QUEEN’S

UNIVERSITY
BELFAST

ESTP1845

Neighborhood-Based Differences in Walkability, Physical Activity, and
Weight Status in India

Adlakha, D., Hipp, J. A., & Brownson, R. C. (2016). Neighborhood-Based Differences in Walkability, Physical
Activity, and Weight Status in India. Journal of Transport and Health, 3(4), 485-499.
https://doi.org/10.1016/j.jth.2016.10.008

Published in:
Journal of Transport and Health

Document Version:
Peer reviewed version

Queen's University Belfast - Research Portal:
Link to publication record in Queen's University Belfast Research Portal

Publisher rights

Copyright 2017 Elsevier.

This manuscript is made available under a Creative Commons Attribution-NonCommercial-NoDerivs License
(https://creativecommons.org/licenses/by-nc-nd/4.0/), which permits distribution and reproduction for non-commercial purposes, provided the
author and source are cited.

General rights

Copyright for the publications made accessible via the Queen's University Belfast Research Portal is retained by the author(s) and / or other
copyright owners and it is a condition of accessing these publications that users recognise and abide by the legal requirements associated
with these rights.

Take down policy

The Research Portal is Queen's institutional repository that provides access to Queen's research output. Every effort has been made to
ensure that content in the Research Portal does not infringe any person's rights, or applicable UK laws. If you discover content in the
Research Portal that you believe breaches copyright or violates any law, please contact openaccess@qub.ac.uk.

Open Access
This research has been made openly available by Queen's academics and its Open Research team. We would love to hear how access to
this research benefits you. — Share your feedback with us: http://go.qub.ac.uk/oa-feedback

Download date:09. Jul. 2024


https://doi.org/10.1016/j.jth.2016.10.008
https://pure.qub.ac.uk/en/publications/08896ee2-3f4c-48c1-8865-c55a9332b2a0

Neighborhood-Based Differences in Walkability, Physical Activity, and Weight Status in India

Deepti Adlakha d.adlakha@qub.ac.uk **, J. Aaron Hipp jahipp@ncsu.edu ®, Ross C. Brownson
rbrownson@wustl.edu 2 ¢

2 Center for Public Health, School of Medicine, Dentistry and Biomedical Sciences, Queen’s University
Belfast, United Kingdom

b Department of Parks, Recreation, and Tourism Management, Center for Geospatial Analytics,

Center for Human Health and the Environment, North Carolina State University, Raleigh, NC 27695-
8004, USA

¢ Brown School, Prevention Research Center in St. Louis, Division of Public H Sciences and

Siteman Cancer Center, Washington University, School of Medicine, Washington ity in St. Louis,
St. Louis, MO 63130, USA

*Corresponding Author:

Deepti Adlakha, PhD, MUD

Center for Public Health

School of Medicine, Dentistry and Biomedical Sciences

Queens University-Belfast

United Kingdom
Email: d.adlakha@qub.ac.uk
Phone: +44-2890-976431


mailto:d.adlakha@qub.ac.uk
mailto:jahipp@ncsu.edu
mailto:rbrownson@wustl.edu

Highlights

HowDd e

First to document differences in built environment and physical activity in India.
Transport—related physical activity was more predominant among low-SES populations.
High-SES populations reported greater leisure-time physical activity.

High-SES populations reported longer sitting time and higher BMI.

S



Abstract

Introduction

Data on built environment (BE) and physical activity (PA) in low- and middle- income countries is
sparse. This study compared BE features, PA levels, and weight status among adults living in
neighborhoods stratified by walkability and socio-economic status (SES) in the city of Chennai, India.

Methods

This cross sectional study design surveyed 370 adults (>18 years) from four neighborheods with differing
walkability and socio-economic status. Participants were asked to complete a survuey onitheir
neighborhood environment, leisure and travel PA, height, weight, and demographic characteristics. One-
way analysis of variance tests were used to examine differences across neighborhogds.

Results

Residents of high-walkability/high-SES neighborhoods reported,higher land usexmix‘diversity, land use
mix access, street connectivity, aesthetics, and safety from crime. Residential density and
walking/bicycling infrastructure were highest in the high-walkability/low=SES neighborhood. Transport
PA was the maximum contributor to total PA in low-SES neighborhoods, while‘residents of high-SES
neighborhoods reported greater levels of leisure-time PA. Sitting time and BMI were greater among high-
SES participants. Patterns of PA, sedentary time, andhweight status varted'significantly by neighborhood
walkability and SES.

Conclusions

An understanding of BE correlates af domain-specifie PA can support the development of contextually
tailored interventions to promotephysical activityhand reverse the determinants of inactivity occurring
through patterns of urbanization andysedentary behaviors in India.
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1. Introduction

India, with a population of 1.2 billion people and will soon be the world’s most populous country.! India
is experiencing a non-communicable disease (NCD) epidemic. 2° Rapid rates of increase of obesity,
diabetes mellitus, and associated chronic and co-morbid NCDs (e.g., cardiovascular diseases and some
cancers) are being documented in India, yet in-country evidence-based research is lacking.? ¢ Currently,
India has the largest diabetic population with 33 million, projected to reach 100 million by 2020.’
Cardiovascular disease is the leading cause of death in India, and its contribution to mortality is rising;
deaths due to cardiovascular disease are projected to double between 1985 and 2015.”° Morbid obesity is
currently affecting 5% of Indians (approximately 61 million people).1® Despite such alarming statics,
there is minimal research examining the rising prevalence and risk factors causingyNCDs,in the general
population of India.

