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Summary

The lack of access to full-service restaurants (FSRs) is generally thought to be a risk

factor for childhood obesity, as it could discourage healthful eating-out behaviours

while increasing the exposure to unhealthful food venues as “compensatory” options.

However, the association between FSR access and childhood obesity has not been

comprehensively reviewed previously. A literature search was conducted on PubMed

and Web of Science for articles published before 1 January 2019 that examined the

association between FSR access and weight-related behaviours and outcomes among

children and adolescents. Eighteen studies conducted in three countries were identi-

fied, published from 2006 to 2018 with a median sample size of 2352 (ranging from

323 to 529 367). Findings were mixed among these 18 studies that reported on the

association between access to FSRs and weight-related outcomes. Our meta-

analyses showed that there were no significant associations of FSR access with the

level of body mass index (BMI) and the BMI z-score among children. Also, there was

no apparent evidence on the association between FSR access and the risk of

overweight/obesity. Our results need to be interpreted with caution, considering the

menu quality of FSRs and heterogeneity of eligible studies in this meta-analysis.

Well-designed epidemiologic studies are warranted to further elaborate on the

potential association between FSR access and children's weight status.
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1 | INTRODUCTION

Obesity is a leading cause of morbidity and premature mortality

worldwide.1 A recent study showed that the global age-standardized

prevalence of obesity had reached 5.8% for girls and 7.8% for boys in

2016.2 The increasing prevalence of overweight and obesity in chil-

dren can contribute to a greater risk for noncommunicable diseases

throughout the life course, such as diabetes, cardiovascular diseases

and cancers.3 Healthy food environments have been well-known as

one of the key factors in the fight against obesity, for example, easy

access to healthy food outlets in residential and school

neighbourhoods, limited or no access to sugar beverage in schools

and childcare centres and strong nutrition standards for foods served

at public facilities.4 They can affect individual's dietary behaviours and

subsequently weight status.5 Therefore, it is important to promote

healthy food venues in the neighbourhood.

A full-service restaurant (FSR) primarily provides table services

and sit-down eatery services to customers and is one of the most

important and widely studied food environmental features in obesity

research.6 Over the past years, the availability of FSRs and foods con-

sumed at FSRs have both substantially increased, paralleled by the

amount of times children eating at FSRs, which may be associated

with children's weight status through different pathways.7 On one

hand, children's meals at FSRs tend to have a higher level of calories,

fat, carbohydrates and sugar than those prepared at home8,9; excess

calories intake, increased portion size and sugar consumptions at FSRs

are important risk factors for developing childhood obesity.10 On the

other hand, FSRs may provide healthier food options than other types

of food venues, such as fast-food restaurants, which could make FSR

access a potential protective factor for childhood obesity. The

reported associations between FSR access in the neighbourhood and

the risk for childhood obesity have been inconsistent across studies,

and the overall association of FSR access with children's weight-

related outcomes remains not well characterized.

To fill this knowledge gap, we conducted a systematic review and

meta-analysis to quantify the association between FSR access and

weight-related behaviours and outcomes among children and adoles-

cents. We hypothesized that less or lack of access to FSRs in the

neighbourhood was associated with a lower level of intake of health-

ful food, a higher level of compensatory intake of unhealthful food

and higher weight status among children and adolescents. Among the

included studied, FSR access and the youth's weight-related behav-

iours and outcomes were all measured in various forms, which were

further compared and summarized in this review. This study would

provide a timely, comprehensive overview of measures of FSR access

and their association with childhood obesity.

2 | METHODS

A systematic review and meta-analysis were conducted in accor-

dance with the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses.

2.1 | Search strategy and literature filtering

A keyword search was performed in PubMed and Web of

Science. The search strategy included all possible combinations of

keywords related to full-service restaurants, children, and weight-

related behaviours or outcomes (Appendix S1). Titles and abstracts of

the articles identified through the keyword search were

screened against the study selection criteria. Potentially relevant arti-

cles were retrieved for an evaluation of the full text. Two reviewers

independently conducted the title and abstract screening and

identified potentially relevant articles for the full-text review. Discrep-

ancies were screened by a third reviewer. The three reviewers jointly

determined the list of articles for the full-text review. Then, two

reviewers independently reviewed the full texts of all studies in the

list and determined the final pool of studies included in the review.

2.2 | Study selection criteria

Studies that met all of the following criteria were included in the

review: (1) study design: observational studies including cross-

sectional and longitudinal studies; (2) study subject: children and

adolescents aged <18; (3) exposure variable: FSR access

(e.g., number or density of FSRs, distance to the nearest FSR);

(4) study outcome: weight-related behaviours (e.g., eating behav-

iours) and/or outcomes (e.g., body mass index [BMI, kg/m2], over-

weight, obesity, waist circumference, waist-to-hip ratio and body

fat); (5) article type: peer-reviewed publications that are not letters,

editorials, study/review protocols or review articles; (6) time of

publication: from the inception of the electronic bibliographic data-

base to 31 December 2018 and (7) language: English.

