Luo et al. BMC Public Health (2024) 24:1856
https://doi.org/10.1186/512889-024-19370-4

BMC Public Health

The association between air pollution

Check for
updates

and obesity: an umbrella review of meta-
analyses and systematic reviews

Chengwen Luo', Ting Wei?, Weicong Jiang?®, Yu-pei Yang*, Mei-Xian Zhang', Cai-Lian Xiong® and Tao-Hsin Tung"®"

Abstract

The objective of this umbrella review was to investigate comprehensive and synthesized evidence of the
association between ambient air pollution and obesity based on the current systematic reviews and meta-analyses.
Related studies from databases including PubMed, EMBASE, Web of Science, and the Cochrane Library, published
before July 16, 2023, were considered in the analysis. All selected systematic reviews and meta-analyses were
included in accordance with PRISMA guidelines. The risk of bias and the methodological quality were evaluated
using the AMSTAR 2 tool. The protocol for this umbrella review was documented in PROSPERO with the registration
number: CRD42023450191. This umbrella review identified 7 studies, including 5 meta-analyses and 2 systematic
reviews, to assess the impacts of air pollutants on obesity. Commonly examined air pollutants included PM;, PM,,
PM, o, NO,, SO,, O;. Most of the included studies presented that air pollution exposure was positively associated
with the increased risk of obesity. The impact of air pollution on obesity varied by different ambient air pollutants.
This study provided compelling evidence that exposure to air pollution had a positive association with the risk

of obesity. These findings further indicate the importance of strengthening air pollution prevention and control.
Future studies should elucidate the possible mechanisms and pathways linking air pollution to obesity.
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Introduction

Obesity is a chronic and complex physical and mental
disease, which is increasingly prevalent in the world. The
number of obese people worldwide has nearly tripled
since 1975 [1]. It can be seen that the global population
is moving towards overall obesity at a rapid rate. Data
from the World Health Organization (WHO) indicated
that in 2016, there were nearly 2 billion overweight adults
around the world, with more than 650 million of them
obese [2]. Obesity is a chronic metabolic disease caused
by many factors, which is characterized by the disorder
of energy metabolism and excessive accumulation of fat.
Therefore, obesity will not only bring a series of harm to
the weight itself and metabolism, but also cause many
diseases and cause a huge burden of disease. The obesity
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epidemic is a serious threat to human health. The Global
Burden of Obesity Study shows that the number of deaths
due to Body Mass Index (BMI) more than doubled glob-
ally from 1990 to 2017 [3].

There is growing evidence that air pollution is one of
the important risk factors for obesity [4, 5]. Air pollutants
mainly include particulate matter (PM,, PM,;, PM,,,
etc.), 05, CO, NO,, sulfide, etc., and their complex mix-
tures. The rapid expansion of industrialization and fossil
fuel economy have coincided with unprecedented levels
of global air pollution, due to the lack of effective mea-
sures for environmental protection [6]. The environmen-
tal pollutant PM, ; was the fifth leading risk factor for
death in 2015, with 4.2 million deaths worldwide due to
PM, 5 exposure, accounting for 7.6% of all global deaths
that year [7]. Many studies have reported that exposure
to air pollution was associated with many adverse health
events [8, 9]. For example, the study conducted in the
US, followed by 3.9 million military veterans from 2010
to 2018, indicated that the increase in annual mean PM, -
concentration significantly increased the risk of obesity
[10]. In a study of 68,000 subjects aged 30-79 years in
five provinces in southwest China, researchers reported
that PM,;, PM, ;, and PM,, exposures were positively cor-
related with obesity [11]. Animal studies have also indi-
cated that particulate matter exposure could activate
genes related to fat production in adipose tissue, leading
to increased fat cell size, increased fat volume and vis-
ceral fat volume, and even weight gain [12, 13].

