
TYPE Original Research

PUBLISHED 10 March 2023

DOI 10.3389/fpubh.2023.1138811

OPEN ACCESS

EDITED BY

Juwel Rana,

McGill University, Canada

REVIEWED BY

Il Je Yu,

Independent Researcher, Icheon,

Republic of Korea

Nasser Laouali,

Institut Gustave Roussy, France

*CORRESPONDENCE

Qi Wang

wangqi@xjtufh.edu.cn

SPECIALTY SECTION

This article was submitted to

Environmental health and Exposome,

a section of the journal

Frontiers in Public Health

RECEIVED 06 January 2023

ACCEPTED 20 February 2023

PUBLISHED 10 March 2023

CITATION

Han L and Wang Q (2023) Associations of

brominated flame retardants exposure with

chronic obstructive pulmonary disease: A US

population-based cross-sectional analysis.

Front. Public Health 11:1138811.

doi: 10.3389/fpubh.2023.1138811

COPYRIGHT

© 2023 Han and Wang. This is an open-access

article distributed under the terms of the

Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other

forums is permitted, provided the original

author(s) and the copyright owner(s) are

credited and that the original publication in this

journal is cited, in accordance with accepted

academic practice. No use, distribution or

reproduction is permitted which does not

comply with these terms.

Associations of brominated flame
retardants exposure with chronic
obstructive pulmonary disease: A
US population-based
cross-sectional analysis

Lu Han and Qi Wang*

Department of Obstetrics and Gynecology, First A�liated Hospital, Xi’an Jiaotong University, Xi’an, China

Backgrounds: Whether there existed an association between brominated flame

retardants (BFRs) and chronic obstructive pulmonary disease (COPD) prevalence

in humans is still a mystery.

Objective: To investigate the association between serum single or mixture BFRs

and COPD prevalence.

Methods: Data of 7,591 participants from NHANES 2007–2016 was utilized.

Serum BFRs, including PBDE-28, PBDE-47, PBDE-85, PBDE-99, PBDE-

100, PBDE-154, PBDE-183, PBDE-209, and PBB-153 were enrolled. The

survey-weighted generalized logistic regression model, restricted cubic

splines (RCS), weighted quantile sum (WQS) regression, and quantile-based

g-computation (QGC) analysis were performed.

Results: After adjustment for all confounding factors, log-transformed continuous

serum PBDE-28 (OR: 1.43; 95% CI: 1.10–1.85; P = 0.01), PBDE-47 (OR: 1.39; 95%

CI: 1.11–1.75; P = 0.005), PBDE-85 (OR: 1.31; 95% CI: 1.09–1.57; P = 0.005),

PBDE-99 (OR: 1.27; 95% CI: 1.05–1.54; P = 0.02), PBDE-100 (OR: 1.33; 95% CI:

1.08–1.66; P= 0.01), PBDE-154 (OR: 1.29; 95%CI: 1.07–1.55; P= 0.01), PBDE-183

(OR: 1.31; 95%CI: 1.04–1.66; P= 0.02), and PBB-153 (OR: 1.25; 95%CI: 1.03–1.53;

P= 0.03) were positively correlated with the prevalence of COPD. Restricted cubic

splines curves displayed that PBDE-209 was significantly associated with CPOD in

an inverted U-shape (P = 0.03). A significant interaction between being male and

a high prevalence of COPD was observed for PBDE-28 (P for interaction <0.05),

PBDE-47 (P for interaction <0.05), PBDE-85 (P for interaction <0.05), PBDE-99

(P for interaction <0.05), PBDE-100 (P for interaction <0.05), and PBB-153 (P for

interaction <0.05). Mixture BFRs exposure was positively associated with COPD

prevalence in WQS regression (OR: 1.40; 95% CI: 1.14–1.72, P = 0.002) and in

QGC analysis (OR: 1.49; 95% CI: 1.27–1.74, P < 0.001).

