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Abstract
This cross-sectional study examined the: (1) association between food store 
environment (FSE), fruit and vegetable (FV) availability and access, and 
prevalence of early childhood overweight/obesity (COWOB); and (2) influence 
of young child actual FV intake on the relationship between the FSE and early 
COWOB prevalence. Anthropometric and socio-demographic data of children 
(2 to 8 years; N=466) in baseline communities on Guam participating in the 
Children’s Healthy Living (CHL) Program community trial were included. 
CDC year 2000 growth charts were used to calculate BMI z-scores and 
categories. FSE factors (fresh FV scores, store type) were assessed using 
the CX3 Food Availability and Marketing Survey amended for CHL. ArcGIS 
maps were constructed with geographic coordinates of participant residences 
and food stores to calculate food store scores within 1 mile of participant’s 
residences. A sub-sample of participants (n = 355) had Food and Activity Log 
data to calculate FV and energy intakes. Bivariate correlations and logistic 
regression evaluated associations. Of 111 stores surveyed, 73% were small 
markets, 16% were convenience stores, and 11% were large grocery/super-
markets. Supermarkets/large grocery stores averaged the highest FV scores. 
Most participants did not meet FV intake recommendations while nearly half 
exceeded energy intake recommendations. Living near a small market was 
negatively correlated with BMI z-score (r = - 0.129, P < .05) while living near 
a convenience store was positively correlated with BMI z-score (r = 0.092, 
P < .05). Logistic regression analysis yielded non-significant associations. The 
high density of small markets may be an opportunity for FSE intervention but 
further investigation of Guam’s FSE influence on health is needed.
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Introduction
Childhood overweight/obesity (COWOB) is a growing global 
epidemic affecting many countries.1–3 COWOB prevalence in 
Guam among children ages 3 to 5 years (39%) exceeds4 the 
United States (US) national average (23%) for children aged 2 

to 5 years.1 Researchers have described certain “built environ-
ments”—the neighborhoods, roads, buildings, food sources, 
and recreational facilities in which people live5—to be obeso-
genic.6–8 Previous studies examined the nutrition environment 
in Guam, looking at sodium in food stores and restaurants, 
fast food restaurants, and a community garden program.9–11 
A study by Fialkowski, et al, found Guam’s retail food envi-
ronment to have the highest number of small markets but the 
lowest percentage of fresh fruit availability compared to other 
jurisdictions in the Pacific Region.12 Matanane, et al, found a 
significant negative correlation between children’s BMI (ages 2 
to 8 years; N=536) and community food environment readiness 
for change in 3 communities in Guam.13 Little is known about 
the food store environment (FSE) in relation to weight status 
of young children in Guam.
 Fruits and vegetables (FV) are a priority area in the nutri-
tion environment and are one of five categories of target foods 
whose low dietary intakes are most closely related to obesity 
and non-communicable diseases.14 Despite recommendations 
by the 2010 US Dietary Guidelines for Americans (DGA’s) 
to eat more FV,15 a study examining the nutritional status of a 
representative sample of adolescents in Guam in 1999 found 
that 75.3% reported consuming FV less than once a day.16 
Recent data in 2015 showed that 54% and 42% of adolescents 
reported consuming fruits and vegetables, respectively, less 
than once a day. 17 More data are needed that are representative 
of the nutritional status of young children in Guam.
 Studies examining the role that the nutrition environment, 
especially the FSE, has on children’s weight status, in addition 
to diet and activity behaviors, have produced inconsistent re-
sults. A cross-sectional study of Canadian adolescent students 
found no association between food retailers surrounding schools 
and childhood overweight,18 while other studies found that 
the presence of convenience stores was positively associated 
with higher body mass index (BMI) in young children19 and 
adolescents.20 In the Pacific Region, the Healthy Foods Hawai‘i 
Intervention found that increased store stocking of nutritious 
foods, point-of-purchase promotions, and interactive cooking 
sessions increased children’s Healthy Eating Index scores.21 A 
systematic review of the literature affirms the association of FV 
availability (eg, in food stores, schools, home) with increased 
consumption.22 
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 This study was conceptualized according to the Children’s 
Healthy Living Program (CHL) Framework for Community 
Engagement. 23 This framework emphasizes examining the up-
stream determinants of obesity-related behaviors. The primary 
objective was to test whether availability and access to FV in 
food stores was associated with early COWOB (2 – 8 years; 
≥85th BMI percentile) prevalence. Secondary objectives were 
to describe Guam’s FSE and examine if actual FV intake of 
young children influenced the relationship between the FSE 
and early COWOB prevalence. The authors hypothesized that 
increased FV availability and access in food stores would be 
negatively associated with early COWOB in Guam and that 
FV intake would mediate this relationship.

