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The Diabetes Paradox in India: Case of Kerala and Bihar

Rajeshwari A. Biradar !, Dharmendra P. Singh? and Shiva S. Halli®

Abstract: Unlike in other populations, in India, the state with one of the worst health
indicators, Bihar, has the lowest diabetes rate, whereas a state with one of the best health
indicators, Kerala, shows the highest diabetes rate. In the absence of a systematic study
with a national representative sample to help policymakers, this study makes an attempt
to understand this paradoxical phenomenon in two Indian states. The most recent
National Family Health Survey data are analysed using bivariate and multivariate logistic
regression to understand the differences in diabetes prevalence among the two states. The
multivariate logistic regression odds ratios do not show significant associations between
diabetes prevalence and education, wealth index, caste and religion. In both the states,
background variables and lifestyle factors such as drinking alcohol and tobacco
consumption are not significant in explaining the geographic distributions in diabetes.
Future studies may be required to highlight other geographical differences, including
ethnic phenotype, genetic factors, and elevation from sea level to explain the diabetes
prevalence.

Key Words: Diabetes paradox, Geographical differences, National Family Health
Survey, India, Men and Women.

Introduction

Analysis of recent statistical data reveals that diabetes has several new epidemiological
features. First, diabetes keeps growing steadily in high-income countries, such as the United
States and Japan (Wild et al. 2004). Moreover, diabetes rates have been growing at an alarming
rate in low-and middle-income countries (WHO, 2019; Aguiree, 2013). Even today, seven out of
the top ten nations with the highest number of diabetes patients are from low-or middle-income
countries, including India (Diamond, 2011). It is predicted that diabetes will continue to grow in
the next twenty years, but more than 70% of the patients will be from developing countries
(Wild, 2004). A review of the literature on diabetes in India indicates that the southern states
have a higher prevalence of diabetes. The first study in South India was at Vellore, a hospital-
based study of 63,356 individuals, and the prevalence of diabetes was 2.5% (Vaishnava et al.,
1964). Another study conducted in 1966 showed the early signs of the looming diabetes
epidemic in Hyderabad, which reported a high prevalence of 4.1% (Rao et al., 1966). In 1984,
house to house surveys conducted among individuals aged 15 years and above in Tenali, a small
town in Andhra Pradesh and rural population of Pondicherry (now Puducherry), reported a
prevalence of 4.7% respectively (Murthy et al., 1984). Recent research also revealed that there
are large differences in diabetes prevalence between states in India (Anjana et al., 2011; Anjana
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et al., 2017; Tandon et al., 2018; Geldsetzer et al., 2018). Based on district-level analyses in
India, other recent studies indicated that there is a strong clustering of diabetes at district level
(Biradar and Singh, 2019; Ghosh et al., 2019). What is intriguing about these studies is that the
southern states tend to have higher prevalence of diabetes in India although they have better
health and demographic indicators (Tandon et al., 2018; Biradar and Singh, 2019; Ghosh et al.,
2019).

This gave rise to our study comparing two contrasting states with respect to health
indicators, Kerala and Bihar, of diabetes. Sensitive health indicators such as infant mortality rate,
neonatal mortality rate, life expectation at birth, total fertility rate, nutritional status of both
women and children are all very much in favour of Kerala compared to Bihar (Diamond, 2011;
IIPS, 2017; SRS, 2019; SRS, 2017). Hence, the objective of the study is an attempt to examine
differences in diabetes prevalence and its associated risk factors between a state with one of the
worst health indicators, Bihar and a state with one of the best health indicators, Kerala, using the
most recent National Family Health Survey data.