Conclusions: Our study confirms that individual and mixture BFRs had

positive associations with COPD, and further studies are required in

larger-scale populations.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common,

preventable, and treatable chronic airway disease characterized by

persistent respiratory symptoms and airflow limitation. The onset

of COPD is usually associated with high exposure to harmful

particles or gases. Chronic obstructive pulmonary disease severely

impacts patients’ health and quality of life and is a significant cause

of death. From 1990 to 2017, the prevalence of COPD increased by

5.9% worldwide, and an estimated 298 million patients with COPD

accounted for an average of 41.9 deaths per 100,000 people in the

world in 2017 (1). The World Health Organization reported that

COPD is the third leading cause of death worldwide, and the annual

death toll will reach 4.4 million and 90% of COPD deaths by 2040

(2, 3).

Brominated flame retardants (BFRs), including

polybrominated diphenyl ethers (PBDEs) and polybrominated

biphenyls (PBBs), are widely used in a range of consumer goods

such as furniture, carpets, building materials, toys, and electronics

to avoid fire risks (4). For not adhering permanently to products,

BFRs could be released into the surrounding environment,

like air, dust, food, and water (5). Due to their persistence and

bioaccumulation characteristics, humans are still exposed to

BFRs for the enormous storage and increased recycling of large

quantities of BFRs-containing products, despite a ban on their use

for many years (6, 7). Human exposure to PBDEs and PBBs is likely

to continue for many years, although they cease to be produced

and used.

Numerous researchers have confirmed that BFRs are present in

the respiratory tract of animals and humans and affect bronchial

epithelial cells, including inhibiting cell viability, activating cell

apoptosis, inducing DNA damage, and promoting inflammatory

and oxidative stress status (8–13). Besides, the changes mentioned

above in the respiratory tract also have a role in the development of

COPD (14, 15). In addition, not only individual BFR was confirmed

to influence human health, but also exposure to BFRs mixture was

positively associated with diseases including metabolic syndrome,

hypertriglyceridemia, and abdominal obesity (16).

However, there were still no studies investigating the

association between single or mixture BFRs with COPD prevalence

in humans. Therefore, we extracted data from the National

Health and Nutrition Examination Survey (NHANES) to explore

the associations of individual and mixture BFRs exposure with

COPD prevalence in US adults using different models, including

survey-weighted generalized logistic regression model, restricted

cubic splines (RCS), weighted quantile sum (WQS) regression, and

the quantile-based g-computation (QGC) analysis.

Methods

Study population

The NHANES is a cross-sectional, nationally representative

study that measures the health and nutritional status of non-

institutionalized U.S. populations. Our analysis investigated data

from the five consecutive NHANES cycles during 2007–2016.

Participants younger than 18, those missing data on critical

confounders [such as education, family income to poverty (FIR),

body mass index (BMI), smoking, and diabetes], and those without

BRFs or COPD data were excluded from the study.

Exposure assessment

Detailed instructions on collecting, storing, and processing

blood specimens were provided in the NHANES Laboratory

Procedures Manual. Brominated flame retardants concentrations

were determined using an automated liquid/liquid extraction

and isotope dilution—ultra-performance liquid chromatography-

tandem mass spectrometry method. The NHANES dataset

contained BRFs including PBDE-17, PBDE-28, PBDE-47, PBDE-

66, PBDE-85, PBDE-99, PBDE-100, PBDE-153, PBDE-154, PBDE-

183, PBDE-209, and PBB-153. PBDE-17, PBDE-66, and PBDE-153

were excluded from the analysis because more than 50% of values

were below the lower limit of detection (LLOD). Concentrations

less than the LLOD were replaced with the LLOD divided by the

square root of 2.

Definition of COPD

Chronic obstructive pulmonary disease was defined by fulfilling

any of the following criteria: (1) post-bronchodilator forced

expiratory volume in 1 second (FEV1)/forced vital capacity (FVC)

ratio <0.7; (2) self-reported COPD, emphysema, or chronic

bronchitis; and (3) older than 40 years old, with a history of

smoking or bronchitis, and taking any of the followingmedications:

mast cell stabilizers, inhaled corticosteroids, leukotriene modifying

agents, or selective phosphodiesterase four inhibitors.

