
RESEARCH ARTICLE

Associations of neighborhood physical and

crime environments with obesity-related

outcomes in Jamaica

Colette Cunningham-MyrieID
1*, Katherine P. Theall2, Novie Younger-Coleman3, Lisa-

Gaye Greene4, Parris Lyew-Ayee4, Rainford Wilks3

1 Department of Community Health and Psychiatry, University of the West Indies, Mona, Jamaica,

2 Department of Global Community Health and Behavioral Sciences, School of Public Health and Tropical

Medicine, Tulane University, New Orleans, LA, United States of America, 3 Caribbean Institute for Health

Research, University of the West Indies, Mona, Jamaica, 4 Mona GeoInformatics Institute, University of the

West Indies, Mona, Jamaica

* colette.cunninghammyrie@uwimona.edu.jm

Abstract

Objective

To examine whether proximity and density of public open spaces, public parks, street con-

nectivity, and serious and violent crimes were associated with Body Mass Index (BMI) and

Waist Circumference (WC) within and across levels of urbanicity, sex and socioeconomic

status (SES) in Jamaica, a small island developing state (SIDS).

Methods

Secondary analysis was conducted using data from the Jamaica Health and Lifestyle Sur-

vey 2008 (JHLS II). All respondents were geocoded to area of residence in Enumeration

Districts (EDs). Intraclass correlation coefficients (ICCs) were derived and multilevel mixed

effects regression models applied to 2529 participants nested within 101 EDs from all 14

parishes in Jamaica.

Results

There was significant clustering across neighborhoods for mean BMI (ICC = 4.16%) and

mean WC (ICC = 4.42%). In fully adjusted models statistically significant associations

included: increased mean BMI among men, with increased intersection density/ km2 (β =

0.02; 95% CI = 1.96 x10-3, 0.04, p = 0.032); increased mean WC among urban residents

with increased crimes/km2/yr (β = 0.09; 95% CI = 0.03, 0.16, p<0.01) and among persons in

the middle class, with further distance away from public parks (β = 0.30; 95% CI = 0.08,

0.53, p<0.01).

Conclusions

Neighborhood physical and crime environments were associated with obesity-related out-

comes in Jamaica. Policymakers in SIDS such as Jamaica should also note the important

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0249619 April 5, 2021 1 / 19

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Cunningham-Myrie C, Theall KP,

Younger-Coleman N, Greene L-G, Lyew-Ayee P,

Wilks R (2021) Associations of neighborhood

physical and crime environments with obesity-

related outcomes in Jamaica. PLoS ONE 16(4):

e0249619. https://doi.org/10.1371/journal.

pone.0249619

Editor: Luisa N. Borrell, Graduate School of Public

Health and Health Policy, City University of New

York, UNITED STATES

Received: September 23, 2019

Accepted: March 22, 2021

Published: April 5, 2021

Copyright: © 2021 Cunningham-Myrie et al. This is

an open access article distributed under the terms

of the Creative Commons Attribution License,

which permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

Funding: The authors received no specific funding

for this work.

Competing interests: The authors have declared

that no competing interests exist.

https://orcid.org/0000-0001-8101-4073
https://doi.org/10.1371/journal.pone.0249619
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0249619&domain=pdf&date_stamp=2021-04-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0249619&domain=pdf&date_stamp=2021-04-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0249619&domain=pdf&date_stamp=2021-04-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0249619&domain=pdf&date_stamp=2021-04-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0249619&domain=pdf&date_stamp=2021-04-05
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0249619&domain=pdf&date_stamp=2021-04-05
https://doi.org/10.1371/journal.pone.0249619
https://doi.org/10.1371/journal.pone.0249619
http://creativecommons.org/licenses/by/4.0/


differences by urbanicity, sex and SES in prevention efforts designed to stem the growing

obesity epidemic.

Introduction

The worldwide prevalence of obesity has nearly doubled between 1980 and 2008 [1]. Obesity is

now a common condition on every continent [2, 3] and is increasing in developing countries

[4]. There remains co-existence of obesity with undernutrition within countries and within

households creating a ‘double-burden’ of disease, which threatens to overwhelm health ser-

vices [4] and increase health care expenditure [5] of low and middle-income countries

[LMICs], many of which are also small island developing states [SIDS].

There are significant sex differences in the prevalence of obesity, with the condition posing

a serious problem among women in Latin America, the Caribbean, Middle East, North Africa,

the Central Eastern Europe = Commonwealth of Independent States (CEE = CIS) and the

USA [6]. A dramatic rise in the rate of obesity has been observed in the Caribbean over the

past four decades [7] including observations from the use of cross-cultural studies from

Jamaica, St. Lucia and Barbados [8]. Additionally, in contrast with other geographic areas, the

data reveal in many instances, higher prevalence rates among Caribbean women [9, 10].

Specifically, in Jamaica data from the two Jamaica Health and Lifestyle Surveys (JHLSs)

completed in 2000 (JHLS I) and 2008 (JHLS II) among 15-74-year-old persons revealed an

increase in prevalence of overall obesity (19.7% versus 25.3%) and significant sexual dimor-

phism for both surveys [females: 29.9% vs. 37.7%; males: 9.6% vs. 12.4%] [9]. The JHLS II [9]

also revealed that the prevalence of increased WC was significantly higher among females ver-

sus males (69.8% vs. 19.6%; p<0.001). Another study, the Jamaica Youth Risk and Resiliency

Survey [10] revealed that 6% of 15–19-year-old adolescents were obese, with significantly

higher prevalence of obesity in females (females: 8% vs. males: 3.3%).

Lifestyle behaviors that drive obesity, including physical inactivity and low consumption

of fruit and vegetables, have continued to increase [9], despite many national and local

health promotion programs targeting individual-level prevention [11, 12]. There is now

the need to focus on the extent of the contribution of more distal social and community

factors driving this epidemic, which hitherto have not been investigated in Jamaica. Many

of these community exposures are related to socioeconomic status (SES), which has been

linked to adiposity.

The role of SES on measures of adiposity has also been examined in countries at different

stages of the epidemiological transition with some inconsistencies. For example, in a system-

atic review published on SES and obesity studies conducted in adult populations from develop-

ing countries between 1989 and 2003, the burden of obesity in a particular developing country

tended to shift towards persons of lower SES as the country’s Gross National Product increased

[13]. On the other hand, in the Modeling the Epidemiologic Transition Study (METS), with

about 500 participants aged 25–45 years in each of five sites (Ghana, South Africa, Jamaica,

Seychelles, United States), obesity was more prevalent among individuals in the middle wealth

tertile (based on household’s ownership of a number of assets) in both South African and

Jamaican populations, but not so in the USA [14]. In the same study, an inverse gradient was

observed (higher obesity rates with increasing wealth) for the Ghanian.

Literature out of North America [15], Asia [16, 17], Africa [18] and Europe [19] reveal that

obesity-related outcomes and environmental influences may also differ by degree of urbani-

city, with inconsistencies in the directionality of the associations across and within countries.
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Studies in Jamaica have in general assessed geographical variations in health outcomes on obe-

sity according to either of the dichotomized classifications of urban or rural area of residence

[20, 21]. Furthermore, there is a dearth of studies that have examined urban-rural differences

in obesity-related outcomes. Results of the primary analysis of the JHLS II revealed a higher

prevalence in urban areas for both mean BMI [urban: 26.5% versus rural 27.0%] and increased

WC [urban: 46.0% versus rural: 43.7%] [4].

Geographic variations of obesity prevalence and trends may be linked to community con-

text. There are several possible casual pathways to obesity that link body mass index (BMI), a

measure of adiposity, to physical (natural and built) environments that influence physical

activity (PA) and social environments such as safety and violence [22, 23]. Multiple interrela-

tionships exist across domains as well as the presence of reciprocal pathways [22]. Key com-

munity contexts that have been examined in relation to obesity-related outcomes include

proximity to and availability of open spaces such as public parks and community connectivity.

Studies conducted in Australia found that individuals living within close proximity to public

open spaces achieved higher levels of recreational walking [24] especially when these spaces

were large and attractive [25, 26]. However not all research findings have been consistent in

terms of the direction of this association [27]. Community connectivity, or the number and

directness of transportation linkages between destinations [28], has also been linked to obesity.

Specifically, lower street connectivity necessitates the use of automobiles for transport and is

associated with an increased risk of obesity [29–31]. Some studies in the United States have

shown that more connected street networks can promote physical activity, especially walking

[32], and have been linked to decreased weight and waist circumference [WC] [33].

Beyond the physical environment, the social environment also may play a significant role in

obesity rates and possibly by sex, given a hypothesized increased susceptibility and/or exposure

of women to neighborhood effects [34]. Crime and perceived threats to safety have been asso-

ciated with the ability to engage in PA and its subsequent effect on adiposity. A systematic

review published in 2016 by Yu et al [35] suggest that relationship between crime and obesity

operate through both individual and community-level mechanisms. At the individual level

perception of safety may serve as a barrier to participation in outdoor PA-related activities and

at the community level crime could operate indirectly on physical activity by fueling neighbor-

hood decline. Epidemiologic studies have corroborated these hypotheses [36–39].

