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Abstract 

Background Short-term exposure to PM2.5 has been associated with human health risks. However, evidence 
on the association between short-term exposure to  PM2.5 and the risk of chronic obstructive pulmonary disease 
(COPD) remains limited and controversial. This study aimed to specifically assess the relationship between exposure 
to  PM2.5 and the risk of hospitalization due to COPD.

Methods A systematic search was conducted in PubMed, Web of Science, and Google Scholar databases from Janu-
ary 1, 2010 to May 1, 2022. The odds ratio (OR) statistic was calculated as a common measure of effect size. Publica-
tion bias was also examined in all eligible studies on COPD hospitalization using funnel plots and Egger’s test, as well 
as trim-and-fill method for missing studies on COPD hospitalization.

Results A total of 19 studies were included in this meta-analysis. Random-effects models were plotted to calculate 
the pooled effect size by measuring OR (χ2 = 349.95; df = 18;  I2 = 94.86%; P = 0.007; Z = 2.68; P < 0.001). A 10-mg/m3 
daily increase in  PM2.5 concentration was associated with a 1.6% (95% CI: 0.4–2.9%) increase in COPD hospitaliza-
tion. There was no publication bias regarding the association between COPD hospitalization and  PM2.5 (bias = 1.508; 
95% CI: -1.475, 4.491; t = 1.066; P = 0.301). The subgroups of age ≥ 65 years and Asian countries were associated 
with an increased risk of COPD hospitalization. Besides, higher risks were estimated in the subgroups of studies 
performed in the warm season, case-crossover studies, studies with three lag days, and studies without adjustments 
for humidity and temperature confounders, with very small heterogeneity.

Conclusion Evidence suggests that short-term exposure to  PM2.5 increases COPD hospitalization. Further studies are 
needed to understand the mechanism of the association between  PM2.5 and COPD for reducing air pollution, which 
can be beneficial for COPD patients.

Keywords Hospitalization, Introduction, Particulate Matter, Pulmonary Disease, Chronic Obstructive, Air Pollutants, 
Humans

Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Public Health

*Correspondence:
Zeynab Farhadi
farhadi_zeynab@yahoo.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-17093-6&domain=pdf


Page 2 of 9Delavar et al. BMC Public Health         (2023) 23:2229 

Introduction
COPD, as a life-threatening condition, is recognized as 
the third most common cause of mortality worldwide. 
The COPD death rate is the highest in countries with 
low-resourced healthcare systems [1]. This respiratory 
disease occurs when the airways and the lungs become 
inflamed and damaged due to various factors, such as 
age, sex, genetic predisposition, infections, exposure to 
environmental tobacco smoke, and other lung irritants 
[2–5]. In Iran, the COPD death rate has increased over 
the last decade [6]. Nearly 90% of COPD-related deaths 
occur in people under 70 years of age in low- and middle-
income countries (LMIC) [7].

Air pollution has become one of the most severe and 
prevalent environmental concerns worldwide [8]. The 
risk of COPD is known to increase following exposure to 
unhealthy particles, especially pollutants [9]. There are 
generally six types of pollutants in the air with significant 
negative effects on the health of people: ozone, particles 
with a diameter of 10 µm  (PM10), PM2.5, nitrogen diox-
ide, sulfur dioxide, carbon monoxide, and lead[10]. It is 
estimated that around seven million people die each year 
due to particulate matter pollution, including ultrafine 
particles  (PM0.1), fine particles  (PM2.5), and coarse parti-
cles  (PM10) [11–13].

Several studies have reported that  PM2.5 has greater 
effects on humans compared to  PM10 [14–16], as it can 
be inhaled more deeply into the alveoli of the lungs and 
result in alveolar inflammation and finally COPD [17]. 
In 2019, Adeloye et  al. conducted a systematic popu-
lation-based study in 65 countries around the world. 
Their results showed that the global prevalence of COPD 
was 10.3% in the age range of 30–79 years [18]. Moreo-
ver, Faridi et al. found that long-term exposure to  PM2.5 
accounted for 49,303 deaths in adults (≥ 25 years) in 429 
cities of Iran in 2018, imposing a cost of about 12,792.1 
million dollars [19].