Calls to reduce global epidemics of NCDs by the United Nations andsthe,\\Vorldy,Health Organization have
recommended increasing physical activity (PA) as a key strategy.” ¥ Envitenmental and policy
supports for increasing PA (e.g., walking, bicycling) represent promising modifiable Strategies to curb the
rise in NCDs at a population level.** Understanding the assogiations between PA and the neighborhood
built environment (BE) where the activity occurs has been the subject of réeent intérnational interest.> 16
This interest reflects a social ecological view of health'” *® and‘tecognition of the'interaction between
individuals and their environment.

In the developed countries of North Ameriga, Australia, and Europe, consistent findings have emerged
that BE features can facilitate or constrain PA®®2 For example, measures of land-use mix, residential
density, and street intersection density havésbeen positively related to minutes of moderate PA per day.
Presence of sidewalks, bicycle lanes, bus shelters, and access’to public transportation (e.g., bus rapid
transit, light rail) has been linkedhto inereased levels oftransport PA.%2° Studies have demonstrated that
individuals in more walkable, mixed-useand transit accessible neighborhoods tend to walk or bicycle
more and have a lowerdikelihieod of obesity‘cempared with those in automobile-dependent
neighborhoods.?*-* iy addition t@ walkingpother exercise activities, BMI, and overall health ratings,
neighborhood design can‘also influence air pollution emissions and exposures, thus impacting several
chronic disease outéemes (e-g, cardiovascular disease, asthma and other respiratory ailments).** 3
However, these relationships established in developed countries may not generalize to other parts of the
worldgparticularly in low=and-middle-income countries (LMICs) like India that are collectively home to
80% of thewworld’sipopulation and are at particularly higher risk for developing NCDs.% %3 Questions
also remain about the applicability of surveys constructed in developed countries to the local contexts in
LMICs. To'address this issue, there have been recent calls for investigators to collaborate on a regional
basis to adapt:BE measures that are tailored to the LMIC contexts.3" 3

India is experiencing dramatic urban growth with implications for social, economic, and ecological
sustainability. 4° Urbanization has outpaced the development of basic public health services and regional
infrastructure, compounding health threats from NCDs.**#! Along with poor chronic health outcomes,
issues of pedestrian safety, air pollution, and increasing carbon emissions are especially challenging to
adapt to in urban environments already facing disparities across religious and socio-economic lines.*?#°
While the consequences of urban living may be exposed through a population’s health, the underlying



causes or amplifications of health problems are often rooted in conditions best addressed through non-
public health pathways such as neighborhood design and planning, as explored in this study.

To our knowledge, there is no literature that documents relations between neighborhood walkability, BE
variables, and PA in India.? Studies on active transportation in India are minimal, and do not provide
definitive explanations. From a PA and public health perspective, these transportation studies have
numerous shortcomings: the contribution of community design to overall PA is unknown, neighborhood
environment variables have not been studied, and reliable and valid measures of environmental variables
tailored to the Indian context have not been used in these studies. Further investigatiomof the
environmental correlates of PA is needed and could lead to improved interventions,for Indian contexts.

This paper probes the question of how the BE, including density, land-use mix, and elements,of design
(e.g. pedestrian and bicycling facilities), pedestrian safety, and crimednfluence:walking, bicycling, and
PA behaviors. We use a self-report measure of neighborhood environment adapted for India—
Neighborhood Environment Walkability Scale*® 4" (hereafter called NEWS-India)—and its variables
hypothesized to be important contributors to PA. We compare PA and'weight status among adult
residents living in neighborhoods stratified by walkability and\socio-econamic status (SES).

2. Methods and Analysis

2.1 Study Setting

This study recruited a diverse sample of participants fromthe metropolitan area of the city of Chennai,
India (164.5 sqg. miles). Chennai is the capitalieity of the state of [Tamil Nadu, a major commercial and
industrial hub in southern India.* “At'isthe,fourth mostypopulous city (8.9 million residents) in India and
the 31% most populous city in the world.> Within India, the state of Tamil Nadu is the most urbanized
state with 48.4 percent of the population living inurbaniareas® and has the highest number of diabetic
cases, a majority of them being repertediin, the city of Chennai.>? For administrative purposes, the
Chennai metropolitan area isidivided into 155smaller subdivisions called wards. Wards are the smallest
geographic areas for'which the Census Bureau of India publishes demographic information. Due to the
lack of consensus,on whaticonstitutes a neighborhood,* wards were used as the primary definition and
unit for sampling purposes.

