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Summary

Street connectivity, as a neighbourhood built environmental factor, may affect indi-

vidual physical activity (PA) and subsequently weight status. However, these associa-

tions remain inconclusive. This study aimed to systematically review the association

between street connectivity and childhood obesity. A literature search was con-

ducted in the Cochrane Library, PubMed, and Web of Science for articles published

before January 1, 2019. All original studies that investigated the association between

street connectivity and weight‐related behaviours or outcomes among children and

adolescents were included. Forty‐seven articles were identified, including eight longi-

tudinal and 41 cross‐sectional studies conducted in eight countries. The sample size

ranged from 88 to 46 813. Street intersection density (SID), measured by Geographic

Information Systems in 36 studies and reported in 13 studies, was the main indicator

used to represent street connectivity. Forty‐four studies examined the association

between SID and weight‐related behaviours, including overall PA (n = 15),

moderate‐to‐vigorous PA (n = 13), active transport (n = 12), dog walking (n = 1), walk-

ing (n = 1), sedentary behaviours (n = 2), and TV viewing (n = 1). Fifteen studies

focused on the association between SID and weight‐related outcomes. Overall, evi-

dence from this systematic review and meta‐analyses suggested a positive associa-

tion between street connectivity and PA. However, it was difficult to draw a

conclusion on the association between street connectivity and BMI. More longitudi-

nal evidence is needed to confirm the causal association between street connectivity

and weight status.
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1 | INTRODUCTION

Excess body weight, often classified as overweight or obesity, is a

leading cause of morbidity and premature mortality worldwide. From

1980 to 2013, the global prevalence of overweight and obesity has

risen by 27.5% for adults and 47.1% for children. In developed coun-

tries, childhood overweight and obesity have increased significantly

during 1980‐2013 from 16.9% to 23.8% for boys and from 16.2% to

22.6% for girls. The prevalence of overweight and obesity in develop-

ing countries has also been elevated among children and adolescents,

increasing from 8.1% to 12.9% for boys and 8.4% to 13.4% for girls

during 1980‐2013.1 Serious health consequences are associated with

overweight and obesity, such as cardiovascular diseases, hypertension,

metabolic syndromes, type 2 diabetes, and cancers.2 Also, childhood

overweight and obesity tend to persist into adulthood. Therefore, con-

trol and prevention of childhood obesity should be prioritized.

It is widely accepted that the neighbourhood built environment

may affect individual weight status via interacting with personal char-

acteristics and influencing human behaviours. Street connectivity is

one such environmental factor, which is defined as the directness of

links and density of connections in street networks. It is usually

denoted by the density of intersections of three or more street seg-

ments per square kilometre, also referred to as street intersection den-

sity (SID). Several studies have demonstrated links between street

connectivity and children's outdoor physical activity (PA),3 such as

walking, playing, and cycling.4,5 While some studies also revealed a

negative association between street connectivity and childhood obe-

sity risk, findings remain inconclusive in terms of effect direction and

size.6,7 To the knowledge of the authors, there has not been any

review on these associations.

This study aimed to systematically review the association between

street connectivity and weight‐related behaviours/outcomes. In this

review, we examined a full range of measures of street connectivity

at multiple sites (eg, residential, school, and workplace

neighbourhoods) for a comprehensive understanding of their associa-

tions with children's outdoor behaviours and childhood obesity. Our

results are expected to be used for designing effective interventions

and policies for the prevention of childhood obesity.
2 | METHODS

A systematic review and meta‐analysis was conducted in accordance

with the Preferred Reporting Items for Systematic Reviews and

Meta‐Analyses.
2.1 | Study selection criteria

We included studies that met all of the following criteria: (a) study

subject (children and adolescents aged less than 18); (b) study design

(cross‐sectional studies and longitudinal studies including prospective

and retrospective cohort studies); (c) study outcome (weight‐related

behaviours [eg, PA, sedentary behaviours, and dietary behaviours]
and/or outcomes [eg, body mass index (BMI, kg/m2), overweight and

obesity, waist circumference, waist‐to‐hip ratio, and body fat]); (d) arti-

cle type (peer‐reviewed original research); (e) time of publication (from

the inception of an electronic bibliographic database to 31 December

2018); and (f) language (English).

We excluded any of the following studies: (a) studies that incorpo-

rated no measures of street connectivity or weight‐related

behaviours/outcomes; (b) studies without the inclusion of human par-

ticipants; (c) controlled experiments conducted in manipulated rather

than naturalistic settings; (d) studies not presented in English; or (e)

letters, editorials, study/review protocols, or review studies.
2.2 | Search strategy and data extraction

A keyword search was performed in three electronic bibliographic

databases: PubMed, Web of Science, and Cochrane Library. The

search strategy included all possible combinations of three groups of

keywords related to street connectivity, children, and weight‐related

behaviours or outcomes. Details of search strategies could be found

in Appendix A.