The limited body of research on environment influences on the Chronic Non-Communica-

ble Diseases (CNCDs) in Jamaica and the developing world, as well as the apparent lack of life-

style changes despite many health promotion programs targeting individual-level prevention,

suggests that barriers to these changes may yet be unrecognized and accounted for in the tradi-

tional modeling of risk factors. The purpose of this study was to examine the roles of the physi-

cal and crime neighborhood environments in shaping obesity risk in Jamaica, providing a

unique and important opportunity that addresses these gaps in understanding the environ-

mental mechanisms influencing obesity, key risk factors and comorbidities in this context.

Specifically, the aim of this study was to explore whether neighborhood physical and crime

environments were associated with both outcomes of mean BMI and mean WC within and

across levels of urbanicity, sex and socioeconomic status (SES) in Jamaica. We hypothesized

that a) the pathway between factors such as less open spaces (including public parks), less street

connectivity, less accessibility/further proximity to open spaces, mediated through physical

activity level (PAL), would lead to higher measures of adiposity and would be stronger for

those of low SES and for women, and b) the pathway between crime density, mediated through

low PAL, will lead to greater adiposity and will be stronger for women and those residing in

urban areas.
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Methods

Study design and sampling strategy

Secondary analysis was conducted using data from the Jamaica Health and Lifestyle Survey

2008 (JHLS II), a nationally representative cross-sectional study [9]. Respondents were inter-

viewed using a structured questionnaire on diseases and lifestyle behaviours and anthropome-

try done.

Full details on the sampling technique for the JHLS II are provided elsewhere [9]. Briefly,

Enumeration Districts (EDs) were used as the primary sampling units (PSUs). Enumeration

Districts (EDs) are equivalent to a U.S. census tract. They are the smallest geographic unit into

which Jamaica is divided to facilitate the collection of census and survey data. A stratified ran-

dom sample of clusters, the EDs was selected using a probability proportionate to the size of

population of each of the 14 parishes to yield a nationally representative sample. Households

were systematically selected beginning at a random starting point and based on predetermined

sampling intervals to recruit 2914 participants in twelve age-sex categories i.e. male and female

15–24; 25–34; 35–44; 45–54; 55–64; 65–74 years old. Within each cluster, or primary sampling

unit (PSU), the sampling interval N was equal to the number of households divided by the

sample (agreed to be 30) so that in a PSU with 300 households the sampling interval would be

10. Thus every 10th household, beginning with the Statistical Institute of Jamaica (STATIN)

assigned random starting point, was targeted for participant selection. Within each household,

a single individual was chosen to participate. The participant from each household was selected

by the KISH methodology [9]. Interviewers were required to revisit households where adults

were not at home at the time of first contact with the household. A minimum of three visits

were made before the household/participant was deemed a refusal [9]. A sample of 2848, 15-

74-year-olds was recruited, representing approximately 70% of the Jamaican population and a

response rate of 98.3%. Of these, for the secondary analysis, 89% (n = 2529) of participants’

records were geocoded and linked to their EDs. Kreft [40] suggests a ’30/30 rule’ so that

researchers should strive for a sample of at least 30 groups with 30 individuals per group. Each

of the 101 EDs had an average of 28 individuals, sufficient to power the proposed multilevel

analyses, including potential subgroup analyses.

Measures

Individual-level factors. Outcome variables. The primary outcomes were mean BMI and

mean WC. BMI was calculated as weight divided by height squared (kg/m2). Weight was mea-

sured using calibrated electronic scales (Tanita1models HD 314 or 2204) to 0.1 kg precision

and height measured using a portable stadiometer (Seca1) to 0.1 cm precision. WC measure-

ments were taken at the midpoint between the lower rib margin and iliac crest at relaxed expi-

ration and measured to the nearest 0.1 cm.

Covariates. Data collected included age, sex, educational attainment, occupation, urbani-

city, PA, perceived community safety and anthropometry, all based on a priori theory. Occu-

pation was first categorised using the Jamaica Standardised Occupational Classification codes

for 1991 [41] and thereafter regrouped into highly skilled/professional, skilled, unskilled and

unemployed/other categories. A geographical area was considered urban if it had a population

of 2,000 or more persons and provided a number of amenities and facilities which in Jamaica

indicates modern living. The minimum criteria for urbanicity is that the area must have at

least one commercial, financial, professional, residential and public service entity [42].

PAL was examined as the frequency and types of PA based on questions on work and lei-

sure-time PAL from a locally developed questionnaire: Low PAL participants engaged in PA
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that increased breathing and heart rate, lasted at least 20 minutes and was done one or two

times weekly; inactivity was defined as persons engaged in PA similar to that for low but less

than once per week [43].

Perception of community safety was determined by asking each participant how safe he or

she felt to walk in the community. The responses categories were very safe, safe, usually safe,

can be dangerous and very dangerous.

Household-level factors. Studies done within and outside of Jamaica have identified the

economic situation and physical home environment as reliable and valid dimensions of SES.

Specific factors include the number of appliances in the home and material possessions [44–

46]. The primary analysis of the JHLS II revealed a high non-response rate of 32.65% to ques-

tions on income. Therefore, in this study the number of possessions owned was used as a

proxy for SES and classification based on the following tertiles: 1st tertile =� 6 items, 2nd

tertile = 7–9 items, 3rd tertile = 10–16 items. These included but were not exclusive to owning

a radio, telephone, refrigerator, television, computer or car ownership.

Neighborhood-level factors. Exposure variables. A total of 2,529 (89%) participants from

the JHLS II dataset were geocoded out of the original 2,848 participants. At the end of the map-

ping process, each respondent was represented spatially in a shapefile (a popular geospatial

vector data format for GIS software) and the relevant information (outcomes and risks) were

tagged. The mapped data were prepared for analysis at various scales, which included partici-

pants by individual location (represented as points of the home address) and by ED, parish

and health region scale (represented by a polygon count). Neighbourhood data, defined by an

ED, was then joined to each geocoded address to provide the built environmental context.

Aggregate level demographic, socio-economic and infrastructural data were also tagged to

each geocoded address specific for the ED of residence. Information such as population count

and density of public open spaces (green spaces)/playing fields (POS) as well as the subset of

public parks, street connectivity, as well as serious and violent crimes were also tagged. These

data were obtained from the Mona Geoinformatics Institute (MonaGIS) proprietary JAMNAV

database and were collected between 2009 and 2010. The spatial distribution of these neighbor-

hood-level variables is illustrated in Fig 1. The final choices of environment-level measures for

investigation were based on a combination of previously derived GIS-based measures [37, 47,

48], documented associations seen with the outcomes of interest and data availability. Further

details on the creation of these measurements will be discussed in the next paragraphs.

Public open spaces (green spaces)/playing fields locations were defined as artificially cleared

fields developed for the specific purposes of recreation, for example sports, and include both

informal and formal areas, that is, areas where entry fees may be charged (Fig 1, Panel a).

Proximity was determined as the straight-line distance in km from each geocoded address

to the centroid of the closest public open space using the Spatial Analyst tool in ArcGIS. Two

density variables were created including density of public open spaces per km2 and the number

of public open spaces per 1000 persons in the corresponding ED, was calculated using data in

the 2011 census from the Statistical Institute of Jamaica [STATIN] [42].

Public parks locations were defined as areas with no entrance fee and managed by govern-

ment agencies (Fig 1, Panel b). Proximity and density measures were created similar to that

done for public open spaces.

Street connectivity was measured by assessing intersection density (Fig 1, Panel c). Intersec-

tions were defined as street network nodes with 3 or more associated street segments. Street

connectivity density variables were examined as: i) the number of intersections per km2,

whereby the number of intersections were counted within a 1 km radius of a participant’s resi-

dence, and ii) the number of intersections per km2 per ED.
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Serious and violent crime rate was assessed by examining serious and violent crimes which

were defined as homicides, shootings, robberies aggravated assault and rape for 2008, the year

of completion of the JHLS II (Fig 1, Panel d). The data were obtained from the Jamaica Con-

stabulary Force database. Exposure variables included serious and violent crimes density in

terms of number /km2 for 2008 and number per 1000 persons per ED per year.

Zero-inflated variables. The absence of the neighborhood-level factor based on the partici-

pant’s geocoded address was indicated by a large proportion of zero values for most density

measures (See S1 Table). For example, the variables, Open spaces / km2, Open spaces /1000

people/ ED, Public Parks / km2, Public Parks / 1000 people/ ED, Intersection density / km2 /

ED, No. of crimes / km2/yr, No. of crimes / 1000 people/ ED/yr had over 10% of zero values.

New indicator variables (dummy variables) were subsequently created and the specific

dummy variable included in regression models alongside the original quantitative forms of the

respective PA and social environments variables. These dummy variables are also referenced

as the zero-inflated form of the density measures.

Missing data

Of 2848 participants’ records, 355 (12.5%) were excluded from analyses because the addresses

lacked sufficient detail to be geocoded. A similar percent of observations for all variables was

excluded from analyses due to absence of geocoded respondents. No key deviations were seen

when the age/sex population of this geocoded JHLS II secondary analysis subsample was com-

pared with the non-geocoded data.

To assess whether the geocoded responses could be regarded as a simple random sample of

the JHLS II study participants and therefore also representative of the Jamaican population,

Fig 1. (a) Spatial distribution of public open spaces. (b) Spatial distribution of public parks. (c) Spatial distribution of

street connectivity. (d) Spatial distribution of serious/violent crime in 2008.

https://doi.org/10.1371/journal.pone.0249619.g001
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the geocoded and non-geocoded (missing) participants’ records were compared with respect

to sex, age, SES categories and the outcome variables of mean BMI and mean WC. Three dif-

ferent approaches were used in the assessment of the associations, namely mixed effect models,

regression models accounting for survey design and regression models that ignored survey

design. No associations were detected between the geocoded status and non-geocoded records

and these other variables.

