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Abstract

Purpose Diabetes is one of the leading causes of mortality and morbidity among women in India. The burden of diabetes among
women was found to increase with age and exposure to the post-partum period. The present study examines the spatial variation
in the prevalence of diabetes among women in the late reproductive age-group of 35-49 years across 640 districts in India.
Methods The study utilized data from the recent round of the National Family Health Survey, 2015-16. Age-standardized
prevalence rates were calculated, followed by an examination of economic inequality using the poor-rich-ratio (PRR) and
Wagstaff’s concentration index. Spatial variation in the prevalence of diabetes was explored with a series of quantile maps,
univariate, and bivariate LISA cluster maps. Further, to explore the district-level diabetes prevalence among women in the
country, Ordinary Least Square and Spatial Autoregressive (SAR) models were used.

Results The study findings affirm the presence of spatial clustering in the burden of diabetes among women. The burden is
relatively higher among women from the Southern and Eastern parts of the country. Findings establish obesity, hypertension, and
living in urban areas as major correlates of diabetes.

Conclusion Program with an aim to lower the intensity of community-based prevalence of diabetes, especially among women in
their late reproductive ages, should adopt differential approaches across different states/districts in the context of their lifestyle,
dietary pattern, working pattern, and other socio-cultural practices.
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Introduction the body to utilize insulin properly. It may trigger due to genetic

disposition, lifestyle, or dietary habits. It leads to an increased

In the twenty-first century, diabetes is one of the leading threats
to human health and is increasing rapidly all over the world at
an alarming rate. It is one of the most common diseases that
involve a range of metabolic disorders due to an increase in
blood sugar levels. It is chronic and may be caused by an
absence or insufficient production of insulin or an inability of
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concentration of glucose in the blood (hyperglycaemia), which
is a symptom and not the cause of this disease. It is associated
with numerous health conditions like obesity, hypertension,
and a range of heart-related ailments [1].

Today diabetes has become more prevalent than ever be-
fore. Though it may affect people of any age, those over
35 years are most affected. According to the recent estimates
by International Diabetes Federation (IDF), in 2016, 422 mil-
lion people live with diabetes around the world, and this num-
ber is projected to grow to 762 million by 2030 [2]. Diabetes is
divided into type 1 and type 2. Bodies of Individuals who have
type 1 diabetes do not produce insulin, whereas those with
type-2 diabetes do not respond to insulin or do not make
enough insulin. It has also been estimated that 85 to 90% of
these diabetes cases constitute type-2 diabetes globally [3].

Recent studies by the World Health Organization (WHO)
show that a considerable number of people with diabetes orig-
inate from low-and-middle-income countries. Existing
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literature suggests this elevation in the incidence of diabetes in
developing countries, to be contributed by the increasing ur-
banization, changing lifestyles pattern, which is primarily sed-
entary. Additionally, the global nutrition transition marked by
increased intake of high-energy foods with poor nutritional
composition has acted as a catalyst in further accelerating
the levels [4].

In recent years, diabetes has been identified as one of the
leading causes of morbidity and mortality, influencing not just
older adults but also young and middle-aged persons. Around
2.2 million deaths worldwide were attributable to high blood
glucose, and the increased risks of associated complications
(e.g., heart disease, stroke, kidney failure), which often result
in premature death and these complications are often listed as
the underlying cause of death instead of diabetes [2].

In the current health transition in India, resulting as a unifi-
cation of demographic and epidemiological shift, the burden of
Non-Communicable Diseases (NCDs) has been projected to be
doubled by 2030. This is primarily due to development-oriented
changes in the lifestyle and dietary patterns of the population
[4—6]. There has been tremendous heterogeneity across the dis-
tricts in the country, which has widened significantly after the
advent of the economic liberalization of the 1990s.
Consequently, the pattern of development and lifestyle changes
have not been uniform and are greatly influenced by social
stratification and class, resulting in differential prevalence in
obesity, hypertension, and other risk factors for diabetes [7].

