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ABSTRACT OF THE THESIS

Longitudinal associations of physical activity patterns and the environment: the Multi-Ethnic
Study of Atherosclerosis (MESA)

by

Maira Tristdo Parra

Master of Public Health

University of California San Diego, 2021

Professor Paul J Mills, Chair

Insufficient physical activity (PA) contributes to morbidity and premature mortality, while
the perception of the environment may play a role in PA engagement. We analyzed longitudinal
data from participants of the Multi-Ethnic Study of Atherosclerosis to evaluate the potential
relationship between perceived environment and PA patterns over time. Exposure variables were
the perceived aspects of the neighborhood environment and the perception of safety. MET-

minutes/week were calculated from self-reported intentional PA, and participants were categorized



into meeting (> 500 MET-minutes/week) versus not meeting PA guidelines. Based on data
obtained at visits 1 and 6, we created categories of participants regarding meeting or not PA
guidelines (adopters, relapsers, maintainers, and insufficiently active). Multinomial Poisson
regression models were used to assess the association between environmental perceptions and
outcome. Model 1 was adjusted for study site and contextual markers of SES; Model 2 was further
adjusted for age, sex, race/ethnicity, educational level, marital status, and occupation; Model 3 was
further adjusted for waist circumference, LDL cholesterol, HDL cholesterol, and triglycerides
levels, hypertension diagnosis, diabetes diagnosis, smoking status, alcohol consumption,
emphysema, asthma, arthritis, pain in the lower limbs and swelling of the feet and ankles.
Perception of “lack of parks and playgrounds”™ as “not problematic” increased the risk of being a
relapser, compared to be in the “maintainers” group. Perception of “poor sidewalks™ as “somewhat
a serious problem” was associated with a lower risk of becoming an adopter of PA. The perception

of “unsafe neighborhood” was associated with the adopter and the insufficiently active group.

xi



Introduction

Insufficient physical activity (PA) can contribute to premature morbidity and mortality,
especially the development of chronic diseases such as coronary heart disease (CHD), type 2
diabetes, and breast and colon cancers (2), and thereby cost billions for healthcare systems
worldwide (1). The association of the built environment (home, workplace, neighborhood) and
physical activity has been demonstrated previously (3), indicating the importance of objectively
measured neighborhood characteristics such as walkability, safety, connectivity of streets, as well
as one’s perception of the environment. Psychosocial factors, such as perceived enjoyment of PA,
perceived social support, and self-efficacy, were shown as moderators of the relationship between
perceived environmental attributes and walking and recreational moderate to vigorous PA levels.

In this regard, positive environmental perceptions were associated with higher PA levels (4).

Previous analyses from the Multi-Ethnic Study of Atherosclerosis (MESA) have
demonstrated significant associations between the environment and health outcomes that are
relevant to sustain an adequate healthy lifestyle. For example, cross-sectional analyses have shown
that living in areas with a high density of recreational resources for PA is positively associated
with participation in these activities(5). More contemporary longitudinal analysis confirmed that
greater density of recreational facilities was associated with less decline in PA, suggesting possible
benefits of living close to recreational facilities to sustain an active lifestyle(6). Notably, additional
cross-sectional analyses of MESA participants showed that living in areas with greater PA
resources and access to healthy foods was also associated with lower insulin resistance (7) and

lower incidence of type 2 diabetes mellitus (8).



The perceived environment is another relevant factor that may be associated with health
outcomes. In Chicago, perceiving the neighborhood as safe was positively associated with walking
levels, while perceived lower violence was associated with higher levels of leisure walking.
However, in the same study, no significant associations were identified for perceived safety or
police-recorded measures of crime and leisure PA (9). To date, no analyses of the MESA cohort

have investigated the associations of perceived environment and longitudinal patterns of PA.

Given this, our study aimed to assess if the perceived environment is significantly
associated with longitudinal patterns of PA. We hypothesized that better perceptions of the
environment would be associated with the adoption or maintenance of PA over time, while worse
perceptions of the environment would be associated with being insufficiently active or not

maintaining sufficient PA behavior over time.

The work presented in the Introduction is co-authored by Professor Augusto Cesar Ferreira
de Moraes, Dr. Marcus Vinicius Nascimento Ferreira, Professor Paul J Mills, and Professor

Matthew Allison.



Methods

Study design

The current study is an analysis of MESA data. The MESA is a multi-site prospective
cohort in the United States that included men and women, free of cardiovascular disease, aged 45-
84 years old at baseline, residing in one of the site locations: New York, New York; Baltimore,
Maryland; Chicago, Illinois; Los Angeles, California; St. Paul, Minnesota and Forsyth County,
North Carolina. The Institutional Review Boards from all participating institutions approved the
study and written informed consent was obtained. Detailed information about the MESA study can
be found elsewhere (10).
Participants

Participants were enrolled in the study between July 2000 and August 2002 (baseline visit)
and returned for follow-up visits approximately every two years. MESA is composed of diverse
ethnic backgrounds: White (38%), African American (28%), Hispanic (23%), and Asian (mostly
Chinese American) (11%) individuals (10). MESA participants who had available data for leisure-
time physical activity at Exam 6 composed our sample (n = 3,097).
Exposure

The primary exposure variables were measured by questionnaire on the perceived aspects
of the neighborhood environment at baseline. One question concerning safety asked, “How safe
from crime do you consider your neighborhood to be?”, and participants rated their perception on
a scale from 1-5, being 1 “very safe”, 3 “safe” and 5 “not at all safe”. A second question asked,
“Think about your neighborhood as a whole, then please check one box for each of the following
to show how much of a problem each one is in your neighborhood”. The items are excessive noise,

heavy traffic or speeding cars, lack of access to adequate food shopping, lack of parks or



playgrounds, trash or litter, no sidewalk or poorly maintained sidewalks, and violence. For each
item, the response options were very serious problem (1), somewhat serious problem (2), minor
problem (3), not really a problem (4).
Outcome

At baseline and the subsequent study visits (except visit 4), physical activity (PA) was
assessed using the MESA Typical Week Physical Activity Survey, adapted from the Cross-
Cultural Activity Participation study (10,11). We defined intentional exercise as the sum of
walking for exercise, playing sports, dancing, and conditioning exercise, expressed in metabolic
equivalents of a task (MET) per min/week. We classified participants according to the Physical
Activity Guidelines for Adult Americans (12) as meeting or not meeting the recommendations
(defined as an engagement in at least 150 minutes of moderate-to-vigorous-intensity PA per week).
Because the intentional exercise was expressed as MET-minutes per week, the equivalent of
150min/week of MVPA equals the range of 500-1,000 MET-minutes/week (13). Therefore, we
considered the cut point of 500 MET-minutes/week to categorize individuals meeting (> 500 MET-
minutes/week) versus not meeting the guidelines (<500 MET-minutes/week).
Covariates

At the clinic visits, standardized questionnaires were used to collect information on
participants’ sociodemographic characteristics. These included age, sex, race/ethnicity, household
assets, educational level, marital status (married/living as married versus other, which included
widowed, divorced, separated, never married and, individuals who preferred not to answer),
occupation/employment, and city of residency. An additional covariate, neighborhood-level
socioeconomic status (SES), was available. This variable used 2000 U.S Census estimates linked

to residential data of MESA participants(14). A summary SES was built by factor analysis of six



indicators of neighborhood-level SES, including the median household income, household wealth
(median value of housing units and percent of households with interest, dividend, or net rental
income), education (the percentage of adults who completed high school and the percentage of
adults who completed college education), percentage of employment among people aged 16 years
or older in an executive, managerial or professional occupation.

During the clinic visits, participants completed a health history questionnaire, which
included questions on current alcohol consumption and smoking habits (never, former or current
smoker). Chronic diseases were defined as follows: 1) diagnosis of diabetes mellitus type II
according to the American Diabetes Association algorithm published in 2003 (15) and 2) diagnosis
of hypertension by the JNC VI (1997) criteria as normal (<130/<85 mmHg), high-normal (130-
139/85-89 mmHg), stage 1 hypertension (140-159/90-99 mmHg), or stage 2 or greater
hypertension (>160/> 100 mmHg) (16). Other self-reported chronic diseases were emphysema,
asthma, and arthritis. Additionally, physical symptoms that could interfere with physical activity
were self-reported pain in the lower limbs (“Do you ever get leg pain in either leg or buttock while
walking?”’) and swelling of feet and ankles (“Have you ever had swelling of your feet and
ankles?”).

Anthropometric measures were taken with height and weight measured to the nearest 0.1
cm and 0.5 kg, respectively, and the body mass index (BMI) was calculated (kg/m?). Waist
circumference was assessed at the umbilicus, and the hip circumference was assessed at the
maximal circumference of the buttocks using a steel measuring tape (standard 4 oz, tension) to the
nearest 0.1 cm. Blood pressure was assessed in the right arm after five minutes of the participant
resting in a sitting position. An automated oscillometric method (model Dinamap, GE Medical

Systems Information Technologies, Inc., Milwaukee, Wisconsin, USA) and appropriate cuff size



were used. Three readings were taken, and the average between the last two readings was
considered for analyses. Fasting blood samples (75 ml) were drawn and used to determine the
levels of low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol,
total cholesterol, and triglycerides. These were categorized according to the National Cholesterol
Education Program (NCEP) report (17).