2.2 Sampling

This studysadopted-astratified two-stage cluster sampling strategy. Study participants were selected from
neighborheods‘ehosentasmaximize the variance in neighborhood walkability and SES.** This type of
stratificatiomby SESiwas used to enhance the representativeness of the sample because low-SES
populations tend to be underrepresented in studies of this nature.> % The goal of this study design was to
select participants from neighborhoods stratified into four quadrants that represent the following criteria:
high-walkable/high-SES, high-walkable/low-SES, low-walkable/high-SES, and low-walkable/low-SES.

The sampling protocol used in this study is based on the recommendations 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 PA and BE’s. A major goal of IPEN is to
represent the worldwide variation in BE’s. Previous IPEN studies of this nature have used GIS-based
walkability indices to operationalize walkability.>” To stratify neighborhoods by SES, IPEN studies have



http://www.ipenproject.org/

used median household income obtained from appropriate government ministries, departments or
agencies.®® " Due to the lack of ward-level GIS and household income data for the city of Chennai,
WalkScore®® was used to classify neighborhoods based on walkability and cost of rental units per square
foot to define ward-level SES.

Neighborhoods (wards) were divided into ten equal groups (deciles) based on their walkability and SES
levels. Neighborhoods in deciles 1, 2, 9, 10 were omitted to avoid outliers. Neighborhoods in deciles 5
and 6 were excluded to create separation between the categories. Neighborhoods in deciles 3, 4 (low
walkability) and 7, 8 (high walkability) were selected for potential participant recruitment.
Neighborhoods were also divided into deciles by SES and the neighborhoods in‘degiles'3, 4 (low-income)
and 7, 8 (high income) were selected for participant recruitment.

2.3 Participant Recruitment

Participants were recruited from identified neighborhoods using a purposivessampling technique. The
research team formerly established relationships with city government departments (Chennai
Metropolitan Development Authority, Chennai Traffic Police, and Commissioner.of Police), non-profit
organizations (Chennai City Connect, Transparent Chennai, Institute for Transportation and Development
Policy), neighborhood associations, resident welfare.groups, anéyother local community organizations to
assist in creating awareness about the study in the neighborhood and,facilitating the recruitment process.
These relationships were used to establish contact with a small pool of‘residents in selected
neighborhoods. These residents, through théirsocial networks;suggested other residents who were
interested in participating in the study.

Participants were contacted either in-person, Via.telephone oPemail, with up to 6 contact attempts to
assess study interest and eligibHity. Inclusion and exclusion criteria for participants were based on IPEN
protocol and studies conducted in Nigeria®®, Brazil,®® and China.®® Eligibility criteria for local residents
included: (i) current residents)of the!Chennai‘metropolitan 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, which is the
official languagegin the study regioni(v) not*having any disability that prevented independent walking;
and (vi) no visiblesigns of cagnitive impairment. One individual per household was recruited to ensure
independenceyof observations. Imorder to ensure selection of a diverse sample, effort was made to recruit
residents from different neighborhoods across the Chennai metropolitan area that matched the walkability
and SES selection."Data collection occurred between December 2014 and April 2015.

Sample sizewas determined using 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.®® 51 We determined that 73
participants fromyeach of the four neighborhood quadrants—high-walkable/high-SES, high-walkable/low-
SES, low-walkable/high-SES, and low-walkable/low-SES—uwere needed to detect a moderate-to-large
effect size with more than 80% power.%? Recruitment continued until approximately 75 individuals from
each neighborhood had completed the surveys.

The first author made initial contact with participants to provide introductory information about the study,
explain study procedures, and obtain verbal consent. Participants were given the choice of completing the
surveys in English or Tamil. Trained bilingual research assistants administered the surveys to eligible and



interested participants. All study procedures were approved by the Institutional Review Board at
Washington University in St. Louis.

2.4 Measures

2.4.1 Neighborhood Environment Walkability Scale-India (NEWS-India)

The Neighborhood Environment Walkability Scale (NEWS) is the most frequently used questionnaire for
assessing perceived attributes of the neighborhood environment for PA worldwide.*® 5" ¢ IPEN has used
NEWS as an instrument to evaluate cross-country analyses of BE and PA relationships.®* It is a reliable
and valid instrument that has been tested internationally and translated into many languages.>®: 57 63 6566
An adapted version of NEWS for the Indian context (NEWS-India) was used to‘measure\BE
characteristics across the four neighborhood quadrants in Chennai. The adaptation of the,NEWS was
conducted by Indian and international experts, and final items were selected for NEWS-India,after
cognitive response testing and evaluation of its reliability and validitysNEWS-India was translated into
Tamil by a knowledgeable bilingual translator, reviewed by an expert paneltoe,ensure its conceptual
relevance, and back-translated into English. Details of NEWS-lndia'development, cultural adaption, and
test-retest reliability have been described elsewhere.®’

The adapted NEWS-India consisted of 91 items that assessed the,following pereeived BE characteristics:
a) residential density (7 items); b) proximity to non-residential landyuses (land use mix - diversity; 43
items); ease of access to non-residential uses (land Use,mix - access; 4 1tems); street connectivity (3
items); infrastructure and safety for walking and eycling (12 items); aesthetics (6 items); traffic safety (6
items) and safety from crime (4 items). Six other items were analyzed as single items: parking is difficult
near local shopping areas; streets in the'neighborhiood are,hilly; streets in the neighborhood do not have
many dead-ends; major barriers to walking in‘my neighborheod that make it difficult to walk (e.g., bad
roads, poor sidewalks, water logging).;l see and'speak'te other people while walking in the
neighborhood; there are walking paths inimy neighborhood that connect dead-ends to main roads or
streets. Subscales and samplesNEWS-India ftems@re presented in Table 1. Scoring details and a digital
version of the origin@ NEWS can be found,on http:// sallis.ucsd.edu/measures.

