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Abstract
Background: India's government is currently running several 1
programs with a sole focus on women's health during their child- ~ “mmmmmmm———— =y,
bearing years. However, none of these programs incorporate the version 2 i
management of chronic health conditions during the reproductive (revision)

. . . . report
span. This issue is an emerging public health concern; therefore, the 18 Feb 2021
present study aims to identify the patterns and correlates of
multimorbidity among women in reproductive age groups in India. version 1 >
Methods: The study utilizes nationally-representative cross-sectional ’

24 Nov 2020 report

data from the Demographic and Health Survey on 661,811 women in
the reproductive age group of 15-49 years. The study uses
information on seven chronic morbidities, namely asthma, cancers, 1. Ram Bajpai ', Keele University, Keele, UK
heart disease, diabetes, tuberculosis, hypertension, and thyroid
disorder. Descriptive, bivariate, and multivariable techniques were
utilized to accomplish the study objective. article can be found at the end of the article.
Results: The findings show that 17.4 and 3.5 per 100 women of

reproductive age suffered from any one morbidity and

multimorbidity, respectively. Hypertension, diabetes, and thyroid

disorders were commonly occurring morbidities. The prevalence of

having any one morbidity or multimorbidity increased with age.

Variables like religion, wealth, parity, menopause, consumption of

tobacco and alcohol, body mass index, and type of diet were found to

be significantly related to the burden of multimorbidity. The

prevalence of multimorbidity was found to be higher for women who

belong to the Southern, Eastern, and North-Eastern regions of India.

Conclusions: Findings suggest the importance of multimorbidity in

the context of women of reproductive age. Inclusion of chronic

disease management strategies with maternal and child health

services needs to be taken into consideration by the program and

policymakers. The annexation of social marketing approaches at the

primary level of healthcare would assist policy-makers in educating
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women about the importance of leading a healthy lifestyle. Practicing
dietary diversity can help in maintaining optimal estrogen levels,
which would further help in decreasing multimorbidity rates among
women in India.
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137893 Amendments from Version 1

The updated submission has been thoroughly revised based on
the comments received by the reviewer. A detailed description
has been added on the data from National Family Health
Survey (NFHS-4), 2015-16, and the Clinical Anthropometric and
Biochemical (CAB) cut-offs utilized in the study. The data and
methods section has been modified by adding justification on
the choice of statistical methods used in the article. We have
made additions to the statistical analysis and revised the data
visualization to make the interpretations unambiguous. The
result section's presentation has been revisited, keeping in view
the concerns raised by the reviewer. Limitations of the study
have been added to enable the readers to recognize the study's
findings' reliability.

Any further responses from the reviewers can be found at
the end of the article

Introduction

As per the World Bank estimates, the life expectancy in India
has increased from 42.27 years in 1960 to 69.16 years in 2017
(World Health Organization, 2020a), with women currently
outliving men. However, these increased years of life do not
necessarily ensure better health. The World Health Organiza-
tion (WHO) establishes that the sex of an individual plays a sig-
nificant role in determining their health-related outcomes (World
Health Organization, 2020b). The reason for this difference is
both biological and gender-related (World Health Organization,
2020b). Globally, women face discrimination because of deep-
rooted gender inequality (Davidson er al., 2011). This inequal-
ity results in an uneven distribution of work, with women
taking up primary caregivers’ responsibility in most socie-
ties (AMCHP, 2008). The issue becomes severe in develop-
ing countries, like India, where the women fall into the category
of vulnerable members of society, with only a low percent-
age participating in economic activities and decision making
(Verick, 2011; Yadav & Singh, 2020). This disparity results from
of a wide variety of social, economic, and developmental influ-
ences in the country (Verick, 2011; Yadav & Singh, 2020). Women
in India are, therefore, at higher risk of living with poor health
outcomes. These poor health outcomes can be seen as a result
of the different events in a woman’s life course (Lynch, 2003).
One of the critical events in a woman’s life course is the occur-
rence of menarche, which announces a women’s entry into her
reproductive cycle. WHO defines the age group of 15-49 years
as the reproductive span in a woman’s life (World Health
Organization, 2020c).

To reduce gender inequality and build a more sustainable future
for all, the third objective of the Sustainable Development
Goals (SDGs) ensures healthy lives and promotes well-being
for all ages (United Nations, 2020). The targets set by the SDG
regarding women'’s health focus mainly on improving outcomes
related to sexual and reproductive healthcare among women.
Women in India spent around half of their life span in their
reproductive years (World Health Organization, 2020a). Thus,
reproductive health has been a priority since the initiation
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of the Reproductive Child Health Program in India during 1997
(National Health Portal, 2015). There are several programs,
like Pradhan Mantri Matritva Vandana Yojana (Government of
India, 2017), Pradhan Mantri Surakshit Matritva Abhiyan
(Government of India, 2016), and Janani Suraksha Yojana
(National Health Portal, 2005) presently running with a sole
focus on women’s health during their child-bearing years in
India. However, these programs do not include provision of
screening and management of chronic morbidities among
women in the reproductive age group.

Studies done in different developed countries propose that
women of reproductive age are at higher risk of being affected
by one or more chronic diseases (AMCHP, 2008; Waller er al.,
2018). Morbidity burden has severe health implications on
women and child health in both the early and later stages of life
(AMCHP, 2008). In addition, the reproductive period and
conception are the first points of interaction of women with
the health care infrastructure in India (AMCHP, 2008). Thus,
ensuring proper disease management during the reproductive
years becomes obligatory.

Existing literature describes the linkage between socioeco-
nomic status (SES) and behavioral influences on the occurrence
of one or more chronic morbidities in several country settings
over all ages (Banjare & Pradhan, 2014; Tetzlaff er al., 2018).
Further, these studies establish the significance of exploring
multimorbidity as an independent domain, due to its accel-
erating burden and association with unfavorable health
outcomes, like declining functional status, low levels of social
interaction, poor quality of life, low satisfaction level, higher
mortality risks, increased healthcare utilization and increased
economic burden on the patients’ household (Braveman ez al,
2005; Boyd & Fortin, 2010; Marengoni et al., 2011).

Despite an enormous body of literature that discusses the impor-
tance of multimorbidity, there are fewer studies that focus on link-
ing the influence of reproductive exposures on the occurrence of
chronic morbidities and multimorbidity. Additionally, none of
India’s programs currently incorporate management of chronic
health conditions during the reproductive span (1549 years).
Thus, it becomes essential to explore the domain holistically,
keeping reproductive-age women central, to inform community-
oriented health-related programs and policies (Xu er al,
2020). Therefore, this study aims to identify the patterns of one
or more morbidities and to examine the correlates of multi-
morbidity among women in the reproductive age group (15-49
years) in India.

Methods

Ethical statement

The study utilizes data from a national survey conducted under
the stewardship of Ministry of Health & Family Welfare,
Government of India, with the help of International Institute
for Population Sciences, Mumbai. The survey received ethical
clearance from the Institutions Review Board (IRB) of Inter-
national Institute for Population Sciences, Mumbai, India.
Additionally, consent was taken from all the eligible participants
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above the age of 18 years. For children (6-59 months), consent
was obtained from a parent or guardian. NFHS data has been
archived in the Demographic and Health Surveys’ public reposi-
tory. As the data is freely available for research purposes, no
additional permissions were required to conduct the present
analysis.

Data

The present study utilizes the data from the fourth round of
the National Family Health Survey (NFHS), India, 2015-16.
NFHS is a cross-sectional population-based survey whose pri-
mary objective is to provide national and sub-national level esti-
mates of the data on population, health, nutrition, and other key
demographic indicators for India. The evidence generated by
NFHS abets the policymakers in establishing benchmarks,
evaluating the effectiveness of currently running programs, and
identifying the need for new programs in the areas specific to
family and health. The sampling design adopted by NFHS-4
was a two-stage stratified sampling considering urban and
rural areas as the natural strata (International Institute for
Population sciences, 2015).

NFHS-4 collected data from a nationally representative sam-
ple of 699,686 women in the age group 15-49 years, out of
which the study utilized information on 661,811 women
(1549 years) who were not currently pregnant. The primary
reason for including non-pregnant women is to ensure a common
cut-off for body mass index (BMI). The information on women
was collected from all 36 states/Union Territories (UTs) of India
(International Institute for Population sciences, 2015).

Variables

The study aims to identify the patterns and factors affecting the
burden of multimorbidity among women in the reproductive
age group of 1549 years in India. Existing literature proposes
multidimensional linkages between SES (Braveman er al.,
2005; Banjare & Pradhan, 2014), reproductive exposures (Gold,
2011; Schmidt, 2017; Yang ef al., 2017) and behavioural factors
(Goel et al, 2014; Mini & Thankappan, 2017) with one or
more morbidities. It is therefore crucial to incorporate all
available and feasible individual-level indicators of SES,
reproductive exposures and behavioural risk factors in this
study.