Statistical analyses

We created descriptive statistics including means and standard deviations (SDs) or medians
and interquartile ranges (IQRs) for continuous variables and frequencies for categorical variables.
Physical activity was presented for all exams in which it was assessed (except Exam 4), including
the prevalence of participants meeting the recommended guidelines of at least 150 min/week of
moderate to vigorous PA (MVPA) (12). We conducted an additional analysis comparing the
characteristics of individuals at baseline who were part of our analytical sample (with complete
data available at baseline and Exam 6) with individuals who were excluded from the analysis (due
to incomplete data, mortality, or excluded for another reason). For these analyses, we tested
differences between groups using independent t-tests for continuous variables and, Chi-square test
for categorical variables.

We created categories and classified participants according to their physical activity
behavior into the following groups: adopters (those who did not meet guidelines at baseline but
met guidelines at Exam 6), relapsers (individuals who met the guidelines at baseline but did not
meet guidelines at Exam 6), maintainers (individuals who met guidelines both at baseline and
Exam 6) and insufficiently active (individuals who did not meet the guidelines at either baseline

or Exam 6). We considered the maintainers' group was as the reference category in our analyses.



We conducted Poisson multinomial regression models to estimate the risk ratio (RR)
according to methods proposed by Zou G(18). The absolute differences were calculated according
to each exposure variable. The models were adjusted sequentially where Model 1 was adjusted for
the contextual level variables (study site and contextual markers of socioeconomic status [SES]);
Model 2 was further adjusted for individual-level sociodemographic variables (age, sex,
race/ethnicity, educational level, marital status, occupation); and Model 3 was further adjusted for
individual-level health variables (obesity assessed through waist circumference, LDL cholesterol,
HDL cholesterol, and triglycerides levels, hypertension diagnosis, diabetes diagnosis, smoking
status, alcohol consumption, emphysema, asthma, arthritis, pain in the lower limbs and swelling

of the feet and ankles). Figure 1 below provides a visual description of the multi-level adjustment.

Contextual level
Study research site;
Contextual markers of SES

Individual level

Sociodemographic variables
age;

Sex;

ethnicity;

educational level;
marital status;
occupation/employment

Individual level
Health indicators
Waist circumference;
blood pressure;
smoking status;
alcohol consumption;
diagnosis of chronic disease;
leg pain
swelling of feet

L Physical Activity
Traching

Figure 1 — Conceptual multi-levels framework of exposure effects on physical activity
patterns



The work presented in the Methods is co-authored by Professor Augusto Cesar Ferreira de
Moraes, Dr. Marcus Vinicius Nascimento Ferreira, Professor Paul J Mills, and Professor Matthew

Allison.



Results

At baseline, 6,814 individuals were enrolled and evaluated. The analytical sample for our
study includes 3,097 of these individuals who had data available for intentional exercise at Exam
6. The characteristics of individuals included in the analytical sample are detailed in Table 1. They
were on average 57.9 years old, 52.9% were female, 39.9% were White, 25.2% Black, 21.5%
Hispanic/Latinos, and 13.3% Chinese American. Most had completed high school or less (28%),
and the minority completed a graduate degree (21.54%). The majority were married (65.2%) and
employed (61.5%). The average BMI was 28.2 kg/m?, 34.9% had a diagnosis of hypertension,
6.2% had a diagnosis of diabetes type II, 11.4% were current smokers and, 61.5% currently
consumed alcohol. Emphysema was prevalent in 0.8% of participants, 10.1% had asthma, 28.2%
had arthritis, 22.7% experienced pain in the leg or buttock, while 27.4% experienced swelling of

feet and ankles.



Table 1 —Characteristics of participants at baseline (n = 3,097) expressed as mean (95%
CI) or frequencies (95% CI) (continued)

Characteristics n

Study Site (%) 3,037

Winstom-Salem, NC 11.62 (10.54, 12.80)
New York, NY 17.99 (16.77, 19.38)
Baltimore, MD 13.63 (12.46, 14.88)
Twin Cities, MN 17.95 (16.64, 19.35)
Chicago, IL 20.96 (19.56, 22.43)
Los Angeles, CA 17.86 (16.55, 19.55)
Age (years) 3,097 57.96 (57.65, 58.26)
Sex (%) 3,097

Male 47.11 (51.13, 54.64)
Female 52.89 (45.36, 48.87)
Contextual marker of SES (%) 3,064

Low SES 35.61 (33.93, 37.32)
Medium SES 29.01 (27.43, 30.65)
High SES 35.38 (33.70, 37.09)
Race/ethnicity (%) 3,097

White 39.97 (38.26, 41.71)
Asian (mostly Chinese American) 13.27 (12.12, 14.51)
African American/Black 25.22 (23.72,26.78)
Hispanic/Latino 21.54 (20.12, 23.02)
Education (%) 3,091

High school or less 28.28 (26.71, 29.89)
Incomplete or technical school 23.75 (22.28, 25.28)
College degree 2491 (23.42, 26.47)
Graduate degree 23.07 (21.61, 24.59)
Marital status (%) 3,091

Married/living as married

Other

65.22 (63.52, 66.88)
34.78 (33.12, 36.48)

10



Table 1 —Characteristics of participants at baseline (n = 3,097) expressed as mean (95%
CI) or frequencies (95% CI) (continued)

Characteristics n
Occupation (%) 3,091
Employed full-time/homemaker 61.47 (59.74, 63.17)
Employed part-time 10.32 (9.30, 11.44)
Unemployed/on leave 3.53(2.93,4.24)
Retired 24.68 (23.20, 26.24)
BMI (kg/m?) 3,097 28.20 (28.01, 28.39)
Waist circumference (cm) 3,097 96.83 (96.33,97.32)
Blood pressure(mmHg) 3,097
Systolic 121.75 (121.06, 122.45)
Diastolic 71.84 (71.49, 72.20)
Hypertension diagnosis (%) 3,097 34.90 (0.33,0.37)
Diabetes type II (%) 3,097 6.23 (5.43,7.14)
Total cholesterol (mg/dl) 3,086 194.82 (193.58, 196.06)
High, >240 mg/dl 9.49 (8.51, 10.58)
HDL Cholesterol (mg/dl) 3,086 51.06 (50.54, 51.58)
Low, <40 mg/dl (%) 21.08 (20.26, 23.17)
LDL Cholesterol (mg/dl) 3,056 118.18 (31.14)
Borderline high, 130-159 (%) 24.21 (22.73,25.77)
High, 160-189 (%) 7.30 (6.43, 8.28)
Very high, >190 (%) 1.83 (1.41,2.37)
Triglycerides (mg/dl) 3,086 128.79 (125.97, 131.61)
Borderline high, 150-199 (%) 15.23 (14.00, 16.54)
High, 200-499 (%) 13.29 (12.13, 14.53)
Very high, > 500 (5%) 0.39 (0.22, 0.68)
Smoking (%) 3,091
Never 52.86 (51.10, 54.62)
Former 35.78 (34.11, 37.49)

11



Table 1 —Characteristics of participants at baseline (n = 3,097) expressed as mean (95%
CI) or frequencies (95% CI) (continued)

Characteristics n

Current 11.36 (10.28, 12.52)
Alcohol consumption (%) 3,080

Never 18.57 (17.14, 19.88)
Former 19.97 (18.59, 21.42)
Current 61.56 (59.83, 63.26)
Emphysema (%) 3,096 0.84 (0.57, 1.23)
Asthma (%) 3,095 10.15(9.13, 11.26)
Arthritis (%) 3,096 28.20 (26.64, 29.81)
Leg or buttock pain (%) 3,096 22.71 (21.26.24.22)
Swelling of feet or ankle (%) 3,094 27.44 (25.90, 29.04)

BMI: body mass index; HDL: high-density lipoprotein; LDL: low-density lipoprotein;
SES: socioeconomic status

At baseline, a small proportion of individuals perceived elements in the environment as a
“very serious problem”, with frequencies being below 10% for all other exposures; excessive noise
(3.6%), traffic and speeding cars (6.9%), no access to adequate food shopping (1.3%), lacking
parks and playgrounds (2.4%), trash and litter (3.1%), lack of poor sidewalks (1.9%), violence
(1.8%). Excessive noise was perceived as “not being really a problem” (48%) or a “minor
problem” (35.8%). Heavy traffic or speeding cars were also perceived as “not really a problem”
(42%) or a “minor problem” (34.5%). The lack of access to adequate food shopping and lacking
parks and playgrounds were perceived as “not really a problem” (81% and 76.2%, respectively).
Additionally, trash or litter, poor sidewalks, and violence were also perceived as “not really a

problem” by most individuals (61.9%, 76.6%, and 65.5%, respectively). Most perceived their

12



neighborhoods as “safe” (44.8%), and 39.6% perceived it as “more than safe” to “very safe”, while

3.2% perceived it as “not at all safe”, and 12.46% perceived it “below safe”.

