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Abstract 

Aim: To estimate the prevalence, socio-demographic determinants, common disease combinations, and health 
impact of multimorbidity among a young rural population.

Methods: We conducted a cross-sectional survey among participants aged ≥30 years in rural Punjab, North India, 
from Jan 2019 to April 2019. Multimorbidity was defined as the coexistence of ≥two conditions using a 14-condition 
tool validated in India. We also calculated a multimorbidity-weighted index (MWI), which provides a weight to each 
disease based on its impact on physical functioning. Logistic regression was conducted to evaluate the association 
with sociodemographic variables, mental health (PHQ-9), physical functioning (ADL scale), and self-rated health (SRH).

Results: We analyzed data from 3213 adults [Mean age 51.5 (±13), 54% women]. Prevalence of single chronic condi-
tion, multimorbidity, and MWI was 28.6, 18% and − 1.9 respectively. Age, higher wealth index and ever use alcohol 
were significantly associated with multimorbidity. Overall, 2.8% of respondents had limited physical functioning, 
2.1% had depression, and 61.5% reported low SRH. Poorer health outcomes were more prevalent among the elderly, 
women, less educated, and those having lower wealth index and multimorbidity, were found to be significantly asso-
ciated with poor health outcomes.

Conclusions: The burden of multimorbidity was high in this young rural population, which portends significant 
adverse effects on their health and quality of life. The Indian health system should be reconfigured to address this 
emerging health priority holistically, by adopting a more integrated and sustainable model of care.
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Background
With increased longevity and the rising burden of 
chronic non-communicable diseases (NCDs), multimor-
bidity or “multiple long term conditions” is emerging as a 
high priority public health concern globally. Considered 
to be more prevalent among the elderly, multimorbidity 

has notably started affecting younger age groups in low-
middle income countries (LMICs) [1, 2]. Yet most data 
are derived from studies of older adults residing in high-
income countries (HICs). This data gap is particularly 
stark in India, where several population-based studies 
show that chronic conditions are rapidly rising [3]. Avail-
able data indicate a multimorbidity prevalence between 
30 and 83% among the elderly in India [3–5] and 5–45% 
[6, 7] among the young/middle-age population. This 
wide variation in the prevalence estimates is attributable 
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to varied definitions of multimorbidity, methods of data 
collection, number of chronic diseases included in the 
analysis, age of the participants, and study settings (rural, 
urban, and primary health care). In addition, there is lim-
ited use of validated tools to measure the occurrence of 
multimorbidity in population-based studies [8]. None-
theless, given that most NCDs are escalating in India and 
their onset is a decade earlier in comparison to HICs, it is 
likely that multimorbidity is also high [9].

Furthermore, multimorbidity also adversely affects an 
individual’s psychosocial wellbeing and daily functioning. 
A systematic review concluded that multimorbidity can 
predict a future decline in activities of daily living [10]. 
Data from the WHO study on global AGEing and adult 
health (SAGE) from six LMICs highlights that disabil-
ity, poor self-rated health, and depression increases and 
quality of life decreases, with the number of co-occurring 
conditions [9]. In addition to determining multimorbid-
ity’s association with various determinants, understand-
ing the specific disease combinations or patterns of 
disease-causing disability, depression, and quality of life 
may help inform the development of suitable interven-
tions for patients. However, limited studies from India 
report the effect of multimorbidity on mental health, 
functional well-being, and self-rated health.

Thus, there is an urgent need to conduct well designed 
studies to determine the burden of multimorbidity and 
its various dimensions, especially among the young, so 
that appropriate prevention and control measures can be 
designed, implemented and evaluated. The three main 
objectives of this study were: 1) to measure the preva-
lence of multimorbidity and its association with socio-
demographic variables; 2) to determine the common 
disease combinations; 3) to examine the association of 
multimorbidity with mental health (depressive symp-
toms), self-rated overall health, and physical function-
ing (activities of daily living), among participants aged 
≥30 years in rural Punjab, North India.

Methods
Study design and population
The study was conducted in Mukandpur and Sujjon block 
of Shaheed Bhagat Singh Nagar district of Punjab, North 
India from Jan 2019 to April 2019. The data were col-
lected as part of the baseline community assessment in 
the context of a larger implementation science study to 
evaluate a technology-enabled platform to improve the 
diagnosis and management of hypertension and diabetes 
in the public healthcare system in India. The technology-
enabled platform was embedded within the National Pro-
gramme for Prevention and Control of Cancer, Diabetes, 
Cardiovascular Diseases and Stroke (NPCDCS), the 
flagship NCD screening and management program by 

the Government of India. Following the NPCDCS NCD 
screening guidelines, we targeted adults ages 30 years and 
older in the baseline community assessment [11,12].

The community assessment was a cross-sectional sur-
vey with a multistage sampling design. Households were 
selected using systematic random sampling from vil-
lage lists created by field workers. From each household, 
two participants aged ≥30 years were randomly selected 
using the Kish method [11]. Pregnant women and bed-
ridden participants were excluded. Three repeated house 
visits were made to contact the selected participants.

The community assessment included over 3000 adults. 
Post hoc power calculations show that 750 participants 
were needed to estimate a multimorbidity prevalence of 
20% with 80% power, alpha of 0.05, a 2% margin of error, 
considering a response rate of 80% and a design effect of 
1.5 [13]. Therefore, the current analysis had sufficient sta-
tistical power to estimate multimorbidity prevalence with 
desired precision.

Data collection
Interviews were conducted by eight trained field work-
ers at the home of the participants using a mobile data 
collection application with pre-coded skips and cross-
checks to ensure data quality. Prior to the field activity, 
survey tools and procedures were pilot-tested and in-
depth training provided to field workers. Field workers 
had the prior experience of collecting data in the field, 
were from the same community, and most of them had 
nursing qualification.

Chronic conditions and multimorbidity
The presence of 14 conditions was assessed in the popu-
lation using an adapted version of the Multimorbidity 
Assessment Questionnaire for Primary Care, which was 
developed and previously validated in India [14]. The 
adapted instrument was used to evaluate the presence of 
the following conditions: hypertension, diabetes, heart 
disease, stroke, hearing problem, thyroid disease, chronic 
kidney disease (CKD), chronic liver disease (CLD), low 
back pain, arthritis, chronic obstructive pulmonary dis-
ease (COPD), epilepsy, cancer, and tuberculosis (TB).

Participants were asked about prior medical diagnosis 
(hypertension, diabetes, heart disease, thyroid disease, 
COPD, cancer, CLD, stroke, arthritis) or current/past 
treatment (TB, CKD) for each condition. For epilepsy, 
low back pain, stroke, and hearing problem, symptom-
related questions were asked (Refer Appendix A for 
details).

The self-reported diseases were verified with cor-
responding patient-held medical records, when avail-
able with the participant. The patient-held medical 
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records included consultation, diagnostic and treatment 
documentation.

