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Abstract

Background: There is increasing evidence demonstrating the importance of the neighbourhood built environment
in supporting physical activity. Physical activity provides numerous health benefits including improvements in health-
related fitness (i.e,, muscular, cardiorespiratory, motor, and morphological fitness). Emerging evidence also suggests
that the neighbourhood built environment is associated with health-related fitness. Our aim was to summarize evi-
dence on the associations between the neighbourhood built environment and components of health-related fitness
in adults.

Methods: We undertook a systematic review following PRISMA guidelines. Our data sources included electronic
searches in MEDLINE, Embase, CINAHL, Web of Science, SPORTDiscus, Environment Complete, ProQuest Dissertations
and Theses, and Transport Research International Documentation from inception to March 2021. Our eligibility criteria
consisted of observational and experimental studies estimating associations between the neighbourhood built envi-
ronment and health-related fitness among healthy adults (age > 18years). Eligible studies included objective or self-
reported measures of the neighbourhood built environment and included either objective or self-reported measures
of health-related fitness. Data extraction included study design, sample characteristics, measured neighbourhood
built environment characteristics, and measured components of health-related fitness. We used individual Joanna
Briggs Institute study checklists based on identified study designs. Our primary outcome measure was components
of health-related fitness (muscular; cardiorespiratory; motor, and morphological fitness).

Results: Twenty-seven studies (sample sizes =28 to 419,562; 2002 to 2020) met the eligibility criteria. Neighbour-
hood destinations were the most consistent built environment correlate across all components of health-related fit-
ness. The greatest number of significant associations was found between the neighbourhood built environment and
morphological fitness while the lowest number of associations was found for motor fitness. The neighbourhood built
environment was consistently associated with health-related fitness in studies that adjusted for physical activity.

Conclusion: The neighbourhood built environment is associated with health-related fitness in adults and these asso-
ciations may be independent of physical activity. Longitudinal studies that adjust for physical activity (including resist-
ance training) and sedentary behaviour, and residential self-selection are needed to obtain rigorous causal evidence
for the link between the neighbourhood built environment and health-related fitness.
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Trial registration: Protocol registration: PROSPERO number CRD42020179807.
Keywords: Built environment, Neighbourhood, Physical activity, Health-related fitness

Background

Participation in regular physical activity is associated
with a reduced risk of developing diabetes [1], cardio-
vascular disease [2], certain cancers [3] and premature
mortality [4]. Notably, physical activity is also positively
associated with health-related fitness [5]. Health-related
fitness reflects physiological attributes that delay the
onset of morbidity from diseases that may result from
living a physically inactive lifestyle [6]. Traditional defi-
nitions of health-related fitness (i.e., cardiorespiratory
endurance, muscular endurance, muscular strength, body
composition and flexibility) [7] have since been updated
to be more encompassing [8]. Current definitions of
health-related fitness are multidimensional and include
morphologic (e.g., body composition or flexibility) mus-
cular (e.g., grip strength or endurance), cardiorespiratory
(e.g., VO, max or sustained cardiorespiratory capac-
ity), motor (e.g., balance or proprioceptive activity), and
metabolic (e.g., blood lipid or glucose levels) components
[6]. After controlling for body mass index (BMI) and
waist circumference, objective measures of body compo-
sition (including the distribution of adipose tissue) have
been linked to incident cardiovascular disease [9]. Find-
ings from a meta-analysis demonstrated that decreases
in grip strength were associated with an increased risk of
all-cause and cardiovascular mortality [10]. Associations
between lower grip strength in mid-life with functional
limitations and disability in older adulthood have also
been observed [11]. Cardiorespiratory fitness, has been
shown to be associated with cardiovascular disease risk
in adults [12].

Higher intensity physical activity can improve muscu-
lar [13], cardiorespiratory [13], and morphological fit-
ness [14]; however, even lower intensity activities, such
as walking, may improve health-related fitness [15].
Qualitative [16] and quantitative [17] evidence consist-
ently demonstrates links between neighbourhood built
environment and physical activity. Key built environ-
ment features that support physical activity include den-
sity (i.e., residential or population), connectivity (i.e.,
many potential routes, short block sizes, many intersec-
tions), and land uses (i.e., recreational and utilitarian
destinations) [16, 17]. Giles-Corti et al. developed [18]
and later expanded [19] a framework positing poten-
tial pathways by which the local built environment is
associated with physical activity and health. The frame-
work highlights important built characteristics includ-
ing design (e.g., street layout and connectivity), density

(e.g., compactness of residential population), transit
(e.g., proximity and access), destination proximity (e.g.,
distance to local destinations), diversity (e.g., mixed
residential, commercial, and recreational destinations),
desirability (e.g., safety and aesthetics) and distributed
features (e.g., resources equitably distributed across
different populations) [18, 19]. Given the connections
between the built environment and physical activity, and
physical activity and health-related fitness, neighbour-
hood built environments may play a vital role in sup-
porting health-related fitness in adults.

Health-related fitness can be influenced by genetic fac-
tors, lifestyle behaviours, personal attributes, and physi-
cal and social environments [8]. Notably, some evidence
suggests that associations between the built environ-
ment and health-related fitness remain after controlling
for physical activity [20-23]. The persistent relation-
ship may reflect the presence of independent pathways
between the built environment and health-related fitness,
the existence of other mediators (e.g., sedentary behavior
and diet), or inadequate adjustment for physical activity.
For example, studies have found the availability of food
destinations to be associated with morphological fitness
[24] and sedentary time to be association with func-
tional-related fitness in older adults [25]. Both sedentary
behaviour and diet are associated with built environment
[26-28].

While several studies have found significant associa-
tions between some features of the neighbourhood built
environment and health-related fitness [23, 29-31], this
literature has not been systematically synthesized nor
critically evaluated. Therefore, the aim of this study is
two-fold: (1) to summarize and critically appraise the
existing literature on the associations between the neigh-
bourhood built environment and health-related fitness
in the adult general population, and; (2) to identify and
summarize studies estimating the associations between
the neighbourhood built environment and health-related
fitness that also control for physical activity.

Methods

This systematic review is based on a published study
protocol [32], was registered in the International pro-
spective register of systematic reviews (PROSPERO; ID
number: CRD42020179807), and follows the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines (Supplementary material; S1)
[33]. We deviated from the protocol by having only one
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reviewer (LF) screen all initial titles and abstracts, how-
ever, two reviewers (LF and CC) screened the potentially
relevant full-texts and collaboratively extracted study
data (i.e., through a consensus approach).

Search strategy

Databases were searched from inception to March
2021 with no language or location restrictions. MED-
LINE (Ovid), Embase (Ovid), CINAHL (EBSCO), Web
of Science, SPORTDiscus (EBSCO), and Environment
Complete (EBSCO) were search for published evi-
dence (Supplementary material; S2). Our search was
supplemented with an exploration of unpublished evi-
dence from ProQuest Dissertations and Theses. Finally,
Transport Research International Documentation was
also explored for relevant unpublished and published
evidence.

Study selection

Citations were collated and uploaded into Covidence
(Covidence systematic review software, Veritas Health
Innovation, Melbourne, Australia. Available at www.
covidence.org) and duplicates were removed.

Eligibility criteria

Types of studies

We included observational and experimental studies that
reported on quantitative results. Our review excluded
qualitative studies and literature reviews.

Participants

We included studies undertaken with healthy adults
(>18years of age). We excluded studies undertaken with
children or adolescents, athletes, or clinical populations.

Exposure(s)

Exposure variables eligible for inclusion were built envi-
ronment characteristics measured using objective (e.g.,
Geographical Information Systems or environmental
audits) or self-reported (e.g., questionnaire) approaches.