Covariates

The potential confounding variables included age (continuous

variable), gender (male and female), race/ethnicity (Non-Hispanic

Black, Non-Hispanic White, Mexican American, and Other), FIR

(low income, and middle or high income), BMI (underweight or

normal weight, overweight, and obesity), smoking status (former,

now, never), physical activity (none, and moderate or vigorous),

hypertension (yes and no), and diabetes (yes, borderline, and

no). Participants with FIR ≤ 1.3 were categorized as low-income,

whereas those with a FIR of 1.3 or higher were classified as

middle (1.3–3.5) or high-income (≥3.5). Body mass index was

categorized into underweight or normal weight (25 kg/m2),

overweight (25–30 kg/m2), and obese (30 kg/m2) groups. Based

on standard smoking questionnaires, the smoking status was

categorized into never smokers (not smoked as many as 100

cigarettes in their lifetime), former smokers (smoked as many as

100 cigarettes but did not smoke cigarettes currently), and current

smokers (currently smoked cigarettes every day or some days). To

determine whether a participant had hypertension, we used the

following criteria: (1) self-reported hypertension; (2) taking anti-

hypertension medications; (3) an average systolic pressure of at

least 140mm Hg or an average diastolic pressure of at least 90mm
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TABLE 1 Weighted characteristics of the study participants.

Overall Non-CPOD COPD P-value

(n = 7,591) (n = 7,268) (n = 395)

Age [years, mean (SD)] 47.31 (0.36) 46.63 (0.37) 59.82 (0.79) <0.0001

Gender (%) 0.18

Female 3,886 (51.19) 3,719 (51.72) 167 (46.25)

Male 3,705 (48.81) 3,477 (48.28) 228 (53.75)

Race/Ethnicity (%) <0.0001

Mexican American 1,121 (14.77) 1,104 (8.28) 17 (1.36)

Non-Hispanic Black 1,597 (21.04) 1,530 (11.55) 67 (7.00)

Non-Hispanic White 3,238 (42.66) 2,981 (67.33) 257 (83.61)

Other Race 1,635 (21.54) 1,581 (12.84) 54 (8.03)

FIR (%) 0.34

≤1.3 2,486 (32.75) 2,340 (21.94) 146 (26.10)

1.3–3.5 2,297 (30.26) 2,191 (42.48) 106 (38.42)

≥3.5 2,808 (36.99) 2,665 (35.58) 143 (35.48)

Vigorous/Moderate recreational activities (%) <0.0001

Yes 3,659 (48.2) 3,525 (55.81) 134 (40.85)

No 3,932 (51.8) 3,671 (44.19) 261 (59.15)

Smoking status (%) <0.0001

Now 1,547 (20.38) 1,398 (19.37) 149 (37.89)

Former 1,853 (24.41) 1,672 (23.32) 181 (44.89)

Never 4,191 (55.21) 4,126 (57.31) 65 (17.22)

Body mass index (%) 0.37

Underweight or Normal 2,212 (29.14) 2,106 (31.11) 106 (26.06)

Overweight 2,865 (37.74) 2,710 (35.96) 155 (40.49)

Obesity 2,514 (33.12) 2,380 (32.93) 134 (33.46)

Hypertension (%) <0.0001

Yes 4,375 (57.63) 4,221 (63.59) 154 (46.73)

No 4,375 (57.63) 4,221 (63.59) 154 (46.73)

Diabetes (%) < 0.001

Yes 1,465 (19.3) 1,338 (13.50) 127 (26.03)

Borderline 667 (8.79) 621 (8.62) 46 (11.96)

No 5,459 (71.91) 5,237 (77.87) 222 (62.01)

Exposures [pg/g, mean (SD)]