Multimorbidity weighted index
Multimorbidity was defined as the coexistence of two 
or more conditions. As the simple disease count meas-
ure fails to capture the effect of diseases on current 
and future functional status [15], we also calculated a 
multimorbidity-weighted index (MWI), which weights 
each disease by its impact on current and future physi-
cal functioning and mortality. Weights for each disease 
were calculated as change in Short Form 36 physical 
functioning (PF) scale [16] over a period, using data from 
the US nationally representative prospective studies. The 
range of MWI is from − 9.11 to 0. Minus sign denotes a 
decrease in physical functioning score over a time period 
[15, 17]. Weights of 14 conditions included in present 
study were: hypertension (− 1.53), diabetes (− 2.67), 
arthritis (− 3.52), chronic obstructive pulmonary dis-
ease (− 1.62), heart disease (− 2.20), paralysis (− 3.79), 
CKD (− 3.98), alcohol liver disease (− 0.293), low back 
pain (− 1.46), tuberculosis (− 1.46) deafness (− 1.46), 
cancer(− 1.76), epilepsy (− 0.841), thyroid (− 0.808). The 
final multimorbidity weight was the weighted sum of all 
conditions reported (i.e., an additive method). For exam-
ple, a person with both hypertension and diabetes will be 
assigned a final multimorbdity weight of − 4.2 [− 1.53+ 
(− 2.67)].

Mental health
The Patient Health Questionnaire (PHQ-9) was used to 
assess the presence of depressive symptoms. Depres-
sive symptoms were dichotomized as high (PHQ-9 
score ≥ 10) and low (PHQ-9 score < 10) [18].

Physical functioning
Limitation in activities of daily living (ADL) was used to 
assess physical functioning. The questions were based 
on self-reported difficulty in engaging in activities using 
the Barthel Activity of Daily Living (ADL) scale. Physical 
functioning was dichotomized as limited physical func-
tioning (ADL < 20) or no limitations in physical function-
ing (ADL = 20) [19].

Self‑rated health (SRH)
Participants were asked to rate “how good your health 
is today, in your opinion” on a scale of 0–100% (0 means 
worst and 100% means the best). The question is compa-
rable to the sixth question of the EuroQoL-5 Dimension 
questionnaire (EQ-5D) published in 1990 [20] and has 
been widely used in previous literature as a measure of 
objective health and predictors of mortality [21, 22]. SRH 

was dichotomized as good (score > 80; median score) and 
poor (≤80) [21].

Socio‑demographic and health risk factors
As potential individual-level risk factors for multimor-
bidity, we examined sociodemographic factors (partic-
ipant-reported age, gender, marital status, education, 
employment status, and occupation), behavioral risk fac-
tors (tobacco and alcohol use, physical inactivity), and 
basic anthropometry data (height and weight). Ever use 
of tobacco and alcohol was also assessed. Recommended 
level of physical activity was defined as walking/engaging 
in sport for at least 30 minutes a day on five days a week.

We categorized education level (up to primary, high 
school or secondary, college graduation and above); 
and occupation (professional/medium and big business 
owner, skilled labourer/small business, unskilled/semi-
skilled, homemaker). For calculating the wealth index, 
we used an index of household income, 35 amenities and 
assets. We used principal components analysis methods 
[23] and categorized the wealth index in tertiles.

Statistical analysis
We estimated the prevalence and 95% CI of single mor-
bidity and multimorbidity for the whole sample and 
across socio-demographic and health risk factors. For 
multimorbidity weight calculation, multimorbidity-
weighted index (MWI) using the additive model was 
used [17]. Associations of a three-level variable classify-
ing all participants as having either no morbidities, sin-
gle morbidity, or multimorbidity with socio-demographic 
variables and health outcomes (i.e. mental health, physi-
cal functioning, and self-rated health) were estimated 
using the multinominal logistic regression model. All 
models were adjusted for all socio-demographic variables 
collected in the study. We have used adjusted regression 
analysis to assess the association of MWI with socio-
demographic variables.

A simple matrix approach was used to determine the 
patterns (dyads and triads) of different multimorbidity 
combinations. We identified and reported all possible 
combinations of two or three chronic conditions [24]. 
Prevalence for a single chronic condition, combinations 
of two (dyad) and three chronic conditions (triad) were 
calculated for the whole study sample. In addition to 
identify different combination, we have also done cluster 
analysis to identify clusters of disease. For this, we have 
used agglomerative hierarchical clustering using Jaccard 
coefficients [25]. and obtained clusters based on a cluster 
dendrogram [26].

We evaluated the association of number of chronic 
conditions with mental health, physical functioning, 
and self-rated health using a separate multinominal 
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regression models for each outcome. Outcome variables 
for this analysis were no disease, single disease, two dis-
ease and ≥ 3 chronic disease. All models were adjusted 
for demographic and chronic disease risk factors.

Ethics approval
The study protocol was approved by the Institutional eth-
ics committee of the Centre for Chronic Disease Control, 
New Delhi. Written informed consent was obtained from 
all the participants.

Results
Sample characteristics, the prevalence of multimorbidity, 
and other health outcomes
We analyzed data from 3213 adults (54% women). 
Table 1 presents the percentage distribution and 95% CI 
of socioeconomic and demographic characteristics of the 
study population and the prevalence of single morbid-
ity, multimorbidity, and mean multimorbidity weighted 
index (MWI). The overall prevalence of having at least 
one chronic condition out of the 14 listed conditions 
was 28.6%, prevalence of multimorbidity was 18% and 
MWI was − 1.9. Prevalence of single morbidity among 
the young (< 45 years), middle-aged (45–59 years) and 
elderly (> 60 years) was 25, 30, and 30.8% respectively; 
and the prevalence of multimorbidity was 8.5, 17.4, 29.8% 
respectively.

Table  2 presents the findings of adjusted multinomial 
logistic regression models used to examine the associa-
tion of sociodemographic, and health risk factors with 
multimorbidity. The ‘no disease’ category was the refer-
ence group in the multinomial logit regression model. 
There was a positive association between age group and 
both single and multimorbidity. Compared with men, 
women were significantly more likely to have single 
morbidity than no disease, whereas gender was not sig-
nificantly associated with multimorbidity. Higher wealth 
index, obesity, and alcohol use had a positive association 
with multimorbidity. Similar to count of disease measure, 
MWI was also significantly associated with age, higher 
wealth index and obesity (Supplementary Table 5).

Table  3 displays the prevalence of three health out-
comes across socio-demographic variables and mor-
bidity status. Overall, 2.8% of respondents had 1+ ADL 
limitation, 2.1% had depression, and 61.5% reported 
low SRH. Prevalence of disability, depression, and low 
self-rated health is highest among participants with > 2 
chronic conditions i.e. 12.2 (CI: 8.3–17.6); 5.6 (CI: 3.1–
9.9); 91.3 (CI: 86.5–94.5), respectively. After adjustment 
with socio-demographic variables, poorer health out-
comes were generally more prevalent among the elderly, 
women, less educated, lower wealth index less physically 

active and have more chronic conditions (Supplementary 
Table 4).

