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A B S T R A C T   

Objective: It would be reasonable to hypothesize that common unobserved factors, such as psychological stress 
and anxiety, as well as genetic and environmental factors, simultaneously influence the tendency for overweight 
or obesity and the prevalence of chronic disease. The paper tries to examine the joint influence of an individual’s 
and socio-economic characteristics in determining overweight or obesity and chronic disease. 
Methods: The sample comprised of 112,062 male and female participants age 15–49 years. For the simultaneous 
joint estimation approach we employ a seemingly unrelated probit model with and without control for 
endogeneity. 
Results: The non-zero correlation coefficient obtained from the analysis reveals that overweight or obesity is 
related to diabetes and hypertensions, indicating the existence of unmeasurable individual factors that commonly 
affect the propensity to diabetes and hypertension and overweight or obesity. A 10% increase in overweight and 
obesity causes increment of 4% in diabetes, 4.9% in hypertension. Further, among the overweight or obese 
individual, a 10% increase in overweight and obesity causes increment of 4.7% in diabetes, and 6.5% in hy-
pertension in the study area. 
Conclusion: The study indicates presence of unobserved factors that simultaneously affect overweight/obesity 
and prevalence of both diabetes and hypertension. Policy and health promotion programme should also give 
special attention to the unmeasurable factors (for example: genetic factors, psychological stress and long working 
hour) that commonly influence the risk of overweight or obesity and chronic diseases.   

1. Introduction 

Northeast India reported a high proportion of overweight or obesity 
across the region. The National Family Health Survey in 2005–06 
(NFHS-3) reported that the prevalence of overweight or obesity in the 
region varies from 5.3 to 15.4% among women and from 4.8 to 11.9% 
among men, with the state of Manipur, Sikkim, Meghalaya and Naga-
land reporting a prevalence which is above the national level.1 The 
increased risk of hypertension and diabetes due to overweight and 
obesity have also been reported from studies in Northeast India. A study 
conducted in Manipur showed that those who are overweight or obese 
were 7.39 times more likely to have stage II hypertension.2 A 
cross-sectional study of out-patients and in-patients of hospitals in urban 
Assam found that the prevalence of T2 diabetes among overweight and 
obese were, respectively, 15.5% and 20.2%.3 The studies cited were 

based on micro-level data obtained from different pockets of the region, 
or referred to specific population groups because of which the results 
may not be representative of the entire population of Northeast India. In 
spite of overwhelming evidence of a clear association between over-
weight or obesity and the presence of chronic diseases, the joint effects 
of overweight or obesity - together with the other explanatory variables - 
on the incidence of chronic diseases is still poorly understood. In eco-
nomic terms, overweight or obesity can be considered as a potential risk 
factor that are influenced by other risk factors, such as lifestyle, rather 
than a single negative input for poor health outcomes.4 It would be 
reasonable to hypothesize that common unobserved factors, such as 
psychological stress and anxiety, as well as genetic and environmental 
factors, simultaneously influence the tendency for overweight or obesity 
and the prevalence of chronic disease.4,5 

Overweight or obesity in an individual is likely to correlate with the 
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unobserved determinants of chronic disease condition.6 Even though 
obesity arises from complex social and biological phenomena, it is often 
viewed as the outcome of an individual’s behaviors. Yamada et al. 
(2002), in their study, hypothesized three ways that might facilitate 
weight gain: (1) job stress which could lead to unhealthy behavior like 
heavy smoking, high alcohol consumption, and sedentary leisure ac-
tivities, all of which are associated with weight gain; (2) psychological 
strain which could lead to changes in the body’s endocrine activity 
which is associated with weight gain; and (3) long working hours, 
overtime and shift work that could lead to exhaustion and hinder 
behavior that prevents weight gain and accumulation of abdominal fat.7 

The pioneering contribution of this study is its attempt to address the 
issue from the perspective of the potential influence of endogeneity 
arising from the unobserved factors on overweight or obesity, as well as 
the incidence of diabetes or hypertension. Roberts and Whited, (2013) 
define endogeneity as a correlation between the explanatory variables 
and the error term in a regression.8 Endogeneity may arise due to the 
omission of explanatory variables in the regression, which would results 
in the error term being correlated with the explanatory variables.9 