Methods
Study Design
This is a cross-sectional study of the FSE and weight status 
of children in Guam, participating in the CHL Program. CHL 
conducted a community randomized trial to prevent COWOB 
in children ages 2 to 8 years in Alaska, American Samoa, the 
Commonwealth of the Northern Mariana Islands, Guam, and 
Hawaiʻi.24 
 The current study focuses on the FSE in five communities 
that participated in the CHL Guam community randomized 
trial. Four of the communities were matched to form two 
matched pairs while the fifth community served as a temporal 
indicator of anthropometry status, as previously described in 
another publication,24 where it did not receive the intervention 
program. Community selection criteria and other details about 
the CHL community randomized intervention trial, including 
power analysis, are described elsewhere. 24 Baseline measure-
ment data were used in this study.

Participants and Recruitment
Children ages 2 to 8 years were recruited from Head Start, 
Elementary Schools, and Community Centers in the five com-
munities from October 2012 through September 2013 (n=466). 
Parents/caregivers of child participants provided informed 
consent, and child participants provided assent to be measured.24 

 Community food stores were identified by field observation 
using grid-mapped Google Earth (Mountain View, CA) images 
to guide community boundaries that were obtained from the 
Government of Guam Department of Land Management. A 
comprehensive sample of food stores (ie, supermarket, large 
grocery, small market, convenience) in the CHL communities 
was surveyed from October 2012 to February 2013 with the 
exception of specialty stores (eg, bakeries, liquor stores).
 The University of Hawai‘i IRB and the University of Guam 
IRB approved all study protocols.

Instruments and Measures
Anthropometry. Height and weight were measured by trained 
CHL staff based on standardized procedures, protocols25–27 and 
measurement tools (ie, stadiometer and scale). Further details 
regarding CHL rationale and design of measurement tools have 
been published elsewhere.24 

Socio-demographic Information. Data on socio-demographic 
information were obtained through forms completed by a parent/
caregiver. These forms asked parents to provide information 
about their educational attainment and participation in federal 
food assistance programs, such as Supplemental Nutrition As-
sistance Program (SNAP) and/or Supplemental Assistance for 
Women Infants and Children (WIC), as well as the child’s age, 
sex, race/ethnicity,24 and sleep duration.

Dietary Intake. FV and energy intake of child participants 
were collected from a subsample (n=355) using a two-day Food 
and Activity Log (FAL), completed by the parent/caregiver. The 
subsample was selected from the four matched communities at 
baseline. Instructions and training of record keeping techniques 
were provided by field research staff with the use of food models, 
service ware, and utensils in order to record the following: time 
consumed, amount consumed, detailed description of the food, 
where the food was consumed and other activities performed 
while eating.24 Along with a tool kit of calibrated utensils (ie, 
measuring cups and spoons), parents were given the FAL and 
a Ziploc® (Racine, WI) bag in which to place food wrappers, 
labels, and packages.24 The FAL was reviewed by a CHL staff 
person with the parent/caregiver upon collection after one 
week. Data were entered into the Pacific Tracker 3 (PacTrac3) 
food composition database and web application.28 PacTrac3 
originated from the MyPyramid Tracker developed by the US 
Department of Agriculture’s Center for Nutrition Policy and 
Promotion, which was modified to include information on local 
foods of the Pacific Region.28,29 PacTrac3 generated total energy 
as calorie intake, cups of fruits, and cups of vegetables.

