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Background: To determine associations between householdmotor vehicle ownership and obesity among Indian
adults.

Methods: Bivariate and multivariable analyses were conducted using the 2005–2006 and 2015–2016 Indian
Demographic and Health surveys, with over 800 000 respondents.

Results: Obesity prevalence (body mass index ≥25 kg/m2) rose in females (16.87% to 20.35%) and in males
(12.55% to 18.74%). In 2005, having both types of vehicles (motorcycle/motor scooter and car) significantly
increased the odds of obesity in females (OR, 1.63; 95% CI 1.50 to 1.76) and males (OR, 2.49; 95% CI 2.24 to
2.77) as well as in 2015 (OR, 1.10; 95% CI 1.07 to 1.13 and OR, 1.56; 95% CI 1.45 to 1.68, respectively). The
wealthiest were more likely to be obese in 2005 (OR, 14.95; 95% CI 16.06 to 17.12 for females; OR, 12.69; 95%
CI 10.17 to 15.70 for males) and in 2015 (OR, 7.69; 95% CI 7.43 to 7.95 for females and OR, 6.40; 95% CI 5.40 to
7.01 for males). Higher education levels, being younger and rural residence were significant protective factors in
2005 and 2015.

Conclusions: After adjusting for confounders, motor vehicle ownership was significantly associated with obesity
at both time points, but the effect of vehicle ownership presents differently by gender. With obesity prevalence
increasing in India, policies promoting active vs motorized transport could attenuate this problem.
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Introduction
Obesity and its associated chronic diseases have becomeaworld-
wide problem that is not just limited to populations in developed
countries.1–4 According to the WHO, as of 2016 over 650 mil-
lion adults around the world were classified as obese.5 A recent
commission report published in The Lancet described how the
triple pandemics of obesity, undernutrition and climate change
create a global syndemic driven by systems of food and agri-
culture, transportation, urban design and use of land.6 In India,
one of the world’s largest and fastest growing economies, un-
dernutrition remains a problem for some. Yet at the same time,
a ‘double burden’ exists as obesity levels are rising rapidly.7,8
While obesity in India may have been classified as problem-
atic among the wealthy and among those in urban settings,9

studies have found a rise in obesity among poorer populations
and in rural settings.10–12 Indian females tend to display higher
levels of obesity than their male counterparts.12 A study using
the National Family Health Survey 2005–2006 found that, among
women, obesity increased with age in both poor and non-poor
groups.13 Obesity has been found to be associated with a num-
ber of serious chronic health problems including heart disease,
hypertension, diabetes and some types of cancer,5,14,15 and In-
dians may be at greater risk than Caucasians for some of these
obesity-related diseases.16,17 Obesity is typically measured with
height and weight and classified with a body mass index (BMI).5
BMI cut-off values may need to be adapted for people from dif-
ferent ethnicities and backgrounds. A universal classification of
obesity adopted andmaintained by theWHO is a BMI≥30 kg/m2,
but recent studies and a consensus statement specific to Indian
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populations indicate that a cut-off of≥25may bemore appropri-
ate for measuring risk in Indian populations.18–24
A number of factors contribute to weight gain and obe-

sity, including socioeconomic status, eating habits, age, gender
and diminished physical activity levels. But other drivers include
transportation, urban design and land use.6 Most youth and
adults in developing countries do not meet physical activity
guidelines during times of leisure or work.25 A growing depen-
dence on household items like televisions, computers andmotor-
ized vehicles may contribute to physical inactivity and the larger
problem of obesity.26 While several studies have explored the
relationship between sedentary leisure time activities and obe-
sity, a select few have examined the relationship between obe-
sity and vehicle ownership.7,27–30 A 2009 study examining house-
hold motor vehicle use and weight status in adults in Columbia
found an association betweenmotor vehicle ownership and obe-
sity among males.31 A 2002 study found an increase in Chi-
nese household vehicle ownership between 1989 and 1997 and
greater odds of obesity in males who had acquired a vehicle over
that time.32 A recent study found that middle-aged and older
Chinese adults living in densely populated neighborhoods who
owned cars had higher odds of being overweight.33
As opportunities spread throughout a larger proportion of

growing economies, household asset ownership patterns change
and more families are able to afford motorized transportation. A
2013 study analyzing 2011 Indian census data found that house-
hold scooter/motorcycle/moped ownership increased by 9.5%
between 2001 and 2011, and car/jeep/van ownership increased
by 2.2%.34 With both vehicle ownership and obesity rising in In-
dia it is an ideal time to examine the relationship between the
two, as has been done in other rapidly growing economies.31–33
While numerous factors contribute to the rapidly increasing lev-
els of obesity in females and males in India, no study, to our
knowledge, has examined these factors and the relationship be-
tween household vehicle ownership and obesity using nation-
ally representative data in India. The purpose of this study is
to compare the associations between household motor vehicle
ownership and obesity, while controlling for a number of other
factors, among Indian females and males in 2005 and again
in 2016.