The present study investigates the effect of overweight or obesity on 
diabetes and hypertension using the 2015–16 Indian Demographic 
Health Survey data. Unlike previous studies2,3 we propose a simulta-
neous joint estimation approach which deals with endogeneity and 
unobserved heterogeneity. We propose a seemingly unrelated probit 
model with and without controls for endogeneity to understand the joint 
influence of an individual’s and socio-economic characteristics in 
determining overweight or obesity and chronic disease. This model of-
fers significant advantages over other models because it allows the 
detection of correlations between the error terms of two equations and 
controls for potential reverse causality problems.10 Thus, the combined 
determinants of overweight or obesity and chronic diseases can be 
examined and the findings may help in the planning of health promotion 
policies in an ‘obesogenic environment.’ 

2. Material and methods 

The study used data of the fourth round of the National Family 
Health Survey (NFHS-4). Since this study is based on analysis of sec-
ondary data which is publicly available, and the respondents are de- 
identified, the institutional review board (IRB) exempted this study 
from requiring its approval. The survey followed a stratified two-stage 
sampling design. From each selected household, information was 
sought from the women age 15–49 years and men aged 15–54 years. The 
procedure followed to select respondents from the sample households 
has been designed to be representative at national and state levels.11 

2.1. Study sample for North-east India region 

The study sample comprised of 112, 062 respondents (both females 
and males) from Northeast India age15-49. Out of the total sample 
13,360 were males and 98,702 were female respondents. Male re-
spondents consist only 12% of the total sample since the survey collected 
information about male from only 15% of the total sample households. 
Further, 6878 respondents had diabetes, 17,677 respondents had hy-
pertension, and 36,712 respondents were overweight or obese. 

2.2. Operational definitions 

Diabetes: Finger stick blood is collected and blood glucose level is 
determined using the Free Style Optium H Glucometer. Usually, fasting 
blood glucose level is used to determine the presence or absence of 
diabetes in an individual. However, NFHS-4 collected the random blood 
glucose, with specified standard cut-off values. For instance, a respon-
dent is considered to have diabetes if the random blood sugar level is >
140 mg/dl.11 

Hypertension: Blood pressure was measured using OMRON Blood 

Pressure monitor. Blood pressure readings were taken on three separate 
occasions with an interval of 5 min between readings. The first reading 
will be discarded and the average of the last two readings will be 
calculated. A respondent is classified as hypertensive if the average 
systolic blood pressure ≥140 mmHg, or average diastolic blood pressure 
≥90 mmHg, or if the person was taking antihypertensive medication to 
lower blood pressure at the time of the survey.11 

Overweight and Obesity: The study categorizes continuous body 
mass index (BMI) according to the WHO guidelines. A respondent is 
classified as overweight if BMI is in the range 23–27.5 kg/m2 and obese 
if BMI≥27.5 kg/m2.12 

2.3. Dependent variables 

The outcome variables in this study are diabetes, hypertension, and 
overweight or obesity status of the respondent. The outcomes variables 
are binary with a value of 1 for a “Yes” (meaning presence) and 0 for a 
“No” (meaning absence). The definitions and types of variables are 
provided in Table A1. 

2.4. Explanatory variables 

The explanatory variables chosen for this study were guided by 
existing literature. Demographic variables considered are age and sex. 
Socio economic variables include respondent’s caste, marital status, 
level of education, place of residence and household wealth. The vari-
able lifestyle behavior includes current cigarettes smoking and alcohol 
consumption. To capture the effect of dietary eating habits on chronic 
diseases, we include the types of food consumed by an individual, such 
as consumption of milk, fish, fruits, aerated drinks and fried food. 
Table A1 provides information on the types of variables used in the 
study. 

2.5. Seemingly unrelated probit model 

This study applied the seemingly unrelated bivariate probit model to 
determine the explanatory factors of diabetes or hypertension. The 
seemingly unrelated bivariate probit model is applied when two equa-
tions are to be estimated, and the dependent variable of one of them 
becomes the independent variable in the other equation.13 This model 
has the advantage of allowing testing to determine if the correlation 
between the two-error terms is non-null. A significant non-null corre-
lation would indicate the existence of unmeasurable variables that are 
common to the risk of being overweight or obese and having diabetes or 
hypertension. 