Table 2 — Perceptions of the neighborhood environment at baseline expressed in frequencies

(95% CI)

n Very Somewhat Minor Not really a
serious serious problem problem
problem problem

Excessive 3,092 3.62 12.48 35.87 48.03
noise (3.02,4.34)  (11.36,3.70)  (34.19,37.57) (46.27,49.79)
Traffic/ 3,092 6.18 16.95 34.54 42.34
ngsd‘“g (5.38,7.08) (15.66,18.31) (32.88,36.24) (40.60, 44.09)
No access to 3,093 1.26 3.72 14.03 80.99
food
92,1.72 11,4.4 12.85, 15. 57, 82.
shopping (0.92,1.72)  (3.11,4.45)  (12.85,15.30) (79.57, 82.33)
Lacking 3,084 24 5.03 16.37 76.20
parks and 1.91, 3.00 4.31,5.86 15.11,17.72)  (74.66, 77.67
playground (1.91,3.00)  (4.31,5.86)  (15.11,17.72) (74.66,77.67)
S
Trash and 3,087 3.14 7.13 27.79 61.94
litter (2.58,3.82)  (6.27,8.09)  (26.94,29.40) (60.21, 63.64)
Poor 3,087 1.98 4.18 17.23 76.61
sidewalks (1.54,2.53)  (3.53,4.94)  (15.94,18.61) (75.08,78.07)
Violence 3,087 1.81 8.13 24.46 65.50
(1.40,2.35)  (7.22,9.15)  (22.97,26.01) (63.90, 67.25)
n Not at all “4) Safe A3 Very safe
safe (5) 3) a)
Safet 3,082 3.21 12.46 44.78 19.73 19.92
y (2.64,3.90) (11.34,13.67) (43.03,46.54) (18.36,21.17)  (18.45,
21.27)

13



Intentional exercise across multiple time points is shown in Table 3. At baseline and exam
6, the median values for intentional exercise were 900 (IQR: 210-2130) and 945 (IQR: 157.5 —
2,280) METs-min/week, respectively. Self-reported intentional exercise was higher at Exam 5,
compared to other time points (1,860; IQR: 802.5 — 3,780) METs-min/week. At this time point,
most individuals reported enough PA to meet physical activity guidelines (82.8%). Categories
created to discriminate patterns of PA were distributed as follows: 46.5% were classified as

maintainers, 17.0% were adopters, 17.7% were relapsers, and 18.6% were insufficiently active

(Figure 2).

Table 3 — Intentional PA reported as METs-min/week and prevalence of individuals meeting
PA guidelines per Exam (= 500 METS-min/week)

Exam 1 Exam 2 Exam 3 Exam 5 Exam 6
Median 900 810 945 1860 945
(IQR) (210-2,130)  (105-1,890) (210- (802.5-3,780)  (157.5-
2,073.75) 2,280)
n 3,092 3,044 3,032 2,956 3,097
IMRs (%) 64.26 60.58 6435 82.78 63.58

IMRs: individuals meeting recommendations; QR: interquartile range; MET: metabolic
equivalent of task; PA: physical activity

14



Maintainers

Adopters

Relapsers

Insufficiently active 186

T
0 10 20 30 40 50
Percent (%)

Figure 2 — Frequency (%) of individuals in each category of physical activity patterns according
to the recommendations of physical activity guidelines (500 METs-min/week)

We performed additional analyses to assess potential differences in baseline characteristics
of individuals who had missing data versus those who answered the PA questionnaire at Exam 6.
Appendix 1 summarizes the overall sample characteristics and details the two groups (included
and excluded in the analyses). The two groups were not meaningfully different in terms of
distribution of sex, BMI, diastolic blood pressure, the prevalence of diabetes, total cholesterol, and
HDL cholesterol. Included individuals were younger, and there was a higher prevalence of
participants of high SES compared to excluded participants. Regarding the individual-level
characteristics, more White and Chinese individuals and fewer Black and Latinos composed the
included sample. Included participants were also more educated (23.1% completed graduate

degrees versus 13.7%) and more likely to be married (65.2% vs. 56.8%).

Participants included in the analysis had lower waist circumference, a lower mean systolic
blood pressure, a lower prevalence of hypertension diagnosis, and lower mean triglycerides.

Included participants also had a lower prevalence of emphysema, arthritis, pain in the legs or

15



buttock, and swelling of feet and ankles. On the other hand, included participants had a higher
prevalence of asthma. Regarding health behaviors, there was a lower prevalence of current
smokers (11.4% vs. 14.5%) and higher consumption of current alcoholic drinks (61.6% vs. 50.3%)

among included participants.

No differences were identified for the perception of lacking adequate access to food
shopping (p = 0.32), perception of lacking parks and playgrounds (p = 0.57), and the perception
of poor sidewalks (p = 0.08) between included and excluded participants. There were statistically
significant differences in the distribution of frequencies for the perception of excessive noise,
perception of heavy traffic and speeding cars, perception of trash or litter, perception of violence,
and perception of safety between included and excluded participants. A higher proportion of
included participants perceived excessive noise, traffic and speeding cars, trash or litter, and
violence as a “minor problem” compared to excluded participants. Also, a smaller proportion of
included participants perceived excessive noise, traffic and speeding cars, trash or litter, and
violence as “not really a problem” compared to excluded participants. Lastly, a smaller proportion

of included participants perceived the neighborhood as safe (44.8% vs. 47.3%).

Using our sample, the results of the multinomial regression models showed no statistically
significant associations between the perception of excessive noise (Appendix 3), perception of
heavy traffic and speeding cars (Appendix 4), perception of the lack of access to adequate food
shopping (Appendix 5), perception of the presence of trash or litter (Appendix 6), and perceived

violence (Appendix 7) with longitudinal patterns of PA.

Individuals who reported that lack of parks and playgrounds was “not a problem” in their
neighborhood had a 2.3-times higher risk of decreasing their physical activity (i.e. “relapser"

category), compared to maintainers (RR: 2.29, 95% CI: 1.02, 5.14). There were no significant

16



associations between perceptions of the lack of parks and playgrounds in the neighborhood and

being categorized as adopters or insufficiently active (Table 4).

Table 4 — Multinomial regression models assessing the association between the perception of
lack of parks and playgrounds in the neighborhood and patterns of PA (continued)

Model 1 Model 2 Model 3
(n=3,050) (n =3,048) (n=3,023)
RR RR RR
95% CI 95% CI 95% CI
Maintainers - - -
(ref)
Adopters Serious problem - - -
(ref)
Somewhat serious 1.97 1.88 1.99
(0.81,4.79) (0.77, 4.62) (0.80, 4.95)
Minor problem 1.62 1.50 1.57
(0.72, 3.66) (0.66, 3.41) (0.68, 3.60)
Not a problem 1.78 1.72 1.82
(0.81, 3.89) (0.78, 3.80) (0.82,4.06)
Relapsers Serious problem - - -
(ref)
Somewhat serious 1.38 1.72 1.91
(0.57,3.33) (0.69, 4.32) (0.75, 4.89)
Minor problem 1.58 1.93 2.07
(0.72,3.43) (0.85,4.37) (0.90, 4.78)
Not a problem 1.74 2.01 2.29
(0.83, 3.69) (0.91, 4.42) (1.02, 5.14)
Insufficiently ~Serious problem - - -
Active (ref)
Somewhat serious 0.96 1.04 1.26
(0.48,1.92) (0.51,2.11) (0.602, 2.63)
Minor problem 0.75 0.81 0.97
(0.41, 1.38) (0.44, 1.52) (0.51, 1.86)
Not a problem 0.80 0.86 1.08
(0.45,1.42) (0.48, 1.54) (0.59, 2.00)

Model 1: adjusted for study site and contextual markers of SES
Model 2: model 1 + age, sex, race/ethnicity, educational level, marital status, and occupation
Model 3: model 2 + waist circumference, LDL cholesterol, HDL cholesterol, triglycerides,
hypertension, diabetes, smoking, alcohol, emphysema, asthma, arthritis, pain in the lower

limbs, and swelling of feet and ankles.
CI: confidence interval; RR: risk ratio; PA: physical activity
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We observed adopters were less likely than maintainers to report perceiving lack of or poor
sidewalks as “somewhat serious problem”. That is, and after full adjustment, to perceive poor
sidewalks as “somewhat a serious problem” was associated with a 64% (RR: 0.36, 95% CI: 0.14,
0.93) lower risk of becoming an adopter than maintainer. There were no significant associations

seen for “relapsers” and “insufficiently active” categories.

Table 5 — Multinomial regression models assessing the association between the perception of
poor sidewalks in the neighborhood and patterns of PA

Model 1 Model 2 Model 3
(n=3,086) (n=3,053) (n=3,051)
RR RR RR
95% CI 95% CI 95% CI
Maintainers - - -
(ref)
Adopters Serious problem - - -
(ref)
Somewhat serious 0.37 0.38 0.36
(0.15,0.91) (0.15, 0.96) (0.14, 0.93)
Minor problem 0.74 0.77 0.76
(0.35, 1.58) (0.15, 0.96) (0.35, 1.66)
Not a problem 0.68 0.72 0.72
(0.33,1.40) (0.34, 1.50) (0.34, 1.52)
Relapsers Serious problem - - -
(ref)
Somewhat serious 0.48 0.52 0.49
(0.20, 1.18) (0.21, 1.28) (0.19, 1.22)
Minor problem 0.79 0.88 0.88
(0.37, 1.70) (0.41, 1.92) (0.40, 1.94)
Not a problem 0.68 0.73 0.74
(0.33,1.43) (0.34, 1.54) (0.34, 1.58)
Insufficiently Serious problem - - -
Active (ref)
Somewhat serious 0.47 0.57 0.56
(0.21, 1.08) (0.25, 1.34) (0.23,1.33)
Minor problem 0.64 0.79 0.83
(0.31, 1.08) (0.38, 1.66) (0.39, 1.77)
Not a problem 0.60 0.70 0.76
(0.30, 1.20) (0.35,1.43) (0.37, 1.58)

Model 1: adjusted for study site and contextual markers of SES
Model 2: model 1 + age, sex, race/ethnicity, educational level, marital status, and occupation
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Table 5 — Multinomial regression models assessing the association between the perception of
poor sidewalks in the neighborhood and patterns of PA

Model 1 Model 2 Model 3
(n=3,086) (n=3,053) (n=3,051)
RR RR RR
95% CI 95% CI 95% CI

Model 3: model 2 + waist circumference, LDL cholesterol, HDL cholesterol, triglycerides,
hypertension, diabetes, smoking, alcohol, emphysema, asthma, arthritis, pain in the lower
limbs, and swelling of feet and ankles.

