Preventive Medicine Reports 32 (2023) 102131

Contents lists available at ScienceDirect

Preventive Medicine Reports

Preventive
Medicine

Reports

journal homepage: www.elsevier.com/locate/pmedr

ELSEVIER

Associations between observed neighborhood physical disorder and health
behaviors, New Jersey behavioral risk factor Surveillance
System 2011-2016

Jesse J. Plascak ™", Tatyana Desire-Brisard , Darren Mays *, Brittney Keller-Hamilton *¢,

Andrew G. Rundle®, Emma Rose, Electra D. Paskett ", Stephen J. Mooney &

& Comprehensive Cancer Center, The Ohio State University, Columbus, OH, USA

b Division of Cancer Prevention and Control, Department of Internal Medicine, College of Medicine, The Ohio State University, Columbus, OH, USA
¢ School of Public Health, Rutgers University, Piscataway, NJ, USA

4 Division of Medical Oncology, Department of Internal Medicine, College of Medicine, The Ohio State University, Columbus, OH, USA

¢ Department of Epidemiology, Mailman School of Public Health, Columbia University, New York, NY, USA

fBrigham Young University, Provo, UT, USA

8 Department of Epidemiology, School of Public Health, University of Washington, Seattle, WA, USA

ARTICLE INFO ABSTRACT

Keywords:

Observed neighborhood physical disorder
Tobacco use

Alcohol binging

Sugar-sweetened beverage consumption
Population-based surveillance

This study tested associations between observed neighborhood physical disorder and tobacco use, alcohol
binging, and sugar-sweetened beverage consumption among a large population-based sample from an urban area
of the United States. Individual-level data of this cross-sectional study were from adult respondents of the New
Jersey Behavioral Risk Factor Surveillance System, 2011-2016 (n = 62,476). Zip code tabulation area-level
observed neighborhood physical disorder were from virtual audits of 23,276 locations. Tobacco use (current
cigarette smoking or chewing tobacco, snuff, or snus use), monthly binge drinking occasions (5+/4+ drinks per
occasion among males/females), and monthly sugar-sweetened beverages consumed were self-reported. Logistic
and negative binomial regression models were used to generate odds ratios, prevalence rate ratios (PRR), 95 %
confidence intervals (CI) by levels of physical disorder. Compared to the lowest quartile, residence in the second
(PRR: 1.16; 95 % CI: 1.03, 1.13), third (PRR: 1.24; 95 % CI: 1.10, 1.40), and fourth (highest) quartile of physical
disorder (PRR: 1.24; 95 % CI: 1.10, 1.40) was associated with higher monthly sugar-sweetened beverage con-
sumption. Associations involving tobacco use and alcohol binging were mixed. Observed neighborhood disorder
might be associated with unhealthy behaviors, especially sugar-sweetened beverage consumption.

1. Introduction

Tobacco use, alcohol consumption, and poor diet are top ranking risk
factors for chronic disease morbidity and mortality globally including in
the United States (Collaborators, 2022; Ford et al., 2011; Islami et al.,
2018). These health behaviors tend to co-occur within individuals and
geographically cluster across places (Brazil, 2022; Mudryj et al., 2019).
Identifying common drivers of multiple unhealthy behaviors is a key
function of an effective public health response to the growing chronic
disease burden.

Observed neighborhood physical disorder — visual indicators of
disinvestment acting as neighborhood stressors — is one such factor
(Branas et al., 2018; Raleigh and Galster, 2015; Sampson and Rauden-
bush, 2004). Neighborhood physical disorder has been gaining attention
in the sociologic (Burt et al., 2022; O’Brien et al., 2022), epidemiologic
(Keyes et al., 2012; Mayne et al., 2018; Messer et al., 2012; Meyers et al.,
2013; Plascak et al., 2022), and urban revitalization (Branas et al., 2018)
literatures as findings have suggested it may affect health through psy-
chosocial and behavioral pathways. Several studies have reported as-
sociations between higher observed neighborhood physical disorder and
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greater tobacco smoking and alcohol consumption (Brown et al., 2014;
Furr-Holden et al., 2011; Keyes et al., 2012; Mayne et al., 2018; Messer
et al., 2012; Meyers et al., 2013). Fewer studies have tested associations
between observed neighborhood physical disorder and diet, though one
study reported no evidence of an association with weekly frequency of
sugar sweetened beverage consumption (Mayne et al., 2018).

Despite this growing interest in observed neighborhood physical
disorder, several important gaps remain. All studies of the effects of
observed neighborhood physical disorder on health behaviors have been
geographically limited to a few cities or counties preventing generaliz-
ability across large geographic areas and populations. Many studies have
been conducted among select sub-populations — children and adoles-
cents, pregnant people, women of childbearing age, minoritized racial-
ethnic groups — (Furr-Holden et al., 2011; Keyes et al., 2012; Mayne
et al., 2018; Meyers et al., 2013) and it is largely unknown whether
observed neighborhood physical disorder is associated with health be-
haviors within a population-based, general-risk sample. Few studies
have investigated associations with multiple health behaviors, including
dietary factors, within the same sample (Mayne et al., 2018), which
could inform potential mechanisms through which observed neighbor-
hood physical disorder might impact health outcomes. A recent review
of neighborhood disorder and health has highlighted the need for more
studies that adjust for potential confounders (O’Brien et al., 2019),
including socioeconomic factors and measures of the tobacco, alcohol,
and the food environment (Maani et al., 2020).