Food Store Environment (FSE). Community food stores 
were surveyed by CHL staff using the Communities of Excel-
lence in Nutrition, Physical Activity, and Obesity Prevention 
(CX3) Food Availability and Marketing Survey and Store Envi-
ronment Walkability Survey that were previously validated for 
reliability as an indicator of the FSE.30 The survey tool defined 
store type based on the food items sold (canned/frozen foods, 
produce, bread, and snacks), number of employees and cash 
registers, number of stores, and chain/franchise business.30 
 Availability and access to FV variables were assessed using 
the CX3 validated scoring system. 30 Preliminary results showed 
that few of the food stores (10 out of 111 stores surveyed) met 
the published standard (score of 18) for fruit (n=10, 9%) and 
vegetables (n=28, 25%), or a combined FV availability score 
of 36 out of 40 total. Considering the dependence on imported 
foods in the Pacific Region;31 the standards for FV were adjusted 
to give credit to moderate variety and mixed quality for a score 
of 14 each for fresh FV based on the CX3 to explore the research 
questions.30

Procedures and Data Analysis
Analysis was limited to participants with complete data for 
anthropometry, socio-demographics, and with a verified resi-
dential address (N=466). BMI z-scores and percentiles were 
calculated using the 2000 CDC growth charts, which defined 



HAWAI‘I JOURNAL OF MEDICINE & PUBLIC HEALTH, AUGUST 2017, VOL 76, NO 8
227

children ages 2 to 19 in the ≥85th to <95th BMI percentile as 
overweight and ≥95th BMI percentile as obese.32 BMI was ana-
lyzed by CDC growth reference data using SAS® 9.3 Statistical 
Software (SAS Institute, Cary, NC).33 All variables followed 
normal distributions, so no adjustments were needed. BMI 
was categorized into two categories: <85th percentile (healthy 
weight and underweight) and ≥85th percentile (overweight and 
obese), to create dichotomous variables. Consolidation of BMI 
categories allowed for more inclusive analysis since fewer par-
ticipants were classified as underweight, overweight or obese. 
 FSE data were analyzed at both the community and participant 
levels.14 At the community level, food store data assessed the 
number, type, and location of food stores, in addition to the 
availability of fresh FV. Mean scores were analyzed by com-
munity, as well as by store type using one-way ANOVA tests 
in IBM® SPSS® Statistics version 22 (Armonk, NY).
 At the participant level, food store data were analyzed based 
on relative access from participants’ residences. Residential ad-
dresses of participants and food stores were verified in-person 
using the Garmin Oregon® 600 GPS handheld unit. Waypoint 
geographic coordinates (ie, latitude, longitude) were recorded 
and uploaded to Garmin BaseCamp Version 4.3.5 (Olathe, KS). 
Figure 1 shows the mapping of coordinates in one community 

Figure 1. Map of food stores in relation to participants within a 1 
mile buffer (indicated by gray circle) in 1 community participating in 
the Children’s Healthy Living (CHL) Program on Guam.

on Guam, which was done using ArcGIS Version 10.2 (ESRI; 
Redlands, CA). ArcGIS Buffer and Point Distance analysis 
toolkits identified stores within 1 mile of residential addresses. 
A previous study examining the FSE’s influence on dietary 
fat intake in four counties in Southwest Georgia surveyed 
food stores less than 1 and within 1 to 5 miles of participants’ 
homes.34 Given the geography of Guam (210 square mile area), 
the distance of 1 mile was used to evaluate direct access to food 
stores at the participant level. Food store scores were analyzed 
in two ways: (1) all scores averaged within a 1-mile radius of 
each participant’s residence; (2) nearest store scores to each 
participant residence. 
 FV intake and total calorie intake were averaged between the 
two days. FV intake variables were coded as meeting appropriate 
age recommendations or not. 15 Likewise, energy was computed 
according to energy needs of children by age and sex, as above 
or below the cutoff for moderately active children in the 2010 
DGA’s as this is considered the middle range of physical activity 
for children.15 
 Bivariate correlation was used to test associations between 
FV availability scores (independent variable; mean and near-
est scores), dietary intakes (mediator variable; cups of FV), 
and BMI (dependent variable; z-scores) of child participants. 
Logistic regression was then used to test associations between 
dichotomous variables for fresh FV availability scores (14 
or above) and BMI (<85th percentile and ≥85th percentile), 
while controlling for socio-demographics, and to determine if 
FV intake mediates this relationship.35 All statistical tests were 
performed using IBM® SPSS® Statistics version 22 (Armonk, 
NY).

