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ABSTRACT

Objective Low neighbourhood socioeconomic status
(NSES) has been linked to a higher risk of overweight/
obesity, irrespective of the individual’s own socioeconomic
status. No meta-analysis study has been done on the
association. Thus, this study was done to synthesise

the existing evidence on the association of NSES with
overweight, obesity and body mass index (BMI).

Design Systematic review and meta-analysis.

Data sources PubMed, Embase, Scopus, Cochrane
Library, Web of Sciences and Google Scholar databases
were searched for articles published until 25 September
2019.

Eligibility criteria Epidemiological studies, both
longitudinal and cross-sectional ones, which examined
the link of NSES to overweight, obesity or BMI, were
included.

Data extraction and synthesis Data extraction was
done by two reviewers, working independently. The
methodological quality of included studies was assessed
using the Newcastle-Ottawa Scale for the observational
studies. The summary estimates of the relationships of
NSES with overweight, obesity and BMI statuses were
calculated with random-effects meta-analysis models.
Heterogeneity was assessed by Cochran’s Q and 12
statistics. Subgroup analyses were done by age categories,
continents, study designs and NSES measures. Publication
bias was assessed by visual inspection of funnel plots and
Egger’s regression test.

Result A total of 21 observational studies, covering 1
244 438 individuals, were included in this meta-analysis.
Low NSES, compared with high NSES, was found to be
associated with a 31% higher odds of overweight (pooled
OR 1.31,95% CI 1.16 to 1.47, p<0.001), a 45% higher
odds of obesity (pooled OR 1.45, 95% Cl 1.21 to 1.74,
p<0.001) and a 1.09 kg/m? increase in mean BMI (pooled
beta=1.09, 95% Cl 0.67 to 1.50, p<0.001).

Conclusion NSES disparity might be contributing to

the burden of overweight/obesity. Further studies are
warranted, including whether addressing NSES disparity
could reduce the risk of overweight/obesity.

PROSPERO registration number CRD42017063839

h1,7,8

Strengths and limitations of this study

» This is the first meta-analysis study on the associ-
ation of neighbourhood socioeconomic status with
overweight/obesity.

» The report is based on a large number of studies,
covering over a million individuals, which improves
the representativeness of the sample.

» The studies included in this work are observational
in design, precluding making causal inference.

» The study shares the limitations of ecological
studies.

» All studies were conducted in high-income coun-
tries, which limits the generalisability of the findings
to other setups.

INTRODUCTION
Obesity remains a major public health
problem globally. While the current level of
obesity has already posed a significant burden
to the health system, the problem is still on
the rise and causing more negative conse-
quences at both individual and society levels.
Worldwide, 39% of adults were estimated to
be overweight in 2016. In the same year, 13%
of adults were estimated to be obese; almost
triple of the figure in 1975." WHO has prior-
itised the prevention and control of obesity
as a central public health agenda and recom-
mends nations to make a substantial improve-
ment with regard to the current trend of
obesity.” However, the global progress to curb
the rising overweight/obesity burden has
been slow and frustrating, with each consec-
utive generation developing overweight/
obesity at early ages and higher rates.”*
Overweight/obesity is a  multicausal
problem, with risk factors originating from
the various levels. It often arises from a
complex interplay of individual, community,
social and environmental factors. Ecological
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models of obesity causation have shown that the risk
factors of overweight/obesity often interact with each
other and might be of direct or indirect influences on the
weight status of individuals.”” The main direct determi-
nants are often unhealthy dietary pattern and insufficient
physical activity, resulting in a positive energy balance and
consequently high adipose tissue accumulation.® ? The
environment in which individuals live has a strong influ-
ence on one’s choice and adoption of health-enhancing
behaviours.®” ' ! For example, residence in neighbour-
hoods of low socioeconomic status (SES) has been linked
to a higher risk of overweight/obesity, irrespective of
individuallevel SES.'” There are various mechanisms
through which neighbourhood’s SES (NSES) could influ-
ence residents’ weight status. One of the most frequently
mentioned mechanisms is the ‘obesogenic environment’
hypothesis that low SES neighbourhoods promote an
unhealthy dietary practice and sedentary lifestyle.'*
In low SES neighbourhoods, health-enhancing facilities
are often limited. However, energy-dense food items,
alcohol and drug are often more readily available in low
SES neighbourhoods.” '* Another potential, but not a
thoroughly examined mechanism, is the ‘stressful envi-
ronment’ hypothesis that stressful area might increase
the risk of overweight/obesity.'* Low SES neighbour-
hoods expose residents to more psychosocial stressors
and higher risk of depression.'*'® Depressed individuals,
compared with non-depressed, are more likely to adopt
an unhealthy lifestyle, like unhealthy dietary practice
and inadequate physical exercise, which might result in a
higher risk of obesity."* !” Besides, in low SES neighbour-
hoods, streets walkability and safety might be compro-
mised; thus, limiting the residents’ movement.!! 1 A
multinational study in Europe showed that physical inac-
tivity and unhealthy eating jointly accounted for almost
a fifth of the association between NSES and body mass
index (BMI)."®

