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India is currently facing a non-communicable disease epidemic. Physical activity (PA) is a preventative factor for
non-communicable diseases. Understanding the role of the built environment (BE) to facilitate or constrain PA is
essential for public health interventions to increase population PA. The objective of this study was to understand
BEs associations with PA occurring in two major life domains or life areas—travel and leisure—in urban India. Be-
tween December 2014 and April 2015, in-person surveys were conducted with participants (N = 370; female =
Keywords: 47.2%) in Chennai, India. Perceived BE characteristics regarding residential density, land use mix-diversity, land
India use mix-access, street connectivity, infrastructure for walking and bicycling, aesthetics, traffic safety, and safety
from crime were measured using the adapted Neighborhood Environment Walkability Scale-India (NEWS-
India). Self-reported PA was measured the International Physical Activity Questionnaire. High residential density
was associated with greater odds of travel PA (aOR = 1.9, 95% Cl = 1.2, 3.2). Land use mix-diversity was positive-
ly related to travel PA (aOR = 2.1, 95%CI = 1.2, 3.6), but not associated with leisure or total PA. The aggregate
NEWS-India score predicted a two-fold increase in odds of travel PA (aOR = 1.9,95% Cl = 1.1, 3.1) and a 40% de-
crease in odds of leisure PA (aOR = 0.6, 95% CI = 0.4, 1.0). However, the association of the aggregated score with
leisure PA was not significant. Results suggest that relationships between BE and PA in low-and-middle income
countries may be context-specific, and may differ markedly from higher income countries. Findings have public
health implications for India suggesting that caution should be taken when translating evidence across countries.

© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Rapid rates of increase of chronic and co-morbid non-communicable
diseases (NCDs) (e.g., diabetes, obesity, cardiovascular disease, and
some cancers) have been documented worldwide, with disproportion-
ately higher rates in low-and middle-income countries (LMICs) that are
collectively home to 80% of the world's population (Ebrahim et al.,
2013; Islam et al., 2014; Terzic & Waldman, 2011; Mathers & Loncar,
2006; Beaglehole & Yach, 2003; Upadhyay, 2012). India, an LMIC and
the second most populous country in the world with over 1.25 billion
people is experiencing a NCD epidemic (Bloom et al., 2014; Joshi
et al., 2006). Three NCDs—diabetes, cardiovascular disease, and
obesity—collectively exert a considerable burden on India's population
(Joshi et al., 2006; Pradeepa & Mohan, 2002; Pearson, 1999; Millett
et al,, 2013; Sugathan et al., 2008; Swaminathan & Vaz, 2013;
Swaminathan et al.,, 2013). India has the world's second largest number
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of people living with diabetes (69 million in 2015), next to China
(International Diabetes Federation, 2009; Kumar et al., 2013; Joshi &
Parikh, 2007; World Health Organization, 2011a). Cardiovascular dis-
ease is the leading cause of death and disability in India with current
projections suggesting that India will have the world's largest cardio-
vascular disease burden by 2020 (Pearson, 1999; Joshi et al., 2007;
Rastogi et al., 2004; Patel et al., 2011). India is the third most obese
country in the world with one in every five Indian men and women ei-
ther obese or overweight (Ng et al., 2014; Woodcock et al., 2007). The
total economic loss due to NCDs in India is expected to be $4.58 trillion
between 2012 and 2030, about two and a half times India's gross do-
mestic product (Bloom et al., 2014). Overall, NCDs currently account
for 53% of the total deaths and 44% of disability adjusted life years lost
in India, with projections indicating a further increase to 67% of total
deaths by 2030 (Upadhyay, 2012). Despite such alarming statistics,
there is minimal research examining the rising prevalence and risk fac-
tors causing NCDs in the general population of India.

Numerous studies have documented the preventive role of regular
physical activity (PA) in the prevention and control of NCDs (Adlakha
et al.,, 2014a; Guthold et al,, 2008; Hallal et al., 2012; Milton et al.,
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2014a). Scientific guidelines issued by various international organiza-
tions such as the United Nations and the World Health Organization
have recommended increasing PA as a key strategy for reducing the
impact of NCDs (World Health Organization, 2012; World Health
Organization, 2000; World Health Organization, 2011b; United
Nations Organization, 2011). At the 2011 United Nations High-level
Meeting on NCDs, increasing PA was identified as one of five priority in-
tervention areas, with modification of the built environment (BE) to
support PA as a key focus area (Beaglehole et al.,, 2011). A few studies
conducted in different settings in various parts of India point to general-
ly low levels of regular PA, however there has been no comprehensive
assessment of BE impacts on PA levels in India (Ebrahim et al., 2013;
Millett et al., 2013; Swaminathan et al., 2011; Ebrahim et al., 2010).

Mounting evidence suggests that the BE can facilitate or constrain PA
(Sallis et al., 2016; Sallis et al., 2008; Saelens et al., 2003a; Papas et al.,
2007; Sallis & Glanz, 2006; Hipp et al., 2013a; Adlakha et al., 2014b;
Brownson et al., 2009; Brownson et al., 2006; Committee on physical
activity; health; transportation; and land use, 2005; Sallis et al., 2009a;
Kerr et al., 2016; Frank et al., 2003; Frank, 2000). The presence of side-
walks, crosswalks, bicycle lanes, and public transportation has been
linked to active travel (Millett et al., 2013; Adlakha et al., 2014a; Hipp
et al.,, 2013a; Gordon-Larsen et al., 2005). Studies have consistently
found associations between mixed land-use neighborhoods, reduced
motor vehicle use, increases in walking, bicycling, and transit use, and
a lower likelihood of obesity among residents (Adlakha et al., 2014a;
Frank et al., 2003; Handy et al., 2002; Badland et al., 2008; Yang et al.,
2015; Sallis et al,, 2012). However, studies examining PA and BE associ-
ations thus far have been primarily limited to North America, Europe,
Australia, and South America (Bassett et al., 2008; Bauman et al.,
2013; Becerra et al., 2013). Findings from these studies may not gener-
alize to other parts of the world, particularly LMICs like India where
populations face a higher NCD risk (Hallal et al., 2012; Milton et al.,
2014a; Prentice, 2006). The BE in India has distinct patterns of urbaniza-
tion, density, and land-use, which are different from those observed in
developed and developing countries (Datta, 2006; Vishwanath et al.,
2013).

To date, there is limited empirical research examining BE and PA re-
lationships in India (Ranasinghe et al., 2013). This study probes the
question of how the BE, including density, land-use mix, walking infra-
structure, pedestrian safety, and crime influence PA behaviors in India.
The objective of this study was to examine relationships between neigh-
borhood walkability, BE variables, and domain-specific (travel, leisure)
and total PA in India.

2. Methods

The methodology used in this study is based on the recommenda-
tions of the International Physical activity and the Environment
Network (IPEN; www.ipenproject.org), an organization that has
established common methods and measures for worldwide research
on the BE and PA (Kerr et al., 2013). Study procedures were approved
by the Institutional Review Board of Washington University in St. Louis.

2.1. Study setting

Participants were recruited from the metropolitan area (164.48 sq.
miles) of Chennai city, capital of the state of Tamil Nadu in southern
India (Vénkatacalapati & Aravindan, 2006; Hancock, 2008). It is the
fourth most populous city (8.9 million residents) in India and the 31st
most populous city in the world (Ministry of Home Affairs, 2013). For
administrative purposes, the Chennai metropolitan area is divided into
155 smaller subdivisions called wards. Wards are the smallest
geographic areas for which the Census Bureau of India publishes demo-
graphic information and are comparable to US census tracts. Due to the
lack of consensus on what constitutes a neighborhood (Foster & Hipp,

2011), wards were used as the primary definition and unit for sampling
purposes.

2.2. Sampling and recruitment

Study participants were selected from neighborhoods stratified to
maximize variance in neighborhood walkability and socio-economic
status (SES). This type of stratification by SES was used to enhance the
representativeness of the sample because low-SES populations tend to
be underrepresented in studies of this nature (Turrell, 2000; Cerin et
al., 2009). The goal of this study design was to select participants from
wards stratified into four quadrants that represent the following
criteria: high-walkable/high-SES (37 wards), high-walkable/low-SES
(45 wards), low-walkable/high-SES (36 wards), and low-walkable/
low-SES (37 wards). Within each quadrant, two wards were randomly
selected for participant recruitment. Details of neighborhood stratifica-
tion, sampling, recruitment, and survey properties have been discussed
in detail elsewhere and will be briefly described (Adlakha et al., 2016).

Participants were recruited using purposive sampling. The principal
investigator contacted local city government departments, non-profit
organizations, neighborhood associations, resident welfare groups,
and other local community organizations to create awareness about
the study. These relationships were used to establish contact with a
small pool of residents in selected neighborhoods and facilitate the re-
cruitment process. These residents, through their social networks, sug-
gested other residents who were interested in participating in the study.

Inclusion and exclusion criteria for participants were based on IPEN
protocol and studies conducted in Africa,(Oyeyemi et al,, 2016; Oyeyemi
et al., 2013) Brazil,(Parra et al., 2011) and China (Cerin et al., 2010). EI-
igibility criteria included: (i) current residents of the Chennai metropol-
itan area; (ii) residents for at least 6 months; (iii) 18-65 years of age;
(iv) being able and willing to answer questions in English or Tamil (of-
ficial language in the study region); (v) not having any disability that
prevented independent walking; and (vi) no visible signs of cognitive
impairment. One individual per household was recruited to ensure in-
dependence of observations. In order to ensure selection of a diverse
sample, effort was made to recruit residents from different neighbor-
hoods across the Chennai metropolitan area that matched the
walkability and SES selection.

