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Summary

The study determined the association between body mass index (BMI) [B-Z] score and fruit and 

vegetable intake, frequency and ratio of fast food outlets and grocery stores in concentric areas 

around the child’s residence, outdoor play and total crime index. Data from 78 Louisiana pre-

school children were analyzed using Pearson’s correlation and multiple regression analysis. 

Parental-reported fruit intake was linearly associated with increased number of grocery store 

counts in concentric areas around the child’s residence (P = 0.0406, P = 0.0281). Vegetable intake 

was inversely (P = 0.04) and the ratio of fast food outlets to grocery stores in a 2-mile concentric 

area around the child’s residence was positively (P = 0.05) associated to BMI z score after 

applying Best Model regression analysis (F = 3.06, P = 0.0346). Children residing in 

neighbourhoods with greater access to fast foods and lower access to fruits and vegetables may be 

at higher risk for developing obesity during pre-school years.

Keywords

Behaviour; environment; obesity; pre-school

Unfavourable environmental conditions such as access to fast food and convenience stores, 

poor access to beneficial infrastructure (e.g. playgrounds, sidewalks) and physical disorder 

(e.g. graffiti, blight) create barriers to healthy behaviours (fruit and vegetable intake and 

physical activity) and therefore may increase the risk for pre-school obesity (1–7). 

Neighbourhood crime may also be a significant environmental barrier to outdoor play due to 

negative safety perceptions (5,8–9). However, inconsistencies plague research assessing the 

impact of environmental conditions and individual behaviours on obesity risk in pre-school 
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children (10,11). Although expected, associations between obesity risk, healthy eating and 

physical activity behaviour and environmental conditions are not apparent in pre-schoolers.

We propose that pre-school obesity is negatively associated with fruit intake, vegetable 

intake, grocery stores and outdoor play, but positively associated with fast food outlets and 

crime density. Baseline data were extracted from a randomized controlled trial, Nutrition and 

Physical Activity Self-Assessment in Child Care Centers, in 13 treatment and 13 waiting list 

control centres located in Southeast Louisiana. Using a cluster, stratified sampling method, 

children aged 2–5 years were invited to participate, but excluded if chronic medical 

conditions or a life-threatening disease, which would interfere with study measurements, 

was present; or if parents were unwilling or unable to communicate with staff or provide 

informed consent.

The total baseline study sample included 400 children at 26 day care centres. Overall, 35% 

responded to a validated food frequency questionnaire (12) and 34% responded to the 

outdoor playtime checklist. Response rates significantly differed by race (P < 0.001). 

Among non-white participants, 26% responded to the nutrition questionnaire, compared to 

54% among white participants. Furthermore, 26% of non-white compared to 52% of white 

participants responded to the outdoor playtime questionnaire. Participants with height and 

weight data, a valid address and completed nutrition and outdoor playtime questionnaires 

were included (n = 78 from 17 day care centres). Characteristics of this sample (n = 78) did 

not differ from the total study sample (n = 400).

Trained interventionists collected height and weight with standard anthropometric 

procedures. Body mass index (BMI) z score, the primary outcome variable, was then 

calculated (13). A surrogate measure of the servings of children’s fruit and vegetable intake 

as perceived by parents or guardians was obtained because of the participants’ young age. A 

total of 14 fruits and 18 vegetables were included in the questionnaire (Table 1). Answers to 

all fruit and vegetable survey questions were summed to determine the average number of 

perceived servings consumed per week. Fast food and grocery stores, defined using the 

North American Industry Classification System code, were obtained from INFO USA (14). 

After geocoding, three buffers (1, 2 and 4 miles) were created using Geographic Information 

Systems (GIS) software by ESRI (Redlands, CA) to calculate fast food outlets and grocery 

store counts in varying distances from each child’s home address.

Parents or guardians completed the outdoor playtime checklist (15). Responses were 

averaged to determine the number of minutes each child played outdoors near his/her home 

residence per week. CrimeRisk, a block group and higher level geographic database, was 

used to assess a range of serious crimes against both persons and property including 

personal crime, murder, rape, robbery, assault and property crimes (sample range: 11–

397.8). In GIS software, the geocoded residence of each child was linked to crime risk data 

within the corresponding census tract.

Partial correlation coefficients (adjusted for race and sex) and Best Model procedures 

selected from regression analysis determined the association between BMI z score and fruit 
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and vegetable intake, fast food and grocery store counts, the ratio of grocery stores to fast 

food, outdoor play and crime risk.

Study participants averaged 2.94 years, and 49% were male (Table 2). The majority of the 

sample was white (54%). Mean BMI z score was 0.42 (SD ± 0.97). White children had the 

highest mean BMI z score (0.56 [SD ± 0.73]) compared to blacks (0.26 [SD ± 1.28]) and 

other (0.28 [SD ± 0.9]) races. The average number of fast food and grocery store counts 

increased in larger concentric areas. At 1 mile, the mean fast food count was 5.47 (SD 

± 7.54), at 2 miles 18.99 (SD ± 18.22), and at 4 miles 53.74 (SD ± 43.81). The mean grocery 

store count at 1 mile was 2.58 (SD ± 3.07), at 2 miles 8.03 (SD ± 8.49), and at 4 miles 25.71 

(SD ± 26.55). In all three concentric areas, approximately double the number of fast food 

outlets than grocery stores was observed. The mean crime index was 85.21 (SD ± 82.11) 

(Table 2).

