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Abstract

Background: In the past two decades, the built environment emerged as a conceptually important determinant of
obesity. As a result, an abundance of studies aiming to link environmental characteristics to weight-related outcomes
have been published, and multiple reviews have attempted to summarise these studies under different scopes and
domains. We set out to summarise the accumulated evidence across domains by conducting a review of systematic
reviews on associations between any aspect of the built environment and overweight or obesity.

Methods: Seven databases were searched for eligible publications from the year 2000 onwards. We included sys-
tematic literature reviews, meta-analyses and pooled analyses of observational studies in the form of cross-sectional,
case—control, longitudinal cohort, ecological, descriptive, intervention studies and natural experiments. We assessed
risk of bias and summarised results structured by built environmental themes such as food environment, physical
activity environment, urban-rural disparity, socioeconomic status and air pollution.

Results: From 1850 initial hits, 32 systematic reviews were included, most of which reported equivocal evidence for
associations. For food- and physical activity environments, associations were generally very small or absent, although
some characteristics within these domains were consistently associated with weight status such as fast-food expo-
sure, urbanisation, land use mix and urban sprawl. Risks of bias were predominantly high.

Conclusions: Thus far, while most studies have not been able to confirm the assumed influence of built environ-
ments on weight, there is evidence for some obesogenic environmental characteristics.

Registration: This umbrella review was registered on PROSPERO under ID CRD42019135857.

Keywords: Obesity, Overweight, Built environment, Umbrella review, Food environment, Physical activity,
Obesogenic environment

Background

Obesity continues to be a major health issue and its
wicked nature keeps challenging scientists and policy-
makers around the world [1]. In 2016, the World Health
Organization (WHO) estimated that 1.9 billion adults,
or 25% of the world’s population, are overweight; among
which, a third is obese [2]. In 2015, high BMI contributed
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to four million deaths worldwide, 60% of which occurred
in individuals with obesity and mostly due to cardiovas-
cular diseases [3]. Between 1990 and 2015, the rate of
early mortality due to high BMI increased from 41.9 to
53.7 per 100,000 individuals. Correspondingly, disability-
adjusted life years due to high BMI increased from 1200
to 1630 per 100,000 individuals [3]. Given the striking
worldwide prevalence of overweight and obesity and the
resulting burden on individuals and societies, it is impor-
tant to eludicate its determinants and find approaches for
sustainable reduction and prevention.
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Overweight and subesequently, obesity result from
a chronic surplus in energy intake compared to energy
expenditure, likely driven by an imbalance towards cal-
orie consumption, sedentary behaviours and lack of
physical activity [4, 5]. In the last two decades, there has
been a paradigm shift in researching causes of obesity,
in particular by moving the focus towards the drivers of
such ‘obesogenic’ behaviours [6]. While earlier research
generally focused on individual-level factors such as
knowledge, psychological constructs such as motiva-
tion and also on genetics; more recent epidemiological
research places obesity into the larger socio-ecological
context where the environment also plays a role in shap-
ing individual behaviours [1, 6, 7]. The built environ-
ment has been hypothesized to be a potential driver of
obesogenic behaviours and ultimately, obesity [8-11].
Defined as all aspects of a person’s surroundings which
are human-made or modified such as buildings, parks,
facilities, and infrastructure; the built environment is a
subset of the exposome, the totality of all exposures and
lifestyle behaviours of an individual over a lifetime [12].
With the majority of the world’s population living in and
spending most of their time in highly organized built
environments, it is considered a relevant domain for epi-
demiological studies [13—-15].

Frank and colleagues [16] conceptualizes the two main
pathways where the built environment can contribute to
health outcomes: one through behaviour and the other
through direct exposure [16]. While the former refers
to obesogenic behaviours such as physical activity and
diet; the latter includes biological responses to environ-
mental exposures, such as how air pollution might affect
weight through inflammation. These two pathways are
not mutually exclusive, increasing the complexity of built
environmental studies. Nevertheless, with the research
interest generated in the past two decades; various char-
acteristics of the built environment have been extensively
studied. Numerous primary studies on these character-
istics have accumulated, which in turn produce a vari-
ety of systematic reviews, each with a specific range of
included studies. For instance, some reviews focused
explicitly on urbanization [17], greenspace [18] or walk-
ability [19] whereas others combined primary studies
that focused on a more diverse range of characteristics of
the built environment [20-23]. As attention for the built
environment continues to grow, we aim to gather the
current state of evidence by systematically reviewing and
reporting on published systematic reviews on the asso-
ciations between the built environment and overweight
or obesity.

This umbrella review examines the diverse built envi-
ronment factors in broad strokes, thereby identifying cru-
cial research gaps across disciplines as well as suggestions
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for future studies. Beyond the research sphere, this
review enables policy makers, urban planners, public
health workers and other professions at the intersection
between the built environment and health to rapidly gain
insights in the current evidence base in this field.

Methods

Before the start of the search, this umbrella review was
registered on PROSPERO under ID CRD42019135857.
General reporting follows the guideline of Transpar-
ent Reporting of Systematic Reviews and Meta-analyses
(PRISMA) and was reported in Additional file 1: Appen-
dix 1 [24].

Inclusion and exclusion criteria

We included systematic literature reviews, meta-analyses
and pooled analyses of observational studies in the form
of cross-sectional, case—control, longitudinal cohort and
descriptive, ecological or intervention studies and natural
experiments; from now on referred to simply as ‘reviews’
in this study, in general adult populations. Additional
inclusion criteria were that they needed to: (1) report
on at least one objectively measured built environment
characteristic outside the home; (2) report on associa-
tions between these characteristics and weight-related
outcomes in humans; (3) report on a systematic literature
search, i.e. following a reproducible search strategy using
a search string, and mention the databases in which the
searches were done; (4) be published from 1 January 2000
onwards and be written in the English language. Reviews
were excluded if they: (1) only focused on specific pop-
ulations (e.g. people with obesity, pregnant women or
athletes); (2) reported on unpublished materials such as
conference abstracts, case reports, editorials and letters
to editors; (3) reviewed studies on indoor home envi-
ronments or other micro-environments; (4) had physi-
cal activity and/or dietary patterns but no weight-related
outcome.

Literature search

The search was conducted in May and June 2019 in seven
databases: MEDLINE, EMBASE, CINAHL, Scopus,
the Cochrane Database of Systematic Reviews (CDSR),
the Joanna Biggs Institute (JBI) Database of Systematic
Reviews and Implementation Reports, and the Inter-
national Prospective Register of Systematic Reviews
(PROSPERO). The search terms were built based on
often used definitions and synomyms of the built envi-
ronment and their commonly studied components, all
possible operationalisations of weight-related outcomes
such as weight status in categories, BMI, weight in kilo-
grams, waist circumference, etc. and suitable geographi-
cal ranges. References of included studies were screened
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for any additional relevant studies that were missed. A
detailed search strategy for each database can be found in
Additional file 1: Appendix 2.

Data collection and extraction

The literature search and removal of duplicates was done
with support of a librarian. Then, two authors (TL and
JL) screened titles and abstracts as well as full-text arti-
cles using Rayyan, a non-commercial web-based appli-
cation [25]. Any disagreement in inclusion was resolved
between these authors. Information extracted from
reviews included:

« First author, year of publication, objectives of sys-
tematic review; eligibility criteria, study design and
spatial coverage of primary studies such as countries,
states, etc.

+ Databases searched and temporal search range of
each review.

« Built environment characteristics reviewed and
where available, exposure methodology such as street
audit, virtual audit, geographical modelling, etc.

+  Weight-related outcome measures.

+ General findings: quantitative results in case of meta-
analyses in the forms of risk ratios, odd ratios or haz-
ard ratios. Stratified results were extracted whenever
available, otherwise, ratios of expected/ unexpected
or positive/negative/non-significant  associations
where appropriate. In the case of descriptive reviews,
main findings are summarized.

« Whether quality assessment tools were applied to
included reviews.

Methodological quality assessment

We asessed risk of bias utilizing ROBIS, a validated tool
designed specifically to asses risk of bias in systematic
reviews [26]. ROBIS include two main aspects, one is
set out to identify concerns with the review process, and
the other on judging risk of bias during different stages
of the review including eligibility criteria and selection
of articles, information collection, study appaisal and
knowledge synthesis. There is also an optional first phase
in assessing relevance of included reviews based on the
PICO framework [27], the results of which are available
upon request. The topical outcomes of ROBIS were pre-
sented in tabular and narrative forms. We also assessed
the strength of evidence per domain of the built environ-
ment based on GRADE framework (Grading of Recom-
mendations, Assessment, Development and Evaluation)
[28].
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Results

Literature search results

The search identified 1850 unique articles from seven
primary databases. Of these, 45 full-text articles were
screened in which 30 met the inclusion criteria. Eight
further articles were identified through a snowball search
of the references and of these, six were excluded upon
full text screening, resulting in a total of 32 systematic
reviews that remained for synthesis. Figure 1 shows the
PRISMA article selection process flow chart. Full refer-
ences of included articles are provided in Additional
file 1: Appendix 3.

General overview of included reviews

Populations and designs

Key features of included studies are summarized in
Table 1. About one third of the reviews (n=12) exam-
ined general population while 10 reviews focused on
a certain sub-population such as those from Western/
developed countries, of which four explicitly studied
North American populations. Four reviews focused on
disadvantaged populations: including low SES, migrants,
ethnic minorities or otherwise disadvantaged Ameri-
can communities (n=3) or from developing/ low- and
middle-income countries (LMICs) (n=2). Overall, most
retrieved reviews were conducted in developed or West-
ern parts of the world (Table 1). Six reviews specifically
included studies focusing on adults while the rest did not
have age as an eligibility criterion.

Most reviews found more studies with a cross-sectional
design than longitudinal; apart from Chandrabose et al.
[29] who only included longitudinal studies by design
[29]. The number of primary studies included in the
reviews ranged from seven to 169. The number of data-
bases searched varied from one (n=23, PubMed or Med-
line) to five or more (n=28) up to a maximum number
of 13 databases. Most studies (n=25) deployed a hand
search and/or snowball additionally to database search,
often to search grey literature and non-academic sources
for articles. The primary studies in included reviews were
published between 1964 and 2018.