The missing values for BMI and for mean waist circumference (WC) could be classified as

missing completely at random (MCAR), because the probability of their missingness was not

dependent on any of the explanatory or outcome variables.

Statistical analysis

Statistical data analysis provided survey-weighted along with the 95% confidence intervals for

the estimates of means (for quantitative variable) and percentages (for qualitative variables) in

the sex-specific and total populations. This enabled identification of possible confounders in

the relationship between the neighbourhood variables and the adiposity outcomes namely,

body mass index (BMI) and waist circumference (WC).

Prior to the investigation of the relationship between the neighbourhood variables and

the adiposity outcomes using multilevel linear regression and analysis of covariance mod-

els, null models with each of BMI and WC as outcome variables, were used to estimate the

intraclass correlation coefficients, which would determine evidence of clustering due to

enumeration districts alone or in combination with other levels of variation that define

the neighbourhood. These levels were the regional health, the parish, and constituency in

which the respondent’s enumeration district was located. The enumeration district and

parishes were the bases for calculation of the neighbourhood variable values used in the

regression models. The levels used in subsequent hierarchical models that examined asso-

ciation between environment-level variables with the outcomes were those yielding ICC

of at least 2% [49]. Thus, while accounting for the effect of clustering on parameter esti-

mates, the random effects linear regression or analysis of covariance models estimated the

proportion of variance in mean BMI and WC that can be explained at the higher level, in

this case ED.

Initially, unadjusted regression models quantified the relationship between neighbourhood

environment variables and the adiposity indices. Next, the unadjusted models were estimated

using terms for interaction between either one of sex, urban versus rural area of residence and

socioeconomic index defined using number of household possessions. These unadjusted mod-

els enabled determination of whether the effect of neighborhood environment on the adiposity

indices differed depending on the level of the aforenamed sociodemographic variables. Subse-

quently, the models with interaction terms were estimated with adjustment for confounders to

determine whether any sociodemographic group-specific associations identified were retained

in the presence of confounding. The Goodman and Kruskal’s gamma coefficient γ [50] was

estimated for each pair of confounder variables to determine whether they were too highly cor-

related to be used together in the same model. Multi-collinearity between variable pairs was

deemed existent if the gamma coefficient exceeded 0.60 or 60%. The Akaike’s Information Cri-

terion (AIC) was the basis for identifying the final model which best explained variation in the

outcomes. The residual values from the fully adjusted final models were assessed using the

skewness and kurtosis test for normality [51]. If the residuals did not follow the normal distri-

bution, the models were refitted using variable values whose distribution was closer to being a

normal distribution, as determined by p-values from the skewness and kurtosis test for nor-

mality [51]. In addition, the AIC values for these refitted models, as well as the distribution of
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the residuals from the models and inference drawn, were compared with the similar results

obtained from the models that used the untransformed data.

In recognition of the multiple tests applied to each outcome, the originally estimated p-val-

ues (p) were adjusted using three methods to yield p values (p0) adjusted for multiple compari-

sons. The methods applied were the Bonferroni [52, 53], Sidak [53] and Holm [52] methods

with such that, respectively, p0 = min (1, np), p0 = 1−(1−p)n (for n equal the number of hypoth-

esis tests) and p0 = min(1, n(p)×p) (for n(p) equal the number of p-values smaller than p).

All analyses were conducted using STATA, versions 12 and 14 (StataCorp LP, College Sta-

tion, Texas). A p-value of< 0.05 was considered significant.

Ethical considerations and data confidentiality

Ethical approval for the JHLS II was obtained from the University Hospital of the West Indies/

University of the West Indies Ethics Committee, and all study participants provided written

consent. Confidentiality of all participants and national data were protected within legal limits.

Specifically, participants’ addresses were geocoded and merged with the primary dataset based

on a unique identifier. The identity of an individual was excluded thereafter, and so data analy-

ses were done on anonymized data. Data were stored by the researcher at the Dept. of Com-

munity Health and Psychiatry, University of the West Indies, Jamaica and access limited only

to study personnel.

Results

Descriptive statistics describing the sample population are shown in Table 1. Significantly

more men were in the upper SES class based on tertiles of possessions owned (p<0.001), and a

higher proportions of men vs women (M = 86.29% vs W = 80.38%, p = 0.012) perceived their

communities as unsafe. Compared to men, women had significantly higher mean BMI and

mean WC, and lower levels of physical inactivity (p<0.001). When sex differences were

assessed for the neighborhood-level environment, we observed that more men lived in areas

with a higher proportion of intersection density/km2 /ED compared to females (M = 25.61%

vs W = 22.02%, p = 0.013).

There was significant clustering of mean BMI (ICC = 4.16%) and mean WC (ICC = 4.34%)

at the neighborhood level nested within parishes. While no statistically significant associations

were detected between the neighborhood-level environmental exposures and individual-level

mean BMI and mean WC in unadjusted models, this may be due to moderating effects. Statis-

tically significant interactions were found between sex, urbanicity and SES and specific geo-

graphic variables in their association with each outcome, presented below.

Mean BMI

The impact of the neighborhood environment, specifically proximity of open spaces, on BMI

differed by level of urbanicity (p<0.01). A 100% increase in distance away from open spaces,

was associated with a 7 kg/m2 increase in mean BMI for rural residents (p = 0.039), after

adjusting for age, sex, and number of possessions. However, this association was attenuated in

fully adjusted models (see Table 2).

We also observed a differential impact of intersection density per km2 on BMI by sex (see

Table 3). Among men, in fully adjusted models a 10% increase in intersection density was asso-

ciated with a 0.2 kg/m2 increase in mean BMI (p = 0.032).

A differential impact of public parks proximity and absence of crimes per 1000 people per

ED per year on mean BMI was also seen by SES. Among persons within the 2nd SES tertile

(middle-class), significant positive relationships were seen in all models for the relationship
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between public parks proximity with mean BMI except in the final model (see Table 4). In the

models adjusted for age and sex, a 10% increase in the distance from a public park was associated

with a 1.1 kg/m2 increase in mean BMI (p = 0.015). When the association between absence of

crimes/1000 people/ED per year and mean BMI was examined the association was only statisti-

cally significant in unadjusted models in the second tertile–middle class (p = 0.0496).

Mean WC

Effect modification by urbanicity was also observed in the association between the number of

crimes/km2/yr and mean WC (p = 0.045). Table 5 shows that a one-unit increase in number of

crimes/ km2/yr. was associated with at least a 0.08 cm increase in mean WC in all models for

urban residents.

Table 1. Total and sex-specific weighted sample characteristics (95% CI) for Jamaicans (JHLS II, 2008).

Variable Total (n = 2527) Men (n = 796) Women (n = 1731)

Individual -level measures

Mean Age (years) 36.87 (36.54, 37.20) 37.00 (36.33, 37.13) 36.73 (36.64, 37.36)

Urban Residence (%) 53.35 (44.87, 61.64) 53.53 (43.84, 62.28) 53.17 (45.11, 61.74)

Possessions owned (%)���

� 6 items 37.82 (33.96, 41.68) 34.09 (29.03, 39.14) 41.51 (37.45, 45.57)

7–9 items 30.55 (27.89, 33.20) 29.92 (25.99, 33.85) 31.17 (28.45, 33.89)

10–16 items 31.63 (27.45, 35.82) 36.00 (30.68, 41.31) 27.32 (22.99, 31.65)

< High School Education (%) 30.43 (26.96, 33.90) 31.75 (27.17, 36.33) 29.13 (25.69, 32.56)

Occupation (%)���

Highly skilled/Professional 45.73 (42.73, 48.72) 38.87 (34.41, 43.34) 52.54 (49.02, 56.06)

Skilled 24.23 (21.29, 27.16) 40.33 (35.19, 45.48) 8.21 (6.19, 10.23)

Unskilled 13.95 (11.33, 16.57) 9.75 (6.66, 12.84) 18.13 (15.20, 21.06)

Unemployed/Other 16.10 (14.12, 18.07) 11.05 (8.22, 13.88) 21.11 (18.17, 24.06)

Perception of unsafe community (%)� 83.32 (79.77, 86.86) 86.29 (82.64, 89.94) 80.38 (75.63, 85.13)

Low and Inactive Physical Activity (%)��� 44.55 (41.39, 47.73) 27.55 (23.08, 32.02) 61.57 (58.10, 65.05)

Mean BMI

y

[kg/m2] ���
26.64 (26.21, 27.07) 24.83(24.28, 25.38) 28.40 (27.90, 28.89)

Mean WC

y

[cm] ���
85.92 (85.14, 86.69) 83.30 (82.23, 84.37) 88.46 (87.41, 89.52)

Neighborhood -level measures† [Mean (95% CI)]

Open spaces proximity (km) 7.18 (6.12, 8.24) 7.26 (6.19, 8.33) 7.09 (5.91, 8.27)

Open spaces / km2 0.06 (0.04, 0.09) 0.06 (0.04, 0.09) 0.07 (0.04, 0.09)

Open spaces /1000 people/ ED 3.00 x10-8 (7.90x10-10, 5.93 x10-8) 4.50 x10-8 (-6.37 x10-9, 9.65 x10-8) 1.52 x10-8 (5.60x10-10, 2.98 x10-8)

