table S2. We included articles published
up until August 2021.

Study selection, data extraction and synthesis

The studies retrieved from various databases were merged
and screened for duplicates. Primary screening based on the
titles and abstracts (following inclusion and exclusion
criteria) was done by three reviewers (RV, AS and MB)
independently. The articles were categorized as relevant,
irrelevant or unsure; if any article was marked as irrelevant
by all three of the reviewers it was eliminated. In the next
stage, full texts of all included articles from primary
screening were reviewed by three independent reviewers for
potential eligibility (RV, AS and MB). This round strictly
followed inclusion and exclusion criteria based on which
studies were finally included. Any dissent was resolved by
forming a consensus with the help of another reviewer (SP).

Data from relevant studies were extracted using a pre-
formed and piloted data extraction sheet and entered by
three independent reviewers (RV, AS and MB). This data
was assessed by another reviewer (SP) to check for dis-
parities. Differences in the data extraction were resolved by
the entire team in consensus. Additionally, if the data was
not clear, we contacted the respective authors for further
clarity. We extracted the following information from the
included studies: author, journal title, year of publication,
study design, study setting, age, sex, sample size, preva-
lence, patterns and patient outcomes of multimorbidity.
Additionally, we also collated data on definition of multi-
morbidity used, tool used for measuring multimorbidity,
self-reported or objectively assessed, total number and list
of long term conditions included.

Risk of bias in individual studies

The risk of bias was independently assessed by two re-
viewers (RV, AS) following the Appraisal tool for Cross-
Sectional Studies (AXIS) that addresses cross-sectional
study reporting and overall quality.15 The AXIS tool
comprehensively assesses studies based on twenty
questions from the introduction (one question), methods
(ten questions), results (five questions), discussion (two
questions) and others (two questions). The AXIS tool
covers the following key domains: study design, sample
size, sampling method, and methods. Any potential
differences between the reviewers were resolved by the
third reviewer (SP). Each of the criteria was evaluated on
its presence (“Yes” =1) or absence (“No”/ “Do not
know”=0). The percentage of items presented as ‘yes’
was then calculated. Each question was scored with a
possible score of one, with scores of each question
summed to provide an overall score of twenty. The AXIS
repartition: 0–50% has high risk of bias, 51–80% has
medium risk of bias and 81–100% has low risk of bias.

Summary measures

The findings were summarized as qualitative and quanti-
tative summary of the evidence. We qualitatively described
the characteristics of the included studies whereas pooled
prevalence estimates represented the quantitative summary.
We used STATAversion 17.0 (STATACorp., Texas) for data
analysis. We used ‘metan’ command to calculate the pooled
prevalence based on random-effect model. The I2 statistic
was used to assess the variability between studies; this
statistic can take values between 0% and 100%, with high
values indicative of strong heterogeneity. We anticipated a
high heterogeneity due to the nature of selected studies such
as nationally representative samples vs. primary studies
with relatively smaller sample size; and age group variations
in the study i.e. 18 years and above or older adults
like ≥45 years or ≥60 years. Hence, we planned sub group
analysis based on the nature of data i.e. primary data or
secondary data and age group considered i.e. ≥18 years
or ≥45 years.

Patient and public involvement

We did not involve patients or the public in the design, or
conduct, or reporting, or dissemination plans of our
research.

Results

We retrieved 5442 articles from the electronic databases
after excluding 584 duplicates. A total of 35 articles5,16-49
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met the inclusion criteria after primary as well as full-text
screening, and quality appraisal (Figure 1).

General characteristics of selected studies

We observed 60.5% (n=23) of the included studies were
based on primary data5,17,19,20,22,25-29,32-35,37,39-43,45-48

whereas 39.5% were from secondary data analysis of na-
tionally representative samples such as Longitudinal Age-
ing Study in India (LASI) wave-0 (n=1),18 Study on Global
Ageing and Adult Health (SAGE) wave-015 (n=1), SAGE
wave-116,21,24,36,44 (n=5), LASI wave-132,35 (n=2), Building
Knowledge Base on Population Aging in India (BKPAI)38

(n=1), India Human Development Survey (IHDS-II)31

(n=1) and -United Nations Population Fund (UNFDPA)23

(n=1). Fifteen studies were from Odisha5,17,19,25,26,28,32-
34,39,40,42,45,47,48; 12 studies16,18,21,23,24,30,31,36,38,44,46,49

represented pan India and eight studies were from
other states of India.20,22,27,29,35,37,41,43 Eleven
studies5,19,25,26,28,32,33,34,39,43,47 were conducted in
hospital/primary care (study conducted among patients

attending hospitals/primary care) setting while 24 were
from the community based set up (data collected by
visiting household through face to face interviews)16-
18,20-24,27,29-31,35-38,40-42,44-46,48,49-49 (Table 1). All the
studies defined the term multimorbidity. The number of
conditions considered to assess multimorbidity ranged
from 4 to 24 conditions with a median of 12 conditions
(Supplementary Table S3). Hypertension and type-2
diabetes were uniformly included in all studies to as-
sess multimorbidity. Two reports did not define the
number of conditions included.33,41 All the studies used
self-reported questionnaires for the assessment of
multimorbidity. The number of chronic conditions
considered in the primary studies ranged from 9 to 24
(mean 17.1) whereas it ranged from 4 to 20 (mean 9.7)
in studies published from secondary data.

Assessment of risk of bias

A total of 36 studies qualified for the quality check. We
excluded one study which explored management of

Figure 1. PRISMA flow diagram representing selection of studies included in systematic review.
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geriatric multimorbidity in old age home residents in India50

as it scored only four points (20%). The quality appraisal of
the remaining 35 included articles revealed that 15 studies
scored 81-100% and were categorized as having low risk of
bias,17,18,20,28,29,32,33,37,39,41-43,46-48 whereas 20 studies
scored 51-80% and were grouped as having medium risk of
bias5,16,19,21-27,30,31,34-36,38,40,44-45,49 (Supplementary
Table S4).

Prevalence

The prevalence of multimorbidity was reported in 32 of
the included studies and this ranged from 1.16% to 65.9%
(Table 1). Three studies did not report the prevalence of
multimorbidity.20,41,44 The prevalence from twelve
studies with a nationally representative sample ranged
from 8.9% to 63.3% while the prevalence of

multimorbidity from primary studies ranged from 16.2%
to 65.9%.5 17,19,20,22,25-29,32-35,37,39-43,45-48 The estimate
of multimorbidity for Odisha (state with maximum
studies, n=15)5,17,19,25,26,28,32-34,39,40,42,45,47,48 ranged
from 23.3% to 63.06% whereas for other states the
prevalence ranged from 16.2 % to
65.9%.20,22,27,29,35,37,41,43 Based on the age, among ten
studies with a population of ≥60 years, the prevalence
ranged from 30.7% to 65.9%. Similarly, the prevalence
reported for studies that considered population
aged ≥18 years (n=13) and ≥45 years (n=5) ranged from
1.16% to 55% and 9% to 63.06% respectively.