Prior evidence suggests that exposure to higher neighborhood
physical disorder might influence a physiologic stress response (Branas
et al.,, 2018; O’Brien et al., 2019). Separate evidence suggest that to-
bacco use, alcohol consumption, and sugar-sweetened beverage con-
sumption are a response to exposures of stress or distress (Park and
lacocca, 2014; Wiss et al., 2020). Thus, we are conceptualizing neigh-
borhood physical disorder as a potential stressor that could influence
individual-level variation in substance use and diet.

The purpose of this study was to address aforementioned gaps and
investigate relationships between observed neighborhood physical dis-
order and health-related behaviors, adjusting for potentially influential
covariates identified in previous literature (Maani et al., 2020; O’Brien
et al., 2019). Specifically, we tested associations between physical dis-
order and current tobacco use, monthly alcohol binge drinking, and
monthly sugar-sweetened beverage consumption adjusted for key indi-
vidual- and neighborhood-level demographic, socioeconomic, and
retailer environmental factors among a population-based sample of
general-risk adults residing in a large urban area of the United States.

2. Methods
2.1. Data

2.1.1. Behavioral risk factor Surveillance System

All individual-level data were self-reported from the New Jersey
Behavioral Risk Factor Surveillance System (NJBRFSS), an annual,
cross-sectional, phone-based, state-administered questionnaire designed
to assess major health behaviors and risks in the general population
(Centers for Disease and Prevention, 2012). It uses a stratified, random
digit dialing approach. Survey years 2011-2016 were included (sugar-
sweetened beverage questions were only asked among random subsets
of 2011-2014, 2016 survey respondents) (see Appendix for NJBRFSS
details).

2.1.2. Individual-level outcomes

Tobacco use (current cigarette smoking or chewing tobacco, snuff, or
snus use), monthly binge drinking occasions (5+ drinks per occasion
among males, 4+ drinks per occasion among females), and average
monthly number of sugar-sweetened beverages consumed were from
NJBREFSS.
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2.1.3. Individual-level covariates

We extracted age (18+ years), sex (male or female), race-ethnicity
(non-Hispanic White; non-Hispanic Black/African American (AA);
non-Hispanic Asian, no other racial identifier; non-Hispanic Asian In-
dian; non-Hispanic Chinese; non-Hispanic Filipino, Japanese, Korean,
Vietnamese, other (hereafter, ‘other Asian’); non-Hispanic Native Ha-
waiian, Guamanian/Chamorro, Samoan, other Pacific Islander (here-
after, ‘NH/OPI’); non-Hispanic American Indian or Alaska Native (Al/
AN); non-Hispanic other; non-Hispanic multiracial; Mexican, Mexican
American, Chicano/a (hereafter, ‘Mexican’); Puerto Rican; Cuban; Other
Latinx), marital status (never married; widowed, divorced, separated;
married or unmarried couple), educational attainment (<high school,
high school diploma, attended college/technical school, completed
college/technical school), household income (<$10,000, $10,000-
$14,999, $15,000-$19,999, $20,000-$24,999, $25,000-$34,999,
$35,000-$49,999, $50,000-$74,999, >$75,000), employment status
(employed for wages or self-employed; homemaker, student, retired;
unemployed), and zip code from survey data. The median dollar amount
between income ranges was calculated and handled as a continuous
variable in all analyses (<$10,000 and >$75,000 calculated as $5,000
and $100,000, respectively). Racial-ethnic categories were limited to
non-Hispanic White, non-Hispanic Black, non-Hispanic Asian, non-
Hispanic NH/OPI, non-Hispanic AI/AN, non-Hispanic other, non-
Hispanic multiracial, Hispanic/Latinx any racial identity in 2011 and
2012 because Hispanic/Latinx, Asian, and NH/OPI racial-ethnic sub-
categories were unavailable then.

2.1.4. Observed neighborhood physical disorder

Observed physical disorder was estimated from neighborhood vir-
tual audits of 23,276 urban streetscapes across New Jersey (census tract
Rural-Urban Commuting Code = ‘Metropolitan core’) (Plascak et al.,
2020a; Plascak et al., 2020b). We used the virtual auditing platform
CANVAS which interfaces with Google Streetview streetscapes (Bader
etal., 2015). Four trained raters followed the ‘drop-and-spin’ protocol to
assess the 360° view of each streetscape for six indicators of physical
disorder: presence of graffiti, litter, boarded up or burned buildings, the
number of large dumpsters, building conditions, and yard conditions
(Plascak et al., 2020b). Graffiti, litter, and boarded up or burned
buildings were all dichotomous yes/no variables. Number of dumpsters
were recorded as “none”, “1-2”, or “>2”, while the building and yard
conditions were both coded as “very good”, “moderate”, “fair”, or
“poor”. Item ratings were combined into a single physical disorder score
for each streetscape assessed (Plascak et al., 2020a). Universal kriging, a
spatial modeling technique, allowed prediction of physical disorder at
any urban location across the study region (Mooney et al., 2018). As
audits were limited to urban census tracts, we limited kriging pre-
dictions to portions of zip code tabulation areas (ZCTA) that overlapped
urban census tracts (535 of 595, 90 % of ZCTAs). ZCTA-level physical
disorder values were calculated from kriging models in a three-step
process: 1) generate 30 spatially random points within each urban
ZCTA (n = 16,050 total points); 2) predict physical disorder at each
location; 3) average the 30 estimates within each ZCTA (intraclass-
correlation coefficient of physical disorder = 0.77). These averages were
linked to BRFSS data through participant-reported zip code. Physical
disorder was further analyzed as quartiles of the 535 ZCTAs (approxi-
mately 134 ZCTAs per quartile). Audit item rater agreement reliability
(e.g., maximum test-retest > ‘substantial agreement’), physical disorder
internal consistency reliability (0.965), kriging model prediction accu-
racy (e.g., all audit item’s area under the curve > 0.849), and audit
sampling and protocol details have been previously published (Plascak
et al., 2020b; Plascak et al., 2022; Plascak et al., 2020c¢).