Socioeconomic and demographic variables. The variables
included under this heading are age (15-19 years; 20-24 years;
25-29 years; 30-34 years; 35-39 years; 40-44 and, 4549 years),
place of residence (rural; urban), religion (Hindu; Muslim;
Others), social group (Scheduled Castes/Tribes; Other Backward
Classes (OBC) and Others), level of education (no education;
primary; secondary and, higher) and, wealth index (poorest;
poorer; middle; richer, richest).

It is worth mentioning that variables like social group and
religion are included in the study as they are building blocks of
Indian society and thus play a significant role in defining the SES
of a respondent (Goli et al., 2016). Information on income or
expenditure is not collected in the NFHS. Therefore, the
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wealth index is utilized to measure the SES of the respondent.
Existing literature suggests the advantages of using the DHS
wealth index (computed using the information available on
assets and amenities) to measure the SES holistically (Filmer &
Pritchett, 2011; Rutstein & Johnson, 2004).

Reproductive exposures. Three variables were included under
this heading, namely family status (living without spouse;
living with spouse), parity (nulliparous; one, two or more), and
experienced menopause (no; yes) (Xu er al., 2020; Yang et al.,
2017).

Lifestyle variables. This included behavioural risk factors like
consumption of tobacco (no; yes) (Goel er al., 2014; Mishra
et al., 2016), consumption of alcohol (no; yes) (Murthy et al.,
2010; Neufeld et al., 2005), BMI (underweight; normal; over-
weight; obese) (Jovic er al., 2016; Ramdas er al., 2018; NCD
Risk Factor Collaboration (NCD-RisC), 2017) and, type of
diet (healthy; unhealthy) (Joy er al., 2017; Kumar et al., 2014;
Shridhar et al., 2015).

NFHS collects information on the frequency (daily, weekly,
occasionally, and never) of consuming nine food items, namely
milk/curd, pulses/beans, dark leafy vegetables, fruits, eggs,
fish, chicken/meat, fried food, and, aerated drinks. All these
nine food items were re-coded in order to make them one-
dimensional, such that each item measures the same con-
cept. The internal consistency was supported using Cronbach’s
alpha ‘o’. Type of diet was computed utilizing a multiple cor-
respondence analysis (MCA) as suggested by existing studies
done in India (Mishra & Monica, 2019). Further, the score
generated was categorized to form type of diet variable: healthy or
unhealthy.

Variance Inflation Factor (VIF) was used to assess multicolline-
arity between the selected predictors. In order to avoid issues
of multicollinearity, other variables related to reproductive
exposures are not included in the present study.

Outcome. For analysis, two outcome variables have been uti-
lized to measure the level of multimorbidity, namely, the presence
of two or more chronic health conditions (multimorbidity)
and the number of chronic health conditions present in an
individual.

To calculate the number of chronic conditions present in an
individual, information available from both self-reported and
clinically diagnosed data is used. The study incorporates all the
seven chronic conditions, namely, asthma, cancers, heart dis-
ease, diabetes mellitus, tuberculosis, hypertension, and thyroid
disorder, available in the NFHS-4 data (International Institute
for Population sciences, 2015). Detailed information on the
chronic conditions included in the study are provided in
Table 1.

Data on diabetes mellitus and hypertension were collected uti-
lizing information from both self-reported data and clinically
diagnosed results. NFHS-4 classified hypertension (blood pres-
sure), by taking into account various combinations of systolic
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Table 1. List of the chronic conditions included in the study with their mode of data collection and ICD-10 codes.

Morbidities ICD 10 codes
Asthma 140-J45
Cancers

C00-C14, C15-C26, C30-C39, C40-C41, C43-C44, C45-C49, €50, C51-C58, C60-C63,

Data collection mode
Self-reported

Self-reported

C64-C68, C69-C72, C73-C75, C81-C96, C76-C80, C97, DOO-DOY, D37-D48

Heart disease 120,121, 125
Diabetes E10-E14
Hypertension [10-115

Thyroid

Tuberculosis

and diastolic measurements. To attain greater accuracy, the read-
ings for both systolic and diastolic blood pressure were taken
thrice with an interval of five minutes between two consecu-
tive readings using an Omron Blood Pressure Monitor. For
the present analysis, a respondent was considered to be hyper-
tensive if the average systolic blood pressure was greater than
or equal to 140 mmHg or average diastolic blood pressure was
greater than or equal to 90 mmHg or the individual disclosed
current intake of any anti-hypertensive medicines (NFHS-4)
(International Institute for Population sciences, 2015).

The measurement of diabetes was done utilizing random
blood glucose level, which was measured using a FreeStyle
Optium H glucometer with glucose strips. The equipment uses
a finger stick blood specimen to provide the random blood
glucose reading. An individual was considered as diabetic if
their random blood glucose level was greater than or equal to
140 mg/dL or they reported taking medications for lowering
blood glucose level (NFHS-4) (International Institute for
Population sciences, 2015).

BMI was calculated utilizing the anthropometric measure-
ments height and weight. Height was measured using a Seca 213
stadiometer and weight was measured using Seca 874 digital
scale. The formula for computing BMI is as follows:

Weight (in kgs
BMI = ght (in kg )2
Height (inmetres”)

An individual was considered to be underweight if their BMI
was less than 18.5 kg/m?, normal if their BMI was between
18.5-24.9 kg/m?, overweight if their BMI was between 25.0 to
29.9 kg/m* and obese if their BMI was greater than or equal to
30 kg/m? (International Institute for Population sciences, 2015).
All the cut-offs selected are in sync with the levels proposed
by the Demographic Health Surveys (NFHS-4) (International
Institute for Population sciences, 2015).

E01-E05, E06.1-E06.3, E06.5, E06.9, EO7
A15,A17,A18, A19

Self-reported

Self-reported and
measured diagnoses

Self-reported and
measured diagnoses

Self-reported
Self-reported

Statistical analysis

Descriptive statistics followed by bivariate analyses were used
to examine the unadjusted association between the selected
exposure variables and the outcome of interest, which in this
case is the presence of multimorbidity. Prevalence of any one
morbidity and multimorbidity was computed by all the
selected background characteristics.

The results from the primary analysis depict that a significant
share of the surveyed population did not suffer from multimor-
bidity. Therefore, the distribution of the outcome of interest is
positively skewed. In order to solve this issue, a two-stage esti-
mation procedure, like the two-part model, is frequently used.
The two-part model is often used to model strictly positive vari-
ables with a large number of zero values. This model was con-
sequently formulated as a mixture of a binomial distribution
and a strictly positive distribution. The two-part model is com-
monly used in health economics studies to model healthcare
expenditure data because a large fraction of patients do not
spend anything on medical care in a given time (Buntin &
Zaslavsky, 2004; Kapitula & Valley, 2015).

The first stage defines the outcome as a dichotomous variable,
which, in this case, is multimorbidity (present=1, absent=0).
This part can be referred to as the ‘prevalence part’. After
completion of the first stage, which group of dependent vari-
ables the observations belong to is identified. The second stage
considers the number of morbidities (count data) if the selected
respondent has the outcome of interest, i.e., multimorbidity.
Therefore, to predict the above situation a two-part model is
utilized, considering it as a mixture of two distributions, one
consisting of a point mass at zero values, followed by a
truncated count data distribution for the non-zero observa-
tions. Thus, for addressing the issue in hand, for the first part,
logistic link function would be applied (considering multimor-
bidity as a dichotomous variable; present=1, absent=0), fol-
lowed by a generalized linear model using Poisson regression
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(Buntin & Zaslavsky, 2004; Kapitula & Valley, 2015). The p-value
< 0.05 was considered significant. A Hosmer-Lemeshow and chi-
square goodness of fit test were used to establish model adequacy
for logit and Poission” model, respectively. The present analysis
was done using Stata version 15.0 (Stata Corp Inc. TX, USA).
R Studio version 1.1.463 (R Studio, Inc.) is utilized for data
visualization. All the estimates provided in this study are
derived by applying appropriate sampling weights supplied by
NFHS-4, 2015-16.
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Results

Description of the study population

Table 2 provides the descriptive and bivariate analysis findings
for the sample of women (15-49 years) under consideration.
The results suggest that 17.6% of the women were 15-19 years
of age, 16.3% were 20-24 years of age, 15.8% were 25-29 years
of age, 143% were 30-34 years of age, 13.5% were
35-39 years of age, 11.6% were 40-44 years of age and
11.1% were 45-49 years of age. Around 65.2% of the women

Table 2. Sample distribution, prevalence of any one morbidity and multimorbidity, National Family

Health Survey, India, 2015-16.