Outcomes

Eligible studies included objective (e.g., researcher-
administered field tests or laboratory testing) or self-
reported measures (e.g., survey questionnaires) of
health-related fitness. Health-related fitness included
any measures of muscular, cardiorespiratory, motor, and
morphological fitness. We excluded metabolic fitness
because compared to the other components of health-
related fitness, recent systematic reviews have summa-
rized the associations between the built environment and
cardio-metabolic health [34—39]. Within morphological
fitness, outcomes of body composition were included if
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studies distinguished between fat and fat-free mass (e.g.,
body fat percentage), but they were excluded if they could
not (e.g., BMI and waist-to-hip-ratio).

Data extraction

Data extraction included title, author, year of study, jour-
nal, study design, geographical location, sample size,
mean age and age range, participant sex/gender distri-
bution, data collection date, study duration, statistical
technique, and estimate type(s), whether the built envi-
ronment was objectively-measured or self-reported,
whether the components of health-related fitness were
objectively-measured or self-reported, the built environ-
ment characteristics measured, the component of health-
related fitness measured, built environment exposure,
covariates present in the adjusted results, whether adjust-
ment was made for physical activity, and the main study
findings.

Assessment of study quality

Study quality was assessed using the Joanna Briggs Insti-
tute (JBI) critical appraisal tools for cross-sectional [40]
(8 items), quasi-experimental [41] (9-items) or cohort
[40] (12-items) studies. We used three specific study
quality tools to accommodate the different studies
designs that we expected to encounter in this literature
(17, 42-44].

Data synthesis

A narrative synthesis was completed by categoriz-
ing perceived or objectively measured individual (e.g.,
street connectivity) or index (e.g., walkability) built envi-
ronment measures as well as perceived or objectively
measured components of health-related fitness (e.g., car-
diorespiratory fitness). Using an established framework
[18, 19], built environment characteristics were grouped
into one of seven feature categories (i.e., design, density,
transit, destination proximity, diversity, desirability, and
distributed). We also added an eighth category — “Com-
posite or Other” features — which included measures that
combined individual built environment features into a
single index or score (e.g., “walkability”) or where a sin-
gle built environment variable spanned multiple features
(e.g., urban infrastructure improvement). Statistically
significant positive, negative, and non-significant associa-
tions were summarized.

Results

Study identification

After removal of duplicates, 27,100 records were screened.
After reviewing 881 full-text reports, 25 reports were
included [20-24, 29-31, 45-61]. Two of the included
reports each included two different studies [24, 50] within
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the same paper and the findings of each study were
reported separately; thus, 27 studies were included in the
final narrative synthesis (Fig. 1).

Characteristics of included studies

Study design

Table 1 shows the characteristics of the included stud-
ies. The majority (n=21) of studies used cross-sectional
designs [21, 23, 24, 29-31, 46-53, 55-61], with the
remainder including cohort [20, 22, 24, 50, 54] (n=5) or
quasi-experimental [45] (n=1) designs. Approximately
half of studies (7=14) were undertaken in the United
States of America (USA) [22, 24, 29-31, 46, 48, 50, 51,
54, 56, 57] with the remainder undertaken in Japan [20,
49, 61] (n=3), the United Kingdom (UK) [47, 58, 59]
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(n=3), Canada [23, 55] (n=2), France [45, 52] (n=2),
Brazil [53] (n=1), China [21] (#=1), and the Czech
Republic [60] (n=1). Sample sizes across studies ranged
from 28 [45] to 419,562 [59]. Six studies included older
adults (> 60years) only [20, 22, 45, 49, 53, 61]. Six studies
included female-only samples [45, 50, 51, 54, 60], while
the remainder included multi-sexed/gendered samples
[20-24, 29-31, 46-49, 52, 53, 55-59, 61].

Built environment measures

Among the 17 studies that included an objective measure
of the built environment, neighbourhood geography was
either operationalized using ego-centric spatially-defined
buffers (or polygons) or distances around or from partici-
pants geo-located residential households [20, 29, 49-52,

[ Identification of studies via databases and registers ]
Records identified from:
c Medline (n = 3,465)
o Embase (n = 4,707) Records removed before
® SPORTDiscus (n = 7,346) screening:
ig CINAHL (n = 2,834) —> Duplicate records removed
€ Web of Science (n = 11,440) (n=12,476)
% ProQuest Dissertations & Theses
- Global (n = 3,234)
TRID (n = 490)
Records screened > Records excluded
(n =27,100) (n=26,219)
Reports sought for retrieval Reports not retrieved
o (n = 881) — ”| (n=0)
=
'
o
0
Reports assessed for eligibility Reports excluded:
(n=881) No fitness measure (n = 465)
No neighbourhood
environment (n = 209)
Non healthy or under 18
years (n = 76)
i Reports of included studies
3 (n=25)
= Studies included in review
= (n=27)
Fig. 1 PRISMA flow diagram




Page 5 of 19

(2022) 19:124

Frehlich et al. Int J Behav Nutr Phys Act

(lo20101d %|eg Pay

(42ynq [e1pe)
w09l e ul ssed pue ‘san
-1]15e4 3S12J9%2 S1eALd pue
o1gnd pue Jayng uobAjod
YIOMISU W Q08 U Ul SHIWI|

paads pue ‘9beIsanod
¥[EM3PIS ‘UOIRISOIA
‘A1Isuap pjoyasnoy

Jayng

%6 = 9|eWoS

(%001)  -1pOW) 1531 ||llpeal) [eud  ‘ALISUSP UO[129SI21Ul ‘XIW  [BIP.S W Q9| & PUe Jayng 'SIK06-g1 = obuel aby
[/l -Ixep - Kiojesdsalolpied) asn pue)) [eneds :[qo siomiau uobAjod w g /588=U SN Aujigegoid-uou ‘'sH [67] €107 J12Uy20H
(sulaned bunnwwod
pue ‘abe awoy ueipaw
‘adAy Buisnoy ‘Alisuap uon
(jooo101d 2yjeg pay  -gindod ‘|aAs) dnoib-po|q 050§ = 99|PWia4
(9%001)  -IpOW) 1531 ||ILUpeal) [ew 3U3 1€ A1|1ge3jem pooy 'SIK06-g1 =obuel aby
//L -xe - Aiojesdsaioipied  -inoqubiau) [eneds o %20|q Shsua) rS9L=u vsn Aujigegoid-uou ‘s [0€] 1 10T 18uy20H
(saue|BIng ‘sauuny
pue S||aus ‘s121sbunoA Jo
UaIp|Iy2 Ag S92URGINISIP
‘sbuibbnuw pue synesse
‘ysiggnJ pue Jani| ‘wsl 055G = 9|PWa4
(9698) -lepuen ‘jo suondadiad) Au pooyinoqybiou paAled 'SIKg| < obues aby
£/9  (V19) %49 - [ea1bojoydioy  -lenb pooyinogybiaN S -1od paynuspl juedidiied ooz =u puepods Aungegoid ‘s [£¥] 810T ‘Aemel|3
(dwid pue
'SSWIOY Pa1I95ap,/AUrIRA
San|/ysiqgna yyeld
/Wsl[epueA Jo 9ouasald) swoy sjuedidiped 0519 =9PWa4
(%001) AISWOWRUAP  9|BDS JOPIOSIP pOOYINOG 3y} punose (Wop9l) 3w 'sIK0G < obuel aby
L/L dub pueH - senasniy -ybrau [eisAyd 8y S e INOGe JO M[em UIW OZ v LLTLL=U vsn Ajgeqoid sy [9¢] 020z ‘Aumoyong
(opesb anoge
paads  Ing sbuip|ing pue ‘sdoois
1leo) - Alojelidsalolpied) ‘soyiod PapOd) WAISAS 065 = 9|PWa4
(%001) A11dWOWRUAp  BUIpOD) JUSWIUOIIAUT }|INg 'sIK0/ < 9buel aby
0L/0L dub pueH -JeindsNy - IWEBIA JO AUSISAIUN GO AlBpUNOg SABNSIUIWPY LIT=u VSN Avjigeqoid ‘HD [¢21 8007 'umolg
(1n211> Bupjem
uellisapad e bupedipul
1591 yoeay  subls yim ‘aienbs [esyusd
-pue-1S - [ed1bojoydiopy  pue ‘'SPEOI-SSOID ‘SY|eMIpIS 9%00| =3[PWa4
(%¥6) 15913jem  papelbdn) Juswianoidwl 'SIKG9 < abues aby
6/5'8  Ulw-g - Alolelidsalopied  2inidniiselul ueqinqo  Alepunog aAleasIuiupY 8C=u aouel Aujigeqold ‘30 [S¥] 810T ‘A|lleg
sainseaw uonuyap 1910R1RYD ubisap
£2103s f11j1end ssauly pajejal-yijeaH JUSWUOIIAUD }jIng pooyinoqybiaN s1ydesbowapoidog £1uno> 9)dwes pue ‘Apnig 1eaf ‘Joyine 3si14