Although most people understand the severity of air 
pollution to some extent, by evaluating the concentra-
tion of air pollutants and their effects, the intensity of air 
pollution can be accurately estimated [8]. Two systematic 
reviews and meta-analyses were conducted in 2016 and 
2020. Li et al. and Zhu et al. investigated the relationship 
between PM2.5 exposure and increased hospitalization 
and mortality from COPD incidence and exacerbation. 
Li et al. evaluated studies involving short-term exposure 
to PM2.5 pollutants; But Zhu et al. evaluated studies that 
included both long-term and short-term exposure. Con-
sidering that the results obtained in both studies were 
inconsistent; [20, 21]. Therefore, the present study aimed 
to evaluate the short-term association between PM2.5 
exposure and the risk of hospitalization for COPD inci-
dence from January 1, 2010 to May 1, 2022.

Materials and methods
Search strategy
Two reviewers performed an initial search based on two 
Medical Subject Headings (MeSH) keywords, that is, “air 
pollution” and “COPD”. Besides, equivalents of “air pol-
lution” and equivalents of “COPD” were each combined 
with the odds ratio (OR), and then, the two keywords 
and time tag were combined (with “AND”). By using spe-
cific tags for each electronic database, a search strategy 
was developed for each one. The search was conducted 
in PubMed, Scopus, Web of Science, and Google Scholar 
databases from January 1, 2010 to May 1, 2022. Studies 
extracted from the databases were entered into EndNote 
X8. To avoid missing any studies, a manual search was 
also carried out.

Selection of studies
Two reviewers identified eligible studies based on the 
abstracts and titles. The inclusion criteria were as fol-
lows: (1) original studies (not meta-analyses or reviews) 
investigating the relationship between  PM2.5 and COPD; 
(2) studies investigating the relationship between the two 
main variables quantitatively by measuring the effect size 
(OR/relative risk [RR]/hazard ratio [HR]/excess relative 
risk [EER], percentage change/percentage increase/rate 
ratio, and 95% CIs); (3) time-series and case-crossover 
designs; and (4) studies investigating the effects of  PM2.5 
caused by outdoor air pollution on COPD (5) studies 
measuring the minimum effect size at log0 or log01; (6) 
studies only examining PM2.5 concentration per 10 mg/
m3.

The exclusion criteria were also quite specific: (1) stud-
ies evaluating the effects of  PM2.5 exposure due to indoor 
biomass burning, tobacco smoking, solid fuel use, and 
household air pollution on COPD; (2) previous diagno-
sis of COPD; (3) not belonging to a specific group, such 
as children, women, or men; (4) no history of certain dis-
eases, such as pneumonia, asthma, or shortness of breath 
in patients; (5) no history of occupational exposure (e.g., 
agricultural exposure); (6) death due to COPD; (7) stud-
ies not investigating the relationship between the two 
main variables by measuring the effect size (OR/RR/
HR/EER, percentage change/percentage increase/rate 
ratio, and 95% CIs); (8) studies investigating the effects of 
acute exacerbation of COPD (AECOPD); and (9) animal 
studies.

Two investigators independently extracted data from 
the selected articles using a data extraction form, the 
results of which were then compared; agreement was 
reached through consensus. The following data, if avail-
able, were extracted from the included studies: study 
title, authors, year of publication, design, total period of 
assessment, confounders, pollutant models, pollution 
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exposure, level of pollution exposure, lag days, age of the 
population, sex of the population, population size, hos-
pitalization due to COPD, COPD OR, min 95% CI for 
COPD, max 95% CI for COPD, COPD RR, min CI for 
COPD, max CI for COPD.

Quality assessment was performed according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) and Meta-analysis of Obser-
vational Studies in Epidemiology (MOOSE) items. 
Moreover, publication bias was assessed using Begg’s 
and Egger’s tests. Besides,  I2 statistic, a quantitative 
measure of inconsistency, was computed to appraise the 
statistical heterogeneity across studies. The characteris-
tics of included studies are presented in tables and nar-
rative forms, according to the PRISMA statement. Also, 
random-effects models were used for the meta-analysis 
when heterogeneity occurred across studies. Cochran’s 
Q test and  I2 index were calculated for the assessment of 
heterogeneity and its extent. Besides, the effect of qual-
ity score on the key variables was evaluated, and accord-
ing to the  I2 values, data were evaluated in the subgroup 
analysis or meta-analysis, as appropriate. Additionally, 
the trim-and-fill method was applied to correct any pub-
lication bias, and the sensitivity of review findings was 
determined using restriction techniques (e.g., quality 
restriction and design restriction).