Public parks proximity (km) 5.67 5.72 5.62

Public parks / km2 0.16 0.16 0.16

Public parks / 1000 people/ ED 0.16 0.18 0.14

Intersection density/ km2 27.24 27.26 27.21

Intersection density/ km2 / ED� 23.80 25.61 22.02

No. of crimes / km2 / year 8.50 8.11 8.88

No. of crimes /1000 people/ ED / yr 4.63 5.10 4.16

† Age-adjusted

� p<0.05

�� p<0.01

��� p<0.001 for difference between two means or proportions (men versus women)

CI–Confidence Interval; JHLS II, Jamaica Health and Lifestyle Survey II; BMI—Body Mass Index; ED–Enumeration District; WC–Waist Circumference

Statistically significant estimates are in bold (p<0.05)

https://doi.org/10.1371/journal.pone.0249619.t001
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Effect modification by SES was also observed in associations of i) public parks proximity

(p = 0.011) and ii) intersection density per km2 per ED (p = 0.011) and mean WC. All models

that examined the association of public parks proximity with mean WC were statistically sig-

nificant in the 2nd SES tertile (Table 6). Specifically, among the middle class a 10% change in

proximity to public parks was associated with a 3 cm increase in mean WC in models adjusted

for all covariates (p<0.01). Table 6 also shows that a 100% increase in intersection density per

km2 / ED was associated with a 4 cm decrease in mean WC only in the unadjusted models for

the 3rd SES tertile–upper class (p = 0.04).

Assessment of model adequacy

The fully adjusted final models as determined by the minimum values of AIC had outcome

variable values that did not follow the normal distribution, nor did the residual values from

Table 2. Urban-rural-specific unadjusted and adjusted β coefficients (Confidence Intervals in brackets) for the

association of open spaces proximity with mean Body Mass Index.

Environment Mean BMI

Urban (n = 1260) Rural (n = 1233)

β (95% CI) β (95% CI)

Open spaces proximity (km)

Unadjusted -0.07 (-0.16, 0.01) 0.07 (-2.46x10-4, 0.14)

Adjusteda -0.07 (-0.15, 0.01) 0.08 (0.01, 0.15) �

Adjustedb -0.06 (-0.14, 0.03) 0.07 (3.71x10-3, 0.14) �

Adjustedc -0.04 (-0.12, 0.05) 0.07 (-4.28x10-3, 0.14)

BMI–Body Mass Index; CI–Confidence Interval

� p<0.05
a age adjusted
b adjusted for age, sex and no. of possessions
c adjusted for age, sex, no. of possessions, occupation, education, physical activity, perception of unsafe community

Statistically significant estimates in bold

https://doi.org/10.1371/journal.pone.0249619.t002

Table 3. Sex-specific unadjusted and adjusted β coefficients (Confidence Intervals in brackets) for the association

of intersection density/km2 with mean Body Mass Index.

Environment Mean BMI

Men (n = 784) Women (n = 1709)

β (95% CI) β (95% CI)

Intersection density/ km2

Unadjusted 0.02 (7.23x10-4, 0.04) � -5.07 x10-3 (-0.02, 0.01)

Adjusteda 0.02 (4.48 x10-3, 0.04) � -0.01 (-0.02, 0.01)

Adjustedb 0.02 (1.13 x10-3, 0.04) � -0.01 (-0.02, 5.62 x10-3)

Adjustedc 0.02 (1.96 x10-3, 0.04) � -4.48 x10-3 (-0.02, 0.01)

BMI–Body Mass Index; CI–Confidence Interval

� p<0.05
a age adjusted
b adjusted for age and no. of possessions
c adjusted for age, no. of possessions, urban, occupation, education, physical activity, perception of unsafe

community

Statistically significant estimates in bold

https://doi.org/10.1371/journal.pone.0249619.t003
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these models. The models were refitted using the square root, reciprocal of the square root and

logarithm to the base e transformations of the outcome variables. Each transformation yielded

a model that was a substantial improvement on the model produced by the original (untrans-

formed) data as the reduction in AIC was larger than 10 [54], although not all the residuals

from the refitted models had a normal distribution. The conclusions drawn from the use of

transformed data remained the same as for models that used untransformed data.

Table 4. SES-specific unadjusted and adjusted β coefficients (Confidence Intervals in brackets) for the association of public parks proximity and number of crimes/

1000 people/ ED/yr with mean Body Mass Index.

Environments Mean BMI

1st SES tertile (n = 1064) 2nd SES tertile (n = 752) 3rd SES tertile (n = 667)

β (95% CI) β (95% CI) β (95% CI)

Public Parks proximity

Unadjusted -0.03 (-0.11, 0.45) 0.12 (0.02, 0.21) � 0.02 (-0.11, 0.14)

Adjusteda -0.03 (-0.11, 0.05) 0.10 (0.01, 0.20) � 0.02 (-0.10, 0.14)

Adjustedb -0.02 (-0.10, 0.05) 0.11 (0.02, 0.20) � 0.01 (-0.11, 0.12)

Adjustedc 0.97 (0.94, 1.02) 1.02 (9.97 x10-1, 1.10) 1.05 (0.99, 1.12)

No. of crimes/1000 people/ ED/yr‡

Unadjusted -0.39 (-1.33, 0.55) 1.17 (2.12 x 10−3, 2.33) � -0.44 (-1.74, 0.87)

Adjusteda -0.22 (-1.14, 0.70) 1.05 (-0.09, 2.19) -0.26 (-1.54, 1.01)

Adjustedb -0.15(-1.03, 0.74) 1.00 (-0.09, 2.09) 0.18 (-1.03, 1.40)

Adjustedc -0.25 (-1.23, 0.73) 1.17 (0.03, 2.36) -0.25 (-1.05, 1.55)

BMI–Body Mass Index; CI–Confidence Interval; ED–Enumeration District; SES–Socioeconomic Status
‡ Dummy variable for zero inflated predictor

� p<0.05
a age adjusted
b adjusted for age and sex
c adjusted for age, sex, urban, occupation, education, physical activity, perception of unsafe community

Statistically significant estimates in bold

https://doi.org/10.1371/journal.pone.0249619.t004

Table 5. Urban-rural-specific unadjusted and adjusted β coefficients (Confidence Intervals in brackets) for the

association of no. of crimes / km2/yr with mean waist circumference.

Environment Mean WC

Urban (n = 1260) Rural (n = 1233)

β (95% CI) β (95% CI)

No. of crimes / km2/yr

Unadjusted 0.08 (0.01, 0.15) � -0.33 (-0.07, 0.06)

Adjusteda 0.09 (0.03, 0.15) �� -0.27 (-0.63, 0.10)

Adjustedb 0.08 (0.01, 0.14) � -0.22 (-0.58, 0.14)

Adjustedc 0.09 (0.03, 0.16) �� -0.26 (-0.62, 0.10)

CI–Confidence Interval; WC–Waist Circumference

� p<0.05

�� p<0.01
a age adjusted
b adjusted for age, sex and no. of possessions
c adjusted for age, sex, no. of possessions, occupation, education, physical activity, perception of unsafe community

Statistically significant estimates in bold

https://doi.org/10.1371/journal.pone.0249619.t005
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Multiple testing

Multiple formal group comparisons were tested in models fitted when the effects of the geo-

graphic variables on the outcomes in the total sample were assessed. The p-values corrected

for multiple comparisons revealed that the interaction terms that were previously statistically

significant remained so only when the Holm method of correction was applied (See S1 Data).

Discussion

This study is the first to examine the impact of neighborhood physical and social environments

on adiposity in a small Caribbean island. There was significant clustering across neighbor-

hoods for mean BMI (ICC = 4.16%) and mean WC (ICC = 4.42%). Concerning the physical

environments for PA, we observed that: a) a further distance away from open spaces was asso-

ciated with increased mean BMI in rural residents; b) a further distance away from public

parks was associated with increased mean BMI and mean WC among middle class residents;

c) increased intersection density/km2/ED was statistically significantly associated with lower

mean WC among middle class residents; d) contrary to our hypothesis, greater street connec-

tivity as measured by intersection density/km2 was associated with increased mean BMI in

men.

In terms of the social environment, the number of crimes per km2 per year was associated

with increased mean WC among urban residents. No statistically significant sex differences

were detected as hypothesized between this social environment variable and mean WC.

Results corroborate other studies internationally and locally, which have reported high

neighbourhood clustering for obesity-related outcomes [55, 56], including mean BMI and

mean WC, indicating the importance of environmental influences in their variance and sup-

porting our findings.

Table 6. SES-specific unadjusted and adjusted β coefficients (Confidence Intervals in brackets) for the association of public parks proximity and intersection den-

sity/ km2 / ED with mean Waist Circumference.