The principal investigator made initial contact with participants to
provide introductory information about the study, explain study proce-
dures, and obtain informed consent. Participants were contacted either
in-person, via telephone or email. Bilingual Research Assistants were
hired and trained for survey administration. Data collection occurred
between December 2014 and April 2015.

A moderate-to-large effect size (effect size statistic [d] = 0.75)
which is greater than what has been used in previous IPEN studies in
LMIC contexts was used for sample size estimation (Oyeyemi et al.,
2013; Saelens et al., 2003b). Calculations determined that 73 partici-
pants from each of the four stratified neighborhood quadrants were
needed to detect a moderate-to-large effect size with >80% power
(Cohen, 1988). Recruitment continued until at least 75 individuals
from each quadrant had completed the surveys.

2.3. Measures and scoring procedures

Built Environment Assessment: The survey instrument for this phase
was adapted from the Neighborhood Environment Walkability Scale
(NEWS) that has been used widely by IPEN (Cerin et al., 2009; Cerin
et al,, 2006; Saelens et al., 2003c; Cerin et al., 2013). The adaptation of
NEWS-India and results from test-retest reliability are published in an
earlier study (Adlakha et al., 2016). Intra-class correlation coefficients
of all NEWS-India subscales were higher than 0.75, indicating excellent
reliability (Adlakha et al., 2016). The adapted NEWS-India consists of 91
items that assessed the following perceived environmental characteris-
tics: a) residential density (7 items), b) land use mix-diversity (43
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items), c¢) land use mix-access (7 items), d) street connectivity (5
items), e) infrastructure and safety for walking and bicycling (13
items), f) aesthetics (6 items), g) traffic safety (6 items), and h) safety
from crime (4 items). Residential density items asked about the fre-
quency of various types of neighborhood residences, including slums
or squatter settlements, independent homes, and apartments between
1 and 20-story or higher apartments with a response range of 1
(none) to 5 (all). Residential density items were weighted relative to
the average density of single-family homes (e.g., 7- to 12-story apart-
ments were considered to be 50 times more dense than single-family
homes), The weighted values were summed to create the residential
density subscale score. Land use mix-diversity was assessed by the
walking proximity from home to various types of stores and amenities,
with responses ranging from 1- to 5-min walking distance (coded as 5)
to >30-min walking distance (coded as 1). A higher score on the land
use mix-diversity indicated closer average proximity. With the exception
of the residential density subscale, all subscale scores were calculated as
the mean across the subscale items. Sample items from the NEWS-India
scale have been published previously (Adlakha et al., 2016).

Physical Activity Assessment: The International Physical Activity
Questionnaire-Long Form (IPAQ-LF; IPAQ, 2002) was used to collect
participants’ leisure and travel PA. The IPAQ-LF is a self-report measure
of PA that captures the frequency and duration of walking, moderate-
intensity, and vigorous-intensity PA. Modules from IPAQ-LF to assess
leisure-time and travel PA were used in this study. WHO guidelines rec-
ommend that adults aged 18-64 should do at least 150 min of moder-
ate-intensity aerobic PA throughout the week to incur health benefits.
In the context of daily, family, and community activities, this can include
PA during leisure time activity (e.g., walking, dancing, gardening, hiking,
swimming) or transportation (e.g., walking or bicycling) (World Health
Organization, 2010). The reliability (Spearman's rho clustered ~0.8) and
criterion validity (median rho ~0.3) of IPAQ-LF has been tested interna-
tionally with results comparable to other self-reported validation
studies (Craig et al., 2003).

The adapted NEWS-India and modules of IPAQ-LF’® were adminis-
tered to residents of selected Chennai neighborhoods between December
2014 and April 2015. Information on age, gender, marital status, religion,
income (SES), educational level, and employment status were elicited
from the participants using scales validated for Indian contexts
(Gururaj, 2014; Bairwa et al.,, 2013).

3. Data analysis

Data was analyzed using the Statistical Package for the Social
Sciences (SPSS) version 21. NEWS item scoring and subscale score cal-
culations followed the NEWS-Adult scoring scheme recommended by
the IPEN study protocol. 3% > 139 Four-point Likert-type scale response
options for all NEWS-India items ranging from 1 (strongly agree) to 4
(strongly disagree) were combined as “agree” (strongly agree, agree)
and “disagree” (disagree, strongly disagree). All NEWS-India items
were positively scored to ensure that a higher score denotes a more
walkable/activity-friendly neighborhood.

A series of multiple logistic regressions were used to identify BE pre-
dictors of meeting WHO-recommended levels (> 150 min/week of
moderate-intensity PA)(World Health Organization, 2010) for travel,
leisure, and total PA (dichotomous outcomes). Unadjusted and adjusted
odds ratios were calculated for neighborhood SES strata (low, high) and
the pooled sample. The covariates were chosen to control for the poten-
tial confounding effects of variables (age, gender) shown important in
studies other countries (Kerr et al., 2016; Kerr et al., 2013; Cerin et al.,
2013).

4. Results

Socio-demographic characteristics of participants (N = 370) are
presented in Table 1. The mean age of the sample was 37.9 years. The

majority of participants were women (54.2%), married (61.2%),
employed (62.5%), with a graduate or professional degree (49.7%).
48.2% of participants reported earning <600 US Dollars (approximately
36,017 Indian rupees) per month.

4.1. Meeting/not-meeting WHO guidelines for physical activity

Descriptive statistics of sample population meeting and not meeting
WHO recommended guidelines for leisure, travel, and total PA are
presented in Table 2. Among residents that were meeting WHO recom-
mended levels of weekly PA from travel movement, the majority (N =
30, 44.8%,) belonged to the high-walkability/low-SES neighborhood,
Lowest levels of active transportation were observed in the high-
walkability/high-SES neighborhood with 4.9% (N = 6) of residents
meeting weekly PA recommendations from travel-related activities.

Higher percentage of leisure-PA was reported in the high
walkability/high-SES neighborhood where 50.8% (N = 62) of residents
achieved weekly PA recommendations from leisure activities. Overall, a
higher number of participants in the low-SES neighborhoods met WHO
recommended guidelines for PA through travel-related activities. The
highest percentage of residents (65.8%, N = 48) meeting weekly recom-
mendations for total PA were in the low walkability/high-SES neighbor-
hood. The highest percentage of residents (49.3%, N = 33) not meeting
weekly PA guidelines belong to the low-walkability/low-SES neighbor-
hood. In comparing high-SES neighborhoods stratified by walkability
(high, low), there were significant differences in the proportion of
those meeting WHO recommended levels of travel PA and total PA. No
differences were observed in proportion of those meeting leisure or
total PA recommended levels. In low-SES neighborhoods stratified by
walkability, no differences were observed between proportion of resi-
dents meeting WHO recommended levels of leisure, travel, and total PA.

4.2. Logistic regression models

Crude and adjusted odds ratios examining associations between
NEWS subscale scores and meeting WHO-recommended levels of lei-
sure, travel, and total PA across low and high-SES neighborhoods are
presented in Tables 3 and 4 respectively. In low-SES neighborhoods,
land use mix-diversity and aesthetics were the only BE predictors that
were significantly related to leisure PA. Residents living in low-SES
neighborhoods with greater diversity of land use had 2.7 times the
odds of engaging in leisure PA (aOR = 2.7, CI = 1.1, 6.5). Residents in
low-SES neighborhoods with aesthetic qualities had approximately 5
times the odds of engaging in leisure PA (aOR = 5.2, CI = 1.7, 15.5).
No BE predictors were significantly related to travel PA, except for aes-
thetics which had a negative association. Adjusted odds of travel PA im-
proved with street connectivity and safety from crime, but these
associations were not significant. There were no significant associations
between BE predictors and total PA, but the overall adjusted odds were
in the positive direction. Land-use mix diversity and aesthetics were the
only BE factors negatively associated with total PA.

Table 4 shows BE predictors of PA in high-SES neighborhoods. There
was a three-fold increase in adjusted odds of travel PA with infrastruc-
ture for walking/bicycling (aOR = 3.4, CI = 1.2, 9.3) and safety from
traffic (aOR = 2.9, CI = 1.2, 7.2). Street connectivity significantly re-
duced adjusted odds of travel PA by 70% (aOR = 0.3, CI = 0.1, 0.8).
Street connectivity also improved adjusted odds of leisure PA by two
times (aOR = 2.4, CI = 0.9, 6.7), but this association was not statistically
significant. Infrastructure for walking/bicycling was associated with a
60% reduction in odds of leisure PA (aOR = 0.4, CI = 0.2, 1.0). No BE pre-
dictors were significantly related to the adjusted odds of total PA.