Data and Methods

The present study used the fourth round of National Family Health Survey (NFHS-1V)
data, which is the Indian Demographic Health Survey under the stewardship of the Ministry of
Health and Family Welfare (MoHFW), Government of India, and coordinated by the
International Institute for Population Sciences (I1IPS), Mumbai, India. The NFHS-IV survey has
adopted a multistage stratified sampling to provide various demographic and population health
outcome indicators for all 640 districts and 35 states and Union Territories (UTs) as per the 2011
Indian Census classification of districts. This is the fourth round of the NFHS conducted in India
and for the first time included blood glucose and hypertension measurements. It contains
information on 699,686 women from 15-49 years of age and 112,122 men from 15-54 years of
age on health and family welfare to provide estimates of essential indicators. For this study, we
focused on Kerala and Bihar states of India, which includes a sample of 10,450 women and
1,816 men in Kerala and 41,959 women and 5,351 men in Bihar. However, we excluded
currently pregnant women and men aged 50-54 from the analysis. The NFHS-IV measured
random blood glucose levels using a finger-stick blood specimen in 15-49-year-old women and
15-54-year-old men using a freestyle optimum glucometer. NFHS-IV classifies the adult men
and women aged 15-49 years as high (141- 160 mg/dl) and very high glucose levels (>160
mg/dl). However, based on the Indian population data Somannavar et al., (2009) defined the cut-
off of the 2-h plasma glucose >200 mg/dl (11.1 mmol/l) criterion is equivalent to the random
capillary blood glucose cut-off point of 140 mg/dl (7.7 mmol/l). In the present study, we consider
a random glucose level of > 140 mg/dl, similar to the NFHS-1V report and Ghosh et al., 2019
study for a high risk of diabetes in India (I1PS, 2017). Therefore, we estimated the prevalence of
diabetes (including pre-diabetes), that is, the percentage of men and women aged 15-49 years
with a random blood glucose level of >140 mg/dl for Bihar and Kerala states of India, and
applied appropriate sampling weights.

NFHS-1V survey data were also used to compute the other social indicators and lifestyle

predictors in the present analyses. These are as follows: Body Mass Index (BMI) of men and
women are constructed using person’s height in centimetres and weight in kilograms with
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categories of Too thin for their height (less than 18.5), Normal (18.5-24.9), Overweight (25.0-
29.9) and Obese (>30). Other lifestyle factors are Alcohol consumption (no and yes) and
Tobacco consumption (no and yes). Tobacco consumption includes smoking cigarettes or pipe or
cigars or others, or/and chewing tobacco or use snuff or “gutkha” or “paan masala” with tobacco
or paan with tobacco. We analysed data in IBM Statistical Package for the Social Sciences
(SPSS) version-20. First, bivariate analysis was used to assess the association between ‘diabetes
prevalence among women and men with their background characteristics and presented in Table
1 and 2. Second, multivariate analysis has been used for assessing the effect of each background
characteristics after controlling for the other variables on the diabetes prevalence and presented
in Table 3 and 4.

Results

For almost all categories of background characteristics, the prevalence of diabetes for
both women and men are much higher (some cases more than double) in Kerala compared to
Bihar (Table 1 and Table 2). For instance, in Bihar and Kerala, for those who are less than 30
years old, the prevalence is 2.5% and 2.8% for women, and for men, the corresponding
prevalence is 4.0% and 7.6% respectively. The significance of bivariate associations is based on
the 95% level of confidence interval; many of the chi-square values are significant. As education
increases, the diabetes prevalence for women in Bihar and Kerala is decreasing (Table 1) but not
for men (Table 2). Geographical differences are observed in the diabetes prevalence among all
wealth index categories, poor, middle and rich. In Kerala, among women, as wealth increases
diabetes prevalence decreases, while the reverse is true among women in Bihar. For instance,
among poor, middle and rich categories of women diabetes prevalence are 10.6%, 9.8% and
8.6% in Kerala, while the corresponding figures in Bihar are 4.0, 4.8 and 6.0 respectively. A
similar trend is observed among middle and rich categories of wealth index for men in Bihar and
Kerala. However, among poor men in Bihar, the diabetes prevalence is 5.7%, and the
corresponding figure for poor men in Kerala is 4.4%. As far as marital status, those whose
marriages were dissolved have a higher prevalence of diabetes irrespective of gender in both the
states.

Similarly, though expected, BMI shows strong positive associations with diabetes
prevalence for both sexes and states. For instance, for Bihar women and men, the prevalence for
normal BMI are 4.0% and 6.2%, but the corresponding prevalence for obese women and men are
14.1% and 25.7% respectively. Similarly, for Kerala women and men, the prevalence for normal
BMI are 6.6 and 11.2%, but the corresponding prevalence for obese women and men are 18.9%
and 28.8% respectively. Because of possible confounding factors, the results of multivariate
logistic regressions are presented in Table 3 and Table 4. The associations are significantly
different from bivariate to multivariate. The adjusted odds ratios for age in both the states
indicated that as age increases the risk of diabetes increases significantly. Similarly, BMI shows
a strong positive association with diabetes risk for both the sexes in both the states but the risk of
diabetes is higher in Kerala. For instance, in case of Bihar men, per unit increase in BMI
increases the risk of diabetes by 4% but the corresponding risk in Kerala is 8%; and for women,
the corresponding risks are 3% and 6% respectively. Unlike the bivariate, the multivariate
analysis indicates that none of the other important factors such as education, wealth index
(except in case of Bihar), religion, caste, marital status and occupation are significant predictors
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of diabetes risk. Lifestyle factors, such as alcohol and tobacco consumption are also not
significant.