We included 19 studies for meta-analysis which gave a
pooled prevalence of multimorbidity to be 20% (Figure 2).
Separate meta-analysis was also conducted for studies re-
porting multimorbidity based on primary data which
yielded the pooled prevalence of 43% (Supplementary
Figure 1) while studies based on secondary data showed

Figure 2. Pooled prevalence of multimorbidity in India.
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the pooled prevalence to be 4% (Supplementary Figure 2).
We also conducted a separate meta-analysis on the basis of
age group selected i.e. studies reporting multimorbidity
among participants aged ≥18 years that showed the pooled
prevalence of 14% (Supplementary Figure 3) while studies
among respondents aged ≥45years showed the pooled
prevalence of 23% (Supplementary Figure 4). The list of
studies excluded from meta-analysis along with their rea-
sons for exclusion is presented in Table 2.

Pattern

Nine studies17,23,26,28,33,37,40,44,47 gave information about
the pattern of multimorbidity (Table 3). The commonly
occurring disease clusters were the occurrence of two
diseases or dyads (n=7)23,26,28,33,37,40,47 followed by triads
(n=4).17,28,37,40 The commonly identified dyads were ar-
thritis and hypertension,diabetes and hypertension, hyper-
tension and overweight, tuberculosis and ulcer disease. In
one study28 patterns across gender were described; male-
acid peptic disease + arthritis (7.95%); female- acid peptic
disease + hypertension (10.58%). Additionally, it also
presented patterns based on age; younger age group i.e.
18 to 29 years were acid peptic disease with arthritis/
chronic backache/ tuberculosis /chronic lung disease, while
older age groups (≥40 years) had more frequent combi-
nations of hypertension + arthritis/ chronic lung disease/
vision difficulty, and arthritis + chronic backache. Bayes
Marin44 described the patterns based on classes as cardio-
metabolic or respiratory-mental-articular. Cardio-metabolic
was reported to be high 6.1% (5.3 to 6.8) in India (diabetes,
hypertension, myocardial infarction, angina/stroke). The
triad of acid peptic disease + arthritis + chronic backache

was common in men in all age groups whereas women
reported combinations of hypertension + chronic backache
+ arthritis.28

Risk factors

Risk factors for multimorbidity were explored in
23 studies5,16,17,18,19,20,22,23,24,27,29,33,35,37,39,40,41,43,46,47 that in-
cluded age16,17,19,23,27,29,33,37,39,43,47; socioeconomic status
19,22,23,29,39; sex 19,27,35,39; body mass index (BMI)24,46; living
arrangements (e.g. a traditional joint family system)27,41; and
tobacco17 and alcohol use23 (Table 4). Significant positive as-
sociations were found for increasing age16,17,19,23,27,29,33,37,39;
female sex19,27,35,39; higher educational attainment18,19,23,39;
affluence19,22,23,29,39; obesity24,46; and tobacco17 and alcohol
use.23

Outcome/consequences

Fourteen studies5,18-20,23,30,32,34,36,38,39,42,45,48 reported different
health-related consequences associated with multimorbidity
(Table 5). The most frequently reported consequences that in-
terplay with multimorbidity was increased healthcare utilization
(n=6)19,23,30,32,34,39; reduced health-related quality of life
(n=2)5,34; reduced physical functioning/activities of daily living
(ADL) (n=1)18; mental functioning (n=2)5,34; poor self-rated
health (n=2)18,20; dissatisfaction about health care system
(n=1)30; elderly abuse or mistreatment (n=2)38,48; and weak
handgrip strength/frailty (n=3)32,36,42. The visit of multimorbid
patients to a private clinic was 1.4 times higher than to public
health setups.19 The mean number of hospital visits per patient
per year was 1.62 (95% CI, 1.31 to 1.93) and 2.81 (95% CI,
2.34 to 3.28) among patients with single chronic conditions and

Table 2. List of studies excluded from meta-analysis along with their reasons for exclusion.

S. No Author, Year Reason for Exclusion

1 Vadreru L et al., 2015 20 Data not available
2 Arokiasamy P et al., 2015 21 Data from SAGE wave-1 used, another study based on same data with larger sample included
3 Mini GK et al., 2016 23 Data from United Nations Population Fund used, another study based on same data included
4 Agrawal S et al., 2016 24 Data from SAGE wave-1 used, another study based on same data included
5 Pati S et al., 2017 28 Data same as Pati S et al, 2015 19 (Included)
6 Zhou C et al., 2018 30 Data from SAGE wave-1 used, another study based on same data included
7 Muksor A et al., 2018 31 Data is not clear as data is segregated based on urban and rural.
8 Swain S et al., 2019 32 Definition of multimorbidity not uniform as other studies (Multimorbidity defined as ≥3

conditions)
9 Pati S et al., 2019 34 Data same as Pati S et al, 2015 19 (Included)
10 Vancampfort D et al, 2019 36 Data from SAGE wave-1 used; another study based on same data included
11 Pati S et al., 2020 39 Data same as Pati S et al, 2015 19 (Included)
12 Panda M et al., 2020 41 Data not available
13 Kshatri JS et al., 2020b 42 Data same as Kshatri JS et al, 2020a 40 (Included)
14 Bayes MI et al., 2020 44 Data not available
15 Kshatri JS et al., 2021 48 Data same as Kshatri JS et al, 2020a 40 (Included)
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multimorbidity respectively.19 The mean number of medicines
used increased from 0.56 (95% CI, 0.50 to 0.62) among patients
with single chronic conditions to 1.17 (95% CI, 1.04 to 1.29)
among patients with multimorbidity.19 The mean hospital per
visit per year in patientswithmultimorbiditywas nine; this is two
times the rate of hospitalization among those having one chronic
condition.23

Discussion

Summary of evidence

This systematic review provides comprehensive evi-
dence on the burden of multimorbidity in India. The

prevalence of multimorbidity was observed to vary
from 1.16% to 65.9%. Nonetheless, the retrieved
studies were heterogeneous in the characteristics while
the prevalence was quite similar between the different
subgroups i.e., nationally representative samples and
samples from different provinces in India. The preva-
lence was high among participants aged 60 years and
above (range 30.7% to 65.9%). The studies which were
planned a-priori focused on more number of chronic
conditions (median 18) whereas the median conditions
considered in studies based on secondary data was
9 while the overall median number of diseases con-
sidered was 12.

Table 3. Patterns of multimorbidity.

Author, YearReference Pattern reported Pattern description *n/N (%) or (%)*

Banjare P et al,
201417

Triad Arthritis, Chronic Obstructive Pulmonary Disease (COPD), High Blood
Pressure

8/164 (0.5)

Mini GK, et al 201623 Dyad Arthritis and High Blood Pressure
Arthritis and Cataract
Diabetes and High Blood Pressure

7.5
5.3
4.7

Pati S et al, 201726 Dyad Tuberculosis and Ulcer disease 3/197 (1.5)
Pati S et al., 201728 Dyad, and Triad Dyad

• Younger age group (18 to 29 years)
Acid Peptic Disease with Arthritis/ Chronic Backache/Tuberculosis/
Chronic Lung Disease.