2.1.5. Social deprivation Index

We calculated the social deprivation indices (SDI) for each ZCTA
from seven socioeconomic variables derived from annual, five-year
American Community Survey data — percent of the population (ages
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25 years or more) with less than a high school diploma (‘% <high
school’), percent of the population with household income <100 % of
the federal poverty level (‘% <federal poverty level’), percent of the
civilian labor force that are not employed (‘% non-employed’), percent
of housing units that are renter occupied (‘% rental’), percent of occu-
pied housing units that have more than one person per a room (‘%
crowded’), percent of housing units with no vehicle availability (‘% no
vehicle’), and percent of families that are headed by one adult and which
contain children (‘% single parent’) (Butler et al., 2013). Following
Butler, Petterson et al., 2013, we calculated annual SDI scores using
ZCTA population-weighted factor analysis of the seven variables.
Annual BRFSS data were linked to SDI data by the last year of ACS data;
SDI from ACS 2012-2016 data linked to 2016 BRFSS data, ACS
2007-2011 linked to 2011 BRFSS data, etc. ZCTA population density
(persons per square mile) was quantified using the annual population
data and geographic information system-calculated ZCTA area.

2.1.6. Food and substance environment

We used ZCTA-level food, alcohol, and tobacco establishment data
from the 2011-2016, annual County Business Patterns series (Bureau
et al., 2020). Following previous literature on food swamps (Cooksey-
Stowers et al., 2017), food environment was characterized from five
NAICS categories: ‘limited-service restaurants’ (fast food), ‘convenience
stores’, ‘Cafeterias, grill buffets, and buffets’, ‘Snack and nonalcoholic
beverage bars’, and ‘grocery stores or supermarkets’. The percentage of
unhealthy food options — 100 x (limited-service restaurants + conve-
nience stores + cafeterias, grill buffets, and buffets + snack and nonal-
coholic beverage bars) + (limited-service restaurants + convenience
stores + cafeterias, grill buffets, and buffets + snack and nonalcoholic
beverage bars + grocery stores or supermarkets) — was calculated for
each ZCTA (Cooksey-Stowers et al., 2017). A six-category food envi-
ronment variable was created based on this proportion: only grocery
stores (numerator = 0), only unhealthy stores (no grocery stores or su-
permarkets), no food stores (numerator and denominator = 0), and
three food swamp tertiles.

Number of ‘Beer, wine, and liquor stores’ (off-premise) and ‘Drinking
places (alcoholic beverages)’ (on-premise) were used to characterize the
alcohol environment and number of ‘Tobacco stores’ stores was used to
characterize the tobacco environment. Establishment density (per
100,000 persons, using population data above) was calculated for
alcohol and tobacco environment variables. Alcohol and tobacco envi-
ronment variables were each analyzed as categories: none, <median,
and >median, where median values were calculated from distributions
of non-zero density values.

2.2. Statistical analysis

Annual survey data from respondents residing in urban zip codes
were pooled across all years to increase sample size (n = 63418). Var-
iable missingness was as follows: income (7252, 11.4 %), alcohol
binging (3462, 5.4 %), tobacco use (1644, 2.6 %), SDI (1046, 1.6 %),
population density (1022, 1.6 %), race-ethnicity (942, 1.5 %), marital
status (266, 0.4 %), employment status (232, 0.4 %), and education
(124, 0.2 %). Respondent data from urban zip codes and who were
administered the sugar-sweetened beverage consumption module
(19863) had similar variable missingness including 419 (2.1 %) missing
sugar-sweetened beverage and 294 (1.5 %) missing race-ethnicity re-
sponses. We conducted missing data imputation analyses, imputing 25
datasets using multiple imputation by chained equations and imputing
all variables with missing data except for race-ethnicity by dataset
(larger dataset used to test associations with alcohol binging and to-
bacco use and smaller dataset containing sugar-sweetened beverage
responses) (Rubin, 2004). We did not impute race-ethnicity because of
the small percentage missing, larger subgroup sample sizes, and to
respect respondent desires to withhold their racial-ethnic identity
(Randall et al., 2021). Regression results were combined according to
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Rubin’s rules (Rubin, 2004).

