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A. Sampling and Survey Strategy 
 
Two rounds of demographic and health surveys were administered in 2004 and 2009 in Delhi 
and surrounding areas. A location based probabilistic sampling strategy was employed to select 
households.(1) Eicher Street Map of Delhi and satellite data were used to stratify and select the 
sample sites. Each of the 190 sheets of the Map of Delhi(2) were scanned and mosaicked using 
Spatial Analyst, an extension of ESRI’s ArcGIS.(3) Using the hue on the street map, residential 
areas were extracted. A rectangular gird that closely followed the outline (or geographic extent) 
of each page of the street map was overlaid onto the residential area. A total of 2000 random 
points, weighted by residential areas as a proxy of sample size, were simulated. The simulated 
random points were navigated with the aid of a global position system. Of these 2000 random 
points, 1,576 were accessible households (at/around these random points) and consented to 
participate in the first round of survey, administered during January through May 2004. As 
mandated by the Institutional Review Board of Brown University, household address and name 
of participants were not recorded. However, XY coordinates of the households were recorded 
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with the aid of global position system (GPS), which has ±30 m positional accuracy. Given the 
coarse resolution of GPS, the same households could not be recruited in 2009.  
 
In 2009, the coordinates of the 1,576 households that were surveyed in 2004 were navigated 
using GPS, and 1,496 households (94.9% coverage) within 50 m distance of these coordinates 
were recruited and surveyed. In 2004 and 2009, 3,961 and 2,663 subjects, participated in 
anthropometric measurements, and of these 3,124 and 2,303 subjects, respectively, aged ≥ 15 
years and were available at the time of survey, consented to participate in the study. 
Participants were paid Rupees 100 (US $1.55) each for their cooperation. The survey data 
collection for both rounds was approved by Institutional Review Boards of Brown University and 
University of Iowa (IRB approval #0810992578 and #IRB00000100, respectively). The 
household locations in both rounds were recorded using GPS, which allowed us to develop 
contextual information around the households. 
 
Graduate students from Jawaharlal Nehru University (JNU), Delhi and physicians with MBBS 
(Bachelor of Medicine, Bachelor of Surgery) degree were recruited to administer the survey. 
Four teams were recruited, and each team consisted a male and a female interviewer, and one 
physician. All four teams worked simultaneously. All teams were trained to administer the 
survey, and physicians were trained for anthropometric measurement and lung function testing 
using MicroDL (hand-held portable) spirometer. A standard protocol and coding system (SPCS) 
was developed and enforced. All teams participated in a pilot survey to learn and practice how 
to enforce the SPCS.  
 
The survey was divided into three modules (instrument is available at 
eph.ccs.miami.edu/Obesity(4)): household, individual and anthropometric measurement (see 
Appendix 1 for the survey instrument). The household part covered number of people in the 
household, household structure, heating and cooking appliances, type of fuel used in cooking, 
duration, type and location of the residence (e.g. land-use zoning – industrial or residential), 
morbidity and socio-economic details. The head of the household or a senior member of the 
household was interviewed for this part. Household module included detailed questions on 
exposure to solid fuel smoke, such as the use of fuel type for cooking and heating, duration of 
cooking, time spent in the kitchen in last one week, and usage of exhaust fan. They were also 
asked whether household had a separate kitchen and appliances used for heating and cooling 
the home, such as heater, ceiling fan, exhaust fan, air conditioning or cooler.  
 
The individual part included time-activity pattern (i.e. time spent at different places in daily 
routine), building and place characteristics, residential history over the life course, respiratory 
health symptoms and smoking habits. The anthropometric part was administered to all available 
members of the household who were ≥5 years and consented to participate in the 
measurements, which included measurement of height and weight along with lung function 
testing. Weight was measured using a digital scale, and standing height was measured using a 
stadiometer with a fixed vertical backboard and an adjustable headpiece. 
 
In the section of morbidity and mortality, the respondent who answered the questions about 
household module, was asked about the current health status of all household members, such 
as “Did anyone in the household visit health center/hospital or consulted any physician during 
the last 3 months?” Followed by this other questions were asked to screen for other diseases, 
including TB. For TB, participants were asked "Has anyone in the household ever suffered from 
Tuberculosis?" If response was "Yes", they were asked follow up questions as: “Report age 
when TB was diagnosed”. To further interrogate TB symptoms, two other questions were asked: 
"Has anyone in the household ever coughed blood? and “Was anyone’s sputum ever clinically 
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examined?”. TB cases were identified based on the responses to the above the questions. 
Questions concerning other risk factors, such as occupation, tobacco smoking and income were 
also asked. The data related to tobacco smoking was self-reported. In case subject answer 
‘YES’ to smoking questions, follow up questions about the types and frequency of smoking were 
asked.  
 