Suppose that overweight or obesity is identified by the latent vari-
able O∗

1i and that C∗
2i is the latent variable determining the presence of 

chronic disease (diabetes or hypertension). Then, the unobserved vari-
ables can be modeled as follows, 

O∗
1i = β1X1i + μ1i (1)  

Where.O1i = {
1, if  O∗

1i > 0
0, Otherwise 

Where i = 1, 2 …, n, represents the ith individual,X1i refers to the 
observed determinants of overweight or obesity, β1i are the associated 
parameters, and μ1i is a random error term. Similarly, the risk of 
suffering from chronic disease is measured with the help of the equation, 

C∗
2i = β2X2i + μ2i (2)  

Where C2i = {
1, if  C∗

2i > 0
0, Otherwise 

Where X2i refers to the observed determinants of chronic disease, β2i 
the associated parameters and μ2i is a random error term. The error 
terms of the two models are dependent and distributed as a bivariate 
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normal such that E (μ1i) = E (μ2i) = 0, var (μ1i) = var (μ2i) = 1, and ρ =
cov (μ1iμ2i). A Wald test for ρ = 0 indicates whether the models should 
be estimated jointly. 

2.6. Seemingly unrelated probit model with overweight or obesity as the 
covariate variable 

In this model the dependent variable O∗
1iof the first equation (1) 

becomes the risk factor for the second equation (2). The equation rep-
resenting the model is as follows. 

O∗
1i = β1X1i + є1i (3)  

C∗
2i = δ1O1i + δ2Z2i + є2i  

Where O∗
1i andC∗

2iare latent dummy variables as in (1) and (2), X1i de-
terminants of overweight or obesity, Z2i determinants of chronic disease 
and β1δ1, δ2 are parameters of the behavioral function. The error terms 
of the two models are dependent and distributed as a bivariate normal 
such that E (ε1i) = E (ε2i) = 0, var (ε1i) = var (ε2i) = 1, and ρ = cov (ε1iε2i) 
(4). The Wald test and a Lagrange multiplier test, provide an indication 
of the correlation between the unobserved explanatory variables of both 
equations so that if ρ = 0 then O1i is a risk factor not influence by un-
observed factors in the second equation.14 

3. Results 

3.1. Study variables descriptive statistics 

Descriptive statistics of the variables are presented in Table A2. Our 
estimates are based on data obtained from respondents age 15–49 years. 
The mean blood glucose level of the sample was 106.42 mg/dl with a 
minimum and maximum value of 70 mg/dl and 499 mg/dl respectively. 
Mean average systolic and diastolic blood pressures were 118.82 mmHg 
and 79.58 mmHg respectively. 

Fig. 1 illustrates the BMI distribution by the status of Diabetes and 
Hypertension. The solid line represents BMI distribution for the popu-
lation with diabetes and hypertension while dash line represents it for 
the population with no diabetes and hypertension. It is evident that the 
BMI distribution of the diabetic and hypertensive population lies to the 
right of the BMI distribution of the non diabetic and non hypertensive 
population. This indicates that the diabetic and hypertensive population 
are more likely to report higher BMI level. While respectively 47% and 
44% of the diabetic and hypertensive population has BMI greater than 
23, this proportion is only 27% and 25% amongst the non diabetic and 
hypertensive. 

Prevalence of Diabetes, Hypertension and Overweight or obesity 
among adults is presented in Table 1. The study reveals that the prev-
alence of diabetes and hypertension among adults age 15–49 years in 
North-east India is 5.9% and 17.2% respectively. Further, a high prev-
alence (28%) of overweight or obesity among adults was observed in the 
study region. As the age of respondent increases, the prevalence of 
diabetes, hypertension and overweight or obesity also significantly in-
creases. Furthermore, cigarettes smoking and alcohol consumption 
found significantly related with the prevalence of chronic diseases. The 
prevalence of diabetes is 8.4% among cigarette smokers and 5.8% 
among non-smokers. Similarly, the prevalence of hypertension was 
23.9% among alcohol drinkers and 16.4% among the non-drinkers. 