CI: confidence interval; RR: risk ratio; PA: physical activity

When compared to those who perceive the neighborhood as “very safe”, perception of the

neighborhood as “safe” to “not at all safe” (rating 3, 4, and 5 in the perceived safety scale) was

significantly associated with being classified in the adopter category. Additionally, and when

compared to the same reference group, individuals who perceived the neighborhood as “safe”

(rating 3) or as category 4 in the safety rating had a 1.5 and 1.8 (respectively) higher risk of being

categorized as insufficiently active. No significant associations were observed for individuals

categorized as “relapsers” (Table 6).
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Table 6 - Multinomial regression models assessing the association of perceived safety in the
neighborhood and patterns of PA

Model 1 Model 2 Model 3
(n=3,048) (n=3,046) (n=3,021)
RR RR RR
95% CI 95% CI 95% CI
Maintainers - - -
(ref)
Adopters Very safe (1) (ref) - - -
(2) 1.16 1.23 1.27
(0.83,1.62) (0.87, 1.73) (0.90, 1.80)
Safe (3) 1.51 1.56 1.62
(1.11, 2.04) (1.15, 2.13) (1.18, 2.22)
4) 1.50 1.61 1.66
(1.00, 2.23) (1.07, 2.44) (1.09, 2.52)
Not at all safe (5) 2.10 2.20 2.14
(1.10, 4.00) (1.14, 4.26) (1.10,4.17)
Relapsers Very safe (1) (ref) - - -
(2) 0.88 0.91 0.92
(0.64,1.21) (0.65, 1.26) (0.66, 1.29)
Safe (3) 1.14 1.08 1.07
(0.86, 1.52) (0.81, 1.44) (0.79, 1.43)
4) 1.05 1.00 1.03
(0.71, 1.56) (0.67, 1.49) (0.68, 1.55)
Not at all safe (5) 1.80 1.45 1.23
(0.98, 3.29) (0.78, 2.68) (0.65,2.31)
Insufficiently Very safe (1) (ref) - - -
Active (2) 0.84 0.93 0.97
(0.59, 1.19) (0.65, 1.33) (0.67, 1.39)
Safe (3) 1.48 1.45 1.48
(1.10, 2.00) (1.07, 1.96) (1.09, 2.02)
4) 1.78 1.78 1.81
(1.22,2.59) (1.20, 2.63) (1.21, 2.70)
Not at all safe (5) 2.03 1.64 1.43
(1.10, 3.74) (0.87, 3.06) (0.75,2.71)

Model 1: adjusted for study site and contextual markers of SES
Model 2: model 1 + age, sex, race/ethnicity, educational level, marital status, and occupation
Model 3: model 2 + waist circumference, LDL cholesterol, HDL cholesterol, triglycerides,
hypertension, diabetes, smoking, alcohol, emphysema, asthma, arthritis, pain in the lower

limbs and swelling of feet and ankles.
CI: confidence interval; RR: risk ratio; PA: physical activity
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The work presented in the Results is co-authored by Professor Augusto Cesar Ferreira de
Moraes, Dr. Marcus Vinicius Nascimento Ferreira, Professor Paul J Mills, and Professor Matthew

Allison.
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Discussion

The findings of our analyses suggest that perceived lack of parks and playgrounds,
perception of no sidewalks or poorly maintained sidewalks, and perceived safety were associated
with patterns of PA. Specifically, perceiving the lack of sidewalks or poorly maintained ones as
“somewhat a serious problem” was associated with a lower risk of “adopting” PA over time. Also,
we demonstrated that a perceived lack of safety was associated with being consistently
insufficiently active over time. Of note, we also identified significant associations that were
contrary to our hypothesis. That is, perceived lack of parks/playgrounds as “not problematic” was
associated with relapsing PA, and perceived unsafety was also associated with being an adopter of
PA. We demonstrated no significant associations between perceived excessive noise, heavy traffic,
and speeding cars, lack of access to adequate food shopping, presence of trash or litter, and
perceived violence with patterns of PA. Taken together, these results suggest that problematic
perception of poor sidewalks is associated with lower rates of PA adoption and that perceived lack
of safety is associated with sustaining insufficient PA levels. Also, other significant mixed results,
as well as, insignificant associations between the perceived environment and patterns of PA were

detected.

We identified that the perception of lack of parks and playgrounds as “not being
problematic” increased the risk of an individual being a relapser (compared to those who
maintained PA over time), which contradicted our initial hypothesis that perceiving the lack of
parks and playgrounds as problematic would be associated with being a relapser or insufficiently
active. A previous study from MESA that objectively assessed the density of recreational facilities
identified a greater increase in density was associated with a lesser decline in physical activity over

time (6) after adjustment for individual-level perception of the environment. Still, this study did
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not assess the perceived environment alone and its association with levels of PA. Moreover, a
cross-sectional analysis from the International Physical Activity and Environment Network, the
IPEN study, demonstrated that the number of parks in the neighborhood was associated with higher
levels of PA (19), while a cross-sectional analysis of participants from Australia showed that non-
retired individuals reporting living near a park were more likely to participate in recreational
walking (20) but not other types of recreational MVPA. Given the difference between our results
and these and others, additional longitudinal analyses are warranted to understand better the role

of the perception of parks and engagement in intentional PA.

Our study showed that adopters were less likely than maintainers to report perceiving the
lack of sidewalks or poorly maintained ones as “somewhat a serious problem”. Our findings are
supported by previous literature regarding the perception of sidewalks. A study manipulated
photographs of streets to determine the appeal of a street for older adults’ transportation walking.
In this study, sidewalk evenness was a relevant actor for adults to walk for transportation (21). In
a cross-sectional population-level survey, significant associations were seen between the presence
of sidewalks and meeting PA recommendations in Colombia, Hong Kong, Japan, and Lithuania
(22). In contrast, for the U.S, the association was not statistically significant. In Germany,
perceived well-maintained sidewalks were associated with self-reported MVPA(23). In Brazil,
lack of sidewalks was associated with a lower likelihood of leisure walking(24). In summary, the
presence of sidewalks, perceived adequate esthetics, and evenness of sidewalks evident in the
literature corroborate our findings. It is noteworthy that previous literature is cross-sectional, and
our longitudinal design demonstrates that this association is consistent independent of contextual

SES and individual-level characteristics.
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Perceptions of an unsafe neighborhood were associated with being classified as an
“adopter” of PA and “insufficiently active”. The former contradicts our hypothesis, while the
association between perceived lack of safety and being insufficiently active aligns with our
hypothesis. Within MESA, a previous cross-sectional analysis identified that perceiving a safe
neighborhood was positively associated with transport walking but not with leisure walking or
intentional PA engagement (9). Cross-sectional evidence has demonstrated that among individuals
of higher SES, perceived lack of safety was associated with higher physical inactivity (25), and
perceived safety was associated with a higher likelithood of engaging in intentional PA (26) and
meeting PA recommendations (27). Previous literature has also highlighted inconsistent findings

of the association of perceived safety and PA engagement (28).

There was no significant association between the perception of excessive noise and patterns
of PA in our study. A longitudinal analysis identified that noise annoyance from transportation
was associated with a decrease in PA, and such association was stronger among women (29)
among Swedish individuals. Another analysis in Denmark also identified that railroad noise was
associated with a higher prevalence odds ratio of not participating in intentional (sports) activities.
Still, longitudinal analyses did not confirm this finding for railroad or traffic noise (30),
corroborating our findings. We demonstrated no significant associations between the perception
of heavy traffic/speeding cars and patterns of PA. The absence of PA-hindering characteristics,
such as heavy traffic, was associated with higher MVPA in a cross-sectional design in the
Netherlands(31). This finding was seen only among those who reported pain related to performing

daily living activities.

We did not see significant associations between the perception of lacking access to

adequate food shopping and patterns of PA. A Finish study evaluated perceptions of the
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environment and how these relate to walking to grocery stores among older adults. Researchers
identified that those who perceived parks or green areas in their neighborhood were more likely to
walk to the grocery store(32). In our study, there was no significant association between the
presence of trash or litter and patterns of intentional PA. Our findings corroborate with a study
among older adults, where objectively assessed trash/litter was not associated with leisure
walking(33). Moreover, a study among African Americans demonstrated that perceived trash,
additionally with other environment aesthetics factors, was not associated with PA engagement,

but worse aesthetics perception was associated with more TV viewing among women(34).

We demonstrated no significant association between perceptions of violence in the
neighborhood and patterns of PA. Previous cross-sectional analysis of the MESA cohort with
residents from Chicago has shown that perceiving violence as not being a problem or a minor
problem was associated with engaging in leisure walking, but no associations were found for other
non-walking intentional PA(9). An intervention to increase walking among African-Americans in
Chicago did not found associations between walking and perceived neighborhood crime(35).
Lastly, a cross-sectional analysis has demonstrated that less crime was associated with less MVPA
among adults (31). Therefore, our findings strengthen previous evidence among participants of the

MESA study.

Our study has strengths and limitations. Strengths include a large multi-ethnic sample size
and a longitudinal design. Moreover, our study has a long period between assessments
(approximately 16 to 18 years), which can also be pointed out as a limitation, as sparse data can

increase the probability for residual confounding in our analyses.

As for limitations, our inclusion criteria may have introduced selection bias, and both the

exposure and the physical activity levels were self-reported. Differences between self-reported and
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objectively measured PA have been demonstrated in the literature (36,37). Also, we considered
intentional PA, and we did not include other domains of PA (e.g., transportation, activities of daily
living). Additionally, we did not adjust our analyses for individuals who may have moved within

the period analyzed.