All subscales and single itemsywith theiexception of residential density and land use mix-diversity, were
rated on a 4-peint Likert,scale ranging from 1 (strongly disagree), 2 (somewhat disagree), 3 (somewhat
agree)qto 4 (strongly agree), Residential density items asked about the presence of various types of
neighbarheed residences, from single-family homes to 13-story or higher apartments/ flats, with a
response range‘of. 1 (none)'to 5 (all). Residential density items were weighted relative to the average
density of singlé-family residences (e.g., 7- to- 12 story apartments were considered to be 50 times more
person-densethan single family residences), and weighted values were summed to create a residential
density subscalescore.®: %8 Land use mix diversity was assessed by the walking proximity from homes to
various types of destinations, with response ranging from 1- to 5-minutes walking distance (coded as 5) to
>30 minutes walking distance (coded as 1). Higher scores on land use mix-diversity indicated closer
average proximity implying higher walkability. Scoring of subscales, aggregate NEWS-India score, and
selection of the single items were based on methods proposed by Cerin et al.*

2.4.2 International Physical Activity Questionnaire (IPAQ)
The leisure and transport modules from the long version of the International Physical Activity



Questionnaire (IPAQ-long) were used to assess participants’ self-reported PA.% The questionnaire
assessed frequency (number of days in the last 7 days) and duration (hours and minutes per day) of PA in
two domains (transportation and recreation). The IPAQ was used to compute weekly minutes of walking
for transport and leisure, bicycling for transport, and moderate-to-vigorous PA (MVPA). Leisure time
MVPA was obtained by summing minutes per week of moderate PA and vigorous PA during leisure-
time. Total MVVPA was computed by summing the total minutes/week of reported PA of moderate and
vigorous intensities across the two domains. For total PA, the total minutes/ week of activities in each
domain were summed (total transport + total leisure-time minutes/week scores) to gain an overall
estimate of PA in a week (www.ipag.ki.se). A question on daily time spent sitting (sedentary time) was
asked from IPAQ-short version. The IPAQ has good reliability (intra-class corrélations‘range from 0.46 to
0.96) and fair-to-moderate criterion validity in a 12-country study (p = 0.30)§€omparable to other self-
report measures.’® Acceptable intra-class correlation coefficients ranging fram 0.60'to 0.82"have been
reported for the transportation and leisure-time PA modules of IPAQ#

2.4.3 Demographic Variables and Weight Status

Information on age, gender, marital status, religion, income, [educational level, andiemployment status
were elicited from the participants. Marital status was classified as marriedyand not married. Educational
level was classified as uneducated, primary-middle school, highischool or diploma, and graduate or
professional. Employment status was classified into unemployed (hememaker, student, retired, or unable
to work), blue collar, or white collar. Income was categorized into 4 groupings based on Indian
Rupees/month (1 Indian Rupee = approx. Q{016 US,Dollars).

Participants were asked to self-report hetght,and werghtaBodyimass index (BMI) was calculated as body
weight divided by the square of height (kg/m?aThe'World Health Organization principal cutoff points for
BMI were used to create the catégories: underweight (<48.5 kg/m?), normal weight (18.5-24.99 kg/m?),
overweight (25-24.99 kg/m?), and‘obese (=30 kg/m?).!

2.5 Data Analysis

The purpose of the data analyses was,to determine differences in BE characteristics, PA levels, and
weight status by neighborhoog,quadrants. Demographic characteristics of the sample were compared
across neighberhood quadrants using one-way Analysis of Variance (ANOVA) tests for continuous
variables, and with chi-square testsfor nominal variables. Descriptive statistics of all participants are
presented‘in, Table2:

Data on BEand PA'levels was evaluated for normality and for potential outliers. Individuals with
extremely high,PA values were eliminated from the analyses following IPAQ scoring guidelines.®® All
cases in which the sum total of all walking, moderate and vigorous time PA was greater than 960 minutes
per day (16 hours) were excluded from the analysis. This assumes that on average 8 hours per day is spent
sleeping by an individual.%®

Self-reported walking scores had high positive kurtosis and positive skewness; thus, logarithmic
transformations were used in analyses. Perceived BE data were neither highly skewed nor kurtotic; these
data were not transformed. Mean values are presented in Tables 3 and 4. Multiple linear regression
models were used to determine overall differences in NEWS-India scores, domain-specific PA levels,



sedentary time, and BMI, controlling for demographic variables and car ownership. Differences in NEWS
scores across neighborhoods are presented in Table 3. Neighborhood differences in PA (travel, leisure,
and total), sedentary (sitting) time, and weight status (Body Mass Index) are presented in Table 4.
Analyses were conducted using the Statistical Package for the Social Sciences (SPSS) version 22.7