(Sz=U) Apnis papn|dul 4dea 10} SPOYIaW 31 JO Alewwng | ajqel



Page 6 of 19

(2022) 19:124

Frehlich et al. Int J Behav Nutr Phys Act

Aydeibowoy paindwod

(521035 POOY)

%G5G = 9leWoS
'SIAQ| < abuel 3By
oloy=u

'z Apnis

1012919pP-}NW 321|s-1ybIe 191} SNSUSD ‘(pUe| uofeal %¥G = 9JPwa Aujige
01/58:7 ApMS  ue Buisn sueds |eujuwiopage -DaJ pue ‘axedsuaaib 'SIAQ| < abuel 3By -qoid-uou ‘HD iz Apnig
(%001) AQ painsesw 1S ‘A1ISUSP UOI1D3SI91UI) 1oen GEPS=U Aujige
/// 1 ApniS  pue WA - [ed1bojoydiony £1BP ¥20|q SNSUSD QO SNSUD pue 320|g SNSUD) 1| Apnis VSN -qoid -uou ‘s :| Apnis 2l 2107 '997
(AUSWIUOIIAUD
BulpA> pue bupjjiem ays Jo
SSaUAIIDRINIE pUR A194RS
pue ‘saniuswe 1wl paads
pa31sod ‘saue| [9AR1) JO 413G
-WinU ‘suoi>auuod yied jo
Jaquunu ‘sadIASp |041UOD
oyjel} ‘siayng dyjel 900 =9ewa4
(%001) 3|emapIs ‘sple Buissosd 'SIK09-Gz = abuel aby
L/L (V19) %48 - [ed160joydiop uelnsapad) sg3d g0 19yng ueapiPn3 Woog €ge=u vsn Awjiqeqoid-uou sy [161Z10C 991
%001 =s9ewsS
(19791 dnoib-yo0|q SIK0'99-0'6¢ =obuel aby
SNSUD aY3 1e (Joday os=u
WD wlojiun |g4) A194es 7 Apnis
(%001)  (V19) %44 - [e2160]0YdIOl  SWLID pue 3N W08 ue %001 =s9ewsS
[/ 7 ApmS  (jod03101d 9%|eg PAYIPON) Ul (Jul| paads abelane) SIKE09-£'¢¢ =obuel aby Ajigegoid
(%001) 1591 ||lWPeaI] [ew|xew A12Jes duyjely pue ‘(sgid) |9A9] dnoib-ypo|q oc=u ‘SOz Apnis
01/01 :1 Apms -gng - A101edidsalolpied) Aujiges|iem) syvd (a0 SNSU3D J9Ng W 008 1| Apnig VSN Aujigegold ‘Ho 1| Apnas [05] €102 'yoea
ob-pue-dn pawi}
‘(uado $943) 1531 @dURlS ©2109S e {(Uonels
pabbH3| 2UQ - J0ION podsuesy ognd 1saseau
paads 3U} 01 9dUBISIP pue
1leD) - Alojelidsaiolpied)  ‘A3SUSP UOIIDSSISIUL ‘SUO 08¢ =9|PWa4
(%001) A119WOWRUAD  -PUNSIP JO ANljIge|iene ‘Als 194NQ yiomiau SIAy8-G9 =obuel aby
L/ dub puen -uejnosnpy - -usp uone|ndod) 519 :[q0 peos w09l pue 0os yle=u ueder Aigeqoid sy - [6v ‘97] 0Z0T 14esyooy
(A194eS WD pUR
'A194es dujeil ‘soayisae
‘sa1|1De) BuldAD/Bunyjem
‘A1AI199UUOD ‘SS9D2B-XIW %G =9lPWa4
2SN puB| ‘AUSIDAIP-XIW SN awoy siuedpdiled ayy ‘uswiysaly
(9%98) (VXQ) pue| ‘A1ISUP [BIUSPISAS  PUNOJR (W OQ8) 3|IW JeY AJsianlun =obuel aby
1/9 %44 - [ed1bojoydiopy  ‘saeasqns 1YBIR) SMIN S B INOGE IO H[em Ulw oL VY l9=u vSn Aungegoid ‘sH [8%] 900 ‘uosuyor
sainseaw uoniuysp nsuaeIRYd ubisap
.210s Aljend SsaulY paje[a4-yijesaq JUSWUOIIAUD }jIng pooyinoqybiaN s1ydesbowapoidos Aiuno> 9|dwes pue ‘Apnig 1eak ‘Joyine 1si14

(panunuod) L ajqey



Page 7 of 19

(2022) 19:124

Frehlich et al. Int J Behav Nutr Phys Act

(joo0101d UOIYBNEN PaY

(son|1oey
Bulea pue AyAnoe

Quioy woyy

%G5 = 9lews

(9%1/)  -IpOW) 1S3l |jlwpeal) [eul  [edisAyd O3 (W) SDURISIP  9DUBISIP YIOMISU ‘pauyap 'sIKg6-8t = abuel aby
1/S  -xe| - Kiorendsaioipied -§19 15910Ys) SI9:q0 Jou pooyinoqybieN 651 =u epeue) Ajiqeqoud ‘55 (551 800¢ "el[21124
(s123U3d AYUNWWod
01 DUEISIP pue ‘AUsusp
(¥18) IWS - [ed160j0ydioly [eruapisal ‘Alsusp uon 909 = 9|ewa
(%08) K119WOowWeUAp -D9s11ul ‘Alsusp dois 'SIK09 < abuel aby
0L/8 dub pueH - senasniy sng ‘ssaully) SI19 g0 JoHNg YioMmisu w0 | 9rsT=u ueder Aiqegoid ‘HD [07] 0z0T "eweAmio
(¢NOA yum jem
ued 1ey} pooyioqybiau
1noA uj ajdoad aAey noA
o( (€ $j[em 03 NOA 10§ 31U
-JUSAUOD 3JB 1BY3 SI00PINO
(J1e23ybu >jem 01 sade|d apiaoid
pue ‘ybiyy 1ybu 1slem)  pooyloqybiau INoA ss0Q
S2INSEAW SOUBUJUINDID (7 SI00PINO jem 01 NoA
BIA %49 - [ed1bojoydion 10} sa0e|d apiroid pooy %001 =3ewa-
(%09) 1591 3|eM 3|1W-auo 1od -loqybiau InoA sa0Qg 'SIK09-0¢ =obuel aby
0L/9 =420y - A1ojeuidsaiolpied (1) suonsanb 221y YS  Aiepunog aAnelsiuupy clg=u VSN UNHD [¥S] 200T 'SaIN
(sonsiels 9609 = 9|PWa-
(%001) 1591 06 WD pue adeds uaaib) 'sIK09 < obuel aby
L/l -pue-dn pawi] - J010)\  eIep ANRISIUIWPY (GO Alepunog aAnensiuiwpy o6lLL=u lizelg Aljigeqoid ‘'S [£6] 10T ‘O3uBWIDSEN
1035 3[eM g0
(K194e5 3yled
pue ‘ssauaAlldeie yled
AU|IGIXD|4 PAAIDD ‘pooyInoqybIau sy Ul
-13d °YS - [eo1Bojoydiopy  syed) |dd ‘(sonayisae pue
SSOUIY AIO}  'AUAIIDIUUOD “DUJell ‘DD
-e11dS2.I0IpIeD PRAIDDIDd  ‘SIN|IDBY [BUOIIEIDRI ‘BINY
YS - Alojeaidsalolpie)  -dnuaselyul 92AdIq ‘syjem 9/9 =9PWa4
(9%001) yibuais apsnw - -apIs 1Isuel} ‘'SUOneUSIP 8| <2buel aby
L/ PINDIIGYS - Ieindsniy  ‘sadA) Buljjamp) SINV S Alepunog sanedsiuiupy 65=u epeued Aigeqoid 'S [€7] 0Z0T SPBWIODIW
(syueine3sal |je buowre
SJURINEIS3I POOJ-1Se) JO
uoiodoid pue ‘syaxlew
-19dAy/s193uewladns
JO Jaquinu ay3 ‘sadeds
U916 JO 9dBMNS DY ‘suon
-D3sJ31U] 192115 Aem-221y3
JO ALISUSP ‘suoireunssp 0587 = 9|eWa
(%001) (v19) Jo Ausuap ‘uone|ndod 'sIk6/-0€ =obues 9By
L/L %W4 WA - [ea1Bojoydiony 4o Ayisuap) [enneds o 194NQ SUOMIBU W 0001 8/0r=u aouel4 Aujiqeqoid-uou ‘sH (¢S] 10T 'uman
sainseaw uoniuysp nsuaeIRYd ubisap
.210s Aljend SsaulY paje[a4-yijesaq JUSWUOIIAUD }jIng pooyinoqybiaN s1ydesbowapoidos Aiuno> 9|dwes pue ‘Apnig 1eak ‘Joyine 1si14

