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Summary

Urban sprawl is thought to be a risk factor for childhood obesity primarily because

the physical environment it creates discourages children's physical activity while

encouraging their sedentary behavior. However, there has not been any review on

the association between urban sprawl and childhood obesity. This study filled this

research gap by comprehensively reviewing literature focusing on associations

between urban sprawl and weight-related behaviors and outcomes among children

and adolescents. Only two longitudinal and three cross-sectional studies conducted

in two countries were identified. Sample sizes ranged from 2324 to 129 781. Four

studies used weight status, and only one study used both behaviors and weight sta-

tus as outcome variables. All positive, negative, and non-significant associations were

reported. This review could not identify a clear association between urban sprawl

and childhood obesity. More longitudinal studies are needed for in-depth analyses on

this important topic in more regions, which would be important not only for public

health guidelines but also for research, practice, and policies in urban planning.
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1 | INTRODUCTION

Obesity, a prolonged condition of being abnormally or excessively

overweight, is a leading cause of morbidity and premature mortal-

ity worldwide. Not only is obesity a significant health problem in

its own right, it is also one of the key risk factors for other non-

communicable diseases.1 For instance, overweight/obesity has been

linked to approximately 58% of all individuals with diabetes and

8–41% of people with different types of cancers2,3; higher rates of

deaths for a wide range of cancers have also been attributed to

obesity.4 As in adults, obesity in children also causes, among other

serious health problems, hypertension, gallbladder disease, and vari-

ous psychosocial distempers that impair their quality of life.5 More-

over, childhood obesity has lifecourse effects as children and

adolescents with obesity are more likely to persist with obesity

into adulthood compared with their counterparts without obesity.6

In 2016, about 39% of men and 39% of women suffered from

obesity and overweight, and 18% of children and adolescents were

overweight or obese; by 2035, the obesity (including overweight)

share of the global population is predicted to reach 45% or nearly

4 billion people given population projections by the United

Nations.7

An increasingly obesogenic, or obesity-inducing, environment

may account for the growing prevalence of childhood obesity,

which is mainly determined by the built and food

environments.8–12 Also, many reviews have been conducted to syn-

thesize this evidence.6,13–22 However, most, if not all, such reviews

have focused on neighborhood environmental factors; environmen-

tal factors beyond the neighborhood level have been relatively

understudied. Urban sprawl is one such obesogenic environmental

factor. Urbanization has been most rapid in developing economies,

but urban sprawl has become increasingly pronounced in devel-

oped economies such as the United States and European Union.23

It can be generally defined as the expansion of built land cover

with low population density, with change characterized by the

speed of urban area growth outstripping the speed of population

growth. This often leads to the inefficient use of land resources as

well as higher energy use and material throughput, prompting sci-

entists to characterize the phenomenon as being environmentally

unsustainable.24–27 In addition to its impacts on land and climate,

urban sprawl can also generate public health challenges. Perhaps

most significantly with relation to its effects on lifestyle choices,

the physical environment it creates discourages residents from

walking since different functional zones are separated by distances

that are not walkable from the standpoint of practical, daily activi-

ties.28 Furthermore, children living in urban sprawl may be discour-

aged from outdoor physical activity (PA) due to safety concerns.

This study attempts to examine how urban sprawl is associated

with childhood obesity outcomes. To the best of our knowledge,

there have been no systematic reviews focusing on the association

between urban sprawl and weight-related behaviors or outcomes

among children and/or adolescents. This study fills this research

gap by systematically reviewing all relevant existing studies on this

important public health issue. We tested our hypothesis that urban

sprawl is associated with lower PA levels but higher levels of sed-

entary behaviors and thereby weight gain. Furthermore, this review

contributes to the existing literature by summarizing multiple types

of measures of urban sprawl and demonstrating the heterogeneities

in the associations between those measures and various measures

of weight-related behaviors and outcomes. Our findings provide a

comprehensive and up-to-date summary and interpretation of the

scientific evidence on how a key dimension of urbanization may

affect childhood health. This, in turn, could serve as an important

reference for aligning urban planning, a key goal of which is the

control of urban sprawl,23,29 with the imperatives of public health

in which the curtailment of the childhood obesity epidemic is

increasingly urgent.30,31

2 | METHODS

A systematic review was conducted in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses.32