The main implication for practice of our findings includes the awareness that perceived
poor sidewalks or poor sidewalks was associated with prevention of PA adoption and, that
perceived lack of safety was associated with insufficient PA behavior independently of contextual
and individual-level factors. Our study can inform policymakers and professionals involved in
developing residential areas by emphasizing adequate sidewalks and aspects that can increase the

perception of safety.

Based on our results and those mentioned above, we recommend additional longitudinal
study designs investigating the perceived environment and patterns of PA. We recommend
objectively measured physical activity to decrease potential recall bias. Future analyses should
also consider that participants may have moved during the period analyzed. Therefore, moving
patterns should be considered. Also, physical activity from a one-time point to the following be
considered in addition to the overall time analyzed (baseline to Exam 6). The development of
chronic diseases, physical symptoms, and limitations during the period analyzed could influence
one’s ability to engage in intentional physical activity and should also be considered. We also
recommend that future studies consider other domains of PA. Finally, objective measures of the
environment and perceptions of it should be used in combination (39) to understand better how

the environment relates to patterns of PA.
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The work presented in the Discussion is co-authored by Professor Augusto Cesar Ferreira
de Moraes, Dr. Marcus Vinicius Nascimento Ferreira, Professor Paul J Mills, and Professor

Matthew Allison.
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Conclusion

Aspects of the perceived environment are associated with being physically active lifestyle
in adults over approximately 18 years. Problematic perception of the lack of, or poorly maintained
sidewalks was associated with adopting PA guidelines, and perceived lack of safety was associated
with insufficiently active behavior. Such findings should be considered in public health initiatives
to promote physical activity. More studies are warranted to understand the directionality of these

associations better.

The work presented in the Introduction, Methods, Results, Discussion, and Conclusion is
co-authored by Professor Augusto Cesar Ferreira de Moraes, Dr. Marcus Vinicius Nascimento

Ferreira, Professor Paul J Mills, and Professor Matthew Allison

28



Acknowledgments

We acknowledge the invaluable intellectual contribution to this work of Dr. Sarah Linke
and Dr. Michael Pratt. Also, I would like to acknowledge Dr. Erin Delker for the methodological
discussions related to this work. We also thank all participants of the Multi-Ethnic Study of
Atherosclerosis (MESA) cohort for their time and commitment over the years and to the MESA
Steering Committee. Thank you for the financial support of the National Institutes of Health (NIH),
the National Heart, Lung and Blood Institute (NHLBI) through the T32 Post-doctoral fellowship

in Cardiovascular Epidemiology and Prevention [5T32h1079891-13].

29



100°0=>

(829 ‘TL €T ST
(IS¥1°TUTI) LTEL
(IL'TF 97'8€) L6'6€

(8€°1€ Ft'8T) 68°6T
(09°11°296) LS01
(08'8¢€ ‘69°SE) €T LS

(F8'87°TL9T) LLLT
(65T1°SOI1) 0811
(F9'6€ "CCLE) 8F'8E

JORIFUEILDWY UEILY
(uedLIBUY asauIy ) Apsowr) uBlSy
AN M,

(%) Syppapey

€000

(60°L€ "0L°€E) 8€°S€
(£9°0€ "€ LD) 10'6T
(ZE€LE "€6'€€) 19'SE

(06°7€ ‘TL6T) 1€°1€
(LF'T€ '€T6T) E]°0E
(85°6€ 81°9€) 98°LE

(1S+€ '91'TE) TEEE
(30'1€ '08'87) £6'67
(96'L€ 6S'$E) SL9E

SAS UStH

S wnpap

SHS Mo

(%) SAS JO JIEW [ENIXNU0)

860

(L8'8F "9'SH) 68'TS
(F9HS €L1S) 1LY

(It'#S 0T 18) 18°TS
(088t ‘65°Sk) 61 LY

(€0'FS "99°1¢) $8TS
(bE'8F L6SH) ST'LY

aEwR, ]
AP
(%) xa8

100°0=

(9T'8€ '69°LE) 96'LS

(£6'69 'TE'59) §9'59

(6ETH16'19) S1'TH

(saeak) a8y

Appendices

100°0>

(€561 °65°91) 98°L1
(£+'2T '95°61) 96'0T
(SE61 $991) S6'L1
(88°¢1 ‘9 T1) £9°€1
(8€°61 °LL91) 66'L1
(D821 +501) TO°11

(b6°1T vE61) 19707
(00°ST'8L'TI) 98 €I
(L8r1soTI L€l
(E1'61 °L9°91) 98 LI
(P8'ST 95°¢1) 99'+1
(65°0T ‘S0°81) 6T°61

(1€°0T ‘vF81) 9£°61
(66'L1°1T91) 80'LL
(€591 081 #9°C1
(€891 '60°S1) 651
(LOLTTESD) L19T
(6991 ‘96+1) 18°G1

V0 ‘s3pa8uy s07]

11 ‘0B

NIAL “Sa1D UM L
aw ,P—OE._:mm

AN SfIox MaN

ON WR[EG-LIO0ISULAY
(25) amg Apms

anjea-d

(L60'E=u)
papnjoup

(LiLg=u)
papnjoxyg

(r1g'9=u)
apdwes [[esasn)

sdures peonAeue ayi ui sluedomed

papnjox2 pue ‘papnjoul 2urjaseq e ajdwes |[e1oa0 2y Jo sonsuoeieys oy Suuedwos sisfeur Aansuag — | xipuaddy

30



1000

(SF'TTL 90 ITD) SL'ITI

(PETEL '16'6T1) £9°0€1

(01°LT1*80°9T1) 6§'9T1

JNOISAG

(SHww)aanssud poojg

100°0=>

(TE€'L6 "€€'96) €8'96

(¥L'66 '08'86) LT 66

(0$'86°T8'L6) 9186

(TD) DUIIIPUWINIALD JSTE AL

50’0

(6€'8T "10'87) 0T8T

(+9'8T '8T'8T) 9t'8CT

(Ly'8T'1T'80) ¥E8T

(;w/3%) 1ndg

100°0=

($T9T *0T €7) 89'FT
(FT+ 6T €5
(PF'11 “0€°6) TE0I
(LI'€9 "PL'6S) LY 19

(+8'0¢ TOLY) €T 6t
(see6LTECE
(Lo'g‘ov9)elL

(¥8'1+ '89'8€) ST OF

(ZT6€'16'9¢) 90'3€
(88°€ 109 TFE
(1€6°L6L) T98

(0115 °TL'86) 16'6F

paimay

aaea| uoypakopdurauny

swp-ped pafodwyg

Tayewawoy/awn-[ny pasofdug

(%4) uonednang

100°0=

(8+'9€ “T1'€€) 8L +E
(8890 ‘Z6'€9) TT'S9

(8L '+t 6S'1¥) 81 '€
(1+'86 TT'S5) 7896

(s 0t '0T'8€) 9€'6¢
(0819 ‘8+'65) $9°09

0

pauuew se SulAl]/ Pl

(2) smels [epaepy

100°0=

(65+T 1912 LO'ET
(Lt'9T “TH'ET) 16'tT
(8T6T 8T TD SL'ET
(68°6T “1L'92) 8T'8T

(16'%1 '89°TI) 9L €I
(SE'1TLL'SI) €00
(TL+T ‘66 1T TE T
(6t'+F 0L I¥) 68°Th

(€6'81°01LD) 66'L1
(9Z'€T'8T12) $TTT
(¥S'+TTSTT TS'ET
(6€°LE 01'SE) ¥T9E

32153 Ayenpein
2a18ap 30D

[00Y9S [BOTIN[O3) 10 dpajdwoou]

§9] 10 [00Y2s YSIH

(o) nonEanpy

(Toez Tl 0T t5'1T

(L9°€T '66'0C) 0£'TC

(§6'TT'66'0T) S6'1T

oune/oruedsiy

anpea-d

(L60'€ =)
papnjou]

(LiL'g=u)
papnjaxy

(F18'9=u)
ajdwres [[eraAD

ajdwres [eanAmeue ay) un sjuedonred

papn[axa pue ‘papnjaul duipseq e dues [[eraao a1 Jo sonsuaoereys ) Suuedwos sisdjeue Qiamsuag — | xipuaddy

31



(6¥°LE "TT°#€) 8L'SE (68°8€ "LLSE) 1€ LE (LL L€ 81SE) TOOE R_uuo g

(TS '01'15) 98°TS (18°6¥ "09'9t) 0T 8¢ (I1S'1S €l'6¥) TEOS AENEN

100°0> (%) Sunjows
(890 ‘TC0) 6£°0 (060 °6£°0) 650 (0L0 '9£0) 050 (%) 00§ < YBIy Aap

(€SF1 €TV 6TEL (S0'01 9L €1 #L F1 (€6'+1°LTED) 80T (%) 66+-00T USTH

(F$91 "00'+1) €TS1 (091 9L°E1) L8 FI (06'S1°0TFI) €051 (2%6) 661-0S1 “YS1y aurpapiog

8100  (I9'1€1 "L6ST6L'8TT  (10°LE1 “LLvel) €6€El  (1LEE1 "8T'6T1) 6S1€1 (1p/8w) sapraaas|dra,
ez s (80T'9T)T9'1 90z et TL] (%) 061< YSiy A1ap