PBDE28 7.83 (0.13) 7.72 (0.12) 9.88 (0.51) <0.0001

PBDE47 145.13 (2.75) 143.15 (2.55) 181.82 (11.00) <0.001

PBDE85 3.21 (0.07) 3.16 (0.07) 3.96 (0.27) 0.002

PBDE99 31.12 (0.74) 30.70 (0.69) 38.77 (2.86) 0.003

PBDE100 31.00 (0.56) 30.60 (0.52) 38.44 (2.42) <0.001

PBDE154 2.88 (0.06) 2.84 (0.06) 3.56 (0.24) 0.002

PBDE183 1.79 (0.06) 1.78 (0.05) 1.96 (0.14) 0.19

PBDE209 18.34 (0.47) 18.32 (0.45) 18.77 (1.81) 0.79

PBB153 27.32 (0.90) 26.60 (0.90) 40.63 (2.71) <0.0001
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TABLE 2 Association between log-transformed serum BFRs and prevalence of COPD.

Model 1 P-value Model 2 P-value Model 3 P-value

OR (95%CI) OR (95%CI) OR (95%CI)

PBDE28 1.37 (1.05, 1.79) 0.02 1.39 (1.06, 1.83) 0.02 1.43 (1.10, 1.85) 0.01

PBDE47 1.35 (1.06, 1.71) 0.02 1.36 (1.07, 1.73) 0.01 1.39 (1.11, 1.75) 0.005

PBDE85 1.26 (1.04, 1.54) 0.02 1.29 (1.06, 1.57) 0.01 1.31 (1.09, 1.57) 0.005

PBDE99 1.23 (1.01, 1.50) 0.04 1.24 (1.01, 1.52) 0.04 1.27 (1.05, 1.54) 0.02

PBDE100 1.28 (1.02, 1.61) 0.03 1.30 (1.04, 1.62) 0.02 1.33 (1.08, 1.66) 0.01

PBDE154 1.24 (1.02, 1.50) 0.03 1.26 (1.04, 1.53) 0.02 1.29 (1.07, 1.55) 0.01

PBDE183 1.32 (1.07, 1.63) 0.01 1.37 (1.11, 1.69) 0.003 1.31 (1.04, 1.66) 0.02

PBDE209 1.10 (0.90, 1.35) 0.36 1.13 (0.93, 1.37) 0.22 1.12 (0.92, 1.36) 0.25

PBB153 1.36 (1.16, 1.60) <0.001 1.33 (1.12, 1.59) 0.002 1.25 (1.03, 1.53) 0.03

The bold values mean p < 0.05.

Hg. The following criteria were utilized to determine whether a

participant had diabetes: (1) self-reported diabetes; (2) use of anti-

diabetes medications; (3) glycohemoglobin HbA1c higher than

6.5%; (4) fasting glucose of at least 7.0 mmol/l; (5) random blood

glucose of at least 11.1 mmol/l; (6) OGTT blood glucose of

at least 11.1 mmol/l. Besides, participants with impaired fasting

glycemia and impaired glucose tolerance were diagnosed with

borderline diabetes.

Statistical analyses

In the descriptive analysis, continuous variables were expressed

by the mean and standard deviation (SD), while categorical

variables were presented as frequency and percentage. The Chi-

square test was used for categorical data, and the T-test was utilized

for continuous variables to compare group differences between the

COPD group and the non-COPD group. For skewed distributions,

we used log-transformed serum BRFs concentrations in this study

and then categorized them into four quartiles.

In order to assess potential associations between individual

BFR and COPD, we used the survey-weighted generalized logistic

regression models adjusting for confounding variables to calculate

odds ratios (ORs) and corresponding 95% confidence intervals

(CIs). Given the complex, multistage sampling design in the

NHANES, “sum of adjusted subsample B weights” or “adjust

sum sampling weights in same pool” were used in this study

according to National Center for Health Statistics guidance. Model

1 was controlled for age and gender. Model 2 was further

adjusted for race/ethnicity, FIR, and BMI based on Model 1.

Model 3 was further adjusted for physical activity, smoking status,

hypertension, and diabetes based on Model 2. In the statistical

mode, log-transformed serum BRFs were created as a continuous

and categorical variable with the lowest quartile as the reference.