Table 1: Prevalence of diabetes (>140mg/dl) among women in Bihar and Kerala, India, 2015-16

K 4ch L Bihar Kerala

Background Characteristics Women % PP Number Women%  P° Number
Age groups

15-29 2.5 22390 2.8 4232
30-44 5.7 0.000 15387 11.2 0.000 4661
45-49 9.8 4182 18.3 1557
Education

No education 5.0 19561 10.7 149
Primary 4.3 4303 17.9 443
Secondary 3.8 0.000 15850 9.2 0.000 6965
Higher 3.6 2245 6.7 2893
Wealth Index

Poor 4.0 29718 10.6 321
Middle 4.8 0.000 6370 9.8 0.858 1539
Rich 6.0 5871 8.6 8590
Place of residence

Rural 4.2 36231 9.1 6496
Urban 5.2 0.006 5728 8.6 0.201 3954
Religion

Hindu 4.4 35746 8.6 6008
Others 4.4 0.928 6213 9.1 0.268 4442
Caste

SC/ST 4.0 9222 8.3 1338
OBC 4.2 0.000 24979 8.6 0.003 5584
General 5.2 7369 9.7 3106
Marital Status

Never Married 2.0 8815 2.3 2458
Currently Married 49 0.000 31967 10.7 0.000 7580
Others 8.2 1177 12.6 412
Occupation

No occupation 4.5 0.678 5377 9.2 0.177 1758
Agricultural 4.6 769 15.8 67
Others 5.6 675 8.7 440
BMI

Too thin for their height 2.9 0.000 12736 2.7 0.000 1046
Normal 4.0 24297 6.6 6071
Overweight 9.2 3857 13.6 2650
Obese 141 1015 18.9 675
Drinks alcohol

No 4.4 0.630 41844 8.8 0.722 10302
Yes 3.5 115 9.4 148
Tobacco Consumption

No 4.4 0.105 41544 8.8 0.478 10317
Yes 5.9 415 6.8 133

Note: b. Determined by y2 test; P < .05 considered significant
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Table 2: Prevalence of diabetes (>140mg/dl) among men in Bihar and Kerala, India, 2015-16

Bihar Kerala

Background Characteristics Men Men

% pP Number % pP Number
Age groups
15-29 4.0 2840 7.6 818
30-44 8.8 0.000 1947 16.1  0.000 755
45-49 13.1 564 22.5 243
Education
No education 6.9 1084 9.6 16
Primary 6.8 650 14.7 89
Secondary 6.1 0.131 2913 11.6 0.404 1242
Higher 8.7 704 16.6 469
Wealth Index
Poor 5.7 3524 4.4 62
Middle 7.4 0.000 944 126 0.098 311
Rich 10.1 883 13.5 1443
Place of residence
Rural 6.4 4344 12.6 1103
Urban 8.0 0.076 1007 13.7 0.700 713
Religion
Hindu 6.4 4649 13.6 1034
Others 8.6 0.028 702 12.4 0.759 782
Caste
SC/ST 5.7 1142 13.5 219
OBC 6.8 0.266 3300 12 0.137 902
General 7.4 888 151 565
Marital Status
Never Married 3.9 1937 7.3 816
Currently Married 8.3 0.000 3350 18.1  0.000 987
Others 8.2 64 15.5 13
Occupation
No occupation 4.7 1578 7 487
Agricultural 7.6 0.000 1645 153  0.000 153
Others 7.5 2128 15.4 1176
BMI
Underweight 4.5 1351 6.5 145
Normal 6.2 3328 11.2 1141
Overweight 11.9 0.000 585 17.5 0.000 456
Obese 25.7 77 28.8 72
Drinks alcohol
No 7.0 3738 11.6 1111
Yes 6.0 0.894 1613 15.5 0.010 705
Tobacco Consumption
No 6.6 3839 12.8 1353
Yes 6.8 0.345 1512 14.1 0812 463