2.1 | Study selection criteria

Inclusion in this review required studies to meet all of the following

criteria: (1) article type: peer-reviewed original research; (2) study

design: longitudinal and cross-sectional studies; (3) study subject:

children and adolescents aged <18; (4) exposure of interest: urban

sprawl; (5) study outcome: individual-level weight-related behaviors

(e.g., exercise, diet and active transportation) or outcomes (e.g., body

mass index, overweight and obesity); (6) time of publication: from

the inception of the given electronic bibliographic database to

31 December 2018; and (7) article language: written in English.

2.2 | Search strategy

A keyword search was performed in PubMed and Web of Science

(Appendix A), following a search strategy that included all possible

combinations of keywords from the three groups related to urban

sprawl, children, and weight-related behaviors or outcomes. Two

reviewers independently screened the titles and abstracts of the arti-

cles identified through the keyword search and retrieved potentially

relevant articles for the full-text review; discrepancies were resolved

by a third reviewer. Three reviewers independently reviewed the

identified articles and jointly determined the final list of articles

included in the review.

2.3 | Data extraction and preparation

A standardized data extraction form was used to collect methodologi-

cal and outcome variables from each selected study, including the
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names of the authors, the year of publication, study design, period,

area, scale and dataset, sample size, age and other characteristics,

statistical model(s), measures of urban sprawl and weight-related

behaviors and/or outcomes and key findings on the association

between urban sprawl and weight-related behaviors and/or out-

comes. Two reviewers independently extracted data from each

included study, with discrepancies resolved by a third reviewer.

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 (Appendix B). This assessment tool

rates each study based on 14 criteria; for each criterion, a score of

1 was assigned if ‘yes’ was the response, whereas a score of 0 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 the scores across all criteria.

The study quality assessment helped to measure the strength of the

scientific evidence in each included study but was not used to deter-

mine whether or not a given study was included.

3 | RESULTS

3.1 | Study selection

Figure 1 shows the study selection flow chart. We identified a total of

286 articles through the keyword search. After undergoing title and

abstract screening, 260 articles were excluded. The full texts of the

remaining 26 articles were reviewed against the study selection criteria.

Of these, 21 articles were further excluded. The remaining five studies

that examined the association between urban sprawl and children's

weight-related behaviors and/or outcomes were included in this review.

3.2 | Study characteristics

Table 1 summarizes the basic characteristics of the five included stud-

ies, which were two longitudinal studies, both conducted in the

United States, and three cross-sectional studies, two in the United

States and one in Canada. Sample sizes ranged from 2324 to 129 781,

aged from 2 to 18. Samples were children in three studies and adoles-

cents in four studies.

3.3 | Measures of urban sprawl

Urban sprawl in the included studies was directly measured as the

proportion of state population living in the central cities of a given

metropolitan statistical area (a higher proportion reflects lower urban

sprawl) and the distance to the nearest micro/metropolitan area

(Table 2). It was also measured by the sprawl index at different scales:

the urban sprawl index in a Canadian study was constructed through

principal components analysis (PCA) on the basis of the three urban

sprawl components related to population distribution and dwelling

density (i.e., dwelling density, percentage of single or detached dwell-

ings and percentage of the population living in the urban core) and

standardized (with a mean of 0 and a standard deviation of 1)37; the

county sprawl index and the metropolitan index of sprawl, used by

three US studies, was constructed through PCA by combining gross

population density, percentage of population living at low population

densities, percentage of population living at high population densities,

county population divided by the amount of urban land, average block

size and percentage of blocks with small block sizes.33,35,36

F IGURE 1 Study exclusion and
inclusion flowchart
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TABLE 2 Measures of urban sprawl and weight-related behaviors and outcomes in five included studies

First author (year) Measures of urban sprawl Weight-related outcomes Weight-related behaviours Other factors adjusted for

Ewing (2006)33 • County sprawl index,

calculated based on the six

variables through PCA:

gross population density,

% of population living at

low population densities,

% of population living at

high population densities,

county population divided

by the amount of urban

land, average block size

and % of blocks with small

block sizes

• Reported BMI

• Overweight (BMI ≥ 85th

percentile on the CDC

growth charts)

NA • Individual variables: age,

gender, race/ethnicity,

smoking, hours worked,

TV watching, exercise and

fruit and vegetable

consumption

• SES features: highest grade

completed by respondent,

highest grade attained by a

household member,

household income,

• Crime rates

• Climate variables

Guarnizo-Herreño

(2019)34
• % of the state population

living in the central cities

of the metropolitan

statistical areas

• Obesity (reported

BMI ≥ 95th percentile on

the age and gender

specific BMI distribution in

the NSCH datasets)