Table 5 shows pooled analysis of BE predictors of meeting WHO-rec-
ommended levels of leisure, travel, and total PA across all neighbor-
hoods. Five of eight BE characteristics (residential density, land use
mix diversity, street connectivity, aesthetics, safety from crime) were
significantly associated with travel PA. Among these, residential density
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Table 1
Descriptive characteristics of the sample population (N = 370).
Descriptive characteristics Neighborhood quadrants Full sample
1 2 3 4 N=370
High walkability Low walkability High walkability Low walkability
high SES high SES low SES low SES
n=122 n =88 n=76 n=284
Age (years) Mean (SD) 40.2 (17.3) 34.1 (14.2) 40.5 (14.8) 36.4 (12.6) 37.9(15.3)
Gender (n, %)
Female 59 (48.4) 41 (46.6) 54 (72.0 45 (54.9) 199 (54.2)
Male 63 (51.6) 46 (52.3) 21(28.0 36 (43.9) 166 (45.2)
Marital status (n, %)
Married 69 (56.6) 41 (46.4) 8(77.3 58 (69.0) 226 (61.2)
Not married 53 (43.4) 47 (53.4) 17 (22.7 26 (31.0) 143 (38.8)
Religion (n, %)
Hindu 87 (71.3) 77 (87.5) 65 (86.7) 75 (89.3) 304 (82.2)
non-Hindu 35(28.7) 11 (12.5) 10 (13.3) 9(10.7) 65 (17.6)
Educational level (n, %)
Uneducated 0(0) 5(5.7) 26 (34.7) 17 (20.2) 48 (13.0)
Primary-middle school 1(0.8) 7 (8.0) 21 (28.0) 28 (33.3) 57 (15.5)
High school or diploma 9(74) 16 (184) 20 (26.7) 34 (40.5) 79 (21.5)
Graduate or professional 112 (91.8) 59 (67.8) 8(10.7) 5(6.0) 184 (49.7)
Monthly family income in US dollars (n, %)
<80 0(0) 4(6.6) 36 (64.3) 34 (63.0) 74 (25.3)
81-200 0(0) 8(13.1) 17 (30.4) 18 (33.3) 43 (14.7)
201-549 5(4.1) 15 (24.6) 2(3.6) 2(3.7) 24 (8.2)
>550 117 (95.9) 34 (55.7) 1(1.8) 0(0) 152 (51.9)
Work status (n, %)
Unemployed 39 (32.0) 34 (39.5) 32 (45.7) 29 (36.7) 134 (37.5)
Blue collar 11 (9.0) 16 (18.6) 37 (52.9) 48 (60.8) 112 (31.4)
White collar 72 (59.0) 36 (41.9) 1(1.4) 2(2.5) 111 (31.1)

Note: 1 US Dollar = approx. 65.69 Indian Rupees (average currency exchange rate, January-April 2015); cut-off values in table based on SES classification for India by Gururaj (2014).

(Craig et al., 2003)

(aOR = 1.9,95% CI = 1.2, 3.2) and land use mix-diversity (aOR = 2.1,
95% Cl = 1.2, 3.6) significantly increased odds of meeting WHO-recom-
mendations of travel PA by approximately two times. Land use mix-di-
versity was positively related to travel PA (OR = 2.0,95% Cl = 1.2, 3.5),
but not associated with leisure or total PA. Infrastructure for walking/bi-
cycling (aOR = 1.3,95% Cl = 0.7, 2.4) and safety from traffic (aOR = 1.3,
95% Cl = 0.8, 2.3) improved likelihood of travel PA by 30%, but this as-
sociation was not significant. Street connectivity, aesthetics, and safety
from crime predicted decreased odds of engagement in travel PA. Only
one neighborhood BE characteristic (residential density) was signifi-
cantly associated with leisure PA, but the adjusted odds of engagement
were reduced (aOR = 0.6, 95% CI = 0.4, 1.0). No significant associations
between neighborhood BE features and total PA were observed.

The aggregate NEWS-India score of neighborhood BE features signif-
icantly predicted an increase in adjusted odds of travel PA by approxi-
mately two times (aOR = 1.9, 95% CI = 1.1, 3.1), and a 40% decrease

in odds of leisure PA (aOR = 0.6, 95% CI = 0.4, 1.0). Higher aggregate
NEWS-India score decreased odds of total PA, but this association was
not significant (aOR = 0.9, 95% CI = 0.6, 1.4).

5. Discussion

This study examined associations between neighborhood
walkability, BE features, and domain-specific PA (travel and leisure) in
a developing country. Previous studies have demonstrated significant
associations between individual BE features and PA, predominantly in
developed countries (Sallis et al., 2009a). To our knowledge, there are
no previous studies examining the associations between neighborhood
BE variables and PA in India. This study is the first of its kind to docu-
ment neighborhood walkability and BE associations with domain-
specific PA in India. Results from this study extend the current active

Table 2
Descriptive statistics of sample population for leisure, travel, and total physical activity (meeting, not meeting WHO recommendations®).
Physical activity variables Neighborhood quadrants Full sample
1 2 3 4 N=370
High walkability Low walkability High walkability Low walkability
high SES high SES low SES low SES
n=122 n=2388 n=76 n=2_84
Travel PA (n, %)
Meeting WHO guidelines 6 (4.9) 17 (22.7) 30 (44.8) 34 (44.7) 87 (25.6)
Not meeting WHO guidelines 116 (95.1) 58 (77.3) 37 (55.2) 42 (55.3) 253 (74.4)
Leisure PA (n, %)
Meeting WHO guidelines 62 (50.8) 39 (48.1) 13 (19.1) 17 (25.4) 131(38.8)
Not meeting WHO guidelines 60 (49.2) 42 (51.9) 55 (80.9) 50 (74.6) 207 (61.2)
Total PA (n, %)
Meeting WHO guidelines 66 (54.1) 48 (65.8) 36 (54.5) 34 (50.7) 184 (56.1)
Not meeting WHO guidelines 56 (45.9) 25 (34.2) 30 (45.5) 33(49.3) 144 (43.9)

Note: PA = Physical Activity.

2 At least 150 min of PA per week based on global recommendations for PA among adults established by the WHO (World Health Organization, 2010).
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Table 3
Built environment predictors of meeting WHO-recommended levels of leisure, travel, and total physical activity in low-SES neighborhoods in Chennai, India (N = 160), aOR* (95% CI).
Independent variables Leisure PA Travel PA Total PA
NEWS-India subscales™ OR aOR? OR aOR? OR aoR?
95% Cl 95% (I 95% Cl 95% Cl 95% Cl 95% Cl
Residential density 0.5 0.6 1.8 1.8 1.1 1.1
(02,1.2) (0.2,1.3) (0.9,3.7) (0.9,3.7) (0.5,2.3) (0.5,2.3)
Land use mix-diversity 2.7 2.7 0.7 0.7 0.9 0.9
(1.1,6.4) (1.1,6.5) (03,1.3) (04,1.4) (0.5,1.8) (0.5,1.8)
Land use mix-access 0.9 0.9 11 1.1 14 15
(04, 2.0) (04,2.1) (0.5,2.1) (0.6,2.3) (0.7,2.9) (0.7,3.1)
Street connectivity 0.5 0.5 1.8 1.8 1.1 1.2
(0.2,1.0) (0.2,1.1) (09,3.7) (0.9,3.5) (0.6,2.2) (0.6,2.3)
Infrastructure for walking/bicycling 23 24 0.6 0.5 1.0 1.0
(0.9,5.6) (1.0,6.0) (03,1.3) (0.2,1.2) (04,2.2) (04,2.2)
Aesthetics 41 52 0.4 0.3 0.8 0.8
(1.5,11.3) (1.7,15.5) (02,1.2) (0.1,1.0) (03,2.1) (0.3,2.3)
Safety from traffic 1.9 2.0 1.0 0.9 1.1 1.1
(0.8,4.4) (0.8,4.9) (0.5,2.0) (04, 2.0) (0.5,2.4) (0.5,2.5)
Safety from crime 0.7 0.8 1.7 1.6 1.0 1.0
(0.2,2.2) (0.2,2.4) (0.7,3.9) (0.7,3.9) (04,2.4) (04, 2.6)
Aggregate NEWS-India Score 0.5 0.6 1.8 1.8 1.1 1.1
(02,1.2) (0.2,1.3) (0.9,3.7) (0.9,3.7) (0.5,2.3) (0.5,2.3)

Note: OR = Unadjusted Odds Ratios, aOR = Adjusted Odds Ratios, CI = Confidence Interval, PA = Physical Activity, NEWS = Neighborhood Environment Walkability Scale.

~NEWS item scoring and subscale score calculations followed the NEWS-Adult scoring scheme recommended by the IPEN study protocol (Yang et al., 2015; Sallis et al., 2012). All NEWS
subscales were dichotomized. Residential density was dichotomized into low (weighted mean < 545) and high (weighted mean > 545) densities. Land use mix-diversity was dichotomized
into <10 min walking distance or 210 min (Steele & Mummery, 2003; Chomitz et al., 2013) Four-point Likert-type scale response options for all other subscales (land use mix-access, street
connectivity, infrastructure for walking/bicycling, aesthetics, safety from traffic, and crime safety) ranging from 1 (strongly agree) to 4 (strongly disagree) were combined as “agree”
(strongly agree, agree) and “disagree” (disagree, strongly disagree). The aggregate NEWS-India score was dichotomized into low (mean < 560) and high (weighted mean > 560)

walkability using the mid-point of the range of NEWS-India aggregate values from the sample.

2 Adjusted for age and gender.

living research evidence in LMICs like India by demonstrating that the
BE is an important correlate of PA in India.