Correlates

Sample distribution
(weighted percentage)

Prevalence rate (per 100 women)

Median number
of morbidities

Any one morbidity Two or more (IQR)*
morbidities
Age (in years)
15-19 120285 (17.58) 7.66 (7.62-7.71) 0.54 (0.53-0.55) 1(0)
20-24 108172 (16.32) 9.97 (9.91-10.03) 0.79 (0.78-0.81) 1(0)
25-29 104472 (15.84) 13.50 (13.43-13.56) 1.58 (1.56-1.61) 1(0)
30-34 92722 (14.30) 18.41 (18.33-18.49) 2.83(2.80-2.87) 1(0)
35-39 88969 (13.53) 22.81(22.72-22.90) 477 (4.72-4.82) 1(0)
40-44 75416 (11.60) 27.38 (27.28-27.48) 7.27 (7.21-7.34) 1(0)
45-49 71775 (11.11) 31.18(31.08-31.29) 10.26 (10.19-10.33) 1(0)
X2 p-value<0.001
Place of
residence
Urban 194801 (34.78) 18.64 (18.59-18.69) 4.46 (4.44-4.49) 1(0)
Rural 467010 (65.22) 16.77 (16.73-16.81) 3.00 (2.97-3.01) 1(0)
X2 p-value<0.001
Religion
Hindu 489798 (80.37) 17.03(17.00-17.07) 3.31(3.29-3.32) 1(0)
Muslim 90183 (13.90) 18.70 (18.62-18.78) 4.27 (4.23-4.31) 1(0)
Others 81830 (5.73) 19.72 (19.60-19.85) 4.31 (4.24-4.37)
X2 p-value<0.001
Social group
Scheduled Castes/ 239414 (29.72) 16.91 (16.86-16.97) 2.98 (2.96-3.00) 1(0)
Tribes
Other Backward 255958 (42.98) 16.98 (16.94-17.03) 3.39 (3.37-3.41) 1(0)
Castes
Others 166439 (27.30) 18.67 (18.61-18.72) 4.24 (4.21-4.27) 1(0)

X2 p-value<0.001
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Correlates

Level of
education

No education
Primary
Secondary

Higher

Wealth index
Poorest
Poorer
Middle
Richer

Richest

Family status

Living without
spouse

Living with spouse

Parity
0
1

2 or more

Experienced
menopause

No

Yes

Tobacco
consumption

No

Yes

Alcohol
consumption

No

Yes

Sample distribution
(weighted percentage)

180542 (26.62)
89028 (13.36)
317411 (47.40)
74830 (12.62)

124542 (17.49)
140851 (19.51)
139539 (20.57)
131845 (21.27)
125034 (21.15)

197488 (28.03)

464323 (71.97)

207921 (29.85)
82956 (13.35)
370934 (56.81)

634948 (95.98)
26863 (4.02)

591843 (93.08)
69968 (6.92)

645212 (98.75)
16599 (1.25)

Wellcome Open Research 2021, 5:275 Last updated: 22 FEB 2021

Prevalence rate (per 100 women)

Any one morbidity

20.70 (20.64-20.76)
19.78 (19.69-19.85)
15.67 (15.63-15.71)
14.59 (14.52-14.68)

Two or more
morbidities

4.38 (4.31-4.37)
4.37 (4.33-4.42)
3.04 (3.02-3.05)
2.56 (2.52-2.59)

x2 p-value=0.300

16.06 (15.99-16.12)
16.16 (16.01-16.23)
16.87(16.80-16.93)
18.63 (18.56-18.69)
19.04 (18.97-19.11)

2.32(2.29-2.34)
2.76(2.73-2.78)
3.15(3.12-3.18)
4.27 (4.23-4.30)
4.75 (4.71-4.78)

X2 p-value<0.001

11.29 (11.25-11.34)

19.81(19.7-19.84)

1.67 (1.65-1.68)

4.22 (4.20-4.23)

X2 p-value<0.001

10.14 (10.10-10.18)
16.52 (16.45-16.60)
21.46 (21.42-21.50)

1.21(1.19-1.22)
3.20(3.16-3.24)
4.77 (4.75-4.80)

X2 p-value<0.001

16.85(16.82-16.88)
31.07 (30.89-31.24)

3.22(3.21-3.23)

10.29 (10.18-10.41)

X2 p-value<0.001

17.03 (17.00-17.06)
22.69 (22.57-22.81)

3.38(3.37-3.39)
5.17(5.11-5.23)

X2 p-value<0.001

17.32(17.29-17.35)
25.21 (24.91-25.50)

3.48 (3.46-3.49)
5.53 (5.39-5.69)

X2 p-value<0.001

Median number
of morbidities
(IQR)*
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Correlates Sample distribution

(weighted percentage)

Prevalence rate (per 100 women)

Wellcome Open Research 2021, 5:275 Last updated: 22 FEB 2021

Median number
of morbidities

Any one morbidity Two or more (IQR)*
morbidities
Body mass index
(kg/m2)
Underweight 152490 (23.88) 11.79 (11.74-11.84) 1.31(1.29-1.32) 1(0)
Normal 370558 (53.08) 15.27 (15.23-15.31) 241 (2.39-2.42) 1(0)
Overweight 105539 (17.13) 26.22 (26.14-26.31) 6.67 (6.61-6.70) 1(0)
Obese 32930 (5.90) 33.99 (33.84-34.14)  13.08 (12.97-13.18) 1(0)
X2 p-value<0.001
Diet type
Healthy 331072 (49.14) 16.46 (16.42-16.50) 3.16 (3.14-3.18) 1(0)
Unhealthy 330739 (50.86) 18.35(18.31-18.39) 3.83(3.82-3.86) 1(0)
X2 p-value<0.001
Total 6,61,811 17.42 (17.39-17.45) 3.49 (3.48-3.52) 1(0)

*Note: Median number of morbidities was calculated for all women who had at least one morbidity; IQR: Inter Quartile Range

belonged to rural areas, and 80.4% belonged to the Hindu reli-
gion. Around 43% of the women belonged to the OBC social
group. Regarding education, 27% of the women surveyed
were not educated, 13% completed primary education, 47%
completed secondary education, and 13% completed higher
schooling. It was found that 42% of the women belonged to
the rich ealth quintile. Findings further depict that 71.9% of the
women were living with their spouse during the survey period.
The majority (56.8%) of the women in the age group
15-49 years had a parity of two or more. Around 4% of the
respondents had experienced menopause. The majority of
the women did not consume tobacco (93.08%) and alco-
hol (98.75%). Around 6% of the women were obese, whereas
around 51% pursued an unhealthy dietary pattern.

Findings from Table 2 further suggest that around 17.4 per
100 women in the reproductive age group suffered from any
one morbidity, whereas around 3.5 per 100 women suffered
from multimorbidity. All the variables, excluding education,
were significantly associated with the burden of morbidity
among women in the age group 15-49 years. The bivari-
ate analysis suggests that the burden of any one morbidity and
multimorbidity followed a similar pattern for all the selected
background characteristics. The burden of morbidity (calcu-
lated by prevalence rate, PR) was found to follow an increas-
ing trend with the age group of the respondent. It was found to
be highest for women in the age group 45-49 years (PR: any one
morbidity = 31.2 per 100 women; multimorbidity = 10.3 per
100 women). The burden was found to be higher for women
residing in urban areas (PR: any one morbidity = 18.6 per
100 women; multimorbidity = 4.5 per 100 women), belong-
ing to a religion other than Hindu and Muslim (PR: any one
morbidity = 19.7 per 100 women; multimorbidity = 4.3 per

100 women), and from a social group other than Scheduled
Castes/Tribes and OBC (PR: any one morbidity = 18.7 per
100 women; multimorbidity = 4.2 per 100 women). The burden
was higher for a respondent who belonged to the well-off
economic group (PR: any one morbidity = 18.7 per 100 women;
multimorbidity = 4.2 per 100 women), was currently living
with a spouse (PR: any one morbidity = 19.8 per 100 women;
multimorbidity = 4.2 per 100 women), had a parity of two or
more (PR: any one morbidity = 21.5 per 100 women; multimor-
bidity = 4.8 per 100 women), and had experienced menopause
(PR: any one morbidity = 31.1 per 100 women; multimor-
bidity = 10.3 per 100 women). The burden of morbidity was
found to be higher for women who consumed tobacco (PR: any
one morbidity = 22.7 per 100 women; multimorbidity = 5.2
per 100 women), alcohol (PR: any one morbidity = 25.2 per
100 women; multimorbidity = 5.5 per 100 women), were obese
(PR: any one morbidity = 33.4 per 100 women; multimor-
bidity = 13.1 per 100 women) and consumed an unhealthy
diet (PR: any one morbidity = 183 per 100 women;
multimorbidity = 3.8 per 100 women).

Sub-national level variation in the burden of any one
morbidity and multimorbidity

Figure 1A illustrates the burden of any one morbidity by all
36 states and UTs in India. The figure depicts that 24 states and
UTs had a prevalence higher than that of the national average.
Out of these 24 states, eight were from the North-Eastern, and

seven were from the Southern parts of the country.

