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Map A shows the CrimeRisk score for the census tracts of study participants and Map B shows the bivariate relationship between MVPA and CrimeRisk score of
study participants in the Health in Pregnancy and Postpartum Study, Richland, Lexington, and Sumter counties, South Carolina. Higher CrimeRisk scores indicate
higher rates of crime (national mean score, 100). Lines indicate census tract boundaries. Abbreviations: MVPA, moderate to vigorous physical activity; PA, physical
activity.
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Background
Regular physical activity (PA) has numerous health benefits for
women before, during, and after pregnancy (1). PA reduces the
risk of adverse pregnancy outcomes, such as preterm delivery and
gestational diabetes (1), and mothers’ PA during pregnancy can
protect their offspring against chronic disease susceptibility (2).
Despite these benefits, most women do not report participating in
PA during pregnancy (1). Physical changes caused by pregnancy
may disrupt normal health behaviors and adversely affect PA
levels (3). The built environment may also play a role in determin-
ing a woman’s ability to be active during pregnancy and the post-
partum period. Neighborhood features like walkability and access
to parks enhance PA and reduce the likelihood of preterm birth
(4,5). In contrast, neighborhood disturbances, such as housing
damage and crime, are associated with lower PA during preg-
nancy and adverse pregnancy outcomes (6,7). However, much of
the available literature has relied on self-reported PA data, and few
studies have examined the association between neighborhood
safety and objectively measured PA during pregnancy. Therefore,
this study aims to investigate associations between neighborhood
crime and objectively measured PA among pregnant women en-
rolled in a randomized controlled trial.

The purpose of this study was twofold: 1) to compare pregnant
women’s perceptions of neighborhood crime with their object-
ively measured PA and 2) to examine associations between an ob-
jective indicator of neighborhood crime and objectively measured
PA. We hypothesized that safer perceived and objectively meas-
ured neighborhood environments would be associated with more
steps per day and minutes per week of moderate to vigorous PA
(MVPA).

Data and Methods
Data for this study were from the Health in Pregnancy and Post-
partum (HIPP) study, which has been described in detail else-
where (8). Briefly, HIPP was a randomized controlled trial of a PA
and diet intervention to prevent excess gestational weight gain
among women living in South Carolina. We used data from the
HIPP baseline survey that were collected between January 2015
and December 2019, including demographic information, object-
ively measured PA, and perceived neighborhood environment.

Measures

At baseline, steps per day and minutes per week of MVPA were
measured by SenseWear armbands (IDSA), which have been val-
idated for use during pregnancy (9), worn continuously for 5 to 8
days (≥21 h/d, including at least 1 weekend day). Average daily
MVPA was calculated for each participant.

To assess perceived neighborhood crime, participants completed a
modified 11-item version of the validated Physical Activity
Neighborhood Environment Scale (PANES) (10). PANES con-
tains a single item of overall perceived crime and 2 items aver-
aged to create an overall neighborhood crime score: “The crime
rate in my neighborhood makes it unsafe to go on walks (during
the day/at night).” Ratings ranged from 1, strongly disagree to 4,
strongly agree. These items were reverse scored so that higher
scores indicate lower perceived crime.

An objective crime score was derived for each participant’s home
address at the census tract level using Esri Applied Geographic
Solutions’ CrimeRisk index score (11). CrimeRisk is a standard-
ized index for the relative risk of personal and property crimes that
is calculated using historic (2014–2020) Federal Bureau of Invest-
igation and local police data. Relative risk scores are available at
the census tract level and higher; the mean national CrimeRisk
score is 100 (higher score = higher crime risk).

Spatial analysis

To derive participants’ census tract, home addresses provided at
baseline were geocoded using the Census Bureau geocoder.
CrimeRisk score was then added for each census tract, and de-
scriptive analyses were performed using ArcGIS Pro (Esri) (12).
Choropleth maps depicting participant location and CrimeRisk
score were created, as was a bivariate map depicting mean daily
MVPA and CrimeRisk score. Manual intervals were entered to
create high and low classes of MVPA (high, ≥30 min/d) and
CrimeRisk score (high, ≥100).

Statistical analysis

Pearson correlations and generalized linear models adjusted for
race (used as a social construct) and income (variables likely re-
lated to the dependent variable) were used to examine associ-
ations between PANES crime scores and steps per day or minutes
per day of MVPA. The same analyses were then performed with
CrimeRisk score.