The adjusted association between multimorbidity 
and depression, physical functioning, and SRH, are pre-
sented in Table 4. Compared with adults with no disease, 
the relative odds of having limited physical functioning, 
depression, and self-rated health increases around three-
fold in participants with two or more chronic diseases. 
The count of chronic diseases was positively associated 
with limited physical functioning, poor mental, and self-
rated health. Compared to adults with no disease, having 
three or more diseases was associated with five times the 
relative odds of limited physical functioning [5.2(CI: 1.9–
14.1)], depression [4.2 (CI: 1.5–12.0)], and low SRH [5.2 
(CI: 3.1, 9)].

Different combinations of chronic conditions
The prevalence of the 14 chronic conditions has been 
provided in a Supplementary Table  1 in the supple-
mentary file. In total, 920 (28%) of the participants had 
single chronic conditions. The most prevalent single 
chronic condition either in isolation or in combinations 
were hypertension (20%), low back pain (18.9%), diabe-
tes (9.2%), and arthritis (8.4%). The most common dyads 
were hypertension and diabetes, most common triad was 
hypertension arthritis and low back pain [Supplementary 
Tables 2 and 3].

Clusters analysis: Clusters were identified using cluster 
dendrogram. In dendrogram diseases which join together 
sooner are more similar to each other than those that 
joins later. Hypertension and diabetes had the smallest 
normed flexible distance and formed the first cluster to 
appear in the dendrogram. Myocardial infarction and 
paralysis were the second cluster. Chronic kidney dis-
ease and alcoholic liver disease were the third cluster. 
Therefore, three clusters identified were i.e. 1) hyper-
tension, diabetes; 2) Myocardial infarction and paraly-
sis 3) Chronic kidney disease and alcoholic liver disease 
(Fig. 1).

Discussion
In this sample of young adults, more than one-fourth 
had at least one chronic disease and around one-fifth had 
multimorbidity. A third and quarter of the elderly had a 
single morbidity and multimorbidity respectively, while 
8.5% of those aged under 45 had multimorbidity, indi-
cating a high burden of both single and multimorbidity. 
While single morbidity and multimorbidity both increase 
with age, the gradient across age groups was steeper for 
multimorbidity in higher age groups. Chances of hav-
ing multimorbidity was also higher among participants 
belonging to higher wealth index, having history of ever 
use alcohol and obesity. Hypertension, low back pain, 
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Table 1 Prevalence of multimorbidity and mean multimorbidity weighted index by socio-demographic characteristics

a Used South Asian cut offs for BMI i.e. BMI 23–24.9 kg/m2 for overweight and ≥ 25 kg/m2 for obesity, Waist circumference ≥ 80 cm for women and ≥ 90 cm for men for 
abdominal obesity [23]

Study participants characteristics Prevalence of morbidity

Single morbidity
(n = 920)

Multimorbidity
(n = 579)

Multimorbidity 
weighted Index 
(MWI)

Total (n = 3213) 100.0 28.6 [27.1–30.2] 18.0 [16.7–19.4] − 1.9 [1.94,-1.8]

Age % [95% CI] % [95% CI] % [95% CI] % [95% CI]

 30–44 years (n = 1055) 32.6 [31.0–34.3] 25.1 [22.5–27.8] 8.5 [6.9–10.3] − 1.1[− 1.2,-1.02]

 45–59 years (n = 1259) 39 [37.3–40.7] 30.0 [27.6–32.6] 17.4 [15.4–19.6] − 1.9 [− 2.0,-1.76]

 60 years and above (n = 912) 28.4 [26.9–30.0] 30.8 [27.9–33.9] 29.8 [26.9–32.9] − 2.7 [− 2.89,-2.53]

Gender
 Men (n = 1478) 46.0 [44.3–47.7] 24.1 [22.0–26.3] 15.9 [14.1–17.9] − 1.7 [− 1.82,-1.58]

 Women (n = 1735) 54.0 [52.3–55.7] 32.5 [30.3–34.7] 19.8 [18.0–21.8] − 2.0 [− 2.11,-1.91]

Marital status
 Currently married (n = 2748) 85.5 [84.3–86.7] 29.4 [27.7–31.1] 17.0 [15.7–18.5] − 1.8 [− 1.91,-1.74]

 Widow/Widower/ separated / divorced (n = 399)/ 12.4 [11.3–13.6] 26.6 [22.5–31.1] 26.8 [22.7–31.4] − 2.4 [− 2.68,-2.13]

 Never married (n = 66) 2.1 [1.6–2.6] 9.1 [4.1–18.8] 6.1 [2.3–15.1] −0.7 [− 1.03,-0.36]

Education status
 College graduation and above (n = 147) 4.6 [3.9–5.4] 36.1 [28.7–44.1] 12.2 [7.9–18.6] − 1.7 [− 1.99,-1.33]

 High school or secondary (n = 2219) 69.1 [67.4–70.6] 27.4 [25.6–29.3] 15.8 [14.3–17.4] − 1.7 [− 1.79,-1.62]

 Up to primary (n = 847) 26.4 [24.9–27.9] 30.5 [27.5–33.6] 24.9 [22.1–27.9] − 2.3 [− 2.53,-2.17]

Occupation
 Professional/medium and big business owner (n = 166) 5.8 [5.0–6.7] 34.3 [27.5–41.9] 12.7 [8.4–18.6] − 1.7 [− 2.00,− 1.41]

 Skilled labourer/small business (n = 314) 10.9 [9.8–12.1] 24.5 [20.1–29.6] 11.5 [8.4–15.5] -1.4 [− 1.64,-1.19]

 Unskilled/semiskilled (n = 910) 31.6 [29.9–33.3] 23.0 [20.3–25.8] 9.5 [7.7–11.5] − 1.3 [− 1.37,-1.13]

 Homemaker (n = 1490) 51.7 [49.9–53.6] 31.9 [29.6–34.4] 21.7 [19.7–23.8] − 2.1 [− 2.24,-2.01]

Wealth index
 Low (n = 1143) 35.6 [34.0–37.3] 24.3 [21.9–26.9] 15.9 [13.9–18.2] − 1.6 [− 1.70,-1.45]

 Medium (n = 1015) 31.6 [30.1–33.3] 29.0 [26.3–31.8] 17.0 [14.9–19.5] − 1.9 [− 2.05,-1.77]

 High (n = 1050) 32.7 [31.1–34.4] 33.0 [30.2–35.9] 21.3 [19.0–23.9] − 2.2 [− 2.31,-2.03]

Physical activity
 Yes (n = 2692) 83.8 [82.5–85.0] 28.4 [26.7–30.1] 17.0 [15.6–18.5] − 1.8 [− 1.91,-1.74]

 No (n = 521) 16.2 [15.0–17.5] 29.9 [26.2–34.0] 23.2 [19.8–27.0] − 2.1 [− 2.33,-1.92]

Ever alcohol use
 Yes (n = 814) 25.3 [23.9–26.9] 22.6 [19.9–25.6] 18.3 [15.8–21.1] − 1.8 [− 1.97,-1.63]

 No (n = 2399) 74.7 [73.1–76.1] 30.7 [28.9–32.6] 17.9 [16.4–19.5] − 1.9 [− 1.99,-1.81]