Figure 1B depicts the distribution of multimorbidity burden
by all 36 states and UTs in India. The findings suggest that 19
states and UTs had a prevalence higher than that of the
national average. Out of these 19 states and UTs, seven belonged

Page 8 of 21



A
Lakshacwesp [ - 1.
Magaland 5 I 123,5
Manipur 4 I |22.B
Sikkim | 122.4
keraia | [ 22 4
Tripuraq | |22.2
e pp
Andaman and Nicobar Island q _22.1
Assam - | J 21.6
Mizoram < | 1214
Arunanchal Pradesh | 120.9
Meghalaya = I I 20.5
reiangars 1 | -0 4
west sencal | (] 20.2
odisha ;[ ] 49.5
» Andhra Pradesh _19‘5
> rorvioc | [ 192
5 punico 1 [ 0.2
£ cos (N, .
% Haryana | [ 18.8
% Himachal Pradesh - _‘Iﬂ.?

puducherry | | 1.2
cnengigarn | [ 17 7
Vtraknand | [ 7.6
e [ 17.4
Meharastra | [ 17.2
wamaiaka 1 | 5.0
cuorat | |, ¢
oeni < [ 15 3
Madnya Pradesn - [ 15.6
Chhattisgarh 5 _15‘6
sihar [ T 156
Uttar Pradesh _15‘3
harknand | - [ 14.8
Dadra and Nagar Haveli < _ 14.4
Daman and Diu 4 _14.1
Rajasthan - _13.1

0 5 10 15 20 25
Prevalence of any one morbidity among women (per 100 women)

Central India Morth-East . West
Region
East North South

Wellcome Open Research 2021, 5:275 Last updated: 22 FEB 2021

Lakshacwecr | [N 7.1
Andaman and Nicobar Island _ 59
Tripura I J 5.8
keraia{ - [ 5.6
andnra Pradesh | [ NN .3
reargans | - | 5
Manipur I I 5.1
WestBengal | (] 4.8
Puducherry 1 [N 4.3

Meghalaya | | 4.8
. m
Mizoram | | 4.4
Nagaland | | 4.2
sikkim | | 38

porni - [ 3.8
kamataka 1 [ .7
Himachal Pradesh _ a7
Chandigarh _ a7
ndia [ 3.5
Assamq | ] 35
coat [ 3 4
avor | ] 3.4
Utrakhand | [ RRMRR 3.1
osisna | [T 3.1
Madhya Pradesh _ 31
Arunanchal Pradesh I:I 31
Haryana | (R 2.9
Maharastra _ 28
Uttar Pradesh _ 2.7
Tamil Nadu _ 2.7
Gujarat _ 25
Dadra and Nagar Haveli _ 21
Chhattisgarh _ 21
Jharkhand _ 1.9
Rajasthan _ 1.7
Daman and Diu _ 1.4
T T T T

0 2 4 [
Multimorbidity Prevalence among women (per 100 women)

Central India MNorth-East . West
Region
East North South

Figure 1. Prevalence of any one and multimorbidity among women aged 15-49 years by States/Union Territories (UTs) in India,

National Family Health Survey, 2015-16.

to the Southern, and six belonged to the North-Eastern parts
of the country.

Variation in the burden of any one morbidity and
multimorbidity by age group

Figure 2 provides the prevalence of any one morbidity and
multimorbidity segregated by the selected age groups (in years).

There is a trend observed in the burden (PR) of multimor-
bidity, which increases with the age of the women surveyed.
A similar pattern is observed for any one morbidity and
multimorbidity. The prevalence was lowest among the respond-
ents in the age group 15-19 years (PR: any one morbidity
= 7.7 per 100 women; multimorbidity = 0.5 per 100 women)
and highest for the age group 45-49 years (PR: any one
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Figure 2. Prevalence of number of morbidities among women in India, National Family Health Survey, 2015-16.

morbidity = 31.2 per 100 women; multimorbidity = 10.3 per
100 women).

Pattern of the selected morbidities by age group

The present study includes seven chronic conditions, namely,
asthma, cancer, heart disease, diabetes, tuberculosis, hyper-
tension, and thyroid disorder. Figure 3 depicts the prevalence
of these selected chronic conditions segregated by age
groups. All the morbidities show an increase with the age of
the respondent. The findings further suggest that the most
prevalent morbidity among women in the reproductive age
group is hypertension (PR = 11.3%), followed by diabetes
(PR = 6.8%) and thyroid disorder (PR = 2.2%) in India.

Correlates of multimorbidity among women aged
15-49 years in India

Table 3 shows the adjusted effects of independent factors on
the probability of suffering from multiple chronic morbid-
ity conditions, i.e., multimorbidity using a two-part model. The
predicted probability of having at least two chronic morbidity
conditions reveals that the occurrence of multimorbidity is
affected by different background characteristics.

For women of reproductive age, the predictive probability shows
that variables such as age (in years), religion, wealth index, par-
ity, experienced menopause, consumption of tobacco, con-
sumption of alcohol, BMI, and type of diet are statistically
significant predictors of multimorbidity.

The findings suggest that a shift in the age group from
15-19 years to 20-24 years, 25-29 years, 30-34 years, 40-44
years and, 45-49 years increases the probability of suffer-
ing from multimorbidity by 0.2%, 0.9%, 1.9%, 3.4%, 5.2%,
and 7.3% respectively, after controlling for other background
characteristics.

The findings suggest that as an individual moves from Hindu
to Muslim, the probability of suffering from multimorbidity
increases by 0.5% after controlling for other background fac-
tors. An increase in wealth index from the poorest to richest
increases the probability of suffering from multimorbidity by
0.1%.

The probability of suffering from multimorbidity increases
by 0.1% as parity increases from zero to one. The probabil-
ity of suffering from multimorbidity increases by 0.9% as parity
increases from zero to two or more. Similarly, the probability
of suffering from multimorbidity among women who have
experienced menopause is higher by 0.4% as compared to
those who have not experienced menopause.

A shift of a woman to consuming tobacco and alcohol from
not consuming tobacco and alcohol increases the probability
of suffering from multimorbidity by 0.6% and 0.3%, respec-
tively. The findings suggest that a shift in women from under-
weight to obese increases the probability of suffering from
multimorbidity by 62% after controlling for key factors. A shift
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Figure 3. Prevalence of selected morbidities by age groups among women in India, National Family Health Survey, 2015-16.

Table 3. Two-part model estimates showing the factors affecting multimorbidity in
India, National Family Health Survey, 2015-16.

Correlates Respondent suffering with  Average number of morbidities
multimorbidity (predictive means + S.E.)
(predictive probabilities + S.E. (from Poisson model)
(from logit model)

Age (in years)

15-19® 0.0055***+0.0004 2.2999+0.0337

20-24 0.0078***+0.0004 2.2018**+0.0219
25-29 0.0146***+0.0006 2.2019** +0.0155
30-34 0.0244***+0.0008 2.1389***+0.0091
35-39 0.0392**%+0.0010 2.1462**%£0.0071
40-44 0.0575***+0.0011 2.1542*%*%+0.0060
45-49 0.0781***+0.0020 2.1794**%+0.0061

Place of residence

Urban® 0.0201+0.0005. 2.1614+0.0057
Rural 0.0192+0.0003 2.1730+0.0061
Religion
Hindu® 0.0188+0.0003 2.1703+0.0043
Muslim 0.0235%*%+0.0007 2.1826+0.0084
Others 0.0206*+0.0005 2.1445%*%+0.0086

Page 11 of 21



Correlates

Social group

Scheduled Castes/
Tribes®

Other Backward
Castes

Others
Level of education
No education®
Primary
Secondary
Higher
Wealth index
Poorest®
Poorer
Middle
Richer
Richest
Family status

Living without
spouse

Living with spouse®
Parity
0®
1
2 or more

Experienced
menopause

No
Yes

Tobacco
consumption

No®
Yes

Alcohol
consumption

No®

Yes

Respondent suffering with

multimorbidity

(predictive probabilities + S.E.

(from logit model)

0.0194+0.0005

0.0188+0.0004

0.0206+0.0005

0.0192+0.0004
0.0188+0.0004
0.0200+0.0004
0.0163+0.0007

0.0195+0.0006

0.0215+0.0006

0.0200+0.0004
0.0212***+0.0005
0.0206***+0.0006

0.0189+0.00060

0.0197+0.0004
0.0234+0.0008

0.0245***+0.0006
0.0336***+0.0004

0.0193+0.0003
0.0228*+0.0008

0.0192+0.0003
0.0251%**+0.0009

0.0194+0.0003
0.02282***+0.0008

Average number of morbidities

(predictive means * S.E.)
(from Poisson model)

2.1673+0.0065

2.1644+0.0056

2.1748+0.0059

2.1684+0.0061
2.1564+0.0074
2.1685+0.0053
2.1944+0.0129

2.1855+0.0114
2.1725+0.0087
2.1661+0.0076
2.1748+0.0069
2.1547+0.0071

2.1640+0.0097

2.1694+0.0036
2.1669+0.1265

2.1571+0.0101
2.1705+0.0039

2.1702+0.0034
2.1570+0.0092

2.1678+0.0035
2.1732+0.0084

2.1687+0.0033
2.1651+0.0191

Wellcome Open Research 2021, 5:275 Last updated: 22 FEB 2021

Page 12 of 21



Correlates

Respondent suffering with
multimorbidity
(predictive probabilities + S.E.