(panunuod) L ajqey



Page 8 of 19

(2022) 19:124

Frehlich et al. Int J Behav Nutr Phys Act

(V19) %49 - [eo1bojoydiopy
1521 1219

-wiobi3 oA [ewxeWIgNS
VOWA - Aojeiidsaiolpie

(31825 1=yy17)

$92IN0sal g sapiroid Bul
-pling J1ay3 Ji pue buipjing
1I3U3 Ul SAIID 318 SISYI0 JI
uonedIpu| :(,(z 1-0 abuel)
PRWWINS SEM UDIYM ‘(2139
‘lood ‘quswdinba oipied
‘wool 1ybiam 63) vd 10}
S92IN0S3 PaJayo xa|duwod
Juswiede J19y3 Ji (0U/S3K)
pauodai sjenpiAlpul,)
S32IN0S3I Y [ENPIAIPUL

01 559228 X3|dW 0D BulA||
‘(pooyoqybiau Y3 Ul

%/, = 9|eWwo4

1s91dn-lINd Uoll  DAIDR SI9YI0 BUISAS pue awoy siuedppled ayy SUETN
(9698)  -hadal wnwixew pue dn SWILID DRI ‘'SY[BMIPIS  PUNOIR (W OOY) 3|IW JeY Ausianiun = obuel aby
1/9 -ysnd pawil] —Jenosnpy o suondadiad) SAMIN BHS B INOGE IO M[eM UIW Q| VY Shpp=u VSN Aujigegoid-uou ‘sH [L€] £10T 124eys
%G5S = 9ewo4
(%001) (vIg) 18} Apoq (IAQON - ssouua3.6 s1hg/-, € =abuel 9by
L/L S|0UM - [ed160joydIo  [enuapisal) dINNEXN GO 194nq [eipes Woos egl'ece=u AN Aungegoid-uou ‘s [6G] 9Z10¢ 1exies
(21025 uonealdap
PUISUMO] ‘19NQ }IoMIaU
199115 W Q08 - Alsusp
JUSWIDAOW [DAS]-1243S
‘124Ng yIomiau 19a1s
w| | - Ajsuap Jodsuesy 069G = 9|PWa-
(%001) olgnd pue ‘asn puej ‘jef 124ng yiomiau ‘sik¢/-/€ =obuel aby
L/ (V19) %49 - |ea16ojoydiony -uapIsal) JWNENN A0 393135 W08 Pue W 0oL 9S6ly=u AN Aungegoid-uou ‘s [8G] e/ 10T exies
(s211084
JUSIUSAUOD (€ pue Jusul
-UoJIAUS pooyiogqybisu
[opow (Z '1USWIUOIIAUS SWoyY %yt =9|Pwa
9SI219X9-UOU UOSHIel 24l (1) aureuuonsanb ALARDY SyuapNIS
(9%001) Buisn pajewnsa xew ‘0 jeishyd 01 patejay siusw pooyinoqybisu paaed 2b3jj0D) = abues 3by
1/l NS - Aiojesidsaiolpied -UOJIAUG PaAIDDIRd S -4ad payiiuspl wuedidiied 0Z=U VSN Aujigeqoid-uou ‘s [ /S ] €007 ‘ZanbLpoy
Aydeipbouwoy
p21ndWoD eIA painsesw (‘oWIID WOy
SUWIN|OA 1B} [RIIDSIA pUB  3JeS S| pooyloqybiau siy | 0659 = 9|PWa
(9698) 'SnOLURINOQNS ‘[RUILIOPCE - 3|BDS 1Y) A19)eS pooy pooyinoqybiau paAd ‘SIAy8-G¢ =obuel aby
L/9 |e3o] - jedibojoydiopy  -inoqybiau paaediad S -1ad payinuspl juedidiied 188z =u VSN Ajigeqoid ‘55 [95] 10T ‘weyd
sainseaw uoniuysp nsuaeIRYd ubisap
.210s Aljend SsaulY paje[a4-yijesaq JUSWUOIIAUD }jIng pooyinoqybiaN s1ydesbowapoidos Aiuno> 9|dwes pue ‘Apnig 1eak ‘Joyine 1si14

(panunuod) L ajqey



Page 9 of 19

(2022) 19:124

Frehlich et al. Int J Behav Nutr Phys Act

SIPNIS [LIUSWILISAXS PSZIWOPURI-UOU JO “1I0YOD ‘|RUOIIIDS-SSOID 40§ ISIPIBYD g SY3 pasn palods ANjenDd ,

anssi] asodipe [eIdSIA LY/ ‘BILIBWY JO S21R1S PAIUN /S ‘WIof1e|d d1dwoydioly ueqin sjueqolg YN JWNgyN ‘wopbury panun
XN ‘Po1I0dRI-J|3S YS ‘XIPUI SSeW SISNW [BIJIDNS WS ‘DNssil asodipe snosauendgns J/s ‘|eauswiiiadxy 1send 30 ‘Xapu| suolidadiad died dd ‘Ueds ereq [eluswWuolIAUg UBLIISIPd STTd ‘9]edS Juawainsea|y ANARDY [edI1sAyd
SINVd ‘PaInseaw A|dA1133(q0 /g0 ‘pariodal 10N YN ‘91835 Alijigey|ep JuSWUOIIAUT pooyloqyBIaN paleinaiqqy -SMIN ‘9]eds Aljigey|ep JusWUoIIAUg pooyIoqyBIaN SMIN ‘Xopul uol1e1aban 95UdISYIP PazZIjewIoN

IAQN ‘swi1sAs uonewloyul d1ydesboan /o ‘quadiad ssew 1e4 94 ‘Xapu| ssely 1e4 4 ‘Aidwondiosqe Aei-x ABiaua-jeng yxg ‘[BUOIISS-SSOID) §D ‘HoY0D HD ‘@duepadul |ed13d3]901g g ‘@beiuadiad 1ey Apog 949