Note: b. Determined by 2 test; P <.05 considered significant
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Table 3: Odds Ratios for diabetes prevalence (>140mg/dl) among women in Bihar and Kerala,

India, 2015-16
Bihar Kerala
Backgrounds 959% C.I. for 959% C.I. for
Characteristics Odds i Odds Ratio Odds i Odds Ratio
Ratio  value Ratio  value

Lower Upper Lower Upper
Age 1.059 0.000 1.053 1.065 1.079 0.000 1.068 1.089
BMI 1.029 0.000 1.023 1.034 1.060 0.000 1.045 1.074
Education
No education (R)
Primary 0.980 0.811 0.827 1.161 1.652 0.102 0.906 3.013
Secondary 1.041 0548 0914 1.185 1417 0.229 0.803 2.501
Higher 0.720 0.018 0.550 0.944 1.397 0.271 0.771 2531
Wealth Index
Poor(R)
Middle 1.182 0.020 1.026 1.360 0.838 0.452 0.528 1.329
Rich 1439 0.000 1.224 1.691 0.778 0.282  0.493 1.228
Place of residence
Rural(R)
Urban 0.973 0.720 0.839 1.129 0.874 0.076 0.753 1.014
Religion
Hindu(R)
Others 1.037 0.616 0.900 1.194 1.045 0560 0.901 1.211
Caste
SC/ST(R)
OoBC 0.999 0.991 0.882 1.132 1.100 0.455 0.857 1.412
General 1.166 0.059 0.994 1.368 1.292 0.058 0.992 1.683
Marital Status
Married(R)
Others 1.075 0.334 0.928 1.246 0.944 0.604 0.759 1.174
Drinks alcohol
No(R)
Yes 0.623 0.357 0.228 1.704 1.270 0.408 0.721 2.236
Tobacco
Consumption
No(R)
Yes 1.071 0.744 0.708 1.620 0.769 0.465 0.380 1.556

Note: (R): Reference category.
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Table 4: Odds Ratios for diabetes prevalence (>140mg/dl) among men in Bihar and Kerala,
India, 2015-16

Bihar Kerala
Backgrounds 959% C.I. for 959% C.I. for
Characteristics Odds P- Odds Ratio Odds i Odds Ratio
Ratio  value Ratio  value

Lower Upper Lower Upper
Age 1.060 0.000 1.040 1.080 1.040 0.004 1.010 1.060
BMI 1.040 0.000 1.020 1.060 1.080 0.000 1.040 1.120
Education 1.030 0436 0.960 1.110 1.010 0.909 0.920 1.100
Wealth Index
Poor(R)
Middle 1420 0.034 1.030 1.960 3.230 0.064 0.940 11.130
Rich 2.160 0.000 1530 3.050 2.690 0.115 0.790 9.220
Place of residence
Rural(R)
Urban 0.770 0.149 0550 1.100 0.930 0.662 0.690 1.270
Religion
Hindu(R)
Others 1.220 0.327 0.820 1.810 0.970 0.857 0.710 1.330
Caste
SC/ST(R)
OoBC 0.960 0.820 0.690 1.350 0.860 0.540 0520 1.410
General 0.740 0.165 0.480 1.130 1.190 0.516 0.710 1.980
Marital Status
Married(R)
Others 1.100 0.662 0.720 1.700 0.890 0.628 0.560 1.420
Occupation
No occupation(R)
Agricultural 1.260 0.255 0.850 1.890 1.080 0.825 0.540 2.160
Others 1.040 0.836 0.720 1.510 1410 0.161 0870 2.270
Drinks alcohol
No(R)
Yes 1.020 0.908 0.750 1.380 1.130 0.437 0.830 1.550
Tobacco
Consumption
No(R)
Yes 0.970 0.841 0.720 1.310 0.960 0.792 0.680 1.340