3. Results

3.1 Descriptive Statistics
The total sample comprised 370 participants with 54.2% females and mean age of 37.9 + 15.3 years
(Table 2). The majority of participants were married (61.2%) and employed (62.5%), €ither in blue collar
(31.4%) or white collar jobs (31.1%). About 13% of participants were uneducat of participants
had a high school education or equivalent, while 49.7% had a graduate or p Si ee. Income
levels reported 48.2% earning less than 36,017 Indian rupees (approximate
Significant differences in demographic characteristics across all neigh

3.2 Neighborhood Characteristics
Table 3 shows that the high-walkability/high-SES neighbor
NEWS subscales: land use mix diversity, land use mix acces
from crime. Highest residential density (weighted
infrastructure (mean = 2.2) was reported in the hi
traffic (mean = 2.5) was greatest in the low wa
walkability/high-SES neighborhood reporte
NEWS score was found in low-walkability/
walking/cycling facilities, significa

scores across the four quadrants. NEWS subs
neighborhoods are listed in Table,3.
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Figure 1. Photographs of high walkability neighborhoods in Chennai, India.
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Figure 2. Photographs of low walkability neighborhoods in Chennai, India.

3.3 Transport Physical Activity V

Comparing the high-walkability neighborhoods, h
SES neighborhood. Residents of low-SES neighbo ported higher levels of
walking, bicycling, and total transport PA ¢ a f high-SES neighborhoods (Table 4). A
similar pattern exists in the low-walkability nts in the low-SES neighborhood
engaged in approximately 126 and & i S elated walking and bicycling per week

respectively, than their counterparts i Shei ood. Residents in the low walkability/low
SES neighborhood reported th i of walking (223 minutes per week
approximately) and bicyc utesyper week approximately) for transport purposes during the past
7 days compared to re oods. Overall, total transport PA was highest among
residents of the lo ili ighborhood (275 minutes per week) and lowest among
residents of the hi ili SES neighborhood (28 minutes per week). Results from linear

hest among residents of the high-walkability/low-SES neighborhood

a'mean value of approximately 129 minutes in the past 7 days. Lowest leisure-time
walking levels were reported by residents of the low-walkability/high-SES neighborhood (quadrant 2)
with a mean value of approximately 50 minutes in the past 7 days. There were significant differences in
leisure-time walking across the four neighborhoods (F = 5.8, p <.001).

Significant differences were observed in leisure-time Moderate-to-Vigorous PA (MVPA; includes only
leisure-time moderate and vigorous PA) across neighborhoods (F = 6.8, p < .001). High- SES residents in
low walkable neighborhoods reported highest levels of leisure-time MVPA per week (147 minutes),
followed by high-SES residents in high walkable neighborhoods (129 minutes per week). In the low-SES
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guadrants, residents in low walkable neighborhoods had the least engagement in leisure-time MVPA (42
minutes per week).

Overall, total levels of leisure-time PA (LTPA; includes leisure-time walking and leisure-time MVPA)
followed a pattern similar to leisure-time MVPA. Significant differences were observed in LTPA across
neighborhoods (F = 5.0, p <.001). High-SES residents in high walkable neighborhoods reported highest
levels of LTPA per week (221minutes), followed by high-SES residents in low walkable neighborhoods
(202 minutes per week). In the low-SES quadrants, residents in low walkable neighborhoods had the least
engagement in LTPA (111 minutes per week).

3.5 Total Physical Activity

Total weekly levels of MVPA and all PA (including walking and bicycling).were highest inithe low-
walkability/low-SES neighborhood (quadrant 4), at approximately 288sand 358yminutes, respectively.
Lower MVPA (157 minutes) and all PA (249 minutes) was reported in the high-walkability/high-SES
neighborhood. Significant differences in MVPA between neighborheed groupswereebserved (F = 3.9, p
<.001).

3.6 Sedentary (Sitting) Behavior

The daily number of minutes spent sitting were highest among residents of‘high-walkability/high-SES
neighborhood (514 minutes per day). Sedentary timewas lowest in the"high walkability/low-SES
neighborhood. Sedentary behavior among residents,in the high-walkability/high-SES neighborhood was
significantly different from all other neighborhoods (F = 12.1, p <.001).

3.7 Weight Status

Mean BMI was 24.6 (+5.7) kg/m?, Selfsreported BIMI was highest (mean = 26 kg/m?) among residents in
the high-walkability/high-SES neighborheod and least in the two low-SES neighborhoods (mean = 23.5
kg/m?).

4. Discussion

This study is amongjthe first'te examing,neighborhood-level BE features, walkability, and domain-
specific PA(transport;leisure) imylndia. Previous studies have demonstrated significant associations
between individual BE features and PA, predominantly in developed countries.?® Findings from this study
show significant differences across sampled neighborhoods in domain-specific PA. This study extends
transportation researchifindings in an Indian context by suggesting that neighborhood-level differences in
walkability‘and‘SESimay impact levels of leisure PA, travel PA, and weight status of individuals.”