There are a number of empirical studies done on
the link of NSES to overweight, obesity and BMI. The
studies were, however, inconsistent in their findings.
Some studies reported a null or weak association,'® *’
while other studies reported a strong association between
NSES and overweight/obesity.”' * To date, there is no
systematic review and meta-analysis report on the associa-
tion of NSES with overweight, obesity or BMI. Thus, this
study was done to provide summary estimates on the link
of NSES to overweight, obesity and BMI. The findings
would contribute to filling the gap in the literature and
also facilitate evidence-based decision making as there is a
better recognition of systematic review and meta-analysis
findings in policy and decision-making processes.

METHODS

This systematic review and meta-analysis work was
conducted according to a priori published study
protocol® and following the recommendations of the
Meta-analysis of Observational Studies in Epidemiology**

and the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses” guidelines.

Literature search

Embase, PubMed, Scopus, Web of Sciences, Cochrane
Library and Google Scholar databases were searched
for studies published until 25 September 2019. The
search terms were ‘neighborhood socioeconomic status’,
‘neighborhood socioeconomic condition’, ‘neighbor-
hood socioeconomic index’, ‘neighborhood deprivation
index’, ‘neighborhood poverty index’, ‘area deprivation’,
‘index of multiple deprivation’, ‘obesity’, ‘overweight’,
‘body mass index’, ‘weight’ and ‘central obesity’. A sample
of the search strategy, PubMed search strategy, developed
using a combination of MeSH terms and free texts is
presented (online supplementary file 1). The PubMed
search strategy was further adapted to the other data-
bases. Additionally, handsearching of articles was done
using the reference lists of the eligible studies and the
‘cited by’ function of PubMed. We aimed to include both
observational and interventional studies (cross-sectional,
case—control, cohort, longitudinal and randomised
control studies). The literature search was not restricted
by sex, age or geographical location.

Study eligibility criteria

Articles found by the literature search were assessed for
whether they fulfilled the predefined inclusion criteria of
the study. The outcome variables of interest for this study
were BMI (in kg/m2 and on a continuous scale), over-
weight and obesity. The exposure variable of interest was
NSES (measured by composite index). There is neither a
uniform nor a standardised approach of NSES measure-
ment. However, in the existing literature, NSES has been
often considered as a composite index, developed based
on the results of principal component analyses of vari-
ables with the potential to indicate neighbourhoods’
economic conditions. The list of variables often used in
the construction of NSES index includes the proportion
of households owned by residents, the proportion of
employedresidents, the value of assetsin the area, property
ownership by residents, availability of health-promoting
amenities and the literacy rate of the area. However,
the specific set of variables used in the development of
NSES indices often vary from study to study depending
on many contextual and statistical factors, like data avail-
ability and the result of the principal component anal-
ysis. One of the criteria for including a study in this work
was that the measurement of NSES in the study should
be by composite indices like Neighbourhood Economic
Status Indices (NSESIs), Neighbourhood Deprivation
Indices (NDIs), Index of Multiple Deprivations or Neigh-
bourhood Economic Hardship Indices. The commonly
used indices are NSESI and NDI, both of which could
be used to rank neighbourhoods into different SES cate-
gories, like low (deprived), middle and high (better-off)
SES categories. Articles were excluded for any one of the
following conditions: (1) animal studies, (2) study which
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Figure 1

focused on the physical, policy or social aspects of the
environment, (3) language other than English, (4) cita-
tions without full text, (5) studies in which the outcome
measure was not overweight, obesity or BMI, (6) studies
in which participants’ nutritional status was not defined
by BMI, (7) studies in which only crude (unadjusted)
estimates were reported and (8) qualitative studies, book
chapters, symposium and conference proceedings, essays,
commentaries, editorials and case reports.