The potential non-linear associations between individual BFR and

COPD were explored by RCSs with three knots. We conducted

analyses stratified by sex (male/female) and age (<60 or≥60 years)

and then explored the interaction analyses. Since smoking is an

important confounding factor, sensitivity analysis was performed

using cotinine levels as the covariate rather than the categories of

smoking status to validate the robustness of results.

After adjusting for all confounders, we used the WQS

regression and the QGC analysis to examine the overall effect of

BRFs exposure on COPD. The WQS regression model has been

commonly used to explore the directional, linear, and additive

effects of mixed chemicals exposures on human health outcomes

(17). The training set (40%) and validation set (60%) were

randomly divided among this model. The overall effect of BFRs

was investigated by calculating regression coefficients using 1,000

bootstrapped samples from the training dataset. QGC analysis,

combining the inferential simplicity of WQS regression with the

flexibility of g-computation, was also conducted to assess the

cumulative effects of BRFs on COPD (18). In this study, 1,000

bootstrapping iterations were performed on the mixture slope and

overall model confidence.

All analyses were conducted in this study using R software

version 4.1.2. (Core Team, Vienna, Austria), and a two-sided P-

value of <0.05 was considered statistically significant.

Results

Basic characteristics

Ultimately, a total of 7,591 participants were included from the

NHANES 2007–2016, and 395 (5%) participants had a diagnosis of

COPD (Figure S1). Characteristics of the participants enrolled in

this study are shown in Table 1. In addition, age, race, recreational

activities, smoking status, diabetes, hypertension, PBDE-28, PBDE-

47, PBDE-85, PBDE-99, PBDE-100, PBDE-154, and PBB-153 were

significant differences between participants with COPD and those

without COPD.

Associations of individual BFRs exposure
with COPD prevalence

The survey-weighted generalized logistic regression models

were used to analyze the associations between individual BFRs
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FIGURE 1

The associations between quartiles of individual BFR and COPD prevalence.

exposure and COPD prevalence. After adjustment for all

confounding factors, log-transformed continuous serum PBDE-28

(OR: 1.43; 95% CI: 1.10–1.85; P = 0.01), PBDE-47 (OR: 1.39; 95%

CI: 1.11–1.75; P = 0.005), PBDE-85 (OR: 1.31; 95% CI: 1.09–1.57;

P = 0.005), PBDE-99 (OR: 1.27; 95% CI: 1.05–1.54; P = 0.02),

PBDE-100 (OR: 1.33; 95% CI: 1.08–1.66; P = 0.01), PBDE-154

(OR: 1.29; 95% CI: 1.07–1.55; P = 0.01), PBDE-183 (OR: 1.31; 95%

CI: 1.04–1.66; P = 0.02), and PBB-153 (OR: 1.25; 95% CI: 1.03–

1.53; P = 0.03) were positively correlated with the prevalence of

COPD (Table 2). When divided into quantiles, higher quantiles of

PBDE-28, PBDE-47, PBDE-85, PBDE-99, PBDE-100, PBDE-154,

PBDE-183, PBDE-209, and PBB-153 were associated with increased

odds of COPD (all Pfortrend < 0.001) (Figure 1). After using cotinine

levels as the covariate rather than the categories of smoking status,

the associations between BRFs and COPD prevalence were not

altered (Table S1).

Restricted cubic splines curves displayed the potential

nonlinearity between log-transformed concentrations of BFRs and

the prevalence of COPD (Figure 2). PBDE-209 was significantly

associated with CPOD in an inverted U-shape (P = 0.03).

There were J-shaped associations between log-transformed

PBDE-28, PBDE-47, PBDE-85, PBDE-99, PBDE-100, and
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FIGURE 2

The non-linear associations between individual BFR and COPD by restricted cubic splines.