(8T8 '€F9) 0E'L
(LLST €L T 1TYT
0z0'0 (P11 81°811

(SH8 €L O ¥S L
(iLeg ol egee
(I#L11°SESTT) 8911

(808 '€8°9) €FL
(zz vz 0T 61€T
(96 L1T°SHOIT) OT LT

(°%) 681-091 YBI1H
(26) 651-0€1 ‘ySiy aurpapiog
(Ip/w) oansapoy) Ta1

(L1eT'9z0T) 80°1C
SEC0 (8S°1S “#5°05) 90°1¢

(+0'+T ‘v 12) 99T
(9¢°1¢ "0t'06) 88°08

(CTeTvT 1T TTTT
(1€'16 '19°06) 9605

(%) IP/EW Of > ‘Mo
(1p/3w) jos310Y) TAH

681°0 (8501 15'8) 676

(1L°01°08°8)ZL'6

(+€'01 ‘$6'8) T96

(%) Ip/AW OFZ= "YBIH

0910 (00961 "8S€61) T8 F61  (LLF61 “CFTHI) 09€61 (107661 ‘1€°€61) 91'+61 (1p/3w) (01N OYD (B0,
6670 (+I'L €F'$) €T°9 (S6'€1 08 11)€5°TI (95701 °S1'6) £8°6 (24) 11 2d &) spaquiq
1000 (L£°0°€C0) 6'FE (6LtS 8S°1S) 61 €5 (90'9t ‘0L 'c) 88 tF (o) sisouselp uoisuaRdiy
8650 (0TTL 6F 1L ¥8'1L (IETL PO IL)LEIL QUTLLYTL)Y 161L aljoisel]
(L60'g=u) (L1Lg =u) (ri1g'9=u)
anjea-d papnpauy papnjaxg ajdwes [[e1aAD)

ajdures panAeue 2y ur sjuedioned

papn|axa pue ‘papnjoul 2urjaseq e apdwes ||e1oA0 2y Jo sousuoeieys oy Suuedwoo sisfjeue Hamsuag — | xipuaddy

32



SIS AWou00100s :gg§ wwosdodr] Ansuap-mo (T ‘waiordody Asuap-ysiy I IQH xapul ssew Apoq [N

100°0=

(r0'6T ‘06T LT

(56'SE '68TE) 0¥ +E

(sgze'sro9 vzie

(%) dPjue 10 3994 Jo SunPMg

000

(TTPT 9T 1T) IL'TT

(LELT TS ¥ 16'ST

(6F'5T 'SH €T SHHT

(07,) med yooung o S

1000

(18'6T "+9'97) 0T8T

(€9°¢t ‘OF' 0F) €0°'TH

(68'9€ 'T9PE) SLSE

(%) snayay

100°0=

(9711 '€1'6) ST01

(15°01998) 2756

(+S°01 ‘TI'6) 186

(25) vwnpsy

800°0

(€21 °L5°0) ¥8°0

(19z°'g91)1C

(58°1°971) €51

(24) euwsiydwy

100°0=

(97°¢9 ‘€8'65) 95°19
(ZH1Z '65°81) L6'61
(8861 “F1L1) LS°81

(€6'1S '0L'8Y) 1€08
(98'8T '86'ST) 0F'LT
(L9°€T'86'00) 6T TT

(Z9'9s "sTHS) £v'Ss
(S0°§T°10°€7) 10T
(€512 1961) 5502

WaLmy
I3ULIO ]
IoA3N

{04,) wonydw nsuod ooy

(Z8T1 8T 01 9€°11

(59°S1 S E) 8 ¥I

(88°€1°8TT1) 90°€1

ULy

anpea-d

(L60‘€ =)
papnjouf

(LiLg=u
papnjoxyg

(r189=u)
apdures [[eI2A0)

aydures [eanAeue sy ur sjuedronred

papn|oxa pue ‘papnjour ‘suijaseq e ajdures [[eraao 2y Jo sonsuorieyd sy Suneduwoo sisieue AQnnsusg — | xipuaddy

33



£80°0 (199L) S9€'T (€zL1)zes (814621 (861119 papnou]
SHIEMI IS 100
(£8'99) 69F'T (98'17) LO8 (96'2) ¥6T (9 Bord | papnaxg
1000 (+619) T16°1 (64°L7) 858 (croze el L6 papnauy
A211] puE ysea],
(E1'SL) 0LL'T (s991) 19 (Leg) 861 (58°2) 01 papnjoxg
PLS'O (0z'9L) 0s€'T (€91) s0§ (€0'9) 681 (D) pL popn[ou]
spunosieyd
pue sypied Sunyjoe]
(Pr'6L) 956'T (zos1)sss (6'¢) pr1 (S91) 19 papnjoxs
1260 (66'08) S0S'T (€o'v1) bet (Trosn (971 6¢ popnjouy
fmddoys
[POOJ 0] S5I20E 0N
(LESP) vLoT (T 60 FOI'T (8181} 149 (£69) 14T papnjaxy
100°0 (PETH) 60E°1 (+5'v€) 890°1 (s6'91) +Ts (819} 161 popnjou]
SIED
smpadspiyyea],
(97TE) 1€6°1 (8ze)TIT'] (+E€11)61F (9°¢) €£1 papnaxg
9000 (£0'8¥) 581 (18'5€)601°1 (8F'T1) 98¢ (zogrzil papnjau]
IS1OW IAISSIINY
wjqoad wajqoad wajqoad
anjea-d e Ajead joN wajgoad Jompy SNOLIS JEYMIWOS  SNOLIIS A1 A

SIS pue sueaw se passaidxa sjdwes [ganApue
21 Ul PAPNJIXI PUE PAPN|OUI S|ENPIAIPUL U32419q Juawuonaua oy jo uondaotad sy Suuedwoos sisdjeue Hinmsuag — 7 xipuaddy

34



(§°0T) 95L (c+'91) 909 (6T LY PPL1 (6E£TI) LSt (6£'€) 5TI papnjaxg
1100 (zg'61) 119 (€L'61)809 (8L °tF) 80E'1 (9t'Z1) v8¢ (12¢) 66 papnjou]
Apjes

() (€) a

anjes-d ajes [je e JoN (r) apug (2 ajes [1e 1€ 10N
(9£'69) SLS°T (18'12) S08 (85°9) £+T (+8'1)89 papnjaxyg
zO0'0 (0§'s9) 70T Ot ¥T) SsL (€1'8) 18T (18 1) 9% pepnjau]
UIIA
(1$9L) ¥T8°T (86°S1) 065 (Z8't) 8L1 (89066 papnjaxg
wjqoad wajqoad wajqoad
anjea-d e Ajead joN wajgoad Jompy SNOLIS JEYMIWOS  SNOLIIS LId A

SCIS pue sueaw se passaxdxa ajdwes [eanipeue
21 Ul PAPNJIXI PUE PAPN|OUI S|ENPIAIPUL U32419q Juawuonaua oy jo uondaotad sy Suuedwoos sisdjeue Hinmsuag — 7 xipuaddy

35



Appendix 3 — Multinomial regression model assessing the association of perceived excessive
noise in the neighborhood and patterns of PA

Model 1 Model 2 Model 3
(n=3,058) (n=3,056) (n=3,030)
RR RR RR
(95% CI) (95% CI) (95% CI)
Maintainers - - -
(ref)
Adopters Serious problem - - -
(ref)
Somewhat serious 1.05 1.10 1.15
(0.54, 2.06) (0.56,2.17) (0.58,2.29)
Minor problem 1.16 1.19 1.25
(0.62, 2.18) (0.63, 2.25) (0.65,2.37)
Not a problem 1.39 1.32 1.39
(0.74, 2.61) (0.70, 2.51) (0.73, 2.66)
Relapsers Serious problem - - -
(ref)
Somewhat serious 0.62 0.65 0.68
(0.36, 1.07) (0.37, 1.14) (0.38,1.21)
Minor problem 0.75 0.77 0.84
(0.45, 1.24) (0.46, 1.29) (0.50, 1.41)
Not a problem 0.77 0.73 0.84
(0.46, 1.27) (0.44, 1.23) (0.46, 1.32)
Insufficiently Serious problem - - -
Active (ref)
Somewhat serious 1.03 1.18 1.27
(0.55, 1.90) (0.62,2.21) (0.67,2.42)
Minor problem 1.07 1.18 1.32
(0.60, 1.92) (0.65,2.14) (0.72, 1.92)
Not a problem 1.40 1.36 1.52
(0.78, 2.50) (0.75,2.47) (0.83,2.79)

Model 1: adjusted for study site and contextual markers of SES
Model 2: model 1 + age, sex, race/ethnicity, educational level, marital status, and occupation
Model 3: model 2 + waist circumference, LDL cholesterol, HDL cholesterol, triglycerides,
hypertension, diabetes, smoking, alcohol, emphysema, asthma, arthritis, pain in the lower

limbs and swelling of feet and ankles.
CI: confidence interval; RR: risk ratio; PA: physical activity
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Appendix 4 — Multinomial regression model assessing the association between the perception

of heavy traffic and speeding cars in the neighborhood and patterns of PA

Model 1 Model 2 Model 3
(n=3,058) (n=3,056) (n=3,030)
RR RR RR
95% CI 95% CI 95% CI
Maintainers - - -
(ref)
Adopters Serious problem - - -
(ref)
Somewhat serious 1.03 1.10 1.15
(0.63, 1.69) (0.66, 1.81) (0.69, 1.90)
Minor problem 1.11 1.15 1.19
(0.70, 1.75) (0.72, 1.84) (0.74, 1.92)
Not a problem 1.19 1.10 1.12
(0.75,1.89) (0.69, 1.76) (0.70, 1.81)
Relapsers Serious problem - -
(ref)
Somewhat serious 1.20 1.34 1.43
(0.75, 1.94) (0.82,2.17) (0.87,2.34)
Minor problem 1.20 1.31 1.40
(0.76, 1.87) (0.83,2.07) (0.88, 2.24)
Not a problem 1.28 1.36 1.41
(0.82,2.01) (0.86, 2.15) (0.88,2.26)
Insufficiently Serious problem - -
Active (ref)
Somewhat serious 1.03 1.22 1.27
(0.65, 1.63) (0.76, 1.95) (0.78, 2.06)
Minor problem 1.14 1.37 1.50
(0.74, 1.76) (0.88,2.14) (0.95, 2.36)
Not a problem 1.03 1.08 1.12
(0.67,1.59) 0.69, 1.69) (0.71, 1.77)