Exposures

Ten reviews examined a variety of factors of the built
environment; five focused on environmental factors
related to physical activity including walkability (n = 1),
greenness (1 = 2) or transport (n = 1); eight on the food
environment, three on urban- rural difference and urban-
ization and five on social disadvantages; and finally, one
review examined air pollution. We did not identify any
eligible reviews on conceptual aspects of the built envi-
ronment such as sports facilities or motorized transport.



Lam et al. Int J Health Geogr (2021) 20:7

Page 4 of 24

= . . . PUBMED/ Medline: n=706
o) Articles identified through database P EMBASE: n=680
=S searching < CINAHL: n=320
8 n= 2201 SCOPUS: n=495
S CDSR, JBI, PROSPERO: n=0
Y
Articles after duplicates removed
® n=1850
@
[0}
=}
2
«
|, Articles excluded
D n=1805
Y
m Full-text articles assessed for eligibility Full-text excluded with reasons
= n=45 n=15,
% Not a systematic review n=10
< Low focus on exposure or outcome of
< interest n=4
No full-text available n=1
Y
§ Articles included in overview Snowball search in reference lists of
c - > included articles, articles added
@. n=30 =~
o n=8
=}
Y
m Full-text excluded with reasons
@T: n=3,
=3 Not a systematic review n=1
Z No relevant outcome n=1
Too much overlap with included study
n=1
Y
3 Articles included in the overview (final)
c n=35
[N
o
=
Fig. 1 PRISMA flowchart of selected studies

Whenever reported by the authors, we counted the per-
centage of findings in the expected or theorized direc-
tions (Table 2). This figure ranged from 11 to 89% among
the 15 eligible reviews.

Outcomes

The range of weight-related outcomes examined
included individual (change in) weight, weight status,
BMI, waist circumference, body fat percentage, weight
to height ratio, skinfold measure, weight-to-hip ratio

and population measures such as odds of being over-
weight and obese, or prevalence of obesity. Individual
weight-related outcomes were both self-reported and/
or objectively measured. Some reviews also focused on
exploring confounders and modifiers of the relation-
ships between built environment and obesity, such as
individual or neighbourhood socioeconomic status
(SES) [30, 31]. Nine studies examined also other health
outcomes such as cardiometabolic or cardiovascular



Page 5 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

'SeIQ] JO SYSLI MO| 9ABY 1521 Y] ‘Bale
19d 91e1 9SUOASI JUISYIP SARY S3I
-PN1S OM1 ‘SY{SI JB3DUN SABY SIIPNIS GE

‘paipnis suolendod pue pasn
uonedYIsSe)d [IAg “Apnis Jo s xas
/abe ‘snieis Djuou0d3 Ag paingliie
90 UBD 3UIOS ‘S91IIUNOD UIYLIM pue
U99M13q SUOIIeIDOSSE Ul AlIsuaboialaH
"SeaJe UeQUN Ul A11S3G0 JO SysU Jaybiy
Bunsebbns (66°1L '9€°L 31D %S56) 59'L
SI'4O SHNpPe AJuo Jo SaIpnis Ul ‘elsy
1523 YINOS 104 (LFT 79°L 11D %S6) 66'L
SI 4O P3J00d "A1SSqO pue AydIuegINn

MO U23MIDQ UOIIRIDOSSE 1URDYIUBIS ||2ISAQ X

9/C/1 |[BI9AO

/0/¢ 0S

€/1/€ “ON

€/0/7 0

€/0/0“Wd

1/0/S "N d
uedylubis-uou /pardad
-xaun/padadxa Ag synpe ur ybiam
pue syueinjjod aAdadsal 03 2Ins

-0dxa U93aM1aq SUOIIBDOSSE JO SOlieY
‘SINOIARYSQ 3|eay AQ pa1elipaul
pue Jeaul| 1ou A|geqoid aie 3ybiam
pue uonn|jod Usami1ag sUOIBIDOSSY
‘syueinjjod Jie Jo adA1 pue xas abe

Jeapun Aq AJeA S)Nsal ‘suoIeIDOSSe paxily  uonnjjod iy

DN Buowe Ajanoe [ediskyd

pue A11saqo 131p Ul abueyd pides si
213U puUe A1IS9q0 Y1M Pa31e|a1iod
SI JUSWUOIIAUS Uegun 0} 3Insodxa
SWINSJI| NG YUM Pale|aliod sI
JUSWUOIIAUS UBQN 0} 3INsodxa
2Wayl| /|ola1saj0yd pue ainssaud
poo|q ‘1ybram Apoq saseaidul

1NQ SIUSLINUOIDIW S9A0IAW] U
-eziueqIn Buiseadul ‘seate uegun
ul uoneindod jo uontodoid pue
aIn}ipuadxa ployasnoy Jo aieys
pOO} pUE [013153]0YD /|INg U92M1S]
diysuonejas aaisod e :sbuipuy bul

Je3PUN  -MOJ||0f 31 JO 2DUBPIAS YIBURIIS-MOT] X

JewURA
‘saulddijiyd ‘1sa7-IoWl] ‘ejsauopu|
puejiey] ‘WeuldlA ‘soeT ‘elskefejy €107-8861 10T
[BUOID3S-SSOID ||V ‘SIIPNIS Gt '[#€] |8 12 uouriemelny Uy

SpueRYISN
31 pue Ajey| "eulyd ‘sn Ul Ajuo Apnis
S)Npe ‘ealoy Yinos ‘Ajey| ‘eutyd

'BIOUSS 'SpUBISYISN "Bepeue) ‘(6) SN

[PUOND35-5504D J|ey [eulpn1bBuo] JjeH

£10¢-800¢
‘810 ‘selpnis 91 ‘[6v] e 19 Uy

Apnis [eqo|b

| ‘UOOIaWIRD) ‘eI YINOS ‘B0
ynos ‘sauiddijiyd ayi ‘eissny ‘eutyd
[UOI1235-55012 ||y

£00C-L661
'800C 'saIPnIs 6 [/ 1] "[e 12 Japu||y

fAjenbaur  Auanoe
BY10 |eros [edisAyd poo4 [eini-ueqin

s3nsai1 S|90Y synsa. jo Lrewwng ujewop ainsodxy

sieal ul

salpnis A1ewd jo uonediqnd jo
abueu ‘uonediignd jo seak ‘salpnis
papnjpul Jo Jaquinu 4oy3ne 3sai4

pa4an0d suonejndod
/sa13unod pue ubisap Apnig

salpnis papnpul jo frewwns | 3|qel



Page 6 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

‘Auannoe [ediskyd Aq uon

-B|paW 3|qIssod pue Uod3[9s-4|as (el
-U3PISal 9PN|DUI SaNSSI [BD160|0POYIBN

"9WO021IN0 1YHBISM YIIM UOIRIDOSSE Ul

AJ[Ige|[BM PRINSEIW SNSIDA PIAIDD
-1ad UsaMIaq YdI1ewSIU Sem 243y

*SI9A0W 01 pasedwiod

Suol1eIDOSSe 1UedYIUBIS JO 9beusdIad
13ybIy aAeY 0] pua] SI9ARIS UO S3IPNIS

“SynNsal Juedylubis

Aj[ednsiiels ‘aAmsod yum a103s-z

pa1yblam Ag paiuasald -A11seqo pue

|meids uequn ‘(9oedsuaaib 1da0xa)

S1|1DB) [BUOIIESIDI A|ICEY [BM

eIUBNYAIT (S9N SN ‘AuBuISD
‘DUBUI ‘Bl[RAISNY ‘USPIMS ‘BpeUeD) ‘SN
[euipnibuoy |je qusw

£102-£00¢ '610C

MO US9M13( UOI1RIDOSSE J0J 9DUSPIAG X -1Jadx® [einleu | pue [PUONRAISSUO GE ‘salpnis 9¢ ‘(6] e 39 sogeipueyd
“BuISIDIOXS 01 JoU
-leq [EIUBWUOIIAUS /|edisAyd 1i0dal
01 pooy|y1| sauedidinied pasealoul s9|duies apIMmUOlIeU O -91e1S
[INgG J2ybiy 219ym ‘sniels 1yblam pue '911S-13{NW ‘A1UN0D UO !S31pNIs SN ||V 5007-2007
Jespun JUSWUOIIAUS 3{INQ 341 UO APNIS SUQ X payodal Aliesjd 10u NDISIA AQNLS ‘600 's21pnis 0L ‘[0G] ‘|e 19 spueibese)
"9dU3jeAald A1IS0O pasealdul
YLM Pa1eID0Sse g 01 PUNOj S UOI
-B|OS! IO INQ ‘S}NSI 1UIRYIP
9ABY S3IPNIS UOIISOAWIOD [e1DRl {[9A3)
A1UNOD UO 10U ING AUSDGO O} pale
-1D0sse AjaAiisod s Aljenbaul swodu|
'S3S
[euossad Joj Bunsnipe Jaye SSWOdIN0
1ybBIam yim pazeldosse AjpAirebau
A[US151SU0 SI S35 pooyinoqybiaN (1) Aaunodninwi ‘(1) eljensny
1USWUOIIAUS ‘(1) epeUR) ‘(7) PURNODS ‘(UDAOYPUIT
POOj} 241 UeY1 ALISSCO 0} PR1eIDOoSse '7) SPUBIRUISN ‘(1) USPamS (/1) SN 9002-/661 '800C
Jesppun APuS1sISUOD 10W S JUSWIUOIIAUS Vd X X X pauyap Aeajd 10U NOISIA AQNLS 'Sa1pnIs 9¢ 'TLE] OuRB puede|g
Aujenbaur  AyAnde sieak up
SETTHT) leros [edisAyd poo4 [eini-ueqin salpnas L1ewnid jo uonedijgnd jo
paianod suoneindod  sbues ‘uonedijgnd jo Jeak ‘salpnis
s)Insai 5|90 s3|nsai jo Arewwns urewop ainsodx3 /sau3unod pue ubisap Apnmis papnjpul Jo Jaquinu ‘royine 3sii4