Note: (R): Reference category.
Discussion

The results of the bivariate, as well as multivariate analyses indicate that age and BMI are
the significant predictors of diabetes prevalence. On the other hand, education, wealth index,
caste and marital status do not show significant associations (with a few exceptions) in the
bivariate analysis but none of these are significant in multivariate analysis. Lifestyle factors, such
as alcohol and tobacco consumption are not significantly associated with diabetes prevalence.
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The two states for the study have been deliberately selected as they have contrasting
health indicators, one with the highest diabetes prevalence with better health indicators and the
other with the lowest diabetes with worse health indicators. Though the study is based on a large
scale national and state-wise representative sample data, the associations between diabetes
prevalence and socio-economic as well as lifestyle factors in two socially, economically and
culturally different states generally do not corroborate with the findings of other studies. For
instance, Singh et al., (1998) claim that throughout India, the prevalence of diabetes is lower in
rural areas, but the rate increases significantly from rural to peri-urban and urban areas.
However, the findings of this study based on adjusted odds ratios of multivariate logistic
regression reveal that rural-urban residence does not make any difference in diabetes risk.
Similarly, important factors such as education, wealth index and marital status are contradicting
and do not reveal significant risk for diabetes. However, for BMI, after controlling for other
confounding factors, overweight and obese women and men are at higher risk for diabetes.

Many studies have observed that alcohol consumption and smoking are significant
modifiable risk factors for diabetes (Ghorpade et al., 2013; Thankappan et al., 2013;
Muthukumar, 2016; Mohan et al., 2003, Biradar et al., 2020). The multivariate logistic regression
adjusted odds ratios indicate that factors such as alcohol and tobacco consumption in case of the
two Indian states are not significant. By and large women in India do not drink alcohol or
consume tobacco, and hence, it may not be a problem among them. However, drinking alcohol
and tobacco consumption among men, even in rural areas, is a problem, and yet these are not
associated with diabetes in this study. Interestingly, even the bivariate associations between the
prevalence of diabetes and consumption of alcohol (with the exception of Kerala men) and
tobacco are not statistically significant irrespective of sex. One of the reasons for this finding
could be the way these variables were measured in the survey. If one includes occasionally and
moderate consumption of alcohol among those who drink heavily, then the results could be
biased. Similar arguments can be made for the lack of significance of tobacco consumption for
diabetes risk. These are data limitations.

The study raises lots of questions and begs to explore other possible risk factors identified
in the Indian diabetes research literature but could not be done due to data limitations.
Specifically, Mohan et al., (2003) based on their study in Chennai Urban Population observed
that 55% of offspring of two diabetic patients had either diabetes or impaired glucose tolerance
(IGT) compared to 15.6% in those with no family history of diabetes. Another possible
hypothesis to explore is the diabetes prevalence in Kerala could be due to the south Indian
phenotype as a risk factor (Raghupathy et al., 2010; Fall et al., 1998; Vaishnava et al., 1964).
Similarly, some studies have observed that altitude and spatial location play a role in the risk of
developing diabetes (Murthy et al., 1984; Vijayakumar et al., 2019; Singh et al., 2016). Kerala is
located on the west coast with 50% of it into highland and is studded with more than 50 peaks
with 5000 feet above mean sea level, and Anamudi located in Idukki district in Kerala is the
highest peak in India outside the Himalayas. A recent district-level study has shown a higher
prevalence of 140-160 mg/dl blood glucose in Idukki district (Biradar and Singh, 2020). On the
other hand, Bihar is in north-central India, and its land has an average elevation above sea level
of 173 feet. These are some of the possible hypotheses to explore in order to understand the
Indian diabetes paradox (Bhat, 1994).
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Conclusions

The NFHS-IV data analysis of socio-economic and demographic factors in explaining
diabetes prevalence in Bihar and Kerala states of India do not fully corroborate earlier findings.
In the states of Bihar and Kerala, lifestyle factors such as drinking and tobacco consumption are
not significant at all towards diabetes risk at least as per the NFHS data. If the heterogeneity of
the Indian population with respect to culture, ethnicity, environmental conditions is not fully
understood, the extrapolation of regional results may give inaccurate estimates. Hence, studies
are required in India to highlight other geographical differences, including ethnic phenotype,
genetic factors, and elevation from sea level to explain the diabetes prevalence between states.

Limitation of the study

The present study examined prevalence of diabetes (including pre-diabetes) among men
and women aged 15-49 years. NHFS-4 collected information about men aged 15-54 years, but
similar data were obtained only from women aged 15-49 years, hence could not include those
aged 50 years and more. The prevalence of diabetes might include persons with pre-diabetes, and
therefore, the results should be interpreted accordingly.
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