P33e1S SIMISYIO SS3|UN PAINSEIW-A[SAIIID[CO 218 SIINSEIW SSDULY PaYe|Ri-y3(eay payiodai ||y

(%001)
L/l

(%001)
/L

(%62)
L/S'S

1591 Yoesy-pue-uis ‘(v|g)
%49 — [e2160|0ydIoN

1591

Bulpuels 100J-2UQ - JOIOW
1591 dn-jnd

pauliy ‘Aiswouweulp

dub puey - sejnasniy
ob-pue-dn pawi] - J010
paads bulyjjem |enligeH

- Kiojesidsaiolpied
pUE1S-01-11s Uop

-1adal aAy ‘AlrdWowerUAp
dub puey - sejnasnyy

(V19) %49
‘W44 ~ [e21Bojoydiopy

(A124eS SWILID pue ‘A194eSs
JYJeil 'sO1I12YIsae ‘SaNl|1oey
BulpA> pue burjjem ‘Al
-A[1D3UUOD 123435 ‘SIDIAIDS
01 $59228 ‘AYSIDAIP X1
asn pue| ‘Alsuap [en
-uspIsal) V-SMIN HS
(s211]128) [PUOKEAIDAI
pue ‘S3131|1oe) [JIpaW
'S2J1UD AYUNWIWIOD
'SUOIIRUINSIP Paie[al-ayl|
Ajiep Jo Jaquinu ‘Alisusp
uonejndod) 5|90

(A194eS SWILID pue A19)eS
JUJel} ‘SD1IDYISe ‘Sa1|10e)
Bul2A> pue Buisjjem ‘Al
-AI122UUOD 192115 'S9DINIDS
0} 559208 ‘A}ISIDAIP X|W
asn pue| ‘Aysuap |en
-uapisal) V-SMIN HS

awoy siuedppiied ayy

punoJe (W pg) a|iw jley
£ IN0Qe IO M[eM UIW O]

124NQ HIomiau
PeOJ P3sed-aul| W00

swoy sjuedpied ayy

punoJe (W pQg) 2|1w ey
2 1N0QE JOMlem ulw Q| v

%09 = 9|ew=>4
'sIAQ| < obuel aby
8/ =U

%S =9|ewoS
's1IK98-G9 =obuel aby
605=U

%001 =9ewa4
'S1IK09-07 = abuel aby
[9l=u

euyd

ueder

olIgnday yoazd

Aujgeqoud-uou 'Sy (L2l ozog 'uns

Anjigeqgoud ‘D [19] £10T "eWoS

Aljigeqoid-uou ‘5D [09] €10C "eroxjos

224005 Aljend

ssauly pajejal-yyesH

sainseaw
JUSWUOIIAUD }jINg

uoniuysp
pooyinoqybiaN

soisidRIRYD
s1ydesbowapordos

Anuno>

ubisap

a|dwes pue ‘Apnig Jeak Joyine 1sii4

(PanupUOd) | 3jqey



Frehlich et al. Int J Behav Nutr Phys Act (2022) 19:124

55, 58, 59, 61] (n=11) or by administrative boundaries
[22, 24, 30, 45, 50, 53] (n=6). The size of the buffers used
ranged from 500m [58] to 1600m [29, 49], with 800m
[29, 49-51, 59] (n=6) being the most commonly used
definition. Among the 10 studies that included a measure
of self-reported built environment, four used the Neigh-
borhood Environment Walkability Scale (NEWS) [21, 48,
59, 60], two studies captured perceptions about places in
the neighbourhood to be active [54, 57], one study used
the Physical Activity Neighborhood Environment Scale
(PANES) [23], one study each captured perceived neigh-
bourhood disorder [46], perceived neighbourhood qual-
ity [47], and perceived safety [56].

The most common neighbourhood built environment
characteristics measured included desirability (n=13)
[21, 22, 24, 29, 31, 47, 48, 50, 51, 53, 56, 58, 60], followed
by diversity (n=12) [21, 24, 29, 31, 48-51, 54, 57, 60, 61],
design (n=10) [20, 21, 24, 29, 31, 48-51, 60] and com-
posite or other features (n=10) [21, 23, 30, 31, 45, 46, 49,
50, 57, 60], density (n=9) [20, 21, 29, 48, 49, 52, 59-61],
destination proximity (n==6) [20, 29, 48, 54, 55, 60] and
transit (n=2) [20, 49] features. No study measured dis-
tributed features. The most common built environment
elements measured under diversity features included the
availability or presence of specific destination types [20,
21, 24, 29, 31, 48, 49, 51, 52, 55, 57, 59-61]. Street con-
nectivity and residential density were the most common
built environment elements under design and density,
respectively [20, 21, 24, 29, 31, 48, 49, 51, 52, 59-61].
For desirability features, both greenspace and perceived
neighbourhood aesthetics were the most common ele-
ments measured [21, 24, 29, 31, 48, 51-53, 58, 60]. Desir-
ability also included measures of safety [21, 31, 48, 50, 51,
53, 56, 60]. Walkability was the most common element
under composite or other features [21, 23, 30, 31, 49, 60].

Health-related fitness measures

With the exception of two studies [23, 57], all health-
related fitness measurements were objectively measured
[20-22, 24, 29-31, 45-56, 58—61]. There was a total of
eight studies that included at least one measure of mus-
cular fitness [20-23, 31, 46, 49, 61]. Six studies included
grip strength [20-22, 46, 49, 61], while a timed curl-up
test [21], a maximal repetition curl up test (up to 75
repetitions) [31], timed push-up [31], a 5-repetion sit-
to-stand test [61], and self-reported muscular strength
were each reported in individual studies [23]. Among
the 12 studies measuring cardiorespiratory fitness, six
used an estimation of VOg max [29-31, 50, 55, 57],
three included habitual walking speed [22, 49, 61], two
included timed distance tests [45, 54], and one included
self-reported cardiorespiratory fitness [23]. Among the
four studies measuring motor fitness, three used the
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Timed Up-and-Go test [49, 53, 61] and two used a timed
one-foot standing test [21, 49]. There was a total of 16
studies that included at least one measure of morpho-
logical fitness [20, 21, 23, 24, 31, 45, 47, 48, 50-52, 54, 56,
58-60]. Fourteen studies included measurements of body
composition [20, 21, 24, 31, 47, 48, 50-52, 54, 56, 58—60],
two studies used Sit-and-Reach tests [21, 45], and one
reported perceived flexibility [23].

Study quality

Most studies (n=17) were assessed to have the highest
methodological quality score possible for their respec-
tive study design (cross-sectional, cohort or quasi-exper-
iments). Cross-sectional studies of lower methodological
quality tended to inadequately describe the sample design
and setting and the reliability or validity of the built envi-
ronment measures, and/or they did not control for con-
founders [31, 47, 48, 55, 56, 60]. Quasi-experiments of
lower quality tended to provide unclear descriptions of
their follow-up data collection [45]. Lower quality cohort
studies tended to inadequately describe the follow-up
data collection or the reliability or validity of the built
environment measures, and/or they did not control for
confounders [20, 24, 54].

Adjustment for physical activity

Out of the 27 studies, eleven (40.7%) adjusted for physical
activity. Physical activity was adjusted for in four of the
eight studies that assessed muscular fitness [20, 21, 23,
61], in five of the twelve studies that assessed cardiorespi-
ratory fitness [23, 29, 30, 50, 61], in two of the four stud-
ies that assessed motor fitness [21, 61], and in the eight
of the sixteen studies that assessed morphological fitness
[20, 21, 23, 47, 50, 52, 56, 59].

Associations between the neighbourhood built
environment and health-related fitness

Muscular fitness

Table 2 summarizes the associations between neighbour-
hood built features and muscular fitness. Excluding dis-
tributed features, all other built features were examined
in relation to muscular fitness. Across these features, all
but two studies found either positive or null associations
with muscular fitness.