Ever tobacco use
 Yes (n = 481) 15.0 [13.8–16.2] 21.6 [18.2–25.5] 16.0 [13.0–19.6] − 1.6 [− 1.85,-1.42]

 No (n = 2732) 85.0 [83.8–86.2] 29.9 [28.2–31.6] 18.4 [17.0–19.9] − 1.9 [− 2.00,− 1.83]

BMI#

 Under-weight (n = 171) 5.3 [4.6–6.2] 22.8 [17.1–29.7] 18.7 [13.5–25.3] -1.8 [− 2.13,-1.40]

 Normal (n = 640) 19.9 [18.6–21.3] 24.2 [21.1–27.7] 15.6 [13.0–18.7] − 1.6 [− 1.80,-1.47]

 Overweight (n = 469) 14.6 [13.4–15.9] 29.6 [25.7–33.9] 13.9 [11.0–17.3] − 1.6 [− 1.79,-1.43]

 Obese (n = 1933) 60.2 [58.5–61.8] 30.4 [28.4–32.5] 19.8 [18.0–21.6] − 2.0 [− 2.13,-1.92]

Abdominal obesitya

 Normal (n = 830) 25.8 [24.3–27.4] 23.6 [20.8–26.6] 10.8 [8.9–13.1] − 1.3 [− 1.38,-1.13]

 Central obesity (n = 2383) 74.2 [72.6–75.7] 30.4 [28.6–32.3] 20.5 [18.9–22.2] − 2.1 [− 2.18,-2.00]
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diabetes, and arthritis were found to be most common 
chronic conditions. Hypertension and diabetes are found 
to be most common conditions which occur together. 
Multimorbidity was found to be associated with partici-
pants’ poor physical functioning, mental and self-rated 
health.

Previous multimorbidity studies from Punjab show 
that the prevalence among the elderly is around 35% [27], 
while that among those aged ≥45 years is 4.7% [28]. A 
recent study from Kerala among aged 30 years and above 
has reported the prevalence of multimorbidity to be 45% 
[7], but in this study participants with raised blood pres-
sure diagnosed at the time of the survey were included 
as hypertensive. In our study also, if we had included 
individuals with newly diagnosed hypertension and dia-
betes, the prevalence of multimorbidity would have risen 
to around 45%. The reason we did not include partici-
pants with raised blood pressure measured during the 

study as hypertensive was because previous studies have 
reported that the use of single blood pressure measure-
ments to diagnose hypertension can lead to misclas-
sification and the use of multiple readings at different 
time points reduces the prevalence of hypertension to 
12% and almost 35% of patients are reclassified as nor-
motensive [29–31]. In another community-based study 
from India, the prevalence of multimorbidity was 9.1% 
[32] among adults aged ≥20 years. However, this study 
included a lesser number of diseases, and participants 
were younger than our study population. The preva-
lence of multimorbidity among elderly aged ≥60 years 
was 30%, which is similar to the results reported in ear-
lier studies conducted in the rural elderly in India [4, 27]. 
Other studies from Indian rural populations also had 
reported a higher prevalence of multimorbidity [33, 34]. 
In summary, true comparison from different studies is 
difficult due to inconsistency in the definitions, inclusion 

Table 2 Multinomial logit model estimates examining the association of multimorbidity with socio-demographic variables

a Used south Asian cut off for BMI i.e. BMI 23–24.9 kg/m2 for overweight and ≥ 25 kg/m2 for obesity [23]

Variables One disease versus no disease Multimorbidity versus no disease

AOR (95%CI) P value AOR (95%CI) P value

Age category (Ref-30-44 years)

 45–59 years 1.49 [1.2–1.8] < 0.001 2.41 [1.8–3.2] < 0.001

 60 years and above 1.88 [1.5–2.4] < 0.001 4.28 [3.1–6.0] < 0.001

 Gender (Ref- Male) 1.43 [1.1–1.9] < 0.001 1.25 [0.8–1.9] 0.3

Marital status (Ref: Never married)

 Currently married 3.10 [1.2–8.2] < 0.001 1.68 [0.5–5.6] 0.4

 Widow/widower 2.26 [0.8–6.2] 0.1 1.60 [0.5–5.6] 0.4

 Separated / divorced 1.00 [0.1–9.0] 1.0 3.35 [0.4–25.2] 0.2

Education (Ref: high school)

 College graduation and above 1.36 [0.9–2.1] 0.2 0.81 [0.4–1.6] 0.5

 Up to primary 1.23 [1.0–1.5] 0.1 1.26 [1.0–1.7] 0.2

Occupation (Ref: unskilled/semiskilled)

 Professional/medium and big business 1.45 [1.0–2.2] 0.1 1.41 [0.8–2.5] 0.3

 Skilled labourer/small business 1.11 [0.8–1.5] 0.5 1.22 [0.8–1.9] 0.4

 Homemaker 1.44 [1.1–1.9] < 0.001 3.29 [2.2–4.9] < 0.001

Wealth Index (Ref: Low)

 Medium 1.24 [1.0–1.6] 0.1 1.12 [0.8–1.5] 0.5

 High 1.41 [1.1–1.8] < 0.001 1.43 [1.1–1.9] < 0.001

Physical activity

 Yes 1.22 [0.9–1.6] 0.1 1.27 [0.9–1.8] 0.1

Ever alcohol use

 Yes 0.88 [0.6–1.2] 0.4 1.51 [1.0–2.2] < 0.001

Ever tobacco use

 Yes 1.08 [0.8–1.5] 0.6 1.29 [0.9–2.0] 0.3

BMIa

 Under-weight 1.10 [0.7, 1.8] 0.6 0.81 [0.4–1.5] 0.6

 Overweight 1.29 [0.9–1.8] 0.1 0.99 [0.7–1.5] 0.9

 Obese 1.41 [1.1–1.8] < 0.001 1.63 [1.2–2.2] < 0.001
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Table 3 Prevalence (95% Confidence Intervals) of health outcomes by socio-demographic characteristics and morbidity status

Disability (n = 89) Depression (n = 68) Low self‑rated 
health (n = 155)

Total (n = 3213) 2.8 [2.3–3.4] 2.1 [1.7–2.7] 61.5 [59.8–63.1]

Age % [95% CI] % [95% CI] % [95% CI]

 30–44 years (n = 1055) 0.5 [0.2–1.1] 1.8 [1.2–2.8] 44.1 [41.2–47.2]

 45–59 years (n = 1259) 1.4 [0.9–2.3] 1.7 [1.1–2.6] 63.5 [60.8–66.1]

 ≥60 years (n = 912) 7.2 [5.7–9.1] 3.1 [2.1–4.4] 78.6 [75.8–81.2]

Gender

 Men (n = 1478) 2.4 [1.7–3.3] 0.9 [0.6–1.6] 53.3 [50.8–55.8]

 Women (n = 1735) 3.1 [2.4–4.0] 3.1 [2.4–4.0] 68.4 [66.2–70.6]