Highlights
Participants (N = 205) were White (56%) and African American
(44%) women aged 18 to 44 years with a mean body mass index
of 33.6 kg/m2 and a mean gestational age of 12.4 weeks. Mean
steps per day was 5,360 steps (range, 1,048–14,201 steps), and
mean minutes of MVPA per day was 37 minutes (range, 1–116
min). Most participants lived in Richland, Lexington, or Sumter
County, South Carolina.
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CrimeRisk scores ranged from 20 to 634; scores were generally
higher in census tracts surrounding metropolitan centers. CrimeR-
isk score was also correlated with overall perceived crime (r =
0.43), as well as daytime (r = 0.45) and nighttime (r = 0.28) walk-
ing safety (P <.001).

In the adjusted linear models, MVPA was associated with both
overall perceived crime score (β = 5.52, P = .03) and perceived
daytime walking safety (β = 6.99, P = .02). Daytime walking
safety was also associated with steps per day in the adjusted mod-
el (β = 833.86, P = .003). CrimeRisk score was not associated with
MVPA or steps per day after adjusting for income and race (Ta-
ble).

Action
In this study, objectively measured neighborhood crime was not
related to objectively measured PA among pregnant women. Per-
ceived crime and safety (particularly daytime walking safety) did
influence participant PA, which may be because perceptions of
safety are more influential determinants of PA behavior for preg-
nant women (13). We found that PA among pregnant women in
Richland County, South Carolina, tended to be high in downtown
areas with higher crime. Therefore, policies to improve neighbor-
hood safety should consider individual perceptions of what consti-
tutes a safe space for PA. Policy makers could also consider ex-
amining whether such high PA and high crime neighborhoods
contain environmental features that may enhance the sense of
safety and, in turn, promote PA (such as street and sidewalk light-
ing).

Although CrimeRisk score was the best available measure of
crime for this analysis, it may not be the best proxy for objective
crime in the study area because it does not weight violent and non-
violent crime differently. Similar studies of objective crime and
health outcomes among pregnant women have used local police
data (14), which allows for analysis of different crime types.
However, local police data are often difficult to obtain (15) and
were not available for this study. Evidence also exists that local
police data are subject to racial bias (15). Therefore, future studies
should consider using CrimeRisk score to examine associations
between crime and pregnant women’s PA in larger and more di-
verse study areas.

Acknowledgments
The HIPP study was supported by the Eunice Kennedy Shriver
National Institute of Child Health and Human Development of the
National Institutes of Health under award no. R01HD078407. The

content is solely the responsibility of the authors and does not ne-
cessarily represent the official views of the National Institutes of
Health. No copyrighted materials or tools were used in this re-
search.

Author Information
Corresponding Author: Kelsey Day, MPH, University of South
Carolina, Arnold School of Public Health, Department of Exercise
Science,  921 Assembly St,  Columbia,  SC 29205.  (Email:
krday@email.sc.edu)

Author Affiliations: 1Prevention Research Center, Arnold School
of Public Health, University of South Carolina, Columbia.
2Department of Exercise Science, Arnold School of Public Health,
University  of  South Carolina,  Columbia.  3Department  of
Epidemiology and Biostatistics, Arnold School of Public Health,
University of South Carolina, Columbia. 4Department of Health
Management and Policy, College of Public Health, University of
Iowa, Iowa City.

References
Dipietro L, Evenson KR, Bloodgood B, Sprow K, Troiano RP,
Piercy KL, et al; 2018 Physical Activity Guidelines Advisory
Committee. Benefits of physical activity during pregnancy and
postpartum: an umbrella review. Med Sci Sports Exerc 2019;
51(6):1292–302.

  1.

Blaize AN, Pearson KJ, Newcomer SC. Impact of maternal
exercise during pregnancy on offspring chronic disease
susceptibility. Exerc Sport Sci Rev 2015;43(4):198–203.

  2.

Borodulin KM, Evenson KR, Wen F, Herring AH, Benson
AM. Physical activity patterns during pregnancy. Med Sci
Sports Exerc 2008;40(11):1901–8.

  3.

Vinikoor-Imler LC, Messer LC, Evenson KR, Laraia BA.
Neighborhood conditions are associated with maternal health
behaviors and pregnancy outcomes. Soc Sci Med 2011;73(9):
1302–11.

  4.