There have been numerous epidemiologic studies to
assess the relationship between ambient air pollution
and overweight/ obesity/ weight status [14—19]. How-
ever, the effects of air pollution on obesity appear to be
very sophisticated and vary by population, pollutant type,
and pollution severity [20]. Additionally, growing sys-
tematic reviews and meta-analyses have also addressed
the effects of air pollutants on the risk of obesity [21-23].
Nevertheless, the results of some meta-analyses were
different. For example, a meta-analysis focused on adult
obesity indicated that the risk of obesity was not associ-
ated with exposure to PM, ; [21]. In contrast to this find-
ing, another meta-analysis showed a significant positive
association between PM,; exposure and obesity [22].
Therefore, this study aimed to carry out an umbrella
review to summarize the association between air pollu-
tion and obesity. This umbrella review would provide a
synthesized comprehension of the influence of air pol-
lution on obesity and give useful information for further
research.

Methods

Search strategy

Studies for this umbrella review were accessed through
searches of EMBASE, PubMed, the Cochrane Library,
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and Web of Science for relevant references without lan-
guage limitations, from onset to July 16, 2023 (Supple-
mentary Table 1). The search string used “air quality’,
“air pollutant®; “air pollution’, “fine particle’, “particulate
matter’, “ozone’, “nitrogen oxide”, “sulfur dioxide’, “car-
bon monoxide’, “body mass index’, “BMI’, “overweight’,
“obese’, “obesity’, “adiposity’;, “weight’, “body fat’, “waist-
to-hip’, “waist circumference’, “waist-to-height’, “visceral
fat index’, “fat mass’, “fat-free mass’, “meta-analys*; and
“systematic review*. The following search string “(air
quality OR air pollution OR air pollutant* OR fine par-
ticle OR particulate matter OR carbon monoxide OR
sulfur dioxide OR nitrogen oxide OR ozone) AND (body
mass index OR obese OR obesity OR overweight OR
adiposity OR BMI OR weight OR body fat OR waist-
to-height OR waist-to-hip OR waist circumference OR
visceral fat index OR fat mass OR fat-free mass) AND
(Systematic review* OR meta-analys*)” was used to
search for the possible articles. There were no restrictions
on language. The whole search strategy met the require-
ments of the Preferred Reporting Project for Systematic
Review and Meta-Analysis 2020 (PRISMA 2020) guide-
lines [24]. The protocol for this umbrella review was doc-
umented in PROSPERO with the registration number:

CRD42023450191.

Study selection

There were several inclusion criteria in this study as fol-
lows: (1) systemic review or meta-analysis; (2) the expo-
sure of the study should relate to air pollution; and (3)
the outcome should concentrate on obesity. Two authors
(Chengwen Luo and Ting Wei) independently reviewed
the titles, abstracts, and full text to identify the relevant
research; any discrepancies were settled via discussion
with a third researcher (Tao-Hsin Tung).

Data extraction

We reviewed the systematic and meta-analysis papers,
and explored the relationship between air pollution and
obesity. Information was collected from the selected
studies, including first author, published year, number of
researches included, study purpose, air pollutants, out-
come, effect size (risk ratio [RR], odds ratio [OR], or p),
95% confidence interval (95% CI), p-value, number of
cases, heterogeneity degree I, as well as study quality.

Study quality assessment

The AMSTAR 2 (A MeaSurement Tool to Assess system-
atic Reviews) guidelines were used to assess the method-
ological quality of each included study. The AMSTAR 2
consists of 16 items that systematically score evidence-
based medicine studies [25, 26]. AMSTAR 2 did not
provide an overall score, as a high score may overlook
some serious methodological deficiencies [27]. Hence,
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this quality rating tool is considered a reliable and valid
method for evaluating the quality of the systematic
review/ meta-analysis that involves both observational
and interventional research [28]. Different from tools
such as the risk of bias commonly used in non-random-
ized intervention studies, AMSTAR 2 assessed the pro-
cess of selecting a study design for inclusion, the reason
for excluding studies, the source of primary research
funding, and any conflicts of interest among review-
ers [29]. AMSTAR-2 is commonly used for the umbrella
review [30-32].