Wellcome Open Research 2021, 5:275 Last updated: 22 FEB 2021

Average number of morbidities
(predictive means * S.E.)
(from Poisson model)

(from logit model)

Body mass index
(kg/m2)

Underweight®

0.01227+0.0004

2.1657+0.0127

Normal 0.0174***+0.0003 2.1657+0.0054
Overweight 0.0344%%%+0.0008 2.1587+0.0058
Obese 0.6345%*%+0.0019 2.1905+0.0073

Diet type
Healthy® 0.0179+0.0003 2.1722+0.0050
Unhealthy 0.0211***+0.0004 2.1656+0.0044
Total 0.01945***+0.0003 2.1686+0.0032
Goodness of fit p-value*=0.29 p-value®=0.99

Statistics

Note. *p<0.05, **p<0.01, ***p<0.001, + value of predicted probabilities or means calculated as upper limit-
lower limit of 95% confidence interval divided by 2. ® = reference.

of women from following a healthy diet to an unhealthy diet
increases the probability of suffering from multimorbidity by
0.3%.

The findings from the predictive mean suggest that age and reli-
gion were found to be statistically significant predictors of
mean number of morbidities among the individual suffering
with multimorbidity.

Discussion

Based on the data from the fourth round of NFHS, 17.4 per
100 women in the reproductive age group suffered from
any one morbidity, whereas 3.5 per 100 women suffered from
multimorbidity (two or more morbidities). Findings further
suggest that a regional disparity exists in the multimorbidity
burden among women in the reproductive age group, with
the Southern and North-Eastern regions of the country
experiencing a higher burden of multimorbidity. Hypertension,
diabetes, and thyroid disorders were commonly occurring
morbidities among women of reproductive age. The preva-
lence of having any one morbidity and multimorbidity increased
with age. At the later stages of their reproductive span (45-49
years), the women held the highest burden of morbidity.
Variables like religion, wealth, parity, menopause, consump-
tion of tobacco and alcohol, BMI, and type of diet were
significantly related to the burden of multimorbidity among
women of child-bearing age.

A recent systematic review conducted on the studies based on
low-and-middle-income countries (LMICs) suggests that the
prevalence of multimorbidity ranges between 2% to 82% for
LMICs (Marengoni ef al., 2011). Findings from the present
study show that the prevalence of any one morbidity and

multimorbidity among women in India’s reproductive age
group is 17.4% and 3.5%, respectively, which falls in the range
of the above research. The study’s findings depict a large
proportion of women in their reproductive years suffering
from chronic morbidities. Presently running women’s health
programs in India are mainly focused on sexual and reproduc-
tive health care (Government of India, 2016; Government of
India, 2017; National Health Portal, 2005). However, the increas-
ing level of morbidity burden among women of reproductive
age needs to be given attention from a policy point of view.

The burden of multimorbidity was found to be higher for
respondents belonging to the Southern and the North-Eastern
regions of India. This could be attributed to two reasons, one
being the differing lifestyles and second, the nutritional tran-
sition in the country (Jovic er al, 2016; NCD Risk Factor
Collaboration (NCD-RisC), 2017). Studies in the past
suggest that dietary pattern in India is extremely diverse, which
encompasses a prudent/traditional and western pattern (Green
et al., 2016; Satija et al., 2015). However, these two sub-groups
are not mutually exclusive to each other. The prudent pattern
comprises of a diet which is high in fruits, vegetables, legumes,
fish, dairy products, and wholegrains (Green er al., 2016; Satija
et al., 2015). In contrast, a western pattern is high in processed
meat, eggs, refined grains, sugar, and fast food (Green er al.,
2016). Existing evidence suggests that the western pattern diet
affects the body size of an individual, which further increases
the risk of chronic conditions like diabetes and hypertension
(Kehoe er al., 2014; Satija et al, 2015). Studies discuss-
ing the dietary pattern by different regions of India suggest
that the Southern region of India mainly follows two types of
diets, namely “rice-based” (Joy er al., 2017; Satija et al., 2015),
which is most prevalent among adults, and ‘“‘snack-fruit-based”
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(Kehoe er al., 2014), which is most frequent among children.
This diet includes snacks that are usually high in fats and salt.
These studies further point out that long term exposure to these
diets results in increased adiposity, which further accelerates the
risk of being affected by chronic morbidities (Green er al., 2016;
Satija et al., 2015). The results presented by studies discuss-
ing the higher morbidity rates in North-East India were mainly
linked to the behavioural aspects of the region, which includes
higher consumption of tobacco, alcohol, and other materials
of substance abuse (Bhar er al., 2019; Tushi ef al., 2018).

Evidence generated by this study suggests a preponderance
of multimorbidity among women in the later stage of their
reproductive years. It is worth mentioning that hypertension,
diabetes, and thyroid are common morbidities among the
women surveyed. This could be due to the depletion of estrogen
levels that occurs as women reach the later years of their repro-
ductive stage, which is strongly linked to their reproductive
capabilities. Existing literature suggests that this reduction in
estrogen levels causes alterations in the biological well-being
of women and increases the risk of morbidity occurrence.
The findings can further be generalised for all women of
reproductive age in India. The factors of parity and whether
menopause had been experienced also suggest that the
chance of being affected by multimorbidity increases as the
reproductive exposure increases. These findings are in line
with studies done in different country settings (Bhar er al.,
2019; Levine et al., 2016; Xu et al., 2020).

The prevalence of multimorbidity was found to be higher for
respondents belonging to economically well-off groups of
society. This finding is similar to that of other studies that have
been conducted in LMICs. The main reason behind this find-
ing is the fact that with economic liberalisation, globalisa-
tion, and westernisation, the dietary pattern of the population is
changing, the consumption of food and beverages rich in
saturated sugar is increasing, and the number of individuals
practicing a sedentary lifestyle are also increasing considerably
(Green et al., 2016; NCD Risk Factor Collaboration (NCD-RisC),
2017).

Additionally, consuming tobacco, consuming alcohol, being
obese, and consuming an unhealthy diet were found to be asso-
ciated with a higher multimorbidity burden among women.
This finding is in concordance with the existing literature,
which establishes the consumption of tobacco and alcohol as
the major correlates of various chronic conditions (Amos er al.,
2012; Lin et al., 2007; Singh & Singh, 2016). Existing litera-
ture has presented a negative association between an unhealthy
diet and the occurrence of chronic diseases (Satija ef al., 2015;
Shridhar er al., 2015). These studies suggest that a diet rich
in salt, sugar, and trans-fats often accelerates metabolic risk
and adiposity, which further results in the occurrence of one or
more chronic conditions (Kehoe er al., 2014; Shridhar et al.,
2015). A recent study proposes maintaining dietary adherence to
control diabetes among individuals residing in the United States
of America, similar recommendations can be given to manage
multimorbidity among women of reproductive age in India
(Anders & Schroeter, 2015).

Wellcome Open Research 2021, 5:275 Last updated: 22 FEB 2021

The study aims to explore the pattern and correlates of
multimorbidity among women of reproductive age in India. The
study’s major strength is that it is based on large-scale nationally
representative cross-sectional data, which provides us with the
opportunity to generalize the results for all the women of repro-
ductive age in India. The studies done so far in the context
of women of reproductive age were mainly focused on
sexual and reproductive health aspects. However, the rising
levels of various infectious and non-communicable morbidities
among women of child-bearing age have not been studied in the
Indian context, necessitating the present study. The study find-
ings suggest linkages between reproductive exposures and the
occurrence of multimorbidity among women of reproductive
age, which, so far, have not been discussed in the context of
India. However, the present study does not include a large number
of chronic conditions (only seven conditions were included)
or variations of the chronic diseases, thus missing out on the
vital aspect of mental health as NFHS does not provide this
information.

The study’s findings help us understand that SES, reproductive
exposures, and behavioural factors play a vital role in the
occurrence of one or more chronic morbidities among women
in their reproductive age group. Considering the points above,
it becomes essential to provide personalized age-specific
healthcare facilities to the women affected by one or multiple
morbidities (Fortin er al., 2004; Monterde er al., 2020). In
addition, educating women regarding the importance of main-
taining a healthy lifestyle, an ideal body weight, and dietary
diversity is crucial, as reproductive years are the foundation of
their health in later life. However, this would require an in-depth
study considering more chronic conditions specific to women
from all age groups in India.

The present study suggests that one or multiple morbidi-
ties are important in women of reproductive age. The findings
necessitate further exploration of the issue, especially linkages
between various chronic conditions in a life course perspec-
tive. Inclusion of chronic disease management strategies with
maternal and child health services needs to be considered by
the program and policymakers. Additionally, social marketing
approaches at the primary level of healthcare would help
policymakers educate women about the importance of lead-
ing a healthy lifestyle. Practicing dietary diversity can help
maintain optimal estrogen levels, which would further help
to decrease multimorbidity rates among women in India.

Data availability

The data has been archived in the public repository of the
Demographic and Health Survey of India. The present study
utilized information from individual recode file IAIR74DT,
which essentially contains information on women in the
reproductive age group. The data can be accessed using the
link: https://dhsprogram.com/data/available-datasets.cfm. Access
to the dataset requires registration and is granted only for legiti-
mate research purposes. A guide for how to apply for dataset
access 1is available at: https://dhsprogram.com/data/Access-
Instructions.cfm.