Model 1: adjusted for study site and contextual markers of SES
Model 2: model 1 + age, sex, race/ethnicity, educational level, marital status, and occupation
Model 3: model 2 + waist circumference, LDL cholesterol, HDL cholesterol, triglycerides,
hypertension, diabetes, smoking, alcohol, emphysema, asthma, arthritis, pain in the lower

limbs and swelling of feet and ankles.
CI: confidence interval; RR: risk ratio; PA: physical activity
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Appendix 5 — Multinomial regression models assessing the association between the perception
of lack of access to adequate food shopping in the neighborhood and patterns of PA

Model 1 Model 2 Model 3
(n=3,059) (n=3,057) (n=3,030)
RR RR RR
95% CI 95% CI 95% CI
Maintainers - - -
(ref)
Adopters Serious problem - - -
(ref)
Somewhat serious 0.56 0.56 0.57
(0.20, 1.63) (0.19, 1.64) (0.19, 1.67)
Minor problem 0.82 0.75 0.73
(0.33,1.99) (0.30, 1.87) (0.29, 1.82)
Not a problem 0.89 0.77 0.76
(0.38,2.09) (0.32, 1.84) (0.32, 1.83)
Relapsers Serious problem - - -
(ref)
Somewhat serious 1.13 1.03 1.02
(0.39,3.31) (0.35,3.07) (0.34,3.10)
Minor problem 0.91 0.88 0.89
(0.34,2.42) (0.32,2.38) (0.32,2.44)
Not a problem 1.20 1.10 1.13
(0.47,3.09) (0.42,2.89) (0.42,3.02)
Insufficiently Serious problem - - -
Active (ref)
Somewhat serious 1.45 1.52 2.00
(0.55, 3.82) (0.56,4.12) (0.70, 5.76)
Minor problem 0.85 0.87 1.06
(0.35,2.08) (0.34,2.17) (0.40, 2.83)
Not a problem 0.93 0.90 1.16
(0.39,2.19) (0.37,2.19) (0.45,2.99)

Model 1: adjusted for study site and contextual markers of SES
Model 2: model 1 + age, sex, race/ethnicity, educational level, marital status, and occupation
Model 3: model 2 + waist circumference, LDL cholesterol, HDL cholesterol, triglycerides,
hypertension, diabetes, smoking, alcohol, emphysema, asthma, arthritis, pain in the lower

limbs and swelling of feet and ankles.
CI: confidence interval; RR: risk ratio; PA: physical activity
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Appendix 6 — Multinomial regression model assessing the association between the perception
of the presence of trash or litter in the neighborhood and patterns of PA

Model 1 Model 2 Model 3
(n=3,053) (n=3.051) (n=3,026)
RR RR RR
95% CI 95% CI 95% CI
Maintainers - - -
(ref)
Adopters Serious problem - - -
(ref)
Somewhat serious 1.02 1.21 1.22
(0.50,2.11) (0.58, 2.53) (0.58,2.57)
Minor problem 1.22 1.46 1.49
(0.64, 2.34) (0.75, 2.84) (0.77, 2.89)
Not a problem 1.09 1.17 1.19
(0.57,2.07) (0.61, 2.25) (0.62,2.29)
Relapsers Serious problem - - -
(ref)
Somewhat serious 0.58 0.62 0.65
(0.30, 1.12) (0.32, 1.22) (0.33,1.28)
Minor problem 0.81 0.88 0.87
(0.46, 1.43) (0.49, 1.56) (0.49, 1.57)
Not a problem 0.85 0.87 0.88
(0.49, 1.49) (0.49, 1.54) (0.49, 1.56)
Insufficiently Serious problem - - -
Active (ref)
Somewhat serious 1.03 1.25 1.27
(0.53,1.99) (0.63,2.48) (0.63, 2.53)
Minor problem 0.99 1.24 1.28
(0.54, 1.82) (0.67,2.29) (0.69, 2.39)
Not a problem 1.16 1.27 1.33
(0.64,2.10) (0.70, 2.33) (0.72,2.45)

Model 1: adjusted for study site and contextual markers of SES
Model 2: model 1 + age, sex, race/ethnicity, educational level, marital status, and occupation
Model 3: model 2 + waist circumference, LDL cholesterol, HDL cholesterol, triglycerides,
hypertension, diabetes, smoking, alcohol, emphysema, asthma, arthritis, pain in the lower

limbs, and swelling of feet and ankles.
CI: confidence interval; RR: risk ratio; PA: physical activity
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Appendix 7 — Multinomial regression models assessing the association between perceived
violence in the neighborhood and patterns of PA

Model 1 Model 2 Model 3
(n=3,053) (n=3,051) (n=3,026)
RR RR RR
95% CI 95% CI 95% CI
Maintainers - - -
(ref)
Adopters Serious problem - - -
(ref)
Somewhat serious 0.61 0.71 0.73
(0.28, 1.34) (0.32, 1.60) (0.32, 1.64)
Minor problem 0.71 0.82 0.85
(0.34, 1.46) (0.39, 1.72) (0.40, 1.80)
Not a problem 0.75 0.82 0.87
(0.37, 1.54) (0.39, 1.69) (0.42, 1.81)
Relapsers Serious problem - - -
(ref)
Somewhat serious 0.74 0.78 0.79
(0.33,1.62) (0.35, 1.73) (0.35,1.78)
Minor problem 0.88 0.93 0.94
(0.42, 1.83) (0.44, 1.96) (0.44, 2.00)
Not a problem 0.76 0.78 0.81
(0.37,1.58) (0.37, 1.63) (0.38,1.73)
Insufficiently Serious problem - - -
Active (ref)
Somewhat serious 1.45 1.78 1.89
(0.60, 3.51) (0.72,4.37) (0.76, 4.72)
Minor problem 1.43 1.83 1.98
(0.62, 3.33) (0.77,4.34) (0.83,4.74)
Not a problem 1.42 1.71 1.89
(0.62,3.29) (0.73,4.02) (0.80, 4.50)

Model 1: adjusted for study site and contextual markers of SES
Model 2: model 1 + age, sex, race/ethnicity, educational level, marital status, and occupation
Model 3: model 2 + waist circumference, LDL cholesterol, HDL cholesterol, triglycerides,
hypertension, diabetes, smoking, alcohol, emphysema, asthma, arthritis, pain in the lower

limbs, and swelling of feet and ankles.
CI: confidence interval; RR: risk ratio; PA: physical activity

40



10.

References

Ding Ding, Lawson Kenny D, Kolbe-Alexander Tracy L, Finkelstein Eric A, Katzmarzyk
Peter T, van Mechelen Willem, Pratt Michael, Lancet Physical Activity Series 2 Executive
Committee. The economic burden of physical inactivity: a global analysis of major non-
communicable diseases. Lancet (London, England). 2016 Sep;388(10051):1311-24.

Lee I-Min, Shiroma Eric J, Lobelo Felipe, Puska Pekka, Blair Steven N, Katzmarzyk Peter
T, Lancet Physical Activity Series Working Group. Effect of physical inactivity on major
non-communicable diseases worldwide: an analysis of burden of disease and life
expectancy. Lancet (London, England). 2012 Jul;380(9838):219-29.

Carlson Jordan A, Frank Lawrence D, Ulmer Jared, Conway Terry L, Saelens Brian E, Cain
Kelli L, Sallis James F. Work and Home Neighborhood Design and Physical Activity. Am
J Health Promot. 2018 Nov;32(8):1723-9.

Van Dyck Delfien, Cerin Ester, Conway Terry L, De Bourdeaudhuij Ilse, Owen Neville,
Kerr Jacqueline, Cardon Greet, Sallis James F. Interacting psychosocial and environmental
correlates of leisure-time physical activity: a three-country study. Health Psychol. 2014
Jul;33(7):699-7009.

Diez Roux Ana V, Evenson Kelly R, McGinn Aileen P, Brown Daniel G, Moore Latetia,
Brines Shannon, Jacobs Jr David R. Availability of recreational resources and physical
activity in adults. Am J Public Health. 2007 Mar;97(3):493-9.

Ranchod Yamini K, Diez Roux Ana V, Evenson Kelly R, Sanchez Brisa N, Moore Kari.
Longitudinal associations between neighborhood recreational facilities and change in

recreational physical activity in the multi-ethnic study of atherosclerosis, 2000-2007. Am J
Epidemiol. 2014 Feb;179(3):335-43.

Auchincloss Amy H, Diez Roux Ana V, Brown Daniel G, Erdmann Christine A, Bertoni
Alain G. Neighborhood resources for physical activity and healthy foods and their
association with insulin resistance. Epidemiology. 2008 Jan;19(1):146-57.

Auchincloss Amy H, Diez Roux Ana V, Mujahid Mahasin S, Shen Mingwu, Bertoni Alain
G, Carnethon Mercedes R. Neighborhood resources for physical activity and healthy foods

and incidence of type 2 diabetes mellitus: the Multi-Ethnic study of Atherosclerosis. Arch
Intern Med. 2009 Oct;169(18):1698-704.

Evenson Kelly R, Block Richard, Diez Roux Ana V, McGinn Aileen P, Wen Fang,
Rodriguez Daniel A. Associations of adult physical activity with perceived safety and

police-recorded crime: the Multi-ethnic Study of Atherosclerosis. Int J Behav Nutr Phys
Act. 2012 Dec;9:146.