Moreover, existing literature points out the existence of a
gap between the level of obesity for the women who have been
experiencing the post-partum period at least once and those
who have never undergone a conception [8, 9]. Studies also
recommend that the effect of being in a post-partum period
further accelerates by the action of changes in the level of
urbanization and dietary practices [8, 9]. Therefore, it is crucial
to explore the spatial variations in the burden of diabetes for
strengthening policy-related interventions.

Thus, with the increasing prevalence of diabetes in India,
this paper attempts to answer research questions about the
nature and types of meso-scale variables affecting the preva-
lence of diabetes among women in their late reproductive
ages? And, what is the nature of spatial clustering and disper-
sion of diabetes among women in India? Given these research
questions, the primary objective of this paper is to explore the
spatial heterogeneity and identify the correlates of diabetes
among women age 35-49 years across 640 districts in India.

Material and methods
Data

The study utilized data from the fourth round of the National
Family Health Survey (NFHS)-4 in India, which is a cross-
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sectional survey conducted during 2015-16. NFHS is con-
ducted under the stewardship of the Ministry of Health and
Family Welfare (MoHFW), Government of India. The survey
provides information on demographic and health indicators at
the national, regional, state, and district levels from a nation-
ally representative sample.

NFHS-4 (2015-16) collected information from a total
of 601,509 households and 699,686 women aged between
15 and 49 years [10]. It is for the first time that NFHS has
measured population-based blood glucose levels among
all the interviewed women aged 15—49 years and men
aged 15-54 years. The information on the emerging
health issues, including the prevalence of diabetes for
each of 640 districts in the country for women is available
in the public domain [10]. However, all the estimates
generated for men and selected estimates on women were
provided only at state level. The district-level shapefile
was retrieved from GitHub through https://github.com/
datameet/maps/tree/master/Districts. Other relevant
information regarding the study design and response
rates in the NFHS-4 can be obtained from the
Demographic and Health Surveys website [10].

Ethical statement

This study utilizes secondary data from a national survey con-
ducted under the stewardship of the Ministry of Health &
Family Welfare, Government of India, with the help of the
International Institute for Population Sciences as the nodal
agency. The data does not contain any identifiable information
on the study subjects. This de-identified data has been ar-
chived in the Demographic and Health Surveys (DHS) public
repository, where the data is easily accessible using https://
www.dhsprogram.com/data/available-datasets.cfm. All the
study tools utilized in the survey have received ethical
approval from the Institutional Review Board (IRB) at the
International Institute for Population Sciences (IIPS),
Mumbai, India.

Study population

As already discussed, experiencing the post-partum period at
least once increases the risk of being obese, which is a primary
risk factor of diabetes. Thus, in the present study number of
children ever born (CEB) is considered as a proxy of
experiencing a post-partum period. Also, the study assumes
that women in their late reproductive ages, i.e., 35-49 years
have completed their desired family size. Thus, after stratify-
ing the data for age and removing the outliers, the data on
235,056 women aged 35-49 years have been analyzed to
draw inferences.
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Outcomes

The presence of diabetes is considered to be the outcome of
interest. It is a general practice of utilizing fasting blood sugar
levels to measure whether or not an individual suffers from
diabetes. However, as NFHS does not provide data on fasting
blood sugar during the survey, a respondent was considered as
diabetic if the random blood sugar (RBS) level was >140 mg/
di[10].

Predictor variables

The predictors included in the study were based on the
existing literature that aims to identify the burden and risk
factors associated with various chronic diseases [8, 11, 12].
Health-related inequalities are grounded on socio-economic
and demographic factors; thus, the study included age (in
years), place of residence, social group, religion, years of
schooling, and wealth index. Out of all the variables included
in the study, social group (caste) and religion are essential
indicators of Socio-economic status (SES), as they affect the
dietary patterns and accessibility to health care resources in
India [13, 14]. The social group was divided into two catego-
ries on the basis of social exclusion, namely socially deprived
and not-deprived. The deprived group consisted of Scheduled
Castes and Scheduled Tribes, which are traditionally most
underprivileged sections of the Indian society, whereas, all
the other castes combined to form not deprived category
[14]. Also, as NFHS does not provide data on the income of
the individual, the DHS wealth index has been used as a
proxy. The construction utilizes information on all the possi-
ble assets, and utility services present in any household. The
wealth index was constructed using a Principle Component
Analysis (PCA), as suggested by Rutstein [15].