• Older age group (≥40 years)
Hypertension with Arthritis/Chronic Lung Disease/Visual Difficulty;
and Arthritis with Chronic Backache

• Male
Acid Peptic Disease with Arthritis
• Female
Acid Peptic Disease with Hypertension
Triad
• Male
• Acid peptic disease, Arthritis and Chronic Backache
• Female
Acid Peptic Disease, Arthritis and Chronic Backache

NA

NA

7.95

10.58

3.64

4.12
Palo SK et al,
201933

Dyad Diabetes and Hypertension 14.1

Rohini C et al,
202037

Dyad, and Triad Dyad
Diabetes and Hypertension
Triad
Diabetes, Hypertension and Ischemic Heart Disease

127/410 (30.9)

23/410 (5.6)
Kshatri JS
et al.,202040

Dyad, Triad, and
Tetrad

Dyad
Combination of any two conditions
Triad
Combination of any three conditions
Tetrad and above
Combination of any four and above conditions

25

15.2

8.7
Bayes Marin I,
202044

Cardio-metabolic Cardio-metabolic (Diabetes, Hypertension, Myocardial Infarction,
Angina/Stroke)

6.1

Pati S et al, 202147 Dyad Hypertension and Diabetes 14

*as per the availability of information; Dyad: combination of frequently occurring two condition; Triad: combination of frequently occurring three
conditions; Tetrad: combination of frequently occurring four conditions; NA: Not Available.
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Comparison with existing literature

There is considerable heterogeneity among the measures used to
assess multimorbidity in terms of number of diseases considered.
In this review, the median numbers of diseases identified were
12which is lower than themedian number [Median: 17 (IQR: 11-
23)] of conditions reported by a systematic review of 566 studies
on multimorbidity.51 Additionally, there was a variance in the
median number of conditions considered in primary and sec-
ondary studies. A probable reason for the wide variance between
the two is that the latter does not intend to assess multimorbidity
rather the data is extrapolated to do so due to a lack of nationwide
data pertaining to multimorbidity. Hence, there is an urgent need
towards building a consensus on the number of diseases or
groups to be included to assess multimorbidity which would help
in improving inter-regional comparisons.52 Moreover, LMICs
such as India should plan to conduct nation-wide surveys on
multimorbidity to elicit its real burden.53 Here, the findings of a
systematic review of systematic reviews is worth considering that
recommended meaure selection (eg., using a cut-off of two or
more conditions) be used for tools validated for the outcome of
interest, and where there is no validated measures, or where
multiple outcomes or populations are being considered, disease
count should be used as an alternative.54 Additionally, debates
around the consideration of definition for complex multi-
morbidity is also worth considering where a study suggests that
complex multimorbidity must consider complexity of conditions
rather than simple count of diseases across body systems.55

We observed that the population aged 60 years and above
had a higher prevalence (range 30.7% to 65.9%) of multi-
morbidity which is in contrast with the findings reported from
China56 which showed a very wide range (6.4% to 76.5%),
though the latter was based on a narrative review. However, the
pooled prevalence of multiple chronic illnesses reported in
Caribbean and Latin American countries57 was 47% which is
higher than the pooled prevalence reported in our review. An
Australian study58 reported 52% prevalence which is also
higher than the prevalence of multimorbidity in India. The
presence of clusters of conditions or complexity (the number
of domains present) increased with age. Similar findings were
also observed from another study in Australia59 where 83.2%
of the surveyed participants aged 75 years or older had
multimorbidity; with 58.2% having morbidity in three or more
domains, and 33.4% in four or more. As the ageing population
increases, multimorbidity will continue as a major health
problem in the years to come60 which needs urgent action.

In this review, we observed an increase in the health care
cost and utilization which is consistent with the findings of
Bori et al61 in UK. Only twelve studies reported patterns/
clusters/disease combinations but it indicated a shift in the
conceptualization of multimorbidity from purely disease count
to specific disease combinations/clusters. Additionally, we also
noted the focus on specific age groups to be a trend in this
review. These findings are consistent with the report of Bori

et al.61 Nonetheless, it is worth mentioning that these findings
were not elicited by an earlier systematic review conducted
among South Asian population10 as the term multimorbidity
was not defined in the MeSH (Medical Subject Headings of
PubMed) terminology at that time.

Multimorbidity assessment largely depends on considering
the simple count of diseases, however future studies should
explore the most common combinations and frequently oc-
curring clusters of diseases that could help in providing insights
for the complex care needs of patients with multimorbidity. The
health research aswell as practice has conventionally focused on
single-disease framework rather than multiple conditions.
Therefore, a complementary strategy is needed, supporting
general physicians to provide personalized patient centered,
comprehensive continuity of care, especially in socioeconom-
ically deprived areas.62 Additionally, future studies eliciting the
burden ofmultimorbidity among vulnerable populations such as
urban poor, and tribal are warranted. Social determinants of
health are equally relevant for chronic conditions and studies
report that socio-economic marginalization increases the risk of
multimorbidity.63,64 Furthermore, the difficulties for these in-
dividuals are exacerbated by the ‘inverse care law’which states
that the rising demand for healthcare access leads to fewer
consultations, decreased patient enablement and increased
physician stress.65 Hence, these factors highlight the importance
of estimating the burden of chronic conditions and identifying
their care seeking pathway so as to make the existing pro-
grammesmore equitable and design future policies based on the
evidence. Nonetheless, few studies have been published cov-
ering these vulnerable groups which were beyond the date of
last search of this review.66-74

We also observed that studies were mostly conducted
among patients attending out-patient department of primary
care though no studies document the prevalence of multi-
morbidity among in-patients (IPD). A major gap exists in
enumerating the care seeking pathway of these multimorbid
individuals which may support in further taking steps towards
primary care strengthening. We observed Multimorbidity
Assessment Questionnaire for Primary Care (MAQ-PC) was
the only validated tool which was designed to explicitly assess
multimorbidity in India.25 With a lack of gold standard, this
tool has been developed following an iterative process that can
be used for undertaking multimorbidity studies in future.

We observed affluence to be associated with multimorbidity
which is consistent with the findings of a systematic review on
multimorbidity in LMICS that observed an increased risk of
NCD multimorbidity [Pooled OR from 10 studies: 1.35 (95%
CI: 1.02 to 1.80)] among well-off individuals.75 A possible
explanation to this could be that affluent group has a higher
capacity to pay for healthcare services which lead to better
diagnosis and hence, self-report of multimorbidity. However,
these findings differ from that of high-income countries where
deprivation is associated with multimorbidity as suggested by a
systematic review.76 Additionally, most studies reported that the
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Table 4. Risk factors/determinants/correlates for multimorbidity reported in studies.