Self-reported street connectivity was positively associ-
ated with curl-up performance in a cross-sectional study
of Chinese women [21] while topography (i.e., slope
steepness) was positively associated with grip strength in
a cohort of Japanese males [20]. No studies found neigh-
bourhood safety to be associated with muscular fitness
[21, 31]. Brown et al. [22] found positive associations
between neighbourhood architecture and grip strength,
while Sun et al. [21] found positive associations between
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Table 2 Associations between neighbourhood built environment features and muscular fitness (n =8 studies)

Author, year Design Density Transit

proximity

Destination

Diversity Desirability Distributed Composite or other

Brown, 2008 [22]
Duchowny, 2020 [46]
Koohsari, 2020 [26, 49] = = =
Shaffer, 2017 [31] =

McCormack, 20207 [23]

Okuyama, 20207 [20] +, = = - =
Soma, 2017% [61] +
Sun, 2020% [21] = + =
Total associations® +

+

+: any statistically significant positive association
-: any statistically significant negative association
=: any non-statistically significant association

 adjustment for self-reported physical activity

b Superscript indicates total number of studies finding positive, negative or null associations

self-reported neighbourhood aesthetics and curl-up per-
formance in males. In a cross-section of older Japanese
adults, having more utilitarian destinations (men and
women), recreational facilities (men and women), and
medical facilities (men only) in the neighbourhood was
associated with better performance in the Sit-to-Stand
test [61]. Moreover, among women, a greater number
of neighbourhood utilitarian destinations and medical
facilities was positively associated with grip strength [61].
Among a cohort of older Japanese women, neighbour-
hood bus stop density was negatively associated with
grip strength [20]. Composite features were also associ-
ated with muscular fitness. In a cross-sectional sample
of adults from the USA, neighbourhood physical disor-
der (vandalism/graffiti, rubbish/litter, vacant/deserted
homes, and crime) was negatively associated with grip
strength, although the study did not adjust for physi-
cal activity [46]. In a cross-sectional study of Canadian
adults, self-reported neighbourhood walkability was pos-
itively associated with perceived muscle strength [23].
Adjusting for physical activity, there were five posi-
tive, one negative and ten null associations between built
environment features and muscular fitness. Although
attenuated, after adjustment for self-reported frequency
of achieving sufficient MVPA (>30minutes/day) in the
past week and self-reported days of resistance training
in a usual week, perceived overall neighbourhood walk-
ability was still positively associated perceived muscular
fitness in a Canadian population [23]. After adjusting for
self-reported physically activity habit (yes/no), land slope
remained positively associated and bus stop density nega-
tively associated, with objectively measured grip strength
in Japanese adults [20]. In another Japanese sample, the

number of neighbourhood destinations were positively
associated with objectively measured grip strength after
adjusting for self-reported total (i.e., occupation, house-
hold, and leisure) physical activity [61]. In a sample of
Chinese adults, after adjustment for self-reported total
MVPA (i.e., weekly MET-minutes), for men perceived
neighbourhood aesthetics and for women street con-
nectivity, were positively associated with curl-up perfor-
mance [21].

Cardiorespiratory fitness

Table 3 summarizes the associations between the neigh-
bourhood built environment and cardiorespiratory
fitness. Excluding distributed features, all other built fea-
tures were examined in relation to cardiorespiratory fit-
ness. Among these, transit features were not associated
with cardiorespiratory fitness, while the other features
were found to have positive or null associations with car-
diorespiratory fitness.

A cross-sectional analysis of American adults, found
that intersection density was positively associated with
maximal metabolic equivalent of task (MET) values [29].
In older Japanese adults, population density was posi-
tively associated with an increased walking speed [61]. No
studies found neighbourhood safety to be associated with
cardiorespiratory fitness [31, 49, 50]. A cross-sectional
study found that a front facing architecture type (includ-
ing porches, stoops, and buildings built above grade)
was positively associated with gait speed in a cohort of
older Hispanic Americans [22]. Further, Hoehner et al.
[29] found positive cross-sectional associations between
a greater proportion of vegetation in the neighbourhood
and maximal METs. In cross-sectional associations, the
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Table 3 Associations between neighbourhood built environment features and cardiorespiratory fitness (n =12 studies)

Author, year Design Density Transit

Destination
proximity

Diversity Desirability Distributed Composite

or other

Bailly, 2018 [45]
Brown, 2008 [22]
Koohsari, 2020 [26, 49] = = =

Nies, 2002 [54] +
Petrella, 2008 [55]

Rodriquez, 2003

Shaffer, 2017 [31] =
Hoehner, 20112 [30]

Hoehner, 2013 [29] + = =
Leach, 20132 [50]

McCormack, 20202 [23]

Soma, 2017% [61] +

4122

+
I

[
[

2 1

Total associations® +!, = =

+

+: any statistically significant positive association
-: any statistically significant negative association
=:any non-statistically significant association

 adjustment for self-reported physical activity

b Superscript indicates total number of studies finding positive, negative or null associations

number of private exercise facilities, and community cen-
tres were positively associated with maximal METs and
habitual walking speed, in samples of American [29] and
Japanese [61] adults, respectively. In three separate cross-
sectional samples, distance to dance studios and base-
ball diamonds was positively associated with VO, max
in Canadian adults [55], perception of places to walk in
the neighbourhood was positively correlated with 1-mile
walk scores in American women [54], and perceptions
of convenient neighbourhood facilities was positively
associated with estimated VO, max in American adults
[57]. Composite built environment associations with car-
diorespiratory fitness included an intervention of older
French women, where an improved urban environment
consisting of a pedestrian circuit, improved roadway
accessibility and rehabilitation of a central square, was
positively associated with 6-minute walk scores [45]. In
a cross-section of American adults, more walkable neigh-
bourhoods, and non-auto commuting neighbourhoods,
were positively associated with maximal METs for males
and females, and males only, respectively [30]. In a cross-
section of Canadian adults, self-reported neighbourhood
walkability was positively associated with perceived car-
diorespiratory fitness [23].

Among studies that adjusted for physical activity, there
were seven positive and nine null associations between
built environment features and cardiorespiratory fitness.
Although attenuated, after adjusting for self-reported
weekly MET-minutes of outdoor physical activity,

traditional core neighbourhoods remained positively
associated with maximal metabolic equivalents obtained
through a treadmill test in American adults [19]. In
another sample of American adults, after adjustment
for self-reported weekly MET-minutes of MVPA, asso-
ciations between and intersection density and maximal
MET were no longer statistically significant; however,
associations between greenspace (positive), the number
of exercise facilities in the neighbourhood (positive), and
distance to the closest city center (negative) remained
significant [29]. Moreover, after adjustment for self-
reported MVPA (>30minutes/day) in the past week and
self-reported days of resistance training in a usual week,
perceived overall neighbourhood walkability remained
positively associated with self-reported cardiorespiratory
fitness in a sample of Canadian adults [23]. Further, in a
sample of Japanese older adults, population density and
the number of community centers in the neighbourhood
remained positively associated with walking speed after
adjusting for total (i.e. occupational, household and lei-
sure) self-reported physical activity measured using the
Physical Activity Scale for the Elderly [61].

Motor fitness

Table 4 summarizes the associations between the neigh-
bourhood built environment and motor fitness. Exclud-
ing distributed and destination features proximity, all
other built features were examined in relation to motor
fitness. Across these features, tranmsit, desirability, and
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Table 4 Associations between neighbourhood built environment features and motor fitness (n =4 studies)

Author, year Design Density Transit Destination Diversity Desirability Distributed Composite
proximity or other

Koohsari, 2020 [26, 49] +, = +, = = +, = =

Nascimento, 2018 [53] =

Soma, 2017° [61] = —

Sun, 2020° [21] = = = = =

Total associations® 41 =2 4+ =3 1 4 =3 2 )

+: any statistically significant positive association
-: any statistically significant negative association
=: any non-statistically significant association

2 adjustment for self-reported physical activity

b Superscript indicates total number of studies finding positive, negative or null associations

composite or other features were not found to be associ-
ated with motor fitness while design, density, and diver-
sity were found to be positively or not associated with
motor fitness.