It is worth mentioning that as the study is based on women
in their late reproductive ages, it is important to include the
total number of Children Ever Born (CEB). Additionally, the
study included two major comorbidities of diabetes, i.e., obe-
sity [16] and hypertension [17]. Obesity and hypertension
were computed using Body Mass Index (BMI) and measured
Diastolic (DBP) and Systolic Blood Pressure (SBP), respec-
tively. An individual falls into the category of obese if his/her
BMI is higher than or equal to 30 kg/m? [10]. Also, the re-
spondent was considered as hypertensive if the systolic blood
pressure (SBP) was >140 mmHg or diastolic blood pressure
(DPB) was >90 mmHg, or the respondent is presently taking
medications to lower the blood pressure [10]. It was the first
time in the history of NFHS that biomarker data were collect-
ed at the district level for all states and Union Territories (UTs)
of the country. Additionally, all the aforementioned cut-offs
have been derived from the accepted ranges utilized by the
National Family Health Survey [10].

Statistical analysis

The study aims to explore the levels, inequalities, and spatial
differentials of diabetes among women in the age-group of
35-49 years in India. The entire analysis was, therefore, di-
vided into two sets of statistical methods. In the first set of
statistical tools, the age-adjusted prevalence of diabetes
among selected women has been calculated. Age-adjusted
prevalence rates were calculated using the direct standardiza-
tion method, considering Census 2011, as the standard popu-
lation. The proportion of age-specific census population by
the total census population was used as weights [18].
Additionally, in order to explore economic inequality in the
prevalence of diabetes, the poor-rich-ratio (PRR) and
Wagstaff’s concentration index have been utilized.

In the second approach, to carry out the sub-national level
analysis, districts have been chosen as the unit of analysis.
Initially, a shapefile for 640 districts was generated for
conducting the exploratory spatial analysis. This exploratory
spatial analysis included generating a district-level quintile
map. Further to examine the spatial dependence and clustering
of diabetes burden appropriate measures like, Moran’s I indi-
ces, and univariate Local Indicator of Spatial Autocorrelation
(LISA) cluster and significance maps were generated. Spatial
weights of order one, using a Queen’s contiguity weight ma-
trix were generated, which are essential for the computation of
spatial autocorrelation indices. Queen’s contiguity matrix is a
method of calculating weights based on contiguity from the
polygon boundary file. It was selected to explore the existence
of interdependence between diabetes prevalence and the se-
lected set of predictors in the neighbouring districts. Further
measures like Bivariate Moran’s | indices, Local Indicator of
Spatial Autocorrelation (LISA), and spatial regression tech-
niques have been used to examine the spatial dependence
and correlates of diabetes [11, 17, 19, 20].

At the preliminary level, Ordinary Least Square (OLS) re-
gression with diabetes prevalence as an outcome was taken
into consideration. Additionally, to control the spatial effects,
spatial autoregressive (SAR) models were fitted to the data.
Diagnostics tests for spatial dependence were carried out for
both the models to identify the best spatial fit. A larger value
of Legrange Multiplier (LM) and a relatively larger value of
adjusted R? explains the better model adequacy. Additionally,
lower values of the Akaike Info Criterion (AIC), demonstrates
better suitability of the model [17].

The basic analysis was completed using STATA Version
15.0 (StataCorp, Texas). Geo-Da version 1.12.1.129
(Teknowledgist, New York) was used to do the spatial analy-
sis. Data visualization was done using R Studio version
1.1.463 (R Studio, Inc.). All the estimates provided in this
study are derived by applying appropriate sampling weights
contributed by Demographic and Health Survey (DHS) India,
2015-16.
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Results

The present study on the spatial variation in the prevalence of
diabetes among women in their late reproductive ages (35—
49 years) is based on a nationally represented sample of
235,056 women from all 36 States/Union Territories (UTs)
covering 640 districts of India.