Study screening and data extraction

The results of the database search were exported to
EndNote V.X8 software to remove duplicates and manage
the screening processes. Then, the titles and abstracts
of the retrieved studies were assessed by two reviewers
(SHM and TDH), working independently and in dupli-
cate, to determine their eligibility for full-text reviewing.
The full-text reviewing was done by SHM and TDH, with
disagreement resolved by consensus. The process of
article screening and selection is presented in figure 1.
SHM extracted the data, double checked by TDH. The
data extracted from included studies were (1) study iden-
tification (first author, year of publication and title), (2)
study characteristics (country, study design, sample size
and follow-up period for longitudinal studies), (3) study
participant’s characteristics (sex, proportion of men and
mean age), (4) NSES assessment method, (5) outcome
assessment method, (6) measure of association and
reported estimate and (7) variables used for adjustment.

Records excluded by tile and abstract
(n= 6577)

Full-text articles excluded, with reasons
(n=73)
- 14 (didn't adjust for confounders)
- 18 (didn't include required exposure)
- 20 (didn't include required outcome)
- 13 (didn't include required measure of
association)
- 8 (were commentaries, editorials)

PRISMA flow diagram. PRISMA, Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.

The predefined measures of association were beta () of
BMI, relative risk or OR. The beta (B) of BMI refers to
the mean difference in BMI of individuals living in low
and high SES neighbourhoods. The OR refers to the odds
of overweight or obesity among individuals living in low
SES neighbourhoods, compared with individuals living in
high SES neighbourhoods. When a study reported two or
more estimates on the same issue, we took the estimate
that was adjusted for more variables and when a study
reported multiple NSES comparisons, we took the esti-
mate that compared the highest and the lowest NSES
categories.

Study quality assessment

The methodological quality of each of the included
studies was assessed using the Newcastle-Ottawa Scale for
grading the quality of observational studies.”® The tool
uses three main parameters: (1) selection (assesses sample
representativeness, sample size, non-response handling
and exposure ascertainment), (2) comparability (assesses
comparability of study groups and confounding control),
and (3) outcome (assesses ascertainment of outcome and
appropriateness of statistical tests). The quality grading
was done out of 9, with scores from 0 to 3 indicating low
quality, 4 to 6 medium quality and 7 to 9 high quality. The
ratings for each study were compared between the two
evaluators (SHM and TDH), with discrepancy resolved by
consensus.
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Statistical analysis
Separate meta-analyses were done for each of the three
outcome measures: overweight, obesity and BMI. OR
was used to pool the estimate of studies that reported on
NSES-overweight and NSES—obesity associations, repre-
senting the odds of overweight or obesity among individ-
uals living in low SES neighbourhoods, compared with
individuals living in high SES neighbourhoods. Beta ()
values from linear regression analyses, representing the
mean increase in BMI due to change in NSES from the
highest to the lowest category, were used to pool the esti-
mates of studies that used BMI, on a continuous scale, as
an outcome measure. For all estimates, if p values were
reported as p<0.001 with no 95% CI or SE, we assumed
p=0.001 in calculating the corresponding 95% CI and SE
Heterogeneity among the studies was assessed by
Cochran’s Q and I’ statistics, which quantify the propor-
tion of variance attributable to between-studies heteroge-
neity. A non-substantial level of statistical heterogeneity
was assumed when p<0.1or I* <50%.%” Sources of hetero-
geneity were assessed by conducting subgroup analyses
using the predefined variables outlined in the study
protocol,”” which were age category (adults vs children),
study design (cross-sectional vs longitudinal), region
(continent) and NSES measures. Due to a persistently
high level of heterogeneity even after subgroup analyses,
we calculated the summary estimates with random-effects
model, which accounts for both within and between
studies variations. Publication bias was assessed by both
visual inspection of funnel plots and Egger’s regression
test, unless the number of studies was inadequate and
underpowered any of the statistical methods for assessing
publication bias. A minimum of 10 studies is needed to
ensure adequate power and assess publication bias.”
According to Egger’s test, publication bias is assumed at
p<0.1.2% For estimates with evidence of publication bias,
we aimed to do adjustment following the Trim and Fill
method®™ * and provide both publication bias-adjusted
and unadjusted pooled estimates. To evaluate the influ-
ence of each study on the pooled estimate, we conducted
sensitivity analyses using the leave-one-out and analyse
the rest method. For this purpose, we specifically used
the ‘metaninf’ command of Stata, which provides a table
and a graph of re-estimated results, omitting studies turn
by turn. For a study to be excessively influential, the point
estimate of the meta-analysis result, done with the omis-
sion of the study, should lie outside the 95% CI of the
combined meta-analysis estimate, done with the inclusion
of all studies.” All statistical analyses were done using
Stata software (V.15).