Titles and abstracts of all records identified through the keyword

search were screened against the study selection criteria by P.J. and

Y.Z. Discrepancies were compiled by Y.Z. and additionally screened

by Z.W. P.J., Y.Z., and Z.W. jointly discussed and determined the list

of articles for the full‐text review. P.J. and Y.Z. independently

reviewed the full texts of all articles in the list and jointly discussed

and determined the final list of the included articles. Then P.J. and Y.

Z. used the same standardized data extraction form to independently

extract data from each included study. Z.W. resolved discrepancies,

and Y.Z. reorganized and finalized all information tables.
2.3 | Data preparation for meta‐analysis

Twenty‐two studies were included in the meta‐analysis. Studies were

excluded as results of missing effect size information,8,9 lacking infor-

mation for effect size transformation,10-20 being the only study using a

specific pair of measures of street accessibility and weight‐related

behaviours/outcomes,21-23 being the only study of that type,7,24,25

or focus on a unique population.26

As most of the included studies reported effect sizes in the form of

odds ratio (OR),4,27-36 we retained OR when available and transformed

all other effect size measures into OR when needed for meta‐analyses.

Wherever effect sizes were not available, we collected27,37,38 or trans-

formed unstandardized regression coefficients39,40 (based on the

reported standard deviations) into standardized coefficients, which

were then coded into correlation coefficients41 for OR transformation.

One article reported the relative risk (RR),3 which was transformed

into OR using the equation OR=[RR*(1‐P)]/(1‐RR*P), where P denotes

the prevalence in control or reference group. The Cohen d42 and cor-

relation coefficients43-45 were directly transformed into ORs. For arti-

cles reporting effect sizes for multiple outcomes, we focused on

results for PA. Wherever multiple results were presented for different
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levels of measures of street connectivity, the measure calculated

within the largest area (eg, administrative unit or buffer zone) was cho-

sen for meta‐analyses.

2.4 | 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. This assessment tool rates each study

on a basis of 14 criteria (Appendix B). For each criterion, a score of

one was assigned if “yes” was the response, and a score of zero was

assigned otherwise (ie, 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 scores across all criteria.

The study quality assessment helped measure the strength of scientific

evidence, but was not used to determine the inclusion of studies.

2.5 | Statistical analysis

All statistical analyses were conducted in the Comprehensive Meta

Analysis Version 3.3.070.46 A random effect model was used to
FIGURE 1 Study exclusion and inclusion
flowchart
combine ORs and 95% confidence intervals (CIs), as we were estimat-

ing a distribution of effect sizes. The risk of publication bias was

assessed using funnel plots, where the logged ORs were plotted

against their corresponding standard errors for each study. Two formal

tests were also used for testing publication bias, including Egger

regression intercept test and Begg rank correlation test. Heterogene-

ity between studies was assessed by the chi‐squared heterogeneity

test (I2), where I2 value of 25%, 50%, and 75% indicated low, medium,

and high heterogeneity, respectively.

3 | RESULTS

3.1 | Study selection

Figure 1 showed the flowchart of study inclusion. Overall, 217 non‐

duplicated articles were included in the title and abstract screening.

Articles were excluded due to irrelevant themes (n = 102), adult pop-

ulation (n = 46), review papers (n = 3), not written in English (n = 1),

study design (n = 2), or lack of measures of street connectivity or

weight‐related behaviours/outcomes (n = 16). The remaining 47 arti-

cles were included in the full‐text review.
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3.2 | Study characteristics

Table 1 summarized the basic characteristics of the 47 included stud-

ies. All the studies were published between 2006 and 2018, compris-

ing 39 cross‐sectional studies, six longitudinal studies, and two studies

that contained both study designs. The sample size in these studies

ranged widely from 88 to 46 813. The majority of the studies was con-

ducted in the United States (n = 20), followed by in Australia (n = 7),

Canada (n = 7), Belgium (n = 2), Ireland (n = 2), New Zealand (n = 2),

Portugal (n = 2), and one study in each of China, Denmark, Germany,

Israel, and Spain. Twelve studies were conducted at a national level;

four were conducted in one state (ie, subnational) and one study in

multiple states; two were conducted at the county level, and the rest

were at the city level (nine were conducted in more than one city).

3.3 | Measures of street connectivity

Street connectivity was either perceived or objectively measured by

Geographic Information Systems (GIS) (Table S1). The perceived mea-

sures were included in the questionnaires of Neighborhood Environment

Walkability Scale for Youth (NEWS‐Y), Assessing Levels of Physical

Activity environmental (ALPHA), Neighborhood Impact on Kids (NIK),

and the International Physical Activity Prevalence Study. The most com-

monly used perceived measure was the NEWS‐Y questionnaire, with a

statement about street connectivity for participants to agree or not

agree: “The street in my neighborhood does not have many cul‐de‐sacs,

and there are many different routes for getting from place to place.”