Variable Risk factorsReference
Comparator/ Reference for
calculation of OR/IRR/RRR

Age Age in years16 18-29
30–39: AOR 4.11; 95% CI: 2.18 to 7.74
40–49: AOR 7.87; 95% CI: 4.25 to 14.59
50–59: AOR 16.15; 95% CI: 8.83 to 29.54
60–69: AOR 23.56; 95% CI: 13.08 to 42.44
>70: AOR 39.15; 95% CI: 20.72 to 73.98
Age in years17 60-65
65–70: AOR 2.33; 95% CI: 1.22 to 4.45
70–75: AOR 4.91; 95% CI: 2.18 to 11.05
≥75: AOR 4.65; 95% CI: 1.87 to 11.52
Age in years19 18-29
30-39: AOR 6.10; 95% CI: 3.19 to 11.65
40-49: AOR 8.49; 95% CI: 4.45 to 16.11
50-59: AOR 16.41; 95% CI: 8.55 to 31.48
60-69: AOR 16.14; 95% CI: 8:38 to 31.10
70-79: AOR 22.35; 95% CI: 11.15 to 44.71
Age in years23 60-70
≥70: AOR 1.69; 95% CI: 1.52 to 1.8
Age in years27 60-64
≥75: OR 1.76; β coefficient: 0.57
Age in years29 50-59
≥60: IRR 1.38; 95% CI: 1.15 to 1.65
Age in years33 20-39
≥60: years: AOR 4.96; 95% CI: 1.13 to 21.92
Age in year37 30-39
40-49: AOR 10.7; 95% CI: 2.4 to 47.2
50-59: AOR 34.6; 95% CI: 7.9 to 149.4
60-69: AOR 70.1; 95% CI: 16.4 to 298.6
Participants attending Public facility39 18-29
Age in years39

30–39: AOR 6.70; 95% CI: 2.89 to 15.57
40–49: AOR 9.37; 95% CI: 4.05 to 21.64
50-59: AOR 16.73; 95% CI: 7.12 to 39.31
60-69: AOR 17.21; 95% CI: 7.35 to 40.28
≥70: AOR 26.29; 95% CI: 10.52 to 65.66
Participants attending Private facility39

Age in years39 18-29
30–39: AOR 6.13; 95% CI: 2.06 to 18.21
40-49: AOR 8.73; 95% CI: 2.93 to 25.96
50-59: AOR 19.42; 95% CI: 6.52 to 57.80
60-69: AOR 16.48; 95% CI: 5.45 to 49.83
≥70: AOR 20.73; 95% CI: 6.54 to 65.67
Age in years43 18-29
30-39: AOR 2.81; 95% CI: 2.70 to 28.99
40–49: AOR 11.97; 95% CI: 1.43 to 99.22
50–59: AOR 19.42; 95% CI: 2.39 to 157.79
60–69: AOR 37.99; 95% CI: 4.68 to 308.42
≥70: AOR 42.56; 95% CI: 5.15 to 352.42
Age in years47

40-59: ARRR 2.9; 95% CI: 1.6 to 5.1 18-39
60+: ARRR 6.6; 95% CI: 3.3 to 13.1

(continued)
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Table 4. (continued)

Variable Risk factorsReference
Comparator/ Reference for
calculation of OR/IRR/RRR

Sex Sex19 Male
Female: AOR 1.61; 95% CI: 1.23 to 2.12
Sex27

Female: OR 2.24; β coefficent: 0.81
Sex35

Female: 65.4%; p value: 0.0007
Participants attending Public facility39

Sex39

Female: AOR 1.6;95% CI: 1.11 to 2.27
Participants attending Private facility39

Sex39

Females: AOR 1.61; 95% CI:1.07 to 2.42
Caste Caste29 Other caste

SC/ST/OBC: IRR 0.74; 95% CI: 0.61 to 0.92
Participants attending Public facility39

Ethnicity39

Non-aboriginal: AOR 1.56;95% CI: 1.06 to 2.32
Education Education18 No schooling/education

Primary/middle: IRR 1.4; 95% CI: 1.02 to 1.91
High school: IRR 1.6; 95% CI: 1.07 to 2.4
Education19

Primary: AOR 1.61; 95% CI: 1.17 to 2.22
Secondary and above: AOR 1.53; 95% CI: 1.03 to 2.25
Education23

Formal schooling: AOR 1.16; 95% CI: 1.04 to 1.30
Participants attending Private facility39

Education39

Primary school completed: AOR 2.59; 95% CI: 1.59 to 4.23
Secondary schooling and above: AOR 1.99; 95% CI: 1.11 to 3.55

Marital status Marital status22 Multimorbidity versus only
one chronic condition

Widow:79.2%; p value: 0.0001
Employment Employment37

Unemployed: AOR 1.9; 95% CI: 1.03 to 3.6 Daily wage or self employed
Occupation41 Not engaged
Engaged: β coefficient 1.8; AOR 5.9; p-value: 0.08

SES SES19 Below poverty line
APL: AOR 1.35; 95% CI: 1.03 to 1.78 Multimorbidity versus only

one condition
SES22 Lowest
Upper middle: 70.7%; Middle: 74%; p=0.001
SES23 Poor
Wealthiest: AOR 2.17; 95% CI: 1.81 to 2.59
SES29

Middle: IRR 1.36; 95% CI: 1.07 to 1.73 Below poverty line
Rich: IRR 1.37; 95% CI: 1.05 to 1.78
Private facility39

SES39

APL: AOR 1.35; 95% CI: 1.01 to 2.06
Economic
independence

State of economic independence17

Fully dependent: AOR 5.21; 95% CI: 1.99 to 13.60 Not dependent
Partially dependent: AOR 3.02; 95% CI: 1.57 to 6.81

(continued)
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individuals with more years of schooling (either primary or
secondary schooling) had a higher chance of having multi-
morbidity as compared to those with no formal education which
is consistent with the findings of a systematic review that in-
cluded studies from Southeast Asia.72 A probable reason for this
could be that with education, people tend to be more health
conscious, and hence have better chances of diagnosis and self-
report of chronic conditions.

Implications for research and practice

India is a federal union comprising of 28 states and 8 union
territories, forming a total of 36 entities. The studies on
multimorbidity within a state are very limited preventing the
assessment of the actual burden in the country. The present
evidence may be considered as a tip of the Iceberg. More
studies specific to different zones of the country, state/
province is required to assess the real burden of multi-
morbidity in India. India is a country of medical pluralism
wherein apart from conventional medicine system, traditional

and alternative system of medicine popularly known as
Ayurveda, Yoga and Naturopathy, Unani, Siddha, and Ho-
meopathy (AYUSH) are also instrumental in contributing to
health care. AYUSH care utilization is higher among patients
with chronic diseases and also for treating skin-related and
musculo-skeletal ailments.70 The current epidemiological
transition has been a major driver impelling a radical rethink
of the structure of health care, especially concerning the role,
quality and capacity of primary health care. The development
of new clinical care guidelines should be addressed to focus
on multiple systems and not just only on one disease.
Sensitization of frontline workers such as Accredited Social
Health Activist (ASHA) and Community Health Officer
(CHO) towards the needs of multimorbid individuals is re-
quired with a focus on family-level interventions for shared
risk factors.77 Capacity building of primary care staff to
manage multimorbidity is also needed. Nonetheless, most
LMICs face a similar healthcare challenge in combating
multimorbidity where the determinants, patient outcomes as
well as impact of multimorbidity on health system remain