Patient and public involvement

This work was based on extracting data from published
studies. There was no patient and public involvement
in the development of the research question, design,
outcome measures, study implementation and result
communication.

RESULT

Search result and study characteristics

The search strategy generated a total of 6671 studies.
Screening the title and abstract of these studies resulted
in 94 studies eligible for full-text review. Reviewing the full
text of the 94 studies, 18 studies were found eligible for
inclusion. Through handsearching the references of the
included studies and the ‘cited by’ function of PubMed,
three additional articles were identified. The flow chart of
the screening and selection process is shown in figure 1. The
main characteristics of the 21 included studies' '** *=*
are shown in table 1. The sample size of the studies ranged
from 144 to 948 062 individuals, providing a total of 1 244
438 unique individuals, of whom 45% were males and 55%
females. The studies were published from 2005 to 2018
and included both adults and children. The majority of the
studies, 14/21 (67%), were cross-sectional in the design.
The remaining 7 (33%) were longitudinal (cohort) studies.
All studies were conducted in high-income countries:
seven in USA, three in Canada, three in Germany, two in
Australia, three in Sweden, one in France, one in UK and
one in New Zealand.

Association of NSES with overweight

We found two studies that examined the link of NSES
to overweight, as defined by 25< BMI<25kg/m®. The
summary odds of being overweight, compared with being
not overweight (BMI <25 kg/m?), was 30% higher in indi-
viduals living in low SES neighbourhoods, compared with
that of individuals living in high SES neighbourhoods
(pooled OR 1.30, 95% CI 1.16 to 1.47, p<0.001). There
was no evidence of significant heterogeneity (I°=0.00%,
p=0.609). Figure 2 presents the result of the meta-analysis
of the NSES—overweight association.

Association of NSES with Obesity

We found nine studies that examined the association of
NSES with obesity, as defined by BMI >30kg/m®. The odds
of being obese, compared with being non-obese, was 43%
higher in individuals living in low SES neighbourhoods,
compared with that of individuals living in high SES neigh-
bourhoods (pooled OR 1.45,95% CI'1.21 to 1.74, p<0.001).
Figure 3 shows the forest plot and the summary estimate of
the meta-analysis of the NSES—obesity association done with
all studies included. There was a high level of heterogeneity
among the studies (1*=93.00%, p<0.001). We explored
the sources of the heterogeneity by doing subgroup anal-
yses. The subgroup-specific summary estimates with their
corresponding heterogeneity levels are shown in figure 4.
Across the three continents where the studies were done
(Australia, America and Europe), NSES maintained a
significant association with obesity (p<0.05). In children,
residence in low SES neighbourhoods was associated with a
1.57 times higher odds of obesity, compared with residence
in high SES neighbourhoods. However, the association was
not statistically significant, although largely towards indi-
cating the existence of a significant association (pooled
OR 1.57, 95% CI 0.98 to 2.51). In adults, low NSES was

Mohammed SH, et al. BMJ Open 2019;9:6028238. doi:10.1136/bmjopen-2018-028238



)
7
[
3]
3]
@
c
[
o

©)

panuiRuo)

"9WOodUl pjoyasnoy [enuue ‘JuawAojdwaun
ployasnoy ‘snjeis uoieosnpa pjoyasnoy (G L02)
6  ‘PIOYSSNOY By} Ul UBIP|IYD JO OU ‘X8s ‘Bby INg ION SINPY  00°LY 0997 I¥E 8L 9 ST Eleisny Busd

(5002)
147
8 "|8As| uonieonps ‘ewooul Ajwey Yepush ‘efy 1yblemisnQ IaN ualpliyD  08°0S 08 kL SSY L) VN SO epeue) 6]

‘sniejs «»(6002)
6 uoiBONPS ‘@WOodUl [eNPIAIPUL ‘X8s ‘@By Auseqo ISASN SHNPY  00°00} or'Le €ce 16 VN SO uspamg woas|es