Marital status

 Currently Married (n = 2748) 2.1 [1.6–2.7] 1.9 [1.4–2.4] 59.9 [58.1–61.7]

 Widow/Widower/ separated / divorced (n = 399) 7.8 [5.5–10.8] 4.0 [2.5–6.4] 76.2 [71.8–80.1]

 Never Married (n = 66) 1.5 [0.2–10.0] 1.5 [0.2–10.0] 37.9 [27.0–50.1]

Education status

 College graduation and above (n = 147) 0.7 [0.1–4.7] 0.0 44.9 [37.1–53.0]

 High school or secondary (n = 2219) 1.8 [1.4–2.5] 1.4 [0.9–1.9] 56 [53.9–58.0]

 Up to primary (n = 847) 5.5 [4.2–7.3] 4.5 [3.3–6.1] 78.7 [75.9–81.4]

Occupation

 Professional/Medium and big business owner (n = 166) 0.6 [0.1–4.2] 0.0 46.4 [38.9–54.0]

 Skilled labourer/small business (n = 314) 0.3 [0.0–2.2] 0.6 [0.2–2.5] 43 [37.6–48.5]

 Unskilled/semiskilled (n = 910) 0.5 [0.2–1.3] 1.5 [0.9–2.6] 51.5 [48.3–54.8]

 Homemaker (n = 1490) 2.1 [1.5–2.9] 2.3 [1.7–3.3] 68.1 [65.7–70.4]

Wealth index

 Low (n = 1143) 2.7 [1.9–3.8] 3.6 [2.7–4.8] 65.4 [62.6–68.1]

 Medium (n = 1015) 3.2 [2.2–4.4] 1.8 [1.1–2.8] 59.4 [56.4–62.4]

 High (n = 1050) 2.5 [1.7–3.6] 0.7 [0.3–1.4] 59 [56.0–62.0]

Physical activity

 Yes (n = 2692) 1.9 [1.4–2.4] 1.7 [1.3–2.3] 59.2 [57.3–61.0]

 No (n = 521) 7.5 [5.5–10.1] 4.2 [2.8–6.3] 73.3 [69.4–76.9]

Ever alcohol use

 Yes (n = 814) 2.5 [1.6–3.8] 1.0 [0.5–2.0] 54.9 [51.5–58.3]

 No (n = 2399) 2.9 [2.3–3.6] 2.5 [1.9–3.2] 63.7 [61.7–65.6]

Ever tobacco use

 Yes (n = 481) 2.9 [1.7–4.9] 1.5 [0.7–3.0] 60.9 [56.5–65.2]

 No (n = 2732) 2.7 [2.2–3.4] 2.2 [1.7–2.9] 61.6 [59.7–63.4]

BMI

 Under-weight (n = 171) 8.2 [4.9–13.4] 5.8 [3.2–10.5] 71.3 [64.1–77.6]

 Normal (n = 640) 3.8 [2.5–5.5] 2.2 [1.3–3.7] 61.6 [57.7–65.3]

 Overweight (n = 469) 1.9 [1.0–3.6] 2.3 [1.3–4.2] 57.6 [53.0–62.0]

 Obese (n = 1933) 2.2 [1.6–2.9] 1.7 [1.2–2.4] 61.5 [59.3–63.7]

Abdominal obesity

 Normal (n = 830) 3.3 [2.2–4.7] 3.1 [2.1–4.6] 58.3 [54.9–61.6]

 Central obesity (n = 2383) 2.6 [2.0–3.3] 1.8 [1.3–2.4] 62.6 [60.6–64.5]

No of morbidities

 0 (n = 1714) 0.9 (0.6–1.5) 1.5 (1.0–2.2) 51.1 (48.7–53.5)

 1 (n = 920) 3 (2.1–4.4) 1.8 (1.2–3.0) 65.0 (61.9–68.0)

 2 (n = 383) 5.5 (3.6–8.3) 3.7 (2.2–6.1) 84.1 (80.1–87.4)

 3 or more (n = 196) 12.2 (8.3–17.6) 5.6 (3.1–9.9) 91.3 (86.5–94.5)
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of different age groups, and different settings. However, 
based on our study and other almost similar studies 
from India, we can infer that the burden is high and it is 
increasing even among the young rural population across 
the country, in a milieu of increasing NCDs. The odds of 
having limited physical functioning, depression, and poor 
self-rated health was higher with increases in the number 
of diseases which has been reported from other studies in 
India, other LMICs and HICs [28, 35, 36].

The high burden of multimorbidity among rural 
young (i.e. ≥30 years) is disconcerting for the con-
strained Indian health system which is still orientated 

towards provision of maternal and child care and ser-
vices for communicable diseases, using auxiliary nurse 
midwifes (ANMs) and accredited social health activ-
ists (ASHAs), who are the backbone of Indian Pri-
mary Health Care system., They also have very limited 
capacity for addressing NCDs. In addition, there is a 
paucity of qualified MBBS doctors (allopathic doctors) 
in rural India and primary health centres (PHCs) are 
often managed by AYUSH (non-allopathic alternative 
system) physicians [37]. Therefore, to address multi-
morbidity there is a more patient-centered and inte-
grated model of care. The planned Health and Wellness 

Table 4 Impact of multimorbidity on participant’s mental health, physical functioning, and self-rated health (SRH)

Health outcomes One disease versus no disease Two disease versus no disease ≥ 3 disease versus no 
disease

AOR (95% CI) P value AOR (95% CI) P value AOR (95% CI) P value

Disability 1.9 (0.8, 4.6) 0.2 2.2 (0.8, 6.1) 0.1 5.2 (1.9, 14.1) 0.001

Depression 1.1 (0.5, 2.4) 0.8 2.1 (0.9, 5.2) 0.1 4.2 (1.5, 12) 0.007

SRH 1.4 (1.2, 1.7) < 0.001 3.4 (2.5, 4.6) < 0.001 5.2 (3.1, 9) < 0.001

Health outcomes One disease versus no disease Multimorbidity versus no disease

AOR (95% CI) P value AOR (95% CI) P value

Disability 1.9 (0.8, 4.6) 0.2 3.2 (1.4, 7.8) 0.007

Depression 1.1 (0.5, 2.4) 0.8 2.7 (1.2, 6.2) 0.01

SRH 1.4 (1.2, 1.7) < 0.001 3.8 (2.8, 5.0) < 0.001

Fig. 1 Cluster dendrogram for Jaccard dissimilarity coefficient. Note: a = arthritis, lb. = lower back pain, h = hypertension, d = diabetes, 
mi = myocardial infarction, p = paralysis, deaf = deafness, thy = thyroid disorder, c = COPD, tb = Tuberculosis, ck = CKD, cl = alcoholic liver disease, 
canc = cancer, ep = epilepsy
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Centres under Ayushman Bharat Program that aims to 
reform primary care has the potential to provide more 
comprehensive primary health care and provides an 
opportunity to address multimorbidity more holisti-
cally [38].