Description of the study subjects

Figure 1 depicts the diabetes prevalence among women in
their late reproductive ages (3549 years) by age in single
years. The findings from the figure suggest that with an in-
crease in age (in years), the burden of diabetes increases. Thus,
diabetes prevalence for women aged 35, 40, 45, 49 years is
6.5,9.1, 12.3, and 16.1 per 100 women, respectively.

Table 1 provides the findings from the descriptive statistics
for the sample under consideration. The majority of the re-
spondent belonged to 35-39 years of age-group (37.34%).
Around 65.0% of the respondent belonged to rural areas,
and 82.0% followed Hinduism. Around 72% of the
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Diabetes Prevalence (per 100 women)
=

respondent belonged to socially non-deprived sections of the
society. Around 80% had education below nine years.
Twenty-three percent of the respondent belonged to the richest
wealth quintile. Fifty-seven percent of the respondent had
more than two children ever born. The majority of the respon-
dents were not obese (89.9%) and not hypertensive (91.2%).

The burden of diabetes by selected background
characteristics

The burden of diabetes by selected background characteristics
is presented in Table 1. To calculate the burden of diabetes
among women in their late reproductive ages (3549 years),
the age-standardized prevalence of diabetes was calculated,
where the standardization of age was done using the weights
generated from the Census of India, 2011 [18].

The results suggest that the age-adjusted prevalence of di-
abetes among women aged 3549 years in India was about
10.7%. The prevalence of diabetes was higher amongst re-
spondent from urban areas [PR=13.15 (13.08-13.22)], be-
longing to the socially-non-deprived group [PR =10.99

45

Age (in years)

Fig. 1 Prevalence of diabetes among women in their late reproductive ages (3549 years) in India, National Family Health Survey, 2015-16
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Table 1 Descriptive Statistics

and age-standardized prevalence Predictors

Weighted Percentage [Frequency] Age-standardized prevalence

of diabetes along with 95% CI
among women in their late repro-
ductive ages (3549 years) in
India, 2015-16

Age (in years)
35-39
4044
45-49
Place of Residence
Rural
Urban
Caste
Socially Deprived
Socially Non-Deprived
Religion
Hindu
Non-Hindu
Years of Schooling
0-9
10 or more
Wealth Index
Poorest
Poorer
Middle
Richer
Richest
Number of children ever born
At most 2
More than 2
Obesity
Yes
No
Hypertension
Yes
No
Total

37.34 [88726]
32.08[75153]
30.58[71177]

64.41 [164512]
35.59 [70544]

9.28 [9.24-9.33]
13.15 [13.08-13.22]

28.35 [82569]
71.65 [152487]

9.62 [9.55-9.69]
10.99 [10.94-11.04]

81.98 [176733]
18.02 [58323]

10.42 [10.38-10.46]
11.75 [11.65-11.85]

79.23 [188660]
20.77 [46396]

10.08 [10.04-10.12]
13.20 [13.11-13.30]

17.14 [43967]
18.96 [48922]
20.05[48057]
21.26 [46760]
22.60 [47350]

7.01 [6.93-7.09]
8.59 [8.51-8.68]
9.97 [9.88-10.05]
12.95 [12.86-13.05]
13.46 [13.37-13.55]

42,94 [90753]
57.06 [144303]

11.89 [11.82-11.95]
9.79 [9.74-9.84]

89.85 [20629]
10.15 [214404]

20.84 [20.68-21.00]
9.47[9.43-9.51]

8.82 [18743]
91.18 [182022]
100.00 [235056]

18.89 [18.71-19.08]
9.349.30-9.39]
10.65 [10.62-10.69]

(10.94-11.04)], non-Hindu religion [PR=11.75 (11.65—
11.85)], and those with ten or more years of schooling
[PR =13.20 (13.11-13.30)] than their respective counterparts.
Furthermore, the prevalence was found to be increasing by
wealth, i.e., it was least for the poorest category [PR =7.01
(6.93-7.09)] and highest for richest wealth [PR =13.46
(13.37-13.55) group. The prevalence was highest among
women with at most two Children Ever Born (CEB) [PR =
11.89 (11.82-11.95)]. Women in their late reproductive ages
who were obese were more likely to be diabetic than those
who were non-obese [PR =20.84 (20.68-21.00)]. Also, the
prevalence of diabetes was higher among women with hyper-
tension [PR =18.89 (18.71-19.08)].