A cross-sectional study of older Japanese males, pop-
ulation density within a 1600m neighbourhood buffer,
and intersection density within an 800 m neighbourhood
buffer was positively associated with timed one-legged
stance scores (with eyes open) [49]. Although the study
did not adjust for physical activity. There were no asso-
ciations between safety [21, 53] or aesthetics [21, 53] of
the neighbourhood built environment and motor fitness.
In the same sample of older Japanese males, availability
of destinations within the 1600 m neighbourhood buffer
were positively associated with timed one-legged stance
scores (with eyes open) [49]. There were no associations
between composite built environment measures and
motor fitness [21, 49].

Associations between the built environment and motor
fitness were not statistically significant after adjustment
for physical activity [21, 61].

Morphological fitness

Table 5 summarizes the associations between the neigh-
bourhood built environment and morphological fitness.
Excluding distributed features, all other built features
were examined in relation to morphological fitness.
Among these features, for morphological fitness nega-
tive associations were found for transit, null associations
found for destinations, negative and null associations
found for design, and negative, null, and positive associa-
tions found for density, diversity, desirability, and com-
posite or other features.

A cohort study of American adults found intersection
density negatively associated with changes in visceral adi-
pose tissue [24]. A cross-sectional study of French adults
found residential density negatively associated with both

fat mass index and percent fat mass in males [52]. A
cross-sectional study in the UK found a curvilinear rela-
tionship between residential density and body fat [59].
Specifically, residential density was positively associated
with body fat <1800units per km [2] then negatively
associated with body fat >1800units per km? [59]. Per-
ceptions of neighbourhood safety were negatively asso-
ciated with visceral adipose tissue in a cross-section of
African American females [56]. A cross-sectional study
of Chinese adults found that perceived pedestrian and
traffic safety was negatively associated with sit-and-reach
scores in males [21]. Lee et al. [24] found that greenspace
was positively associated with change in visceral adipose
tissue in a cohort of American adults. Conversely, in a
cross-sectional sample of UK adults, residential green-
ness was negatively associated with body fat [58].

A cross-sectional study of American university stu-
dents found perceptions of access to destinations was
negatively associated with body fat percentage in males
[48]. A cross-sectional study of ethnic minority Ameri-
can women found objectively measured neighbourhood
amenities were negatively associated with body fat per-
centage [51]. Lee et al. [24] found that total food stores,
full-service restaurants, fast food restaurants, supermar-
kets, and convenience stores was negatively associated
with a change in visceral adipose tissue. Bus stop density
was negatively associated with skeletal mass index in a
cohort of Japanese males [20]. Perceptions of neighbour-
hood access to services and land use mix diversity were
negatively associated with sit-and-reach scores in Chi-
nese males [21].

For composite features, an intervention including older
French women found an improved urban environment
consisting of a pedestrian circuit, improved roadway
accessibility and rehabilitation of a central square, to be
positively associated with sit-and-reach test scores [45].
In cross-sectional analyses of three different cohorts,
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Table 5 Associations between neighbourhood built environment features and morphological fitness (n =16 studies)

Author, year Design  Density Transit

Destination
proximity

Diversity Desirability  Distributed = Composite or other

Bailly, 2018 [45]
Johnson, 2006 [48]
Lee, 2012 [51] =

Lee, 2017 [24] - =

Nies, 2002 [54] —
Sarkar, 2017b [59]

Shaffer, 2017 [31] =

Sofkova, 2013 [60] = = =
Ellaway, 2018% [47]
Leach, 20132 [50]
Lewin, 20142 [52] - =

McCormack, 20207 [23]

Okuyama, 20207 [20] = = - =
Pham, 20142 [56]
Sarkar, 2017a% [58]
Sun, 2020° [21] = =

Total associations® S,=2

+

+

+: any statistically significant positive association
-: any statistically significant negative association
=: any non-statistically significant association

2 adjustment for self-reported physical activity

b Superscript indicates total number of studies finding positive, negative or null associations

Ellaway et al. [47] found that an index of perceived neigh-
bourhood problems (vandalism, litter, crime, youth dis-
orderly conduct, and foul odor) was positively associated
with change in body fat percentage over time. In Cana-
dian adults, McCormack, et al. [23] found that percep-
tions of neighbourhood walkability and a park quality
score were positively associated with perceived flexibility.

Adjusting for physical activity there were five positive,
four negative and fourteen null associations with mor-
phological fitness. After adjusting for the self-reported
number of days per week performing vigorous exercise
(>20minutes continuous), body fat percent remained
positively associated with perceived neighbourhood
problems [47]. Further, after adjusting for different lev-
els of activity in varying occupations, residential density
was inversely associated with fat mass index and per-
cent fat mass in males [52]. Moreover, after adjustment
for self-reported weekly MVPA (>30minutes/day) and
self-reported days of resistance training in a usual week,
perceived overall neighbourhood walkability remained
positively associated with self-reported flexibility among
Canadian adults [23]. Among Japanese older males, bus
stop density was negatively associated with skeletal mus-
cle index after adjusting self-reported physically active
habit [20]. Adjusting for physical activity measured via
an active living index (i.e., frequency and duration of

physical activities minus frequency and duration of sed-
entary behavior), neighbourhood safety was positively
associated with visceral and total adipose tissue in pre-
menopausal women [56]. In in a large UK sample, after
adjustment for self-reported physical activity (weekly
MET hours), population density was found to have a
non-linear association with objectively measured whole
body fat [59]. Among Chinese males, perceived neigh-
bourhood destinations and safety was negatively associ-
ated with sit and reach performance, after adjustment for
self-reported MVPA in weekly MET minutes [21].

Discussion

We found 27 different studies that estimated the relation-
ship between the neighbourhood built environment and
health-related fitness. The reviewed evidence suggests
that specific built environment features are more often
than not to have either a positive or no association with
health-related fitness. Moreover, this evidence suggests
that associations between the built environment and
health-related fitness persist, albeit attenuated, after con-
trolling for physical activity. Using the updated built envi-
ronment framework by Giles-Corti et al. [19] we found
specific built characteristics associated with design, den-
sity, diversity, and desirability features to be the most
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commonly studied; while no studies examined built char-
acteristics associated with distributed features.

The most common component of health-related fitness
investigated was morphological fitness, with an emphasis
on body composition. The negative associations between
the built environment and body composition found
in our review tend to support findings from previous
reviews summarizing evidence related to built environ-
ment and weight outcomes [42, 43, 62]. Our findings sug-
gest that having multiple, easily accessible destinations
within a neighbourhood may favorably influence body
composition. This result is congruent with longitudinal
findings suggesting that having multiple, easily accessible
destinations within a neighbourhood is linked to favora-
ble changes in physical activity behaviour [17, 63].

The second most common association between the
neighbourhood built environment and health-related
fitness category was with cardiorespiratory fitness, and
in general, measurements of estimated maximal aero-
bic capacity. Given the link between physical activity
and cardiorespiratory fitness, our findings tend to sup-
port those that have been found previously between the
built environment and physical activity [17, 63]. Similar
to associations between the built environment and mor-
phological fitness, having multiple destinations within a
neighbourhood that are easily accessible was associated
with favorable cardiorespiratory fitness. There are mul-
tiple lines of evidence, including cross-sectional [17, 44],
longitudinal [63], and natural experiments [63], indicat-
ing favorable changes in physical activity behaviour with
improvements in neighbourhood destinations.