• Overweight or obesity

(BMI ≥ 85th percentile on

the age and gender

specific BMI distribution in

the NSCH datasets)

NA • Household income

Guettabi (2014)35 •Metropolitan index of

sprawl, calculated based on

the six variables through

PCA: gross population

density, % of population

living at low population

densities, % of population

living at high population

densities, county population

divided by the amount of

urban land, average block

size and % of blocks with

small block sizes

• Distance to the nearest

micro/metropolitan area

• Measured BMI NA • SES features: mother

education, family income

• County personal income

• County government

transfer

• Incremental distances from

urban centers of different

hierarchy

Schwartz (2011)36 • County sprawl index,

calculated by the six

variables through PCA:

gross population density, %

of population living at low

population densities, % of

population living at high

population densities, county

population divided by the

amount of urban land,

average block size and % of

blocks with small block sizes

• Measured BMI NA NA

Seliske (2012)37 • Urban sprawl index was

calculated by the following

three variables through

PCA: dwelling density, %

of single or detached

dwellings and % of the

population living in the

urban core

• Reported BMI•
Overweight and obesity

(based on age- and

sex-specific International

Obesity Task Force

pediatric BMI thresholds)

• MVPA (≥60 min per day

or <60 min per day)

• Active transportation

(≥30 min per day or

<30 min per day)

• Season of survey interview

• Climate: daily temperature,

annual rainfall, annual

snowfall

• SES features: household

education, household

income, community size

Abbreviations: BMI, body mass index; CDC, Center for Disease Control and Prevention; MVPA, moderate-to-vigorous physical activity; NSCH, National

Surveys of Children's Health; PCA, principal component analysis; SES, socio-economic status.
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TABLE 3 Associations between urban sprawl and weighted-related behaviors and outcomes in five included studies

First author (year)

Main findings on the association between urban sprawl and:

Weight-related behavior Weight-related outcome

Ewing (2006)33 (including two

longitudinal and two cross-sectional

analyses)

NA (Cross-Sectional Analysis Based on Round-1

[1997] Data)

• The county sprawl index was related to

overweight in the expected direction at a

significant level (β = −.0045, p = .014),

after controlling for individual household

characteristics and TV watching.

(Cross-Sectional Analysis Based on

Round-6 [2002] Data)

• The association between the county

sprawl index and obesity was

statistically significant after controlling

for exercise, diet and TV watching

(β = −.0026, p = .048).

(Longitudinal Analysis Based on all

Consecutive Rounds)

• Neither BMI at the mean age nor BMI

growth with age was related to county

sprawl, although both had the expected

signs (β = −.00082, p = .78), after

controlling for other predictors.

(Longitudinal Analysis Based on the

intercounty movers of all Consecutive

Rounds)

• The difference in degree of sprawl

between counties was not associated

with weight gain as measured by BMI

after move (β = −.00022, p = .88), after

controlling for other predictors.

Guarnizo-Herreño (2019)34 NA • Overall, the proportion of population

living in central cities was negatively

associated with overweight/obesity

(β = −.126, p < .05).

• Among children from low-income

households, the proportion of population

living in central cities was negatively

associated with overweight/obesity

(β = −.229, p < .01).

• Among children from higher-income

households, the proportion of population

living in central cities was positively

associated with overweight/obesity

(β = .114, p < .05).

Guettabi (2014)35 NA • The association between the metropolitan

index of sprawl and BMI was statistically

significant (β = −.0352, p < .05).

Schwartz (2011)36 NA • County sprawl index was associated with

BMI in older children aged 10–18
(β = .009, p = .002).

Seliske (2012)37 • Urban sprawl was associated with active

transportation among 12- to 15-year-old

(OR per SD increase = 1.24; 95% CI,

1.10–1.39).• For the entire sample aged

12–19, higher urban sprawl was

associated with higher MVPA (OR per SD

increase = 1.10; 95% CI, 1.01–1.20).

• No association between urban sprawl and

overweight/obesity was found (OR per

SD increase = 1.06; 95% CI, 0.94–1.18).