Age-standardized prevalence of diabetes across different
States/Union Territories (UTs) is presented in Fig. 2. Results
portray that all the Southern states, along with Mizoram, and

Goa have a substantially higher prevalence of diabetes. On the
other hand, states Rajasthan, Bihar, Meghalaya, Jharkhand,
and Arunachal Pradesh had a lower age-adjusted prevalence
of diabetes than the national average.

Inequalities in the diabetes burden

To identify the inequalities in the burden of diabetes, two
indicators, namely, poor-rich-ratio (PRR) and Wagstaff’s con-
centration index, have been utilized. It is apparent from the
results in Table 2 that there is a massive gap in the prevalence
of diabetes across poor and non-poor with a relatively larger
concentration among non-poor, which holds even across dif-
ferent categories of the place of residence, educational attain-
ment of women and various regions in the country. However,
the disparity in the prevalence of diabetes is highest in the

@ Springer



J Diabetes Metab Disord (2020) 19:523-533

I 20.91
I 16.93
_ 14.95

] 14.94

528
Fig. 2 Age-standardized Lakshadweep -
prevalence of diabetes among Andaman and Nicobar Island =
women in their late reproductive Andhra Pradesh =
ages (3549 years) across Mizoram -
different States/Union Territories Kerala -
in India, 2015-16 Goa-
Puducherry =

_ 14.42

14.31

. 13.81

Delhi- (] 13.39

Tamil Nadu - _ 12.86
Manipur = ] 12.74
Telangana - _ 12.61
Tripura - ] 12.51
Odisha* _ 12.35
@ Sikkim - ] 12.09
5 Nagaland - ] 11.95
= Kamataka - _ 11.94
c WestBengal- [ 11.77
H Punab- [ 11.71
g Utirakhand - (] 11.42
g Jammu and Kashmir- (] 10.95
p Damanand Diu- (N 10,74
IS iNoia- I 10.65
b Himachal Pradesh - [ 10,56
- Gujarat- (] 10.52
Chhattisgarh - (] 9.97
Maharastra - _ 9.79
Chandigarh - [ 9.63
Assam= [ ] 949
Uttar Pradesh - [ 9,43
Haryana- [ 8.99
Madhya Pradesh- (] 8.98
Arunachal Pradesh= | ] 8.64
Jharkhand - ] 8.56
Meghalaya= | ] 8.01
Dadra and Nagar Haveli = S 7.97
Bihar- [ 7,71
Rajasthan- [T 6.41
0 5 10 15 20
Diabetes Prevalence (per 100 women)
CENTRAL I INDIA NORTH-EAST . WEST
Region
EAST NORTH SOUTH

Eastern and Southern regions of the country and also among
the women who have completed 0-9 years of schooling.
These findings are also affirmed with the concentration index
concerning the place of residence, years of education, and
region of residence. The results depict that in all sub-groups
of the selected predictors, a positive value of concentration
index exists, which means that the prevalence of diabetes is
higher for the women belonging to well-off households in all
the selected sub-groups. However, the value to concentration
Index was found to be higher among women from Eastern,
North-eastern, and Southern regions.