3.2. Effect of overweight/obesity on chronic diseases: results from 
seemingly unrelated probit model 

The results of the estimated coefficients are presented in Tables 2 and 
3 and Table 4. In Table 2 the results presents the coefficients for over-
weight or obese, diabetes and hypertension using single probit model. 
Comparing the estimated coefficients with those in Table 3, Table 4, and 
Table A3, obtained using the seemingly unrelated bivariate probit 
model, reveals small difference in terms of values and statistical signif-
icance. Further, in the seemingly unrelated biprobit model, the rho (ρ) 
association indicates the correlation between the residuals term in the 

Table 1 
Prevalence of Diabetes, Hypertension and Overweight or obesity among adults 
age 15–49 years by selected background characteristics, India, 2015–16.  

Variables Diabetes (%)a Hypertension (%)a Overweight or 
Obesity (%)a 

Age       
15–29 2.68 b 8.61 b 19.6 b 

30–39 7.04  20.81  35.3  
40–49 11.75  32.33  38.33  
Sex       
Male 7.36 b 19.95 b 29.63 b 

Female 5.70  16.85  27.86  
Caste       
Schedule Tribe 5.99 NS 16.93 b 31.32 b 

Schedule Caste 5.90  16.89  26.7  
Other Backward 

Caste 
5.91  17.63  25.59  

Others 5.76  16.87  29.02  
Current Marital 

Status       
Never married 3.33 b 8.69 b 17.85 b 

Married 6.59  19.87  31.87  
Separated/Divorce/ 

Widowed 
9.71  24.71  28.14  

Level of Education       
Illiterate 6.41 b 22.75 b 19.97 b 

Primary 6.54  18.66  22.84  
Secondary 5.47  15.14  29.63  
Higher Secondary 6.51  16.10  45.46  
Residence       
Urban 7.79 b 18.50 b 42.54 b 

Rural 5.42  16.89  24.38  
Wealth Quintile       
Poorest 4.23 b 16.54 b 12.75 b 

Poorer 5.13  16.46  20.33  
Middle 6.56  16.61  32.71  
Rich 7.42  19.73  44.35  
Richest 8.56  19.22  54.68  
Currrently Smoke 

Cigarettes       
No 5.81 b 17.14 b 27.82 b 

Yes 8.40  19.44  35.01  
Consumes Alcohol       
No 5.71 b 16.39 b 27.76 b 

Yes 7.40  23.94  30.65  
Consume Milk       
No 6.72 b 17.49 NS 25.96 b 

Yes 5.81  17.19  28.31  
Eats fish       
No 6.55 d 15.01 NS 36.22 c 

Yes 5.89  17.26  27.94  
Take aerated 

drinks       
No 6.54 b 19.64 b 23.05 b 

Yes 5.65  16.29  30.02  
Eats fruit       
No 7.51 NS 20.69 b 18.73 * 
Yes 5.87  17.16  28.23  
Eats fried food       
No 6.82 NS 22.28 b 25.36 c 

Yes 5.87  17.04  28.17  
Total 5.9 

(6878)  
17.22 
(17,677)  

28.08 
(36,712)   

a Test of difference for categorical variables with Pearson’s Chi-Square test. 
b P-value <0.01. 
c P-value <0.05. 
d P-value <0.1, NS:Not Significant. 
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system of equation. This imply that if there is an association between the 
two errors in the biprobit model then the estimates of probit model gives 
a biased estimate of the coefficients and hence there is the need to 
employed biprobit model to get a correct estimate of the true associa-
tion.15 In these conditions, the joint estimation procedure may improve 
the efficiency of the estimates.4 This supports the seemingly unrelated 
bivariate probit model which is the main focus of the study. 

The positive correlation coefficient rho (ρ) between the residuals was 
0.12 for diabetes and 0.21 (Table A3) for hypertension, which was 
significantly different from zero at a 1% level of significance. This in-
dicates the existence of unmeasurable factors that are common to the 
risk of overweight or obesity and suffering from chronic disease 

(diabetes or hypertension). Tables 3 and 4 shows the results of the joint 
estimation of the probability of an individual being overweight or obese 
and having diabetes and hypertension using the seemingly unrelated 
bivariate probit model. The table includes overweight or obese as the 
covariate variable in the diabetes and hypertension equation. The evi-
dence of endogeneity for both diabetes and hypertension was supported 
by the Wald test (Wald χ2 = 13992.07, p < 0.01 and Wald χ2 =