Epidemiological credibility assessment

High epidemiological credibility denotes the strongest
evidence, with no signs of significant variance or bias [33].
The relationships included in this study are classified into
the following types [34]. First, a “persuasive” relationship
should meet the following criteria: statistical significance
p-value <0.000001 for the random effects model, number
of cases greater than 1000, low degree of heterogene-
ity of included studies (I2<50%), 95% Cl(excluding zero
values), and no evidence of small study effects and sig-
nificant bias. Second, “highly recommended” association
includes statistical significance of a p-value<0.000001,
number of cases greater than 1000, and most studies
reporting a significant effect. Third, the “recommended”
association was supported by more than 1,000 cases,
with a significant effect (p-value <0.001). Fourth, a nomi-
nally significant association (p-value<0.05) was consid-
ered “weak” evidence.
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Results

Literature search

After carefully searching the electronic databases, 329
articles were obtained (96 from the EMBASE, 1 from
the Cochrane Library, 141 from the Web of Science,
and 91 from the PubMed) (Fig. 1). Considering the lack
of a peer-review process, studies from preprint plat-
forms were not included. Based on PRISMA, we finally
included 7 articles (5 with and 2 without meta-analyses)
[20-23, 35-37].

Characteristics of the studies

The summarized characteristics of the included studies
were listed in Table 1. All studies were published from
2018 to 2022. The most prevalent forms of research on
outcomes are obesity, overweight, and BMI. Reviews
related to obesity have focused on the following air pol-
lutants: particular matter (PM,, PM, ;, and PM, ), nitro-
gen oxide (NO,), sulfur dioxide (SO,), and ozone (O).
Each meta-analysis/ systematic review included 5 to 26
primary studies. The incremental levels of air pollut-
ants reported in the included reviews varied, with some
directly using the incremental levels of air pollutants in
the primary study and others converting to a uniform
incremental level (10 pg/m?3).

Among the seven included studies, three reported
on the impact of air pollutants on obesity among chil-
dren and adolescents [23, 35, 36]. One study focused
on the relationship between air pollutants and obe-
sity among adults [21]. The other three studies involved
both adults and children [20, 22, 37]. All seven included
meta-analyses/ systematic reviews were of “low” quality
based on the AMSTAR 2 criteria. In addition, according

Previous studies ] {

Identification of new studies via databases and registers

] [ Identification of new studies via other methods ]

)

Studies included in
previous version of review Records identified from:
(@=0) PubMed (n = 91)
EMBASE (n = 96)

Records removed before screening:

Web of science (n = 141)
Cochrane (a = 1)

TIdentification

Duplicate records removed (n = I
164) Records identified from:
Websites (n = 0)

Records marked as incligible by (
Orgenisations (n = 0)

automation tools (n = 0)
Records removed for other
reasons (n = 0) ete.

Citation scarching (n = 0)

[

l

)

Records excluded by titles/ abstracts

Records screened (n = 165)

(n=143)

l

Reports sought for retrieval

Screening

Reports not retricved

@=22)

@=0)

Reports assossed for eligibility

@=22)

Total studies included in review
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Birth weight (n = 13)
Other environmental factors
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Reports of total included studies
=7)

Fig. 1 PRISMA flow chart
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No. Citation Types Number  Purpose Air Outcome p-value Num- I? Study
(First of studies pollutants Effect on obesity/ BMI ber of quality
author et ORorRR (95% Cl)/ B cases (AMSTAR
al., year) (95% Cl) 2) rating

1 Parasin, N Meta-analysis 8 To assess the PM, 5 1.06 (1.02,1.10)/ - <0.001/ >1000/ 44%/- Low
etal, 2021 incidence PMyq 1.07(1.04,1.10) / - - - 73%/ -

of obesity in NO, 1.10(1.04,1.16) / - <0.001/ >1000/ 55%/ -
children due - -

to air pollution <0.001/ >1000/

using a system- - -

atic review and

meta-analysis.

2 Huang,C  Meta-analysis 15 To assess the PM, 141 (1.30,1.53) /- <0.05/  >1000/ 0.0%/- Low

etal, 2022 relationship PM, 5 1.28 (1.13,145)/ - - 86.3%/
between child-  PM,, 0.11(0.05,0.17) <005/ >1000/ 82.6%
hood exposure  NO, 1.12(1.06,1.18)/0.08 <0.05 > 1000 85.9%/
to air pollutants ~ O; (0.03,0.12) <0.05/ >1000/ 89.1%
with obesity and 1.11(1.06,1.18)/ 0.03 <005 >1000 84.1%/
weight status (0.01,0.04) <0.05/ >1000/ 48.6%
among children 1.08(0.99,1.18) / - <0.05 > 1000 71.5%/
and adolescents. >005/ >1000/ -

3 Bahreyn-  Meta-analysis 5 To overview the  PM, 5 -/0.035(-0.099,0.169) /0606 -/ > -/ Low
ian, M et human studies ~ PMy, —/0.034 (0.007,0.061) -/0.015 1000 95.30%
al, 2020 on the associa- -/ > -/

tion of exposure 1000 16.60%
to ambient Par-

ticulate Matter

(PM) with child-

hood obesity.