Spatial variation in the prevalence of diabetes

The spatial heterogeneity in the prevalence of diabetes among
women in their late reproductive ages has dual evidence from
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quintile map as well as univariate LISA maps, presented in
Figs. 3 and 4, respectively. It is evident from the quintile map
that 254 districts in the country have a very high level of
diabetes prevalence (greater than 10.7%) among women in
their late reproductive ages. Another 130 districts have a mod-
erately high prevalence of diabetes ranging from 8.7 to 10.6%.
Most of these districts are located in the Southern and Eastern
parts of the country. Findings suggest striking geographic
clustering (Moran’s I = 0.42, p value = 0.001) of higher diabe-
tes prevalence in the Southern and Eastern parts of the coun-
try; on the other hand, there were regions with substantially
lower diabetes prevalence rates in parts of Central India. A
detailed description of districts classified as hot spots (73 dis-
tricts: Southern = 38 districts; Eastern: 11 districts; North-east-
ern:10 districts; Central region:8 districts; Northern:6 districts)
and cold spots (107 districts: Central region: 44 districts;
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Table 2 Poor-rich-ratio and

concentration index in the Predictors Diabetes Prevalence Concentration Index (CI) SE (CD
prevalence of diabetes among
women in late reproductive ages Poor Rich Poor/Rich Ratio
(3549 years) in India, 2015-16
Residence 0.13437%:#* 0.004
Urban 10.05 13.08 0.77 0.05097##* 0.005
Rural 8.05 11.61 0.69 0.1179%#* 0.005
Years of Schooling 0.1343%** 0.004
0-9 Years 8.24 12.79 0.64 0.144%*%* 0.004
10 or more years 9.22 11.90 0.77 0.043#** 0.007
Region 0.1343%:#* 0.004
Northern 6.69 10.15 0.66 0.1118%** 0.009
North-eastern 9.30 12.90 0.72 0.1400%#* 0.009
Central 7.84 12.11 0.65 0.1296%#* 0.007
Eastern 8.42 13.55 0.62 0.1594##* 0.008
Western 7.71 11.36 0.68 0.1157%#%** 0.012
Southern 9.76 15.65 0.62 0.1304%#* 0.008

#p < 0.05, #p < 0.01, #%p < 0.001

Northern:31 districts; Eastern: 22 districts; North-eastern:7
districts; Western =4 districts) is provided in the supplemen-
tary material provided (Additional file 1 and
Additional file 2).

Bivariate LISA results

Bivariate LISA examines the spatial relationship between the
exposure and the outcome variable for the 640 districts of the
country. Further, the values of Moran’s-I results presented in
Table 3 provide quantitative evidence that the districts that had
a higher proportion of urban areas were more likely to record
higher prevalence rates of diabetes. However, the value of

Diabetes Prevalence (Per 100 women)

B rserem
1 [7.45.9.53
1 [5.53.12.6
] [12.6.22.7]

bivariate Moran’s I is highest with respect to the proportion
of women aged 3549 years having two or less CEB (Moran’s
[=0.38, p<0.001), having obesity (Moran’s 1=0.27,
»<0.000), coming from economically better-off households
(Moran’s [=0.22, p <0.000), living in urban areas (Moran’s
1=0.19, p<0.000) and having hypertension (Moran’s I=
0.14, p <0.000).

Spatial correlates of diabetes burden

Results of the Ordinary Least Squares (OLS), Spatial Lag
Model (SLM) and, Spatial Error Model (SEM) are presented
in Table 4. All the variables which were significantly

Fig. 3 Quintile map depicting the spatial distribution of diabetes across 640 districts of India, 2015-16 (NFHS-4)
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Fig.4 Univariate LISA (cluster and significance) maps depicting spatial clustering and spatial outliers of diabetes across 640 districts of India, 2015-16

(NFHS-4)

associated in the bivariate analysis were included in the re-
gression model. The results from the OLS regression analysis
show that having obesity and hypertension, two or more CEB,
belonging to economically well-off households and urbanisa-
tion, are significantly associated with the burden of diabetes
across India. Further, spatial models (SLM and SEM) are
utilized to take spatial dependence into consideration.
Findings from the model diagnostics suggest that SEM per-
forms better than the other two models. The auto-regressive
coefficient (error lag value A) is 0.51, indicating a significantly
higher spatial clustering in the diabetes prevalence, which is
accounted for the geographical pattern of measured and un-
measured independent variables. The findings portray that the