Transport PA was higher among low-SES populations, while high-SES populations reported greater
leisure-time PA. Sedentary time and BMI were highest in high-walkable/high-SES neighborhoods. To our
knowledge, there has been no study estimating neighborhood BE variables and PA prevalence in India.
This study sought to provide a preliminary test of the oft-stated hypothesis that neighborhood walkability
as defined by land use and community design,® ™ is related to PA and body weight in India.

It is important to situate the findings of this study in the context of urban health disparities and socio-
economic inequities in India. Rapid urbanization and growth of cities in India has produced has been
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marked by the lack of adequate infrastructure and urban growth management, as well as by sharp socio-
economic divisions are reflected in the quality of the urban environment.*> 7® 77 These inequalities in
distribution of wealth and SES reflect glaring urban health inequities; urban poor face greater exposure to
risky and unhealthy living conditions in India.

Studies have repeatedly found that low SES groups do insufficient leisure PA to benefit their health,
regardless of how SES is measured (e.g., based on education, income or occupation, area of residence).”
Our findings show that the gap narrowed when walking for transport is included in indices of PA, but
SES differences remained. This difference is consistent with previous transportation research that has
found no differences in leisure walking but significant differences in walking foritsansport purposes
between neighborhoods stratified by walkability and SES.”®#2 Given the positiVeyrelationship between PA
and health, these differences are important to examine in LMICs like India'where NCDs areien a sharp
rise.

Urban settings in LMICs like India are prone to heavy traffic, narrowiroads, diminishing green spaces and
parks, resulting in urban areas that are not conducive to PA (€.g., walking, bicycling) over and above the
risks of traffic accidents and pedestrian injuries they pose.*> ¥.76 In severaljgities in India, including
Chennai, parks and green spaces are being destroyed.to make way for housing'and infrastructure to
accommodate the growing population,® thus limiting access to places for leisure PA. Low-SES
neighborhoods in India are frequently overcrowdedwith high density of'slum settlements without any
planned open spaces such as parks or playgfounds:?

Residential density and land use mix@areikey measdresief urbanddevelopment patterns.*® ¢ Studies have
shown that high density and availability of mixed ondiverseyland uses is associated with increased PA, 24
and in particular increased walking fok transport. %> 8588 Findings from this study show that by providing
a mix of commercial facilities or nen-residential land uses (e.g., restaurants, grocery or convenience
stores, markets, retail, and shopping) and residential housing, residents are able to walk to multiple near-
home destinations.®”.8 In this study, low-SES neighborhoods were the densest, which can be attributed to
overcrowding of affordable housing,units, slum dwellings, and squatter settlements.*® Residents in these
neighborhoods reported higher levelsf transport PA compared to residents in high-SES neighborhoods.
Residents imhigh-walkability/high-SES neighborhoods reported the highest levels of land-use mix
diversity, but lawer levelsyof transport-related walking compared to low-SES neighborhoods. Reasons for
this may‘be lowerlevels of motor vehicle ownership among low-SES populations. For individuals in low-
SES neighborheods that live below the poverty level in this study, walking and bicycling are likely a
necessity, thus explaining their greater levels of transport PA. Participants’ workplace and home may also
be proximatewithin walking/ bicycling distance to each other, boosting their transport PA. These results
affirm SES differences in active transportation observed in previous research, with higher levels often
found in the most socio-economically deprived groups.°

Contrary to usual transport PA patterns, SES variations in levels of total leisure PA and leisure MVPA
across the four neighborhoods were in the opposite direction, suggesting that engagement in leisure-time
MVPA was more prevalent in higher income groups. In the high-walkability neighborhoods (quadrants 1
& 3), high-SES residents reported 50 more minutes of leisure MVVPA than low-income residents, which
may be attributed to greater access to BE facilities conducive for PA (gyms, recreation centers, parks,
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etc.) among high-SES participants. Previous research has highlighted that low-SES populations face
barriers such as limited time, access to resources, and BE avenues for leisure-time PA. For example, parks
and green spaces account for 60% of overall MVPA in high income countries.®® However, studies have
shown that low-SES neighborhoods are less likely to have available facilities and locations to facilitate
PA, such as parks and green spaces.*!

Total MVPA and all PA levels were greatest among residents in the low-walkability/low-SES
neighborhood, implying active lifestyles. The average resident in a low-SES neighborhood may be
meeting the recommended PA guidelines of at least 150 minutes of PA per week, withitransport PA being
the primary contributor. In high-SES neighborhoods, leisure-time PA was the maximum contributor to
total PA. Overall, these estimates of PA across leisure and transport domainsfare,consistent with previous
research in LMICs such as Nigeria® and Brazil®® 2, that have shown poorerindividuals tendyto walk
more for utilitarian purposes (e.g., going to work or shopping) and lessifer leisure and recreatiof In
addition, low-SES populations may also have less awareness and knowledgeiabout benefits of PA. Data
from a recent study in South India underscored that an understanding.of the benefits of,PA may be under-
developed in local populations, indicating education may be/an important component of'any PA policy in
India.®* Overall, results from this study highlight income inequalities in leisure PA in low-SES
neighborhoods in Chennai.