2.3 | Data extraction and preparation

A standardized data extraction formwas used to collect methodological

and outcome variables from each selected study, including author(s),

year of publication, study area, study scale, sample size, sample age,

sample characteristics (follow-up status for longitudinal studies),
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statistical model, measures of weight-related behaviours/outcomes,

measure(s) of FSR access, other environmental factors adjusted for in

the model and key findings on the association between FSR access and

weight-related behaviours/outcomes. If one study reported the esti-

mates by quartiles of the measure of FSR access for the same outcome,

we extracted the estimate of the highest quantile compared with low-

est quantile. Two reviewers independently extracted data from each

study included in the review, and discrepancies were resolved by a third

reviewer.

2.4 | Meta-analysis

A meta-analysis was performed to estimate the pooled associations

of FSR access with each weight-related behaviour and outcome

used in the included studies. Weight-related outcomes included

BMI, BMI z-score, overweight and obesity. The BMI was calculated

by dividing the weight (kg) by the squared height (m2). Overweight

(BMI ≥85th percentile) and obesity (BMI ≥95th percentile) were

defined based on the 2000 age- and sex-specific Centers for Dis-

ease Control and Prevention (CDC) Growth Charts,11 or the Interna-

tional Obesity Task Force (IOTF)-recommended age- and sex-

specific cut-offs.12 Several studies were not included in meta-

analyses due to the following reasons: (1) neither standard error nor

confidence interval (CI) was reported; (2) the effect size was unable

to be transformed into a standardized coefficient (i.e., beta coeffi-

cient) due to the limited information reported; (3) a unit change of

the exposure variable was inconsistent with others and (4) two or

less studies reported the same outcome variables.

The level of study heterogeneity was assessed by the I2 index

and interpreted as modest (I2 ≤ 25%), moderate (25% < I2 ≤ 50%),

substantial (50% < I2 ≤ 75%), or considerable (I2 > 75%). A fixed-

effect model was estimated when a modest to moderate heterogene-

ity was present, and a random-effect model was estimated when a

substantial to considerable heterogeneity was present. All statistical

analyses were conducted by using the Stata 14.2 SE version

(StataCorp, College Station, TX). All analyses used two-sided tests

and p < 0.05 was considered statistically significant.

2.5 | Study quality assessment

We used the National Institutes of Health's Quality Assessment Tool

for Observational Cohort and Cross-Sectional Studies to assess the

quality of each included study, which helped to measure the strength

of scientific evidence, but was not used to determine the inclusion of

studies. This assessment tool rated each study based on 14 criteria.

For each criterion, a score of one was assigned if ‘yes’ was the

response, whereas a score of zero was assigned otherwise (i.e., an

answer of ‘no’, ‘not applicable’, ‘not reported’, or ‘cannot determine’). A

study-specific global score ranging from 0 to 14 was calculated by

summing up the scores across all criteria.

3 | RESULTS

3.1 | Study selection and characteristics

We identified 988 studies from two databases through the keyword

search. After deleting 277 duplicates, the remaining 711 studies

underwent title and abstract screening, and 662 articles were

excluded. The full texts of the remaining 49 studies were reviewed

against the study inclusion criteria, and another 31 studies were fur-

ther excluded. The remaining 18 studies that examined the associa-

tion between access to FSRs and children's weight-related behaviours

or outcomes were included in this systematic review (Figure 1).6,13–29

Eighteen included studies, consisting of 11 cross-sectional stud-

ies and seven cohort studies, were published from 2006 to 2018

(Table 1). Sixteen of those were conducted in the United States

and the other two in Canada and China separately. The number of

participants ranged from 323 to 529 367 among the 11 cross-

sectional studies and from 348 to 21 639 among the seven cohort

studies.

3.2 | Measures of FSR access

The measures of FSR access mainly included the absolute or per

capital number of FSRs within administrative units or catchment

areas (i.e., buffer zones), as well as the distance from children's

homes/schools to the nearest FSRs (Table 2). The FSR access was

measured in five studies as the straight-line or road-network dis-

tance to the nearest FSRs; in six studies as the number of FSRs

within the buffer with a certain radius around homes/schools and in

eight studies as the density of FSRs per 10 000 persons within the

buffer around homes/schools, or within postal zones where

homes/schools were located. One study measured FSR access using

a composite score of probability that a child patronized FSRs. The

weight-related behaviours were used in only one study, where the

frequency of consumption of fruits, vegetables, soda, sweet snacks,

salty snacks, ready-made dinner and ready-made dinner were

recorded by a modified version of the Beverage and Snack Ques-

tionnaire. The weight-related outcomes were measured in 10 studies,

self-reported in six studies and extracted from electronic health

record in two studies.

