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Introduction: While developing countries continue to cope with the problem of 

malnutrition, overweight/obesity is emerging as a new burden of disease, particularly in 

large urban areas. Unlike the pattern observed in developed countries, the literature 

shows a postive association between overweight and socio-economic status (SES) in 

developing countries. This paper takes the research one step forward by examining the 

effect of SES in association with geographic access to green spaces, land-use type and 

urban sprawl on body mass index (BMI) among the adult population in the Delhi 

Metropolitan area, which has reported the highest prevalence of overweight/obesity 

among adult women in the country.   

 

Historically, public health has been linked with “healthy places” such as contact with 

nature and urban forms.  The recent literature in the context of western countries 

demonstrates this relationship empirically (Frumkin, 2003; Lopez, 2004; Saelens, Sallis, 

Black, & Chen, 2003). The major emphasis of obesity/overweight research in this area 

has been on certain land use/cover types that either promote or discourage physical 

exercise, particularly walking. While high-density mixed land-use with street 

connectivity, safety and an aesthetic look encourages walking and is linked with a low 

prevalence of overweight (Leyden, 2003; Saelens, Sallis, Black et al., 2003), urban 

sprawl, characterized by low density land-use and increasing dependency on car/sports 

utility vehicles and longer commute times, discourages physical activity and is often 

described as one of the most important causes of obesity/overweight (Jackson, 2003; 

Lopez, 2004). A recent study in the U.S. demonstrates that the risk of being obese 

increases by 0.2% with each point increase in urban sprawl (Lopez, 2004). Since 

moderate physical activities, such as walking, can prevent weight gain (Morabia & 

Costanza, 2004), urban planners recommend modern urban designs that facilitate walking 

in order to counter health problems, including the obesity epidemic in the U.S. (Leyden, 

2003).  

 

In the context of developing countries, few studies have addressed the increasing 

influence of land-use/cover and urban sprawl in the context of the prevalence of under- 

and overweight/obesity. Our ability to pursue research in this area is restricted by the 

limited geo-referenced BMI and land-use/cover and urban sprawl data. Advances in 

satellite remote sensing, however, can be exploited to compute land-use/cover and urban 

sprawl data, and geo-coded individual level data can be linked with different locational 

settings. This paper begins to fill the gap in the literature by examining the effects of the 

location of residence, geographic access to green places and urban sprawl along with the 

conventional (individual and household level) measures of SES (used in the literature) on 

BMI in the Delhi Metropolitan area, a rapidly growing urban area of a developing 

country.  

 

Data and Methods: A household survey was administered between January-April 2004 

to collect the data used in the analysis. The survey covered 1576 households that were 

spread across Delhi and its surroundings. Since a household sampling frame was 

unavailable, a spatial sampling design was adopted to select the households. In the first 

phases, residential areas were identified using satellite imageries and topographic sheets, 

and then 2000 random locations were generated within the residential areas. These 
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locations were transferred to global position systems (GPS) to identify the households at 

these locations and acquire their consent to participate in the survey. Finally, of the 

identified households, 1576 participated in the survey. 

 

Regression analysis was used to model BMI as a function of covariates including 

conventional measures of SES, household location characteristics, access to green spaces 

and urban sprawl. In an ordinary least square regression model (OLS), BMI (yij) of the i
th

 

individual living in the j
th

 household can be expressed as a function X covariates as: 

 

   ijijij Xy εβα +′+=      (1) 

Where 

yij  = body mass index of the i
th 

individual in the j
th

 household.  

X'ij = a matrix of X covariates by 1 

β = X by 1 vector of regression coefficients 

εij = unobservable or error term with a probability distribution N(0,σ
2
) 

 

Because the household level variables, such as social group and expenditure per capita, 

will be the same for all individuals of a household and introduce bias in the error term 

resulting the distribution of εij ≠ N(0,σ
2
), a household level random effect that controls for 

intra-household correlation structure in the data was introduced in the equation (1) to 

compute household independent estimates.  

 

)( ijjijij Xy εδβα ++′+=     (2) 

 

Where δj = error caused by intra-household correlation 

 

Using the regression equation (2), three set of analyses were performed. In the first set, 

BMI was regressed on per capita monthly expenditure on food and non-food items and 

total expenditure after controlling for age, sex and smoking habits. In the second, BMI 

was examined as a function of the final set of covariates identified above by the location 

of residence (within Delhi and Outside Delhi), and in the final set, the effect of the same 

covariates on BMI was assessed for different land-use types. Analysis was carried out in 

Stata (Ver 8.0) software.  