(panunuod) | 3|qey



Page 7 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

'%001—99 SUOIIRIDOSSe
JUBDYIUBIS-UOU ‘SIIPNIS |[B JO %EE—0
UoND3JIP Pa32adxa Ul SUOIIRIDOSSY
1B 0S S3IPNIS OU ARy s10adse
OM} 13410 3y 1yblam pue buiu
-ue|d uequn Jo s1>adse [en1daduod
(U3 4O [e10} B 19A0) 1YDIo UdaMIaq
ybiH SUO[ILIDOSSe JUBDYIUBIS-UOU A|ISOIN

2/0/0 :S39)1N0 AY1eayun pauiquiod
/0/2 S19IN0 Aypjeay pauiquiod
(ua1ppiyd
pue synpe 410q) 0z/L/9L:xspul
19]3N0 P00 SSAUIYI[EAY dAIIR[DY
L£/9/6C :pO0} 1seq
/1/7/¥| 2101s K192019
£9/Tt/v 19iewiadns
:Juedylubis-uou
/pa1oadxaun/paidadxa Aq synpe ul
1YDBIoM Y1M $3103S POO) BUIMO)|O4
941 U99M13q SUONBIDOSSE JO SOlleY
'S10119
99141 UBY1 9J0W 9ARY S91PNIS OE UBY]
dIow -lewndo-gns sa1pnis passasse
Jo Ayfenb snu Ag pareuiwop [|3s
1NQ UaYO 240w S} Nsal Juedyiubis
9AeY 0P SaJIpUl‘||NU 2. 1yblam pue

Jeapun $39101S POOJ JO SUOIIRIDOSSE JO 1SON

X X X

epeue)

‘wniblag ‘yN ‘elfessny ‘N ‘Uspams
() [leutpnubuoy-isenb

/|euIpnbuo| puUe (6€) [BUOIIIIS SSOID

(£) epeued pue (9) SN
|BUOI1235-5501 1594 341 ‘leuipniibuoy | |

600¢—¢00C
"1 10T 'sa1pnis w1 '[¢9] '[e 12 pueIng

¥10¢-500¢
‘S10 'sepms 1/ L] e 19 qqod

s)nsai S|9oy synsai jo L1rewwng

1Yo

Ayjenbaui
|eos

fAianoe
|ediskyd pooq |esni-ueqin

urewop ainsodxgy

pa4an0d suone|ndod
/sa1iunod pue ubisap Apnis

sieak ul

saipnys A1ewnd jo uonediqnd jo
abuei ‘uonedignd jo Jeak ‘saipnis
papnjpul Jo Jaquinu “4oyine 15114

(panunuod) | 3|qey



Page 8 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

S3S om0
pue saloulw Jo 1uad1ad pasealoul
0] Pa1LIDOSSE OS|e S| $Sad0e POO) 15k
'sajbojopoyiaw a1nsodxa
1O UOIIPWLIOJUI JO S9DINOS JUS)SISUOD
10 S19[IN0 POOJ 158} 4O} UOIIUYIP
SUIES 3U3 9ABY 10U Op S3IPNIS 1SO
'$S9008
POOJ 15e4 JaYBIY YUM [N Pasealdul
Jeapun payiodal SaIpNIs 3Npe Ul JO 10 XIS

SIENEN]
4i[eay Yim suoleosse uedyubis
1ama} aney INobBiA dynuads Jaybiy

UM P1eD0SSe SOfIsla1drieyD)
'S1I9410 0}
paledwod s31e1s UIBYINOS Ul Jejiuwlis
4B S)NS3 ‘SIYaUaq Y3eay Yim
JUSWUOIIAUD Yd PUB POOJ U99MIDG
Jeapun SUOIIRIDOSSe 1URDYIUBIS 161 /5/ |

1amod aduUd
-13jUl JO UOIIeSNED SDNPaI SAIPNIS
[BUOI1995-SS01D JO DURUILIOP S| 2494}
'S3IPN1S AUSDGO Ul SaInseawl 9|buls
01 pasedulod $21puUl pue $3103S
2)sodwod Ul anjeA pappe S| 249y
-abues 21ydesb0ab pue JUSWUOIIAUD
1|INQ Y3 2INSEIW 03 SOLIBW Ul A)
-ouabolalay ‘saIpnis ssoide ,2de|d,
JO UORIUYSP Ul 9DUBIDYIP S| 32y |
‘8E/T/0F S
SUOI1RIDOSSE JUBDYIUBIS-UOU /pa1dad
-Xaun /pa12adxa JO O[1e ||edA0 Y|
"ANISUSP POOY 1SR} J0) S3NSI
paxIUW ‘XU 9SN pug| pue xapul melds
Jeapun UM SUOIIRIDOSSE JUS1ISISUOD SO

pue|edzZ MaN ‘elfeslsny epeued N ‘sn
(ua1p|1yd ‘|leuipnibuol) Jeeq
pue WINIS 10§ 1d3Xa [PUOIIISS SSOID

SUOIIEDO| UMOUNUN YIM Of pue

9PISIN0 09 (69) SN UIYWUM SIIPMS 1SON
|euipniibuol
JO [PUONDIS-SS0ID JDYIYM UONeDY
-123ds OU ‘[BUOIIRAISSCO dAIIRYI[END

G pUE [RUOIILAISSTO dAIRIIUEND $9 |

Sa1JUNOd
ueadoing ‘YN ‘USPaMS Sjlewusg

(7) epeur) (S) elleasny (¢s) Sn
[UIPNBUO] # '|BUOIIDSS-SSOID |9

8007-8661 1102
'S31pN3s O ‘(0] ‘[2 13 J3x2eyBydsIald

010¢-5661

‘710 'so1pnis 691 ‘(€G] ‘|e 19 pueUIpIo

8007-1007
'600¢ 's21pnis €9 ‘[g€] e 10 Buay

s)nsai S|9oy synsai jo L1lewwng

|ediskyd pooq |esni-ueqin

urewop ainsodxgy

pa4an0d suone|ndod
/sa1iunod pue ubisap Apnis

sieak ul

saipnys A1ewnd jo uonediqnd jo
abuei ‘uonedignd jo Jeak ‘salpnis
papnjpul Jo Jaquinu “4oyine 15114

(panunuod) | 3|qey



Page 9 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

Jeappun

ybIH

Jeapun

"€1:0:/ S1131p 10}
pue | [:€:7| SI'SnIeis 1yblam Joj jued
-ylubis-uou /pa1dadxaun/pa1oadxs

Aq S}Npe Ul SUOI1BID0SSe JO SOlieY
131p
UM UBY] JUDISISUOD aJow A|geiou
91 S9UI0DINO Se yBIam yiim suon
~B|D0SSE !$92IN0S P00} JO 95UdsAId IO
A)ISUSp /0 $$9228 IN0ge AjIsow aie
SWO0DIN0 Pa1eja1-1ybIam Yiim saipnig
3|qe
-UOJISaND S3WINBWOS S| $32IN0S B1eP
pooj Jo Alljenb pue saipnis ssoide
JU31SISUOD JOU S| SIURINEISAI POO)
158} JO UOIIUYR( 'SadA1 2101S POO}
puUEe 310)S POO} 3J0W SPN|dUI PINOYS
1USWIUOIIAUS UORIINU ALUNWIWOD
‘sbuipuy uesyubis Anuspi o3
A|9¥1| 3SOW SI $21015 POOJ JO dUsaId
JO 2INSea|\ "UoNDAIIP PR12adXd Ul
1URDYIUBIS 218 SUONRIDOSSE |[B JO %7 E

'sbumas |es1ydelboab pue ssadoe

JO S2INSEaW SNOLIBA 'POO} 158} JO UON
-lUYap Ul sapU1sIsuodUl bunybiybiH

‘pauodal

-J|9S 2/e S3yblam usaym Ajje1dadsa

JuedYIUbIS 318 SUONPIDOSSE 'S/7/9

3Je suoliePosse Juedylubis-uou

/pa123adxa-uou /padadxs Jo sonel

|[BI9AQ "UOneALdIp pUE POOJ 158y

U99M13( SUOIIRIDOSSEe SUIOS DIB 3JaY |

1YBI9MISA0 /A1IS9GO pue $59308
POO} 158 US9MID] UOIIRIDOSSE Yedpn

puejeaz MaN ‘ueder
‘SpueayIaN ‘elfensny ‘(Al1saqo) ¥ ‘SN
(uondwnsuod)

1USWNdXS | 10) 1daDX3 [eUOIDS $S0ID

SN Ajuo
|PUOI1D9S-SSOID UB@@Q&
‘leulpn1bUO| / ‘|BUONDIS-SSOID Of

<

(1) eljRnsNy
(1) puejeaz maN N "epeurd (¢1) SN
(leuipnubuo) Jeleq pue winis 1oy
1da0xa |ed1b0j03a PUE [BUOI1D3S-SSOID)

600C¢—€00C
110 ‘s21pMs 82 (L] 18 19 SsID

¥10¢—700¢
‘SLOT 'saIpMIs 1S ‘[ee] '8 19 equie

6002-2002
‘0107 ‘s91pN1s €€ ‘[8€] e 19 Joseld

SnsaJ 51904

s}nsaJ jo Krewwns

|ediskyd pooq |esni-ueqin

urewop ainsodxgy

pa4an0d suone|ndod
/sa1iunod pue ubisap Apnis

sieak ul

saipnys A1ewnd jo uonediqnd jo
abuei ‘uonedignd jo Jeak ‘saipnis
papnjpul Jo Jaquinu “4oyine 15114

(panunuod) | 3|qey



Page 10 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

‘Aljigeziessuab pue Aljjenb
Apnis sispuly a1nsodxa s1 Jo Jusw
-3INseal pue alnjeu uegin buiuyap
Ul ASUS15ISUOD JO 328 [elauab e sl auay]
‘aInsodxa aceds usalb pue
[INg U33M13Q UONRIDOSSE OU PUNo)
Jespun uonendod 1npe uo bulsNdo) SAIPNIS

‘suon
-ejndod Jo 195gNs suo ul JuedYIUbIS
AJUO 2J€ SUOIIBIDOSSE PUR SIURINE]SII
POOJ 158§ UO AJUO SN0 S3IPNIS 1SON
‘pasn
SPOY19U SNOLIBA PUB SUO[1R[24I0D
YbIH  1U1SISUODUI 01 3NP S NS DAISN|DUODU|