Table 3  Bivariate Moran’s I statistics for diabetes prevalence by
selected background characteristic in India, 201516

Predictors Moran’s | value (p-value)
Urban 0.19 (0.000)
Non-SC/ST 0.02 (0.412)
Non-Hindu 0.14 (0.238)
Ten years of schooling or more 0.07 (0.000)
Women having two or less CEB 0.38 (0.000)
Rich 0.22 (0.000)
Obesity 0.27 (0.000)
Hypertension 0.14 (0.000)

@ Springer

prevalence of diabetes among women aged 3549 years in
India is significantly affected by space. Being obese, hyper-
tensive, and having two or less number of children ever born
(CEB) and living in urban areas were the key predictors sig-
nificantly explaining the spatial dependence in the prevalence
of diabetes. It is worth emphasizing that the inclusion of spa-
tial weights in the model has increased the predicting power of
the model from 34% in case of OLS to 47% in the selected
spatial regression model (SEM), indicating spatial clustering
in the prevalence of diabetes among women aged 35-49 years
in the country.

Discussion

In the existing epidemiological transition in India, especially
after the economic liberalization in the early 1990s, the burden
of NCDs with the dominance of diabetes has been projected to
be doubled by 2030 [21]. Development-oriented changes in
the lifestyle of people, increasing urbanization, economic
prosperity, and dietary practices have been considered as the
major correlates of the increasing prevalence of diabetes.
However, the pattern of development and lifestyle changes
have not been uniform across the country and vary to a large
extent by class and social stratification. This has resulted in a
differential prevalence of obesity, hypertension, and other risk
factors for diabetes [21].
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Table 4  Ordinary Least Squares, Spatial Error and Spatial Lag model to assess the association between diabetes and selected background variables

among women aged 35-49 years, India, 2015-16

Predictors Ordinary Least Square (OLS)

Spatial Lag Model (SLM) Spatial Error Model (SEM)

Urban
Ten or more years of schooling
Women with CEB less than two

0.030 (0.000)
0.024 (0.139)
0.058 (0.000)

Rich 0.044 (0.000)
Obesity 0.236 (0.000)
Hypertension 0.121 (0.000)
Constant 4.121 (0.000)
Number of Observations 640

Log likelihood -1612.12
AIC 3242.24
Adjusted R square 0.34

Lag Coefficient (p)

Error Lag Value (A)

0.027 (0.000)
0.017 (0.264)
0.027 (0.001)
0.031 (0.001)
0.180 (0.000)
0.109 (0.000)
1.203 (0.035)

0.018 (0.044)
0.010 (0.019)
0.036 (0.005)
0.013 (0.314)
0.221 (0.000)
0.111 (0.000)
4411 (0.000)

640 640
—1562.68 —1560.95
3145.36 3139.9
0.46 0.47
0.452 (0.000)

0.512 (0.000)

The burden of various chronic NCDs were reported to in-
crease disproportionally among the women who are about to
achieve their menopause in different country settings [22-26].
Thus, women in the later stages of their reproductive cycle are
more prone to get affected by one or more chronic diseases
[22-26]. Additionally, the estimates from the Causes of
Disease statistics suggest that diabetes-related mortality is
higher amongst the women as compared to men in India
[27]. Therefore, an attempt has been made in this study to
explore the burden and inequalities in the diabetes burden
among women in the late reproductive years in India. This
issue is vital, as diabetes control in any population has a dual
challenge of reducing the levels as well as inequalities across
different sub-population. Monitoring and tackling disparities
in diabetes and increased risks of associated complications
like cardiovascular disease, stroke, kidney failure, etc., be-
tween socio-economic groups within countries has become
an increasingly important objective for health interventions.

The analysis in this paper has been organized to focus on
the correlates and spatial heterogeneity in the prevalence of
diabetes among women aged 35-49 years across 640 districts
in India using a nationally representative sample of 235,056
women from all 36 States/Union Territories (UT). Socio-
economic and cultural heterogeneity in different regions of
the country is expected to result in a differential lifestyle,
which works as a catalyst in intensifying the pace of epidemi-
ological transition with the ongoing age-structural transition.