20990.18, p < 0.01) and the likelihood-ratio test (χ2=8.62, p < 0.01 and 
χ2 = 46.75, p < 0.01). Here, the correlation coefficient is negative (ρ =
− 0.25 and − 0.37) which is different from the correlation coefficient 
obtained in Table A3. The average marginal effect of diabetes and hy-
pertension shows that overweight or obese individuals have 3.5% and 

Table 2 
Coefficient and marginal effect estimated from the single probit model among adults age 15–49 who are overweight/obese, diabetes, and hypertension by selected 
characteristics, India, 2014-15.  

Background Characteristics Overweight or Obese Diabetes Hypertension 

Coefficients Mg.effect Coefficients Mg.effect Coefficients Mg.effect 

Age 0.03a 0.01a 0.032a 0.004a 0.039a 0.009a 

Sex       
Male Ref  Ref  Ref  
Female − 0.08a − 0.028a − 0.119a − 0.014a − 0.208a − 0.051a 

Caste       
Schedule Tribe Ref  Ref  Ref  
Schedule Caste − 0.06a − 0.020a − 0.023 − 0.002 0.043b 0.010b 

Other Backward Caste − 0.06a − 0.023a − 0.005 − 0.001 0.052a 0.012a 

Others − 0.010 − 0.004 0.016 0.002 0.013 0.003 
Current Marital Status       
Never married Ref  Ref  Ref  
Married 0.34a 0.118a − 0.073a − 0.008a 0.048a 0.011a 

Widowed/Divorced/Separated 0.18a 0.058a − 0.035 − 0.004 0.027 0.006 
Level of education       
Illiterate Ref  Ref  Ref  
Primary 0.02b 0.006 0.058b 0.06b − 0.075a − 0.017a 

Secondary 0.120 0.043a 0.032 0.004c − 0.065a − 0.015a 

Higher Secondary 0.240 0.088a 0.029 0.003 − 0.091a − 0.021a 

Residence       
Urban Ref  Ref  Ref  
Rural − 0.07a − 0.026a − 0.074a − 0.008a − 0.018a − 0.004 
Wealth Index       
Poorest Ref  Ref  Ref  
Poorer 0.23a 0.067a 0.068a 0.007a 0.055a 0.012a 

Middle 0.5a 0.160a 0.108a 0.011a 0.065a 0.014a 

Richer 0.70a 0.236a 0.169a 0.018a 0.125a 0.028a 

Richest 0.82a 0.285a 0.210a 0.024a 0.098a 0.022a 

Currently Smoke Cigarrettes       
No Ref  Ref  Ref  
Yes − 0.10a − 0.035a 0.024 0.003 − 0.165a − 0.034a 

Consume alcohol       
No   Ref  Ref  
Yes   0.003 0.0003 0.179a 0.043a 

Consume milk       
No Ref  Ref  Ref  
Yes − 0.010 − 0.005 − 0.037b − 0.004b 0.026 0.006 
Eats fish       
No   Ref  Ref  
Yes   − 0.068 − 0.008 − 0.041 − 0.010 
Takes aerated drinks       
No Ref      
Yes 0.18a 0.06a     

Eats fruits       
No Ref  Ref  Ref  
Yes − 0.10a − 0.038a − 0.046 − 0.005 − 0.092b − 0.022b 

Eats friedfood       
No Ref      
Yes − 0.07a − 0.026a     

Constant − 1.90a  − 2.36a  − 2.027a  

Log-likelihood − 58469.17  − 22319.08  − 40644.45  
Likelihood-ratio Chi 11896.62  2419.94  6977.6  
Pseudo R2 0.092  0.051  0.0791  

Ref: Reference category. 
a P-value <0.01. 
b P-value <0.05. 
c P-value <0.1. 
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10.7% higher chances respectively of having diabetes and hypertension 
when compared with the chances of those who are not overweight. 