In low-SES neighborhoods, travel PA was the primary contributor to
total PA and participants were meeting recommended PA levels
(2150 min of PA per week) from travel related walking and bicycling.
Low-SES participants reported lower levels of leisure PA. In high-SES
neighborhoods, these variations in domain-specific PA were in the

opposite direction—levels of travel PA were lower while engagement
in leisure-time PA was more prevalent. These variations can be ex-
plained by SES differences across neighborhoods. Compared to high-
SES populations, levels of motor vehicle ownership are much lower in
low-SES populations making travel related walking, bicycling, and use
of public transport indispensable for commuting (Becerra et al., 2013;
Cervero et al.,, 2009; Arango et al., 2013). These findings support a recent

Table 4
Built environment predictors of meeting WHO-recommended levels of leisure, travel, and total physical activity in high-SES neighborhoods in Chennai, India (N = 210), aOR? (95% CI).
Independent variables Leisure PA Travel PA Total PA
NEWS-India subscales™ OR aOR? OR aOR? OR aoR?
95% Cl 95% Cl 95% CI 95% Cl 95% Cl 95% CI
Residential density 1.0 1.1 0.7 0.7 0.8 0.9
(0.5,1.7) (0.6,2.1) (0.3,1.9) (0.3,1.9) (04,14) (0.5,1.6)
Land use mix-diversity 0.6 0.6 0.0 0.0 0.5 0.6
(0.1,2.6) (0.1,2.8) (0.0,0.0) (0.0, 0.0) (0.1,2.4) (0.1,2.8)
Land use mix-access 0.9 0.7 2.2 2.1 1.0 0.8
(0.4,1.8) (0.3,1.6) (0.5,9.8) (0.5,9.5) (04,2.1) (04,1.9)
Street connectivity 1.8 24 0.3 03 0.5 0.6
(0.7, 4.6) (0.9,6.7) (0.1,0.9) (0.1,0.8) (02,1.5) (0.2,1.8)
Infrastructure for walking/bicycling 0.4 0.4 32 34 0.7 0.7
(0.2,1.0) (0.2,1.0) (1.2,8.7) (1.2,9.3) (03,1.5) (0.3,1.5)
Aesthetics 0.6 0.5 0.6 0.6 0.8 0.7
(03,1.2) (0.3,1.0) (02,1.9) (0.2,1.8) (0.4,1.6) (04,1.4)
Safety from traffic 0.6 0.6 2.7 29 0.6 0.6
(03,1.1) (03,1.2) (1.1,6.5) (1.2,7.2) (03,1.1) (03,1.2)
Safety from crime 0.6 0.7 0.9 0.9 0.5 0.5
(04,1.1) (04,1.3) (04,2.1) (03,2.1) (0.3,0.9) (0.3,1.0)
Aggregate NEWS-India Score 0.9 1.1 0.7 0.7 0.7 0.8
(0.5,1.6) (0.6,2.0) (03,1.8) (03,1.8) (04,1.3) (0.5,1.6)

Note: OR = Unadjusted Odds Ratios, aOR = Adjusted Odds Ratios, CI = Confidence Interval, PA = Physical Activity, NEWS = Neighborhood Environment Walkability Scale.

~NEWS item scoring and subscale score calculations followed the NEWS-Adult scoring scheme recommended by the IPEN study protocol. >* >3 139 All NEWS subscales were dichotomized.
Residential density was dichotomized into low (weighted mean < 545) and high (weighted mean > 545) densities. Land use mix-diversity was dichotomized into <10 min walking dis-
tance or 210 min (Steele & Mummery, 2003; Chomitz et al., 2013). Four-point Likert-type scale response options for all other subscales (land use mix-access, street connectivity, infra-
structure for walking/bicycling, aesthetics, safety from traffic, and crime safety) ranging from 1 (strongly agree) to 4 (strongly disagree) were combined as “agree” (strongly agree,
agree) and “disagree” (disagree, strongly disagree). The aggregate NEWS-India score was dichotomized into low (mean < 560) and high (weighted mean > 560) walkability using the

mid-point of the range of NEWS-India aggregate values from the sample.
2 Adjusted for age and gender.
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Table 5

Pooled analysis of built environment predictors of meeting WHO-recommended levels of leisure, travel, and total physical activity across all neighborhoods in Chennai, India (N = 370),

aOR® (95% CI).

Independent variables Leisure PA Travel PA Total PA
NEWS-India subscales~ OR aoR® OR aoR? OR aoR*
95% (I 95% (I 95% CI 95% (I 95% CI 95% (I
Residential density 0.6 0.6 2.0 1.9 0.8 0.9
(04,0.9) (04,1.0) (1.2,3.3) (1.2,3.2) (0.5,1.3) (0.6,1.4)
Land use mix-diversity 0.6 0.6 2.0 2.1 0.8 0.7
(04,1.1) (0.3,1.0) (1.2,3.5) (1.2,3.6) (0.5,1.3) (04,1.2)
Land use mix-access 1.2 1.2 0.7 0.7 13 1.2
(0.7, 2.0) (0.7,2.0) (04,1.3) (04,1.3) (0.8,2.1) (0.7,2.1)
Street connectivity 14 1.7 0.6 0.6 1.0 1.1
(0.8,2.4) (0.9,2.9) (03,1.0) (0.3,1.0) (0.6,1.7) (0.6,1.9)
Infrastructure for walking/bicycling 0.8 0.8 14 13 0.8 0.8
(04,1.4) (04,1.5) (0.7, 2.5) (0.7,2.4) (04,1.4) (0.5,1.5)
Aesthetics 1.2 1.2 0.4 0.4 0.9 0.8
(0.7,2.1) (0.7,2.1) (0.2,0.9) (0.2,0.9) (0.5,1.5) (0.5,1.4)
Safety from traffic 0.9 0.9 13 13 0.8 0.8
(0.6, 1.5) (0.6, 1.6) (0.8,2.2) (0.8,2.3) (0.5,1.2) (0.5,1.3)
Safety from crime 1.2 1.2 0.5 0.5 0.8 0.8
(0.8,1.8) (0.8,1.9) (0.3,0.9) (0.3,0.9) (0.5,1.2) (0.5,1.2)
Aggregate NEWS-India Score 0.6 0.6 2.0 1.9 0.8 0.9
(04,0.9) (04,1.0) (1.2,3.2) (1.1,3.1) (0.5,1.3) (0.6,1.4)

Note: OR = Unadjusted Odds Ratios, aOR = Adjusted Odds Ratios, CI = Confidence Interval, PA = Physical Activity, NEWS = Neighborhood Environment Walkability Scale.

~NEWS item scoring and subscale score calculations followed the NEWS-Adult scoring scheme recommended by the IPEN study protocol. >> >3 13° All NEWS subscales were dichotomized.
Residential density was dichotomized into low (weighted mean < 545) and high (weighted mean > 545) densities. Land use mix-diversity was dichotomized into <10 min walking dis-
tance or 210 min (Steele & Mummery, 2003; Chomitz et al., 2013). Four-point Likert-type scale response options for all other subscales (land use mix-access, street connectivity, infra-
structure for walking/bicycling, aesthetics, safety from traffic, and crime safety) ranging from 1 (strongly agree) to 4 (strongly disagree) were combined as “agree” (strongly agree,
agree) and “disagree” (disagree, strongly disagree). The aggregate NEWS-India score was dichotomized into low (mean < 560) and high (weighted mean > 560) walkability using the

mid-point of the range of NEWS-India aggregate values from the sample.
¢ Adjusted for age and gender.

multi-country IPEN study on physical activity, including LMICs such as
Mexico, Colombia, and Brazil, where car ownership was low and active
travel was therefore a necessity and not by choice (Sallis et al., 2016).

Lower levels of leisure PA in low-SES populations can be attributed
to social and environmental barriers that exist to a greater degree in
low-SES neighborhoods.'®? Studies have found that unsafe neighbor-
hood conditions, lack of parks, playgrounds and open spaces, and finan-
cial barriers to access recreational facilities (e.g., gyms, sports clubs, etc.)
limit the ability of low-SES populations to engage in leisure and recrea-
tional activities (Cutts et al., 2009). Low-income populations are finan-
cially constrained in choosing activity-friendly alternatives such as
living in a safer neighborhood, purchasing a gym membership, paying
a fee to access a recreation center, or procuring services that afford
time for PA such as housecleaning or childcare (Milton et al., 2014b;
Sallis et al., 2009b). Overall, these variations in leisure and travel PA
are consistent with previous research in LMICs such as Nigeria
(Oyeyemi et al., 2013), Brazil (Parra et al., 2011; Hino et al., 2011;
Rech et al., 2014; Reis et al., 2013), Columbia (Cervero et al., 2009;
Gomez et al., 2010; Sarmiento et al., 2010),Bangladesh (Ranasinghe et
al., 2013; Jayawardena et al., 2012) and Sri Lanka (Katulanda et al.,
2013).

A comparison of travel PA between the high-SES neighborhoods
showed that a higher percentage of residents in the low walkability
neighborhoods reported meeting travel PA recommendations com-
pared to high walkability neighborhoods, which is a counter-intuitive
finding. This may be explained by high-SES residents being forced to
walk longer distances in their low walkable environments due to limit-
ed access to amenities, public transit stops, etc. Although levels of car-
ownership are known to be higher in high-SES groups, residents may
be opting out of driving privately owned automobiles due to traffic con-
gestion and lack of parking. Instead, they may prefer to walk, bicycle, or
use public transport to commute (e.g., for work or errands). Studies
have shown that factors impacting travel PA in LMICs may be different
from high-income countries (Parra et al., 2011). This study is first-gen-
eration research in India and some findings may not be in agreement
with what has been shown in high-income countries. Data from this

study is insufficient to explain these patterns in domain-specific PA in
India. More research is needed to understand and assess additional fac-
tors (e.g., socio-economic status, car ownership, commuting patterns,
and travel distances) and their relationship to PA across larger geo-
graphical areas and over extended periods of time in LMIC contexts.