The subgroup analysis was conducted for age, high 
quality score group, and lag days of 0–7 in the lag expo-
sure group (separately or combined) if sufficient data 
were available. Comprehensive Meta-Analysis Soft-
ware (CMA) Version 3 was used to measure the pooled 
effect size. In the literature, the generic inverse variance 
method has been recommended to synthesize data in 
non-randomized studies [19, 22]. If any of the studies 
provided the effect size estimates of the subgroups, the 
pooled effect size was calculated across the subgroups: 
this process can be interpreted as a meta-analysis at the 
level of individual studies [19, 22]. Most studies investi-
gated the acute effects within two days after air quality 
changes; therefore, the average value was determined 
with lag days of 0–2. Additionally, CMA Version 3 pro-
vided estimates of heterogeneity. Chi-square test was 
used to evaluate the heterogeneity, and a P-value < 0.05 
was defined to represent significant heterogeneity.

Moreover, a random-effects model was used when 
there was significant heterogeneity, while a fixed-effects 
model was plotted when there was non-significant het-
erogeneity [20, 23]. Besides, publication bias between 
studies was assessed using funnel plots. The OR was 
calculated as a common measure of effect size. The RR 
effect size statistic was converted to OR, according to a 
study by Zhang and Yu [21, 24]. The following formula 
was used to calculate OR:

where P0 is the incidence rate of the desired out-
come in the non-exposed group. The pooled estimates 
were defined as significant at a P-value less than 0.05 
(two-sided).

Results
Figure  1 shows 9,466 studies, which were extracted by 
searching PubMed (n = 1475), Scopus (n = 6250), and 
Web of science (n = 1741), as well as 52 studies extracted 
by searching other sources. However, 1495 studies were 
removed after eliminating duplicates. From the remain-
ing 8027 studies, 7471 studies were excluded by reading 
the title and abstract, then the full text of 556 studies 
was read, and those that did not meet the inclusion and 
exclusion criteria were removed, and finally 15 studies 
remained. 15 original studies, including 10 time-series 
analyses and five case-crossover studies, were selected, 
which met all the inclusion criteria of this review. It 
should be noted that the findings of a time-series analy-
sis from two different countries were considered as two 
separate studies. Also, the results of a case-crossover 
study from four regions of Australia were considered as 
four separate studies. Table 1 presents the baseline infor-
mation reported in 19 studies from January 1, 2010 until 
May 1, 2022.

In this study, random-effects models were plotted 
to determine the pooled effect size by calculating OR 
(χ2 = 349.95; df = 18;  I2 = 94.86%; P < 0.001; Z = 2.68; 
P = 0.007). The random pooled effect size (OR) for the 
relationship between COPD hospitalization and  PM2.5 
was 1.016 (95% CI: 1.004–1.029). A 10-mg/m3 daily 
increase in  PM2.5 was associated with a 1.6% increase 
(95% CI: 0.4–2.9%) in COPD hospitalization (Fig. 1).

Table 2 presents the subgroup analysis of the relation-
ship between  PM2.5 and COPD hospitalization. All stud-
ies showed significant associations between these two 
variables (P < 0.05). The subgroup analyses by age, total 
period of assessment (short and long), and study loca-
tion (Asian and non-Asian countries) did not reduce the 
heterogeneity across studies. However, several charac-
teristics of these studies, including their design, season 
of analysis, lag days, and adjustments for humidity and 
temperature, contributed to heterogeneity across eligible 
studies in this meta-analysis.

In various study designs, time-series analyses reported 
a 5% higher risk of short-term exposure due to COPD 
hospitalization; the heterogeneity was non-significant. 
Also, regarding different seasons (cold and warm), the 
pooled risk was 1.033 in the cold season and 1.037 in the 
warm season due to higher  PM2.5 exposure; the heteroge-
neity between studies was non-significant. Adjustments 

OR = RR/HR([1− P0] + [P0×OR])
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for confounding variables, except humidity and tem-
perature, resulted in a 12% increase in the risk of COPD 
hospitalization due to short-term exposure; the hetero-
geneity between studies was non-significant. Also, with 
respect to different lag days, the pooled risk was 6% in 
two lag days, 5% in three lag days, 9% in 0–1 lag days, 8% 
in 0–2 lag days, and 10% in 0–3 lag days due to higher 
 PM2.5 exposure; the heterogeneity between studies was 
non-significant.