Page 14 of 21


https://dhsprogram.com/data/available-datasets.cfm
https://dhsprogram.com/data/Access-Instructions.cfm
https://dhsprogram.com/data/Access-Instructions.cfm

Acknowledgements
The Demographic Health Surveys (DHS) is responsible for
assembling and publishing accurate, nationally representative

References

Wellcome Open Research 2021, 5:275 Last updated: 22 FEB 2021

data on health and population in developing countries. The
project is implemented by ICF International and is funded
by the United States Agency for International Development
(USAID).

AMCHP: MCH and Chronic Disease. 2008.

Amos A, Greaves, L, Nichter M, et al.: Women and tobacco: a call for including
gender in tobacco control research, policy and practice. Tob Control. 2012;
21(2): 236-243.

PubMed Abstract | Publisher Full Text

Anders S, Schroeter C: Diabetes, diet-health behavior, and obesity. Front
Endocrinol (Lausanne). 2015; 6: 33.

PubMed Abstract | Publisher Full Text | Free Full Text

Banjare P, Pradhan J: Socio-economic inequalities in the prevalence of multi-
morbidity among the rural elderly in Bargarh District of Odisha (India).
PL0S One. 2014; 9(6): €97832.

PubMed Abstract | Publisher Full Text | Free Full Text

Bhar D, Bhattacherjee S, Das DK: Behavioral and biological risk factors
of noncommunicable diseases among tribal adults of rural siliguri in
Darjeeling District, West Bengal: A cross-sectional study. Indian J Public
Health. 2019; 63(2): 119-127.

PubMed Abstract | Publisher Full Text

Boyd CM, Fortin M: Future of multimorbidity research: How should
understanding of multimorbidity inform health system design? Public
Health Rev. 2010; 32(2): 451-474.

Publisher Full Text

Braveman PA, Cubbin C, Egerter S, et al.: Socioeconomic status in health
research: one size does not fit all. JAMA. 2005; 294(22): 2879-2888.
PubMed Abstract | Publisher Full Text

Buntin MB, Zaslavsky AM: Too much ado about two-part models and
transformation? Comparing methods of modeling Medicare expenditures.
J Health Econ. 2004; 23(3): 525-542.

PubMed Abstract | Publisher Full Text

Davidson PM, McGrath SJ, Meleis Al et al.: The health of women and girls
determines the health and well-being of our modern world: A white paper
from the International Council on Women'’s Health Issues. Health Care
Women Int. 2011; 32(10): 870-886.

PubMed Abstract | Publisher Full Text | Free Full Text

Filmer D, Pritchett LH: Estimating wealth effects without expenditure data-
-or tears: an application to educational enrollments in states of India.
Demography. 2001; 38(1): 115-132.

PubMed Abstract | Publisher Full Text

Fortin M, Lapointe L, Hudon C, et al.: Multimorbidity and quality of life in
primary care: a systematic review. Health Qual Life Outcomes. 2004; 2: 51.
PubMed Abstract | Publisher Full Text | Free Full Text

Goel S, Tripathy JP, Singh R}, et al.: Smoking trends among women in India:
Analysis of nationally representative surveys (1993-2009). South Asian |
Cancer. 2014; 3(4): 200-202.

PubMed Abstract | Publisher Full Text | Free Full Text

Gold EB: The timing of the age at which natural menopause occurs. Obstet
Gynecol Clin North Am. 2011; 38(3): 425-440.
PubMed Abstract | Publisher Full Text | Free Full Text

Goli S, Moradhvaj, Rammohan A: High Spending on Maternity Care in India:
What Are the Factors Explaining It? PLoS One. 2016; 11(6): e0156437.
PubMed Abstract | Publisher Full Text | Free Full Text

Government of India: Pradhan Mantri Surakshit Matritva Abhiyan. 2016.
Reference Source

Government of India: Pradhan Mantri Matru Vandana Yojana. 2017.
Reference Source

Green R, Milner J, Joy EJM, et al.: Dietary patterns in India: a systematic
review. Br / Nutr. 2016; 116(1): 142-148.
PubMed Abstract | Publisher Full Text | Free Full Text

International Institute for Population sciences: National Family and Health
Survey (NFHS-4). 2015.
Reference Source

Jovic D, Marinkovic J, Vukovic D: Association between body mass index and
prevalence of multimorbidity: a cross-sectional study. Public Health. 2016;
139(5): 103-111.

PubMed Abstract | Publisher Full Text

Joy EJM, Green R, Agrawal S, et al.: Dietary patterns and non-communicable
disease risk in Indian adults: secondary analysis of Indian Migration Study

data. Public Health Nutr. 2017; 20(11): 1963-1972.
PubMed Abstract | Publisher Full Text | Free Full Text

Kapitula LR, Valley G: When Two Are Better Than One: Fitting Two-Part
Models Using SAS ®. 2015; 1-9.
Reference Source

Kehoe SH, Krishnaveni GV, Veena SR, et al.: Diet patterns are associated
with demographic factors and nutritional status in South Indian children.
Matern Child Nutr. 2014; 10(1): 145-158.

PubMed Abstract | Publisher Full Text | Free Full Text

Kumar KVSH, Sharma R, Bharti S: Diet and thyroid - myths and facts. / Med
Nutr Nutraceut. 2014; 3(2): 60-65.
Reference Source

Levine ME, Lu AT, Chen BH, et al.: Menopause accelerates biological aging.
Proc Natl Acad Sci U S A. 2016; 113(33): 9327-9332.
PubMed Abstract | Publisher Full Text | Free Full Text

Lin HH, Ezzati M, Murray M: Tobacco smoke, indoor air pollution and
tuberculosis: a systematic review and meta-analysis. PLoS Med. 2007; 4(1):
e20.

PubMed Abstract | Publisher Full Text | Free Full Text

Lynch J: A Life Course Approach to Women's Health. Int J Epidemiol. 2003;
32(6): 1122-1123.

Publisher Full Text

Marengoni A, Angleman S, Melis R, et al.: Aging with multimorbidity: a
systematic review of the literature. Ageing Res Rev. 2011; 10(4): 430-439.
PubMed Abstract | Publisher Full Text

Mini GK, Thankappan KR: Pattern, correlates and implications of non-
communicable disease multimorbidity among older adults in selected
Indian states: a cross-sectional study. BV/ Open. 2017; 7(3): e013529.
PubMed Abstract | Publisher Full Text | Free Full Text

Mishra R, Monica: Determinants of cardiovascular disease and sequential
decision-making for treatment among women: A Heckman's approach.
SSM Popul Health. 2019; 7: 100365.

PubMed Abstract | Publisher Full Text | Free Full Text

Mishra S, Joseph RA, Gupta PC, et al.: Trends in bidi and cigarette smoking in
India from 1998 to 2015, by age, gender and education. BM/ Global Health.
2016; 1(1): e000005.

PubMed Abstract | Publisher Full Text | Free Full Text

Monterde D, Vela E, Cléries M, et al.: Multimorbidity as a predictor of health
service utilization in primary care: a registry-based study of the Catalan
population. BMC Fam Pract. 2020; 21(1): 39.

PubMed Abstract | Publisher Full Text | Free Full Text

Murthy P, Manjunatha N, Subodh BN, et al.: Substance use and addiction
research in India. Indian J Psychiatry. 2010; 52(Suppl 1): S189-99.
PubMed Abstract | Publisher Full Text | Free Full Text

National Health Portal: Janani Suraksha Yojana. 2005.

Reference Source

National Health Portal: Reproductive, Maternal, Newborn, Child and
Adolescent Health. 2015.
Reference Source

NCD Risk Factor Collaboration (NCD-RisC): Worldwide trends in body-mass
index, underweight, overweight, and obesity from 1975 to 2016: a pooled
analysis of 2416 population-based measurement studies in 128-9 million
children, adolescents, and adults. Lancet. 2017; 390(10113): 2627-2642.
PubMed Abstract | Publisher Full Text | Free Full Text

Neufeld KJ, Peters DH, Rani M, et al.: Regular use of alcohol and tobacco
in India and its association with age, gender, and poverty. Drug Alcohol
Depend. 2005; 77(3): 283-291.

PubMed Abstract | Publisher Full Text

Ramdas Nayak VK, Nayak KR, Vidyasagar S, et al.: Body composition analysis,
anthropometric indices and lipid profile markers as predictors for
prediabetes. PLoS One. 2018; 13(8): e0200775.

PubMed Abstract | Publisher Full Text | Free Full Text

Rutstein SO, Johnson K: DHS Comparative Reports No. 6 The DHS Wealth
Index. Calverton, USA. 2004.