Table 4. (continued)

Variable Risk factorsReference
Comparator/ Reference for
calculation of OR/IRR/RRR

Habit Habit17

Chewing tobacco: AOR 2.82; 95% CI: 1.51 to 5.24
Life style habit23

Alcohol use: AOR 1.23; 95% CI: 1.01 to 1.5 Not chewing tobacco
Habitual to any lifestyle habit27 No alcohol use
Any lifestyle habit: OR 1.44; β coefficent: 0.37 Habitual

BMI and obesity BMI status Obesity24

Obesity: AOR 2.33; 95% CI: 1.35 to 4.02 Normal BMI
Overweight/obese46 Not over weight
ObesityARRR:1.61; 95% CI: 1.48 to 1.74
Waist circumference46 Not high risk
High risk waist circumference: ARRR:1.66; 95% CI: 1.52 to 1.80
Waist to hip ratio46 Not high risk
High-risk wait-hip ratio: ARRR 1.45; 95% CI: 1.33 to 1.59

Self-rated health Self-rated health20 Multiple chronic condition versus
no chronic condition

Poor Self-rated health: AOR 2.61; 95% CI:1.44 to 4.72
Family Family22

Nuclear family: 56.7%; Joint families: 69.7%; p=0.003 Multimorbidity versus only one
chronic condition

Family History Family history40 No family history of diabetes
Diabetes: AOR 1.67; 95% CI: 1.11 to 2.52 No family history of hypertension
Hypertension: AOR 1.80; 95% CI: 1.29 to 2.50

Living arrangement/
Housing/Living
with Family

Living arrangement27

Living with married sons: OR 2.24; β coefficient: 0.81 Living alone
Living with others: OR 2.10; β coefficient: 0.74 95% CI is not given, β coefficient are

significant at different p values
Living Alone41 Not alone
Alone: β coefficient 3.5; AOR 34; p-value: 0.001

APL: Above poverty line; ARRR: Adjusted Relative Risk Ratio; AOR: Adjusted Odds Ratio; BMI: Body Mass Index; SES: Socioeconomic status; IRR:
Incidence risk ratio; SC: Scheduled Caste; ST: Scheduled Tribes; OBC: Other backward class; CI: Confidence Interval.
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alike. Hence, the findings of this study could also be ex-
trapolated to countries with similar demographic and epi-
demiological transition along with similar health systems by
targeting these determinants.

Strengths and limitations

We employed a comprehensive search strategy in various
databases to find out exhaustive list of all available articles in
the domain. Further, screening, data extraction and analysis
were performed following prospectively registered protocol.
Meta-analysis was done to synthesize the pooled prevalence
which was a major strength of this study. However,

heterogeneity and repetition in data led us to include only
19 articles in the meta-analysis. This review includes sample
from both community and primary care set ups which is an
additional strength. However, the fact that this study is restricted
to India alone may be seen as a drawback. Nonetheless, India is
the second-most populous nation in the world, hence it was
imperative to perform this review for future policy decisions.

Conclusion

Multimorbidity has become a norm in India. The increasing
burden of multimorbidity among older adults cannot be
overlooked. Nation-wide primary studies to investigate the

Table 5. Summary of the relationship between multimorbidity and its patient outcomes (health outcomes, expenditure, and utilization).

Patient Outcomes Multimorbidity specification Estimate [95% CI]
Parameter
estimate type Ref.

Out-patient department (OPD) visit
(n=2)

Number of chronic conditions (<3 vs ≥3)
Multimorbidity vs. not

1.09 [1.01 to 1.17] ↑
2.81 [2.34 to 3.28] vs. 1.62
[1.31 to 1.93]↑

AOR*
Mean

32
34

Hospitalization (n=1) Multimorbidity vs. not
Multimorbidity vs. not

9 vs. 3↑
2.32 [1.82 to 2.95] ↑

Mean
AOR

23
23

Facility (n=1) Private vs. Public 1.40 [1.08 to 1.81] ↑ AOR 19
Medicine taken(n=3) Number of chronic conditions (<3 vs ≥3)

Multimorbidity vs. not
Private vs. Public

1.41 [1.27 to 1.56] ↑
1.17 [1.04 to 1.29] vs. 0.56
[0.50 to 0.62]↑

2.7 vs. 1.2↑

AOR
Mean
Mean

39
19
39

Health care expenditure/Out of pocket
expenditure (OOPE) (n=1)

Physical conditions with Psychiatric
conditions vs. only Psychiatric conditions

INR 12219 vs. INR 4414↑ Mean 45

Frailty (n=2) Age <50 years vs. >50 years
Multimorbidity vs. not

4.45 [1.51 to 13.05] ↑
1.93 [1.61 to 2.24] ↑

AOR
OR

32
42

Decision making in health care (n=1) Men vs. Women 1.30 [1.12 to 1.91] vs. 1.02
[0.89 to 1.17] ↑

AOR 30

Dissatisfied about health care system
(n=1)

Men vs. Women 1.40 [1.15 to 3.28] vs. 1.10
[1.07 to 1.29] ↑

AOR 30

Elderly abuse or mistreatment (n=2) Two chronic conditions
three, and four or more chronic conditions
More chronic diseases
Multimorbidity vs. not

3.02 [2.33 to 3.91] ↑
4.16 [3.02 to 5.74] ↑
5.06 [3.50 to 7.31] ↑
1.68 [1.11 to 2.57] ↑

AOR
AOR
AOR
AOR

38
38
38
48

Health-related quality of life (HRQoL)
(n=2)

Physical
Physical
Mental

Multimorbidity vs. not
Multimorbidity vs. not
Multimorbidity vs. not
Multimorbidity vs. not

43.23 [42.62 to 43.84] vs.
43.69[43.35 to 44.03]↓

41.07 vs. 42.48
41.58 [40.74 to 42.43] vs.
44.52 [43.96 to 45.08]↓

40.79 vs. 44.14 ↓

Mean
Mean
Mean
Mean

34
5
34
5

Activities of daily living (ADL) (n=1) Multimorbidity vs. not 6.9 [4.8 to 10.3] ↑ Logit model,
OR

18

Self-rated health (n=2) Multimorbidity vs. not
Multimorbidity vs. not

15.1 [9.5 to 23.9] ↑
2.6 [1.44 to 4.72] ↑

Logit model,
OR

OR

18
20

Weak handgrip strength (n=1) Two conditions
Three conditions
Four conditions

1.29 [1.11 to 1.50] ↑
1.41 [1.18 to 1.68] ↑
1.78 [1.46 to 2.18] ↑

OR
OR
OR

36
36
36

Higher care challenges (n=1) Multimorbidity vs. not 1.48 [1.01 to 2.05] ↑ AOR 45

*OR: Odds ratio, AOR: Adjusted odds ratio. All reported outcomes are statistically significant.