Overall, the results of our review indicate that physi-
cal activity likely mediates, at least partially, associa-
tions between the neighbourhood built environment and
health-related fitness. There are numerous explanations
as to the mechanisms explaining how the built environ-
ment might be positively associated with health-related
fitness. For example, carrying heavy loads in the hands
is related to forearm musculature activity [64] and mus-
cular fitness, therefore, in areas with a higher land-use
mix, residents may walk to complete daily errands and
carry items back to their residence, which may slow
impairments to activities of daily living [65]. Recreational
facilities located within walking distance of home, where
resistance or aerobic training might be performed, may
explain positive associations between the neighbour-
hood built environment and cardiorespiratory and mus-
cular fitness. Increases in motor fitness has been shown
through proprioceptive exercises such as wobble boards
or unstable activities [66]. Speculatively, neighbourhoods
with high population density, street connectivity, and
land use mix, may provide opportunities to manoeuvre
around obstacles (i.e., people, benches, traffic bollards
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etc.), which may emulate some movements undertaken
during structured proprioceptive exercises. Among older
adults, more frequent falls, which are associated with
motor fitness [67], have been found in peripheral areas
compared with city areas [68]. There is also consistent
evidence demonstrating associations between neigh-
bourhood walkability and walking [69, 70], which subse-
quently could result in improved cardiovascular [71], and
morphological fitness [72].

However, other pathways may exist linking built envi-
ronment with fitness that are not mediated by physical
activity. For example, traffic density, which is associated
with the built environment (e.g., air pollution) [19], can
have detrimental effects on cardiorespiratory fitness [73,
74]. Diet, which is associated with morphological fitness
[75], is also associated with the built environment (e.g.,
proximity and availability of fast food restaurants, super-
markets, and convenience stores) [62, 76].

Our findings suggest that the built environment may
have effects on health-related fitness independent of
physical activity. However, studies adjusting for physical
activity did so using self-reported physical activity, which
may not accurately capture the total volume nor intensi-
ties of physical activity undertaken. Moreover, among
these studies few included measures of transport-related
physical activity that may be more strongly associated
with the built environment [77].

Strengths and weaknesses
A strength of our review is the overall breadth of included
exposures, outcomes, and study designs. Capturing mul-
tiple components of health-related fitness allowed for
a broader scope of the literature to be evaluated and to
better theorize the multiple ways in which the built envi-
ronment might impact health-related fitness. However,
our broader research objective may have contributed to
heterogeneous sample of studies included in our review
which together with their dissimilar sample designs and
methods, limited our ability to conduct a meta-analysis.
Limitations common in the literature exploring the
relationships between physical activity and the neigh-
bourhood built environment were also present in studies
included this review. The lack of control for residential
exposure time [78] and residential self-selection [79] was
pronounced in our summary. In our review, we only found
two of studies that controlled for length of residential
exposure time [49, 50]. The lack of control for residential
self-selection is also an important variable in neighbour-
hood built environment research; however, we found no
studies controlling for this potential confounder. This
confounder is potential important because individual
who undertake physical activity for the main purpose of
improving or maintaining their health-related fitness may
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choose to reside in neighbourhoods that have built fea-
tures that support desired physical activities (e.g., access
to parks, pathways, recreational facilities). Speculatively,
not adjusting for residential self-selection could lead to
over-estimates of the association between the built envi-
ronment and health-related fitness, especially in cross-sec-
tional studies [79]. Further, our study quality tools assessed
the quality of reporting limiting our ability to assess bias.
Moreover, as many of the identified studies were cross-
sectional in design assessment of causality is limited.

Future directions

Evidence suggests that the built environment, through its
potential influence on physical activity, is associated with a
range of health outcomes such as cardiovascular disease,
overweight and obesity, and type 2 diabetes [36]. Findings
from our review suggest that health-related fitness is another
important factor that should be considered when exploring
the role of the built environment in supporting health, espe-
cially given its relationships both with physical activity [5]
and chronic disease [6]. Future research is needed to exam-
ine the causal pathways between the built environment and
health-related fitness, not only via physical activity but also
other potential mediators (e.g., sedentary behaviour, air pol-
lution). To generate rigorous evidence for informing urban
design and public health policy and interventions, this future
research should include longitudinal, experimental, and
quasi-experimental study designs that incorporate objective
measures of the built environment, health-related fitness,
and physical activity (and other mediators).

Conclusion

The neighbourhood built environment appears to be asso-
ciated with all components of health-related fitness (i.e.,
muscular, cardiorespiratory, motor, and morphological fit-
ness). Somewhat expectedly, our findings of the built envi-
ronment-health-related fitness relationship tend to mirror
the built environment-physical activity evidence in that a
more supportive neighbourhood built environments can
support higher levels of physical activity [17, 63]. How-
ever, while physical activity might be an important media-
tor between the built environment and health-related
fitness, our findings suggest there are potentially behav-
iours or factors other than physical activity that might
explain some of the association between the neighbour-
hood built environment and health-related fitness. The
relationship between the neighbourhood built environ-
ment and health-related fitness may be a promising area
to improve public health. However, to make firm policy,
practice, and design recommendations, future research on
the associations between the neighbourhood environment
and health-related fitness that controls for important con-
founders is needed (e.g., objectively-measured physical
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activity, resistance training, sedentary behaviour, diet,
neighbourhood exposure, and residential self-selection).

Box 1 Glossary of key terms

Term Definition

The man-made structures, amenities, features,
and facilities in which people live, work, and
undertake leisure.

Built environment

Design Design refers to the connectivity, permeability,

and layout of neighbourhood streets.

Density Density refers to the clustering and amount
of residential accommodations in an area that
allow local business and public transportation

to be supported.

Transit refers to the availability, accessibility,
and location of public transportation.

Transit

Destination proximity refers to the accessibil-
ity and location of local amenities or points of
interest.

Destination proximity

Diversity Diversity refers to residential areas that a built
with different types of housing and integrated
with commercial, public, and recreational facili-

ties and/or opportunities.

Desirability Desirability refers to neighbourhoods that are

safe, aesthetically pleasing, and comfortable.

Distributed Distributed refers to neighbourhoods that have

resources that promote equity for its residence.

Walkability Walkability is a combination of two or more
individual built environment characteristics or
features that together support being physically

active.

Health-related fitness is a combination of
characteristic that result in a state of being that
is associated with vigour and a decreased risk
of morbidity and mortality that result from a
sedentary lifestyle. The health-related fitness of
an individual can be categorized into five com-
ponents (muscular, cardiorespiratory, motor,
morphological, and metabolic).

Health-related fitness

Muscular fitness is the combination of muscu-
lar strength and muscular endurance. Muscular
strength is the ability of the musculature to
exert an external force. Muscular endurance is
the ability of the musculature to exert contin-
ued or repetitious force or contraction.

Muscular fitness

Cardiorespiratory fitness  Cardiorespiratory fitness refers to the ability

of the circulatory and respiratory systems to
undertake sustained and/or maximal activity
and the ability to efficiently recover after being

physical active.

Motor fitness Motor fitness refers to proprioceptive abilities
such as balance, agility, and coordination. Bal-
ance relates to maintaining equilibrium while
moving or stationary. Agility refers to the ability
to change positions with speed and accuracy.
Coordination refers to using a combination of
senses such as sight and hearing along with
muscular movement.

Morphological fitness refers to overall body
measurement such as height, weight, and
body composition, muscle mass, adiposity,
and bone density, as well as flexibility. Flexibility
relates to the range of motion available at a joint.

Morphological fitness
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Metabolic fitness refers to biomarkers and
processes that may influence health such as
glucose tolerance, insulin sensitivity, and blood
lipid concentrations.

Metabolic fitness

Built environment definitions were adapted from
Giles-Corti et al. [18] and Giles-Corti et al. [19]

Health-related fitness definitions were adapted from
Caspersen et al. [80], Shephard [8], and Vanhees et al. [6]
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