3.3 | Associations between FSR access and
obesity-related behaviours and outcomes

Findings were mixed among 18 studies that reported on the associa-

tion between FSR access and weight-related outcomes. Of 18 included

studies, one study reported that FSR access, measured by number of

FSRs in 3.2-km home straight-line buffer, was not associated with

children's dietary behaviours or how often children eat restaurant

meals.26 Eight studies found that FSR access was associated with

weight-related outcomes: four studies reported the association of

JIA ET AL. 3 of 14



greater access to FSRs with a higher BMI,27 a higher BMI z-score22,25

and a higher risk of obesity17; however, five studies reported an oppo-

site association.13,14,17,23,26 Also, eight studies reported that there

was no significant association between FSR access and weight-related

outcomes.6,15,18–20,24,28,29 Furthermore, two studies reported an

interactive effect of sex, where the association between the straight-

line distance from home to the nearest FSR and BMI was found to be

stronger in girls than boys.23,25

3.4 | Meta-analysis of weight-related status

The estimated effects of FSR access on weight-related behaviours

and outcomes were summarized (Table 3). The results of our meta-

analysis showed that there was no significant association between

FSR access and children's BMI and BMI z-score, with pooled estimates

of 0.030 (95% CI: −0.014, 0.074; I2 = 39.7%, τ2 = 0.0010) (Figure 2)

and −0.023 (95% CI: −0.085, 0.039; I2 = 72.7%, τ2 = 0.0031)

(Figure 3), respectively. There was no significant evidence of the asso-

ciation between FSR access and the risk for overweight/obesity

(OR = 0.997, 95% CI: 0.992, 1.002; I2 = 60.1%, τ2 = 0.0001) (Figure 4).

The associations remained not significant in subgroup analyses by

measure of FSR access or by study design. For example, the density

of FSRs (number per 10 000 persons) was not associated with the

children's BMI (β = 0.025, 95% CI: −0.009, 0.059); the association

between the distance from home to the nearest FSRs and children's

BMI was also found not to be significant (β = 0.193, 95% CI: −1.291,

1.676).

3.5 | Study quality assessment

According to the criterion-specific and global ratings from the study

quality assessment, the included studies scored 9 out of 14 on aver-

age, with a range from 7 to 12 (Table 4).

4 | DISCUSSION

We found that the associations between FSR access and children's

weight status reported in previous studies were mixed. Eight out of

18 included studies found no significant associations of FSR access

with BMI, BMI z-score and overweight/obesity. However, some stud-

ies found that greater access to FSRs was associated with a higher

BMI, BMI z-score and risk for overweight/obesity, while some

reporting an opposite association. In the meta-analyses, we did not

find any significant associations between FSR access and children's

weight-related outcomes (BMI, BMI z-score or overweight/obesity).

F IGURE 1 Study exclusion and
inclusion flowchart
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Among included studies, the cohort study with the largest sample

size reported that greater access to FSRs was significantly associated

with a decreased risk for overweight or obesity. However, the cross-

sectional study with the largest sample size reported an opposite asso-

ciation. Our meta-analysis showed that there was a weak, not signifi-

cant association of greater access to FSRs with the decreased risk for

overweight or obesity. The study conducted in Canada reported that

middle school students with greater access to FSRs had a lower risk

for overweight.14 The potential mechanism behind this relationship

may be that greater access to FSRs could provide an opportunity to

select healthier food in the Canadian context. Most included studies

could not find any significant associations between FSR access and

children's weight-related outcomes, which might be because FSRs

provide not only healthy foods but also unhealthy foods, so their

effects on weight status might have been offset. Also, the limited

number of included studies may weaken the statistical power of our

meta-analysis, thereby leading to lack of the observed significant

associations.

The association between access to FSRs and children's weight

status is complex. The frequency of eating at FSRs might be an impor-

tant factor mediating this association.30 However, none of the

included studies investigated a potential mediation effect through the

frequency of eating at FSRs. The menu in these restaurants may also

influence children's dietary intake, where, if FSRs provide more

options of healthful foods, they could help children decrease their

overall calorie intake and thus maintain or improve their weight sta-

tus.7,31 The household income and lifestyles of parents could be other

mediators between FSR access and children's weight status, which

could also explain inconsistent associations across the included stud-

ies. The different socio-economic factors in the context of individual

studies may also affect the pooled estimates in our meta-analysis; the

association between FSR access and children's weights status may

alter with or without adjusting for socio-economic factors. For exam-

ple, a significant negative association between the density of FSRs

and obesity prevalence was initially found across the United States,

but disappeared after adjusting for additional socio-economic

F IGURE 2 Forest plot of the
associations between access to full-
service restaurants and body mass
index

F IGURE 3 Forest plot of the
associations between access to full-
service restaurants and body mass
index z-score
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factors.32 The density or number of FSRs are principally larger in high-

income areas than in low-income areas.33 Although wealthier and

more educated individuals have more access to FSRs, they have better

food environments and dietary behaviours in general, thus are less

susceptible to obesity. Underlying the mediation effects might be

important heterogeneities in socio-economic factors. Therefore, our

findings in this study need to be interpreted with caution.