"SUOIIPUOD JB[NJSPACIDIED
12410 10j paAIasqo ajyoid yijeay awes

‘snoausbolaiay A|yodiy ale sal

-pN1S "SeaJe [eINJ pUB UBGUN U39MID]
S9DURIIYIP OU MOYS S95AjeUr-RI|\

ybBram

JO S2INSeaU ||B 1SOW|e Ul UGN O}

paJsedwlod 1ueIBIW Ul A1SSGO JaMO|

‘ledns 01 pasedwlod syuelBIW Ul

A1s200 Jayb1y ‘uegin 01 pasedwod

SURIBIW Ul |G J9MO| ‘[edns 0}
MO paJedwod syuelbiw Ul (NG JaybIH

‘salpnis Jood Q|
pue Jie} 9| ‘poob g :Aijenb Jo swual uj
‘MO| 97 0} PapN|PU0D
SBM SDUIPIAS JO [9A3] |[BIDAQ (D1
19puab suo /A2 auo) uonendodagns
e A|UO Ul 3uedyIubIS 219M SWOS
{(24nseaw AYAIIDUUOD 104 AJ[e1dadsa)
uonDaIIP Pa1dadxauNn ayi Ul oW
-9WOS pUB PaXIW IIM S3WO0DINO
1YBISM YlIM SUOIIRDOSSE [S9UI0DIN0
1yb1am uey bupjiem Yyim pajedosse
Jeapun AJJUS1SISUOD 2J0W S| AN|IGeY|eAA

X

(U2ea |) uleds pue Ajey| ‘puejuiy ‘(¢)

Auewlan ‘(7) spewusq ‘(€) eluenyin

'(€) ®jRASNY ‘() UBdET () BPEURD
'(G) spuepayIaN “(€1) XN (£2) SN

[[SUENVIENE]

-1senb g 419A0SS0ID [011U0I—SED €

‘leuipn1buo| 07 $123[gNS (| 7) Ulyum
10 ($1) U9IMIDQ SIIPNIS [eIUDWIISAX]

(PIjEAISNY) SUOWIWIS 104 1d30Xa SN IV
2160|023
SeM | ‘|euOI1D95-550.D SI9M SIIPNIS 9

elsauopu| ‘elpu| ‘ysap
-e|bueg ‘puUB|Od ‘PlUPZUR] ‘P|RUISIEND)
‘BWBUEY 'NI3d ‘eaUIND MaN ended
‘eUIYD ‘RAUDY ‘|eBaUSS ‘Uel| )1y
S}I0Y0D aAdadsold
€ 9A11Dads013al | /|eUONDS-SSOID |

N3 ‘epeued ‘eljeasny HN ‘sn
9AI109ds0ud | ‘[PUOIIDRS-SSOID €€

£10C-1661
'810C 'so1pMs 89 ‘1] '|e 19 Opuoy

900¢-+00¢
'600C 'sa1pMs £ [£€] U1S|OH

01027961
7102 'sa1pMis 81 '[G€] [P 19 ZopURLISH

0107-£661
‘€107 ‘s91pNIS € ‘[61] e 19 JasseIn

s)nsai S|9oy synsai jo L1lewwng

|ediskyd pooq |esni-ueqin

urewop ainsodxgy

pa4an0d suone|ndod
/sa1iunod pue ubisap Apnis

sieak ul

saipnys A1ewnd jo uonediqnd jo
abuei ‘uonedignd jo Jeak ‘salpnis
papnjpul Jo Jaquinu “4oyine 15114

(panunuod) | 3|qey



Page 11 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

|9A3| 9PLIIA|BLIY

yb1y yum paienosse asiou dujesy ybiH
YbBrom
yb1y yum paieidosse A1indasul pue
Aljeulwnd ‘/A1ISSGO JSMO| YlIm pale
-|D0SSe S2DIAJSS PUB SUOIIDISIIU|
Jo Aususp ybiy ‘A1ANRI2ULOD 199415
yb1y 1ybiam mo| yum paieposse
POOJ 158 MO 3101S 3DUBIUSAUOD
MO 13euiadns ybiy aybrom
YBIY LM pa1eIDosse paziueain
Mo| 1ybram pasealoul pue 35 Mo

uleds ‘puejeaz MaN

‘uede( ‘el[eJISNY ‘PUBISZUMS ‘BIYRAOIS

‘lebn1od ‘eluenyyr ‘Ajey| ‘oduel

)|gnday YyoazD) 1 AueuLISD) ‘spue|
-I9Y19N ‘epeue) )N 'Uspams (98) SN

[BUOI1D3S SS01D

600C-5861

Je3)dUN  US9MISQ S| UOIIRIDOSSE 1US1SISUOD 1O X X X 1524941 ‘(lybrom uo g) [euipnubuol 1 ‘L 10Z ‘'seIpnis L€ ‘[Z€] XIeyD pue [ea]
‘(s3uRINEISI IBIYIeaY—S3S Jaybiy
‘PO0J I5B§ DIOUI—GIS JOMOY) SIuRINE}
-S2J PUB $2J03S 1aUJ0D ‘syaylewiadns
01 ss922e Ul Alljenbaul si a1ay |
"A115900 559
01 P21RDOSSE S| JUBINEISSI POO) 158y
01 559208 P}l 3 SJUBINEISI [|N) O}
$S3JDB 2I0W ‘|RIauUb Uj 'S} NSl paxiw
sey AJjige|leAe 1URINEISAI 3|IYM AMS Ajuo sn
-300 Y}IM pa1eIdosse AjaAijebau ale |BUOIID3S-5S01D Ajulew a1 Ay}
S$3103S JSUJOD 01 SS2DJB PalIWl| pue 1By} P2UONUSU UOISSNISIP JSAIMOY 8007-9861
Jeapun syyleudtadns ysaiy 01 ssa02e JaybIH X 'M3IAJ Ul paUOiIUaW Jou adA) Apnig ‘6007 'S9IPNIS +6 '[7S] '|e 19 uosieT
“Pi1:0:€ S auedylubls
-uou /aAirebau /paxiul /aAIsod
AQ S}INpe Ul SUOI1BD0SSE JO SOleY
-9oedsuaaib Jo ainseaw o0} buipiodde
‘sdnoibgns ssoioe s1Nsal paxiu
panodai Jo 1ybiam pue sdedsusalb
uaam1aq diysuolle|s e 10} 3UIPIAS
JO 110S SWOS PUNOY SAIPNIS 1O
"9UWO0IN0 Pa1e[31-A1IS3GO 3SISAPR SN ‘spuelayisN
19Mmo| pue adeds usaib Jaybiy 'USPaMS ‘|ebn1O ‘puejEI7Z MON
US9M13Q UONPIDOSSE SPUL SUIODINO ‘adoing ‘pue|bug ‘epeue) ‘eljessny 6007-700¢
Jespun P12]31-A1153G0 UM S3IPNIS 931y | X [EUOND3S-SSOID Iy “LLOZ 'S31pnis 09 ‘[81] ‘|2 18 zoAmoyden
Ayjenbaur  Auanoe sieal ul
RY0 |eos [edisyd pood4 [esni-ueqin saipnis A1ewd jo uonedijgnd jo
pasanod suoneindod  abues ‘uonediignd jo Jeak ‘saipnis
s3|nsai |90y synsai jo Alewwns ujewop ainsodxy /se11uNnod pue ubissp Apnis papnjaul Jo JIaquinu 4oyine 1sai4

(panunuod) | 3|qey



Page 12 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

*SD13S1210RIRYD

91N0J 10} JuedyIubIs-uou Apsow pue

Aususp buijamp suoneindod Joy
SUOI1RIDOSSE 1US)SISUOD $59| 1eYMIUIOS

'SN3e1s 3yblam pue Juaw

-UOJIAUS POOJ ‘95N pue| ‘ssauuaa.b

‘31025 1USWUOIIAUS }|INg S1eHa1bbe

P110DS BAON 'BLIaq|Y ‘237

-anD ‘g ‘oleluQ sadulroid ueipeued)
|erusWIadX-Isenb ‘salas
SWI} I9A0SS0II-35BD ‘|0UOD—35eD
‘leulpnibuo| ‘1oY0d 9A13DdS0I1)