Methods
Study design and population
Four cross-sectional analyses were conducted (two each for fe-
males and males) using the two rounds (2005–2006 and 2015–
2016) of the National Family Health Survey of India.35,36 These
surveys were administered as part of the Demographic and
Health Surveys (DHS) program, which has collected and dis-
seminated nationally representative demographic and health
and family welfare data in over 90 countries since 1984.37
Response rates in 2005 were 95% for females and 87% for
males, and in 2015 the response rates were 97% for fe-
males and 92% for males.35,36 Technical details about the sur-
veys including sampling design, sampling frame and sample
implementations are published in analytical and final survey
reports.35–37

This study included 102 597 females (aged 18–49 y) in 2005,
593 151 females (18–49) in 2015, 59 593 males (18–49) in 2005
and 91 615 males (18–49) in 2015. Individuals who were aged
<18 y were dropped from our analysis because they would not
have been of legal driving age in India.38 In addition, femaleswho
identified as pregnant were excluded from the analysis because
pregnancy status could confound the obesity measure based on
BMI. As less than 1% of cases had missing data, all cases with
complete data were included.

Outcome variables
For the outcome variable, obesity, a BMI variable was included in
the data sets based on height and weight measurements taken
by trained staff. Height was assessed using a Seca 213 stadiome-
ter (Seca; Medical Measuring Systems and Scales, Hamburg, Ger-
many) and was accurate to the nearest 0.1 cm.35,36 Weight was
recorded using the Seca 874 digital scale with accuracy to within
±100 g.35,36 BMI was calculated as weight in kg divided by height
in m squared.35,36 A dichotomous variable labeled obesity was
defined as those individuals with a BMI ≥25 kg/m2, a level used
with Indian.23,24

Independent variables
Vehicle ownership was defined in four categories as household
ownership of at least one motorcycle/motor scooter (MC/MS), a
car or both types of vehicles: MC/MS and car, with having no ve-
hicle as the reference group. Other control variables included the
age of the respondent, which we grouped into one of three cate-
gories (18–29, 30–39 or 40–49 y) for greater clarity in the bivariate
χ2 tests and kept as a continuous variable for multivariate logis-
tic regression analysis, a wealth index, urban/rural residence and
education level of the respondent. The wealth index was catego-
rized into the following quintiles: poorest, poorer, middle, richer
and richest. The DHS program categorized households into these
quintiles based on ownership of certain assets, house construc-
tion materials, and water and sanitation facility access.39 Urban
status was defined using the standard DHS format as residency
in a capital city, a large city with a population of over 1 million,
a small city with a population of over 50 000 and towns. Ru-
ral status was defined as residency in a countryside area.40 Ed-
ucation was categorized by the DHS program as no education,
primary, secondary and higher. Due to the small number of re-
sponses in the no education and primary education categories,
these were then combined into one category called primary
(or lower).

Statistical analysis
χ2 tests were conducted to analyze the relationship between
the outcome variable of obesity status and the predictor
variable of vehicle ownership in addition to the relationships
between obesity status and age, wealth, setting and educa-
tion. Multivariate logistic regression models were developed to
estimate the association between obesity and the predictor
variable of interest, vehicle ownership, while controlling for
age, wealth, setting and education in adult Indian females and
males. Predictor and other control variables were tested for
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Figure 1. Indian household motor vehicle ownership (2005–2015)

Figure 2. Indian household motor vehicle ownership by category (2005–
2015)

multicollinearity by performing a linear regression and calcu-
lating the variance inflation factor. The results are presented in
the form of ORs with 95% CIs. All analyses were performed in
STATA/SE 15.1.41

Results
Vehicle ownership prevalence
Figure 1 highlights increases in household vehicle ownership
among females (25% vs 41%) and males (26% vs 44%) from
2005 to 2016, respectively. Figure 2 displays Indian house-
hold vehicle ownership by the following categories for females
and males in 2005 and 2015: none, MC/MS, car and both MC/MS
and car. MC/MS ownership increased more among both females
andmales between 2005 and 2015 than other categories of vehi-
cle ownership (20% vs 34% in females and 22% vs 36% inmales).