14 Journal of Multimorbidity and Comorbidity



real burden of multimorbidity are warranted. Additionally,
studies pertaining to vulnerable groups such as urban poor
and tribal along with interventions are also warranted.
Uniform methods to assess multimorbidity are required.

Acknowledgements

We thank Dr. Banamber Sahoo, Library and Information Officer,
ICMR-Regional Medical Research Centre, Bhubaneswar for his
support in developing search strategy and providing access to
databases. We are also thankful to Dr. Srikanta Kanungo, Scientist-
D, ICMR-Regional Medical Research Centre, Bhubaneswar for
helping us with the meta-analysis.

Author contributions

Concept and design: RV, AS and SP. Acquisition, analysis, or
interpretation of data: RV, AS,MB, DN, RKM, RJ, ST, JTL and SP.
Drafting of the manuscript: RV, AS, DN and SP. Critical revision of
the manuscript for important intellectual content: MB, RKM, RJ,
JTL and ST. Statistical analysis: RV and AS. Administrative and
technical support: RJ, STand SP. Supervision: SP. All authors have
agreed on publishing the final version of manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, au-
thorship, and/or publication of this article.

Ethical statement

Ethical approval

This review is based on the published literature, hence has no
ethical concerns. We have not used individual patient data thus,
eliminating privacy concerns.

ORCID iD

Abhinav Sinha  https://orcid.org/0000-0001-7702-3671

Data availability statement

All data underlying this research will be made available on rea-
sonable request to the authors.

Supplemental Material

Supplemental material for this article is available online.

References

1. MacMahon S, Calverley P, Chaturvedi N, Chen Z, Corner L,
Davies M, Ezzati M, Guthrie B, Hanson K and Jha V.
Multimorbidity: a priority for global health research. The
Academy of Medical Sciences: London, UK. 2018:127.

2. Yadav S and Arokiasamy P. Understanding epidemiological
transition in India.Global health action. 2014Dec 1;7(1):23248.

3. Glynn LG, Valderas JM, Healy P, Burke E, Newell J,
Gillespie P and Murphy AW. The prevalence of multi-
morbidity in primary care and its effect on health care uti-
lization and cost. Family practice. 2011 Oct 1;28(5):516-523.

4. Makovski TT, Schmitz S, Zeegers MP, Stranges S and van
den Akker M. Multimorbidity and quality of life: systematic
literature review and meta-analysis. Ageing research reviews.
2019 Aug 1;53:100903.

5. Pati S, Sinha R, Panda M, Puri P and Pati S. Profile of
multimorbidity in outpatients attending public healthcare
settings: A descriptive cross-sectional study from Odisha,
India. Journal of Family Medicine and Primary Care. 2021
Aug;10(8):2900.

6. Sinha R and Pati S. Addressing the escalating burden of chronic
diseases in India: need for strengthening primary care. Journal of
Family Medicine and Primary Care. 2017 Oct;6(4):701.

7. Wallace E, Stuart E, Vaughan N, Bennett K, Fahey T and
Smith SM. Risk prediction models to predict emergency
hospital admission in community-dwelling adults: a sys-
tematic review. Medical care. 2014 Aug;52(8):751.

8. Mangin D, Heath I and Jamoulle M. Beyond diagnosis: rising
to the multimorbidity challenge. BMJ. 2012 Jun 13;344:345.

9. Sinha A, Kerketta S, Ghosal S, Kanungo S, Lee JT and Pati S.
Multimorbidity and complex multimorbidity in India: find-
ings from the 2017–2018 longitudinal ageing study in India
(LASI). International journal of environmental research and
public health. 2022 Jul 26;19(15):9091.

10. Pati S, Swain S, Hussain MA, Van Den Akker M,
Metsemakers J, Knottnerus JA and Salisbury C. Prevalence
and outcomes of multimorbidity in South Asia: a systematic
review. BMJ open. 2015 Oct 1;5(10):e007235.

11. Patwardhan B and Tillu G. Universal health coverage and
AYUSH systems. Journal of Ayurveda and Integrative
Medicine. 2018 Jan;9(1):1.

12. Roja V, Nayak D, Sinha A, Bhatia M, Manchanda RK,
Janardhanan R, Pati S and Tandon S. Prevalence and outcome
of multimorbidity in India: A Systematic Review. PROS-
PERO 2021 CRD42021257281 Available from: https://www.
crd .york .ac .uk/prospero /d isp lay_record .php?ID=
CRD42021257281

13. Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE
and Chou R. PRISMA 2020 explanation and elaboration:
updated guidance and exemplars for reporting systematic
reviews. Bmj. 2021 Mar 29;372:456.

14. Tugwell P and Knottnerus JA. Multimorbidity and co-
morbidity are now separate MESH headings. Journal of
Clinical Epidemiology. 2019 Jan 1;105:vi.

15. Downes MJ, Brennan ML, Williams HC and Dean RS.
Development of a critical appraisal tool to assess the quality
of cross-sectional studies (AXIS). BMJ open. 2016 Dec 1;
6(12):e011458.

Varanasi et al. 15

https://orcid.org/0000-0001-7702-3671
https://orcid.org/0000-0001-7702-3671
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021257281
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021257281
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021257281


16. Pati S, Agrawal S, Swain S, Lee JT, Vellakkal S, Hussain MA
andMillett C. Non communicable disease multimorbidity and
associated health care utilization and expenditures in India:
cross-sectional study. BMC health services research. 2014
Dec;14(1):1-9.

17. Banjare P and Pradhan J. Socio-economic inequalities in the
prevalence of multi-morbidity among the rural elderly in
Bargarh District of Odisha (India). PloS one. 2014 Jun 5;9(6):
e97832.

18. Arokiasamy P and Uttamacharya Jain K. Multi-morbidity,
functional limitations, and self-rated health among older
adults in India: cross-sectional analysis of LASI pilot survey,
2010. Sage Open. 2015 Feb 9;5(1):2158244015571640.

19. Pati S, Swain S, Hussain MA, Kadam S and Salisbury C.
Prevalence, correlates, and outcomes of multimorbidity
among patients attending primary care in Odisha, India. The
Annals of Family Medicine. 2015 Sep 1;13(5):446-450.

20. Vadrevu L, Kumar V and Kanjilal B. Gender Differentials in
the Impact of Multi-Morbidity on Self Rated Health in Rural
West Bengal in India. IOSR Journal of Nursing and Health
Sciences. 2015 Mar 31;4(2):321.

21. Arokiasamy P, Uttamacharya U, Jain K, Biritwum RB,
Yawson AE, Wu F, Guo Y, Maximova T, Espinoza BM,
Salinas Rodriguez A and Afshar S. The impact of multi-
morbidity on adult physical and mental health in low-and
middle-income countries: what does the study on global
ageing and adult health (SAGE) reveal? BMC medicine. 2015
Dec;13(1):1-6.