A map was created to describe the geographic distribution of esti-
mated, ZCTA-level physical disorder (Fig. 1). Frequencies and percent-
ages were used to summarize distributions of physical disorder by
covariates. Frequencies and percentages (tobacco use) and means and
standard errors (S.E.) (monthly alcohol binging occasions and monthly
sugar-sweetened beverage consumption) were calculated to summarize
distributions of health behaviors by covariate levels. Separate mixed
effects regression models accounting for nesting of respondents in
ZCTAs and survey design weights were built for each health behavior; a
logistic regression model for tobacco use and negative binomial models
for monthly alcohol binging occasions and monthly sugar-sweetened
beverage consumption. Each model included a random intercept for
ZCTA. Two general modelling frameworks were built for each health
behavior based on covariate relationships summarized in exploratory
analyses: Model 1 included all covariates except for food and substance
environment covariates and Model 2 included all covariates. As a
sensitivity analysis we modeled monthly alcohol binging occasions
using single-level, zero-inflated negative binomial regression (86.0 %
respondents with ‘0’ binging occasions) by including all covariates in
both the zero-inflated and count process model portions. All descriptive
and inferential analyses were survey-weighted to account for complex
survey design. Post-hoc analyses include: 1) area-level correlation ma-
trix (see Appendix), 2) test for ordinal trend of associations involving
physical disorder, and 3) minimally adjusted models. ArcGIS v10.8 and
SAS v9.4 were used for geographic and statistical analyses, respectively.
Physical disorder data were collected January 2018-June 2019, street-
scape dates ranged August 2007-September 2018, and measurement
properties analyzed through July 2020. The Ohio State University
Institutional Review Board approved this study protocol.

3. Results
3.1. Geographic distribution of neighborhood physical disorder

ZCTA physical disorder across urban areas was highest around
populous cities, with ZCTAs adjacent to populous cities having some of
the lowest physical disorder values (Fig. 1).

Distributions of numerous demographic, socioeconomic, and ZCTA
factors among the 62,476 respondents appear to vary substantially
across quartiles of ZCTA physical disorder (Table 1).

3.2. Sample characteristics by levels of neighborhood physical disorder

Approximately 25 % of respondents residing in the highest quartile
of physical disorder self-identify as non-Hispanic Black/AA compared to
32.2 % self-identifying as non-Hispanic White. Other notable distribu-
tions of factors among those residing in the highest quartile of physical
disorder include: 64.4 % have incomes below the median; 91.7 % are
residing in higher social deprivation ZCTAs; and 77.3 %% are residing in
ZCTAs with higher density of off-premise alcohol retailers (see Appendix
for distributions among sugar-sweetened beverage respondents).

3.3. Sample characteristics by levels of tobacco use, alcohol binging, and
sugar-sweetened beverage consumption

Current tobacco use, average monthly alcohol binge drinking occa-
sions, and average monthly sugar-sweetened beverage consumption was
16.9 %, 0.6, and 16.6 respectively. Tobacco use varied across physical
disorder quartiles: 13.3 %, 16.6 %, 19.4 % and 19.1 % from the lowest to
highest quartile respectively (Table 2). Similarly average monthly sugar-
sweetened beverage consumption was 12.04 in ZCTAs of lowest physical
disorder and 25.14 in ZCTAs of highest physical disorder. Notable
additional self-identified groupings reporting higher current tobacco use
compared to the overall sample include: younger than 55 years of age
(19.3 %), males (19.5 %), never married (23.2 %), non-Hispanic Black/
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Fig. 1. Observed neighborhood physical disorder within New Jersey urban zip codes.
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Table 1
Demographic and socioeconomic factors by physical disorder, NJBRFSS
2011-2016, n = 62,476.

Physical Disorder, N (%)

Q1 Q2 Q3 Q4
(Lowest) (Highest)
Overall 15,595 15,673 15,570 15,638
(30.1) (22.9) (23.5) (23.6)
Age (median)
<55 years 7328 7379 7218 8583
(60.3) (63.1) (62.7) (69.8)
>55 years 8267 8294 8352 7055
(39.7) (36.9) (37.3) (30.2)
Sex
Male 6721 6588 6342 6209
(48.6) (48.9) (46.8) (48.8)
Female 8874 9085 9228 9429
(51.4) (51.1) (53.2) (51.2)
Marital status
Married/unmarried 9425 8822 8392 6700
couple (61.5) (58.2) (56.9) (44.7)
Separated/divorced/ 3840 4382 4605 4714
widowed (16.0) (17.1) (19.2) (20.2)
Never married 2280 2409 2521 4152
(22.2) (24.3) (23.6) (34.7)
Race-ethnicity
Non-Hispanic White 12,612 12,365 11,965 6598
(70.5) (69.2) (65.0) (32.2)
Non-Hispanic Black/ 743 (5.8) 1247 1466 4152
AA (10.0) (11.2) (25.1)
Non-Hispanic AI/AN 52 (0.4) 75 (0.4) 73 (0.4) 84 (0.5)
Non-Hispanic Asian 367 (4.2) 282 (2.9) 179 (2.1) 272 (2.0)
Non-Hispanic Asian 274 (3.9) 209 (3.4) 149 (2.7) 150 (1.9)
Indian’ 2 24 2
Non-Hispanic Chinese® 96 (1.4) 43(0.7) 49 (0.7) 30 (0.3)
Non-Hispanic Other 132 (2.4) 77 (1.2) 58 (1.1) 100 (1.2)
Asian®
Non-Hispanic NH/OPI® 20 (0.1) 19 (0.2) 20 (0.1) 44 (0.3)
Non-Hispanic 112 (0.8) 121 (0.7) 112 (0.9) 135 (0.8)
Multiracial
Non-Hispanic Other 126 (0.8) 120 (0.7) 120 (0.7) 181 (0.8)
Hispanic/Latinx 425 (2.9) 414 (3.4) 519 (5.1) 1613
(11.3)
Mexican® 69 (0.7) 102 (1.4) 155 (2.2) 160 (1.9)
Puerto Rican’ 177 (1.8) 258 (2.0) 246 (2.3) 607 (5.2)
Cuban® 48 (0.3) 29 (0.3) 41 (0.3) 155 (1.3)
Other Hispanic/Latinx® 342 (4.1) 312 (3.6) 418 (5.2) 1357
(15.1)
Education
<High school 520 (6.7) 786 (8.2) 1080 2084
(12.6) (22.0)
High school diploma or 3076 4088 4770 4941
equivalent (23.49) (28.6) (33.5) (33.0)
Some college or technical 3297 3908 4055 3834
school (24.1) (27.9) (27.3) (24.2)
>College or technical 8677 6866 5646 4739
school (45.5) (35.1) (26.4) (20.6)
Income (median)”
<$62,499.50 4100 5413 6245 8444
(30.1) (37.2) (45.7) (64.4)
>$62,499.50 9336 8105 7183 5067
(69.9) (62.8) (54.3) (35.6)
Employment status
Out of work/unable to
work
Student/homemaker/ 1381 (9.3) 1781 2041 2953
retired (11.8) (13.2) (18.9)
Employed 5153 5202 5248 4368
(29.2) (26.9) (28.1) (22.6)
Survey Year 9012 8644 (61) 8225 8251
(61.2) (58.5) (57.9)
2011
2012 3212 3027 3033 3343
(16.5) (16.9) (16.5) (16.3)
2013 3345 3114 3194 3396
(16.9) (16.6) (17.2) (16.6)
2014 2775 (17) 2715 (16)
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Table 1 (continued)