In this study, age has been found to have a positive effect on the 
prevalence of chronic disease, and overweight or obese. The marginal 
effect shows that the probability of women having diabetes and hyper-
tension, as compared to men, is significantly lower by 1.3% and 4.5%. 
Similarly, married and widowed/divorced persons have, approximately, 
12% and 6% higher chances of being overweight or obese as compared 
to those who are single. The household wealth index has a statistically 
significant relationship with the probability of a person being over-
weight or obese and suffering from hypertension. Respondents who 
currently smoke cigarettes had a low probability of becoming over-
weight or obese and having hypertension. Furthermore, consumption of 
alcohol increases the risk of a person suffering from hypertension by 4% 
as compared to those who did not consume. 

Further, it is observed some common determinants that lower people 
risk to both overweight or obesity and having chronic diseases, such as 
being female, consumption of milk, and eating fruits. A significant and 
negative effect of individual level of education and wealth quintile on 
hypertension indicates that education and wealth influences overweight 
or obesity rather than directly impacting hypertension. Similarly, 
negative coefficients (− 0.14 and − 0.06 for diabetes; − 0.06, − 0.02 for 
hypertension) suggest that being married or widowed/divorced in-
fluences overweight or obesity rather than directly impacting diabetes 
and hypertension. 

3.3. Elasticity of overweight or obesity on the probability of having 
chronic disease 

The elasticity effect of overweight or obesity on chronic disease was 
estimated from the seemingly unrelated probit model accounting over-
weight or obesity as covariate variables (Tables 3 and 4). From Table 5 
the elasticity of overweight and obesity evaluated at the mean indicates 
that a 10% increase in overweight and obesity causes increments of 4% 
in diabetes, and 4.9% in hypertension. Further, among the overweight 
and obese individuals, a 10% increase in overweight and obesity causes 
increment of 4.7% in diabetes, and 6.5% in hypertension. 

4. Discussion 

This paper examined the influence of overweight or obesity jointly 
with other determinants on the likely prevalence of diabetes and hy-
pertension. The novel contribution of the study is that it considers the 
potential influence of other risk factors which are unobserved while 
estimating the effect of overweight or obesity on the incidence of 

diabetes and hypertension. 
The most important finding of this study is that implicit unmeasur-

able variables affect an individual’s propensity to have diabetes and 
hypertension by being overweight or obese. The non-zero correlation 
coefficient (ρ) reveals that overweight or obesity is related to diabetes 
and hypertension. Possible implicit unmeasurable variables linking 
overweight or obesity with chronic disease may include genetic factors, 
psychological stress and long working hour.7,16,17 These variables 
cannot be measured, so their influences cannot be accounted for in 
econometric models. However, knowledge of these hidden links may 
help the health authorities to design more specific programmes to con-
trol overweight and chronic disease. Moreover, the positive and statis-
tically significant correlation coefficients indicates that being 
overweight or obese is more likely to increase person’s risk of getting 
diabetes and hypertension. However, the negative correlation coeffi-
cient in the model with overweight or obesity as risk factor could be due 
to the resulting effect of two opposing self-selection mechanisms that 
now appear as playing an opposite effect. This result is consistent with 
earlier results of application of the empirical model.13,14 Specifically, 
being overweight or obese is associated with an increased risk of dia-
betes and hypertension; but after controlling for an individual’s excess 
weight or obesity, other unrelated effects exert an opposite effect on 
diabetes and hypertension.4 

Results also indicate that being married increases the probability of 
overweight or obese as compared to persons who are not married, which 
is also found in earlier studies.18–20 A plausible explanation is that 
married persons have more family responsibilities and thus, have less 
time for physical exercise and may be more inclined to consume snacks 
and sweets with their children, leading to an increase in body 
weight.21,22 Among the married couple, the husband is more likely to 
gain weight than the wife. A change in marital status— from unmarried 
to married—can lead to changes in lifestyle behaviours that influence 
body weight.23 

Another important finding relates to common factors affecting 
overweight or obese and chronic diseases. The common factors which do 
not increase the likelihood of being overweight or obese and having 
hypertension is currently smoking cigarettes. The existing literature is 
inconclusive on this issue, and some studies do not agree with such 
finding24; others do support the finding.25 One possible explanation is 
that reduction in weight can contribute to decrease blood pressure 
among the current smokers.26 Evidence shows that average body mass 
index and obesity was lower in current smokers than in non-smokers.26 