Results
Univariate Analyses
Characteristics of study participants (N=466) and their parent/
caregiver are summarized in Table 1. The mean age of study 
participants was 5 years. The predominant race/ethnic group 
was Chamorro (56%). Prevalence of COWOB in this study was 
29%. There were no significant differences in FV or energy 
intakes by sex. Fewer participants met vegetable intake recom-
mendations (11%) in comparison to fruits (21%). More than 
half of participants (54%) exceeded estimated energy intake 
recommendations.

Descriptive food store analyses. A total of 111 food stores 
were surveyed, with the majority being small markets, and 
more stores were located in Community E in comparison to the 
other communities (Table 2). Supermarkets and large grocery 
stores were most similar in all scores, although supermarkets 
had the highest total store scores, while convenience stores 
scored lowest (Table 3). Of all stores surveyed, 85 (77%) had 
fresh FV for sale, but in regard to variety and good quality, only 
23 (21%) and 41 (37%) met the modified cutoff score for FV, 
respectively (Table 3). 
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Bivariate Analyses
The mean number of food stores within 1 mile of a participant’s 
residence was 6, while the mean FV availability scores were 
7.9 and 11, respectively, out of 20 possible points (Table 2). 
Few stores (n=6; 5%) fell outside of participant buffer of 1 
mile. Several participants (n=32, 7%) had no stores within 1 
mile (data not shown). The mean distance to any store within 
1 mile of a participant’s residence was 0.07 miles (about 374 
feet) and 0.09 miles (about 472 feet) for children categorized 
<85th BMI percentile and ≥85th BMI percentile, respectively, 
although not significantly different (data not shown). An inverse 
correlation was found between having a small market closest 
to participant residence and BMI z-score (R = -0.129, P <.05), 
while a positive correlation was found between having a con-
venience store closest to participant residence and BMI z-score 
(R = 0.092, P <.05) (Table 4).

Multivariate Analyses
The multivariate logistic regression model testing the relation-
ship between FSE meeting FV standards and a child being ≥85th 
percentile adjusted for presence of supermarket/large grocery/
small market/convenience store, parent/caregiver education, 
SNAP and WIC assistance, race/ethnicity, and sleep did not 
show significant association (Table 5). No significant interac-
tions were found during the model-fitting.

Mean Scores within 1 mile Distance. Neither the availability of 
FV nor the presence of individual store types within participant 
buffers were associated with an increased likelihood of being 
≥85th BMI percentile (Table 5).

Nearest Store Scores. Despite the correlations between the 
presence of small market or convenience stores nearest to par-
ticipant residence and BMI z-scores, no significant association 
was evident in the logistic regression analysis (Table 5).

Dietary Fruit and Vegetable Intake. The current FV intake 
analysis is based on participants (n=355) with valid FAL data. 
Given that no association was found between the FSE and 
BMI, further mediation analysis with dietary FV intake was 
not warranted. 

Table 1. Characteristics of children ages 2 to 8 years who partici-
pated in baseline measurements for the Children’s Healthy Living 
Program in 5 communities on Guam.