Most of the previous studies conducted in India 
were conducted among the elderly and in Southern 
India. In this large study, we have included an exten-
sive list of 14 chronic conditions which covers majors 
NCDs and chronic infections in comparison to earlier 
studies based on 6–10 chronic diseases. Further, we 
have also assessed the impacts of multimorbidity on 
adult psychosocial and physical functioning. However, 
there are few limitations. Firstly, the severity index of 
individual diseases was not included, and results are 
based on the disease count measures. To account for 
this we have used previously validated multimorbidity 
weights and results are almost similar to disease count 
measures. Secondly, we have ascertained multimor-
bidity through self-reports which are subject to recall 
bias and interviewer bias. However, the questionnaire 
used is well validated and used in previous studies 
from India [14, 39], and we have done extensive train-
ing of field workers to arrive at the correct diagnosis. 
Despite this, ascertainment of acid peptic disease and 
vision problems had few challenges in the field and we 
have dropped them from our analysis. Similarly, we also 
dropped filariasis and dementia considering the chal-
lenges in its assessment in the field. Thirdly, since this 
study was part of a larger study in which bed-ridden 
participants were excluded, the prevalence of disability 
is likely to be underreported in our study population. 
Fourth, all associations may not have been detected due 
to small sample size in some demographic strata.

Conclusion
Using standardized methods and measurements, this 
study provides contemporary evidence of increasing 
multimorbidity in a rural setting. Despite the growing 
burden, multimorbidity has not received adequate rec-
ognition from health care providers and policymakers 
alike. The health system is still focused on individual dis-
ease management rather than having an integrated care 
model. The present COVID-19 pandemic has further 
highlighted the importance of multimorbidity in increas-
ing the severity of COVID-19 and attendant mortality. 
Thus, this study’s findings underline the need for the 
development and implementation of an integrated and 
sustainable model of care to prevent and manage multi-
morbidity. Furthermore, there is a need to conduct well 
designed prospective studies to determine incidence, 
common clusters, health and economic impacts.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889- 022- 13495-0.

Additional file 1. 

Acknowledgements
Research reported in this publication was supported by the Vanderbilt Univer-
sity Medical Center (VUMC) Fogarty International Center and of the National 
Institutes of Health under Award Number 5D43TW009337-08. Subaward No.: 
VUMC 67452. We are thankful to our participants and field workers for their 
contribution in this project. Dr. Priti Gupta is currently supported by DBT/ Well-
come Trust India Alliance Early Career ( Clinical and Public Health) Fellowship, 
award number is IA/CPHE/20/1/505259.

Authors’ contributions
PG SAP SM conceptualized the study. HS, PJ and RS supervised the data col-
lection and coordination in the field. NT and DP provided intellectual input 
into the study design and implementation. PG cleaned, analyzed the data 
and wrote the first draft. SAP and SM helped in the interpretation of data and 
finalized the manuscript. All authors contributed to, reviewed, and approved 
the manuscript.

Funding
The study was supported by the Vanderbilt University Medical Center (VUMC) 
Fogarty International Center and of the National Institutes of Health under 
Award Number 5D43TW009337–08. Subaward No.: VUMC 67452. The content 
is solely the responsibility of the authors and does not necessarily represent 
the official views of the National Institutes of Health. SAP, SM, DP, NT were sup-
ported in part by the National Heart, Lung, and Blood Institute (NHLBI) of the 
National Institutes of Health (NIH), award number 5U01HL138635 under the 
Hypertension Outcomes for T4 Research within Lower Middle-Income Coun-
tries (Hy-TREC) program. The content is solely the responsibility of the authors 
and does not necessarily represent the official views of the NIH. PJ was funded 
by the Fogarty International Centre (FIC) of the NIH (3D43TW009337-09S3).

Availability of data and materials
The data used for this study is available with the corresponding author and 
can be shared upon reasonable request.

Declarations

Ethics approval and consent to participate
Ethics approval was obtained from Centre for Chronic Disease Control’s Institu-
tional ethics committee. Ethics approval number was IRB00006330288 dated 
05/10/2018. Study was carried out in accordance with ethical guidelines of 
Centre for Chronic Disease Control institute. Informed consent was obtained 
from all the participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interest.

Author details
1 Centre for Chronic Disease Control, New Delhi, India. 2 Emory University, 
Atlanta, GA, USA. 3 All India Institute of Medical Sciences, New Delhi, India. 
4 Public Health Foundation of India, Gurgaon, Haryana, India. 5 Deakin Univer-
sity, Melbourne, Australia. 

Received: 27 July 2021   Accepted: 13 May 2022

https://doi.org/10.1186/s12889-022-13495-0
https://doi.org/10.1186/s12889-022-13495-0


Page 10 of 11Gupta et al. BMC Public Health         (2022) 22:1101 

References
 1. Garin N, Koyanagi A, Chatterji S, Tyrovolas S, Olaya B, Leonardi M, et al. 

Global Multimorbidity Patterns: A Cross-Sectional, Population-Based, 
Multi-Country Study. J Gerontol Ser A Biol Sci Med Sci. 2016;71(2):205–14.

 2. Vos T, Barber RM, Bell B, Bertozzi-Villa A, Biryukov S, Bolliger I, et al. Global, 
regional, and national incidence, prevalence, and years lived with dis-
ability for 301 acute and chronic diseases and injuries in 188 countries, 
1990–2013: a systematic analysis for the Global Burden of Disease Study 
2013. Lancet. 2015;386(9995):743–800 [cited 2019 Jul 4]. Available from: 
http:// www. ncbi. nlm. nih. gov/ pubmed/ 26063 472.

 3. Pati S, Swain S, Hussain MA, van den Akker M, Metsemakers J, Knottnerus 
JA, et al. Prevalence and outcomes of multimorbidity in South Asia: a 
systematic review. BMJ Open. 2015;5(10):e007235.

 4. Mini GK, Thankappan KR. Pattern, correlates and implications of non-
communicable disease multimorbidity among older adults in selected 
Indian states: a cross-sectional study. BMJ Open. 2017;7(3):e013529 [cited 
2020 May 10]. Available from: http:// bmjop en. bmj. com/ lookup/ doi/ 10. 
1136/ bmjop en- 2016- 013529.

 5. Joshi K, Kumar R, Avasthi A. Morbidity profile and its relationship with 
disability and pyschological distress among elderly people in Northern 
India. Int J Epidemiol. 2003;32(6):978–87 [cited 2021 Mar 17]. Available 
from: https:// pubmed. ncbi. nlm. nih. gov/ 14681 260/.

 6. Bhojani U, Beerenahalli TS, Devadasan R, Munegowda CM, Devadasan 
N, Criel B, et al. No longer diseases of the wealthy: prevalence and 
health-seeking for self-reported chronic conditions among urban poor in 
Southern India. BMC Health Serv Res. 2013;13(1):306 [cited 2021 Mar 17]. 
Available from: https:// bmche alths ervres. biome dcent ral. com/ artic les/ 10. 
1186/ 1472- 6963- 13- 306.