02(9402)
‘Aued ‘uonreonpa molysng
[BUIDIEW ‘SNiE)S [B}IEW ‘BE [BUISIBIN Auseqo IN SINPY 0000k  0¥'9¢ ¥l VN SO vsSn -Apisse)

(9102)
874
. xos ‘eby Auseqo AN usIPIYD  00°+S LE'0F  66% LI e ST vsn opeJeAlyY

‘BuipmoJo pjoyasnoy ‘ewooul pjoyasnoy
‘snyels Buiiom [elussed ‘uoleonpa (9102
6 [ezuased Ysyjow ay1 o |ING ‘Wbiem yuig JSECTe) IS3ISN uaip|iyd  00°es 009 66V ¢€ VN SO Auewusn aINyos

o|eos juawisnlpy ainseasw aanseaw uone|ndod (%) abe (u) (saeah) ubisep Aniunon (1e2h)
SON wbBiom S3SN UsSN  ues|y o|dwes dn-mojod  Apms Joyine 1sii4

=]
o
N
=]
N
<2
[oe)
-
o
o
o
(<73
Q
k=)
£
2
<
o
-
-
S
-
S
=}
o]
o
N
=]
N
o
D
28
D
=
o
N
g
S
~
55
=
—
E)
=)
7]
=
(<5}
£
IS
<
=
[=}
=




)
7
o
3]
3]
®©
c
[
o

©)

'Xapu| SN1e1S olwouoog pooyinoqybiaN ‘|STISNESNIE]S OlWOoU0280100s pooyinoqybiau
‘SISN ‘8[eoS BMBH(O-9|1SEOMBN ‘SON ‘X8pu| uolzeaudsq pooydnoqybiaN ‘|aN ‘elgedlidde jou ‘yN xapu] uoneaudaq aidiyniA ‘|AIN ‘euipnubuol ‘Sieuooss-ssolo ‘SO xapul ssew Apoq ‘|INg

(2102)
6¢
9 obe Yspusn INg ISASN SINPY  09°Lv 0Lvy 1820} VN SO  Eleasny Bus4
'SNJE1S OIWOU0I90I00S
[enpiAIpul ‘AlIAITBU ‘Sniels [ellJew ‘|aAs| ,6(@102)
8 uoreoNpa ‘ewooul ‘ebe ‘xos ‘eoey ING ION SINPY  0C'}S 0e'8y +0861 VN SO vsn EleleT]

‘abpajmouy uoninu ‘Auanoe
[eoisAyd ‘Buiyows ‘snjeis 2ILoU0I90I00S 2,(2002)
8 [eA8|-lenpiaipul ‘Aoluyie Uepushb ‘eby INg ION Inpy Ge'ev 182G G6S. VN SO vsn Buep

"Ayijige[em 1984is ‘sesng pue syon.y +(€102)

J Buissed jo Aousnbaly panisosad ‘odAl 190418 Ing ISISN ualpiiyo  g2°'Ls 118G  G8Y ¥ S1  Auewusn ason
a|eos juawisnlpy ainseaw ainseaw uone|ndod (%) abe (u) (sqeah) ubBisap Anuno) (1e0A)
SON wbBom S3ISN UsSN ues|y 9dwes dn-mojjod  Apms Joypne isai4

Mohammed SH, et al. BMJ Open 2019;9:¢028238. doi:10.1136/bmjopen-2018-028238



Study OR (95% CI) Weight(%)
T
Lisa (2005) - 1.29 (1.14, 1.46) $8.70
!
H
Steffen (2016) —t— 1.42 (1.00, 2.00) 11.30
Overall (I-squared = 0.0%, p = 0.609) @ 1.30 (1,16, 1.47) 100,00
Note: Weights are from fived effects analysis :
H
H
H
. :
] 1 25  Odd Ratio

Figure 2 Forest plot of association of neighbourhood
socioeconomic status (NSES) (low NSES vs high NSES) with
overweight (overweight vs not overweight).