Boys Girls All
TOTASL SAMPLE

Sex [n (%)] 238 (51%) 228 (49%) 466 (100%)
Age years (mean  ± SD) 5.5 ± 1.9 5.4 ± 1.8 5.4 ± 1.8
Education of parent/caregiver [n (%)]
Less than high school 
graduate/GED 76 (32%) 73 (32%) 149 (32%)

High school graduate/GED 
or more 162 (68%) 155 (68%) 317 (68%)

Food Assistance [n (%)]
SNAP 169 (71%) 164 (72%) 333 (71%)
WIC 75 (32%) 64 (28%) 139 (30%)
Race/ethnicity [n (%)]
Native Hawaiian/ Pacific Islander 
(NHPI) 177 (74%) 172 (75%) 349 (75%)

 Chamorro 130 (55%) 130 (57%) 260 (56%)
Asian 24 (10%) 22 (10%) 46 (10%)
White 2 (1%) 0 (0%) 2 (0%)
More than one race 35 (15%) 34 (15%) 69 (15%)
Sleep categories [n (%)]
Less than 8 hours 44 (18%) 36 (16%) 80 (17%)
8 hours or more 194 (82%) 192 (85%) 386 (83%)
Weight Status (mean ± SD)
Body mass index (BMI) z-score 0.4 ± 1.2 0.4 ± 1.1 0.4 ± 1.2
BMI percentile 59.7 ± 29.5 61.5 ± 29.9 60.6 ± 29.7
Weight categories [n (%)]
Underweight 10 (4%) 7 (3%) 17 (4%)
Healthy weight 164 (69%) 151 (66%) 315 (68%)
Overweight 30 (13%) 42 (18%) 72 (16%)
Obese 34 (14%) 28 (12%) 62 (13%)

FOOD AND ACTIVITY LOG (FAL) SAMPLE
Sex [n (%)] 177 (50%) 178 (50%) 355 (100%)
Dietary Intake (mean ± SD)
Fruit, cups 0.82 ± 0.8 0.87 ± 0.9 0.84 ± 0.8
Vegetable, cups 0.61 ± 0.5 0.57 ± 0.6 0.59 ± 0.5
Calories/day 1675 ± 513 1608 ± 593 1641 ± 555
Meets Recommendations [n (%)]
Fruits/day 37 (21%) 38 (21%) 75 (21%)
Vegetables/day 20 (11%) 19 (11%) 39 (11%)
Calories/day 70 (40%) 94 (53%) 164 (46%)

GED = General Education Development; SNAP = Supplemental Nutrition Assistance 
Program; WIC = Supplemental Program for Women, Infants, and Children. Percent-
ages may not add up to 100% due to rounding; numbers rounded to the nearest tenth 
of a decimal.
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Table 2. Type and characteristics of food stores by community using the CX3 Food Marketing and Availability Survey in 5 communities (A-E) 
participating in the Children’s Healthy Living Program in Guam.

Max 
Store

A 
n=10

B
n=10

C
n = 22

D
n = 13

E
n = 56

All
n = 111

Store Type [n(%)]
Supermarket      0 (0) 1 (10) 1 (5) 0 (0) 5 (9) 7 (6)
Large Grocery 1 (10) 0 (0) 1 (5) 1 (8) 2 (4) 5 (5)
Small Market 7 (70) 7 (70) 17 (77) 10 (77) 40 (71) 81 (73)
Convenience 2 (20) 2 (20) 3 (14) 2 (15) 9 (16) 18 (16)

Store Scores [mean ± stand deviation (Minimum / Maximum)]
WIC/SNAP 10 4.6 ± 3.4w (0/10) 4.9 ± 3.3w (0/10) 2.9 ± 2.7wx (0/9) 5.7 ± 2.3wy (4/10) 3.5 ± 2.2wxz (0/8) 3.9 ± 2.6 (0/10)
Fresh Fruit (F) 20 3.6 ± 6.7 (0/18) 5.4 ± 7.5 (0/20) 7.5 ± 6.4 (0/18) 9.1 ± 5.6 (0/16) 8.9 ± 7.0 (0/20) 7.9 ± 6.9 (0/20)
Fresh Vegetable (V) 20 8.0 ± 7.5 (0/18) 8.8 ± 6.8 (0/20) 11.0 ± 7.0 (0/18) 12.9 ± 5.5 (0/20) 11.6 ± 7.3 (0/20) 11.0 ± 7.1 (0/20)
Fresh FV 40 11.6 ± 13.3 (0/36) 14.2 ± 13.5 (0/40) 18.5 ± 12.7 (0/36) 22.0 ± 9.7 (0/36) 20.5 ± 13.8 (0/40) 18.9 ± 13.2 (0/40)

CX3= Communities of Excellence in Nutrition, Physical Activity, and Obesity Prevention; WIC= Supplemental Program for Women, Infants, and Children; SNAP= Supplemental 
Nutrition Assistance Program. wxyzMean values within a row with unlike superscript letters were significantly different (P<.05). Percentages may not add up to 100% due to 
rounding; numbers rounded to the nearest tenth of a decimal.