Grazuleviciene R, Danileviciute A, Dedele A, Vencloviene J,
Andrusaityte S, Uždanaviciute I, et al. Surrounding greenness,
proximity to city parks and pregnancy outcomes in Kaunas
cohort study. Int J Hyg Environ Health 2015;218(3):358–65.

  5.

Miranda ML, Messer LC, Kroeger GL. Associations between
the quality of the residential built environment and pregnancy
outcomes among women in North Carolina. Environ Health
Perspect 2012;120(3):471–7.

  6.

Laraia B, Messer L, Evenson K, Kaufman JS. Neighborhood
factors associated with physical activity and adequacy of
weight gain during pregnancy. J Urban Health 2007;84(6):
793–806.

  7.

PREVENTING CHRONIC DISEASE VOLUME 20, E29

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY         APRIL 2023

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.



4       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2023/22_0239.htm

Wilcox S, Liu J, Addy CL, Turner-McGrievy G, Burgis JT,
Wingard E, et al. A randomized controlled trial to prevent
excessive gestational weight gain and promote postpartum
weight loss in overweight and obese women: Health in
Pregnancy and Postpartum (HIPP). Contemp Clin Trials 2018;
66:51–63.

  8.

Smith KM, Lanningham-Foster LM, Welk GJ, Campbell CG.
Validity of the SenseWear® Armband to predict energy
expenditure in pregnant women. Med Sci Sports Exerc 2012;
44(10):2001–8.

  9.

Sallis JF, Kerr J, Carlson JA, Norman GJ, Saelens BE, Durant
N,  e t  a l .  Eva lua t ing  a  br ie f  se l f - repor t  measure  of
neighborhood environments for physical activity research and
surveillance: Physical Activity Neighborhood Environment
Scale (PANES). J Phys Act Health 2010;7(4):533–40.

10.

Applied Geographic Solutions. CrimeRisk; 2020. Accessed
December 5, 2022. https://appliedgeographic.com/crimerisk

11.

Esri.  About ArcGIS Pro — ArcGIS Pro documentation.
Accessed July 20, 2022. https://pro.arcgis.com/en/pro-app/2.8/
get-started/get-started.htm

12.

Evenson KR, Block R, Diez Roux AV, McGinn AP, Wen F,
Rodríguez DA. 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;9(1):
146.

13.

Mayne  SL ,  Poo l  LR,  Grobman  WA,  Ker shaw  KN.
Associations of neighbourhood crime with adverse pregnancy
outcomes among women in Chicago: analysis of electronic
health records from 2009 to 2013. J Epidemiol Community
Health 2018;72(3):230–6.

14.

Buil-Gil D, Moretti A, Langton SH. The accuracy of crime
statistics:  assessing the  impact  of  police  data  bias  on
geographic crime analysis. J Exp Criminol 2022;18:515–41.

15.

PREVENTING CHRONIC DISEASE VOLUME 20, E29

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY         APRIL 2023

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

https://appliedgeographic.com/crimerisk
https://pro.arcgis.com/en/pro-app/2.8/get-started/get-started.htm
https://pro.arcgis.com/en/pro-app/2.8/get-started/get-started.htm


www.cdc.gov/pcd/issues/2023/22_0239.htm • Centers for Disease Control and Prevention       5

Table

Table. Association Between Objectively Measured Physical Activity With Perceived and Objective Measures of Neighborhood Crime in the HIPP Triala

Outcome variable Independent variable β SE t value P value

Perceived measure

Steps/d PANES overall crime scoreb 355.24 251.37 1.41 .16

Steps/d PANES daytime walking safety 833.86 280.34 2.97 .003

MVPA min/d PANES overall crime scoreb 5.52 2.58 2.14 .03

MVPA min/d PANES daytime walking safety 6.99 2.92 2.40 .02

Objective measure

Steps/d CrimeRisk score 2.03 1.43 1.42 .15

MVPA min/d CrimeRisk score 0.02 0.01 1.30 .19

Abbreviations: HIPP, Health in Pregnancy and Postpartum study; MVPA, moderate to vigorous physical activity; PANES, Physical Activity Neighborhood Environment
Scale.
a All models adjusted for income and race.
b Reverse scored so that higher scores indicate lower crime; possible range, 1 to 4; study sample mean score, 3.6 (SD, 0.62).

PREVENTING CHRONIC DISEASE VOLUME 20, E29

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY         APRIL 2023

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.