£10C-8661

ybIH U99M12Q SUOIIRIDOSSE 1US1SISU0D) X X pue aAndadsoid ‘(9€) [eUONISS-5501) ‘60T ‘SAIPNIS §§ [E17] [ 19 320D
‘(suonendod iapjo
1eYMBWOS Ul S3IPNIS UedLIsWY L100)
s12yJewladns 10U SjuRINBISSI POOY
158} JO sanIsusp ybiy yum sadeld ePRURD 'USPamS
urlaybiy st g ‘pooyinoqybisu ‘eulyD ‘eljeaisny ‘puejeaz mMaN ‘SN
95USP Aj|euoneaidal Ylim spooy (015 uo Apnas) 5107-500T
ybIH -InoqybIau 3|gexjem Ul 1amo st INg X X |BUIPNBUO| | PUB [BUOIIDS-SSOID /| ‘9107 ‘sa1pnis 8| ‘[G] e 12 oquieley
‘Ajlenb ui
Hu01S 10 1RI9pOW Sem Bulloday
‘A|jeaibojopoyiaw saipnis Aewnd
¥BaM g pue S1elapoul €6 ‘Buons 67
'Snels
1YBIaM pUB JUSWUOIIAUD U33MIS]
SUONPIDOSSE Yeam |[elaAQ ‘Ajenb edl
-Bojopoyiaw JuawaINseaw Jo apowl
‘SJUSUIUOD UIYM AYausboiaiay
Bujulewas Moys s}Nsal UoIIedYIIRIAS ylewuaq ‘9duel
"BOLIBUWY YLON UIYIM A1ISSC0 Yaim ‘N3 ‘lebnuiod ‘wnibjag ‘sin ‘puejesz
SUONRIDOSSE Jea|D UM XIU 95N pug| M3N ‘el[elIsny ‘epeued ‘(17/) SN
pue |meids uegn 1oy 3dadxa ‘sbuipuy yioq £107-€007
MO pue pasn so1RW Ul Al12uaboialsH X X 7 '|BUOID35-55010 178 ‘[eulpnibuo| 9 1710z ‘saIpnis 76 ‘[€7] | 39 Yoequadey
‘saeds|p aonpas djay
1ey1 350y A||e1oadsa ‘paberuepesip
3y} 01 paiabiel Jl 9AIDBYS Slow
3Je SUOIIUAIRIUI JUSUIUOIIAUS 1|INg
‘aInsodxa mo| 01 anp sdnoib 535
MO| 9y} ueyy asow dnoib 535 ybiy
3U1 12948 1YDBIW JUSWUOIIAUS 3|INg Y|
"A12JBS PUB S3131[I1DB) 3SIDISXD
'$9103S P00} Jo aduenodwi 10) 1od
-dns 1s9bu0iS A134S pUE SD11BYISR SNV
'351219%3 0} s92e|d 'S13]3IN0 POOy Alewuins
158} 'S2101S POO} O} SS322€ JO SULI) $D11513€1S Ul 1O A|[enpIAlpul JayID 6007-5661
1espun ul pabejueapesip sdnoib parabie] X X X ‘M3IASJ Ul PAUOUSW J0U 9dAY ApNig ‘6007 's91PNIS G ‘[1S] e 19 1SeA0T
Ayjenbaur  Auanoe sieal ul
RY0 |eos [edisyd pood4 [esni-ueqin saipnis A1ewd jo uonedijgnd jo
pasanod suonendod abueu ‘uonedijgnd jo seak ‘salpnis
s nsai |90y synsai jo Alewwns ujewop ainsodxy /se11uNnod pue ubissp Apnis papnjaul Jo JIaquinu Joyine 1sai4

(panunuod) | 3|qey



Page 13 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

‘s)npe uj
1yBIaMIA0 sasealdul Aduapuadap
3]IgowoINne ‘AJIAIIDUUOD 193115 MO|
'SWILID ‘XIW 3N pue| MO| ‘AliuegIn
‘papaa3U S| (pooy
-INogybIauU [PIIUSPISSI B UIYLIM SSU
-1snq 4o 2dA1) asn pue| dy1dads ol
uonebIsaAUl 210W ‘YdIeasal |\ g 104

SN

A[ISOW W3S INQ Pa3sI| 10U SILIUNOD
Apnis
[PUIPNUBUO| JO M3IADI 9AI1DdS0.121

800¢—500¢

ybIH 1USIDLJNS 10U SI 3UO|R SN pUe| PaxIA| X X | JUSWIISAXS | ‘|BUOIIDIS-5S0ID APSOWN ‘010¢ ‘sa1pnis €7 '[917] |e 1o spleusy
‘Ausodipe yim suoepnosse
paxiw pey 21N0J sNQ 153Jeau ay3 0}
SSQIPPR [RUSPISAI 3Y1 WO} 9dURISI]
(L¥'0'¥1°0) 1D %56 uoh
-ONpal|Ag siun 0g0 Yim paledosse BUIYD pUB N (9) SN
sem asn 1odsuely dlignd Bupeniul SjuaWIIadXa 1senb /el /102-800C
MO MOUYS $S3IPN1S 9AY JO SISA[eur-BID|N X -N1eu Jo S|ell} Pajjosuod ‘[euipnibuoT '‘610C ‘S21pNIS 0| ‘[8%] ‘| 32 UOSISNIed
“410q 10U Ing A1ARDe [edisAyd Jo 181p
J9YMI9 JO S30adse uo sndoy ay3 pue
'suoehIISIAUL 150W JO UBISIP [euOn
-D35-5504D 9y} ‘SIIPNIS SSOIDE JUdW
-UOJIAUS 3{INQ 3Y3} JO SiuaWaINseaw
JO ADUR1SISUODUI PN|DUI SUISDUOD
JYBIam pue JUSUWUOIIAUS 1|ING
9U1 JO S109dSe U9aM19Q SUOIIRIDOSSe
JUBDLIUDIS A||D1ISIIBIS PUNOY SIPNIS adoin3 pue ‘eljesisny ‘'sn
0¢//1 "so2el 1o sdnoib abe Aq 1ayip Sa1pN3s [euipnubuol
SUOIIRID0SSE JUSWUOIIAUD Vg URY) OM] "$3IPN3S 21HOJ0I3 IIM YDIYM JO 9002-200¢
1B3DUN  P3IPNIS |[9M SSI| S| JUDUIUOIIAUS POO X X 93143 ‘SUONEDOIISIAUL [BUOI1DSS-SSOD 8| /007 's21pn3s 0z '[07] '|e 1o seded
Aujenbaur  Anande sieak ug
SETTH ) leros [edisAyd poo4 [eini-ueqin salpnas L1ewnd jo uonedijgnd jo
pa4an0d suone|ndod abuei ‘uonediiqnd jo seak ‘saipnis
s)nsai 5|90y s}nsaJ jo Krewwns urewop ainsodxgy /sa1iunod pue ubisap Apnis papnjpul jJo Jaquinu ‘ioyine 1sii4

(panunuod) | 3|qey



Page 14 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

0L/L/65!
saIpnis 9Aldadsold ul pue 98/9/95
SI'S3IPNIS [PUONDS-SSOID Ul JUed)
-Jlubis-uou :pa3dadxaun :pa1dadxa
Aq S3NPEe Ul SUOI1BIDOSSE JO SOlIeY
*S9IPNIS 2ININJ I0)
19b.e1 B 3q p|noys AuAnde |edisAyd
pa1e|ai-odsuel] 1yblam /A11S9Gqo 01
9INQIIUOD JOU 0P SN LI1Ie Palefal
A)AIIDB-2INSI97 'SUONBIDOSSE JUBdUIU
-BIs aABY 0S| SUONeUNSIP Ueliel|iN
'S9UI02INO
1yb1am 01 pa1e[a1l0d A|1Ua1SISUoD
150U SI XIUd 95N pue| ‘sjusuodulod
AJjiges|iem ay1 buowy ‘Aljiges|jem si
11 5591UN (AUSUSP [enuspisal +1od
-suet1 d1|gnd + ueisapad xapul
|Meids) SWO2INO pale|ai 1yblom
UM SUOIBIDOSSE JUBdYIUDIS 9ARY
Jespun S92IPUI [PIUSUIUOIIAUS 31Is0dWOD)

“J9YIOUR SUO YIIM P31l
X3S pUe JUSWUOIIAUL 1|INg ‘SISN MOy
Je32 10U S| 11 }paJAPISUOD 3G PNOYS
$35I PUB SISN US9MISG S30UIRYIQ
(019 SIdUMO
182 ‘Sa)IyMm ‘uawiom :sdnoibgns auwos
10§ 3UuBDYIUBIS AJUO BJe SUOIIRIDOSSe
'SPIOM U0 Ul 'S3S]) SIS [enplAlpul
pue 3g U9aM13( UOIIDRISIUI PUNOY
S3IPNIS XIS (9084 /X3S) S1ISLIS1RIeYD
[ENPIAIPUL PUE SISN U99MI9G
SUOI1BIDOSSE PUNOJ SIIPNIS OM |
‘S3SN Jo Judpuadapul NG puUe JUSW
-UOJIAUS 1|INC U39M13Q UO[IRID0SSe
1UBDYIUBIS pUNO) S3IPNIS USASS NG
MOJ—G3S MO| INOJ PUE |ING MO|—S3S
yb1y 1noy :AUs2qo /Aybamiano /|INg
pue (SISN) SIS pooyinoqybiau
U29M13¢ SUOIIRIDOSSE JUuRdYIUBIS pey
salpnis | | JO N0 4613 '|Ng Jo/pue
ybIH K190 3NPe 18 PIYO0] SAIPNIS SUIN

eLaBIN 1B wnibjag 1dAB3 ‘|izeig
‘aouel ‘elfelisny N ‘epeued ‘(€7) SN

yioq |
'9A123ds0.4d g ‘|PUONDIBS-SSOID | {/HE

SN “Auewiian ‘usp

-aMS ‘SN ‘epeur) ‘eljelisny ‘wnibjag
Apnis ysiug

2UO 10§ 1d30X3 [eUONIDSS-5501D 1SON

£102—010¢
10T ‘sa1pnis Lt [ez] '|e 19 eweAibng

€10¢-500¢
'S10T 'saipms €€ '[0€] 810g pue 9|nydS

s)nsai S|9oy synsai jo L1lewwng

|ediskyd pooq |esni-ueqin

urewop ainsodxgy

pa4an0d suone|ndod
/sa1iunod pue ubisap Apnis

sieak ul

saipnys A1ewnd jo uonediqnd jo
abuei ‘uonedignd jo Jeak ‘salpnis
papnjpul Jo Jaquinu “4oyine 15114

(panunuod) | 3|qey



Page 15 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

SEM D43} JeY} UBSW SHSII JBS|DUN "MIIASI [eulBLI0 DY} Jo sydadse ajdinw Buipiehal suoisanb jo buliys e Bulamsue Aq paydeas sem sl Jea|pun,, ybi

MO[ 10 yb1y sem seiq Jo ysii Jay1aym abpn( 0} pariodas uonewIoul JUdLYYNSUl

MO, se 313y pajuasald Juswbpn( [euy ay} ‘}nsai S|gOY 404

‘wopbuly PajIuN Y/ ‘eILBWY JO S2IBIS PAHUN S/ ‘JUSWUOIIAUS }INg Jg ‘ANA1DE [edIsAyd v ‘|eAISiUI 9DUSPYUOD [ ‘Ol3el PPO YO ‘SNILLS DILOU0I30ID0S SIS ‘S31IUNOD SWODUI-I|PPIW PuB MO| JJiA'T ‘Xapul ssew Apod [ng