associated a significantly higher odds of obesity, such that
the odds of obesity was 1.40 times higher in adults living
in low SES neighbourhoods, compared with that of adults
living in high SES neighbourhoods (pooled OR 1.40, 95%
CI 1.15 to 1.69). In terms of study design, NSES was signifi-
cantly linked to obesity in cross-sectional studies, but not
in longitudinal studies. It was not possible to assess publi-
cation bias for the NSES—obesity association as there was
an inadequate number of studies, underpowering any of
the statistical methods for assessing publication bias. The
existing statistical tests require a minimum of ten studies to
have adequate power to assess publication bias.”® To eval-
uate the influence of each study on the summary estimate,
we conducted sensitivity analyses (table 2). Overall, no
study notably changed of the direction as well as the magni-
tude the NSES—obesity association, with the summary OR
ranging from the lowest 1.32 (95% CI 1.13 to 1.50) after
excluding Li et al to the highest 1.51 (95% CI 1.24 to 1.77)
after excluding Alvarado et al™

Association of NSES with BMI

Ten of the 21 studies included in this work examined
the relation of NSES with BMI, as a continuous variable.
Overall, the summary estimate showed that NSES was

significantly associated with BMI. The BMI of individuals
living in low SES neighbourhoods was higher by a mean of
1.09kg/m? compared with the BMI of individuals living
in high SES neighbourhoods (pooled B=1.09, 95% CI
0.67 to 1.50, p<0.001). Figure 5 shows the summary esti-
mate of the association of NSES with BMI, calculated with
random-effects model. There was a significant level of
heterogeneity (I <0.001). Thus, subgroup analyses were
conducted by the designs of the studies (cross-sectional
vs longitudinal) and the methods of the NSES measures.
In all subgroups, BMI was significantly higher in low
SES neighbourhoods than in high SES neighbourhoods.
Details of the results of the subgroup analyses by study
design and NSES measurement methods are presented in
figure 6. The result of the Egger’s regression test did not
indicate the presence of a significant level of publication
bias (p=0.903). The funnel plot of the NSES-BMI studies
is shown in figure 7. The result of the sensitivity analyses
of the studies on the NSES-BMI association is shown in
table 3. Overall, no study notably influenced the direction
as well as the strength of the NSES-BMI association, with
the pooled B ranging from the lowest 0.90 (95% CI 0.62
to 1.19) after excluding Feng et al ** to the highest 1.19
(95% CI 0.80 to 1.58) after excluding Gose et al.**

DISCUSSION

This study was done to pool the existing empirical
evidence on the link of NSES to overweight, obesity and
BMI. Overall, NSES was found to be significantly asso-
ciated with the three outcome measures, such that low
NSES was significantly linked to high odds of overweight,
obesity and a higher mean BMI.

The findings of this work were consistent with the
reports of previous studies that reported higher odds of
overweight/obesity as well as other poor health outcomes
in individuals living in low SES neighbourhoods than in
individuals living in high SES neighbourhoods.”**** The

Study OR (95% CI) Weight(%)
Amber (2014) h i 1.11(1.05, 1.18) 14.08
Catherine (2006) '.'Er 1.26 (1.10, 1.50) 12.94
Xinjun (2014) i- 1.70 (1.55, 1.89) 13.71
Steffen (2016) i —a— 2.54 (1.71,3.77) 8.52
Steven (2016) " 0.98 (0.87, 1.10) 13.49
Andrea (2016) T E 2.30 (0.90, 6.30) 2.80
Eva (2009) E‘.- 1.80 (1.54, 2.18) 12.60
Patricia (2010) -.:- 1.32 (1.10, 1.59) 12.46
Walker (2018) —"— 1.60 (1.13, 2.26) 9.40
Overall (I-squared = 92.2%, p = 0.000) <> 1.45 (1.21, 1.74) 100.00
NOTE: Weights are from random effects analysis E

:5 1 615 OR (Odds ratio)

Figure 3 Forest plot of association of neighbourhood socioeconomic status (NSES) (low NSES vs high NSES) with obesity

(obese vs not obese).
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(A) Region

Study OR (95% Cl) Weight(%)
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(B) Study Design
Study OR (95% CI)

Cross-sectional

" |
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Figure 4 Forest plot of association of neighbourhood socioeconomic status (NSES) (low NSES vs high NSES) with obesity

(obese vs not obese), by subgroups.

influence of neighbourhood deprivation is not limited
to only body weight. It has also been linked to various
poor behavioural and health outcomes like drug abuse,

Table 2 Sensitivity analysis of studies on the association of
neighbourhood socioeconomic status with obesityCoogan