Abbreviations: BMI, body mass index; MVPA, moderate-to-vigorous physical activity; OR, odds ratio; SD, standard deviation.
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3.4 | Measures of weight-related behaviors and
outcomes

One study with weight-related behaviors as outcome variables of

interest measured moderate-to-vigorous PA and the use of active

transportation37 (Table 3). Body mass index (BMI), calculated by divid-

ing weight (kg) by squared height (m2), was used as a weight outcome

in all five studies, self-reported in three studies and measured in two

studies. Overweight/obesity status was used in three studies but

defined by different references: the US Center for Disease Control

and Prevention (CDC) growth charts, the International Obesity Task

Force pediatric BMI thresholds and BMI distribution in the National

Surveys of Children's Health (NSCH) datasets.

3.5 | Associations between urban sprawl and
weight-related behaviors and outcomes

One study in Canada reported a significant association between urban

sprawl and engagement in at least 30 min of active transportation per

day (OR = 1.24; 95% CI, 1.10–1.39) and moderate-to-vigorous PA

(OR = 1.10; 95% CI, 1.01–1.20).37 All five studies investigated the

association between urban sprawl and weight-related outcomes. Two

studies conducted longitudinal analyses of which one study reported

a non-significant association between the county sprawl index and

BMI,33 and one study reported a negative association between the

Metropolitan index of sprawl and BMI (β = −.0352, p < .05).35 Four

studies conducted cross-sectional analyses. Two of them did not

observe a significant association between the county sprawl index

and BMI33 and between the urban sprawl index and

overweight/obesity status.37 One study reported a negative associa-

tion between the county sprawl index and overweight (β = −.0045,

p = .014).33 Two studies found a positive association between the

proportion of state population living in the central cities of the metro-

politan areas and overweight/obesity (β = −.126, p < .05)34 and

between the county sprawl index and BMI (β = .009, p = .002).36 Also,

one study reported opposite results in stratified analyses by income

level, finding that urban sprawl, measured by the proportion of state

population living in the central cities of the metropolitan areas, was

associated with increased overweight/obesity among lower income

households and with decreased overweight/obesity among higher

income households.34

3.6 | Study quality assessment

Table 4 reports criterion-specific and global ratings from the study

quality assessment of the included articles. Five studies scored 9.8 out

of 14 on average, with a range from 8 to 12.

4 | DISCUSSION

This study systematically reviewed existing research on the associa-

tion between urban sprawl and obesity among children and adoles-

cents. We included five eligible studies, and their findings were not

consistent with one another. The association between urban sprawl

and obesity was found to be negative in two studies, positive in two

studies and not significant in one study. Given the limited number of

included studies and inconsistencies of their conclusions, we could

not conclusively report a scientifically credible consensus on the asso-

ciation between childhood/adolescent obesity and urban sprawl.

This study is the first to systematically review the existing scien-

tific literature on the association between urban sprawl and childhood

obesity. However, some previous studies, although not specifically

reviewing the association between urban sprawl and childhood obe-

sity, have also reported relevant findings. For instance, urban sprawl,

together with access to equipment and facilities and neighborhood

pattern (e.g., suburban or urban), was found to contribute to the phys-

ical environment in which childhood obesity was prevalent.38 Also, a

review on the association between the urban built environment and

childhood obesity reported the potential influence of urban sprawl on

PA levels.39

We found that the association between urban sprawl and child-

hood obesity varied by family socio-economic status. For example,

the association between urban sprawl and obesity was negative

among children from high-income families and positive among their

counterparts from low-income families.34 Several explanations may

underlie these associations. Compared with high-income families, chil-

dren from low-income families may experience greater commuting

time and less PA opportunities. On the other hand, high-income fami-

lies often have higher educational attainment and health literacy, so

the arrangement of calorie intake and output and leisure-time PA may

be more reasonable.40 Ewing et al. showed that children living in

sprawling counties in the United States were more likely to have over-

weight than those living in compact counties.33 A possible reason may

TABLE 4 Study quality assessment (see 14 questions in Appendix B)

First author (year) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total score

Ewing (2006)33 Y Y Y Y N Y Y Y NA Y Y Y Y Y 12

Guarnizo-Herreño (2019)34 Y Y Y Y N N N Y Y Y Y Y NA Y 10

Guettabi (2014)35 Y Y N Y N Y Y Y Y NA Y Y NA Y 10

Schwartz (2011)36 Y Y Y Y N N N Y Y Y Y Y NA N 9

Seliske (2012)37 Y Y N Y N N N Y Y N Y Y NA Y 8

Abbreviation: NA, not available.
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be that, compared with counties with large populations, children living

in compact counties tended to exercise less and engage in more sed-

entary activities, such as television-watching and other indoor leisure.