Results portray that the prevalence of diabetes among
women in their late reproductive ages was highest among
those with two or fewer children ever born, who are more
likely to be educated, belonging to economically prosperous
households, living in urban areas and hence enjoying chang-
ing lifestyle with modernization, increased access to high en-
ergy (refined and processed) food and development. Findings

clearly portray a higher prevalence of diabetes among urban
women in India, who are one and a half times more likely to
suffer from diabetes than their rural counterparts. These results
are similar to the findings of Deshpande et al. (2008) and
Ramachandran et al. (2012) based on data from South Asian
countries that have pointed the increased diabetes risk was
related with age, ethnicity, physical inactivity, obesity, and
family history of diabetes [1, 28]. The urban-rural divide in
the prevalence of diabetes is narrowing as urbanization is
spreading widely, and is adversely affecting the lifestyle of
populations [29].

Women in their late reproductive ages who were obese
were more likely to be diabetic than those who were non-
obese. This may be primarily because increasing obesity cre-
ates metabolic disturbances associated with insulin resistance,
which occurs when beta cells of the pancreas do not produce
and utilize sufficient insulin, a similar finding of Park et al.,
1995, on their study in South Korea. Keen et al., 1979 identi-
fied obesity as a primary risk factor for diabetes about four
decades back and highlighted that among obese women, even
moderate changes in pre-pregnancy weight could affect the
risk of gestational diabetes. Therefore, all the programs and
services to address NCDs among women in their reproductive
ages should prioritize addressing overweight and obesity
among women to reduce the risk of diabetes [29].

Consistent with the theoretical premises and findings from
other studies in the region [29], hypertension has been another
comorbidity of diabetes among women in India as the preva-
lence of diabetes was higher among women with hypertension.
Imam and Hossain (2012) also observed that diabetes is more
common among those persons who have a sedentary lifestyle,
i.e., are mostly physically inactive, having high blood pressure
and excess body weight. This complete picture is prominent in
the urban areas compared to the rural areas [30].
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The findings of this study portray a relatively larger con-
centration of diabetes among women in the Southern and
Eastern parts of the country, which are traditionally and cul-
turally known as rice-meat-and-fish-eating areas, with higher
consumption of sweets and snacks which are rich in trans-fats
[31-33]. The clustering in diabetes prevalence is also affirmed
with significantly higher values of Moran’s I and auto-
regressive coefficient accounting for the geographical pattern
of measured and unmeasured independent variables. The find-
ings portray that in the prevalence of diabetes among women
aged 3549 years in India, is significantly affected by space.
Being obese, hypertensive, and having two or less number of
children ever born (CEB) were the key predictors significantly
explaining the spatial dependence in the prevalence of diabe-
tes among women aged 3549 years in India. Among all the
predictors included in the spatial model, the chance of suffer-
ing from diabetes is increasing with the highest pace with
increasing obesity and hence creates a startling situation.
However, as the study utilized data from a cross-sectional
survey, no causal associations can be drawn.

Conclusion

The study findings indicate that accelerating rates of chronic
morbidities, like diabetes needs to be given a importance in
context of women who are about to complete their reproduc-
tive cycle, i.e., about to reach menopause. Also, increasing
obesity among women aged 3549 years needs to be priori-
tized as part of promoting a healthy lifestyle through physical
exercise and salubrious dietary practices. A larger share of
diabetes in India consists of type-2 diabetes, which can be
prevented or delayed through lifestyle interventions. Many
international randomized controlled trials have confirmed that
we can stop the progression from pre-diabetes to type-2 dia-
betes by using planned lifestyle behaviour change programs
[34]. Therefore, programs and interventions to lower the in-
tensity of community-based prevalence of diabetes, especially
among women in their late reproductive ages, should adopt
differential approach across different states/districts in the
context their lifestyle, dietary pattern, working pattern and
other socio-cultural practices keeping levels of obesity in the
central place.
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