More than half of the 36 GIS‐based studies measured SID, ie, the

number of street intersections within buffer zones centred on individ-

ual addresses or schools, with varying radii (from 0.25 to 8.05 km) and

two major methods of measuring radii (ie, straight‐line and road‐

network). The most commonly used buffer zone was a 1‐km road‐

network buffer (n = 7), followed by 1‐km straight‐line (n = 4), 0.8‐km

straight‐line (n = 4), 0.8‐km road‐network (n = 4), 1.6‐km road‐

network (n = 4), 0.4‐km straight‐line (n = 3), 0.4‐km road‐network (n

= 2), 2‐km straight‐line (n = 2), 2‐km road‐network (n = 2), 5‐km

straight‐line (n = 2), and the others used in the only study. Other mea-

sures of street connectivity were also used, for example, the Boone‐

Heinonen–calculated alpha index, and the ratio of the observed to

maximum possible route alternatives between intersections.

3.4 | Association between street connectivity and
weight‐related behaviours

Forty‐four studies examined the association between SID and weight‐

related behaviours, including PA (n = 42), specifically overall PA (n =

15), moderate‐to‐vigorous PA (MVPA) (n = 13), active transport (n =

12), dog walking (n = 1), and walking (n = 1), as well as sedentary

behaviours (n = 2) including one specifically measuring TV viewing

(Table S1). Eighteen studies objectively measured adolescents' PA by

requesting participants to wear an accelerometer, while 32 studies

had participants perceive the PA level via questionnaires, self‐

reporting, and parents' estimation.
Four and six (of 15) studies measuring the overall PA reported neg-

ative and positive associations between street connectivity and PA,

respectively, while the remaining studies did not report a significant

association in their results. Three, six, and two (of 13) studies measur-

ing MVPA reported negative, positive, and not significant associations

between street connectivity and MVPA, respectively, with three stud-

ies reporting both negative and positive associations in different

groups of participants. Greater street connectivity was also associated

with dog walking,27 walking,31,20 and active transport to school,4,30

while being negatively associated with sedentary time.28

3.5 | Association between street connectivity and
weight‐related outcomes

Fifteen studies measured weight‐related outcomes, including BMI (n =

12), BMI z‐score (n = 2), and weight status (n = 1). Three studies

reported negative associations between street connectivity and

weight‐related outcomes: one study reported this association

between the number of four‐way intersections within a 800‐m home

straight‐line buffer and the change in BMI z‐score7; one found this

association with girls' weight status only25; and another study

reported this inverse relationship on the basis of both cross‐sectional

and longitudinal data.47 Four studies reported no associations

between street connectivity and BMI.

3.6 | Study quality assessment

Table S2 reported criterion‐specific and global ratings from the study

quality assessment. The included studies scored 6.42 of 14 on aver-

age, ranging from 4 to 9.

3.7 | Meta‐analysis of associations between street
connectivity and PA

The pooled OR (Figure 2) for the association between street connec-

tivity and PA was 1.06 (95% CI, 1.02‐1.09; I2 = 87.1%). Although the

funnel plot (Figure S1) showed slightly more studies located to the

right side of the overall effect, there was no evidence of publication

bias as neither Egger regression intercept test nor Begg rank correla-

tion test was significant (1‐tailed P = .05 and 1‐tailed P = .21,

respectively).

Subgroup analyses were conducted to assess the association

between street connectivity and PA (Table 2). Studies with perceived

street connectivity by children showed the highest pooled effect

(OR = 1.13; 95% CI, 1.04‐1.24; I2 = 78.7%), while studies with mea-

sured street connectivity showed a marginally significant pooled effect

of 1.03 (95% CI, 1.00‐1.07; I2 = 84.8%). Studies with reported street

connectivity by parents had the lowest pooled effect (OR = 0.85;

95% CI, 0.47‐1.52; I2 = 86.8%). Those examining the association of

street connectivity in residential neighbourhoods with PA showed a

significant pooled effect (OR = 1.06; 95% CI, 1.01‐1.10; I2 = 87.6%),

compared with the ones examining school neighbourhoods (OR =

1.28; 95% CI, 0.95‐1.71; I2 = 88.9%). Considering PA type, studies
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focusing on MVPA showed the highest pooled effect (OR = 1.33; 95%
TABLE 2 Pooled effect estimates by subgroups of study
characteristics