Physical Disorder, N (%)’

Q1 Q2 Q3 Q4
(Lowest) (Highest)
2731 2699
(17.5) (16.4)
2015 2544 2673 2595 2566
(16.3) (16.9) (16.3) (16.7)
2016 1520 1581 1560 1459
(16.2) (15.9) (16.7) (16.6)
Social Deprivation Index
(median)
<31 12,243 8864 7855 1652 (8.3)
(77.6) (62.3) (45.1)
>31 3283 6373 7685 13,489
(22.49) (37.7) (54.8) (91.7)
Population Density
(median)
<869.1 persons per 8576 9349 9363 3472
mile (47.5) (45.2) (45.8) (13.6)
>869.1 persons per 6956 5889 6177 11,672
mile (51.7) (52.4) (54.1) (84.3)
Food Environment
No unhealthy stores/ 27 (0.2) 12 (0.1) 64 (0.4) 0(0.0)
Only grocery
Food swamp T1 (Low) 2492 2569 3959 10,313
(16.1) (15.5) (24.2) (71.5)
Food swamp T2 4943 5631 5574 3173
(Middle) (32.49) (35.8) (40.4) (16.9)
Food swamp T3 (High) 7042 6536 4204 1743 (9.5)
(45.8) (44.7) (27.2)
Only unhealthy stores/ 969 (4.9) 917 (3.9) 1640 325 (1.8)
No grocery (7.49)
No food stores 122 (0.6) 8(0.0) 129 (0.4) 84 (0.3)
Off-premises Alcohol
Density
None 1250 (6.9) 1285 1162 443 (3.3)
(5.0) (4.8)
<18.1 premises per 9119 8626 7847 3486
100,000 persons (58.7) (55.3) (54.9) (19.4)
>18.1 premises per 5221 5761 6545 11,709
100,000 persons (34.9) (39.7) (40.3) (77.3)
On-premises Alcohol
Density
None 6455 5160 4566 1303 (8.6)
(38.0) (26.0) (24.3)
<12.3 premises per 6204 5626 5508 5023
100,000 persons (44.2) (42.2) (40.5) (31.0)
>12.3 premises per 2931 4886 5480 9312
100,000 persons (17.8) (31.8) (35.2) (60.3)
Tobacco Retailer Density
None 11,721 10,698 10,282 10,902
(72.9) (65.6) (53.7) (66.8)
<3.7 retailers per 2365 2067 2486 2829
100,000 persons (16.0) (16.0) (25.1) (20.4)
>3.7 retailers per 1504 2907 2786 1907
100,000 persons (11.1) (18.3) (21.1) (12.8)

1 Ppercentage calculations account for complex survey design weights.

2 ‘Median’ indicates that variables were dichotomized using median as a
cutpoint.

3 More detailed race-ethnicity responses in 2013-2016 questionnaires.

AA (21.3 %), Puerto Rican (22.1 %), less than a HS diploma (24.3 %),
income less than $62,499.50 (21.8 %), and out of work/unable to work
(30.1 %). Higher sugar-sweetened beverage consumption follow similar
patterns. Notable higher monthly alcohol binging occasions compared
to the overall sample by self-identified groupings included: younger
than 55 years of age (0.78), males (0.86), never married (0.99), non-
Hispanic, White (0.71), income at least $62,499.50 (0.73), and the
employed (0.71).

3.4. Associations between neighborhood physical disorder and tobacco
use, alcohol binging, and sugar-sweetened beverage consumption