Although this study is a comprehensive synthesis of evidence of

the associations between FSR access and children's weight-related

outcomes, there are also some limitations in the study. First, the

types of food served in FSRs may vary across subcategories of FSRs,

especially in large study areas.34 This issue also exists in the studies

on other types of food environmental features.35–39 Hence, more

studies using detailed subcategories of FSRs or even FSR menus

would further advance this field.40,41 Second, the measures of FSR

access varied across those studies, which hindered comparability

across studies.42 We tried to mitigate this issue by conducting sub-

group analyses for each measure of FSR access, which, however,

included a limited number of eligible studies in each analysis and

thereby weakened the robustness of the findings. Therefore,

F IGURE 4 Forest plot of the
associations between access to full-
service restaurants and risk for
overweight/obesity

TABLE 4 Quality assessment of 18 included studies (see 14 questions in Appendix S2)

Criterion

study 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total score

Chen (2016)26 ● ● ● ● � ● ● � ● � ● � ● ● 10

Lee (2012)29 ● ● ● ● � ● ● ● ● � ● � ● ● 11

Leung (2011)6 ● ● ● ● � ● ● ● ● � ● � ● ● 11

Powell (2009)21 ● ● ● � � � � � ● � ● � ● ● 7

Shier (2016)24 ● ● ● ● � � � ● ● � ● � ● ● 9

Sturm (2005)15 ● ● ● ● � ● ● � ● � ● � ● ● 10

Zhang (2016)23 ● ● ● ● � ● ● ● ● � ● � ● ● 11

Auld (2009)20 ● ● ● ● � � � � ● � ● � ● ● 8

Davis (2009)27 ● ● ● ● � � � ● ● � ● � ● ● 9

Fiechtner (2013)28 ● ● ● ● � � � ● ● � ● � ● ● 9

Fiechtner (2015)22 ● ● ● ● � � � ● ● � ● � ● ● 9

Galvez (2009)18 ● ● ● ● ● ● ● ● ● � ● � ● ● 12

Gorski Findling (2018)19 ● ● ● ● � � � � ● � ● � ● ● 8

Li (2015)17 ● ● ● ● � � � � ● � ● � ● ● 8

Mellor (2011)16 ● ● ● ● � � � ● ● � ● � ● ● 9

Powell (2007)13 ● ● ● � � � � � ● � ● � ● ● 7

Seliske (2009)14 ● ● ● ● � � � ● ● � ● � ● ● 9

Wall (2012)25 ● ● ● ● � � � ● ● � ● � ● ● 9

Note: ● denotes the answer ‘Yes’, and � denotes the answer ‘No’.

12 of 14 JIA ET AL.



reporting quality of interdisciplinary studies should be improved by

following relevant reporting guidelines.43 Third, subgroup analyses by

income status and country, which might function as potential effect

modifiers of the associations of interest, were not performed because

of the limited number of studies. Doing so in the future would help

to better understand the patterns of visiting FSRs, so future study

designs could be improved with consideration of more unidentified

confounders. Fourth, other components of the built environmental

exposure may affect the association among food environments, diets

and weight status.44,45 For example, active transport could coincide

with eating out, so energy balance should be evaluated by better

interdisciplinary approaches in the future. Fifth, this study did not

examine whether the association of FSR access with childhood obe-

sity was confounded or modified by the relative access to the fast-

food restaurants. Lastly, most of the included studies are cross-

sectional studies, which may subject to reverse causation. Longitudi-

nal studies with food environment also measured in the same fre-

quency at least are warranted to consolidate the current

association.46

5 | CONCLUSIONS

In this study, our meta-analyses showed that there was no evidence

of the significant associations between FSR access and weight-related

outcomes. Although evidence is limited, it is still important to advo-

cate FSRs to provide higher quality food, which could make individ-

uals with better access to FSRs less likely to be susceptible to diet-

related diseases. The improvement of children's eating environments

remains an important potential strategy to curb the global obesity epi-

demic. Given the low feasibility of the randomized clinical trials

directly testing the primary prevention of obesity by FSR access, pro-

viding more well-designed prospective cohort studies and more evi-

dence for policies focusing on children's environments are needed to

further elaborate on the association between FSR access and chil-

dren's weight status.
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