Further, consumption of milk lowers the likelihood of being overweight 
or obese and suffers from diabetes. This is to be expected because 
growing evidence suggest that milk proteins are beneficial for reducing 

Fig. 1. BMI distribution by Status of Chronic disease. Source: Figure constructed by authors from NFHS-4 data.  
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the risk of type 2 diabetes,27 and milk intake is significantly related to 
lower body mass index.28 Our study also found that regular consumption 
of fruits reduces the probability of becoming overweight or obese and 
hypertensive, as found by previous studies.29 Evidence from both pro-
spective and interventional epidemiological studies concludes that an 
increase in the consumption of fruit and vegetables help in stabilizing 
weight.29 Moreover, Appel (2003), found that interventions in the form 
of increased consumption of fruits, vegetables, and low-fat dairy 

products had greater effect in decreasing blood pressure levels in adults 
with hypertension than interventions for reducing weight, enhanced 
physical activity, and controlling sodium intake.30 The indigenous 
people of Northeast India are habituated to consuming a wide variety of 
wild edible fruits and local vegetables which are cheap and easily 
available.31,32 The presence of antioxidants such as phytochemicals in 
these fruits is of crucial nutritional importance for the prevention of 
chronic diseases, such as diabetes, cancer and cardiovascular 

Table 3 
Seemingly unrelated bivariate probit model with diabetes and overweight or 
obesity as the outcome morbidity among adults age 15–49, India, 2014-15.  

Background 
Characteristics 

Diabetes Overweight or Obese 

Coefficients Mg.effect Coefficients Mg.effect 

Overweight or Obese 0.30*** 0.035***   
Age 0.026*** 0.003*** 0.03*** 0.01*** 
Sex     
Male Ref  Ref  
Female − 0.11*** − 0.013*** − 0.08*** − 0.027*** 
Caste     
Schedule Tribe Ref  Ref  
Schedule Caste − 0.016 − 0.002 − 0.05*** − 0.019*** 
Other Backward Caste 0.007 0.001 − 0.06*** − 0.023*** 
Others 0.010 0.001 − 0.008 − 0.003 
Current Marital 

Status     
Never married Ref  Ref  
Married − 0.14*** − 0.016*** 0.34*** 0.118*** 
Widowed/Divorced/ 

Separated 
− 0.06** − 0.004 0.17*** 0.057*** 

Level of education     
Illiterate Ref  Ref  
Primary 0.05** 0.006** 0.02 0.008 
Secondary 0.003 0.0004 0.12*** 0.044*** 
Higher Secondary − 0.025 − 0.003 0.25*** 0.089*** 
Residence     
Urban Ref  Ref  
Rural − 0.06*** − 0.007*** − 0.07*** − 0.026*** 
Wealth Index     
Poorest Ref  Ref  
Poorer 0.03*** 0.003 0.23*** 0.067*** 
Middle 0.004*** 0.0004 0.5*** 0.160*** 
Richer 0.020*** 0.002 0.70*** 0.235*** 
Richest 0.028*** 0.003 0.82*** 0.285*** 
Currently Smoke 

Cigarrettes     
No Ref  Ref  
Yes 0.05* 0.006 − 0.10*** − 0.035*** 
Consume alcohol     
No Ref    
Yes − 0.007 − 0.001   
Consume milk     
No Ref  Ref  
Yes − 0.037** − 0.005** − 0.013 − 0.005 
Eats fish     
No Ref    
Yes − 0.069 − 0.008   
Takes aerated drinks     
No   Ref  
Yes   0.18*** 0.062*** 
Eats fruits     
No Ref  Ref  
Yes − 0.033 − 0.004 − 0.10*** − 0.036*** 
Eats friedfood     
No   Ref  
Yes   − 0.07*** − 0.026*** 
Constant − 2.24***  − 1.90***  
Log-likelihood − 79535.69 
Rho (ρ) − 0.247*** 
Likelihood-ratio test 8.620 
Wald χ2  13992.07 

Ref: Reference category 
***P-value <0.01. 
**P-value <0.05. 
*P-value <0.1. 

Table 4 
Seemingly unrelated bivariate probit model with hypertension and overweight 
or obesity as the outcome morbidity among adults age 15–49, India, 2014-15.  