For all three outcomes adjustment for ZCTA-level food, alcohol, and
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Table 2 Table 2 (continued)
Physical disorder, demographic, socioeconomic, and food / substance environ- Tobacco Alcohol Binging Sugar-sweetened
mental factors by current tobacco use, monthly alcohol binge drinking occa- Use Occasions Beverages
sions, and monthly sugar-sweetened beverage consumption, NJBRFSS N (%)2
2011-2016, n = 62,476" .) >
Yes Mean (S.E.)” Mean (S.E.)
Tobacco Alcohol Binging Sugar-sweetened
Use Occasions Beverages Student/homemaker/ 2043
N (%)? retired (10.49)
Employed 5118 0.71 (0.02) 16.86 (0.64)
Yes Mean (S.E.)* Mean (S.E.) ? (16.9)
Overall 9464 0.60 (0.02) 16.60 (0.46) Survey Year
(16.9) 2011 1989 (18)  0.65 (0.04) 15.11 (0.86)
Physical disorder : 2012 2024 0.61 (0.03) 18.83 (0.95)
(quartiles) 2013 (117%1; : 0.57 (0.03) 17.26 (0.86)
Q1 (Lowest) 1765 0.57 (0.04) 12.04 (0.57) az.1) . : ! :
(13.3) ‘
02 2322 0.64 (0.04) 14.7 (0.69) 2014 1516 0.61 (0.03) 16.83 (0.84)
16.6) (16.9)
Q3 2618 0.59 (0.03) 16.01 (0.71) 2015 (113‘?’;) 0.56 (0.05) NA
(19.49) X
Q4 (Highest) 2759 0.63 (0.03) 25.14 (1.42) 2916 s 885 (16.3) 0.64 (0.07) 15.9(0.86)
a9.1) Social Deprivation Index
Age (median)” (Lmedlan) 3777 0.63 (0.03) 13.1 (0.47)
<55 years 5630 0.78 (0.03) 20.39 (0.67) ow a4 -0 (0 -
(19.3) . |
>55 years 3834 0.3 (0.02) 10.64 (0.41) High 5557 0.58 (0.02) 20.27(0.76)
(12.6) as.1y
Sex : Population Density
(median)®
Mal 4334 0.86 (0.03 19.49 (0.75
ae 195 0.03) (075 Low 4485 0.62 (0.02) 14.46 (0.51)
Female 5130 0.37 (0.01) 13.95 (0.48) ) (16.8)
14.4) High 4852 (17) 0.6 (0.03) 18.09 (0.66)
Marital status : Food Environment
Married /unmarried 3918 0.49 (0.02) 12.96 (0.4) No unhealthy stores/ 18 (22.1) 0.5 (0.15) 8.78 (2.5)
couple (13.1) Only grocery
Separated/divorced/ 3057 0.42 (0.03) 14.13 (0.59) Food swamp T1 (Low) ?1381 i) he1 0o a7 aan
widowed (19.4) Food T2 2845 0.61 (0.03) 14.31 (0.62)
Never married 2464 0.99 (0.05) 27.2 (1.46) 00¢ swamp RS 2o
(23.2) (Middle) (16.5)
Race-ethnicity ! Food swamp T3 (High) 2683 0.6 (0.03) 14.81 (0.63)
Non-Hispanic White 6425 0.71 (0.03) 13.62 (0.41) as.7)
az.s) Only unhealthy stores/ 560 (16.7) 0.62 (0.07) 12.67 (1.09)
o ) No grocery
Non-H: Black/AA 1454 0.47 (0.04 29.01 (2.37
on-Hispanic Black/ @13 ©0.04) 2:37) No food stores 45(13.7)  0.44(0.13) 10.66 (2.63)
Non-Hispanic AI/AN 61(21.3)  0.42(0.19) 17.13 (5.74) of]f)-:;z;;ses Aleohol
Non-Hispanic Asian 96 (9.7) 0.24 (0.05) 8.87 (1.28)
Non-Hispanic Asian 76 (9) 0.15 (0.05) 7.02 (1) None ) 559(17.2) 053 (0.05) 164 (1.7)
Indian’ <18.1 premises per 4044 0.59 (0.02) 13.97 (0.48)
. . . 100,000 persons (15.6)
Non-Hispanic Chinese* 15 (4.9) 0.24 (0.07) 10.83 (1.97) ’ X
Non-Hispanic Other 46 (13.1) 0.71 (0.25) 13.92 (4.67) >18.1 premises per 4857 (18) 0.63 (0.03) 19.32 (0.78)
Asian® : ’ ’ ’ : 100,000 persons
Non-Hispanic NH/OPI* 20 (21) 0.82 (0.27) 24.78 (8.14) O‘Bz;‘;‘:;ses Alcohol
Non-Hi i 103 (18.4 0.47 (0.1 18.46 (7.16
Mzrl’tir;?i’;mc as.4) -1 (7.16) None 2238 0.59 (0.04) 13.78 (0.74)
o (14.9)
Non-Hispanic Other 100 (17.4) 0.31 (0.16) 8.97 (1.7) .
Hispanic/Latinx 463 (15.8)  0.55 (0.06) 26.34 (2.23) f()lozgogremlses per (3126912) 0.56 (0.03) 15.79 (0.57)
Mexican” 50 (11.6) 0.4 (0.07) 22.38 (3.11) 0% persons :
Puerto Rican® 260 (22.1) 0.58 (0.12) 21.93 (2.63) >12.3 premises per 3931 (19) 0.67 (0.03) 19.67 (0.94)
Cuban’ 37(15.7)  0.64(0.22) 14.45 (3.63) Tolboa(v):,c(golgeri:f;‘n;ensity
Other Hi ic/Latinx” 258 (11.5 0.41 (0.03 19.79 (1.45
. ducafiron ispanic/Latinx (11.5) 0.03) (1.45) None 6579 (17)  0.62 (0.02) 16.59 (0.58)
<High school 1045 0.48 (0.05) 24.34 (1.65) <3.7 retailers per 1427 0.53 (0.03) 17.24 (0.91)
(24.3) ’ ’ ’ ’ 100,000 persons (16.3)
High school diploma or 3476 0.68 (0.04) 20.88 (0.78) 3.7 retailers per 1454 0.65 (0.04) 1578 (0.94)
equivalent (22.5) 100,000 persons (16.7)
Some college or 2655 0.69 (0.03) 17.38 (1.11) ! n = 19,569 among respondents of sugar-sweetened beverage questions.
technical school . 17.2) 2 Percentage, mean, and standard deviation (S.E.) calculations account for
ziolllege or technical 2273 (8.9) 0.52(0.02) 9.48 (0.39) complex survey design weights.
Inzzn?:: (median)* 3 “Median’ indicates that variables were dichotomized using median as a
<$62,499.50 4887 0.51 (0.02) 22.1 (0.95) C‘f‘tpomt'
(21.8) More detailed race-ethnicity responses in 2013-2016 questionnaires.
>$62,499.50 3487 0.73 (0.03) 11.88 (0.41)
Emol © stat 1s.5) tobacco environment resulted in nearly identical associations as the
mployment status .
Cfut }(;f work/unable to 2270 0.5 (0.04) 24.01 (1.29) model that excluded these covariates and so we focus on results of the
work (30.1) final model (Table 3, Model 4). Adjusting for all covariates, residence in
0.42 (0.03) 12.32 (0.53) ZCTAs of the third quartile of physical disorder (second highest) was