‘pauiodal
[|9M 10U 3B SPOYIaW JUSUISINSEIN
*SD1I12U JUSWIUOIIAUS POOY |1B13) pUE
poyiaw buipod0ab ‘s19)1n0 pooy Jo
SUORIUYSP pUe SPOYIaW ‘poyIaW
UO[12BJIX3 ‘92IN0S 1ep aInsodxa
:5129dSe JUIBYIP DAY Ul JUSWUOIIAUS
POO} 3INSEAW 0} PISN SPOYIDU 3SIDAIQ]
€GL/7'8L/€9 slueIneISaY
508/6'CL/99
121035 sauad0.6/5193PWIRANS
9'6//58/6'01 :S2101S 9DUSIUSAUOD
(|e301 Ul suon
-RID0SSe $01) 0'S//T /80T :PO0} 158
:S139]3N0 YoeS JOj Jued
-Llubis-uou /pa1oadxaun/pa1dadxa
Aq syNpe Ul suoneosse Jo abeluadiag
'sdnoib 35 Mmoj Ul
pue ‘@duasaid ueyy Jayies Aywixoid
Ul paInseaw ‘Ajmouieu a1oul pauyap
USYM 3AIIS0d 210U SUOIIRDOSSe
S193N0 POOJ 1584 'SUOIIRIDOSSE JAYI0
MO P31eUILLIOP SUOIIRIDOSSE ||NU ‘||elaAQ

'SaSeIQ JO MS1 ybly aAeYy
S3IPNIS 1SO “dURdYIUDIS [eD1ul|D
MO] YlIM SUOIIRIDOSSE MOYS S3NS3J
1UBDLIUBIS YHM SIIPNIS "9DUSPIAS
JO [9A3] MO| 3ABY 0S| (Yd PUe pooy
410Q) $31PN3S JUSWUOIIAUD PaXIW dY |
"UONDNP3AI [N SMOYS SUOIIUSAISIUI
POO} 9AY dY1 JO SUON “(7/£/4 SI 9oU
-I24Ip OU /AUSISISUODUI /UONIDNPaI
0Ol1eJ) UoORdNPaJ NG JuedYIubIS sey
V/d Ul SUOIIUSAIIUI BUIU JO INO INO4
'sdnoJb uopuaaaul ul sbueyd
MOT |G /AYBIam 10J 9DUSPIAS JO [9AS] MOT]

X X

puejeaz
MIN “AueuLISD) ‘BljelSNY YN ‘SN
[eUIPNBUO| 97 ‘|BUOIIDS-SSOID /8

(Z1) SN Apsow Ing elesisny N
SuusWIRdXe [eInleu /|

810¢-500¢
'610C ‘so1pnis €1 | O€] | 19 SUB{|IA

8107—800¢
'810T 'saIpnis /1 ‘[zy] e 10 buss)

sy nsa. 51904 s} nsai jo Arewwng

1PYI0

Ayjenbaui
|eros

fAianoe
|ediskyd pooq |esni-ueqin

urewop ainsodxgy

paian0d suone|ndod
/se11uNnod pue ubissp Apnis

sieak ul

saipnys A1ewnd jo uonediqnd jo
abueu ‘uonediignd jo seak ‘salpnis
papnjpul Jo Jaquinu ‘ioyine 1sii4

(penunuod) | 3jqeL



Page 16 of 24

(2021) 20:7

Lam et al. Int J Health Geogr

Ayjenbaui [e120s U0220120s ‘AHAIROE [e21SAYd V4 :SaWRU UleWOoq "UOIIdRIIP PAZII0dY} /Pa3dadXxa 3y} Ul SBM Jey} MIASI 3} Ul SUOIRIDOSSE Jo abejuadiad
3Y} SI SUOIIRID0SSE P)DIAXD % PUR MIIASI B} Ul PIISAOD DI3M JeY) SUIBLIOP JUSIBYIP B} PIDIdaP SUIBWIOP ‘MBIASI B|[2IGWIN JNO Ul PISSISSE S MIIAI 3L} JO S}NSaI S|gOY :Ajenb ||elano ‘Mainal ay3 ul Juasald saLunod
3O J3QLUNU :S3L13UNOD JO "OU ‘M3IABI 3} Ul JUs31d SIUSUUOD 4O J3qUINU :SUSUIUOD 4O Ou ‘leulpnyibuo) a1am jey} saipnis L1ewid jo abeiuadiad :jeuipnyibuol 9 ‘Papnppul saipnis Alewid Jo Jaquinu :salpnis Jo oN

Ll 0 0 L L 0 L S € 0c¢ €Ll SUBIIM Gl

144 0 0 L L 0 L € € 0 L1 buss| vl

6¢ 0 0 L 0 0 4 6 ¥ Ll i ewieAIbng €l

9¢ 0 L 0 0 0 € 1A € € €€ 21j0g pue 3|nydS Cl

S8 0 0 L L 0 4 € € 0l 0c¢ seded Ll

e 0 0 L 0 0 [4 6 € 0 09 22AmoyoeT] 0l

of 0 L 0 0 0 14 9 ¥ 0 8¢ SMSIH 6

[43 0 0 0 L 0 € L L 4 LS equies 3

of 0 0 0 L 0 4 S € € €¢ Jlosel 1A

09 0 0 0 L 0 4 S € € or 1932eybYdsIal 9

68 0 0 l L 0 14 V/N V/N V/N 691 pueuipia S

0S 0 0 L L 0 [4 L € 9 €9 Buaq i

€€ 0 0 L L L € 9 € Ll 24 pueing €

6l 0 0 0 L 0 14 14 L Gl A qqo> 4

Ll L 0 0 0 0 [4 14 € 0s 9l uy L
uondallip  uopnjjodg  uode-0pPos  yd  pooq4  Awdiuequn palanod paianod salpnis
pa1dadxa ul Ayjenb  ssjunodjo  spusaunRUOd jo fewnd jo

sbuipuy jo 9 ulewoq  ||e49AQ ‘ON ‘ON  Jeuipnubuoj 9 ‘ON Joyineisuy  Apms

SM3IARJ Pa1d3Jas Ul sy nsai aanenuenb jo Alewwng g sjqel



Lam et al. Int J Health Geogr (2021) 20:7

Page 17 of 24

Table 3 Summary of evidence for associations between domains of the built environment and weight outcome

Domain Associations with weight (if domain is higher) Strength
of evidence*

Urbanicity Lower weight in HIC and higher weight in LIMC Low

Food environment Overall null Very low
Fastfood Some evidence for higher weight Low

Physical activity environment Overall inconsistent Low
Walkability Lower weight Low
Greenness Lower weight Low
Transport Inconsistent Very low
Sports facilities No systematic reviews found -
Motorised transport No systematic reviews found -

Social inequality Confounder at both individual and neighbourhood level Moderate

Air pollution Inconsistent Very low

" Strength of evidence is composed based on GRADE framework (Grading of Recommendations, Assessment, Development and Evaluation) [67]

conditions besides behavioural and weight-related
outcomes.

Quality assessment

Using the ROBIS tool, we identified seven reviews to
have low risk of bias, 18 with unclear (or medium) and
seven with high risks of bias. Most common quality-low-
ering traits of the included reviews were lack of a review
protocol, lack of quality assessment of primary studies,
and time and language restrictions on literature search
(see also Table 1 and Additional file 1: Appendix 5). The
domain-wide evidence levels ranged from very low (for
air pollution and the food environment) to low (physical
activity environment and urbanicity). The highest evi-
dence level was moderate for social inequality (Table 3).

Thematic results

Urban—rural differences

Opverall, there is evidence for disparity in overweight and
obesity between urban and rural areas (Table 3), although
the direction of associations is not homogenous. In
their review, Leal and Chaix (2011) found that residing
in urbanized neighbourhoods or neighbourhoods with
higher residential density in developed countries was
associated with lower weight [32]. Other reviews, which
were also conducted in developed countries, found that
urban sprawl, a feature of the urbanization process usu-
ally operationalized by population density, mixed land
use, intersection density, block size and street acces-
sibility was positively associated with obesity (i.e. more
sprawl, less urbanised, more obesity) [23, 33].

Three other reviews in developing countries also found
associations between urbanicity and obesity, however
the direction of association was reverse; such that more
urbanized areas had relatively more overweight and/

or obese populations [17, 34, 35]. A narrative study on
urbanization by Allender et al. (2008) found that increas-
ing urbanization improved food micronutrient contents
of diet but also increased body weight, blood pressure
and cholesterol in developing countries [17]. Lifetime
exposure to an urban environment was positively corre-
lated with BMI and obesity, even though the strength of
associations was low [17]. Angkurawaranon et al. (2014)
conducted a review specifically for South East Asia and
found heterogeneity in associations between urbanity
and weight-related outcome both between and within
countries; which could be attributed partially to rela-
tive economic status, age and sex [34]. A meta-analysis
included in the same study showed an overall OR for
being overweight of 1.65 (95% CI: 1.36, 1.99) for adults
who lived in urban areas versus rural [34]. Herndndez
et al. (2012) reviewed literature on rural-to-urban inter-
nal migration in eight developing countries and observed
that both BMI and obesity rates generally increased in
those who migrated from rural to more urbanised areas
[35]. Migrants’ BMIs were 0.2-3.8 kg/m? higher than
rural counterparts and 0.3—1.3 kg/m? lower than urban
counterparts [35]. The study also reported differences
in other weight-related anthropometric measures such
as waist circumference, hip circumferences, and triceps
skinfold, which were assessed in only a few primary stud-
ies. Overall, all three reviews acknowledged a change in
diet, obesity and physical activity pattern towards sed-
entary over time among all LMICs studied. However,
they did not sufficiently explain the rural urban disparity
in weight and BMI and the difference in trend between
developed and developing world.
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Food environment

Earlier reviews from the 2000s observed that more
studies were done on physical activity environments
than on the food environment in relation to obesity
[20, 33]. Ever since, more research and systematic
reviews on characteristics of the food environment
emerged, and in our umbrella review we found eight
reviews that focused primarily on the food environ-
ment in relation to weight status outcomes. For this
domain, null associations dominate the results [21,
36-38]. The latest and most comprehensive food envi-
ronment study by Wilkins et al. (2019) found 70.3 to
77.7% of the examined associations between different
food outlets and adult obesity to be non-significant
[36]. While the figure is slightly lower for Ameri-
can studies at 50-59% [39] the inconsistency in asso-
ciations across reviews is comparable. Most reviews
attributed this inconsistency to a large heterogeneity
and inconsistency in defining the food environments
under study, as well as the components and method-
ologies to measure them [21, 36—40]. Even within the
fast food domain where associations were most con-
sistent, there was much heterogeneity in what was
regarded as fast food retail, for example, whether only
the large fast food chains were qualified or also small
corner stores [38, 40]. Notably, Wilkins et al. (2019)
further concluded in a recent review that a narrower
definition of fast food led to more positive associations
[36]. On the other hand, Cobb et al. (2015) found that
composite food outlet measures which combine both
healthy and unhealthy food outlets were more consist-
ently associated with weight in adults than measures of
single food outlet types [21]. Interestingly, Giskes et al.
(2011) found that associations between access to and
density of food outlets were more consistent in their
relation to weight than to dietary behaviours, sug-
gesting a gap in understanding between behavioural
and physiological outcomes [21]. Wilkins et al. (2019)
further assessed quality of reporting in food environ-
ment studies and concluded that most exposure meth-
odology sections did not meet their newly developed
GeoFERN framework [36], while Cobb et al. (2015)
lamented the low quality of primary studies [21].
Another aspect frequently discussed was the quality of
data on food outlets. Some used indirect measures and
sometimes outdated data, despite the fast development
of the foodscape [39].