 

Main Findings: The average value of BMI (22.5±0.18) for this sample was in a normal 

range (between 18.5 and 24.9). However, BMI varied significantly by gender, age and 

location of residence; 34% of women and 25% of men were overweight/obese (BMI ≥ 

25) and women in all age groups except children (between 5 and 15 years) were more 

likely to be overweight/obese than men (Table 1). The analysis of BMI by location of 

residence suggests that 32.8% of subjects living outside Delhi were in obese/overweight 

category as compared to 29% for those in Delhi and these differences were significantly 

higher for men than for women. The literature suggests an elevated risk of obesity among 

those who spend a longer duration of time commuting (Frumkin, 2002). Similarly, longer 

commuting hours could be one of the potential explanations for the high prevalence of 

overweight/obesity among men who work in Delhi but live outside Delhi.   
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Three different sets of regression analyses were performed, and their results are presented 

in Table 2, 3 and 4. In the first set, BMI was regressed on per capita monthly expenditure 

on food and nonfood items, separately and the total of both categories after controlling 

for age, smoking habit and gender. Although per capita monthly household expenditure 

on both food and non-food items showed a statistically significant positive association 

with BMI for the adult population across all ages, expenditure on non-food items, which 

can be considered as an indicator of material lifestyle, access to services and physical 

activity, recorded a stronger association with BMI than the expenditure on food items. 

Because both categories of expenditures observed a significant association with BMI, the 

total per capita monthly expenditure was included in the subsequent regression analyses. 

 

In the second and third sets, BMI was analyzed by location of residence (inside or outside 

Delhi) and by neighborhood types, respectively. In the analysis by the location of 

residence, six and three of the selected eight covariates showed a statistically significant 

relationship with BMI in Delhi and outside Delhi, respectively (Table 3); and by 

neighborhood types six, five and two variables registered a statistically significant 

association with BMI in residential, commercial/industrial and others types of 

neighborhoods, respectively. As discussed earlier, household expenditure was positively 

associated with BMI and a similar association was observed in both residential and 

commercial/industrial neighborhoods as well, but not in the neighborhood under the other 

category (Table 3). In the aggregate analysis, a one percent change in expenditure 

explained a 0.055±0.018 and 0.054±0.017 increase in BMI for adult men and women 

(15y+), respectively, other variables being constant. This association was much stronger 

for the subjects living outside Delhi. These outcomes are contrary to what is observed in 

Western Countries (Kuczmarski, Flegal, Campbell et al., 1994).  

 

Geographic access to open green spaces for men living in Delhi and in the residential 

neighborhoods was inversely correlated with BMI. The male specific access to open 

green spaces, which encourage walking and exercise, and its inverse association with the 

BMI, clearly reflects socially acceptable differential roles of men and women in the 

Indian Society. More often than not, women do not have the same access to recreational 

facilities due to cultural reasons that create separate gendered spaces making it culturally 

inappropriate for women to exercise in public spaces. In contrast, men can take advantage 

of public spaces, such as those found in Delhi, and exercise thereby reducing their risk of 

obesity. 

 

The distance from the city center, used as an indicator of urban sprawl in the context of 

this article, was positively associated with BMI for all adult subjects (Table 3) and for 

men and women living in the residential neighborhood (Table 4), which means that the 

subjects, who live in predominantly residential neighborhoods located farther from the 

city center, are more likely to observe a higher value of BMI than those who live in the 

residential neighborhoods located closer to the city. This relationship, however, was 

statistically insignificant when analyzed by the location of residence (inside or outside 

Delhi) separately. It suggests that the locations of commercial/industrial activities do not 
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follow a distance decay pattern from the city center and its association with BMI, while 

residential neighborhoods do. 

 

Conclusions: There is an increasing interest in the (indirect) causal mechanism behind 

the health effects of urban sprawl in western countries, in general, and in the U.S., in 

particular. Obesity/overweight has drawn particular attention. For example, research in 

the U.S. shows 0.2 percent increase in the risk of obesity with one point increase in the 

measure of urban sprawl (Lopez, 2004). The results of our analysis demonstrate a similar 

relationship, but this relationship is stronger for the subjects living in a residential 

neighborhood, which constitutes more than half of the sample size, as compared to those 

living in commercial and other non-commercial and non-residential neighborhoods.  

 

The results of our analyses are in agreement with the existing literature. The percentage 

of underweight men is significantly higher than that that of overweight/obese men and 

the trend is the reverse for women. Based on the comparison of our data with that of 

NFHS II data, it was clear that the prevalence of overweight/obesity among women is on 

rise. While the measures of SES observe a positive association with BMI, male specific 

access to open green spaces reflects the importance of cultural contexts for research on 

under- and overweight in India. In addition, urban sprawl has begun to show a significant 

relationship with BMI. These results, however, must be used with caution because due to 

data limitations distance from the city center was used as a crude measure of urban 

sprawl which may not reflect the same meaning as it does in developed countries.  

 

In the wake of the globalization of the Indian economy, improvements in education, 

physical infrastructure and the booming service sector, the effect of urban sprawl on 

overweight/obesity is likely to trickle down to medium and small cities in the country. 

Therefore, it is critically important to adopt necessary public health measures before the 

obesity/overweight epidemic extends to medium and smaller cities. 
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