Environments Mean WC

1st SES tertile (n = 1064) 2nd SES tertile (n = 752) 3rd SES tertile (n = 667)

β (95% CI) β (95% CI) β (95% CI)

Public Parks proximity(km)

Unadjusted -0.04 (-0.22, 0.14) 0.26 (0.05, 0.48) � 0.12 (-0.15, 0.39)

Adjusteda -0.01 (-0.18, 0.15) 0.24 (0.04, 0.45) � 0.15 (-0.11, 0.41)

Adjustedb -0.01 (-0.17, 0.15) 0.25 (0.05, 0.45) � 0.12 (-0.14, 0.37)

Adjustedc 0.36 (-0.15, 0.22) 0.30 (0.08, 0.53) �� 0.27 (-0.02, 0.57)

Intersection density/ km2 / ED

Unadjusted 0.02 (-0.01, 0.05) -0.01 (-0.05, 0.03) -0.04 (-0.08, -1.69x10-3) �

Adjusteda 0.02 (-0.01, 0.04) -0.01 (-0.05, 0.03) -0.03 (-0.07, 3.09 x 10−3)

Adjustedb 0.02 (-0.01, 0.04) -3.67 x 10−3 (-0.04, 0.03) 0.03 (-0.06, 0.01)

Adjustedc 8.53 x10-3 (-0.02, 0.04) -0.02 (-0.05, 0.02) -0.02 (-0.06, 0.01)

CI–Confidence Interval; ED–Enumeration District; SES–Socioeconomic Status; WC–Waist Circumference
‡ Dummy variable for zero inflated predictor

� p<0.05

�� p<0.01
a age adjusted
b adjusted for age and sex
c adjusted for age, sex, urban, occupation, education, physical activity, perception of unsafe community

Statistically significant estimates in bold

https://doi.org/10.1371/journal.pone.0249619.t006
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Being closer to open spaces/public parks and higher street connectivity are indicators of

neighbourhood walkability [25, 57], which may decrease obesity-related outcomes [33]. Our

findings corroborate previous research, but with important and unexpected differences across

geography and SES in some adjusted models. We noted a difference with directionality of

these associations whereby among rural residents, further distance away from open spaces

increased mean BMI, and the opposite was so for urban. It is unclear what is influencing this

disparity, but it is possible that the nature of the open spaces may differ for each setting

whereby greater spaces in urban areas may be linked to greater levels of physical activity if that

space is more like a park. This urban/rural difference warrants further exploration, particularly

on the accessibility and attractiveness of the open spaces which are associated with use for PA

[26], as well as the utility or type of that space, and may possibly vary between both settings.

Results also suggest that proximity to public parks and intersection density may play a role

in obesity-related outcomes for the middle class, although models examining these physical

environments did not adjust for diet, based on the hypothesized mechanistic pathway. It is

possible that if poor diet had been operationalized differently and adjusted for in the final

regression models, its role as a statistically significant confounder might have been demon-

strated. In reviewing the related literature some reported associations with obesity among the

middle class was found in Bangladesh and China [58, 59]. In addition, we used number of pos-

sessions as the indicator of SES. However other studies have suggested that education is the

most robust and stable SES indicator [60].

Contrary to our hypothesis, among men, greater street connectivity as measured by inter-

section density/km2 was associated with increased mean BMI. This surprising finding needs

further exploration as it may be related to the type of PA that Jamaican men engage in on

streets, and/or time spent in vehicular transport, such as cars. For example, in Jamaica most

areas with high street connectivity areas are coterminous with high population density areas

which are often in lower SES neighborhoods. Additionally, is not unusual to see males engaged

in soccer on the streets of these communities. In the USA, Oakes and colleagues found that

high population density areas were more associated with increased odds of travel related walk-

ing [61] but the researchers did not report on sex differences. No association of street connec-

tivity with measures of adiposity in women was found in our study. Finally, another possible

reason for the association seen in men, is that neighborhoods with higher intersection density

may have higher crime rates and/or greater availability of fast food/prepared foods/street ven-

dors, which could in turn account for the higher BMIs observed in men in these

neighborhoods.

In keeping with the study hypothesis on the crime environment, the number of crimes per

km2 per year was associated with increased mean WC among urban residents. We used objec-

tively measured crime data; however, the literature has revealed inconsistencies in the associa-

tion between perceived versus objectively measured neighborhood crime levels with either

PAL or obesity-related measures as the dependent variables. For example, perceptions of

crime related safety have been found to constrain PALs among women and older adults where

actual levels of crime are lower than perceived, suggesting that sometimes perceptions rather

than objective measures may have a more powerful effect on behavior [62]. No statistically sig-

nificant sex differences were found as hypothesized.

Strengths and limitations of the study

Despite many strengths of the study, including a nationally representative sample of Jamaicans

and one of the first studies to examine neighborhood physical and social contexts, there are

also limitations. These include the inability to make causal inferences given the cross-sectional
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design. Also, the inclusion of self-reported data and the fact that the reliability and validity of

the area-level environmental variables were untested in Jamaica may have introduced informa-

tion bias. The design of the JHLS II study using stratified, random, two-stage cluster sampling

precluded the use of statistical analysis to assess spatial autocorrelation. This would have

allowed the assessment of whether there is clustering of the various measures at a global level

e.g. Moran’s I statistic or local level e.g. using the local indicator of spatial autocorrelation

(LISA).

Additional limitations include the possible inadequacy in using EDs to represent a Jamai-

can neighborhood given their heterogeneity geographically in size, composition and context

and the cut-offs used to signal increased CVD risk, which were mainly derived from European

populations with some studies on persons of African descent [63] suggesting the use of higher

threshold cut-points for increased CVD risk—these may have resulted in over or under esti-

mation of the effects seen. Furthermore, there was temporal mismatch of the data collected

from individual JHLS II participants with that for the physical and crime environment-level

variables. These neighborhood-level variables were collected by MonaGIS during 2009–2010,

subsequent to the end of data collection for the JHLS II in 2008. This may have biased the

results as individual exposures may have varied after the survey period, although the both envi-

ronments are believed to have been relatively stable over that time and the findings may still be

relevant. We also did not assess length of streets, network distance, streets with sidewalks and

access to other features such as gyms that capture other nuances of the built environment and

maybe associated with obesity, which may have also led to over or underestimation of the

effects seen. Assessing the appropriateness and validity of environmental measures will be an

important area for future research. Additionally, the data sources did not allow for control for

important attitudinal factors that influence lifestyle behaviours such as neighborhood self-

selection, social support and social capital. Future qualitative research is needed that focuses

on understanding the contribution of these attitudinal factors to obesity outcomes.

The PAL measures used were locally developed and not validated. Although a number of

items from the International Physical Activity Questionnaire (IPAQ) Short Last 7 days Self-

Administered Format for Use with Young And Middle-Aged Adults (15–69 years) format

were included [64], easy comparison with studies in other contexts many not be possible. The

variable definition used for PAL was also subject to measurement error which may have per-

turbed the associations revealed. Further, other covariates, including dietary behaviours, may

partially explain the study results, but were not explored in these analyses, based on the

hypotheses we wanted to test. We also saw associations at the ED level but recognize the neigh-

borhood influence could be different at another level. Although different measures of expo-

sure, namely proximity and density at the ED level were used, there is the potential for

exposure misclassification due to the modifiable areal unit problem (MAUP). MAUP arises

from aggregating point-based measures of spatial phenomena to arbitrarily defined geographic

areas and the use of administrative boundaries as a proxy for neighborhood. Although EDs are

the smallest unit of aggregation in Jamaica to facilitate the collection of census and survey

data, they provide only a rough measure of neighborhood context [65].

Lastly, although the statistically significant associations were retained when the p-values

were compared with the Holm corrected significance level, this was not the case when com-

pared with the Sidak or Bonferroni corrected significance levels. This could be evidence that a

larger sample size would be required to assess these group-specific associations. Both the Sidak

and Bonferroni correction, however, are more conservative tests [52, 66, 67]. The use of adjust-

ments for multiple comparisons is also controversial and even discouraged by some authors

[66] especially in exploratory studies such as this one. Alternately, resampling techniques such

as cross-validation, the jackknife, and the bootstrap could be utilized in subsequent analyses.
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These resampling methods may identify the true nature of the discrepancy between the true

and apparent errors in estimation as obtained for this body of work. The results, nevertheless,

suggest directions in the nature of the associations that are worth exploring in subsequent

analyses, forming the basis for more in-depth examination of the role of the neighbourhood

environment in the development of adiposity with sociodemographic subgroups as the rela-

tionship appears to vary with sociodemographic level. These results highlight the important

role that both physical and social (crime) environments may play in obesity-related outcomes

in the Jamaican context. We recognize that a number of years have ensued since this study was

undertaken, however we believe the public health relevance of our findings may still be of

importance given the physical environment has remained relatively unchanged and homicide

rates rank within the top ten countries globally [68].

Public health implications

All factors considered, location of public parks, street connectivity, and crime rate reduction

are amenable to structural interventions and policy changes. Given the limited resources avail-

able for government programmes, the need for more cost-effective approaches in CNCD pre-

vention and control is now an imperative. National strategic and operational plans crafted for

prevention and control of CNCDs, for which obesity is a key risk factor, should consider plac-

ing greater emphasis on policies, programmes and interventions that are focused on the neigh-

bourhood-level effects and not mainly on individual-level determinants. Greater intersectoral

collaboration is needed in decreasing the influence of the physical and social obesogenic envi-

ronments examined. For example, findings from this study suggest that greater value needs to

be placed on the proximity of neighbourhoods to open spaces/public parks. National standards

should be developed or revised as to the minimal requirements necessary to facilitate use of

these spaces to increase PALs. Community perspectives and participation should be an integral

part of any decision–making process. Additionally, evaluation research is needed to assess

whether current public investment in existing public parks is yielding health benefits, such as

increased PAL. Given the finding that increased intersection density in upper class communi-

ties, is associated with decreased WC, urban planners and housing developers should be

apprised of this important association as they plan the design of new residential developments

for the middle and lower classes. Increased walking should also be encouraged in business dis-

tricts with high intersection density by applying interventions that discourage driving in these

areas, as is done in some large cities in developed countries, for example, London in the United

Kingdom.