Study omitted Pooled OR 95% ClI

Pearson (2014)' 1.50 1.20 to 1.80
Cubbin (2006)'° 1.44 1.19t0 1.70
Li (2014)* 1.32 1.13 to 1.50
Schiile (2016)*° 1.37 1.15t0 1.58
Alvarado (2016)"! 1.51 1.24t01.77
Cassidy-Bushrow (2016)*°  1.40 1.19t0 1.62
Sellstrém (2009)*° 1.35 1.13 t0 1.56
Coogan (2010)*2 1.43 1.19to0 1.67
Walker (2019)*® 1.39 1.17 to 1.62

cardiovascular diseases and poor mental health. 1547 Thus,
improving NSES has been recommended as a potential
strategy for prevention and control of the current obesity
epidemics and other chronic illnesses." *” The mecha-
nisms through which NSES contributes to the develop-
ment of overweight/obesity have not been thoroughly
documented. Despite the ongoing debate on which of
the mediating factors deserves the most responsibility
for the link of NSES to body weight, most factors are,
however, believed to influence weight mainly through
influencing the energy balance, that is, the balance of
calorie intake and loss.”"! Low SES neighbourhoods have
been associated with a high availability of energy-dense
and junk food outlets, but a low availability of fruit and
vegetable outlets and limited sporting facilities. Low SES
neighbourhoods have also been related to a higher risk
of depression, which could subsequently lead to a higher
risk of overweight/ obesity.14
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Figure 5 Forest plot of association of neighbourhood socioeconomic status (NSES) (low NSES vs high NSES) with body mass

index.

In this work, there was discrepancy in the NSES—obesity
association by study designs, that is, between cross-
sectional and longitudinal studies. A statistically signifi-
cant NSES—-obesity association was demonstrated in the
cross-sectional studies, but not in the longitudinal studies.
However, it is worth noting that the NSES-obesity asso-
ciation was consistently demonstrated across the other
subgroup analyses by age (adults vs children), NSES
measures (NSESI vs NDI) and outcome measures (over-
weight vs obesity). The discrepancy by study design was
also not observed in the NSES-BMI association, in which
NSES demonstrated significant statistical links to BMI in
both longitudinal and cross-sectional studies. There are a
number of possible reasons that could explain the discrep-
ancy in the NSES-obesity association between cross-
sectional and longitudinal studies. First, it could be most
probably due to the fact that only two longitudinal studies
were included in the NSE-obesity association analysis.
Second, there was no uniformity in how confounding was

(A) Study Design

controlled among the included studies, in terms of both
the number and the type of variables used for adjustment.
This lack of uniformity across the studies in covariates
adjustment might in part explain the discrepancy in the
NSES-obesity summary estimates by study designs. Third,
it could also be due to the use of a dichotomised outcome
variable (obesity), instead of a continuous outcome vari-
able (BMI). Unless it is mandatory, dichotomisation of
continuous variables is not recommended as it reduces
sample power by almost 50% and could result in false no
association findings, particularly if the true association
is weak.®® * In support of this, we observed no discrep-
ancy between cross-sectional and longitudinal studies in
all NSES-BMI summary estimates, in which the outcome
was BMI on a continuous scale. Fourth, it could be due
to the differences in measures of magnitude and associ-
ations of events between cross-sectional and longitudinal
studies. Classically, cross-sectional studies measure the
prevalence of events (which includes both new and old

(B) Neighborhood Economic Measures
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Figure 6 Forest plot of association of neighbourhood socioeconomic status (NSES) (low NSES vs high NSES) with body mass

index, by subgroups.
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Figure 7 Funnel plot of association of neighbourhood

socioeconomic status (NSES) (low NSES vs high NSES) with
body mass index.

events), but longitudinal studies measure the incidence
of events (which includes only new events). In cross-
sectional studies, risk could not be directly measured,
unlike in longitudinal studies in which it could be directly
measured. Besides, reverse causality could not be ruled
out in cross-sectional studies.”® However, as none of
the above reasons could definitively explain the NSES-
obesity discrepancy by study design, we recommend
further meta-analyses works when more longitudinal or
quasi-experimental studies become available.