However, Seliske et al. found that a high degree of urban sprawl was

associated with higher odds of PA and more use of active transporta-

tion, although no associations between urban sprawl and childhood

obesity were found.37

There are several aspects of the current research on this topic

that can be improved or further explored. More objective measures

of obesity and related health outcomes or behaviors should be

adopted, such as waist circumference, waist-to-hip ratio, body fat,

PA intensity and TV-watching duration and frequency. However,

studies on urban sprawl also need a large sample size. Variables

such as the duration of video game playing, TV watching, and

other sedentary activities are difficult to accurately measure across

large populations. For example, Ewing et al.33 and Seliske et al.37

used subjective measures (i.e., reported BMI and PA), which may

underestimate actual BMI values41 and overestimate the actual PA

levels,42 affecting the strength of the observed associations. Also,

results might vary across outcome variables. For example, Ewing

et al. showed that the county sprawl index was negatively associ-

ated with overweight in cross-sectional analyses,33 which, however,

was not significant in longitudinal analyses for all subjects and

intercounty movers33; by contrast, a negative association was

found in another longitudinal study.14 In addition, the built environ-

ment was measured at county level in some studies33,35–37 and at

state level in other studies,34 which could be better measured at a

daily spatial extent of activity for most children and adolescents.43

Our study has several limitations. First, we did not undertake

meta-analyses. This was due to the small sample size and the different

methods used across the included studies, which meant that we were

unable to calculate the standardized effect sizes of the predictor vari-

ables. Second, various outcome variables were used in the included

studies, such as BMI, overweight and obesity (defined differently in

various studies). These different measures should be interpreted sepa-

rately. Third, there were also differences in the measurements of

urban sprawl. Urban sprawl is often defined in terms of land use diver-

sity (or lack thereof) and the centering (or lack thereof) of the resident

population.44 Therefore, we suggest that future studies should use

consistent urban sprawl indicators or a fixed set of indices in the same

study (e.g., multiscale studies), facilitating comparability across studies.

Lastly, most of the studies in this review were cross-sectional designs.

More longitudinal studies should be conducted in the future to reveal

a causal relationship between urban sprawl and obesity and/or related

behaviors.

This study has important implications for future research and

practice. First, more research is needed to determine the associa-

tion between urban sprawl and childhood/adolescent obesity and

relevant behaviors. A recent systematic review showed that mul-

ticomponent behavior-changing interventions incorporating diet, PA

and behavioral changes may contribute to achieving small, short-

term reductions in BMI, BMI z-scores and weight levels in children

aged 6–11 years.45 However, relatively few studies have explored

the association between urban sprawl and these health-related

behaviors. Note that urbanization is a commonly used variable,

which should be differentiated from urban sprawl.46–50 A more

explicit distinction needs to be made between urban sprawl and

urbanization in future research: Sprawl is not urbanization or sub-

urbanization generally but rather a specific form of urban and sub-

urban development; urbanization on the basis of population

density, transportation and infrastructure measures may be more

likely to capture the impact of urban sprawl on built environments

than simply calculating the level of urbanization based on popula-

tion density.49 Also, urban sprawl in most of the included studies

has been measured by indices related to residential density, which

may not be able to fully capture the effects of urban sprawl. Earth

observation technologies should be used for this purpose, so urban

sprawl can be more accurately measured and consistently defined

in future studies.51,52 Doing so would also lead to better quality

reporting of such obesogenic environmental research, which could

enhance the comparability among studies and hence form stronger,

more consistent and more actionable evidence.53,54 In addition,

included studies were conducted in only the United States and

Canada, but urban sprawl also occurs in many other countries,

while the prevalence of childhood obesity is increasing worldwide.

In-depth studies of Europe and Asia,55–58 for instance, could pro-

vide a more comprehensive and balanced picture of the association

between urban sprawl and childhood/adolescent obesity.

5 | CONCLUSIONS

This systematic review of the existing literature found a mixed associ-

ation between urban sprawl and weight-related behaviors/outcomes

among children and adolescents, with relevant results insufficiently

consistent to yield a consensus conclusion. However, longitudinal

studies were limited, and measures of urban sprawl were diverse.

More longitudinal research using a set of standard measures of urban

sprawl at multiple scales should be conducted in more regions, espe-

cially outside the United States and Canada, to confirm their associa-

tion with childhood/adolescent obesity and weight-related behaviors.