PBB-153 concentrations with COPD prevalence, but those

associations were insignificant. PBDE-154 had a relatively

flat RCS fit. Stratified analysis by gender was displayed in

Table 3. A significant interaction between being male and

a high prevalence of COPD was observed for PBDE-28 (P

for interaction <0.05), PBDE-47 (P for interaction <0.05),

PBDE-85 (P for interaction <0.05), PBDE-99 (P for interaction

<0.05), PBDE-100 (P for interaction<0.05), and PBB-153 (P for

interaction <0.05). Besides, non-significant interaction existed

between the young and middle-aged group with the elderly

group (Table S2).

Associations of mixture BFRs exposure with
COPD prevalence

The associations between mixture BFRs exposure and COPD

prevalence were analyzed usingWQS regression and QGC analysis.

With all confounding factors adjusted, the WQS index of mixture

BFRs exposure was positively associated with COPD prevalence

(OR: 1.40; 95% CI: 1.14–1.72, P = 0.002), and PBB153 (36.9%)

made the most significant contribution (Figure 3A). Consistent

with the WQS regression results, exposure to the mixture BFRs

was positively associated with the prevalence of COPD in the QGC
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TABLE 3 Association between log-transformed serum BFRs and prevalence of COPD stratified by gender.

Subgroup OR (95%CI) P-value Pfor interaction

PBDE28 Male 2.15 (1.58, 2.92) <0.0001 <0.05

Female 1.01 (0.72, 1.41) 0.95

PBDE47 Male 2.08(1.62, 2.68) <0.0001 <0.05

Female 0.95 (0.69, 1.31) 0.77

PBDE85 Male 1.81 (1.44, 2.27) <0.0001 <0.05

Female 0.93 (0.70, 1.24) 0.62

PBDE99 Male 1.73 (1.41, 2.13) <0.0001 <0.05

Female 0.92 (0.70, 1.21) 0.56

PBDE100 Male 1.98 (1.56, 2.53) <0.0001 <0.05

Female 0.88 (0.65, 1.20) 0.42

PBDE154 Male 1.79 (1.44, 2.21) <0.0001 <0.05

Female 0.86 (0.64, 1.16) 0.31

PBDE183 Male 1.59 (1.27, 2.01) <0.001 0.09

Female 1.04 (0.70, 1.53) 0.86

PBDE209 Male 1.32 (1.05, 1.66) 0.02 0.10

Female 0.94 (0.68, 1.31) 0.73

PBB153 Male 1.15 (0.90, 1.48) 0.27 0.59

Female 1.39 (1.03, 1.87) 0.03

FIGURE 3

Associations of mixture BFRs exposure with COPD prevalence in all participants. (A) WQS regression index weights for COPD prevalence. (B) QGC

regression index weights for COPD prevalence. (C) Joint e�ect (95% CI) for COPD prevalence in QGC analysis.

analysis (OR: 1.49; 95% CI: 1.27–1.74, P < 0.001), and PBB153

(40.8%) contributed the most (Figures 3B, C).

Discussion

To the best of our knowledge, this is the first study to evaluate

the associations between serum BFRs and COPD prevalence. This

study indicated that PBDE-28, PBDE-47, PBDE-85, PBDE-99,

PBDE-100, PBDE-154, PBDE-183, and PBB-153 were positively

correlated with the prevalence of COPD in the survey-weighted

generalized logistic regressionmodel. Inverted u-shape associations

were found between serum PBDE-209 and CPOD prevalence by

RCS curves. The combined effect of the BFRs on CPOD prevalence

was statistically significant in the WQS models and QGC analysis.

The WHO released a report in 2014 indicating that 3.7

million premature deaths globally were attributable to ambient

air pollution (19). Between 2000 and 2018, a cohort study

involving six regions of the United States found that long-term

exposure to ambient air pollutants was significantly associated
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with increasing emphysema assessed quantitatively using CT

imaging (20). Brominated flame retardants-contaminated air is a

component of air pollution, which might be associated with the

onset or development of COPD.