Reference Source

Satija A, Hu FB, Bowen L, et al.: Dietary patterns in India and their

Page 15 of 21


http://www.ncbi.nlm.nih.gov/pubmed/22166266
http://dx.doi.org/10.1136/tobaccocontrol-2011-050280
http://www.ncbi.nlm.nih.gov/pubmed/25852643
http://dx.doi.org/10.3389/fendo.2015.00033
http://www.ncbi.nlm.nih.gov/pmc/articles/4360762
http://www.ncbi.nlm.nih.gov/pubmed/24902041
http://dx.doi.org/10.1371/journal.pone.0097832
http://www.ncbi.nlm.nih.gov/pmc/articles/4046974
http://www.ncbi.nlm.nih.gov/pubmed/31219060
http://dx.doi.org/10.4103/ijph.IJPH_326_18
http://dx.doi.org/10.1007/BF03391611
http://www.ncbi.nlm.nih.gov/pubmed/16352796
http://dx.doi.org/10.1001/jama.294.22.2879
http://www.ncbi.nlm.nih.gov/pubmed/15120469
http://dx.doi.org/10.1016/j.jhealeco.2003.10.005
http://www.ncbi.nlm.nih.gov/pubmed/21919625
http://dx.doi.org/10.1080/07399332.2011.603872
http://www.ncbi.nlm.nih.gov/pmc/articles/3703826
http://www.ncbi.nlm.nih.gov/pubmed/11227840
http://dx.doi.org/10.1353/dem.2001.0003
http://www.ncbi.nlm.nih.gov/pubmed/15380021
http://dx.doi.org/10.1186/1477-7525-2-51
http://www.ncbi.nlm.nih.gov/pmc/articles/526383
http://www.ncbi.nlm.nih.gov/pubmed/25422803
http://dx.doi.org/10.4103/2278-330X.142958
http://www.ncbi.nlm.nih.gov/pmc/articles/4236695
http://www.ncbi.nlm.nih.gov/pubmed/21961711
http://dx.doi.org/10.1016/j.ogc.2011.05.002
http://www.ncbi.nlm.nih.gov/pmc/articles/3285482
http://www.ncbi.nlm.nih.gov/pubmed/27341520
http://dx.doi.org/10.1371/journal.pone.0156437
http://www.ncbi.nlm.nih.gov/pmc/articles/4920397
https://pmsma.nhp.gov.in/about-scheme/
https://wcd.nic.in/sites/default/files/FINAL PMMVY (FAQ) BOOKELT.pdf
http://www.ncbi.nlm.nih.gov/pubmed/27146890
http://dx.doi.org/10.1017/S0007114516001598
http://www.ncbi.nlm.nih.gov/pmc/articles/4890343
http://rchiips.org/nfhs/NFHS-4Reports/India.pdf
http://www.ncbi.nlm.nih.gov/pubmed/27340043
http://dx.doi.org/10.1016/j.puhe.2016.05.014
http://www.ncbi.nlm.nih.gov/pubmed/28367791
http://dx.doi.org/10.1017/S1368980017000416
http://www.ncbi.nlm.nih.gov/pmc/articles/5560196
https://docplayer.net/40685372-When-two-are-better-than-one-fitting-two-part-models-using-sas.html
http://www.ncbi.nlm.nih.gov/pubmed/23819872
http://dx.doi.org/10.1111/mcn.12046
http://www.ncbi.nlm.nih.gov/pmc/articles/3920637
https://www.jmnn.org/text.asp?2014/3/2/60/131954
http://www.ncbi.nlm.nih.gov/pubmed/27457926
http://dx.doi.org/10.1073/pnas.1604558113
http://www.ncbi.nlm.nih.gov/pmc/articles/4995944
http://www.ncbi.nlm.nih.gov/pubmed/17227135
http://dx.doi.org/10.1371/journal.pmed.0040020
http://www.ncbi.nlm.nih.gov/pmc/articles/1769410
http://dx.doi.org/10.1093/ije/dyg332
http://www.ncbi.nlm.nih.gov/pubmed/21402176
http://dx.doi.org/10.1016/j.arr.2011.03.003
http://www.ncbi.nlm.nih.gov/pubmed/28274966
http://dx.doi.org/10.1136/bmjopen-2016-013529
http://www.ncbi.nlm.nih.gov/pmc/articles/5353268
http://www.ncbi.nlm.nih.gov/pubmed/30766910
http://dx.doi.org/10.1016/j.ssmph.2019.100365
http://www.ncbi.nlm.nih.gov/pmc/articles/6360511
http://www.ncbi.nlm.nih.gov/pubmed/28588906
http://dx.doi.org/10.1136/bmjgh-2015-000005
http://www.ncbi.nlm.nih.gov/pmc/articles/5321300
http://www.ncbi.nlm.nih.gov/pubmed/32066377
http://dx.doi.org/10.1186/s12875-020-01104-1
http://www.ncbi.nlm.nih.gov/pmc/articles/7026948
http://www.ncbi.nlm.nih.gov/pubmed/21836677
http://dx.doi.org/10.4103/0019-5545.69232
http://www.ncbi.nlm.nih.gov/pmc/articles/3146212
https://www.nhp.gov.in/janani-suraksha-yojana-jsy-_pg
https://www.nhp.gov.in/reproductive-maternal-newborn-child-and-adolescent-health_pg
http://www.ncbi.nlm.nih.gov/pubmed/29029897
http://dx.doi.org/10.1016/S0140-6736(17)32129-3
http://www.ncbi.nlm.nih.gov/pmc/articles/5735219
http://www.ncbi.nlm.nih.gov/pubmed/15734228
http://dx.doi.org/10.1016/j.drugalcdep.2004.08.022
http://www.ncbi.nlm.nih.gov/pubmed/30114196
http://dx.doi.org/10.1371/journal.pone.0200775
http://www.ncbi.nlm.nih.gov/pmc/articles/6095495
https://dhsprogram.com/pubs/pdf/CR6/CR6.pdf
https://www.icf.com/

association with obesity and central obesity. Public Health Nutr. 2015; 18(16):
3031-3041.
PubMed Abstract | Publisher Full Text | Free Full Text

Schmidt CW: Age at Menopause: Do Chemical Exposures Play a Role? Environ
Health Perspect. 2017; 125(6): 062001.
PubMed Abstract | Publisher Full Text | Free Full Text

Shridhar G, Rajendra N, Murigendra H, et al.: Modern Diet and its Impact on
Human Health. J Nutr Food Sci. 2015; 05(06): 9-11.
Publisher Full Text

Singh KJ, Singh N: Smokeless Tobacco use among Male and Female in
Northeast State, India. 2016; 16(3).
Reference Source

Tetzlaff ), Epping J, Sperlich S, et al.: Widening inequalities in multimorbidity?
Time trends among the working population between 2005 and 2015 based
on German health insurance data. Int J Equity Health. 2018; 17(1):

103.

PubMed Abstract | Publisher Full Text | Free Full Text

Tushi A, Rao SR, Pattabi K, et al.: Prevalence of risk factors for non-
communicable diseases in a rural tribal population of Mokokchung,
Nagaland, India. Nat/ Med J India 2018; 31(1): 11-14.

PubMed Abstract | Publisher Full Text

United Nations: Goal3: Ensure healthy lives and promote well-being for all
at all ages. 2020.

Reference Source

Wellcome Open Research 2021, 5:275 Last updated: 22 FEB 2021

Verick S: Women'’s labour force participation in India: Why is it so low?
International labour Organization. 2011.
Reference Source

Waller M, Kanesarajah J, Waller M, et al.: Multimorbidity and quality of life at
mid-life: A systematic review of general population studies. Maturitas. 2018;
109: 53-62.

PubMed Abstract | Publisher Full Text

World Health Organization: Life Expectancy at birth. 2020a.

Reference Source

World Health Organization: Women'’s Health. 2020b.

Reference Source

World Health Organization: Women in Childbearing age. 2020c.

Reference Source

Xu X, Jones M, Mishra GD: Age at natural menopause and development
of chronic conditions and multimorbidity: results from an Australian
prospective cohort. Hum Reprod. 2020; 35(1): 203-211.

PubMed Abstract | Publisher Full Text

Yadav AK, Singh A: Age- and Sex-Specific Burden of Morbidity and Disability
in India: A Current Scenario. Evaluation of Health Services. 2020; 1: 11-13.
Publisher Full Text

Yang L, Lin L, Kartsonaki C, et al.: Menopause Characteristics, Total
Reproductive Years, and Risk of Cardiovascular Disease Among Chinese
Women. Circ Cardiovasc Qual Outcomes. 2017; 10(11): e004235.