Na Pooled OR (95% CI)b I2, %

Methods of street connectivity measurement

Objective 15 1.03 (1.00‐1.07) 84.8

Perceived (by children) 5 1.13 (1.04‐1.24) 78.7

Perceived (by parents) 3 0.85 (0.47‐1.52) 86.8

Sites of street connectivity

Home 20 1.06 (1.01‐1.10) 87.6

School 3 1.28 (0.95‐1.71) 88.9

Type of PAc

ATS 9 1.07 (1.03‐1.11) 87.9

MVPA 4 1.33 (1.17‐1.52) 0.0

PA 6 0.77 (0.53‐1.13) 92.5

Walk 4 1.07 (0.80‐1.42) 82.9

Abbreviations: ATS, active transport to school; MVPA, moderate‐to‐vigor-
ous physical activity; PA, physical activity.
aNumber of studies included.
bCalculated by random effect models.
CI, 1.17‐1.52; I2 = 0%). No significant pooled effects were observed in

other types of PA.
4 | DISCUSSION

In this study, we systematically reviewed 47 studies that assessed the

association between street connectivity and weight‐related behav-

iours and outcomes among children and adolescents. Mixed results

were observed for this association among the included studies.

Although more than half of the studies reported that higher street

connectivity was associated with more PA and better weight status,

other studies showed either opposite or null associations.

Our findings about the relationship between street connectivity and

weight‐related behaviours were consistent with a systematic review,48

where the reported SID seemed to promote walking consistently. In this

review, we identified 44 studies that analysed the association between

street connectivity and weight‐related behaviours, and measures of

behaviours varied across those studies. PA and MVPA were most com-

monlymeasured, and themajority of the studiesmeasuring them showed

that higher access to SIDs could predict higher levels of PA and MVPA.

This link is probable, since better street connectivity likely provides a

more walkable environment, especially for children and adolescents.
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Some studies found negative associations between street connectivity

and children's PA/MVPA, and the reason might be that neighbourhoods

with higher street connectivity may have fewer cul‐de‐sacs and thus be

high‐traffic areas, which are not suitable for children's outdoor activity.49

BMI and BMI z‐score were the main weight‐related outcomes

analysed in the included studies. It is difficult to draw conclusions on

its association with street connectivity, due to the limited number of

available studies, although some studies did indeed find a negative

relationship.7,47 Several conceivable reasons may help explain the null

findings for BMI. For instance, more walkable neighbourhoods may

also provide greater access to food outlets, thereby offsetting benefits

from increased PA.26 However, on the other hand, food environments

may also confound the observed negative association between street

connectivity and weight status.50-52 Besides, the home environment

could be one of confounding factors, which may be more often asso-

ciated with weight status than residential neighbourhood environ-

ment.24 Other aspects of the neighbourhood built environment may

also confound the association of interest.53,54

There were some limitations in the included studies that need to be

acknowledged, which also suggest future research in several directions.

First, the measurement of SID took place at only one scale in some stud-

ies or at multiple scales defined differently across studies, which has

weakened the comparability among studies. Also, more measures of

street connectivity and access to walkable streets should be used. Sec-

ond, the majority of the studies included was cross‐sectional with few

longitudinal studies. The increasing use of the advanced spatial and big

data approaches will lead to more frequent measurements of built envi-

ronments for the longitudinal study design and the linkage to follow‐up

health data.55-57 The testing of statistical power has also been suggested

for longitudinal studies, so reasons for selecting or recruiting the number

of people included or analysed should be presented.58 Also, multiple

measurements of street connectivity in those rapidly developed regions

are needed to increase the reliability of exposure measurements. Third,

confounding factors were differently controlled across studies, which

may affect the results obtained. Fourth, the perceived street connectivity

has almost been measured by traditional questionnaires, which, to some

extents, reflected the perception of parents and may not be associated

with children's activities. New technologies and approaches could be

used to measure children's perception.59 Finally, weight‐related behav-

iours and outcomes (or their definitions) differed across studies, which

limited the number of studies that could be included in themeta‐analysis.

All those differences in the measurement could lead to heterogeneity,

which remained in our subgroup analyses (except for MVPA) and may

also be from other potential sources (eg, differences in study design

and population and methods of data collection).
5 | CONCLUSIONS

This review showed mixed findings, although a larger number of the

included studies revealed a positive association between street con-

nectivity and PA, and a negative association between street connectiv-

ity and weight‐related outcomes. Note that higher street connectivity
may only represent higher potential use instead of actual use; the latter

needs to be measured by combining both objective and perceived mea-

sures. More longitudinal evidence is needed to strengthen the causality

of this association. Research on the utilization of streets in the

neighbourhood and the pathways from street connectivity to childhood

obesity are needed to allow multiple stakeholders to design effective

interventions and policies for preventing childhood obesity.
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