Results from logistic regression modeling indicate that the relation-
ships between the BE and PA may be context-specific, and that the con-
text in India may differ markedly from that in high-income countries. In
most LMICs like India, parks and green spaces are being destroyed to
make way for housing and infrastructure to accommodate the growing
population,(Vishwanath et al., 2013) thus limiting access to places for
leisure PA. Low-SES neighborhoods in India are frequently overcrowded
with high density of slum settlements without any planned open spaces
such as parks or playgrounds. The positive association between residen-
tial density, land use mix-diversity, and travel PA (Table 5) implies that
dense neighborhoods and the availability of a variety of destinations can
promote increases in walking, bicycling, and active travel. The availabil-
ity of a diversity of land uses provides proximate destinations that serve
as incentives for people to walk and bicycle. Perceiving local destina-
tions nearby was significantly related to more adults being active to
travel to those destinations, but did not impact levels of leisure PA. Per-
ceived land use mix-access was also positively related to travel PA im-
plying having better access to shops, recreation uses, and transit stops
improves likelihood of active travel. Many other studies have shown as-
sociations between local destinations and travel PA (Bauman et al.,
2009; Saelens & Handy, 2008a).

Crime is a well-recognized barrier to PA, particularly in low-income
neighborhoods (Adlakha et al., 2014b; Foster & Giles-Corti, 2008; Hipp
et al.,, 2013b). However, this analysis yielded inconsistent associations
between crime and PA levels. Previous research has also produced in-
conclusive results, suggesting that the impact of perceived safety from
crime on walking and other forms of PA needs further examination
(Foster & Giles-Corti, 2008; Ding et al., 2013). The influences of per-
ceived crime and safety on PA is complex (e.g., time of occurrence,
people's perceptions, response and coping mechanisms influence PA
differently) (Ding et al., 2013). Future studies should include objective
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measures of crime and use better specified models to understand crime-
PA associations.

This study used operational definitions of high and low walkability
to classify neighborhoods. Empirical models have demonstrated that
smaller block sizes and complete sidewalks along major streets, as
well as higher residential density are associated with increased walking.
The presence of and distance to destinations (mixed land use) near
homes are important indicators of walkability (Ewing et al., 2006;
Frank et al., n.d.) High residential density, mixed land use, and street
connectivity are essential components of walkable neighborhoods
since local patronage supports nearby shops and services while encour-
aging residents to use walk, bicycle, or use public transport for commut-
ing to these destinations. However, values of low density, low street
connectivity, or low land-use mix in Chennai may be equivalent to
high density, high land-use mix, and high street connectivity in neigh-
borhoods of high-income countries. Perhaps neighborhoods that are
too dense, mixed, or connected represent a barrier for PA, resulting in
inverse or insignificant relationships between BE characteristics and
PA behaviors. For example, the population density of the city of Chennai
(17,000/km?) is approximately 6.5 times the population density of Seat-
tle, United States (2593.5/km?), where residents of high density neigh-
borhoods reported 70 more minutes of physical activity and had lower
obesity prevalence than did residents of low-walkability neighborhoods
(Saelens etal., 2003d). In contrast, recent IPEN cross-country analyses in
LMICs such as Bogota (population density = 13,500/km?) and Hong
Kong (population density = 6654.74/km?) has demonstrated inverse
BE-PA associations, similar to this study (Kerr et al., 2016).

Similar findings have been documented in other studies from Latin
America and Africa where PA is constrained, rather than promoted, by
high levels of land use mix and density (Parra et al., 2011; Oyeyemi et
al.,, 2012; Oyeyemi et al., 2014). In many LMICs, areas of high density in-
clude a large number of individuals or households living together which
results in overcrowding. These neighborhoods are often unattractive,
with a lack of space for parks, green spaces, and pedestrian infrastruc-
ture such as sidewalks which hinder residents' PA (Parra et al., 2011).
Data from this study are insufficient to test this hypothesis. A cross-
country analyses of the full IPEN data set combined with a larger sample
size from India could help address this question. Some BE characteristics
showed stronger associations with PA in unadjusted models, but these
relationships were removed in adjusted models. Cross-sectional studies
with larger sample sizes and longitudinal tracking BE changes and PA
behaviors are needed to elucidate these complex relationships in LMICs.

5.1. Limitations

Inference of causality and generalizability of results is limited due to
the cross-sectional study design and a relatively small sample from a
single city in India (Glass et al., 2013). Purposive sampling was used to
recruit participants from neighborhoods stratified by walkability and
SES, but this was not adjusted for in statistical models. The demographic
differences between the neighborhoods may limit generalizability
(Saelens et al., 2003d; Saelens & Handy, 2008b). Residual confounding
and self-selection of individuals into walkable neighborhoods is a limi-
tation of this study (Handy et al., 2006; Baar et al., 2015).

Self-reported PA and neighborhood BE measures are subject to bias
(e.g., overestimation of PA; social desirability of PA; physically active
people may notice more BE features and destinations to walk or bicycle
to) (Montoye, 1996; Wood, 2000). Self-report PA data is also prone to
reliability and validity problems with recall of activity. Recent studies
have used accelerometers to measure PA which provide objective
data. However, given the early stages of this research in India, this
study provides baseline evidence of PA and BE associations in India. A
lack of consensus on measuring domain-specific PA in LMICs (e.g., lack
of tested items, inadequate details on types of PA) is another limitation
of this study and PA literature in general (Wood, 2000; Steele &
Mummery, 2003). The leisure and travel modules of IPAQ-LF have not

been validated in India. Variations in domain-specific PA suggest that
measuring only leisure-time PA, as most studies in the developed coun-
tries have done, may underestimate levels of total PA in LMICs. Physical-
ly intensive activities may be intersecting domestic, work, and travel
domains in the daily routines of LMIC populations, making it important
to include household and occupational PA to gain a complete under-
standing of PA and where it occurs (Chomitz et al., 2013).

5.2. Strengths and implications

Although this study was based on a relatively small sample, it is
among the first to measure and document BE features and PA levels in
India. This project has the potential to establish the current state of ac-
tive living research in India. As part of IPEN, state-of-the-art methods,
measures, and instruments were used (Kerr et al., 2013; Cerin et al.,
2013). Overall, findings suggest that diverse, attractive, and walkable
neighborhoods can support walking, bicycling, and use of public transit.
Public health practitioners and researchers could benefit by utilizing do-
mains and measures from this study for future BE assessments in India
and with testing/adaptation, in other LMICs.

Transportation and planning research supports the proposition that
the physical environment is associated with leisure and transport PA. A
growing number of policy experts, urban planners, and transportation
experts have expressed concern that PA has been engineered out our
daily lives since the design of our neighborhoods makes it difficult,
and in many cases dangerous, to walk or bicycle (Saelens et al., 2003a;
Saelens & Handy, 2008c). Study findings have public health implications
for India and potentially other LMICs, showing associations of PA with
BE that are discordant with those observed in high-income countries
and suggesting that caution should be taken when translating evidence
from high-income countries to LMICs. Overall, results from this study
yield actionable and real-world knowledge for environmental design
and physical infrastructure likely to support and encourage healthy, ac-
tive lifestyles in India. The results of this study can inform efforts to alter
the environments in which people live their daily lives so as to promote
and sustain population shifts in PA.

Future research should consider exploring BE, PA, and NCD out-
comes in other Indian cities and settings. An understanding of environ-
mental correlates of all PA domains (domestic, occupation, transport,
and leisure) is urgently needed to support the development of contex-
tually tailored interventions to reverse the rapidly changing determi-
nants of inactivity occurring through patterns of urbanization and
sprawl. Key recommendations for future research in India include mea-
sure development, objective studies of PA, intervention research, longi-
tudinal tracking of PA, enhancing transdisciplinary collaborations, and
research translation. Research into the role of public transport access,
assessment of policies such as traffic congestion charging and road ra-
tioning, and their impacts in car owners and non-owners would be use-
ful in LMIC settings. Recommendations for practice include enhanced
training for public health practitioners, improved collaborations, advo-
cacy, and knowledge transfer with sectors outside of public health.

6. Conclusion

Large scale epidemiologic studies that incorporate the diverse and
dense BE contexts of LMICs can contribute important evidence for prior-
itizing BE supports, policies, and interventions aimed at curbing the
NCD epidemic in LMICs. Interdisciplinary collaboration and dialogue be-
tween researchers, practitioners, policy makers, and the community on
designing neighborhoods and cities to promote active living will help
create disciplined approaches to generating and reframing evidence
that will hopefully result in cost-effective actions with improved health
outcomes in LMIC contexts.

While this study is first-generation research in India, its findings
have the potential to begin to guide design decisions for healthy living
in urban Indian neighborhoods. By analyzing how health outcomes
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are part of the complexity of urban processes, this project draws atten-
tion to the potential role of urban planning and transport policies on the
BE for active transportation. Environmental and policy changes affecting
the BE are likely to have numerous public health benefits and hold po-
tential for reshaping the fabric of Indian cities.

Conflicts of interest

The authors declare no conflict of interest. The funding sponsors had
no role in the design of the study, in the collection, analyses, or interpre-
tation of data, in the writing of the manuscript, and in the decision to
publish the results. The content is solely the responsibility of the authors
and does not necessarily represent the official views of their affiliations.

Acknowledgments

Dr. Adlakha was funded by the International Field Dissertation Re-
search Award at the Brown School, Washington University in St. Louis
for data collection and field work in India. In addition, Dr. Adlakha's
time was supported by the PARC study funded by a grant from the Na-
tional Prevention Research Initiative (G0802045). The authors would
like to thank Drs. James F. Sallis and Rodrigo S. Reis, and members of
the IPEN Coordinating Center at University of California, San Diego, for
their assistance with study protocols and adaptation of NEWS. The
authors would like to acknowledge the following research assistants'
support in translation and data collection: Priyadarshini Chidambaram,
Avinash Ramu, S. Gayathri, R. Dhivya, Gomathi Srinivasan, V. Sridevi,
and K. Shanthi.