Perceptions of BE infrastructure may be subject to bias (i.e., physically“active participants may be
noticing more activity-friendly BE featuresf low-SES residents.unaware of BE elements for PA). This
may be a reason for residents in the high-walkability/low-SES neighborhood reporting greater
walking/bicycling infrastructure. Residentsyin these netghborhgods may have limited knowledge and
awareness of BE features, and thus likely to over report presence of BE supports (sidewalks, crosswalks,
etc.) that are known to promote'RA behaviors. Notablyysafety from traffic was highest in the low-
walkability/low SES neighborhoodgindicating that these neighborhoods had lower volume of traffic at
reduced speed. Some BE)differences betweemneighborhoods could be subtle because of geographic
proximity and shared governance.

Significant differences in sedentary time,across neighborhoods indicated high-SES participants spent
more time sitting in a Week, in camparison with low-SES participants. Increased time spent in sedentary
activities is known to be aisk marker for obesity in high-income populations.® ® Residents of high-SES
neighbarhoeds alsothad higher BMI (means = 26.0 and 24.3 kg/m?), with greater percentages of obese
participants (16:5%, 15:2%). Studies in LMICs have shown high-SES populations were more likely to be
obese.®” 8 Findings of. this study are consistent with previous research where high income populations
have reported-prolonged computer/TV use, hours of sitting at work, and sedentary travel time.®”*° Levels
of LTPA were greater among high-SES participants, indicating their engagement in PA may be primarily
occurring during structured leisure-time, while the rest of their day involved lengthy sitting times.

Explanations for these shifts in PA patterns and sedentary time are multi-faceted and complex in India,
including several cultural, social, and environmental factors. Rapid urbanization, increased
mechanization, and technological advancements have altered quality of life to a great extent in India.
Socioeconomic changes have improved living conditions and standard of living in the last decade. In
high-SES populations in India, the dependence on the automobile is apparent as ordinary, everyday tasks
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such as a trip to the corner store, coffee shop, getting to school or work that used to be completed on foot,
are now accomplished by driving to those destinations in privately owned cars.”® 1 The availability of
new technologies and electronic devices (e.g., televisions, computers, electronic entertainment, the
internet, and wireless communication devices) has enabled people to reduce the amount of physical labor
needed to accomplish many tasks in their daily lives.® The pervasive nature of technology, proliferation of
new devices, and the transition from the traditional physically demanding agricultural and industrial
employment to mechanized manufacturing processes has altered patterns of movement and energy
expenditure at home, work, during leisure, and travel in India.’®* Over the last century, technological
advances and outsourcing of labor-intensive manufacturing in the developed world have created more
sedentary desk jobs in several LMICs including India.

It is important to note several socioeconomic differences in shifting PA patterns. As\a resultief
increasingly common sedentary jobs, PA in high-SES populations indndia hasbecome largely
recreational, taking place during leisure time as budgets and time allow in public parks, gyms, and private
recreation centers.'% In low-SES populations, our findings are.consistent with previous, research that
indicates residents in poorer neighborhoods may have limited ability taiengage in\leisure PA in the face of
inaccessible environments.X® In several LMICs, low-SES peaple often confront difficult social and
environmental barriers to PA such as lack of efficient.transportation choices, unsafe neighborhoods and
traffic conditions, poor access to parks and recreational facilities, aippollution, lack of time, poor health
and lack of social support for exercise. 103

Inadequate housing, lack of educational and employment opportunities, and unsafe working conditions
are other socioeconomic conditions commanly confronted bydow-SES populations that contribute to
inequitable health outcomes. In India, while many ofithese barriers also exist for other income groups,
they often exist to a greater degree in‘lew-SES communities who also have less means to overcome them
than other income groups.gLow-SES,populations are also less able financially to choose more PA-friendly
alternatives such as living claser todvork orimassafer and cleaner neighborhood, purchasing a gym
membership, paying‘afee to visit the community pool or recreation center, or purchasing services that
afford time for RA such asjhousecleaning orchildcare.’ 104-106

As obesity beeomes maoxe prevalent in LMICs, and populations become more urban, it is important that
futurestudies understand‘energy expenditure patterns and their relationship to obesity. Saelens at al.
(2003)'suggest that'a, 70-minute-per-week difference in PA translates to walking 3 miles more per week
given an approximate 20=minute-per-mile pace. Over the course of a year, this amount of walking would
yield about25000 kilecalories of energy expenditure for a 68-kilogram person, which, if not offset by
caloric intake; could result in almost 1.8 kilograms of weight loss. Prolonged sedentary behaviors are
known to mediate relationships between neighborhood walkability and overweight/obesity.*® Future
research could examine how these prevalent and often prolonged sedentary behaviors mediate
relationships between neighborhood walkability and overweight/obesity in India.