In reviews that included food among other compo-
nents of the built environment, mixed results were also
observed. Tseng et al. (2018) found no change in BMI
in any intervention studies regarding the food environ-
ment. Interventions targeting both food and physical
activity environment also did not result in BMI change,
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though most primary studies suffered from high risks
of bias [42]. McCormack et al. (2019) however found
significant associations in examined observational
studies that investigated Canadian food environments
and weight status [43].

Physical Activity environment

Walkability Walkability in epidemiological terms is an
index of environment characters that are conceptually
associated with active transport such as walking or cycling
[44]. To calculate walkability, a multitude of components
are combined, among which are residential density, land
use mix, destination facilities, street connectivity meas-
ured by intersection density, and sometimes route charac-
teristics (e.g., greenspace). Walkability indices have mixed
associations with weight. Grasser et al. (2013) found the
walkability index to be consistently positively associated
to walking and to some extent, cycling behaviours but
much less to weight outcomes [19]. Three general reviews
including one meta-analysis [29], one Canadian review
[43] and Malambo et al. 2016 [45] found more consistent
evidence for associations between neighbourhoods with
high walkability scores and lower BMI; although some
mismatch was reported between perceived and objec-
tively measured walkability. It was furthermore indicated
that the role of physical activity as a mediator should be
further explored [45].

Many reviews also examined the associations between
individual components of walkability and their asso-
ciations with weight. Some components are found to be
more consistently associated with weight while others
have mixed results, similar to the index they represent.
Density measures such as population density, housing
unit density or address density had equivocal associa-
tions with weight-related outcomes [19, 33]. Sugiyama
et al. (2014) found that walkability as a composite score
was less correlated to weight than land use mix [22]. This
view was also supported by two literature reviews which
examined a broad variety of built environmental factors
in associations with weight and weight-related outcomes
in developed countries [23, 33]. Both reviews found land
use mix (together with urban sprawl) to be most con-
sistently associated with weight. An earlier review by
Renalds et al. (2010) also highlighted that land use mix
was a consistent factor, but pointed out that more stud-
ies should examine specific land uses that are relevant
to weight change, in order to elucidate the mechanistic
pathways of this association [46].

Green space was studied both as a separate environ-
mental factor relevant to weight but also as a component
of walkability. Two included reviews focus on green space
as the primary exposure: Lachowycz and Jones (2011)
specifically studied access to green space and obesity
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and found some evidence for an association but gener-
ally results were mixed, depending on different weight-
related outcomes under study [18]; Kondo et al. (2018)
reviewed broader health outcomes and found no asso-
ciation between green space and weight in three primary
studies in adults [47]. In reviews that focused on green
space next to other environmental aspects, McCor-
mack et al. (2019) found consistent associations between
greenspace and weight status in Canadian settings [43]
while meta-analysis results by Chandrabose et al. (2019)
observed no significance in associations [29]. Other
components of walkability such as route characteristics,
street connectivity, and facilities at destination had non-
significant associations with obesity [19, 29, 32, 43, 45,
46).

Public transport Except for walking and cycling, other
means of transportation have been relatively understud-
ied in obesity reviews. An early review by Renalds et al.
(2010) found that residents of urban settings with high
commuting times and sparse public transport networks
had a higher likelihood of being obese [46]. A recent meta-
analysis by Patterson et al.(2019) indicated that switch-
ing from personal to public transportation through new
infrastructure or by adjusted ticket pricing was associated
with 0.3 (95% CI: 0.14, 0.47) l(g/m2 reduction in BMI [48].
Interestingly, Tseng et al. (2018) found that while only less
than half of the environmental policy interventions pro-
duced statistically significant associations with weight;
these associations were still more consistent than for diet
or physical activity outcomes [42]. Across all interven-
tions, those related to public transports had the most sig-
nificant associations, even though the included primary
studies overlapped largely with Patterson and colleagues
[48]. For other transport measures including distance to
the nearest bus route there was limited and inconsistent
evidence.

Air pollution

An et al. (2018) reviewed air pollution studies in rela-
tion to weight status [49]. Most air pollutants studied
came from urban anthropogenic activities such as fossil
fuel burning for heating and transportation. The primary
studies in this review were highly heterogeneous in pol-
lution measurement methods and associations varied by
age, sex and type of pollutants. However, in the included
studies of adults, weight status was only consistently and
adversely associated with particulate matter below 10 um
in diameter (PM,,).

Social inequality
Although socioeconomic factors are not considered
physical aspects of the built environment, their important
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conceptual role in influencing both urban design, envi-
ronmental exposure and weight-related outcome is worth
examining. Four reviews on social inequality in relation
to environments and weight status were conducted in the
United States. Casagrande et al. (2009) and Lovasi et al.
(2009) found that some ethnic minority groups such as
African Americans and Mexicans were more disadvan-
taged in terms of access to healthy food options, exer-
cise facilities and outdoor environmental safety [50, 51].
Larson et al. (2009) reported inequality in access to food
sources, especially individuals with a lower SES were
more exposed to fast food while the higher SES groups
had higher access to healthier restaurants [52]. On top of
that, Lovasi et al. (2009) suggested that the built environ-
mental characteristics affected higher SES group dispro-
portionately because the lower SES groups were found to
have much lower exposure to any food outlet in general
[51]. One review that stratified studies from the Southern
states found no difference in beneficial effects of the built
environment on weight compared to the rest of the stud-
ies [53].

Reviews conducted in general populations found simi-
lar patterns. Black and Macinko (2008) and Renalds et al.
(2010) found income inequality, crime and racial isola-
tion to be associated with obesity in developed countries
[31, 46]. Allender et al. (2008) found that BMI and choles-
terol levels were positively correlated with food share of
household expenditures in LMICs, though this evidence
is based on one single primary study [17]. Three other
studies reported association between fast food exposure
and increasing deprivation, low SES or ethnic minority
[36, 38, 40]. Taken together, all these reviews suggest the
emerging role of social inequality both as confounder and
independent component of the built environment rel-
evant for weight.

Discussion

Our umbrella review identified 32 systematic reviews
examining associations between aspects of the built envi-
ronment and weight-related outcomes. About a third of
the reviews focused on general built environmental char-
acteristics while others focused on specific aspects such
as the food environment, physical activity environment
such as walkability and active transport, urbanization,
or neighbourhood SES. Overall, the results indicate that
associations were very small or absent for the physical
activity environment and the food environment, however
the included reviews found comparatively more consist-
ent associations for the physical activity environment
compared to the food environment, especially in North
American settings [31, 50]. Generally, measures of fast-
food exposure, urban sprawl and land use mix are most
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consistently associated with weight outcomes. In the
relation between the built environment and weight, we
found evidence for the role of social inequality both as
confounder for associations between the physical built
environmental factors and obesity, as well as being inde-
pendently associated to obesity itself.

One might argue that the association between the
built environment and weight is a bridge too far, and that
it would be logical to review the epidemiological evi-
dence on associations with intermediate, more proximal
outcomes, such as obesogenic behaviours [54]. These
behaviours are conceptualized mainly through energy
imbalance: higher obesogenicity means a surplus of
energy intake and a deficiency of energy expenditure. In
terms of energy intake, Sleddens et al. [55] carried out an
umbrella review for environmental correlates of dietary
behaviours and found mixed results for the built environ-
ment. Evidence was suggestive at best and even so, cor-
relations were stronger for personal behaviours such as
habit, self-regulation, self-efficacy and motivation com-
pared to elements in the built environment. In terms of
energy expenditure, an umbrella review was carried out
in 2017 for correlates of physical activities, where most
of the associations for specific behaviours such as walk-
ing, cycling and active transport were shown to be incon-
sistent [56]. The most consistent association was found
between neighbourhood walkability, street connectivity,
land use mix, level of urbanity and overall physical activ-
ity level. These studies mirror our review results for the
food and physical activity environments, respectively.

One of the probable causes of inconsistency in asso-
ciation direction is the variety in definitions used for
environmental exposures. The definitions of urbanity or
urbanization [17, 47], food in general and fast food in
particular [40] and components of walkability differed
greatly between primary studies [19]. Feng et al. [33] also
discussed the various geographical definitions of place
or area under study, and whether neighbourhood, city or
county should be the most appropriate level of analysis.
Unsynchronized definitions, together with diverse opera-
tionalisations such as: access to, accessibility of, or rela-
tive density of built environmental factors have led to a
myriad of environmental measures used between studies
[33]. As of now, the field is still developing and we seem
far from adopting a gold standard or best practice in built
environment exposure assessment and operationalisa-
tion. On the other hand, one might argue that single gold
standards should not be strived for, as the operationali-
sation of the ‘best’ exposure measures for many environ-
mental characteristics are likely to be context-dependent
and will vary from place to place, and from population
to population. However, universal guidelines on trans-
parent and complete reporting of methods and findings
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in environmental epidemiological studies will facilitate
interpretation of, and comparison across, such studies
[57].