Table 3. Characteristics of stores by store type using the CX3 Food Marketing and Availability Survey in 5 communities participating in the 
Children’s Healthy Living Program on Guam.

Max
Score

Supermarket
n = 7

Large Grocery
n = 5

Small Market
n = 81

Convenience
n = 18

Total
n = 111

Store Scores [mean ± stand deviation (Minimum / Maximum)]
WIC/SNAP 10 7.3 ± 2.4w (4/10) 4.6 ± 3.6wx (0/10) 4.2 ± 2.1xy (0/10) 0.7 ± 1.7z (0/5) 3.9 ± 2.6 (0/10)
Fresh Fruit (F) 20 18.3 ± 2.1w (14/20) 17.6 ± 0.9wx (16/18) 8.0 ± 6.0y (0/20) 0.6 ± 2.4z (0/10) 7.9 ± 6.9 (0/20)
Fresh Vegetable (V) 20 18.9 ± 1.1w (18/20) 18.4 ± 0.9wx (18/20) 12.1 ± 5.8xy (0/20) 1.1 ± 3.2z (0/10) 11.0 ± 7.6 (0/20)
Fresh FV 40 37.1 ± 3.0w (32/40) 36.0 ± 0.0wx (36/36) 20.1 ± 10.9y (0/40) 1.7 ± 5.1z (0/20) 18.9 ± 13.2 (0/40)

Store Type [n(%)]
FV Available 7 (100) 5 (100) 71 (88) 2 (1) 85 (77)
Meets F Score (18)a 5 (71) 3 (60) 2 (2) 0 (0) 10 (9)
Meets F Score (14)b 6 (86) 3 (60) 14 (17) 0 (0) 23 (21)
Meets V Score (18)a 7 (100) 4 (80) 17 (21) 0 (0) 28 (25)
Meets V Score (14)b 7 (100) 4 (80) 30 (37) 0 (0) 41 (37)

CX3= Communities of Excellence in Nutrition, Physical Activity, and Obesity Prevention; WIC= Supplemental Program for Women, Infants, and Children; SNAP= Supplemental 
Nutrition Assistance Program. wxyzMean values within a row with unlike superscript letters were significantly different (P<.05). aFV score of 18 is the published standard for 
adequate availability. bFV score of 14 is the modified cutoff for adequate availability.
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Table 4. Bivariate analysis examining the associations between access to food stores, availability of fruits and vegetables and childhood 
overweight/obesity (COWOB) in the total sample (N=466) in addition to the association between fruit and vegetable intake and COWOB 
in a subsample (n=355) of participants in the Children’s Healthy Living Program in Guam.

BMI Z-Score COWOB
Correlation P-value Correlation P-value

Within 1 Mile Distance (n=466)
   Presence of Supermarket 0.039 .403 0.033 .475
   Presence of Large Grocery -0.049 .291 -0.054 .245
   Presence of Small Market -0.043 .359 -0.034 .468
   Presence of Convenience 0.041 .378 0.019 .690
   Mean Distance to Store 0.029 .526 0.013 .781
   Number of Stores 0.028 .550 0.027 .566
   Fruit Scores -0.008 .868 -0.009 .839
   Vegetable Scores -0.023 .613 -0.039 .407
Nearest Store (n=466)
   Presence of Supermarket 0.065 .162 0.029 .529
   Presence of Large Grocery -0.012 .802 0.008 .861
   Presence of Small Market -0.129 .005 -0.063 .177
   Presence of Convenience 0.092 .047 0.033 .473
   Distance to Store 0.013 .783 0.014 .758
   Fruit Score 0.015 .740 0.035 .445
   Vegetable Score -0.047 .307 -0.006 .900
Fruit/Vegetable Intake (n=355)
   Fruit cups per day -0.034 .527 -0.007 .898
   Vegetable cups per day -0.030 .577 0.015 .781