associated with odds of tobacco use that was 1.18 (95 % CI: 1.04, 1.59)
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Table 3

Associations between current tobacco use, monthly alcohol binge drinking oc-
casions, and monthly sugar-sweetened beverage consumption by levels of
physical disorder NJBRFSS 2011-2016, n = 62,476"

Effect estimate”® (95 % CI)

Model 1 Model 2 Model 3 Model 4
Current tobacco use
Physical
disorder
(quartiles)
Q1 (Lowest) 1.00 1.00 1.00 1.00
Q2 1.26 1.10 1.07 1.06
(1.10,1.44) (0.97,1.23) (0.95,1.2) (0.94,1.2)
Q3 1.50 1.23 1.18 1.17
(1.31,1.70) (1.10,1.38) (1.04,1.32) (1.04,1.32)
Q4 (Highest) 1.54 1.13 1.06 1.06
(1.33,1.78) (1.00,1.28) (0.92,1.23) (0.91,1.23)
p-value for 0.187
ordinal trend”
Alcohol binging occasions
Physical
disorder
(quartiles)
Q1 (Lowest) 1.00 1.00 1.00 1.00
Q2 1.32 1.31 1.25 1.23
(1.12,1.55) (1.11,1.53) (1.07,1.47) (1.05,1.44)
Q3 1.15 1.14 1.04 1.03
(0.98,1.36) (0.97,1.34) (0.88,1.23) (0.87,1.21)
Q4 (Highest) 1.37 1.39 1.16 1.14
(1.15,1.63) (1.17,1.66) (0.94,1.43) (0.93,1.41)
p-value for 0.356
ordinal trend’
Sugar sweetened beverages consumed
Physical
disorder
(quartiles)
Q1 (Lowest) 1.00 1.00 1.00 1.00
Q2 1.18 1.19 1.17 1.16
(1.03,1.35) (1.06,1.34) (1.04,1.32) (1.03,1.30)
Q3 1.35 1.27 1.22 1.24
(1.18,1.55) (1.13,1.43) (1.08,1.38) (1.10,1.40)
Q4 (Highest) 1.62 1.45 1.37 1.37
(1.40,1.88) (1.28,1.65) (1.18,1.60) (1.17,1.59)
p-value for <0.0001

ordinal trend’

! n = 19,569 among respondents of sugar-sweetened beverage questions.

2 From logistic (odds ratios of tobacco use) or negative binomial (prevalence
rate ratios of alcohol and beverage consumption) models accounting for the
complex survey design weights and clustering of respondents within zip code
tabulation areas via random intercepts.

3 Model 1 includes age, sex, marital status, race-ethnicity, survey year; model
2 includes model 1 + education, income, employment status; model 3 includes
model 2 + population density, social deprivation index; model 4 includes model
3 + + food environment, off-premises alcohol density, on-premises bar density,
and tobacco retailer density.

# From test of ordinal trend where all observations within each quartile of
physical disorder were set to the median value and models re-ran to report the t-
test corresponding to this physical disorder variable regression coefficient.

times that of those in the lowest physical disorder quartile (Table 3).
There were no other associations between other levels of physical dis-
order and tobacco use. Adjusting for all covariates, residence in ZCTAs
of the second quartile of physical disorder (second lowest) was associ-
ated with a rate of monthly alcohol binging occasions that was 1.23 (95
% CIL: 1.05, 1.44) times that of those in the lowest physical disorder
quartile (Table 3). There were no other associations between other levels
of physical disorder and alcohol binging. Adjusting for all covariates,
residence in ZCTAs of the highest physical disorder quartile was asso-
ciated with a rate of monthly sugar-sweetened beverage consumption
that was 1.37 (95 % CI: 1.17, 1.59) times that of those in the lowest
physical disorder quartile. Compared to the lowest quartile, residence in
the second (PRR: 1.16; 95 % CI: 1.03, 1.13) and third (PRR: 1.24; 95 %
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CI: 1.10, 1.40) physical disorder quartiles was also associated with
higher monthly sugar-sweetened beverage consumption. (see Appendix
for full model results).