In terms of effect sizes, the evidence found so far indi-
cates three main issues: (1) effects are likely to be small
(2) there is space for improvement of epidemiological
studies regarding the built environment in general and,
more importantly, (3) our conceptual understanding of
the ecological relationship between the built environ-
ment and personal behaviours and consequent weight
may not be optimal. Even though it is out of the scope of
our study to examine subjective assessment of the built
environment (i.e. self-perception), some studies suggest
that their role in modifying health behaviours should not
be underestimated [54]. Moreover, it is increasingly being
acknowledged that the interactions between humans and
their environments take place in a complex system that
continuously interacts and adapts, and where the built
environment is only one of the many nodes in this inter-
active network [58]. Obesogenic behaviours do not occur
in isolation but are a product of myriad of individual-
level and contextual processes. Therefore, the picture of
built environments and weight is framed within a larger
context of interrelated human—environment interactions,
which also include factors from the sociocultural-, eco-
nomic-, and policy environments [8]. Even when the goal
is to capture a snapshot, we should not lose sight of this
big picture.

Recently, researchers started to study the combined
influence of environmental factors, rather than focusing
on traditional single-exposure single-outcome epidemio-
logical approaches, in order to attempt combining these
snapshots together to make sense of the big picture. For
example, in the included reviews, indices including mul-
tiple food outlets were more consistently associated with
adult obesity compared to individual outlets [21]. Moreo-
ver, Cobb and colleagues, as well as other authors high-
lighted the need to combine built environmental factors
for two reasons: (1) their effect might not easily be sin-
gled out on individual exposure basis and (2) people are
exposed to multiple built environmental factors at the
same time anyway [22, 33]. This methodology does not
come without challenges, one being that the combining
of environmental factors (for instance in an index), much
like the rest of exposure assessment, is not standardized.
Even though guidance is available, such as one offered by
Organisation for Economic Co-operation Development
[59], some steps of the process (such as weighting the
components) are subjective and entirely at the authors’
discretion. Another issue is the often-challenging inter-
pretability of the product score, therefore the process of
index making must be transparently reported.
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Twenty-five out of thirty-two included reviews had
considerable risks of bias, mostly because there was no
reported protocol for review and assessment of qual-
ity of primary studies. To some extent, this limited the
validity of the synthesized evidence and therefore lowers
the overall rigor of the current review. Included reviews
tended to use pre-set protocols only from 2011 onwards.
On a related note, no two systematic reviews in the cur-
rent umbrella review used the same quality assessment
tool. It has also been acknowledged by other reviews
that quality assessment is yet to be standardised [60].
Moreover, there is also discrepancy on how the authors
processed information from quality assessment: some
stratified their analysis based on quality of studies, either
in meta-analyses or descriptive analyses, but most studies
simply reported the quality in their discussion.

Except for one review that explicitly studied confound-
ing effects of individual- and neighbourhood SES [30],
no other review took confounders into account when
assessing the strength of associations between the built
environment and weight. The modifying role of age and
sex were occasionally explored, and results were some-
times stratified, but they were rarely discussed. Some
built environmental exposure was found to be related to
obesity especially for some subgroups such as women,
whites or car owners. Such interesting results should be
further discussed in future studies, as has also been indi-
cated by others [19, 37, 53]. Furthermore, some studies
found that characteristics in the built environment and
BMI were associated independent of or dependent on
individual SES. Black and Macinko (2008) and Schiile and
Bolte (2015) examined both individual and neighbour-
hood SES both as independent predictors and as media-
tors for associations between built environment and
obesity [30, 31]. Black and Macinko (2008) found neigh-
bourhood SES to be consistently associated with weight,
even after adjusting for individual SES, while Schiile
and Bolte (2015) found significant associations between
neighbourhood SES and BMI in both directions, suggest-
ing that SES might be an independent factor next to their
suggested role as confounders for many environment
exposures.

Ding and Gebel carried out an umbrella review on
the built environment, physical activity and obesity in
2012 [61] in which six included reviews overlap with our
umbrella review [18, 20, 31, 50, 51, 62]. Compared to the
evidence base at that time as reported in their review,
there have been positive developments: environmental
factors and weight associations have increasingly been
based on conceptual guidance; the importance of socio-
economic status continued to be stressed in built environ-
ment studies and was adjusted for in many recent studies
[61]. However, some issues in primary studies remained
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poignant: despite improved methodological rigour of
exposure assessment, these efforts have not borne fruit,
neither in increased significant associations nor in more
consistency in association directions, and measures used
remained heterogeneous. Most recent reviews, including
this study, still find that cross-sectional studies dominate
the research landscape, which limits causal inference
of the studied associations. In addition, most primary
studies still take place in the Western world while obe-
sity incidence in LMICs is still rising compared to high-
income countries. Quality of reporting, especially that of
methodologies, has been improved but is still considered
to be insufficient [36].

This umbrella review offers a comprehensive overview
on the evidence of different aspects of the built environ-
ment pertaining to weight and weight-related outcomes.
The strengths are that we were able to consolidate many
different aspects of the built environment over time, and
that we included reviews from a variety of disciplines
such as epidemiology, urban planning, social sciences,
and public health. Moreover, by carefully examining the
quality of the included reviews, we were able to identify
crucial issues with past and current systematic reviews
on the built environment, which have not been done
before, while keeping a close eye for possible improve-
ments in both systematic reviews and primary studies.

Limitations of this umbrella review include the pos-
sibility of missing recent primary studies in relatively
understudied fields since we only included systematic
reviews. This might be a weakness in a fast-developing
field such as environmental epidemiology. For example,
we had to exclude motorized transport due to the lack of
systematic reviews even though other forms of reviews
for this topic already exist [63] and there was no review
on sports and recreation environment even though pri-
mary literature was present. A recent Nature study sug-
gested that the gap of BMI between residents in urban
and rural areas is closing, mostly by an unprecedented
increase in rural BMI across the globe in recent years
[64]. Moreover, some included reviews, especially the
earlier ones, tend to have high overlap in primary studies,
which might overestimate the strength of evidence for
some aspects of the built environment.

To move forward, future studies must address many
challenging issues regarding exposure assessment as well
as the operationalisation of exposure variables, and in
the analyses take into account the complexity of real life.
The longitudinal design of many cohorts can be used to
increase causal inference power of environmental cor-
relates. This requires exposure data themselves to be
routinely collected and updated in time to make these
analyses possible. In terms of exposure, some aspects
of the built environment need further exploration as
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pointed out by Durandet al. (2011), who found the com-
munity aspect of the smart growth principles; which also
include walkability, mixed land use, public transporta-
tion and compact building among others; to be miss-
ing in health analyses [62]. Studies incorporating social
networks and the spread of obesity are developing, but
require complex modelling and therefore are mostly still
in its infancy [65, 66]. Other understudied principles
include predictable, fair and cost-effective policymak-
ing which is more abstract but not less important for
future studies. Moreover, less recognised obesity-related
exposures such as air pollution should be further stud-
ied. Thus far, there is limited evidence for this domain
of exposure, as this topic in adults came from one sin-
gle primary study [49]. Furthermore, some reviews on
specific topics such as green space might have become
outdated and this needs an update. In a broader stroke,
future studies could make use of increasingly enriched
open environmental data to explore novel factors of the
built environment relevant to health. To this end, rel-
evant policies should be in place to encourage data shar-
ing between stakeholders, such as the European Union’s
INSPIRE Directive! or the American Open, Public, Elec-
tronic and Necessary (OPEN) Government Data Act.”
In addition, BMI as a proxy of overweight and obesity is
simple to measure but is not sufficient to define central
obesity. Incorporation of measures such as body fat per-
centage or waist circumference should become standard
practice in the future.

In terms of analysis, a recurring theme in many
included reviews is the suggestion to incorporate com-
plexity into current epidemiological studies. This
improvement is multi-faceted: on the one hand, we have
mentioned earlier in this review the use of indices to bet-
ter quantify simultaneous exposure. On the other hand,
non-linear complexity could be incorporated in statistical
analysis by moving beyond the reductionist linear mod-
elling method, especially for an outcome such as weight
where either extreme is considered adverse [6, 58]. For-
tunately, there has been a recent recognition that the low
effect size in the current environmental epidemiological
studies might be attributed to the isolated single-expo-
sure single-outcome and linear modelling method, nei-
ther of which is realistic in terms of human interactions
with the environment [67, 68]. Traditional epidemiology
however could already benefit from bolder exploration of
mediation and interaction effects of dietary or physical

! Information on the directive can be found via the European Commission’s
website https://inspire.ec.europa.eu/inspire-directive/2.

2 Information on the OPEN Government Data Act can be found on Data

Coalition’s website https://www.datacoalition.org/policy-issues/open-data/
open-government-data-act/.
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activity behaviours to further strengthen the causal infer-
ences to the current associations [54, 69]. Moving for-
ward, innovative methodologies such as agent-based
modelling and other self-learning algorithms could be
used to improve our understanding, by allowing interac-
tions in the forms of various simulated scenarios in envi-
ronmental changes and their consequences on weight
[70].

As for future systematic reviews, included reviews sug-
gest that both individual and neighbourhood SES are
important effect modifiers for the associations between
the built environment on health and thus both should be
considered in future studies; especially in terms of pos-
sible interactions between neighbourhood SES, built
environment and sex or age [30]. Finally, as the number
of reviews continue to increase, it is recommended that
future reviews in the built environment follows PRISMA
reporting guideline and pre-register in a dedicated regis-
try such as PROSPERO or HRB Open Research to ensure
transparency and prevent overlapping in review topics.
The use of quality assessment should be taken seriously
with standardized, validated tools suitable for each study
design, as recommended by trusted sources such as the
Cochrane Center.

In conclusion, while evidence for associations between
most built environmental characteristics and weight
related outcomes were null or equivocal, some character-
istics have a more consistent link, such as fast-food retail
exposure, urbanisation, land use mix and urban sprawl.
Risks of bias was predominantly high, and we pointed out
aspects in the methods, measures, analyses, and report-
ing that may increase our understanding of the assumed
influence of built environments on obesity in future
studies.
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