Correlation generated using Spearman’s rho 2-tailed test.
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Table 5. Multivariate logistic regression examining the associations between access to food stores, availability of fruits and vegetables and 
childhood overweight/obesity in 5 communities participating in the Children’s Healthy Living Program in Guam (N=466).

Model 1a Model 2b

P-value OR 95% CI P-value OR 95% CI
Mean Scores within 1 Mile 
High school/GED or higher .231 1.32 .84-2.1 .252 1.31 .82-2.1
SNAP .803 0.94 .59-1.5 .780 0.94 .58-1.5
WIC .228 0.75 .47-1.2 .384 0.81 .50-1.3
Race/ethnicity is NHPI .809 1.06 .66-1.7 .637 1.12 .69-1.8
≥ 8 hours sleep/day .728 1.10 .64-1.9 .725 1.11 .63-1.9
Above mean number of storesc .304 1.38 .75-2.5
Presence of Supermarket .483 0.81 .46-1.5
Presence of Large Grocery .525 0.75 .31-1.8
Presence of Small Market .365 1.38 .69-2.8
Presence of Convenience .197 0.61 .29-1.3
Meets Fruit Score .617 0.78 .29-2.1
Meets Vegetable Score .723 1.14 .54-2.4
P-value .571 .797
Nearest Store Scores
High school/GED or higher .231 1.32 .84-2.1 .216 1.34 .84-2.1
SNAP .803 0.94 .59-1.5 .729 0.92 .57-1.5
WIC .228 0.75 .47-1.2 .301 0.78 .48-1.3
Race/ethnicity is NHPI .809 1.06 .66-1.7 .669 1.10 .69-1.8
≥ 8 hours sleep .728 1.10 .64-1.9 .773 1.08 .62-1.9
Presence of Supermarket .586 0.72 .22-2.4
Presence of Large Grocery .833 0.76 .06-10.3
Presence of Small Market .303 0.65 .28-1.5
Presence of Convenience .996 1.00 .39-2.6
Meets Fruit Score .743 1.11 .60-2.1
Meets Vegetable Score .546 1.18 .69-2.0
P-value .571 .848

GED = General Education Development; SNAP = Supplemental Nutrition Assistance Program; WIC = Supplemental Program for Women, Infants, and Children; NHPI = Native 
Hawaiian / Pacific Islander; OR=odds ratio; CI=confidence interval. aModel 1 evaluated participant characteristics (education, SNAP, WIC, race/ethnicity, sleep) with childhood 
overweight/obesity in the regression model. The groups: ‘less than high school graduate/GED’, ‘no’ SNAP or WIC benefits, non-NHPI race/ethnicity, and ‘less than 8 hours sleep’ 
served as the reference categories. bModel 2 included access to food stores by store type and availability of fruits and vegetables in the regression model. For each food store 
type, the ‘no’ exposure group served as the reference category, while for availability of fruits and vegetables, the group not meeting the score cutoff served as the reference 
category. cThe variable included to indicate high access to food stores within 1 mile of participant residence. The group falling below the mean served as the reference category.
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Discussion
This study examined the relationship between the FSE and a 
child’s likelihood for being ≥85th BMI percentile. This is a novel 
study in that it examines multiple influences on child weight 
status, including the nutrition community environment (eg, ac-
cess to food stores nearby a residence), consumer environment 
(eg, availability of fresh FV within nearby food stores), and 
dietary intake. COWOB prevalence (29%) in this study was 
lower than previous estimates for Guam children ages 3 to 5 
years from WIC and Head Start (39%),4 but higher than the US 
national average (23%) for ages 2 to 5 years.1