Supporting information

S1 Table. Proportion of zero-valued observations for geographic variables.

(DOCX)

S1 Data. Results_corrected p-values Bonferroni, Holm and Sidak multiple comparison

tests.

(XLSX)

S2 Data.

(XLSX)

Author Contributions

Conceptualization: Colette Cunningham-Myrie, Katherine P. Theall, Parris Lyew-Ayee.

PLOS ONE Neighborhood physical and crime environment and obesity-related outcomes in Jamaica

PLOS ONE | https://doi.org/10.1371/journal.pone.0249619 April 5, 2021 15 / 19

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249619.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249619.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249619.s003
https://doi.org/10.1371/journal.pone.0249619


Data curation: Colette Cunningham-Myrie, Novie Younger-Coleman, Lisa-Gaye Greene,

Parris Lyew-Ayee.

Formal analysis: Colette Cunningham-Myrie, Novie Younger-Coleman, Lisa-Gaye Greene,

Parris Lyew-Ayee.

Investigation: Colette Cunningham-Myrie.

Methodology: Colette Cunningham-Myrie, Katherine P. Theall, Novie Younger-Coleman,

Lisa-Gaye Greene, Parris Lyew-Ayee.

Project administration: Colette Cunningham-Myrie, Rainford Wilks.

Resources: Parris Lyew-Ayee, Rainford Wilks.

Supervision: Katherine P. Theall, Rainford Wilks.

Visualization: Lisa-Gaye Greene, Parris Lyew-Ayee.

Writing – original draft: Colette Cunningham-Myrie.

Writing – review & editing: Colette Cunningham-Myrie, Katherine P. Theall, Novie Youn-

ger-Coleman, Lisa-Gaye Greene, Parris Lyew-Ayee, Rainford Wilks.

References
1. WHO. Obesity and overweight: fact sheet no. 311. [Web page]. Updated March 2013. http://www.who.

int/mediacentre/factsheets/fs311/en/indexhtml. Accessed January 30, 2014.

2. Kopelman PG. Obesity as a medical problem. Nature 2000; 404(6778):635–43. Epub 2000/04/15.

https://doi.org/10.1038/35007508 PMID: 10766250.

3. Popkin BM. The nutrition transition and its health implications in lower-income countries. Public Health

Nutr 1998. p. 5–21. https://doi.org/10.1079/phn19980004 PMID: 10555527

4. Prentice AM. The emerging epidemic of obesity in developing countries. Int J Epidemiol 2006; 35

(1):93–9. Epub 2005/12/06. doi: dyi272 [pii] https://doi.org/10.1093/ije/dyi272 PMID: 16326822.

5. Malik VS, Willett WC, Hu FB. Global obesity: trends, risk factors and policy implications. Nat Rev Endo-

crinol 2012; 9(1):13–27. Epub 2012/11/21. doi: nrendo.2012.199 [pii] https://doi.org/10.1038/nrendo.

2012.199 PMID: 23165161.

6. Martorell R, Kettel Khan L, Hughes ML, et al. Overweight and obesity in preschool children from devel-

oping countries. Int J Obes Relat Metab Disord 2000; 24(8):959–67. Epub 2000/08/22. https://doi.org/

10.1038/sj.ijo.0801264 PMID: 10951533.

7. Caribbean Commission on Health and Development. Report of the Caribbean Commission on Health

and Development pgs 37–42: Ian Randle Publishers; 2006. [Web page] http://www.who.int/

macrohealth/action/PAHO_Report.pdf?ua=1. Accessed November 28, 2014.

8. Forrester T, Wilks R, Bennett F, et al. editors. Obesity in the Caribbean. Ciba Foundation Symposium

201-The Origins and Consequences of Obesity; 1996: Wiley Online Library.

9. Wilks R, Younger N, Tulloch-Reid M, McFarlane S, Francis D. Jamaica Health and Lifestyle Survey

2007–8. 2008. https://www.paho.org/hq/dmdocuments/2012/Jamaica-Health-LifeStyle-Report-2007.

pdf Accessed Febuary 1, 2015.

10. Francis DK, Van den Broeck J, Younger N, McFarlane S, Rudder K, Gordon-Strachan G, et al. Fast-

food and sweetened beverage consumption: association with overweight and high waist circumference

in adolescents. Public Health Nutr 2009; 12(8):1106. https://doi.org/10.1017/S1368980009004960

PMID: 19243675

11. The National Health Fund. Ministry of Health & Wellness, Jamaica. https://www.nhf.org.jm/about-us/

who-we-are. Accessed November 30, 2020

12. Jamaica Moves. Ministry of Health, Jamaica. https://www.jamaicamoves.com/. Accessed March 21,

2018.

13. Monteiro CA, Moura EC, Conde WL, Popkin BM. Socioeconomic status and obesity in adult populations

of developing countries: a review. Bull World Health Organ 2004; 82(12):940–946. https://doi.org//

S0042-96862004001200011 PMID: 15654409

PLOS ONE Neighborhood physical and crime environment and obesity-related outcomes in Jamaica

PLOS ONE | https://doi.org/10.1371/journal.pone.0249619 April 5, 2021 16 / 19

http://www.who.int/mediacentre/factsheets/fs311/en/indexhtml
http://www.who.int/mediacentre/factsheets/fs311/en/indexhtml
https://doi.org/10.1038/35007508
http://www.ncbi.nlm.nih.gov/pubmed/10766250
https://doi.org/10.1079/phn19980004
http://www.ncbi.nlm.nih.gov/pubmed/10555527
https://doi.org/10.1093/ije/dyi272
http://www.ncbi.nlm.nih.gov/pubmed/16326822
https://doi.org/10.1038/nrendo.2012.199
https://doi.org/10.1038/nrendo.2012.199
http://www.ncbi.nlm.nih.gov/pubmed/23165161
https://doi.org/10.1038/sj.ijo.0801264
https://doi.org/10.1038/sj.ijo.0801264
http://www.ncbi.nlm.nih.gov/pubmed/10951533
http://www.who.int/macrohealth/action/PAHO_Report.pdf?ua=1
http://www.who.int/macrohealth/action/PAHO_Report.pdf?ua=1
https://www.paho.org/hq/dmdocuments/2012/Jamaica-Health-LifeStyle-Report-2007.pdf
https://www.paho.org/hq/dmdocuments/2012/Jamaica-Health-LifeStyle-Report-2007.pdf
https://doi.org/10.1017/S1368980009004960
http://www.ncbi.nlm.nih.gov/pubmed/19243675
https://www.nhf.org.jm/about-us/who-we-are
https://www.nhf.org.jm/about-us/who-we-are
https://www.jamaicamoves.com/
https://doi.org/S0042-96862004001200011
https://doi.org/S0042-96862004001200011
http://www.ncbi.nlm.nih.gov/pubmed/15654409
https://doi.org/10.1371/journal.pone.0249619


14. Stringhini S., Forrester T.E., Plange-Rhule J. et al. The social patterning of risk factors for noncommu-

nicable diseases in five countries: evidence from the modeling the epidemiologic transition study

(METS). BMC Public Health 2016; 16: 956 (2016). https://doi.org/10.1186/s12889-016-3589-5

15. Xu Y Wang F. Built environment and obesity by urbanicity in the US. Health Place 2015; 34:19–29.

https://doi.org/10.1016/j.healthplace.2015.03.010 PMID: 25864019

16. Dahly DL, Gordon-Larsen P, Popkin BM, Kaufman JS, Adair LS. Associations between multiple indica-

tors of socioeconomic status and obesity in young adult Filipinos vary by gender, urbanicity, and indica-

tor used. J Nutr 2010 Feb 1; 140(2):366–70. https://doi.org/10.3945/jn.109.114207 PMID: 20032487

17. Angkurawaranon C, Jiraporncharoen W, Chenthanakij B, Doyle P, Nitsch D. Urban environments and

obesity in southeast Asia: a systematic review, meta-analysis and meta-regression. PLoS One 2014

Nov 26; 9(11):e113547.

18. Riha J, Karabarinde A, Ssenyomo G, et al. Urbanicity and lifestyle risk factors for cardiometabolic dis-

eases in rural Uganda: a cross-sectional study. PLoS Med 2014; 11(7):e1001683 https://doi.org/10.

1371/journal.pmed.1001683 PMID: 25072243

19. Chauvet-Gelinier JC, Roussot A, Cottenet J, et al. Depression and obesity, data from a national admin-

istrative database study: Geographic evidence for an epidemiological overlap. PloS One 2019; 14(1):

e0210507. https://doi.org/10.1371/journal.pone.0210507 PMID: 30620759

20. Ashcroft MT, Ling J, Lovell HG, Miall WE. Heights and weights of adults in rural and urban areas of

Jamaica. Br J Prev Soc Med 1966; 20(1):22–6.

21. Jackson M, Walker S, Forrester T, Cruickshank JK, Wilks R. Social and dietary determinants of body

mass index of adult Jamaicans of African origin. Eur J Clin Nutr 2003; 57(4):621–627. https://doi.org/10.