Bild Diane E, Bluemke David A, Burke Gregory L, Detrano Robert, Diez Roux Ana V,
Folsom Aaron R, Greenland Philip, Jacob Jr David R, Kronmal Richard, Liu Kiang, Nelson
Jennifer Clark, O'Leary Daniel, Saad Mohammed F, Shea Steven, Szklo Moyses, Tracy

41



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Russell P. Multi-Ethnic Study of Atherosclerosis: objectives and design. Am J Epidemiol.
2002 Nov;156(9):871-81.

Ainsworth Barbara E, Irwin Melinda L, Addy Cheryl L, Whitt Melicia C, Stolarczyk Lisa
M. Moderate physical activity patterns of minority women: the Cross-Cultural Activity
Participation Study. J] Womens Health Gend Based Med. 1999;8(6):805—13.

U.S Department of Health and Human Services. Physical Activity Guidelines for
Americans, 2nd Edition. Washington, DC; U.S. 2018.

Ainsworth Barbara E, Haskell William L, Herrmann Stephen D, Meckes Nathanael, Bassett
Jr David R, Tudor-Locke Catrine, Greer Jennifer L, Vezina Jesse, Whitt-Glover Melicia C,
Leon Arthur S. 2011 Compendium of Physical Activities: a second update of codes and
MET values. Med Sci Sports Exerc. 2011 Aug;43(8):1575-81.

Mujahid Mahasin S, Diez Roux Ana V, Morenoff Jeffrey D, Raghunathan Trivellore E,
Cooper Richard S, Ni Hanyu, Shea Steven. Neighborhood characteristics and hypertension.
Epidemiology. 2008 Jul;19(4):590-8.

Genuth Saul, Alberti Kurt George Matthew Mayer, Bennett Peter, Buse John, Defronzo
Ralph, Kahn Richard, Kitzmiller John, Knowler William C, Lebovitz Harold, Lernmark
Ake, Nathan David, Palmer Jerry, Rizza Robert, Saudek Christopher, Shaw Jonathan,
Steffes Michael, Stern Michael, Tuomilehto Jaako, Zimmet Paul, Expert Committee on the
Diagnosis and Classification of Diabetes Mellitus. Follow-up report on the diagnosis of
diabetes mellitus. Diabetes Care. 2003 Nov;26(11):3160-7.

Kaplan Norman M. Treatment of hypertension: insights from the JNC-VI report. Am Fam
Physician. 1998 Oct;58(6):1323-30.

Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report. Circulation. 2002 Dec;106(25):3143—-421.

Zou Guangyong. A modified poisson regression approach to prospective studies with binary
data. Am J Epidemiol. 2004 Apr;159(7):702—6.

Cerin Ester, Conway Terry L, Adams Marc Adams, Barnett Anthony, Cain Kelli L, Owen
Neville, Christiansen Lars B, van Dyck Delfien, Mitas Josef, Sarmiento Olga L, Davey
Rachel C, Reis Rodrigo, Salvo Deborah, Schofield Grant, Sallis James F. Objectively-
assessed neighbourhood destination accessibility and physical activity in adults from 10
countries: An analysis of moderators and perceptions as mediators. Soc Sci Med. 2018
Aug;211:282-93.

Van Cauwenberg Jelle, Cerin Ester, Timperio Anna, Salmon Jo, Deforche Benedicte,
Veitch Jenny. Park proximity, quality and recreational physical activity among mid-older
aged adults: moderating effects of individual factors and area of residence. Int J Behav Nutr
Phys Act. 2015 Apr;12:46.

42



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Van Cauwenberg Jelle, De Bourdeaudhuij Ilse, Clarys Peter, Nasar Jack, Salmon Jo,
Goubert Liesbet, Deforche Benedicte. Street characteristics preferred for transportation
walking among older adults: a choice-based conjoint analysis with manipulated
photographs. Int J Behav Nutr Phys Act. 2016 Jan;13:6.

Ding Ding, Adams Marc A, Sallis James F, Norman Gregory J, Hovell Melbourn F,
Chambers Christina D, Hofstetter Richard, Bowles Heather R, Hagstromer Maria, Craig
Cora L, Gomez Luiz Fernando, De Boureaudhuij Ilse, Macfarlane Duncan J, Ainsworth
Barbara E, Bergman Patrick, Bull Fiona C, Carr Harriette, Klasson-Heggebo Lena, Inoue
Shigeru, Murase Norio, Matsudo Sandra, Matsudo Victor, McLean Grant, Sjostrom
Michael, Tomten Heidi, Lefevre Johan, Volbekiene Vida, Bauman Adrian E. Perceived
neighborhood environment and physical activity in 11 countries: Do associations differ by
country? Int J Behav Nutr Phys Act. 2013 May;10(1):1-11.

Wallmann Birgit, Bucksch Jens, Froboese Ingo. The association between physical activity
and perceived environment in German adults. Eur J Public Health. 2012 Aug;22(4):502-8.

Hallal Pedro C, Reis Rodrigo S, Parra Diana C, Hoehner Christina, Brownson Ross C,
Simdes Eduardo J. Association between perceived environmental attributes and physical
activity among adults in Recife, Brazil. J Phys Act Health. 2010 Jul;7 Suppl 2:S213-22.

Rech Cassiano R, Reis Rodrigo S, Hino Adriano Akira Ferreira, Rodriguez-Anez Ciro
Romélio, Fermino Rogério Cesar, Gongalves Priscila Bezerra, Hallal Pedro Curi.
Neighborhood safety and physical inactivity in adults from Curitiba, Brazil. Int J Behav
Nutr Phys Act. 2012 Jun;9:72.

Weber Corseuil Marui, Hallal Pedro Curi, Xavier Corseuil Herton, Jayce Ceola Schneider
Ione, d’Orsi Eleonora. Safety from crime and physical activity among older adults: a
population-based study in Brazil. J Environ Public Health. 2012;2012:641010.

Parra Diana C, Hoehner Christine M, Hallal Pedro Curi, Ribeiro Isabella C, Reis Rodrigo,
Brownson Ross C, Pratt Michael, Simoes Eduardo J. Perceived environmental correlates of

physical activity for leisure and transportation in Curitiba, Brazil. Prev Med (Baltim).
2011;52(3-4):234-8.

Foster Sarah, Giles-Corti Billie. The built environment, neighborhood crime and
constrained physical activity: an exploration of inconsistent findings. Prev Med (Baltim).
2008 Sep;47(3):241-51.

Foraster Maria, Eze lkenna C, Vienneau Danielle, Brink Mark, Cajochen Christian,
Caviezel Seraina, Héritier Harris, Schaffner Emmanuel, Schindler Christian, Wanner
Miriam, Wunderli Jean-Marc, Roosli Martin, Probst-Hensch Nicole. Long-term
transportation noise annoyance is associated with subsequent lower levels of physical
activity. Environ Int. 2016;91:341-9.

Roswall Nina, Ammitzbegll Gunn, Christensen Jeppe Schultz, Raaschou-Nielsen Ole,

Jensen Steen Solvang, Tjenneland Anne, Serensen Mette. Residential exposure to traffic
noise and leisure-time sports — A population-based study. Int J Hyg Environ Health.

43



31.

32.

33.

34.

35.

36.

37.

38.

2017;220(6):1006—13.

Stappers Nicole EH, Van Kann Dave HH, De Vries Nanne K, Kremers Stef PJ. Do physical
activity friendly neighborhoods affect community members equally? A cross-sectional
study. Int J Environ Res Public Health. 2018;15(6).

Hinrichs Timo, Keskinen Kirsi E, Pavelka Béla, Eronen Johanna, Schmidt-Trucksiss Arno,
Rantanen Taina, Portegijs Erja. Perception of parks and trails as mobility facilitators and
transportation walking in older adults: a study using digital geographical maps. Aging Clin
Exp Res. 2019 May;31(5):673-83.

Christman Zachary J, Wilson-Genderson Maureen, Heid Allison, Pruchno Rachel. The
Effects of Neighborhood Built Environment on Walking for Leisure and for Purpose
Among Older People. Gerontologist. 2020 May;60(4):651-60.

Strong Larkin L, Reitzel Lorraine R, Wetter David W, McNeill Lorna H. Associations of
perceived neighborhood physical and social environments with physical activity and

television viewing in African-American men and women. Am J Heal Promot.
2013;27(6):401-9.

Oh April Y, Zenk Shannon N, Wilbur JoEllen, Block Richard, McDevitt Judith, Wang
Edward. Effects of perceived and objective neighborhood crime on walking frequency

among midlife African American women in a home-based walking intervention. J Phys
Act Health. 2010 Jul;7(4):432—41.

Umstattd Meyer M Renee, Baller Stephanie L, Mitchell Shawn M, Trost Stewart G.
Comparison of 3 accelerometer data reduction approaches, step counts, and 2 self-report
measures for estimating physical activity in free-living adults. J Phys Act Health. 2013
Sep;10(7):1068-74.

Ekelund Ulf, Sepp Hanna, Brage Soren, Becker Wulf, Jakes Rupert, Hennings Mark,
Wareham Nicholas J. Criterion-related validity of the last 7-day, short form of the
International Physical Activity Questionnaire in Swedish adults. Public Health Nutr. 2006
Apr;9(2):258-65.

McGinn Aileen P, Evenson Kelly R, Herring Amy H, Huston Sara L, Rodriguez Daniel A.

Exploring associations between physical activity and perceived and objective measures of
the built environment. J Urban Heal. 2007;84(2):162—84.

44