Obesity prevalence
The prevalence of obesity in India has also been rising. In fe-
males, it was 16.9% in 2005 and 20.4% in 2015, a 20.7% in-
crease. In males, it was 12.6% in 2005 and 18.7% in 2015, a
48.4% increase (Table 1). Table 1 highlights the prevalence of
obesity and non-obesity by selected characteristics of Indian fe-
males and males in 2005 and then again in 2015. Prevalence of
obesity and reported household vehicle ownership varied by gen-

der and over time. Prevalence of obesity was higher among fe-
males with cars in the household in 2005 than it was in 2015
(29.2% vs 31.4%, p<0.001). For males who reported owning a
car, obesity prevalence increased from 2005 to 2015 (20.0% vs
29.7%, p<0.001).
Prevalence of obesity varied by other characteristics as well

(Table 1). The 40–49 y age category of respondents showed the
highest prevalence of obesity for both females andmales in both
time periods.Wealthier females andmales also had a higher level
of obesity at both time points. In 2005, only 2.2% of the poorest
females were obese in contrast to 32.5% of the richest females
(p<0.001). In 2015, 6.2% of the poorest females were obese and
36.5% of the richest were obese (p<0.001). The pattern is simi-
lar with males. In 2005, 1.7% of the poorest males were obese,
as opposed to 26.0% of the richest (p<0.001). In 2015, 5.6% of
the poorest males were obese and 33.7% of the richest were
obese (p<0.001). Obesity was more prevalent among females
and males in urban vs rural settings in both 2005 (p<0.001) and
2015 (p<0.001). Obesity was also highest among those with the
least amount of education (17.1% of females in 2005, 20.7% of
females in 2015, 12.8% of males in 2005 and 19.1% of males in
2015 [p<0.001]).

Predictors of obesity
Results of the logistic regression analysis are presented in Table 2.
After controlling for each of the independent variables in themul-
tivariate analysis, vehicle ownership, greater wealth, urban resi-
dence, less education and older age were all significantly associ-
ated with obesity among both females and males in 2005 and
2015. When compared with those without motorized vehicles,
having both types of vehicles (MC/MS and car) increased the odds
of obesity in 2005 among females and males (OR, 1.63; 95% CI
1.50 to 1.76 andOR, 2.49; 95%CI 2.24 to 2.77, respectively) and in
2015 (OR, 1.10; 95% CI 1.07 to 1.13 and OR, 1.56; 95% CI 1.45 to
1.68, respectively). When comparedwith the poorest quintile, the
wealthiest quintilewasmore likely to be obese in 2005 (OR, 14.95;
95% CI 13.06 to 17.12 for females and OR, 12.69; 95% CI 10.27
to 15.70 for males) and in 2015 (OR, 7.69; 95% CI 7.43 to 7.95 for
females and OR, 6.40; 95% CI 5.40 to 7.01 for males). The odds
of being obese were at least three times as great for females and
males classified as middle class (in reference to the poorest) in
2005 (OR, 3.96; 95%CI 3.46 to 4.55 for females andOR, 3.54; 95%
CI 2.77 to 4.24 formales) and 2015 (OR, 3.64; 95% CI 3.54 to 3.75
for females and OR 3.29; 95% CI 3.03 to 3.57 for males). Higher
levels of education, youth and rural residence were found to be
significant protective factors among both females and males in
2005 and 2015. Multicollinearity was not found to be problematic
because the variance inflation factor values were low (<2) for the
independent variables of interest.42 In addition, multicollinearity
would not change our interpretation of the ORs.43

Discussion
The overall objective of this study was to compare the associa-
tions between household motor vehicle ownership and obesity,
while controlling for a number of other factors, among Indian fe-
males andmales in 2005andagain in 2016. Our results show that
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obesity prevalence was greater among females and males who
owned vehicles than thosewho did not own vehicles at both time
points. The association between motor vehicle ownership and
obesitywas significant, evenwhen controlling for other predictors
of obesity. Obesity prevalence increased among Indian females
and males between 2005 and 2015 by 20.62% and 49.32%, re-
spectively, and vehicle ownership in India increased dramatically
over the 10-y time period as well. This is consistent with findings
from Columbia and China and The Lancet report.6,31–33 As the
prevalence of vehicle ownership increases, so does obesity sta-
tus. Traveling by motorized vehicle replaces more active forms of
transportation like walking and cycling, and this increase in inac-
tivity could be linked to obesity.44,45 Vehicle ownership will likely
increase in India with growing household wealth and the abil-
ity to purchase one or multiple vehicles, and, without interven-
tion, obesity prevalence will continue to escalate. Interestingly,
our study shows that the greatest increase for the type of vehicles
owned between 2005 and 2015was inmotorcycles/motor scoot-
ers, with a 70% increase among women respondents and a 64%
increase among men respondents. This increase in two-wheeled
vehicle ownership is likely due to their relative affordability com-
pared with automobiles.45
Some may argue that weight gain occurs with increased