Fruit intake was significantly correlated with grocery store counts. Increased grocery store 

availability within 2 and 4 miles was also significantly correlated with fruit intake (P = 

0.0406, P = 0.0281). Significant results (F = 3.06, P = 0.0346 [table 3]) were found using a 

best-fit model regression analysis for BMI z score, which included vegetable intake 

(servings/week), the ratio of fast food outlets to grocery stores in a 2-mile concentric area 

around the child’s residence and outdoor play (minutes/week). Individually, vegetable intake 

was significantly related to BMI z score (P = 0.0472), and the ratio of fast food outlets to 

grocery stores approached, but did not achieve statistical significance (P = 0.0590). Outdoor 

play was not significantly related to BMI z score (P = 0.1130) (Table 3). Relationships 

remained or achieved significance when gender and race were considered in the analysis of 

BMI z score and vegetable intake (P = 0.0398), and the ratio of fast food outlets to grocery 

stores (P = 0.0487) (Table 3). There was no correlation between BMI z score and crime risk.

These findings provide preliminary evidence that individual behaviours (fruit and vegetable 

intake, outdoor play) and environmental factors (fast food outlets, grocery stores) should be 

jointly targeted to reduce the risk of pre-school obesity. Other factors such as convenience 

stores, parental eating and physical activity behaviours, mode of transportation and 

independent measures of crime should also be considered (2,11). Prior studies have not 

considered fast food outlets and grocery stores simultaneously; nor have they assessed 

concentric areas individually and collectively (9–11). This was the first study to examine 

varying distances of fast food outlets, grocery stores and the ratio of fast food outlets to 

grocery stores around the child’s residence. However, results are limited by surrogate 

measures for fruit and vegetable consumption and outdoor playtime. Limitations also 

include the use of outdoor playtime as a proxy for physical activity, and the omission of 

indoor activities or outdoor play at school. Small sample size and low response rates in non-

white participants further limit study findings. Further research, which examines 

environmental conditions and individual behaviours concurrently, is needed to promote the 

implementation of effective policies to reduce obesity risk in pre-school children.
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Table 1

Evaluation of fruit and vegetable intake as reported by parents

How often did your child eat a serving of these foods during the past week?

Vegetables (n = 18) Fruits (n = 14)

Corn, peas, tomatoes, peppers (green, red or hot), carrots, broccoli, green beans, 
spinach, greens (mustard, turnip, kale), mixed vegetables, squash (orange or 
winter), yellow squash, zucchini, potatoes, sweet potatoes or yams, cabbage, 
coleslaw, cauliflower and lettuce salad

Banana, peaches, fruit cocktail, mixed fruit, orange, 
grapefruit, apple, pear, grapes, strawberries, melons, 
pineapples, raisins and prunes
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Table 2

Individual and environmental-level characteristics of pre-school students (n = 78 from 17 day care centres)

Variable Mean (±SD)

BMI 16.48 (1.79)

BMI z score* 0.42 (0.97)

Age 2.94 (0.69)

Gender (n [%])

 Male 38 (48.72)

 Female 40 (51.28)

Race/ethnicity (n [%])

 White 42 (53.85)

 Black 27 (34.62)

 Other 9 (11.54)

Weight status

 Normal weight (BMI < 85th) 60 (76.92)

 Overweight (85th ≤ BMI < 95th) 10 (12.82)

 Obese (BMI ≥ 95th) 8 (10.26)

Fruit intake (servings/week) 14.36 (8.18)

Vegetable intake (servings/week) 17.59 (9.51)

Fast food count (1 mile) 5.47 (7.54)

Fast food count (2 miles) 18.99 (18.22)

Fast food count (4 miles) 53.74 (43.81)

Grocery count (1 mile) 2.58 (3.07)

Grocery count (2 miles) 8.03 (8.49)

Grocery count (4 miles) 25.71 (26.55)

Ratio of fast food to grocery stores (1 mile) 2.59 (3.10)

Ratio of fast food to grocery stores (2 miles) 2.60 (2.07)

Outdoor play (min/week) 692.67 (1988.80)

Total crime index 85.21 (82.11)

*
BMI was adjusted for age and gender using U.S. CDC growth charts (13).
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Table 3

Relationship of vegetable intake, ratio of fast food outlets to grocery stores (2 miles), outdoor play and BMI z 

score not adjusted and adjusted for race and gender: model selected from regression analysis

Estimate coefficient (SE) P value Adjusted estimate 
coefficient (SE)

Adjusted P value

Vegetable Intake (servings/week) −0.02 (0.01) 0.05 −0.02 (0.01) 0.04

Ratio of fast food outlets to grocery stores (2 miles) 0.12 (0.06) 0.06 0.12 (0.06) 0.05

Outdoor play (min/week) −0.00 (0.00) 0.11 −0.00 (0.00) 0.10
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