 7. Rohini C, Jeemon P. Prevalence and patterns of multi-morbidity in the 
productive age group of 30-69 years: A cross-sectional study in Pathan-
amthitta District, Kerala. Wellcome Open Res. 2020;5:233 [cited 2020 Oct 
20]. Available from: https:// wellc omeop enres earch. org/ artic les/5- 233/ v1.

 8. Diederichs C, Berger K, Bartels DB. The Measurement of Multiple Chronic 
Diseases--A Systematic Review on Existing Multimorbidity Indices. J 
Gerontol Ser A Biol Sci Med Sci. 2011;66A(3):301–11 [cited 2018 Jan 20]. 
Available from: https:// acade mic. oup. com/ biome dgero ntolo gy/ artic le- 
lookup/ doi/ 10. 1093/ gerona/ glq208.

 9. Arokiasamy P, Uttamacharya U, Jain K, Biritwum RB, Yawson AE, Wu F, et al. 
The impact of multimorbidity on adult physical and mental health in 
low- and middle-income countries: what does the study on global age-
ing and adult health (SAGE) reveal? BMC Med. 2015;13(1):178.

 10. Ryan A, Wallace E, O’Hara P, Smith SM. Multimorbidity and functional 
decline in community-dwelling adults: a systematic review. Health Qual 
Life Outcomes. 2015;13(1):168 [cited 2019 Jul 15]. Available from: http:// 
www. ncbi. nlm. nih. gov/ pubmed/ 26467 295.

 11. Patel SA, Sharma H, Mohan S, Weber MB, Jindal D, Jarhyan P, et al. The 
Integrated Tracking, Referral, and Electronic Decision Support, and Care 
Coordination (I-TREC) program: scalable strategies for the management 
of hypertension and diabetes within the government healthcare system 
of India. BMC Health Serv Res. 2020;20(1).

 12. Ministry of Health & Family Welfare. National Programme for Prevention 
and Control of Cancer, Diabetes, Cardiovascular Diseases and Stroke 
(NPCDCS): Operation Guidelines. New Delhi: Ministry of Health and 
Family Welfare, Government of India; 2010. Available from: https:// main. 
mohfw. gov. in/ sites/ defau lt/ files/ Opera tiona lGuid eline sonPr event ion% 
2CScr eenin gandC ontro lofCo mmonN CDs_1. pdf

 13. Arokiasamy P, Uttamacharya U, Jain K. Multiple Chronic Diseases and 
Their Linkages with Functional health and Subjective Wellbeing among 
adults in the low-middle income countries: An Analysis of SAGE Wave1 
Data, 2007/10; 2013.

 14. Pati S, Hussain MA, Swain S, Salisbury C, Metsemakers JFM, Knottnerus 
JA, et al. Development and Validation of a Questionnaire to Assess 
Multimorbidity in Primary Care: An Indian Experience. Biomed Res Int. 
2016;2016:1–9.

 15. Wei MY, Kawachi I, Okereke OI, Mukamal KJ. Diverse Cumulative Impact of 
Chronic Diseases on Physical Health-Related Quality of Life: Implications 
for a Measure of Multimorbidity. Am J Epidemiol (Oxford University Press). 
2016;184:357–65 [cited 2021 Mar 11]. Available from: https:// pubmed. 
ncbi. nlm. nih. gov/ 27530 335/.

 16. Ware JE, Snow KK, Kosinski M, Gandek B. SF-36 Health Survey Manual and 
Interpretation Guide. Boston; 1993. [cited 2021 Apr 12]. Available from: 

https:// www. resea rchga te. net/ profi le/ John- Ware-6/ publi cation/ 31305 
0850_ SF- 36_ Health_ Survey_ Manual_ Inter preta tion_ Guide/ links/ 594a5 
b83ac a2723 195de 5c3d/ SF- 36- Health- Survey- Manual- Inter preta tion- 
Guide. pdf.

 17. Wei MY, Mukamal KJ. Multimorbidity, Mortality, and Long-Term Physical 
Functioning in 3 Prospective Cohorts of Community-Dwelling Adults. Am 
J Epidemiol (Oxford University Press). 2018;187:103–12 [cited 2020 Oct 
20]. Available from: https:// acade mic. oup.

 18. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression 
severity measure. J Gen Intern Med. 2001;16(9):606–13 [cited 2018 Jan 
20]. Available from: http:// www. ncbi. nlm. nih. gov/ pubmed/ 11556 941.

 19. Barthel Activities of Daily Living (ADL) Index. Occas Pap R Coll Gen Pract. 
1993;(59):24. [cited 2018 Jan 20]. Available from: http:// www. ncbi. nlm. nih. 
gov/ pubmed/ 19790 834.

 20. EQ-5D-5L – EQ-5D. 2009. [cited 2020 Oct 12]. Available from: https:// 
euroq ol. org/ eq- 5d- instr uments/ eq- 5d- 5l- about/

 21. Krantz E, Wide U, Trimpou P, Bryman I, Landin-Wilhelmsen K. Comparison 
between different instruments for measuring health-related quality of life 
in a population sample, the WHO MONICA Project, Gothenburg, Sweden: 
An observational, cross-sectional study. BMJ Open. 2019;9(4):e024454.

 22. Lee S. Self-Rated Health in Health Surveys. In:  Handbook of Health Survey 
Methods: Wiley Blackwell; 2014. p. 193–216.

 23. Ali MK, Bhaskarapillai B, Shivashankar R, Mohan D, Fatmi ZA, Pradeepa R, 
et al. Socioeconomic status and cardiovascular risk in urban South Asia: 
The CARRS Study. Eur J Prev Cardiol. 2016;23(4):408–19.

 24. Steinman MA, Lee SJ, John Boscardin W, Miao Y, Fung KZ, Moore KL, 
et al. Patterns of multimorbidity in elderly veterans. J Am Geriatr Soc. 
2012;60(10):1872–80 [cited 2020 Oct 20]. Available from: /pmc/articles/
PMC4133992/?report=abstract.

 25. Cornell JE, Pugh JA, Williams JW, Kazis L, Parchman ML. Multimorbidity 
clusters: Clustering binary data from multimorbidity clusters: Clustering 
binary data from a larger administrative medical data base. Appl Multivar 
Res. 2007;12(3):163–82.

 26. Introduction to clustermat commands. p. 6–8. Available from: https:// 
www. stata. com/ manua ls/ mvclu sterm at. pdf

 27. Talukdar B, Himanshu H, Bedanga TH. Prevalence of Multimorbidity 
(Chronic NCDS) and associated determinants among elderly in India; 
2017.

 28. Arokiasamy P, Uttamacharya JK. Multi-Morbidity, Functional Limitations, 
and Self-Rated Health Among Older Adults in India: Cross-Sectional Anal-
ysis of LASI Pilot Survey, 2010. SAGE Open. 2015;5(1):215824401557164 
[cited 2021 Mar 22]. Available from: http:// journ als. sagep ub. com/ doi/ 10. 
1177/ 21582 44015 571640.

 29. Handler J, Zhao Y, Egan BM. Impact of the Number of Blood Pressure 
Measurements on Blood Pressure Classification in US Adults: NHANES 
1999–2008. J Clin Hypertens. 2012;14(11):751–9 [cited 2020 Dec 2]. Avail-
able from: /pmc/articles/PMC3491581/?report=abstract.