Background 
Characteristics 

Hypertension Overweight or Obese 

Coefficients Mg.effect Coefficients Mg.effect 

Overweight or Obese 0.47*** 0.107***   
Age 0.030*** 0.007*** 0.03*** 0.01*** 
Sex     
Male Ref  Ref  
Female − 0.183*** − 0.045*** − 0.08*** − 0.027*** 
Caste     
Schedule Tribe Ref  Ref  
Schedule Caste 0.058** 0.013** − 0.05*** − 0.019*** 
Other Backward Caste 0.070*** 0.016*** − 0.06*** − 0.023*** 
Others 0.009 0.003 − 0.008 − 0.003 
Current Marital 

Status     
Never married Ref  Ref  
Married − 0.056*** − 0.013*** 0.34*** 0.118*** 
Widowed/Divorced/ 

Seperated 
− 0.021 − 0.005 0.17*** 0.057*** 

Level of education     
Illiterate Ref  Ref  
Primary − 0.084*** − 0.020*** 0.02 0.008 
Secondary − 0.109*** − 0.026*** 0.12*** 0.044*** 
Higher Secondary − 0.174*** − 0.040*** 0.25*** 0.089*** 
Residence     
Urban Ref  Ref  
Rural 0.009 0.002 − 0.07*** − 0.026*** 
Wealth Index     
Poorest Ref  Ref  
Poorer − 0.017 − 0.004 0.23*** 0.067*** 
Middle − 0.098*** − 0.023*** 0.5*** 0.160*** 
Richer − 0.113*** − 0.026*** 0.70*** 0.235*** 
Richest − 0.185*** − 0.042*** 0.82*** 0.285*** 
Currently Smoke 

Cigarrettes     
No Ref  Ref  
Yes − 0.117*** − 0.025*** − 0.10*** − 0.035*** 
Consume alcohol     
No Ref    
Yes 0.159*** 0.039***   
Consume milk     
No Ref  Ref  
Yes 0.022 0.005 − 0.012 − 0.005 
Eats fish     
No Ref    
Yes − 0.041 − 0.009   
Takes aerated drinks     
No   Ref  
Yes   0.18*** 0.062*** 
Eats fruits     
No Ref  Ref  
Yes − 0.068* − 0.016* − 0.10*** − 0.036*** 
Eats friedfood     
No   Ref  
Yes   − 0.09*** − 0.026*** 
Constant − 1.84***  − 1.88***  
Log-likelihood − 97992.46 
Rho (ρ) − 0.369*** 
Likelihood-ratio test 46.75 
Wald χ2  20990.18 

Ref: Reference category. 
***P-value<0.01. 
**P-value<0.05. 
*P-value<0.1. 
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disease.32,33 The protective role of phytochemicals could be related to 
their antioxidant action. It is known that overproduction of oxidants in 
the human body is associated with the pathogenesis of many chronic 
diseases34 and thus crucial importance of antioxidants to counter the 
effects of the oxidants. Several studies have shown the association be-
tween consumption of fried foods and the risk of becoming overweight 
or obese, diabetic and hypertensive.35,36 However, the findings of the 
present study show contrasting results which are supported by other 
studies.37 The inconsistency in the results may be attributed to the type 
of oils used for frying, and the frying condition—deep or pan fry.35 

The study has some limitations. For instance, because of the quan-
titative nature of the study, the unmeasurable information could not be 
captured, despite being possible to identify their presence. Secondly, an 
individual is classified as diabetic based on random blood glucose levels 
which may not be an accurate indicator as compared to fasting blood 
glucose levels and the 2-h postprandial test. Thirdly, information on the 
quantity of food consumed by an individual is not available. Lastly, due 
to the nature of the cross-sectional design of the study, the cause and 
effect cannot be investigated in detail. 

5. Conclusions 

Our findings provide strong evidence of the role of overweight or 
obesity as a cause of diabetes and hypertension and also clearly indicates 
that there are unobserved factors that simultaneously affect overweight/ 
obesity as well as both diabetes and hypertension. This indicates that 
apart from the known measurable factors, policy and health promotion 
programme should also give special attention to the unmeasurable fac-
tors (for example: genetic factors, psychological stress and long working 
hour) that commonly influence the risk of overweight or obesity and 
chronic diseases. 
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