The publication bias was evaluated in all eligible stud-
ies using funnel plots for COPD hospitalization. A funnel 
plot of all the studies did not indicate significant publica-
tion bias; almost all study plots focused on the effect size 
estimate line (Fig. 2). The results of Egger’s test showed 
no publication bias regarding the relationship between 
COPD hospitalization and  PM2.5 (bias = 1.508; 95% CI: 
-1.475, 4.491; t = 1.066; P = 0.301). The trim-and-fill 
method was also used for missing studies. There were 

no missing studies on the right side of the mean effect. 
Nevertheless, according to the trim-and-fill method, six 
studies were missing on the left side of the mean effect. 
The adjusted effect size was highly similar to the original 
effect size (OR = 1.006; 95% CI: 0.993, 1.018; P < 0.001).

Discussion
Exposure to air pollutants has become an important pub-
lic health concern in the last decade due to its negative 
impact on people’s emotional state, physical health, men-
tal health, and ultimately well-being. Therefore, attention 
to air quality standards, set by the World Health Organi-
zation (WHO), can significantly reduce mortality due to 
air pollution. The first step to develop systemic solutions 
for eliminating or at least reducing the risks is to conduct 
systematic studies and meta-analyses [10, 11].

In this meta-analysis of 19 studies, the association 
between  PM2.5 and the risk of COPD hospitalization 

Fig. 1 Flow diagram of included/excluded studies
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Table 1 Studies included in the meta-analysis investigating for the relationship between PM2.5 and COPD hospitalizations

Study Design: TS Time-Series, CC Case Crossover, Confounders: G Gender, A Age, Se Seasons, S Sex, OAP Other Air Pollution, TT Time Trend, W(T&H) 
Weather(Temperature,& Humidity), WD Weekdays, H Holidays, S-RI Self-Reported Influenza, RH Relative Humidity, DM Daily Meteorology, AA-SP Annual Age-Specific 
Population, ESS Education Smoking Status, Y Year, BMI Body Mass Index, DS Drinking Status, PA Physical Activity, DM Diabetes Mellitus, SS Socioeconomic Status, RR 
Region of Residence, LV Lifestyle Variables, (S,N,A,C,AB) (Sociodemographics, Neighbourhood, Anthropometrics, Comorbidities, Anhaematological Biomarkers), (H,H) 
(Hypertension, Hyperlipidemia), MF Meteorological Factor, LT Long Trend, M Monthly, UMC Underlying Medical Condition

Author/year Study location Study design Total period 
measured/
month

Pollution 
exposure

Lag days Ages Confounders

Belleudi, 2010 [25] Rome/Italy TS 2001–2005/57 PM2.5, PM10, 
Particle number 
concentration

0,1,2,3,4,5,6,01,02,05,06 35–64
65–74
 ≥ 75

WD

Qiu, 2012 [26] China/Hong 
Kong

TS 200–2005/72 PM10 PM2.5, PMc 
NO2, SO2, O3

0,1,2,3,4,5,01,02,03 All TT,T,H, 
I,OAP(NO2,SO2, O3

Kloog, 2014 [27] United States 
of America

CC 2000–2006/84 PM2.5 01  ≥ 65 T

To, 2015 [28] Canada/Ontario TS 2003–2010/96 NO2
O3
PM2.5

0 All A,G,WD,T,SE,Y,SS,RR

Lopez-
VillarrubiaL/P, 
2016 [29]

L/P de Gran 
Canaria

TS 2001–2005/60 PM2.5,PM10-2.5, 
O3, NO2, SO2, CO

01 All TT,WD,H,UE,T,RH,BP,I

Lopez-
VillarrubiaS/C, 
2016

S/C de Tenerife 
Canaria

TS 2001–2005/60 PM2.5,PM10-2.5, 
O3, NO2, SO2, CO

01 All TT,WD,H,UE,T,RH,BP,I

Chang, 2017 [30] Taiwan/Taipei TS 2015–2012/49 PM2.5, NO2, SO2 0,1,2,3,4,5,6,7,8,9,10 All
 < 75
 > 75

T

Tian, 2018 [31] TS 2010–2012/30 PM2.5 0,1,2,3,01,02,03 All
 < 65
 > 65

H,WD,RH,T

Johnstonb, 2019 
[32]