22. Gupta A, Girdhar S, Chaudhary A, Chawla JS and Kaushal P.
Patterns of multimorbidity among elderly in an urban area of
North India. Journal of Evolution of Medical and Dental
Sciences. 2016 Mar 7;5(19):936-942.

23. Mini GK and Thankappan KR. Pattern, correlates and im-
plications of non-communicable disease multimorbidity
among older adults in selected Indian states: a cross-sectional
study. BMJ open. 2017 Mar 1;7(3):e013529.

24. Agrawal S and Agrawal PK. Association between body mass
index and prevalence of multimorbidity in low-and middle-
income countries: a cross-sectional study. International
journal of medicine and public health. 2016 Apr;6(2):73.

25. Pati S, Hussain MA, Swain S, Salisbury C, Metsemakers JF,
Knottnerus JA andAkkerMV. Development and validation of
a questionnaire to assess multimorbidity in primary care: an
Indian experience. BioMed research international. 2016 Oct;
2016:2016.

26. Pati S, Bhattacharya S and Swain S. Prevalence and patterns
of multimorbidity among human immunodeficiency virus
positive people in Odisha, India: an exploratory study.
Journal of Clinical and Diagnostic Research: JCDR. 2017
Jun;11(6):LC10.

27. Audinarayana N. Gender Perspectives of Multi-morbidity
among Elderly and It’s Determinants in an Urban Setting
of Tamil Nadu. Indian Journal of Gerontology. 2017 Jan 1;
31(1):324.

28. Pati S, Swain S, Metsemakers J, Knottnerus JA and van den
Akker M. Pattern and severity of multimorbidity among
patients attending primary care settings in Odisha, India. PloS
one. 2017 Sep 14;12(9):e0183966.

29. Jain K and Arokiasamy P. Urbanization, multi-morbidities
and preference for health care facility: an insight from Ra-
jasthan, India. Journal of Urban and Regional Analysis. 2018
Jul 1;10(2):143-176.

30. Zhou CH, Tang SF, Wang XH, Chen Z, Zhang DI, Gao JL,
Ghose B, Feng D, He ZF, Yaya S and Feng ZC. Satisfaction
about patient-centeredness and healthcare system among
patients with chronic multimorbidity. Current Medical Sci-
ence. 2018 Feb;38(1):184-190.

31. Muksor A, Dixit P and Varun MR. Rural-Urban Differentials
in NCD Multimorbidity in Adult Population in India: Prev-
alence and Cost of Care. J TropMed Health JTMH-121. 2018;
10:2018

32. Swain S and Mishra RC. Multimorbidity and frailty in primary
care patients aged 40 years or more in Odisha, India. Clinical
Epidemiology and Global Health. 2019 Sep 1;7(3):331-336.

33. Palo SK, Swain S, Priyadarshini S, Behera B and Pati S.
Epidemiology of obesity and its related morbidities among
rural population attending a primary health centre of Odisha,
India. Journal of family medicine and primary care. 2019 Jan;
8(1):203.

34. Pati S, Swain S, Knottnerus JA, Metsemakers JF and van den
Akker M. Health related quality of life in multimorbidity: a
primary-care based study from Odisha, India. Health and
quality of life outcomes. 2019 Dec;17(1):1.

35. Verma V and Mishra N. A study on multi-morbidity among
geriatric group in a district of northern india: a cross sectional
study. International Journal of Medicine and Public Health.
2019;9(4):209.

36. Vancampfort D, Stubbs B, Firth J and Koyanagi A. Handgrip
strength, chronic physical conditions and physical multi-
morbidity in middle-aged and older adults in six low-and
middle income countries. European journal of internal
medicine. 2019 Mar 1;61:96-102.

37. Rohini C and Jeemon P. Prevalence and patterns of multi-
morbidity in the productive age group of 30-69 years: A
cross-sectional study in Pathanamthitta District, Kerala.
Wellcome Open Research. 2020;5:92.

38. Sathya T, Nagarajan R and Selvamani Y. Multimorbidity as a
risk factor of elder abuse/mistreatment in India: a cross-
sectional study. Journal of interpersonal violence. 2020
Dec 15:0886260520980391.

39. Pati S, Swain S, Knottnerus JA, Metsemakers JF and van den
Akker M. Magnitude and determinants of multimorbidity and
health care utilization among patients attending public versus
private primary care: a cross-sectional study from Odisha,
India. International journal for equity in health. 2020 Dec;
19(1):1-2.

40. Kshatri JS, Palo SK, Bhoi T, Barik SR and Pati S. Prev-
alence and patterns of multimorbidity among rural elderly:

16 Journal of Multimorbidity and Comorbidity



findings of the AHSETS study. Frontiers in public health.
2020;1:675.

41. Panda M, Pathak R, Islam F, Agarwalla R, Singh Vand Singh
F. Interplay of multimorbidity and polypharmacy on a
community dwelling frail elderly cohort in the peri-urban
slums of Delhi, India. Journal of Family Medicine and
Primary Care. 2020 Mar;9(3):1647.

42. Kshatri JS, Palo SK, Bhoi T, Barik SR and Pati S. Associations
of multimorbidity on frailty and dependence among an elderly
rural population: Findings from the AHSETS study. Mecha-
nisms of Ageing and Development. 2020 Dec 1;192:111384.

43. Vargese SS, Mathew E, Johny V, Kurian N and Raju AS.
Prevalence and pattern of multimorbidity among adults in a
primary care rural setting. Clinical Epidemiology and Global
Health. 2020 Jun 1;8(2):482-485.

44. Bayes-Marin I, Sanchez-Niubo A, Egea-Cortés L, Nguyen H,
Prina M, Fernández D, Haro JM and Olaya B. Multimorbidity
patterns in low-middle and high income regions: a multi-
region latent class analysis using ATHLOS harmonised co-
horts. BMJ open. 2020 Jul 1;10(7):e034441.

45. Pati S, Mahapatra P, Kanungo S, Uddin A and Sahoo KC.
Managing multimorbidity (multiple chronic diseases) amid
COVID-19 pandemic: a community based study from Odi-
sha, India. Frontiers in public health. 2021 Feb 1;8:1026.

46. Srivastava S, KJ VJ, Dristhi D and Muhammad T. Interaction
of physical activity on the association of obesity-related mea
sures with multimorbidity among older adults: a population-
based cross-sectional study in India. BMJ open. 2021 May 1;
11(5):e050245.

47. Pati S, Mahapatra P, Dwivedi R, Athe R, Sahoo KC, SamalM,
Das RC and Hussain MA. Multimorbidity and its outcomes
among patients attending psychiatric care settings: an ob-
servational study from Odisha, India. Frontiers in Public
Health. 2021:1078.

48. Kshatri JS, Bhoi T, Barik SR, Palo SK and Pati S. Is mul-
timorbidity associated with risk of elder abuse? Findings from
the AHSETS study. BMC geriatrics. 2021 Dec;21(1):1-8.