PubMed Abstract | Publisher Full Text | Free Full Text

Page 16 of 21


http://www.ncbi.nlm.nih.gov/pubmed/25697609
http://dx.doi.org/10.1017/S1368980015000312
http://www.ncbi.nlm.nih.gov/pmc/articles/4831640
http://www.ncbi.nlm.nih.gov/pubmed/28650839
http://dx.doi.org/10.1289/EHP2093
http://www.ncbi.nlm.nih.gov/pmc/articles/5743449
http://dx.doi.org/10.4172/2155-9600.1000430
https://globaljournals.org/GJMR_Volume16/1-Smokeless-Tobacco-use-among-Male.pdf
http://www.ncbi.nlm.nih.gov/pubmed/30012163
http://dx.doi.org/10.1186/s12939-018-0815-z
http://www.ncbi.nlm.nih.gov/pmc/articles/6048702
http://www.ncbi.nlm.nih.gov/pubmed/30348915
http://dx.doi.org/10.4103/0970-258X.243405
https://www.un.org/sustainabledevelopment/health/
https://www.ilo.org/wcmsp5/groups/public/---asia/---ro-bangkok/---sro-new_delhi/documents/genericdocument/wcms_342357.pdf
http://www.ncbi.nlm.nih.gov/pubmed/29452782
http://dx.doi.org/10.1016/j.maturitas.2017.12.004
https://data.worldbank.org/indicator/SP.DYN.LE00.FE.IN?locations=IN
https://www.who.int/topics/womens_health/en/
https://www.who.int/ceh/indicators/malnourishedwomen.pdf
http://www.ncbi.nlm.nih.gov/pubmed/31955198
http://dx.doi.org/10.1093/humrep/dez259
http://dx.doi.org/10.5772/intechopen.89709
http://www.ncbi.nlm.nih.gov/pubmed/29117982
http://dx.doi.org/10.1161/CIRCOUTCOMES.117.004235
http://www.ncbi.nlm.nih.gov/pmc/articles/5704734

Wellcome Open Research Wellcome Open Research 2021, 5:275 Last updated: 22 FEB 2021

Open Peer Review

Current Peer Review Status: v

Reviewer Report 22 February 2021

https://doi.org/10.21956/wellcomeopenres.18185.r42678

© 2021 Bajpai R. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

+ Ram Bajpai
School of Medicine, Keele University, Keele, UK

Authors have appropriately responded on my previous comments. I have no further questions.

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Epidemiology, Biostatistics, Public health

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 03 December 2020

https://doi.org/10.21956/wellcomeopenres.18038.r41592

© 2020 Bajpai R. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

? Ram Bajpai
School of Medicine, Keele University, Keele, UK

Authors have well designed and presented their research work. However, the following
suggestion will help further to improve the quality of this report.

Why did authors use international criteria-based BMI rather than Asian criteria-based BMI (<18.5

Page 17 of 21


https://doi.org/10.21956/wellcomeopenres.18185.r42678
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-1227-2703
https://doi.org/10.21956/wellcomeopenres.18038.r41592
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-1227-2703

Wellcome Open Research Wellcome Open Research 2021, 5:275 Last updated: 22 FEB 2021

for underweight, 18.5-22.9 for normal-weight, 23.0-27.5 for overweight, and >27.5 for obese) for
women in this report? Some justification will be very helpful to wider audience of this report.

Negative binomial regression and hurdle models can also be used for similar purpose to model
over-dispersed count outcome variables. How authors did preferred two-part model over the
hurdle models and negative binomial regression? A proper explanation is solicited from authors
with citations in the analysis plan section.

The fit for each of two equations can be assessed with conventional tests and approaches as
suggested in the literature. So, how goodness-of-fit was checked for two-part-model (such as
deviance distribution, correlation between observed and predicted outcome, and link test for
model adequacy)?

How were colinearity and interactions between predictors and outcomes assessed and controlled
in the model? It should have been explained in the analysis plan.

The p-value statement is missing in the statistical analysis plan. Please add that.

Table 2 - reporting just mean number of morbidities is not helpful as the data were highly skewed.
Authors should consider median with IQR for those reported morbidity and they can highlight it in
the table footnote that it was calculated for non-zero morbidity group. Authors may also find other
appropriate way to present this data. Please do not report ‘p-value=0.000', a better approach
would be to report it as ‘p<0.001".

Figures 1 and 2 - is it possible to present India in bold at the bottom? Can you also put them side-
by-side in one figure for better comparison?

Table 3 - presents predictive probabilities/means along with respective standard errors (please
mention it). Is it possible to estimate and present ORs (with 95% CI) for first part and PRs (with 95%
CI) to the second part, as it will be easy to interpret results from the regression model?

No study is free of limitations. So, what are the study limitations, as I could not find any in this
report? Kindly report as appropriate.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?

Page 18 of 21



Wellcome Open Research Wellcome Open Research 2021, 5:275 Last updated: 22 FEB 2021

Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Epidemiology, Biostatistics, Public health

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Sanghamitra Pati, Indian Council of Medical Research, Department of Health Research,
Bhubaneswar, India

Reviewer Comments, Author Responses and Manuscript Changes

Comment #1: Why did authors use international criteria-based BMI rather than Asian
criteria-based BMI (<18.5 for underweight, 18.5-22.9 for normal-weight, 23.0-27.5 for
overweight, and >27.5 for obese) for women in this report? Some justification will be very
helpful to wider audience of this report.

Reply #1: Thank you for the observation. The authors utilized information from the fourth
round of the National Family Health Survey (NFHS-4), 2015-16, which falls under
Demographic and Health Surveys (DHS). In the present article, the authors have utilized
information on selected anthropometric and clinical diagnostic tests; thus, to maintain
consistency which the DHS guidelines, the authors used the cut-off suggested by the "Guide
to DHS Statistics-2018". The cut-offs mentioned in the DHS guide has been widely accepted.
The guide can be accessed using:
https://dhsprogram.com/pubs/pdf/DHSG1/Guide_to_DHS_Statistics_DHS-7.pdf.

Comment #2: Negative binomial regression and hurdle models can also be used for similar
purpose to model over-dispersed count outcome variables. How authors did preferred two-
part model over the hurdle models and negative binomial regression? A proper explanation
is solicited from authors with citations in the analysis plan section.

Reply #2: Thank you for the observation. We were interested in identifying the patterns of
one or more morbidities and to examine the correlates of multimorbidity among women in
the reproductive age group. While examining the correlates of multimorbidity, we have
conceptualized the research question in such a way that, we first identify whether a woman
is affected with multimorbidity or not, further we aimed to identify what are the average
number of morbidities in any individual affected with multimorbidity. Also, whether or not
there is any significant difference between the number of morbidities by background
characteristics. For this purpose, we have utilized a two-part model over other models. A
complete description is provided with reference in the analysis, which can be seen on page
10, line number 211-221.

Comment #3: The fit for each of two equations can be assessed with conventional tests and
approaches as suggested in the literature. So, how goodness-of-fit was checked for two-
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part-model (such as deviance distribution, correlation between observed and predicted
outcome, and link test for model adequacy)?

Reply #3: A Hosmer-Lemeshow and chi-square goodness of fit test were used to establish
model adequacy for logit (https://www.stata.com/manuals13/restatgof.pdf) and poission’
model (https://stats.idre.ucla.edu/stata/dae/poisson-regression/), respectively. The
goodness of fir statistics are presented in Table 3. Also, this part has been added in the
statistical analysis section on page 10, line 222-224.

Comment #4: How were collinearity and interactions between predictors and outcomes
assessed and controlled in the model? It should have been explained in the analysis plan.
Reply #4: Initially a range of socioeconomic, reproductive and lifestyle predictors were
included in the study. However, after checking the Variance Inflation Factor (VIF) few
reproductive variables were dropped (VIF>=10.0) from the final model. This is now
highlighted in the revised version of the manuscript and can be found on page 7, line 158-
160.

Comment #5: The p-value statement is missing in the statistical analysis plan. Please add
that.

Reply #5: The p-value statement has been added as suggested by the reviewer. The
changes can be found on page 10, line 221.

Comment #6: Table 2 - reporting just mean number of morbidities is not helpful as the data
were highly skewed. Authors should consider median with IQR for those reported morbidity
and they can highlight it in the table footnote that it was calculated for non-zero morbidity
group. Authors may also find other appropriate way to present this data. Please do not
report ‘p-value=0.000', a better approach would be to report it as ‘p<0.001".

Reply #6: Thank you for the suggestion. We have made all the changes as suggested, which
can be seen in the Table 2.

Comment #7: Figures 1 and 2 - is it possible to present India in bold at the bottom? Can you
also put them side-by-side in one figure for better comparison?

Reply #7: Thank you for the suggestion, the figures are now kept side-by-side as suggested
by the reviewer. Further, figures 1 and 2, states/union territories are placed in a descending
order of prevalence of any-one and multimorbidity, so that their comparative position with
respect to the national average (India) is clearly visible.

Comment #8: Table 3 - presents predictive probabilities/means along with respective
standard errors (please mention it). Is it possible to estimate and present ORs (with 95% CI)
for first part and PRs (with 95% CI) to the second part, as it will be easy to interpret results
from the regression model?

Reply #8: This comment has been extremely insightful. In the Table 3 we have now replaced
the existing predictive probabilities in the poisson’ regression with predictive means
(average number of chronic conditions) in individual affected with multimorbidity. Both
predictive probabilities (in logistic regression) and predictive means are substituted with
Standard Error (S.E.) as suggested by the reviewer.

Comment #9: No study is free of limitations. So, what are the study limitations, as I could
not find any in this report? Kindly report as appropriate.
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Reply #9: Thank you for the observation. The major limitation of the present study is that it
does not include a large number of chronic conditions (only seven conditions were included)
or variations of the chronic diseases, thus missing out on the vital aspect of mental health
as NFHS does not provide this information. However, adhering to the journal- Wellcome
Open Research’s author guidelines, we could not add a separate section on strengths and
limitations of the study, therefore the aforementioned paragraph was added in the
discussion section of the manuscript. The limitation can be found on page 18, line 415-418.
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