4 Huang,S  Meta-analysis 10 To evaluate the  PM, 1.21(0.94, 1.56)/ 0.34 0.145/ < >1000/ 97.5%/ Low

etal, 2020 effect of long- PMyq (0.30,0.38) 0.001 >1000 0.0%
term exposure NO, 1.06 (0.98, 1.14)/ 0.03 0.137/ >1000/ 94.0%/
to ambient air SO, (-0.26,0.32) 0.815 > 1000 94.4%
pollutants on O, 1.13(1.01,1.26)/ 0.24 0.034/  >1000/ 94.4%/
body weight (-0.18,0.67) 0.261 > 1000 98.6%
status in adults. 1.04 (1.01,1.06)/ - 0.003/- >1000/ 6.4%/ -
1.07(1.02,1.13)/0.21 0.010/< >1000 95.2%/
(0.17,0.24) 0.001 >1000/ 0.0%
> 1000

5 Lin,Letal, Meta-analysis 26 Toexploreand  PM,5 1.159(1.111,1.209)/ - <0.001/ >1000/ 99.2%/ Low
2022 study the role of  PM, 1.092 (1.070,1.116)/ - - - -

PM on obesity. <0.001/ >1000/ 97.8%/

6 An,Retal, Systematic 16 To systematically PM Among 66 reported - - - Low
2018 review review scien- NO, associations between

tific evidence SO, air pollution and body

regarding the 0s weight status, 29 (44%)

influence of found air positive

ambient air pol- association, 29 (44%)

lution on body reported a null finding,

weight status. and 8 (12%) found nega-
tive association.

7 LaKind, JS  Systematic 8 To evaluate O, The results did not - - - Low
etal, 2021 review associations indicate a consistent

between ozone
and effects on
weight.

association between O,
exposure and effects on
weight.
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to the classification of epidemiological credibility, only
two meta-analyses could be considered as the “recom-
mended” epidemiological credibility of the association
between air pollution and obesity [22, 35]. Another three
meta-analyses were classified as having ‘weak evidence’
[21, 23, 36].

Associations between air pollution and obesity
Amongst the two included systematic reviews, An et al.
(2018) systematically reviewed the influence of air pollu-
tion on obesity based on a total of 16 publications [20].
The study identified 66 reported relations between air
pollution and body weight. The relationship between air
pollutants and body weight with positive, irrelevant, and
negative accounted for 44%, 44%, and 12% respectively.
In the study of LaKind et al. (2021), 8 studies assessed
the association between O and its effects on weight was
included [37]. Only 2 original studies were considered
suitable for evidence synthesis and did not find a con-
sistent association between O3 exposure and impacts on
weight.

Except for the above two systematic reviews, the other
5 meta-analyses studied the relationship between air pol-
lution and obesity, with air pollutants including particu-
lar matter (such as PM,, PM, 5, and PM, ), NO,, SO,, and
O,.

Chidren and adolescents

Among the five included meta-analyses, three studies
concentrated on the association between air pollutants
and obesity among children and adolescents [23, 35, 36].
The studied air pollution included PM,, PM,; PM,,
nitrogen oxide, and ozone.

Air pollutant PM, The relationship between air pollut-
ant PM, and the risk of obesity was studied in one meta-
analysis [23]. Based on the meta-analysis consisting of
two cross-sectional studies with a total of 54,615 cases,
PM; significantly raised the risk of obesity among chil-
dren and adolescents (OR=1.41, 95% CI: 1.30 ~ 1.53).