wealth, regardless of vehicle ownership. Our findings showed that
obesity increased among Indian vehicle owners even when con-
trolling for wealth, but the wealthiest women and men were
most likely to be obese in both 2005 and 2015. The fact that,
in our study, the odds of being obese were at least three times
as great for women and men classified as middle class (in ref-
erence to the poorest) in 2005 and 2015 should be a cause for
concern. With economic growth, obesity is spreading across the
Indian population and it is not just a problem among the wealth-
iest in urban settings. This is consistent with the findings of Lear
et al., who examined the association between ownership of
household devices and obesity in high-, middle- and low-income
countries.26 Interestingly, a 2016 study of obesity among rural
Indian females found that obesity increased from 7% to 24%
between 1975 and 2012.46 Regions of India are growing at dif-
ferent rates and efforts to control obesity should focus on even
poorer areas of the country. As it continues to develop, India
faces the unique challenge of the dual burden ofmalnutrition and
obesity.8,47
In our study, the variables for vehicle ownership and obesity

presented themselves differently by gender. The prevalence of
obesity among females increased by 20.6% between 2005 and
2015 and, among males, obesity prevalence increased by more
than double that (49.3%). Luhar et al. found that Indian females
tend to display higher levels of obesity than their male counter-
parts,12 but levels may be increasing faster for males. Prevalence
of obesity was slightly higher among females with cars in the
household in 2005 than it was in 2015, but not with ownership
of MC/MS, or both MC/MS and a car in the household. By contrast,
for males who reported owning a car, obesity prevalence had a
greater increase, from 20.00% to 29.70% from 2005 to 2015, and
increases in obesity prevalence were also observed with MC/MS
ownership. Furthermore, in themultivariable analysis, the ORs for
the association between vehicle ownership and obesity in males
were larger than they were for females for each type of vehicle
in each year. This is consistent with a study of motorized trans-

portation and obesity in China.32 The obesity impact was less re-
alized among females. In both of these countries and other de-
veloping countries, because of gender norms, men may be the
predominant operators of vehicles. It is possible that women in
India are reporting ownership of vehicles but that they are rarely
the individuals in their households who are driving them. A 2012
report found that more women than men in India depend on
public transportation48 and, in 2015, only 11% of those driving
in India were women.49 The number of women driving in In-
dia may increase as social norms and women’s roles continue
to change.

Limitations
Because the DHS program does not collect data on daily food in-
take or physical activity and exercise, we are not able to control
for important factors related to weight status. Related to this,
ownership of a vehicle might affect both the food environment
and daily physical activity. The ability to take more food home
from the market or having more meals in restaurants impacts
food intake, which may be linked to ease of transportation. As
development broadens across India, food choicesmay be chang-
ing as well. People may be eating less at home and consum-
ing more high energy-dense calories, such as fried foods, away
from home.50 Vehicle ownership makes it easier to access these
kind of foods. Indian families address concerns for low birth-
weight babies with an increase in high energy-dense foods and
less physical activity, which in turn may lead to risks of obesity,
even among younger populations.47,51 Vehicle ownership may
also impact daily physical activity and risks of obesity. We can-
not conclude in our study whether owning a motor vehicle de-
creases activities like cycling and walking, although research has
shown that developed countries with more active citizens have
lower obesity rates.52
This study did not include females and males over the age

of 49 y because anthropometric data were only collected from
females up to the age of 49 y. Also, we do not know who is
driving those vehicles reported as being owned by households,
although research seems to indicate that women are driving
much less than men in India.48,51 The data do not show if a
household has more than one of type of vehicle. Time spent
in traffic would also vary greatly depending upon what part of
the country people live in. Travel and time use studies can per-
form a more in-depth investigation into understanding these
relationships.

Implications
This study reveals the complex system of the obesity pandemic
within a developing country and the leverage points that may
influence change within the system. We often limit our un-
derstanding of obesity to measuring physical activity and calo-
rie intake without considering the contexts surrounding activ-
ity and eating behavior. With prevalence of obesity and vehi-
cle ownership increasing in India, policies aimed at promoting
active vs motorized transport, in both urban and rural settings,
could be one leverage point in attenuating this growing problem.
Policies should include directing funds towards improved and
safer mass transit and community-influenced active commuting
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interventions rather than only funding road and highway infras-
tructure. In addition, policies that regulate vehicle ownership and
use could be instituted and enforced. Finally, support for evalu-
ation of local, state and national transportation policies and an
examination of gendered mobility behavior would elucidate the
impact on population health outcomes.

Conclusions
After adjusting for important confounders like age, wealth, set-
ting and education, household ownership of motor vehicles was
found to be significantly associated with obesity in both fe-
males and males at both the 2005 and 2015 time points, but
the effect of vehicle ownership seems to present differently
by gender.
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