 Significant correlations were found in the bivariate analysis, 
which showed lower BMI z-scores in participants having a 
small market closest to their residences. This may be an area 
of interest for future studies considering the popularity of small 
markets in all communities. Resources have been allocated to the 
improvement of small markets in other Pacific jurisdictions,21 

but causation cannot be inferred at this time. 
 Additionally, participants having a convenience store closest 
to their residences were found to have higher BMI z-scores. 
These findings corroborate other studies such as Galvez, et 
al,19 which found an increased risk for obesity in children ages 
6 – 8 years who lived near convenience stores and fast-food 
restaurants in East Harlem, New York. Similarly, the availability 
of convenience stores in school zip codes has been associated 
with higher BMI in adolescents.36 

 However, the multivariate correlations were not found to be 
significant between the FSE and increased risk for being ≥85th 

BMI percentile. These findings are supported by Seliske, et al, 
who found no association between food retailers surrounding 
schools within a 1 km and 5 km radius and overweight among 
adolescent students in Canada.18 

 For FV intake, most study participants did not meet FV or 
energy DGA recommendations, which is in alignment with the 
high prevalence of COWOB. Michimi and Wimberly found that 
as distance to supermarket increased the odds of adult obesity 
increased, and also that consuming ≥5 FV decreased the odds of 
adult obesity in contiguous US metropolitan areas. 37 Likewise, 
other studies found that FV availability in food stores and in 
the home were associated with increased consumption among 
children and adolescents.38,39 In Hawai‘i, a positive association 
was found between adults with a greater density of total or 
healthy food outlets and mean intakes of FV at 0.5 km.40 
 There are limitations to this study. This study did not examine 
all food stores on Guam but rather only those within the com-
munities participating in CHL. Participants may have had food 
stores in adjacent communities that were within their 1 mile 
buffer that were not included in this analysis. Data were also 
not collected from participants to determine where they shop for 
groceries, so it cannot be assumed that participant families buy 
food within 1 mile of their homes. Data was also not collected 
from community farmer’s markets as they were not operating 
during the survey collection period. In addition, other food 
outlets (eg, fast-food) were not surveyed and other consumer 
nutrition variables (eg, product placement, price comparison) 

were not evaluated. This could be a potential area to explore 
in the future as Rose, et al, 41 found that FV shelf-space was not 
significantly associated with BMI, but that cumulative shelf-
space of energy-dense snack foods was positively associated with 
BMI. A study by Snowdon, et al, found approximately 67% of 
Guam’s food supply is imported from the US, Philippines, and 
Japan. 31 Further, food stores alone in island communities may 
not adequately represent access and availability to FV because 
it does not account for produce grown locally (eg, family farm). 
With Guam’s agricultural movement currently growing, this 
is an opportunity to compare changes in subsistence farming, 
community markets and their effects on FV intake.
 This study did not reveal any association of the FSE on 
COWOB prevalence. Still, it is the first of its kind to evaluate 
the FSE using ArcGIS mapping on Guam. This is also the first 
study to evaluate dietary intake of young children ages 2 – 8 
years on Guam. To date, there is no surveillance system in 
place to monitor health behaviors of Guam’s young children. 42 

In addition, this relationship may need to be examined in other 
islands, which may be as geographically isolated and remote 
as Guam, and may have even greater difficulties with access 
to FV in food stores.

Conclusions and Implications
There is still much to be learned about the FSE on Guam, and 
its influence on dietary behaviors and weight status, before 
policies and interventions targeting this domain can be effective 
in promoting and maintaining child health. This study found 
lower BMI z-scores in participants having a small market closest 
to their residences in bivariate analysis, but future research is 
needed to explore other aspects of the FSE, such as the con-
sumer environment, the growing popularity of farmer’s markets, 
community gardens, and subsistence farming. Comprehensive 
studies of all communities using ArcGIS mapping will provide a 
clearer picture of Guam’s FSE. Further studies should establish 
temporality of relationships between the FSE, dietary intakes, 
and weight status of children. The physical activity environment 
should also be explored to examine its impacts on the lifestyles 
and weight outcomes of children on Guam.
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