Individual module also included life time exposure to various type of cooking fuel matrix to 
assess cooking related exposure. Lifetime cooking matrix included type of fuel used at different 
ages for example <20, 20 to 30, 30 to 40, 40 to 50, 50 to 60 and > 60 years. Type of fuel was 
categorized into: 1) solid fuel (coal, coke, dung cake and wood), 2) gas from cylinder (LPG), 3) 
electric heater, 4) kerosene and 5) others. 
 
Computation of household expenditure: Respondent-reported income data can be 
challenging due to under- and non-reporting of income. Therefore, we utilized household per 
capital monthly expenditure (in Rupees) for all categories: food items (Rice, Wheat Flour, 
Pulses, Sugar, Spices etc.), oily food items (vegetable oil, ghee, butter, etc.), milk, vegetables, 
fruits, meat (including chicken, fish and mutton), toiletries (including soap, combs, hair oil, 
toothpaste), children’s education, phones (both cellphone and landline), bill of tap water and 
electricity bill. For some items expenditure was asked on a weekly bases (such as vegetables 
and fruits), and other monthly (such electricity bill) to reduce recall bias. For example, recalling 
vegetables and fruits purchased during last week (including today) should have had less recall 
bias than recalling items purchased asking for items purchased during the past month. For utility 
bills (such as water and electricity) household receive one monthly bill. Thus, we asked for 
monthly expenses on such items.  
 
Instead of asking for total expenses household consumption items, respondents were ask the 
quantity they bought, which was then multiplied by the local market rates, published in 
Hindustan Times, the National English Newspaper in India. Although there must have been 
variations in the food items, expenditure on other items must have been constants, such as 
water, electricity, milk etc. Weekly expenditures were multiplied by 4 in order to estimate 
monthly expenditure. The sum of total expenditure was divided by the total number of members, 
who lived in the household at the time of the survey.   
 
Relationship between income and household expenditure: Of the total household surveyed 
during 2004 and 2009, 39% (1,208) households did not report any monthly income or report 
very low income. However, there was a strong positive relationship (R2 ~ 43%) between per 
capita monthly household expenditure and per capita monthly household income of household 
who reported income under any of the three questions: income for each individuals in the 
household (I34) from the main occupation, secondary occupation (I47) and others (H24) (Figure 
S1).  
 
Both variables were highly skewed and analyzed at log scale. A t-test with Welch’s 
approximation suggests that changes in the rates of per capital monthly household expenditure 
(0.5162 at natural log scale; or Rupees 799) was not significantly different (p~0.19) from the 
rate of change in the per capital monthly income (0.43 at natural log or Rupee 1,024) between 
2004 and 2009 (Table S1). 
 

Table S1: Results of t-test in the rates of change in the monthly per capital household 
expenditure and income between 2004 and 2009. 
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Monthly per capita 
household 

Mean Difference 
(2009-2004 

Standard 
Error Observation 

95% 
confidence 

Interval 

ln(expenditure (Rupees)  0.516 0.023 3,063 0.47 – 0.56 

ln(income (Rupees)) 0.437 0.055 1,862 0.33 – 0.55 
Difference 0.078 0.060 - -0.38 – 0.196 

t-statistics ~ 1.31 (p ~ 0.189) 
 

Figure S1: Relationship between self-reported per capita monthly per capital household 
expenditure and per capita monthly household income. 

 

  
 
 
 
 
B. Smoking and Solid Fuel Exposure Interaction 
 
Table S2: Odds of the history of active TB with respect to smoking and solid fuel exposure, and 

their interaction. 
Variables  Cooking Heating 
 Model - 1 Model-2 Model - 1 Model-2 
Smoking (0=no, 1=yes) 3.176***  2.328***  
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(1.959 - 5.147) (1.354 - 4.003) 
Solid fuel exposure (0=no, 
1=yes) 

2.238** 1.471 
(1.201 - 4.169) (0.796 - 2.720) 

Non-smoker x unexposed 1 1 
(1.000 - 1.000) (1.000 - 1.000) 

Non-smoker x exposed  1 1 
(1.000 - 1.000) (1.000 - 1.000) 

Smoker x unexposed 1 1 
(1.000 - 1.000) (1.000 - 1.000) 

Smoker x exposed 0.591 1.800** 2.707* 2.291*** 
(0.169 - 2.071) (1.085 - 2.985) (0.974 - 7.519) (1.507 - 3.484) 

Constant 0.012***  0.012***  
(0.009 - 0.015)  (0.010 - 0.016)  

Observations 6,623  6,600  
(robust 95% confidence interval in parenthesis); *** p<0.01, ** p<0.05, * p<0.1 
Model-1 included all three terms: smoking, solid fuel exposure and their interaction simultaneously. 
Model-2 included only one term of interaction of solid fuel exposure and smoking. 
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Figure S2. Predicted probability of the history of active TB using Model 1 (described above) by 
smoking and exposure status: a. solid fuel for cooking; b. solid fuel used for heating home. 

a.  Solid fuel used for cooking 

 

b. Solid fuel use for heating 
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