1038/sj.ejcn.1601584 PMID: 12700626

22. Diez Roux AV. Residential environments and cardiovascular risk. J Urban Health: Bull N Y Acad Med

2003; 80(4):569–89. Epub 2004/01/08. https://doi.org/10.1093/jurban/jtg065 PMID: 14709706; PubMed

Central PMCID: PMC3456219.

23. Booth KM, Pinkston MM, Poston WS. Obesity and the built environment. J Am Diet Assoc. 2005; 105(5

Suppl 1):S110–7. Epub 2005/05/04. https://doi.org/10.1016/j.jada.2005.02.045 PMID: 15867906.

24. Giles-Corti B, Broomhall MH, Knuiman M, et al. Increasing walking: how important is distance to, attrac-

tiveness, and size of public open space? Am J Prev Med 2005; 28(2 Suppl 2):169–76. Epub 2005/02/

08. https://doi.org/10.1016/j.amepre.2004.10.018 PMID: 15694525.

25. Sugiyama T, Francis J, Middleton NJ, Owen N, Giles-Corti B. Associations between recreational walk-

ing and attractiveness, size, and proximity of neighborhood open spaces. Am J Public Health 2010; 100

(9):1752–7. https://doi.org/10.2105/AJPH.2009.182006 PMID: 20634455

26. Frank L, Kerr J, Chapman J, Sallis J. Urban form relationships with walk trip frequency and distance

among youth. Am J Health Promot 2007; 21(4 suppl):305–11. https://doi.org/10.4278/0890-1171-21.

4s.305 PMID: 17465175

27. Witten K, Hiscock R, Pearce J, et al. Neighbourhood access to open spaces and the physical activity of

residents: a national study. Prev Med 2008; 47(3):299–303. https://doi.org/10.1016/j.ypmed.2008.04.

010 PMID: 18533242

28. Frank LD, Engelke P. Multiple Impacts of the Built Environment on Public Health: Walkable Places and

the Exposure to Air Pollution. Int Reg Sci Rev 2005; 28(2):193.

29. Frank LD, Saelens BE, Powell KE, Chapman JE. Stepping towards causation: do built environments or

neighborhood and travel preferences explain physical activity, driving, and obesity? Soc Sci Med 2007;

65(9):1898–914. Epub 2007/07/24. https://doi.org/10.1016/j.socscimed.2007.05.053 PMID: 17644231.

30. Samimi A, Mohammadian A, Madanizadeh S. Effects of transportation and built environment on general

health and obesity. Transp Res D 2009; 14(1):67.

31. Wen LM, Orr N, Millett C, Rissel C. Driving to work and overweight and obesity: findings from the 2003

New South Wales Health Survey, Australia. Int J Obes (Lond) 2006; 30(5):782–6. Epub 2006/01/13.

https://doi.org/10.1038/sj.ijo.0803199 PMID: 16404406.

32. Wang F, Wen M, Xu Y. Population-adjusted street connectivity, urbanicity and risk of obesity in the US.

Appl Geogr 2013; 41:1–14. https://doi.org/10.1016/j.apgeog.2013.03.006 PMID: 23667278

33. Li F, Harmer P, Cardinal BJ, et al. Built environment and 1-year change in weight and waist circumfer-

ence in middle-aged and older adults: Portland Neighborhood Environment and Health Study. Am J Epi-

demiol 2009; 169(4):401–8. Epub 2009/01/21. https://doi.org/10.1093/aje/kwn398 PMID: 19153214;

PubMed Central PMCID: PMC2726645.

34. Stafford M, Cummins S, Macintyre S, Ellaway A, Marmot M. Gender differences in the associations

between health and neighbourhood environment. Soc Sci Med 2005; 60:1681–1692. https://doi.org/10.

1016/j.socscimed.2004.08.028 PMID: 15686801

PLOS ONE Neighborhood physical and crime environment and obesity-related outcomes in Jamaica

PLOS ONE | https://doi.org/10.1371/journal.pone.0249619 April 5, 2021 17 / 19

https://doi.org/10.1186/s12889-016-3589-5
https://doi.org/10.1016/j.healthplace.2015.03.010
http://www.ncbi.nlm.nih.gov/pubmed/25864019
https://doi.org/10.3945/jn.109.114207
http://www.ncbi.nlm.nih.gov/pubmed/20032487
https://doi.org/10.1371/journal.pmed.1001683
https://doi.org/10.1371/journal.pmed.1001683
http://www.ncbi.nlm.nih.gov/pubmed/25072243
https://doi.org/10.1371/journal.pone.0210507
http://www.ncbi.nlm.nih.gov/pubmed/30620759
https://doi.org/10.1038/sj.ejcn.1601584
https://doi.org/10.1038/sj.ejcn.1601584
http://www.ncbi.nlm.nih.gov/pubmed/12700626
https://doi.org/10.1093/jurban/jtg065
http://www.ncbi.nlm.nih.gov/pubmed/14709706
https://doi.org/10.1016/j.jada.2005.02.045
http://www.ncbi.nlm.nih.gov/pubmed/15867906
https://doi.org/10.1016/j.amepre.2004.10.018
http://www.ncbi.nlm.nih.gov/pubmed/15694525
https://doi.org/10.2105/AJPH.2009.182006
http://www.ncbi.nlm.nih.gov/pubmed/20634455
https://doi.org/10.4278/0890-1171-21.4s.305
https://doi.org/10.4278/0890-1171-21.4s.305
http://www.ncbi.nlm.nih.gov/pubmed/17465175
https://doi.org/10.1016/j.ypmed.2008.04.010
https://doi.org/10.1016/j.ypmed.2008.04.010
http://www.ncbi.nlm.nih.gov/pubmed/18533242
https://doi.org/10.1016/j.socscimed.2007.05.053
http://www.ncbi.nlm.nih.gov/pubmed/17644231
https://doi.org/10.1038/sj.ijo.0803199
http://www.ncbi.nlm.nih.gov/pubmed/16404406
https://doi.org/10.1016/j.apgeog.2013.03.006
http://www.ncbi.nlm.nih.gov/pubmed/23667278
https://doi.org/10.1093/aje/kwn398
http://www.ncbi.nlm.nih.gov/pubmed/19153214
https://doi.org/10.1016/j.socscimed.2004.08.028
https://doi.org/10.1016/j.socscimed.2004.08.028
http://www.ncbi.nlm.nih.gov/pubmed/15686801
https://doi.org/10.1371/journal.pone.0249619


35. Yu E, Lippert AM. Neighborhood Crime Rate, Weight-Related Behaviors, and Obesity: A Systematic

Review of the Literature. Sociol Compass 2016; 10(3):187

36. Mobley LR, Root ED, Finkelstein EA, Khavjou O, Farris RP, Will JC. Environment, obesity, and cardio-

vascular disease risk in low-income women. Am J Prev Med 2006; 30(4):327–32. Epub 2006/03/15.

https://doi.org/10.1016/j.amepre.2005.12.001 PMID: 16530620.

37. Prince SA, Kristjansson EA, Russell K, Billette JM, Sawada MC, Ali A, et al. Relationships between

neighborhoods, physical activity, and obesity: a multilevel analysis of a large Canadian city. Obesity

2012; 20 (10):2093–100 https://doi.org/10.1038/oby.2011.392 PMID: 22262164

38. Pham do Q, Ommerborn MJ, Hickson DA, Taylor HA, Clark CR. Neighborhood safety and adipose tis-

sue distribution in African Americans: the Jackson Heart Study. PLoS One 2014; 9(8):e105251. Epub

2014/08/29. https://doi.org/10.1371/journal.pone.0105251 PMID: 25166297; PubMed Central PMCID:

PMC4148311

39. Galaviz KI, Zytnick D, Kegler MC, Cunningham SA. Parental Perception of Neighborhood Safety and

Children’s Physical Activity. J Phys Act Health 2016; 13(10):1110 https://doi.org/10.1123/jpah.2015-

0557 PMID: 27254849

40. Kreft I, De Leeuw J. Introducing multilevel modeling London: Sage; 1998.

41. Ferguson TS, Tulloch-Reid MK, Wilks RJ. The Epidemiology of Diabetes Mellitus in Jamaica and the

Caribbean: a historical review. West Indian Med J 2010; 59(3):259. PMID: 21291103

42. The Statistical Institute of Jamaica (STATIN). 2011 Census of Population and Housing–Jamaica [Web

page]. http://statinja.gov.jm/Census/PopCensus/Popcensus2011Index.aspx Accessed April 1, 2016.

43. Wilks R, Zohoori N, Ashley D, Figueroa P. The Jamaican Healthy Lifestyle Survey. Kingston: TMRI-

UWI/Ministry of Health. 2000

44. Leo-Rhynie E, Hamilton M. Life Style as Measure of Socio-Economic Status: The Development of an

Instrument For Use in Jamaica. Soc Econ Stud 1982 Jun 1:35–52.

45. Ferguson TS, Younger-Coleman NO, Tulloch-Reid MK, et al. Factors associated with elevated blood

pressure or hypertension in Afro-Caribbean youth: a cross-sectional study. Peer J 2018 Feb 13; 6:

e4385. https://doi.org/10.7717/peerj.4385 PMID: 29456896

46. Traynor A, Raykov T. Household possessions indices as wealth measures: a validity evaluation. Comp

Educ Rev 2013 Nov 1; 57(4):662–88.