References

Adlakha, D., Hipp, AJ., Marx, C,, Yang, L., Tabak, R., Dodson, E.A., et al., 2014a. Home and
workplace built environment supports for physical activity. Am. J. Prev. Med. 48
(1), 104-107.

Adlakha, D., Budd, E.L,, Gernes, R,, Sequeira, S., JA, H., 2014b. Use of emerging technologies
to assess differences in outdoor physical activity in St. Louis, Missouri. Frontiers in
Public Health 2(41).

Adlakha, D., Hipp, J.A., RC, B., 2016. Adaptation and evaluation of the neighborhood envi-
ronment walkability scale in India (NEWS-India). Int. ]. Environ. Res. Public Health
13(4).

Arango, C,, Paez, D,, Reis, R.S., Brownson, R.C,, Parra, D.C,, 2013. Association between the
perceived environment and physical activity among adults in Latin America: a sys-
tematic review. Int. ]. Behav. Nutr. Phys. Act. 10 (1), 122.

Baar, J., Romppel, M,, Igel, U., Brahler, E., Grande, G., 2015. The independent relations of
both residential self-selection and the environment to physical activity. Int.
J. Environ. Health Res. 25 (3), 288-298.

Badland, H.M., Schofield, G.M., Garrett, N., 2008. Travel behavior and objectively mea-
sured urban design variables: associations for adults traveling to work. Health &
Place 14 (1), 85-95.

Bairwa, M., Rajput, M., Sachdeva, S., 2013. Modified Kuppuswamy's socioeconomic scale:
social researcher should include updated income criteria, 2012. Indian J. Community
Med. 38 (3), 185-186.

Bassett Jr., D.R., Pucher, J,, Buehler, R., Thompson, D.L, Crouter, S.E., 2008. Walking, cycling,
and obesity rates in Europe, North America, and Australia. J. Phys. Act. Health 5 (6),
795-814.

Bauman, A, Bull, F., Chey, T., Craig, C.L,, Ainsworth, B.E., Sallis, J.F,, et al., 2009. The Inter-
national prevalence study on physical activity: results from 20 countries. Int.
J. Behav. Nutr. Phys. Act. 6, 21.

Bauman, A.E., Reis, R.S,, Sallis, ].F., Wells, ].C,, Loos, RJ.F., Martin, B.W., 2013. Correlates of
physical activity: why are some people physically active and others not? Lancet 380
(9838), 258-271.

Beaglehole, R., Yach, D., 2003. Globalisation and the prevention and control of non-com-
municable disease: the neglected chronic diseases of adults. Lancet 362 (9387),
903-908.

Beaglehole, R., Bonita, R., Horton, R., Adams, C., Alleyne, G., Asaria, P., et al.,, 2011. Priority
actions for the non-communicable disease crisis. Lancet 377 (9775), 1438-1447.
Becerra, .M., Reis, R.S., Frank, L.D., Ramirez-Marrero, F.A., Welle, B., Arriaga Cordero, E., et
al., 2013. Transport and health: a look at three Latin American cities. Cadernos de

Satide Pablica 29, 654-666.

Bloom, D.E., Cafiero-Fonseca, E.T., Candeias, V., Adashi, E., Bloom, L., Gurfein, L., et al., 2014.
Economics of Non-Communicable Diseases in India: The Costs and Returns on Invest-
ment of Interventions to Promote Healthy Living and Prevent, Treat, and Manage
NCDs. World Economic Forum, Harvard School of Public Health, Geneva, Switzerland.

Brownson, R.C., Haire-Joshu, D., Luke, D.A., 2006. Shaping the context of health: a review
of environmental and policy approaches in the prevention of chronic diseases. Annu.
Rev. Public Health 27 (1), 341-370.

Brownson, R.C,, Hoehner, C.M,, Day, K., Forsyth, A., Sallis, J.F., 2009. Measuring the built
environment for physical activity: state of the science. Am. J. Prev. Med. 36 (4 Supple-
ment):S99-123.e12.

Cerin, E., Saelens, B.E., Sallis, J.F., Frank, L.D., 2006. Neighborhood environment walkability
scale: validity and development of a short form. Med. Sci. Sports Exerc. 38 (9),
1682-1691.

Cerin, E., Conway, T.L, Saelens, B.E., Frank, L.D., Sallis, ].F., 2009. Cross-validation of the fac-
torial structure of the neighborhood environment walkability scale (NEWS) and its
abbreviated form (NEWS-A). Int. J. Behav. Nutr. Phys. Act. 6 (1), 32.

Cerin, E., Sit, C,, Cheung, M., Ho, S., Lee, L., Chan, W., 2010. Reliable and valid NEWS for Chi-
nese seniors: measuring perceived neighborhood attributes related to walking. Int.
J- Behav. Nutr. Phys. Act. 7 (84).

Cerin, E., Conway, T.L., Cain, K.L,, Kerr, ]., De Bourdeaudhuij, I, Owen, N., et al., 2013. Shar-
ing good NEWS across the world: developing comparable scores across 12 countries
for the neighborhood environment walkability scale (NEWS). BMC Public Health 13,
309.

Cervero, R., Sarmiento, O.L., Jacoby, E., Gomez, L.F., Neiman, A., 2009. Influences of built
environments on walking and cycling: lessons from Bogota. International Journal of
Sustainable Transportation 3 (4), 203-226.

Chomitz, V.R,, Prabhu, S.S., Thanikachalam, S., Vijayakumar, H., Chui, KX.H., Must, A, et al.,
2013. Physical activity and sedentary behavior in South Indian adults: Urbanicity,
gender, and obesity. FASEB J. 27.

Cohen, J., 1988. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. Lawrence
Erlbaum Associates.

Committee on physical activity; health; transportation; and land use, 2005d. Does the
Built Environment Influence Physical Activity? Examining the Evidence. Transporta-
tion Research Board, Institute of Medicine, Washington, D.C.

Craig, C.L,, Marshall, A.L,, Sjostrom, M., 2003. International physical activity questionnaire:
12-country reliability and validity. Med. Sci. Sports Exerc. 35 (8), 1381-1395.

Cutts, B.B., Darby, KJ., Boone, C.G., Brewis, A., 2009. City structure, obesity, and environ-
mental justice: an integrated analysis of physical and social barriers to walkable
streets and park access. Soc. Sci. Med. 69 (9), 1314-1322.

Datta, P., 2006. Urbanisation in India. Kolkata, India, Indian Statistical Institute.

Ding, D., Adams, M,, Sallis, J., Norman, G., Hovell, M., Chambers, C,, et al., 2013. Perceived
neighborhood environment and physical activity in 11 countries: do associations dif-
fer by country? Int. J. Behav. Nutr. Phys. Act. 10 (1), 1479-5868.

Ebrahim, S, Kinra, S., Bowen, L., Andersen, E., Ben-Shlomo, Y., Lyngdoh, T,, et al., 2010. The
effect of rural-to-urban migration on obesity and diabetes in India: a cross-sectional
study. PLoS Med. 7 (4), e1000268.

Ebrahim, S., Pearce, N., Smeeth, L., Casas, ].P., Jaffar, S., Piot, P., 2013. Tackling non-commu-
nicable diseases in low- and middle-income countries: is the evidence from high-in-
come countries all we need? PLoS Med. 10 (1), e1001377.

Ewing, R, Handy, S., Brownson, R.C., Clemente, O., Winston, E., 2006. Identifying and mea-
suring urban design qualities related to walkability. J. Phys. Act. Health 3 (Suppl 1),
$223-S240.

Foster, S., Giles-Corti, B., 2008. The built environment, neighborhood crime and
constrained physical activity: an exploration of inconsistent findings. Prev. Med. 47
(3), 241-251.

Foster KA, Hipp JA. Defining neighborhood boundaries for social measurement: advancing
social work research. Social Work Research 2011;35(1):25-35.

Frank, L.D., 2000. Land use and transportation interaction: implications on public health
and quality of life. J. Plan. Educ. Res. 20 (1), 6-22.

Frank, L.D., Engelke, P.O., Schmid, T.L., 2003. Health and Community Design: The Impact of
the Built Environment on Physical Activity. Island Press, Washington, DC.

Frank LD, Sallis JF, Saelens BE, Leary L, Cain K, Conway TL, et al. The development of a
walkability index: application to the Neighborhood Quality of Life Study. Br. J. Sports
Med. (%M doi:10.1136/bjsm.2009.058701 2010;44:924-933).

Glass, T.A., Goodman, S.N., Hernan, M.A., Samet, ].M., 2013. Causal inference in public
health. Annu. Rev. Public Health 34, 61-75.

Gomez, LF., Sarmiento, O.L, Parra, D.C,, Schmid, T.L, Pratt, M., Jacoby, E., et al., 2010. Char-
acteristics of the built environment associated with leisure-time physical activity
among adults in Bogota, Colombia: a multilevel study. ]. Phys. Act. Health 7 (Suppl
2), S196-5203.

Gordon-Larsen, P., Nelson, M.C,, Beam, K., 2005. Associations among active transportation,
physical activity, and weight status in young adults. Obes. Res. 13 (5), 868-875.
Gururaj, M., 2014. Kuppuswamy's socio-economic status scale — a revision of income pa-
rameter for 2014. International Journal of Recent Trends in Science And Technology

11(1).