This study has several limitations. The cross-sectional study design limits causal inference and the
relatively small sample from a single city in India may limit generalizability.1®” Neighborhoods were
selected to increase variability in walkability and SES, but this was not adjusted for in statistical models.
There remains the possibility of residual confounding. Due to time, budget, and resource constraints, this
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study did not capture any objective data and is only based on subjective perceptions of the BE and
participants’ self-report PA levels. Objective data on BEs (e.g., GIS measures) and PA (e.g.,
accelerometers) is scarce in India and was unavailable for the neighborhoods sampled in this study. Self-
reported PA from IPAQ and neighborhood measures like NEWS-India are subject to bias (e.g.,
overestimation of PA; social desirability of PA; physically active people may notice more BE
infrastructure and neighborhood destinations).®® Duration of PA is based on self-report, prone to recall
bias, and likely over estimates rates of PA. A limitation of this study and PA literature in general is a lack
of consensus on measuring domain-specific PA in LMICs (e.g., lack of tested items, inadequate details on
types of PA). IPAQ modules to capture leisure and transport PA have not been validated in India.

As a result of mechanization and urbanization, PA in high income countriesdasibecomeystructured and
mostly occurring during leisure-time in environments (e.g., parks, recreatiomcenters, and gymnasiums)
designed for it.2% In contrast, PA among LMIC populations is unstruetured andyoccurs as a partief
everyday life. Physically intensive activities may be intersecting domestic, e¢cupational, and travel
domains in the daily routines of LMIC populations, making it difficult to disentangle‘independent effects.
For example, activities requiring energy expenditure at home (Cleaningpgardening), at work (farming,
physically demanding labor), and when traveling (walking, bieycling), areleften mixed in everyday
lifestyle of LMIC populations. In addition, differences in culturg,and social context of everyday life (e.g.,
social stigmas attached to walking, use of the car as a social status'Symbol /attitudes towards women in
public spaces, etc.) may impact levels of utilitarian PA (e.g., walking orbicycling to work, school), and
may not be adequately captured by IPAQ domains:

Household PA was not measured inthis study, which isianother limitation. Household PA in some
LMICs like India in divided along gender linespand‘may be‘significant contributor to total PA,
particularly among housewivesand the,unemployed.**Fhe traditional role of women in assuming
responsibility for a majority of the*househeld work; as caregivers, and supporting other members of the
households, may limit the amoeunt of time available for leisure PA activities. Cultural expectations,
beliefs, and norms may also restrict the participation of women in certain forms of PA among some
religious and ethnic groups.!® Expanding the definition of PA to include household and occupational
activities, in additionyto the leisure anditransport domains, as well as an understanding of where these PA
types occur,is,necessary. to gaina,complete understanding of BE-PA relationships in India.

Although‘this studyiwas based on relatively small samples at the neighborhood level, it may be the first to
measure and decument'BE features and PA levels in India. Differences in domain-specific PA in India
suggest thatimeasuring, only leisure-time PA, as most studies in the developed countries have done, may
underestimate levels of total PA in LMICs. This necessitates examination of all-domain PA (household,
occupational, travel, and leisure) and relationships with BE in LMICs. It is important that future studies
develop neighborhood walkability and PA measures unique to India based on empirical analysis.

The SES differences in PA patterns highlight the need to lower community barriers to PA and design
street infrastructure to promote PA as part of everyday life. By promoting active living—a way of life that
integrates PA into daily routines—urban design and transportation planning tools can create in health-
enhancing attributes in the BE, while also considering air pollution exposure.'!! 112 Examples include
active transportation “green” corridors that are separated from major traffic arteries, design of dense,
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walkable neighborhoods with a mix of land uses, serving communities with public transit, and incentives
to reduce congestion, parking, and emissions in urban centers.!*® It is imperative that future research in
India and other LMICs explore urban design approaches for active living tailored to the cultural, social,
and environmental contexts.

5. Conclusion

Urban areas in India are growing rapidly in population. As India becomes more urban, the impact on PA,
sedentary behaviors, and weight status should be assessed. This project advances the current state of
urban planning and public health research by identifying neighborhood-level differences in BE
characteristics, domain-specific PA, and weight status in urban India. An underStanding\of BE correlates
of primary PA domains (transport, leisure) can support the development of contextuallyatailored
interventions to reverse the determinants of inactivity occurring through patterns of urbanization and
sedentary behaviors in India. Initiatives to reduce chronic disease risksamong residents living in
neighborhoods of differing income and walkability should include a focus omreducing TV viewing time
and other sedentary behaviors and enacting policies that can lead to the development'or. redevelopment of
more-walkable neighborhoods. Additional research is needed to advance measurement and evaluation of
BE’s and PA in India.

While this is first-generation research in India, findings have the patential to guide design decisions for
healthy living in urban Indian neighborhoods. Solutiens to improve health'through transportation include
designing urban environments to facilitate @etive living, a way-of life that integrates PA into daily
routines.!** 115 By analyzing how health outcames are part of the complexity of urban processes, this
project draws attention to the role that urban,planning and,transport policies can and should play in
delivering public health improvements throughireshaping the*fabric of Indian cities.
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