47. Prince SA, Kristjansson EA, Russell K, Billette JM, Sawada M, Ali A, et al. A multilevel analysis of neigh-

bourhood built and social environments and adult self-reported physical activity and body mass index in

Ottawa, Canada. Int J Environ Res Public Health 2011; 8(10):3953–78. Epub 2011/11/11. https://doi.

org/10.3390/ijerph8103953 PMID: 22073022; PubMed Central PMCID: PMC3210591

48. Brownson RC, Hoehner CM, Day K, Forsyth A, Sallis JF. Measuring the built environment for physical

activity: state of the science. Am J Prev Med 2009; 36(4):S99–S123. e12 https://doi.org/10.1016/j.

amepre.2009.01.005 PMID: 19285216

49. Raudenbush SW, Bryk AS. Hierarchical linear models: Applications and data analysis methods. Sage

Publications, Incorporated; 2001.

50. Goodman and Kruskal’s gamma. In Wikipedia, The Free Encyclopedia. https://en.wikipedia.org/w/

index.php?title=Goodman_and_Kruskal%27s_gamma&oldid=722481108 2016. Accessed May 28,

2016.

51. Aickin M, Gensler H. Adjusting for multiple testing when reporting research results: the Bonferroni vs

Holm methods. Am J Public Health 1996; 86(5):726–728. https://doi.org/10.2105/ajph.86.5.726 PMID:

8629727

52. Blakesley RE, Mazumdar S, Dew MA, et al. Comparisons of methods for multiple hypothesis testing in

neuropsychological research. Neuropsychol 2009; 23(2): 255–264. https://doi.org/10.1037/a0012850

PMID: 19254098

53. StataCorp. 2015. Stata: Release 14. Statistical Software. College Station, TX: StataCorp LLC

54. Burnham KP, Anderson DR. A practical information-theoretic approach. Model selection and multimo-

del inference, 2nd ed. Springer, New York. 2002; 2:70–71

55. Harrington DW, Elliott SJ. Weighing the importance of neighbourhood: a multilevel exploration of the

determinants of overweight and obesity. Soc Sci Med 2009; 68(4):593–600. Epub 2008/12/20. https://

doi.org/10.1016/j.socscimed.2008.11.021 PMID: 19095339.

56. Masood M, Reidpath DD. Intraclass correlation and design effect in BMI, physical activity and diet: a

cross-sectional study of 56 countries. BMJ Open 2016; 6(1):e008173. Epub 2016/01/09. https://doi.org/

10.1136/bmjopen-2015-008173 PMID: 26743697; PubMed Central PMCID: PMC4716153.

PLOS ONE Neighborhood physical and crime environment and obesity-related outcomes in Jamaica

PLOS ONE | https://doi.org/10.1371/journal.pone.0249619 April 5, 2021 18 / 19

https://doi.org/10.1016/j.amepre.2005.12.001
http://www.ncbi.nlm.nih.gov/pubmed/16530620
https://doi.org/10.1038/oby.2011.392
http://www.ncbi.nlm.nih.gov/pubmed/22262164
https://doi.org/10.1371/journal.pone.0105251
http://www.ncbi.nlm.nih.gov/pubmed/25166297
https://doi.org/10.1123/jpah.2015-0557
https://doi.org/10.1123/jpah.2015-0557
http://www.ncbi.nlm.nih.gov/pubmed/27254849
http://www.ncbi.nlm.nih.gov/pubmed/21291103
http://statinja.gov.jm/Census/PopCensus/Popcensus2011Index.aspx
https://doi.org/10.7717/peerj.4385
http://www.ncbi.nlm.nih.gov/pubmed/29456896
https://doi.org/10.3390/ijerph8103953
https://doi.org/10.3390/ijerph8103953
http://www.ncbi.nlm.nih.gov/pubmed/22073022
https://doi.org/10.1016/j.amepre.2009.01.005
https://doi.org/10.1016/j.amepre.2009.01.005
http://www.ncbi.nlm.nih.gov/pubmed/19285216
https://en.wikipedia.org/w/index.php?title=Goodman_and_Kruskal%27s_gamma&oldid=722481108
https://en.wikipedia.org/w/index.php?title=Goodman_and_Kruskal%27s_gamma&oldid=722481108
https://doi.org/10.2105/ajph.86.5.726
http://www.ncbi.nlm.nih.gov/pubmed/8629727
https://doi.org/10.1037/a0012850
http://www.ncbi.nlm.nih.gov/pubmed/19254098
https://doi.org/10.1016/j.socscimed.2008.11.021
https://doi.org/10.1016/j.socscimed.2008.11.021
http://www.ncbi.nlm.nih.gov/pubmed/19095339
https://doi.org/10.1136/bmjopen-2015-008173
https://doi.org/10.1136/bmjopen-2015-008173
http://www.ncbi.nlm.nih.gov/pubmed/26743697
https://doi.org/10.1371/journal.pone.0249619


57. Cohen DA, McKenzie TL, Sehgal A, Williamson S, Golinelli D, Lurie N. Contribution of Public Parks to

Physical Activity. Am J Public Health 2007; 97(3):509. https://doi.org/10.2105/AJPH.2005.072447

PMID: 17267728

58. Saquib J, Saquib N, Stefanick ML, et al. Sex differences in obesity, dietary habits, and physical activity

among urban middle-class Bangladeshis. Int J Health Sci (Qassim) 2016; 10(3):363.

59. Bonnefond C, Clément M. Social class and body weight among Chinese urban adults: The role of the

middle classes in the nutrition transition. Soc Sci Med 2014; 112:22–9. https://doi.org/10.1016/j.

socscimed.2014.04.021 PMID: 24788113

60. Liberatos P, Link BG, Kelsey JL. The measurement of social class in epidemiology. Epidemiol Rev

1988; 10(1):87. https://doi.org/10.1093/oxfordjournals.epirev.a036030 PMID: 3066632

61. Oakes JM, Forsyth A, Schmitz KH. The effects of neighborhood density and street connectivity on walk-

ing behavior: the Twin Cities walking study. Epidemiol Perspect Innov 2007; 4(1):1. https://doi.org/10.

1186/1742-5573-4-16 PMID: 18078510

62. Foster S, Giles-Corti B. The built environment, neighborhood crime and constrained physical activity:

an exploration of inconsistent findings. Prev Med 2008; 47(3):241–51. Epub 2008/05/24. https://doi.org/

10.1016/j.ypmed.2008.03.017 PMID: 18499242.

63. Katzmarzyk PT, Bray GA, Greenway FL, et al. Ethnic-Specific BMI and Waist Circumference Thresh-

olds. Obesity (Silver Spring) 2011; 19(6):1272–8. https://doi.org/10.1038/oby.2010.319 PubMed PMID:

PMC3933952. PMID: 21212770

64. Craig CL, Marshall AL, Sjöström M, et al. International physical activity questionnaire: 12-country reli-

ability and validity. Med Sci Sports Exerc 2003; 35(8):1381–95. https://doi.org/10.1249/01.MSS.

0000078924.61453.FB PMID: 12900694

65. Felker-Kantor EA, Cunningham-Myrie C, Greene LG, et al. Neighborhood crime, disorder and sub-

stance use in the Caribbean context: Jamaica National Drug Use Prevalence Survey 2016. PLoS One

2019; 14(11). https://doi.org/10.1371/journal.pone.0224516 PMID: 31756190

66. Rothman KJ. No adjustments are needed for multiple comparisons. Epidemiol 1990:43–6. PMID:

2081237

67. VanderWeele TJ, Mathur MB. Some desirable properties of the Bonferroni correction: is the Bonferroni

correction really so bad? Am J Epidemiol 2019; 188(3):617–8. https://doi.org/10.1093/aje/kwy250

PMID: 30452538

68. Harriot AD, Jones M. Crime and violence in Jamaica: IDB series on crime and violence in the Carib-

bean. Inter-American Development Bank; 2016 Jun 25.

PLOS ONE Neighborhood physical and crime environment and obesity-related outcomes in Jamaica

PLOS ONE | https://doi.org/10.1371/journal.pone.0249619 April 5, 2021 19 / 19

https://doi.org/10.2105/AJPH.2005.072447
http://www.ncbi.nlm.nih.gov/pubmed/17267728
https://doi.org/10.1016/j.socscimed.2014.04.021
https://doi.org/10.1016/j.socscimed.2014.04.021
http://www.ncbi.nlm.nih.gov/pubmed/24788113
https://doi.org/10.1093/oxfordjournals.epirev.a036030
http://www.ncbi.nlm.nih.gov/pubmed/3066632
https://doi.org/10.1186/1742-5573-4-16
https://doi.org/10.1186/1742-5573-4-16
http://www.ncbi.nlm.nih.gov/pubmed/18078510
https://doi.org/10.1016/j.ypmed.2008.03.017
https://doi.org/10.1016/j.ypmed.2008.03.017
http://www.ncbi.nlm.nih.gov/pubmed/18499242
https://doi.org/10.1038/oby.2010.319
http://www.ncbi.nlm.nih.gov/pubmed/21212770
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/pubmed/12900694
https://doi.org/10.1371/journal.pone.0224516
http://www.ncbi.nlm.nih.gov/pubmed/31756190
http://www.ncbi.nlm.nih.gov/pubmed/2081237
https://doi.org/10.1093/aje/kwy250
http://www.ncbi.nlm.nih.gov/pubmed/30452538
https://doi.org/10.1371/journal.pone.0249619