3.5. Sensitivity analyses

Results of sensitivity analyses that modeled monthly alcohol binging
occasions according to a zero-inflated negative binomial distribution
provide a slightly different interpretation compared to main analyses. In
fully adjusted models there were no associations between physical dis-
order and number of alcohol binging occasions among those who report
at least one binging occasion; that is, physical disorder was not associ-
ated with the rate of binging among those who binged in the past month.
However, compared to the lowest quartile of ZCTA physical disorder,
odds of reporting any binge drinking for those residing in the second
lowest (Q2), second highest (Q3), and highest quartile (Q4) of ZCTA
physical disorder was 1.42 (95 % CI: 1.23, 1.64), 1.17 (95 % CI: 1.04,
1.31), and 1.24 (95 % CI: 1.11, 1.39); residence in higher physical dis-
order ZCTAs was associated with greater odds of any binge drinking in
the past month.

4. Discussion

This study found evidence for associations between observed
neighborhood physical disorder and major health behaviors. Despite a
clear pattern of higher percentages of tobacco use among those residing
in higher physical disorder areas, adjusting for demographic and so-
cioeconomic covariates largely accounted for this trend. There was ev-
idence for associations between higher physical disorder alcohol binging
(versus none). The most consistent results indicated a linear trend be-
tween higher physical disorder and increased frequency of sugar-
sweetened beverage consumption.

Neighborhood physical disorder is an indicator of disinvestment that
might impact health behaviors through psychosocial stress pathways
(Burt et al., 2022; Keyes et al., 2012; Mayne et al., 2018; O’Brien et al.,
2019). Such explanations posit that residents of higher physical disorder
areas perceive this higher disorder (O’Brien et al., 2019), which triggers
neuroendocrine pathways involved in maladaptive stress responses
potentially leading to engagement in unhealthy behaviors (Agorastos
and Chrousos, 2022; McEwen, 1998). Under this psychosocial frame-
work, variability in associations involving tobacco use, alcohol binging,
or sugar-sweetened beverage consumption found in this study could be
due to numerous health behavior-specific reasons including: physiologic
mechanisms and temporal dynamics, product affordability, and
numerous unmeasured factors (e.g., alternative stress-reducing behav-
iors, addictiveness and timing of exposure, etc.). Targeted marketing in
disinvested areas could offer alternative explanations (Isgor et al.,
2016).

4.1. Comparison to previous literature

In contrast to findings of this study, other studies have reported as-
sociations between higher observed neighborhood physical disorder and
tobacco use. (Brown et al., 2014; Furr-Holden et al., 2011; Keyes et al.,
2012; Mayne et al., 2018; Messer et al., 2012) For example, a cross-
sectional study of young adults residing in Baltimore City, Maryland
found evidence that higher observed neighborhood disorder was asso-
ciated with 17 % higher odds of past month tobacco use.(Brown et al.,
2014) Similarly, studies of observed neighborhood physical disorder and
alcohol consumption tend to report positive associations.(Chauhan
etal., 2016; Keyes et al., 2012) The only known study to investigate and
report no association between observed neighborhood physical disorder
and sugar-sweetened beverage consumption was among women of
child-bearing age residing in Chicago, Illinois (Mayne et al., 2018).

Possible explanations for the divergent findings of the current study
may be related to use of ZCTAs to approximate neighborhoods or
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general similarities of most previous investigations. Previous studies
typically measured disorder at smaller units such as block face,
encompassed smaller and potentially unique geographic regions (e.g.,
New York City, Baltimore City, etc.), focused on select sub-populations
(e.g., young adults, people giving birth, etc.), and few studies adjusted
for both individual- and neighborhood-level socioeconomic factors.
(Keyes et al., 2012; Mayne et al., 2018) Adjustment for potential con-
founders could be especially critical because numerous studies,
including the current study, report how associations between physical
disorder and health behaviors were sharply attenuated with adjustment
for socioeconomic factors. Socioeconomic factors might be indepen-
dently related to levels of neighborhood physical disorder, health be-
haviors, and selective residential mobility, underscoring the importance
of measuring and controlling for such factors, as noted in a recent review
(O’Brien et al., 2019). Despite growing attention on the ‘commercial
determinants of health’ (Maani et al., 2020), adjustment for measures of
the food, tobacco, and alcohol retailer environments had little impact on
associations of this study. However, the interplay of and adjustment for
area-level socioeconomic factors and population density along with
cross-sectional design of this study makes it difficult to draw firm con-
clusions about the role of these retailer environment factors on health
behaviors.

4.2. Strengths and limitations

The large, population-based average-risk sample of adults;
geographically large study area; adjustment for numerous individual-
and area-level covariates; and use of reliable observed physical disorder
measures are strengths of this study. Despite these strengths, the cross-
sectional design; lack of other tobacco combustibles (e.g., cigars,
cigarellos, etc.); use of ZCTAs as convenience approximations of
neighborhoods; potential for under-reporting of unhealthy behaviors;
unmeasured confounders (social cohesion, residential mobility); po-
tential study area distinctions (zoning policies, tobacco and alcohol sale
restrictions, etc.); and partial temporal mismatch of physical disorder
measures and health behaviors are limitations that future studies should
address.

5. Conclusion

Built environment physical disorder is modifiable, potentially acts as
a neighborhood stressor, and has growing evidence for a role in health
behaviors and outcomes. Evidence for associations with physical dis-
order and the disease burden of tobacco use, alcohol consumption, and
dietary factors underscores the public health importance of this work
and the need for future studies. Intervening on indicators of built envi-
ronment physical disorder — vacant lot remediation or neighborhood
revitalization efforts — might be one strategy for reducing the burden of
several health behavior risks of population health.
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