Future studies and further reviews could provide important insights

into the association between the urban environment and children's

health, thereby providing evidence and guidance for urban and public

transport policies.
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APPENDIX A: SEARCH STRATEGY

The search strategy includes all possible combinations of keywords in

the title/abstract from the following three groups:

1. ‘urban sprawl*,’ ‘urban growth*,’ ‘urban expansion*,’; ‘metropolitan

sprawl*,’ ‘metropolitan growth*,’ ‘metropolitan expansion*,’ ‘subur-

ban sprawl*,’ ‘suburban growth *,’ ‘suburban expansion*,’ ‘sub-

urban sprawl*,’ ‘sub-urban growth*,’ ‘sub-urban expansion*,’

‘urban/suburban sprawl*,’ ‘urban/sub-urban sprawl*,’ ‘urban-

suburban sprawl*,’ ‘urban/suburban growth*,’ ‘urban/sub-urban

growth*,’ ‘urban-suburban growth*,’ ‘urban/suburban expansion*,’

‘urban/sub-urban expansion*,’ ‘urban-suburban expansion*,’

‘county sprawl*,’ ‘county growth*,’ ‘county expansion*’;

2. ‘child*,’ ‘juvenile*,’ ‘pubescent*,’ ‘pubert*,’ ‘adolescen*,’ ‘youth*,’

‘teen*,’ ‘kid*,’ ‘young*,’ ‘youngster*,’ ‘minor*,’ ‘student*,’ ‘pupil*,’

‘pediatric*,’ ‘preschooler*,’ ‘pre-schooler*,’ ‘schoolchild*,’ ‘school-

child*,’ ‘school child*,’ ‘schoolage*,’ ‘school-age*,’ ‘school age*’;

3. ‘diet*,’ ‘diet behavio*,’ ‘dietary behavio*,’ ‘eating*,’ ‘eating

behavio*,’ ‘food*,’ ‘food intak*,’ ‘food consum*,’ ‘energy intak*,’

‘energy consum*,’ ‘energy balance,’ ‘calorie*,’ ‘caloric intak*,’ ‘physi-

cal activit*,’ ‘physical exercis*,’ ‘exercis*,’ ‘body activit*,’ ‘body mass

index,’ ‘BMI,’ ‘weight,’ ‘weight status,’ ‘weight-related behavio*,’

‘weight-related health,’ ‘overweight,’ ‘obese,’ ‘obesity,’ ‘adiposity,’

‘abdominal overweight,’ ‘abdominal obesity,’ ‘central overweight,’

‘central obesity,’ ‘central adiposity,’ ‘waist circumference,’ ‘waist to

hip,’ ‘waist-to-hip,’ ‘waist to height,’ ‘waist-to-height,’ ‘waist to

stature,’ ‘waist-to-stature,’ ‘fatness,’ ‘body fat,’ ‘excess fat,’ ‘excess

weight,’ ‘overnutrition,’ ‘over-nutrition,’ ‘over nutrition.’

APPENDIX B: THE US NATIONAL INSTITUTES OF HEALTH (NIH)'S

QUALITY ASSESSMENT TOOL FOR OBSERVATIONAL COHORT

AND CROSS-SECTIONAL STUDIES (AVAILABLE FROM https://www.

nhlbi.nih.gov/health-topics/study-quality-assessment-tools)

1. Was the research question or objective in this paper clearly stated?

2. Was the study population clearly specified and defined?

3. Was the participation rate of eligible persons at least 50%?

4. Were all the subjects selected or recruited from the same or simi-

lar populations (including the same time period)? Were inclusion

and exclusion criteria for being in the study prespecified and

applied uniformly to all participants?

5. Was a sample size justification, power description or variance and

effect estimates provided?

6. For the analyses in this paper, were the exposure(s) of interest

measured prior to the outcome(s) being measured?

7. Was the timeframe sufficient so that one could reasonably expect

to see an association between exposure and outcome if it

existed?

8. For exposures that can vary in amount or level, did the study

examine different levels of the exposure as related to the out-

come (e.g., categories of exposure or exposure measured as con-

tinuous variable)?

9. Were the exposure measures (independent variables) clearly

defined, valid, reliable and implemented consistently across all

study participants?

10. Was the exposure(s) assessed more than once over time?

11. Were the outcome measures (dependent variables) clearly

defined, valid, reliable and implemented consistently across all

study participants?

12. Were the outcome assessors blinded to the exposure status of

participants?

13. Was loss to follow-up after baseline 20% or less?

14. Were key potential confounding variables measured and adjusted

statistically for their impact on the relationship between

exposure(s) and outcome(s)?
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