Despite the production ban, humans can still be exposed to

BFRs in various pathways. The intake of PBDE-contaminated

food, the ingestion of PBDE-contaminated dust, and the inhalation

of PBDE-contaminated air appear to be the main pathways

of PBDEs exposure (7, 21, 22). Vorkamp et al. identified that

BDE47 and BDE99 were at high concentrations of 16.9 and 13.6

ng/g in domestic dust and 134 and 63.7 pg/m3 in residential

indoor air (23). Outdoor air PBDE concentrations in America

were reported to vary from 5 to more than 100 pg m−3

(24). Besides, dietary intake for PBDEs is estimated at 50 ng/d

in the United States, mainly from dairy consumption, meat,

and fish (25). Although the production of PBBs ceased in the

United States in 1976, they can still be detected in environmental

media or organisms for many years due to their environmental

persistence and bioaccumulation. They can be enriched through

breast milk transfer and the food chain (2, 26–28). In recent

years, PBBs have been detected in biological media such as

fish, birds, humans, and mussels, as well as in soil, water, and

sediment (29–31).

Human health is impacted by BFRs that have thyrotoxicity,

neurotoxicity, and reproductive developmental toxicity.

Brominated flame retardants could disrupt thyroid homeostasis,

including competing with thyroid hormones for binding to thyroid

transport proteins, promoting thyroid hormone metabolism

in the liver and brain, and altering thyroid hormone receptor

activity (32). The mechanisms of the toxic effects of BFRs on the

nervous system include affecting the release of neuroendocrine

hormones, interfering with signal transduction pathways,

affecting neurotransmitter transmission, altering the expression

of essential proteins in the developing nervous system, and

inducing apoptosis of neural cells (33, 34). Brominated flame

retardants were also found to cause reproductive development

toxicity by reducing sperm quality, interfering with hormone

production, and damaging the structure of sexual organs

(22, 35, 36).

Besides the above toxicity of BFRs, various researches have

focused on the role of BFRs exposure on the respiratory

system. In bronchial epithelial cell lines, exposure to PBDE-

209 was found to reduce cell viability, increase LDH leakage,

and promote inflammation (8). Besides, PBDE-47, PBDE-99, and

PBDE-209 were shown to be involved in the dysregulation of

oxidative stress, DNA damage, and associated gene expression (37).

Albano et al. discovered that PBDE-47, PBDE-99, and PBDE-

209 induced oxidative stress, inflammatory reaction, impairment

of barrier integrity, and mucus production (38). Anzalone et al.

discovered that PBDE-47, PBDE-99, and PBDE-209 increase

inflammation by activating EZH2 methyltransferase (39). Zandona

et al. confirmed that exposure to PBDEs (PBDE-28, PBDE-

47, PBDE-99, PBDE-100, PBDE-153, PBDE-154, PBDE-183,

and PBDE-209) caused membrane disruption, reactive oxygen

species production, and cell apoptosis (4). Similar results were

obtained in the animal experiments. The PBDEs (including

PBDE-47, PBDE-85, and PBDE-99) could be effectively taken

up and concentrated in the lung tissue of adult mice (9). In

addition, mice exposed to PBDE-209 exhibited accumulation

of PBDE-209 in lung tissue, widespread inflammation with

perivascular, thickening and destruction of the alveolar wall,

and enlargement of air spaces (38), which is a pathological

manifestation of COPD.

There existed some limitations in our study. First, the

self-reported COPD but not diagnosed by a physician might

cause measurement bias, and a further study using physician-

diagnosed COPD as the gold standard need to be explored.

Second, due to the limitations of cross-sectional studies, it

cannot be determined whether patients with COPD induced

more BFRs exposure or whether BFRs exposure led to the

development and progression of COPD. Third, despite enrolling

as many confounding variables as possible, some potential

confounding variables may still have influenced the results.

Therefore, it is anticipated that large-scale and longitudinal

research will clarify the causal relationship between BFRs exposure

and COPD.

Conclusion

Our study confirms that individual and mixture

BFRs had positive associations with COPD, which needs

to be further confirmed by longitudinal studies in

larger-scale populations.
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