Guthold, R, Ono, T,, Strong, K.L., Chatterji, S., Morabia, A., 2008. Worldwide variability in
physical inactivity a 51-country survey. Am. J. Prev. Med. 34 (6), 486-494.

Hallal, P.C., Andersen, L.B., Bull, F.C., Guthold, R., Haskell, W., Ekelund, U., 2012. Global
physical activity levels: surveillance progress, pitfalls, and prospects. Lancet 380
(9838), 247-257.

Hancock, M.E., 2008. The Politics of Heritage from Madras to Chennai. Indiana University
Press.

Handy, S., Boarnet, M., Ewing, R,, Killingsworth, R., 2002. How the built environment af-
fects physical activity: views from urban planning. Am. J. Prev. Med. 23, 64-73.
Handy, S., Cao, X., Mokhtarian, P.L., 2006. Self-selection in the relationship between the
built environment and walking: empirical evidence from northern California. . Am.

Plan. Assoc. 72 (1), 55-74.

Hino, A.A., Reis, R.S., Sarmiento, O.L., Parra, D.C., Brownson, R.C., 2011. The built environ-
ment and recreational physical activity among adults in Curitiba. Brazil. Prev Med 52
(6), 419-422.

Hipp, J.A.,, Adlakha, D., Eyler, A., Chang, B., Pless, R,, 2013a. Emerging technologies:
webcams and crowd-sourcing to identify active transportation. Am. J. Prev. Med. 44
(1), 96-97.


http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0005
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0005
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0005
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0010
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0010
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0010
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0015
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0015
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0015
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0020
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0020
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0020
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0025
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0025
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0025
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0030
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0030
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0030
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0035
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0035
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0035
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0040
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0040
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0040
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0045
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0045
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0045
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0050
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0050
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0050
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0055
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0055
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0055
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0060
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0060
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0065
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0065
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0070
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0070
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0070
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0075
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0075
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0075
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0080
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0080
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0080
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0085
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0085
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0085
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0090
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0090
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0090
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0095
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0095
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0095
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0100
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0100
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0100
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0100
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0105
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0105
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0105
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0110
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0110
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0115
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0115
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0120
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0120
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0120
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0125
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0125
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0130
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0130
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0130
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0135
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0140
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0140
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0140
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0145
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0145
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0145
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0150
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0150
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0150
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0155
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0155
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0155
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0160
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0160
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0160
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0165
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0165
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0170
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0170
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0175
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0175
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0180
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0180
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0180
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0180
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0185
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0185
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0190
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0190
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0190
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0195
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0195
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0200
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0200
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0200
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0205
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0205
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0210
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0210
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0215
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0215
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0215
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0220
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0220
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0220
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0225
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0225
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0225

D. Adlakha et al. / Preventive Medicine 103 (2017) S81-S89 S89

Hipp, J.A,, Adlakha, D., Chockalingam, R., 2013b. Social ecological constraints to park use in
communities with Proximate Park access. LARNet Cyber J. Appl. Leis. Recreat. 16 (4),
23-26.

International Diabetes Federation, 2009. Diabetes. International Working Group on the
Diabetic Foot, Brussels, Belgium.

IPAQ, 2002. International Physical Activity Questionnaires. IPAQ-Long: Last 7 days Self-
Administered Format. In, International physical activity questionnaires.

Islam, S.M.S., Purnat, T.D., Phuong, N.T.A,, Mwingira, U., Schacht, K., Fréschl, G., 2014. Non-
Communicable Diseases (NCDs) in developing countries: a symposium report. Glob.
Health 10, 81.

Jayawardena, R., Ranasinghe, P., Byrne, N.M., Soares, M.J., Katulanda, P., Hills, A.P., 2012.
Prevalence and trends of the diabetes epidemic in South Asia: a systematic review
and meta-analysis. BMC Public Health 12, 380.

Joshi, S.R., Parikh, R.M., 2007. India-diabetes capital of the world: now heading towards
hypertension. . Assoc. Physicians India 55, 323-324.

Joshi, R,, Cardona, M., Iyengar, S., Sukumar, A., Raju, C.R, Raju, KR, et al., 2006. Chronic
diseases now a leading cause of death in rural India—mortality data from the Andhra
Pradesh rural health initiative. Int. J. Epidemiol. 35 (6), 1522-1529.

Joshi, P., Islam, S., Pais, P., Reddy, S., Dorairaj, P., Kazmi, K., et al., 2007. Risk factors for early
myocardial infarction in South Asians compared with individuals in other countries.
The Journal of the American Medical Association 297 (3), 286-294.

Katulanda, P., Jayawardana, R., Ranasinghe, P., Rezvi Sheriff, M., Matthews, D.R., 2013.
Physical activity patterns and correlates among adults from a developing country:
the Sri Lanka diabetes and cardiovascular study. Public Health Nutr. 16 (9),
1684-1692.

Kerr, J., Sallis, J.F., Owen, N., De Bourdeaudhuij, I, Cerin, E., Sugiyama, T., et al,, 2013. Ad-
vancing science and policy through a coordinated international study of physical ac-
tivity and built environments: IPEN adult methods. ]. Phys. Act. Health 10 (4),
581-601.

Kerr, ]., Emond, J.A., Badland, H., Reis, R., Sarmiento, O., Carlson, J., et al., 2016. Perceived
neighborhood environmental attributes associated with walking and cycling for
transport among adult residents of 17 cities in 12 countries: the IPEN study. Environ.
Health Perspect. 124 (3), 290-298.

Kumar, A., Goel, M.K,, Jain, R.B., Khanna, P., Chaudhary, V., 2013. India towards diabetes
control: key issues. The Australasian Medical Journal 6 (10), 524-531.

Mathers, C.D., Loncar, D., 2006. Projections of global mortality and burden of disease from
2002 to 2030. PLoS Med. 3 (11), e442.

Millett, C., Agrawal, S., Sullivan, R., Vaz, M., Kurpad, A., Bharathi, A.V.,, et al., 2013. Associ-
ations between active travel to work and overweight, hypertension, and diabetes in
India: a cross-sectional study. PLoS Med. 10 (6), e1001459.

Milton, K., Macniven, R., Bauman, A., 2014a. Review of the epidemiological evidence for
physical activity and health from low- and middle-income countries. Global Public
Health 9 (4), 369-381.

Milton, K., Macniven, R., Bauman, A., 2014b. Review of the epidemiological evidence for
physical activity and health from low- and middle-income countries. Glob Public
Health 9 (4), 369-381.

Ministry of Home Affairs, 2013. Census of India 2011. Government of India, New Delhi,
India.

Montoye, HJ., 1996. Measuring physical activity and energy expenditure. Human
Kinetics.

Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., Margono, C,, et al., 2014. Global,
regional, and national prevalence of overweight and obesity in children and adults
during 1980-2013: a systematic analysis for the global burden of disease study
2013. Lancet 384 (9945), 766-781.

Oyeyemi, A.L, Adegoke, B.O., Sallis, ].F.,, Oyeyemi, A.Y., De Bourdeaudhuij, 1., 2012. Per-
ceived crime and traffic safety is related to physical activity among adults in Nigeria.
BMC Public Health 12, 294.

Oyeyemi, A.L, Sallis, ].F.,, Deforche, B., Oyeyemi, A.Y., De Bourdeaudhuij, I., Van Dyck, D.,
2013. Evaluation of the neighborhood environment walkability scale in Nigeria. Int.
] Health Geogr. 12, 16.

Oyeyemi, A.L., Ishaku, CM., Deforche, B., Oyeyemi, A.Y., De Bourdeaudhuij, I, Van Dyck, D.,
2014. Perception of built environmental factors and physical activity among adoles-
cents in Nigeria. Int. J. Behav. Nutr. Phys. Act. 11, 56.

Oyeyemi, A.L, Kasoma, S.S., Onywera, V.O,, Assah, F,, Adedoyin, RA., Conway, T.L, et al,
2016. NEWS for Africa: adaptation and reliability of a built environment question-
naire for physical activity in seven African countries. Int. J. Behav. Nutr. Phys. Act.
13(1),33.

Papas, M.A., Alberg, AJ., Ewing, R., Helzlsouer, KJ., Gary, T.L, Klassen, A.C., 2007. The built
environment and obesity. Epidemiol. Rev. 29 (1), 129-143.

Parra, D.C., Hoehner, C.M,, Hallal, P.C,, Ribeiro, I.C,, Reis, R.S., Brownson, R.C, et al,, 2011.
Perceived environmental correlates of physical activity for leisure and transportation
in Curitiba. Brazil. Prev Med 52 (3-4), 234-238.

Patel, V., Chatterji, S., Chisholm, D., Ebrahim, S., Gopalakrishna, G., Mathers, C,, et al., 2011.
Chronic diseases and injuries in India. Lancet 377 (9763), 413-428.

Pearson, T.A., 1999. Cardiovascular disease in developing countries: myths, realities, and
opportunities. Cardiovasc. Drugs Ther. 13 (2), 95-104.

Pradeepa, R., Mohan, V., 2002. The changing scenario of the diabetes epidemic: implica-
tions for India. Indian ]. Med. Res. 116, 121-132.

Prentice, A.M., 2006. The emerging epidemic of obesity in developing countries. Int.
] Epidemiol. 35 (1), 93-99.

Ranasinghe, C.,, Ranasinghe, P., Jayawardena, R., Misra, A., 2013. Physical activity patterns
among south-Asian adults: a systematic review. Int. ]. Behav. Nutr. Phys. Act. 10 (1),
116.