Air pollutant PM, g This umbrella review included
three meta-analyses concentrated on air pollutant PM, -
[23, 35, 36]. Total evidence indicated a positive correla-
tion between PM, ; and obesity. A meta-analysis found
an association between PM,: exposure and obesity in
children and adolescents (OR=1.28, 95% CI: 1.13 ~1.45)
[23]. In addition, on the basis of a meta-analysis consist-
ing of 6 primary studies, evidence was also found to sup-
port that PM, ; exposure could significantly increase the
risk of childhood obesity (OR=1.06, 95% CI: 1.02~1.10)
[35]. However, for body weight status, there was no sig-
nificant correlation between PM,; exposure and BMI
(B=0.04, 95% CI: -0. 10~0. 17) [36].

Air pollutant PM,, There are three meta-analyses that
evaluated the association between PM,, exposure and the
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risk of obesity [23, 35, 36]. In detail, a meta-analysis by
merging results from 15 studies indicated that PM,, was
correlated with obesity (OR=1.12, 95% CI: 1.06~1.18)
[23]. Another study investigated the influence of air
pollutants on childhood obesity and found that PM,,
was one of the factors for the increased risk of obesity
(OR=1.07,95% CI: 1.04 ~1.10) [35]. Also, PM,, exposure
was significantly related to increased BMI (r=0.034, 95%
CI: 0.007 ~0.061) based on the pooled analysis of 5 stud-
ies [36].

Air pollutant NO, A total of two meta-analyses
evaluated the effect of nitrogen oxide on obesity. Total
evidence indicated a significant positive relationship
between NO, and increased risk of obesity, and the
pooled OR (95% CI) were 1.11 (1.06,1.18) and 1.10 (1.04,
1.16), respectively [23, 35].

Air pollutant Oz Only one meta-analysis studied the
relationship between O and the increased risk of obesity
and no significant correlation was found (OR=1.08, 95%
CIL: 0.99 ~1.18) [23].

Adults

Of the five included meta-analyses, only one study
focused on the relationship between air pollution and
obesity among adults [21]. The studied air pollution
included PM, ;, PM,,, NO,, SO,, and Os. For PM, ; expo-
sure, no significant correlation was observed with obesity
(OR=1.21, 95% CI: 0.94 ~1.56), while a significant rela-
tion was found with BMI ($=0.34, 95% CI: 0.30 ~0.38).
The study also found a positive correlation between
increased risk of obesity and PM,;, (OR=1.06, 95% CI:
0.98~1.14), NO, (OR=1.13, 95% CI: 1.01~1.26), SO,
(OR=1.04, 95% CI: 1.01~1.06), and O; (OR=1.07, 95%
CL: 1.02~1.13).

The mixed population

One meta-analysis out of five studied the effect of air pol-
lution on obesity and the pollutants considered including
PM, s and PM,, among the mixed population of children,
adolescents, and adults [22]. The study found that PM, 5
could increase the risk of obesity (RR: 1.159, 95% CI:
1.111-1.209) per 10 pg/m? increment, and 5 other arti-
cles with maternal exposure showed that PM, ; increased
the risk of obesity in children (RR: 1.06, 95% CI: 1.02—
1.11). Besides, exposure to particular matter PM,, could
increase the risk of obesity (RR: 1.092, 95% CI: 1.070—
1.116) per 10 pg/m? increment.

Discussion

This research identified 2 systematic reviews and 5 meta-
analyses. Overall, positive relationships between air
pollutants (PM,, PM, s, PM,;,, NO,, SO,, and O,) expo-
sure and weight status (obesity, overweight, BMI) were
found in most studies. At the same time, no significant
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correlations were also observed in some studies. The
influence of air pollution on obesity varied by different
ambient air pollutants.

The finding in this study indicated that the risk of obe-
sity had significantly positive associations with PM,,
PM, 5, PM;,, and NO, among children and adolescents,
while there was no significant correlation with Os. In
addition, systematic reviews and meta-analyses on SO,
and obesity still need to be further explored. Previous
research showed that higher SO, in childhood was asso-
ciated with lower BMI among adolescents [38]. While
another study indicated that SO, could significantly
increase zZBMI [39]. The relevant studies are still limited,
which can be carried out more in the future. For adults,
except for PM, s, PM,,, NO,, SO,, and O; were shown
significantly positive associations with obesity. How-
ever, the relationship between obesity and PM; is still
unknown. Studies have reported that exposure to PM,
was statistically related to the increased risk of obesity
among adults [11, 40].