The finding of this study might indicate the importance
of investigating as well as addressing the determinants of
overweight/obesity comprehensively, that is, examining
and addressing the proximal behavioural risk factors of
obesity and its underlying environmental and other struc-
tural risk factors. However, the existing literature is largely
focused on investigating and addressing the individual-
level behavioural influences of obesity.” For example, the
evidence is limited about how, and to what extent, neigh-
bourhood socioeconomic conditions influence individ-
uals’ dietary practice and physical activity level. Whether

Table 3 Sensitivity analysis of studies on the association of
neighbourhood socioeconomic status with body mass index

Study omitted Pooled beta 95% ClI

Berry (2010)*' 1.14 0.68 to 1.60
Feng (2015)% 0.90 0.62t0 1.19
Ford (2011)% 1.11 0.63 to 1.60
Gose (2013)* 1.19 0.80 to 1.58
Leal (2011)%® 1.04 0.59 to 1.50
Wang (2007)'? 1.15 0.68 to 1.61
Oliver (2014)%® 1.07 0.63 to 1.50
Laraia (2012)*" 1.10 0.60 to 1.60
Elfassy (2017)%® 1.06 0.63 to 1.49
Feng (2017)%* 1.08 0.62 to 1.53

improving neighbourhood economic deprivation could
result in the adoption of health-enhancing lifestyle also
remains largely unknown. Besides, the existing reports
on the link of NSES to an unhealthy weight, including
the report of this work, are largely based on observational
studies. Thus, further investigations with better designs,
like community-based longitudinal studies, are needed to
reach into a better conclusion on the relationship. Mean-
while, it might be worthy of considering a comprehen-
sive approach when developing obesity prevention and
control strategies, including addressing neighbourhood
economic disparities. So far, obesity interventions have
been primarily focused on providing health information
and strategies to address its individual-level determinants.
However, unless supported by an enabling environment,
the individual-level efforts or the provision of health
information alone might not lead to the intended result
as fast as needed. Thus, the lack of comprehensiveness
and integration of interventions might partly explain the
current non-promising progress of obesity prevention
and control approaches.* '® Low SES neighbourhoods
often lack health-promoting amenities, like sport facilities
and fruit/vegetable outlets."” We believe that addressing
neighbourhood deprivation, by availing healthier choices
closer and affordable to everyone, might facilitate the
adoption of health-enhancing behaviours, thereby
reducing the risk of overweight/obesity. However, the
proposition needs to be further examined.

Limitations and strengths

This work has many limitations. There was no uniformity
among the studies in the way NSES was measured. Though
NSES was treated as a composite variable in all included
studies, the specific set of variables used to develop the
NSES indices varied from one study to another. There was
also variation across the studies in terms of the type and
number of covariates used for adjustment of the reported
estimates. The lack of uniformity in the NSES measures
and the covariates adjusted for might have introduced
heterogeneity and undermined the comparability of the
studies. All studies included in this work were done in
high-income countries. The lack of data from low-income
and middle-income countries would limit the generalis-
ability of the findings. NSES-obesity association would
vary by countries’ SES. In low/middle-income countries,
due to the traditionally held positive attitude toward over-
weight, low NSES might be associated with a lower risk
of overweight/obesity, unlike the case in high-income
or developed countries. Therefore, the findings of this
work might not be applicable to developing countries.
All studies included in this work were observational in
design, making casual inference impossible. The possi-
bility of reverse causality could not be ruled out, that is,
instead of high SES neighbourhoods promoting healthy
weight, it could be possible that individuals with a normal
weight are more interested in health and therefore prefer
living in high SES neighbourhoods. In this meta-analysis,
ecological studies were included. Thus, it also shares the
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limitations of ecological studies. We also did not examine
the relation of NSES with waist circumference and waist
to hip ratio, though they are also measures of adiposity
and nutritional status. To the best of our knowledge, this
is the first systematic review and meta-analysis study on
the link of NSES to overweight, obesity and BMI. Thus,
it would be contributing to filling the existing gap in the
literature. The inclusion of multinational studies, a large
number of study participants and individuals of all age
groups could improve the representativeness of the study.

CONCLUSION

We found that living in low SES neighbourhoods,
compared with living in high SES neighbourhoods, was
associated with higher odds of being overweight and
obese as well as a higher mean BMI. Evidence on the asso-
ciation of NSES with weight status is limited in low-income
and middle-income countries. The exact mechanism
by which low NSES contributes to an unhealthy weight
gain and whether addressing NSES disparity reduces the
risk of obesity are largely unclear. Thus, further studies
are warranted to better understand how NSES influ-
ences weight and whether addressing NSES disparity
could reduce the risk of overweight/obesity. Meanwhile,
addressing NSES disparity and bringing healthy choices
closer and affordable to everyone might be important to
curb the current trend of obesity.
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