 30. Karwalajtys T, Kaczorowski J, Hutchison B, Myers MG, Sullivan SM, Cham-
bers LW, et al. Blood pressure variability and prevalence of hypertension 
using automated readings from multiple visits to a pharmacy-based 
community-wide programme. J Hum Hypertens. 2009;23(9):585–9.

 31. Figueiredo DDC, Azevedo A, Pereira M, De Barros H. Definition of hyper-
tension: The impact of number of visits for blood pressure measurement. 
Rev Port Cardiol. 2009;28(7–8):775–83 [cited 2020 Dec 2]. Available from: 
https:// pubmed. ncbi. nlm. nih. gov/ 19894 656/.

 32. Singh K, Patel SA, Biswas S, Shivashankar R, Kondal D, Ajay VS, et al. Mul-
timorbidity in South Asian adults: prevalence, risk factors and mortality. J 
Public Health (Bangkok). 2019;41(1):80–9.

 33. Vadrevu L, Kumar V, Kanjilal B. Rising challenge of multiple morbidities 
among the rural poor in India-a case of the Sundarbans in West Bengal. 
Int J Med Sci Public Health. 2016.

 34. Kshatri JS, Palo SK, Bhoi T, Barik SR, Pati S. Prevalence and Patterns of 
Multimorbidity Among Rural Elderly: Findings of the AHSETS Study. Front 
Public Health. 2020;8:582663 [cited 2021 Feb 26]. Available from: https:// 
www. front iersin. org/ artic les/ 10. 3389/ fpubh. 2020. 582663/ full.

 35. Williams JS, Egede LE. The Association Between Multimorbidity and 
Quality of Life, Health Status and Functional Disability. Am J Med Sci. 
2016;352(1):45–52 [cited 2020 Dec 4]. Available from: https:// pubmed. 
ncbi. nlm. nih. gov/ 27432 034/.

 36. Zhao YW, Haregu TN, He L, Lu S, Katar A, Wang H, et al. The effect of 
multimorbidity on functional limitations and depression amongst 

http://www.ncbi.nlm.nih.gov/pubmed/26063472
http://dx.doi.org/10.1136/bmjopen-2016-013529
http://dx.doi.org/10.1136/bmjopen-2016-013529
https://pubmed.ncbi.nlm.nih.gov/14681260/
http://dx.doi.org/10.1186/1472-6963-13-306
http://dx.doi.org/10.1186/1472-6963-13-306
https://wellcomeopenresearch.org/articles/5-233/v1
http://dx.doi.org/10.1093/gerona/glq208
http://dx.doi.org/10.1093/gerona/glq208
http://www.ncbi.nlm.nih.gov/pubmed/26467295
http://www.ncbi.nlm.nih.gov/pubmed/26467295
https://main.mohfw.gov.in/sites/default/files/OperationalGuidelinesonPrevention%2CScreeningandControlofCommonNCDs_1.pdf
https://main.mohfw.gov.in/sites/default/files/OperationalGuidelinesonPrevention%2CScreeningandControlofCommonNCDs_1.pdf
https://main.mohfw.gov.in/sites/default/files/OperationalGuidelinesonPrevention%2CScreeningandControlofCommonNCDs_1.pdf
https://pubmed.ncbi.nlm.nih.gov/27530335/
https://pubmed.ncbi.nlm.nih.gov/27530335/
https://www.researchgate.net/profile/John-Ware-6/publication/313050850_SF-36_Health_Survey_Manual_Interpretation_Guide/links/594a5b83aca2723195de5c3d/SF-36-Health-Survey-Manual-Interpretation-Guide.pdf
https://www.researchgate.net/profile/John-Ware-6/publication/313050850_SF-36_Health_Survey_Manual_Interpretation_Guide/links/594a5b83aca2723195de5c3d/SF-36-Health-Survey-Manual-Interpretation-Guide.pdf
https://www.researchgate.net/profile/John-Ware-6/publication/313050850_SF-36_Health_Survey_Manual_Interpretation_Guide/links/594a5b83aca2723195de5c3d/SF-36-Health-Survey-Manual-Interpretation-Guide.pdf
https://www.researchgate.net/profile/John-Ware-6/publication/313050850_SF-36_Health_Survey_Manual_Interpretation_Guide/links/594a5b83aca2723195de5c3d/SF-36-Health-Survey-Manual-Interpretation-Guide.pdf
https://academic.oup
http://www.ncbi.nlm.nih.gov/pubmed/11556941
http://www.ncbi.nlm.nih.gov/pubmed/19790834
http://www.ncbi.nlm.nih.gov/pubmed/19790834
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://www.stata.com/manuals/mvclustermat.pdf
https://www.stata.com/manuals/mvclustermat.pdf
http://dx.doi.org/10.1177/2158244015571640
http://dx.doi.org/10.1177/2158244015571640
https://pubmed.ncbi.nlm.nih.gov/19894656/
http://dx.doi.org/10.3389/fpubh.2020.582663/full
http://dx.doi.org/10.3389/fpubh.2020.582663/full
https://pubmed.ncbi.nlm.nih.gov/27432034/
https://pubmed.ncbi.nlm.nih.gov/27432034/


Page 11 of 11Gupta et al. BMC Public Health         (2022) 22:1101  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

middle-aged and older population in China: a nationwide longitudinal 
study. Age Ageing. 2020;50:190–7 [cited 2020 Dec 4]; Available from: 
https:// pubmed. ncbi. nlm. nih. gov/ 32556 149/.

 37. WHO. The health workforce in India. WHO. 2016 [cited 2021 Mar 5]; Avail-
able from: http:// www. who. int/ hrh/ resou rces/ hwind ia_ health- obs16/ en/

 38. Ministry of Health and Family Welfare. Government of India. Ayushman 
Bharat - Health and Wellness Centre. 2018. [cited 2021 May 1]. Available 
from: https:// ab- hwc. nhp. gov. in/ home/ about us

 39. Pati S, Swain S, Metsemakers J, Knottnerus JA, van den Akker M. Pattern 
and severity of multimorbidity among patients attending primary care 
settings in Odisha, India. Lee A, editor. PLoS One. 2017;12(9):e0183966.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://pubmed.ncbi.nlm.nih.gov/32556149/
http://www.who.int/hrh/resources/hwindia_health-obs16/en/
https://ab-hwc.nhp.gov.in/home/aboutus

	Burden, patterns, and impact of multimorbidity in North India: findings from a rural population-based study
	Abstract 
	Aim: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and population
	Data collection
	Chronic conditions and multimorbidity
	Multimorbidity weighted index
	Mental health

	Physical functioning
	Self-rated health (SRH)
	Socio-demographic and health risk factors
	Statistical analysis
	Ethics approval

	Results
	Sample characteristics, the prevalence of multimorbidity, and other health outcomes
	Different combinations of chronic conditions

	Discussion
	Conclusion
	Acknowledgements
	References