As we know, obesity is closely related to the occurrence
of many chronic diseases such as hypertension, cardio-
vascular diseases, diabetes, and tumors, and has become
one of the major risk factors threatening human health
[41-44]. The underlying biological mechanism by which
air pollutants contributed to the development and pro-
gression of adverse outcomes in body weight remains
unclear. Considering that obesity is a complex pheno-
type, environmental, metabolic, genetic, and physical
activity may all influence body weight, which makes the
etiological association between air pollution and obesity
outcome complex and cannot be attributed to a single
biological pathway [45, 46]. There are several possible
mechanisms linking air pollution to obesity, including
biochemical and behavioral pathways.

The effects of air pollutants on body weight can be real-
ized by altering metabolism. Inhalation of air pollutants
leads to metabolic disorders in the body and weight loss.
Air pollution can affect metabolic function by chang-
ing adipose tissue inflammation, oxidative stress, and
personal dietary intake [47-49]. Inhaling air pollutants
triggers a series of physiological responses that alter
immune, inflammatory and respiratory pathways, lead-
ing to altered inflammatory biomarkers and increased
levels of oxidative stress in the human body [50]. In addi-
tion, PM, 5 exposure was found to have a negative effect
on glucose metabolism, and exposure to polluted envi-
ronments is detrimental to glucose metabolism [51].
Besides, air pollutants may indirectly influence body
weight by enhancing the risk of chronic diseases, includ-
ing hypertension, cardiovascular disease, and respiratory
diseases [52]. Air pollutant exposure has also been linked
to reduced lung function, increased blood pressure, and

Page 6 of 8

other respiratory symptoms, leading to impaired exercise
capacity and performance [53].

Poor air quality can hinder regular physical activity to
some extent [20, 54]. For example, when the news about
serious outdoor air pollution is reported in the weather
forecast, people may be able to reduce the impact of
severe air pollution on themselves by reducing outdoor
activities [55]. Air pollution can disrupt normal physical
activity, and people will pick the choice to reduce their
physical activity by sitting or lying down. These behaviors
may result in a decrease in net calorie consumption and
to some extent significant weight gain, thereby increas-
ing the risk of obesity. As air quality declines, people’s
willingness to participate in outdoor activities (e.g., bicy-
cling, walking, and running) also declines [56].

This umbrella review systematically and comprehen-
sively incorporates the information currently available on
the relationship between air pollution and the increased
risk of obesity outcomes. However, this study has several
limitations. Firstly, although comprehensive literature
searches were conducted, the number of included sys-
tematic reviews and meta-analyses was not very large,
with 2 systematic reviews and 5 meta-analyses. Secondly,
the quality and strength of the evidence for the selected
systematic reviews/ meta-analyses were assessed by
AMSTAR 2, the included studies were of low quality. In
addition, additional study designs are needed to draw
clear conclusions in different contexts since most stud-
ies were observational in nature. Thirdly, the increments
of air pollutants in the included studies are quite diversi-
fied. To provide a pooled quantified result, it is necessary
to normalize the effect estimates. Fourthly, the primary
studies were based on observational research, making it
difficult to understand the mechanisms by which air pol-
lutants affect obesity outcomes. Besides, the estimated
effects obtained from the preliminary studies may also
be biased since the observational studies were difficult to
avoid confounding factors. Even though they controlled
for common significant confounders, residual confound-
ers cannot be completely excluded.

This study also provides several suggestions for future
reviews. Firstly, systematic reviews and meta-analyses
are recommended to be performed according to the
standard methodology required by the PRISMA guide-
lines. Secondly, considering that the findings of this study
are based on observational studies, researchers need to
assess the risk of bias in the included studies, which are
more or less prone to common biases such as observer
bias and information bias. Finally, it is also necessary to
assess the quality of each included study based on the
relevant tools and evaluate the level of evidence for each
exposure and outcome pair.



Luo et al. BMC Public Health (2024) 24:1856

Conclusion

In conclusion, this umbrella review showed positive asso-
ciations between air pollution exposure and increased
risk of obesity. The influence of air pollution on obesity
varied by different ambient air pollutants. These find-
ings further indicate the importance of strengthening
air pollution prevention and control. It is also of great
importance for future studies to elucidate the pos-
sible mechanisms and pathways linking air pollution to
obesity.
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