49. Ansari S, Muhammad T and Dhar M. How does Multi-
Morbidity relate to feeling of loneliness among older
adults? Evidence from a population-based survey in India.
Journal of Population Ageing. 2021 Aug 3:1-22.

50. Pati S, Sinha R, Mahapatra P, Sahu SP and Nallala S.
Management of geriatric multimorbidity in old age home
residents: An emerging issue in India. Geriatr Gerontol Int.
2021 Mar 1;21(3):338-339.

51. Ho IS, Azcoaga-Lorenzo A, Akbari A, Black C, Davies J,
Hodgins P, Khunti K, Kadam U, Lyons RA, McCowan C and
Mercer S. Examining variation in the measurement of mul-
timorbidity in research: a systematic review of 566 studies.
The Lancet Public Health. 2021 Aug 1;6(8):e587-e597.

52. Simard M, Rahme E, Calfat AC and Sirois C. Multimorbidity
measures from health administrative data using ICD system
codes: A systematic review. Pharmacoepidemiology and
Drug Safety. 2022 Jan;31(1):1-2.

53. Sinha A, Varanasi R and Pati S. Kaleidoscopic use of World
Health Organization’s Study on global AGEing and adult
health data set to explore multimorbidity and its outcomes in
low and middle-income countries: An insider view. Journal of
Family Medicine and Primary Care. 2021 Dec 1;10(12):
4623-4625.

54. Johnston MC, Crilly M, Black C, Prescott GJ andMercer SW.
Defining and measuring multimorbidity: a systematic review
of systematic reviews. European journal of public health.
2019 Feb 1;29(1):182-189.

55. Pati S, MacRae C, Henderson D, Weller D, Guthrie B and
Mercer S. Defining andmeasuring complexMultimorbidity: a
critical analysis. British Journal of General Practice. 2023
Aug 1;73(733):373-376.

56. Hu X, Huang J, Lv Y, Li G and Peng X. Status of prevalence
study on multimorbidity of chronic disease in China: systematic
review.Geriatrics& gerontology international. 2015 Jan;15(1):1.

57. Huaquı́a-Dı́az AM, Chalán-Dávila TS, Carrillo-Larco RM
and Bernabe-Ortiz A. Multimorbidity in Latin America and
the Caribbean: a systematic review and meta-analysis. BMJ
open. 2021 Jul 1;11(7):e050409.

58. Lujic S, Simpson JM, Zwar N, Hosseinzadeh H and Jorm L.
Multimorbidity in Australia: Comparing estimates derived
using administrative data sources and survey data. Plos one.
2017 Aug 29;12(8):e0183817.

59. Britt HC, Harrison CM, Miller GC and Knox SA. Prevalence
and patterns of multimorbidity in Australia. Medical Journal
of Australia. 2008 Jul;189(2):72-77.

60. Boudoulas KD, Triposkiadis F, Gumina R, Addison D, Iliescu
C and Boudoulas H. Cardiovascular Disease, Cancer and
Multimorbidity Interactions: Clinical Implications. Cardiol-
ogy. 2022 Jan 5.

61. Soley-Bori M, Ashworth M, Bisquera A, Dodhia H, Lynch R,
WangYandFox-Rushby J. Impact ofmultimorbidity on healthcare
costs and utilisation: a systematic review of the UK literature.
British Journal of General Practice. 2021 Jan 1;71(702):e39-46.

62. Barnett K,Mercer S, NorburyM,Watt G,Wyke S and Guthrie
B. The epidemiology of multimorbidity in a large cross-
sectional dataset: implications for health care, research and
medical education. Lancet. 2012;380(9836):37-43.

63. Sinha A, Puri P and Pati S. Social determinants of diabesity
and its association with multimorbidity among older adults in
India: a population-based cross-sectional study. BMJ open.
2022 Nov 1;12(11):e061154.

64. Pati S, Sinha A, Verma P, Kshatri J, Kanungo S, Sahoo KC,
Mahapatra P, Pati S, Delpino FM, Krolow A and da Cruz
Teixeira DS. Childhood health and educational disadvantage
are associated with adult multimorbidity in the global south:
findings from a cross-sectional analysis of nationally repre-
sentative surveys in India and Brazil. J Epidemiol Community
Health. 2023 Oct 1;77(10):617-624.

65. Mercer SW, Patterson J, Robson JP, Smith SM, Walton E and
Watt G. The inverse care law and the potential of primary care in
deprived areas. The Lancet. 2021 Feb 27;397(10276):775-776.

Varanasi et al. 17



66. Kanungo S, Ghosal S, Kerketta S, Sinha A, Mercer SW, Lee JT
and Pati S. Association of Oral Health with Multimorbidity
among Older Adults: Findings from the Longitudinal Ageing
Study in India, Wave-1, 2017–2019. International journal of
environmental research and public health. 2021 Jan;18(23):
12853.

67. Puri P, Sinha A, Mahapatra P and Pati S. Multimorbidity
among midlife women in India: well-being beyond repro-
ductive age. BMC women’s health. 2022 Dec;22(1):1-5.

68. Sinha A, Kerketta S, Ghosal S, Kanungo S and Pati S.
Multimorbidity among urban poor in India: Findings from
LASI, wave-1. Frontiers in Public Health. 2022 Online, DOI:
10.3389/fpubh.2022.881967.

69. Barik M, Panda SN, Tripathy SS, Sinha A, Ghosal S, Acharya
AS, Kanungo S and Pati S. Is multimorbidity associated with
higher risk of falls among older adults in India? BMC Ger-
eiatrics. 2022. Online

70. Varanasi R, Sinha A, Nayak D, Manchanda RK, Janardhanan R,
Tandon S and Pati S. Prevalence and correlates of multimorbidity
among patients attendingAYUSH primary care settings in Delhi-
National Capital Region, India. BMC Complementary Medicine
and Therapies. 2023 Nov 29;23(1):429.

71. Chauhan A, Parmar M, Rajesham JD, Shukla S, Sahoo KC,
Chauhan S, Chitiboyina S, Sinha A, Srigana G, Gorla M and
Pati S. Landscaping tuberculosis multimorbidity: findings
from a cross-sectional study in India. BMC Public Health.
2024 Feb 13;24(1):453.

72. Feng X, Kelly M and Sarma H. The association between
educational level and multimorbidity among adults in
Southeast Asia: A systematic review. Plos one. 2021 Dec 20;
16(12):e0261584.

73. Rudra S, Kalra A, Kumar A and Joe W. Utilization of al-
ternative systems of medicine as health care services in India:
Evidence on AYUSH care from NSS 2014. PloS one. 2017
May 4;12(5):e0176916.

74. Sinha A, Kanungo S, Bhattacharya D, Kaur H and Pati S.
Non-communicable disease multimorbidity among tribal
older adults in India: evidence from Study on Global AGEing
and adult health, 2015. Frontiers in Public Health. 2023 Aug
24;11:1217753.

75. Asogwa OA, Boateng D, Marzà-Florensa A, Peters S, Levitt
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