Rastogi, T., Fau-Vaz, M., Spiegelman, D., KS, R., AV, B, MJ, S,, et al., 2004. Physical activity
and risk of coronary heart disease in India. Int. ]. Epidemiol. (33(0300-5771 (Print)):
759-767).

Rech, CR, Reis, R.S., Hino, A.A., Hallal, P.C,, 2014. Personal, social and environmental cor-
relates of physical activity in adults from Curitiba, Brazil. Prev. Med. 58, 53-57.

Reis, R.S., Hino, A.A,, Parra, D.C,, Hallal, P.C,, Brownson, R.C., 2013. Bicycling and walking
for transportation in three Brazilian cities. Am. . Prev. Med. 44 (2), e9-17.

Saelens, B.E., Handy, S.L., 2008a. Built environment correlates of walking: a review. Med.
Sci. Sports Exerc. 40, S550-S566.

Saelens, B.E., Handy, S., 2008b. Built environment correlates of walking: a review. Med.
Sci. Sports Exerc. 40 (7), S550-S566.

Saelens, B.E., Handy, S.L., 2008c. Built environment correlates of walking: a review. Med.
Sci. Sports Exerc. 40 (7 Suppl), S550-S566.

Saelens, B.E., Sallis, J.F., Frank, L.D., 2003a. Environmental correlates of walking and cy-
cling: findings from the transportation, urban design and planning literatures. Ann.
Behav. Med. 25 (2), 80-91.

Saelens, B.E., Sallis, J.F., Black, ].B., Chen, D., 2003b. Neighborhood-based differences in phys-
ical activity: an environment scale evaluation. Am. J. Public Health 93, 1552-1558.

Saelens, B.E., Sallis, J.F., Black, ].B., Chen, D., 2003c. Neighborhood-based differences in phys-
ical activity: an environment scale evaluation. Am. J. Public Health 93, 1552-1558.

Saelens, B., Sallis, J., Black, J., Chen, D., 2003d. Neighborhood-based differences in physical
activity: and environmental scale evaluation. Am. J. Public Health 93, 1552-1558.

Sallis, J.F., Glanz, K., 2006. The role of built environments in physical activity, eating, and
obesity in childhood. Futur. Child. 16 (1), 89-108.

Sallis, J.F., Owen, N., Fisher, E.B., 2008. Ecological Models of Health Behavior. In: Glanz, K.,
Rimer, B.K,, Viswanath, K. (Eds.), Health Behavior and Health Education: Theory, Re-
search and Practice, Fourth ed Jossey-Bass, San Francisco, pp. 464-485.

Sallis, J.F., Bowles, H.R., Bauman, A., Ainsworth, B.E., Bull, F.C., Craig, C.L,, et al., 2009a.
Neighborhood environments and physical activity among adults in 11 countries.
Am. J. Prev. Med. 36, 484-490.

Sallis, J.F., Saelens, B.E., Frank, L.D., Conway, T.L., Slymen, D.J., Cain, K.L., et al., 2009b.
Neighborhood built environment and income: examining multiple health outcomes.
Soc. Sci. Med. 68, 1285-1293.

Sallis, J.F.,, Floyd, M.F,, Rodriguez, D.A., Saelens, B.E., 2012. Role of built environments in
physical activity, obesity, and cardiovascular disease. Circulation 125 (5), 729-737.

Sallis, ].F., Cerin, E., Conway, T.L., Adams, M.A,, Frank, L.D., Pratt, M., et al., 2016. Physical
activity in relation to urban environments in 14 cities worldwide: a cross-sectional
study. Lancet 387 (10034), 2207-2217.

Sarmiento, O.L., Schmid, T.L., Parra, D.C., Diaz-del-Castillo, A., Gomez, L.F., Pratt, M., et al.,
2010. Quality of life, physical activity, and built environment characteristics among
colombian adults. J. Phys. Act. Health 7 (Suppl 2), S181-5195.

Steele, R., Mummery, K., 2003. Occupational physical activity across occupational catego-
ries. J. Sci. Med. Sport 6 (4), 398-407.

Sugathan, T.N., Soman, C.R., Sankaranarayanan, K., 2008. Behavioural risk factors for non
communicable diseases among adults in Kerala. India. Indian ] Med Res 127 (6),
555-563.

Swaminathan, S., Vaz, M., 2013. Childhood physical activity, sports and exercise and
noncommunicable disease: a special focus on India. Indian J. Pediatr. (80(1%M doi:
10.1007/s12098-011-0590-y):63 - 70).

Swaminathan, S., Selvam, S., Thomas, T., Kurpad, A.V., Vaz, M., 2011. Longitudinal trends
in physical activity patterns in selected urban south Indian school children. Indian
J. Med. Res. 134 (2), 174-180.

Swaminathan, S., Thomas, T., Yusuf, S., Vaz, M., 2013. Clustering of diet, physical activity
and overweight in parents and offspring in South India. Eur. J. Clin. Nutr. 67 (2),
128-134.

Terzic, A, Waldman, S., 2011. Chronic diseases: the emerging pandemic. Clin. Transl. Sci. 4
(3), 225-226.

Turrell, G., 2000. Income non-reporting: implications for health inequalities research.
J. Epidemiol. Community Health 54 (3), 207-214.

United Nations Organization, 2011. The Millennium Development Goals Report. United
Nations Organization, Geneva, Switzerland.

Upadhyay, R.P., 2012. An overview of the burden of non-communicable diseases in India.
Iranian Journal of Public Health 41 (3), 1-8.

Venkatacalapati, AL, Aravindan, R., 2006. Chennai not Madras: Perspectives on the City.
Mumbai: Marg Publications and National Centre for the Performing Arts, Mumbai,
India.

Vishwanath, T,, Lall, S.V., Dowall, D., Lozano-Gracia, N., Sharma, S., Wang, H.G., 2013. Ur-
banization beyond Municipal Boundaries: Nurturing Metropolitan Economies and
Connecting Peri-Urban Areas in India Washington DC The World Bank .

Wood, T.M,, 2000. Issues and future directions in assessing physical activity: an introduc-
tion to the conference proceedings. Res. Q. Exerc. Sport 71 (2), ii-iv.

Woodcock, J., Banister, D., Edwards, P., Prentice, A.M., Roberts, ., 2007. Energy and trans-
port. Lancet 370 (9592), 1078-1088.

World Health Organization, 2000. Obesity: Preventing and Managing the Global Epidemic.
WHO Technical Report Series 894. World Health Organization, Geneva, Switzerland.

World Health Organization, 2010. Global recommendations on physical activity for
health. Global Strategy on Diet, Physical Activity and Health. World Health Organiza-
tion, Geneva.

World Health Organization, 2011a. Global Status Report on Noncommunicable Diseases
2010. World Health Organization, Geneva, Switzerland.

World Health Organization, 2011b. Global Status Report on Noncommunicable Diseases.

World Health Organization, 2012. Global Burden of Disease Study 2010 (GBD 2010).
WHO, Geneva, Switzerland.

Yang, L., Hipp, J.A., Adlakha, D., Marx, C.M,, Tabak, R.G., Brownson, R.C,, 2015. Choice of
commuting mode among employees: do home neighborhood environment, worksite
neighborhood environment, and worksite policy and supports matter? Journal of
Transport & Health 2 (2), 212-218.


http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0230
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0230
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0230
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0235
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0235
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0240
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0240
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0245
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0245
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0245
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0250
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0250
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0255
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0255
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0260
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0260
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0260
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0265
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0265
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0265
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0270
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0270
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0270
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0275
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0275
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0275
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0275
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0280
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0280
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0280
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0280
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0285
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0285
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0290
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0290
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0295
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0295
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0295
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0300
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0300
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0300
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0305
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0305
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0305
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0310
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0310
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0315
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0315
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0320
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0320
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0320
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0320
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0325
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0325
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0325
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0330
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0330
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0335
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0335
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0340
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0340
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0340
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0345
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0345
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0350
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0350
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0355
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0360
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0360
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0365
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0365
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0370
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0370
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0375
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0375
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0375
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0380
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0380
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0380
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0385
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0385
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0390
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0390
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0395
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0395
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0400
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0400
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0405
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0405
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0410
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0410
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0410
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0415
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0415
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0420
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0420
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0425
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0425
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0430
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0430
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0435
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0435
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0435
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0440
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0440
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0445
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0445
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0450
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0450
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0455
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0455
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0455
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0460
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0460
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0465
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0465
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0470
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0470
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0470
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0475
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0475
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0475
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0480
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0480
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0480
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0485
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0485
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0485
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0490
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0490
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0495
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0495
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0500
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0500
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0505
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0505
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0510
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0510
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0510
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0515
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0515
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0515
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0520
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0520
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0525
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0525
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0530
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0530
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0535
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0535
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0535
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0540
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0540
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0545
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0550
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0550
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0555
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0555
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0555
http://refhub.elsevier.com/S0091-7435(16)30276-6/rf0555

	“Can we walk?” Environmental supports for physical activity in India
	1. Introduction
	2. Methods
	2.1. Study setting
	2.2. Sampling and recruitment
	2.3. Measures and scoring procedures

	3. Data analysis
	4. Results
	4.1. Meeting/not-meeting WHO guidelines for physical activity
	4.2. Logistic regression models

	5. Discussion
	5.1. Limitations
	5.2. Strengths and implications

	6. Conclusion
	Conflicts of interest
	Acknowledgments
	References