Australian/Tasma-
nia, Victoria, New 
South Wales

CC 2009–2014/72 PM2.5 0,1,2 All W.M,LT

JohnstonbTas, 
2019

Australian/Tas-
mania

CC 2009–2014/72 PM2.5 0,1,2 All W.M,LT

JohnstonbVic, 
2019

Australian/Vic-
toria

CC 2009–2014/72 PM2.5 0,1,2 All W.M,LT

JohnstonbNew, 
2019

Australian/New 
South Wales

CC 2009–2014/72 PM2.5 0,1,2 All W.M,LT

Hopke, 2019 [33] United States 
of America/New 
York

CC 2005–2016/144 PM2.5 0,01,02,03,04,05,06  ≥ 18 LT,M,UMC,Se

Bao, 2020 [34] Lanzhou/ China TS 48 PM2.5, PMC, 1,2,3,4,5,6,7,01,02,03,04,05,06,07 All
 < 65
 > 65

TT,WD,RH,T,H

Raji, 2020 [35] Iran/Ahvaz TS 120 O3, NO, NO2, 
SO2, CO, PM10, 
PM2.5

0,1,2,3,4,5,6,7 All Se,T&RH, WD

Priyankara, 2021 
[36]

Sri Lanka/Kandy TS 2019/12 PM2.5, PM10 0, 1, 2, 3, 4, 5 All WD, H

Capraz, 2021 [37] Turkey/Istanbul TS 2013–2017/59 PM10, PM2.5, 
NO2

0,1,2,3,4,5,6,7,8,9 All T, RH

Jin, 2022 [38] China/Guang-
zhou

CC 2014–2015/24 PM2.5 0,1,2,3,4,5,6,01,02,03,04,05,06 All T, RH, H

Haung, 2021 [39] Taiwan/Kaoh-
siung

CC 2007–2010/48 PM10, PM2.5, 
Nitrate, Sulfate, 
Organic carbon, 
Elemental carbon

0,1,2,3 All
 < 65
 > 65

T.RH
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Table 2 Subgroup analysis for the relationship between PM2.5 and COPD hospitalizations

Group Studies Number of 
Studies

OR(95%CI) P-value Heterogeneity

x2 I2 P-value

Study location
 Asian [31, 34–38] 5 1.008 (1.005,1.010)  < 0.001 218.34 98.16%  < 0.001

 Non-Asian [25–30, 32, 33, 39] 14 1.006 (1.003, 1.010)  < 0.001 130.46 90.03%  < 0.001

Study design
 Case-crossover [27, 32, 33, 38, 39] 8 1.014 (1.010, 1.018)  < 0.001 3.97 0.00% 0.087

 Time-series [25, 26, 28–31, 34, 36, 37, 35] 11 1.005 (1.003, 1.007)  < 0.001 329.87 96.97%  < 0.001

Season
 Cold season [25, 30, 39] 3 1.033 (1.006, 1.061) 0.017 3.758 46.78% 0.153

 Warm season [25, 30, 39] 3 1.037 (1.003, 1.074) 0.035 1.600 0.00% 0.449

Lag days
 0 day [25, 27–29, 31–39] 17 1.007 (1.005–1.009)  < 0.001 321.751 95.02%  < 0.001

 1-day [25, 34, 38, 39] 4 1.005 (1.000–1.009) 0.034 9.446 68.241% 0.024

 2- days [25, 34, 37–39] 4 1.006 (1.001–1.010) 0.101 5.437 44.824% 0.142

 3-days [25, 34, 37–39] 4 1.005 (1.001–1.010) 0.017 0.421 0.000% 0.936

 0–1 [25, 34, 37, 38] 4 1.009 (1.004–1.013)  < 0.001 6.696 55.194% 0.082

 0–2 [25, 34, 38] 3 1.008 (1.003–1.014) 0.004 1.934 0.000% 0.380

 0–3 [25, 34, 38] 3 1.010 (1.004–1.016) 0.002 1.120 10.686% 0.290

Confounders
 Humidity and temperature [26–32, 34, 35, 37–39] 16 1.007 (1.005, 1.009)  < 0.001 346.628 95.67%  < 0.001

 Others [25, 33, 36] 3 1.012 (1.005, 1.019) 0.001 1.228 0.00% 0.0541

Ages
 All ages [25–31, 31–39] 18 1.007 (1.005–1.009)  < 0.001 325.721 94.781%  < 0.001

  ≥ 65 years [31, 34, 39] 3 1.030 (1.023–1.036)  < 0.001 97.503 97.949%  < 0.001

Fig. 2 Overall analyses of the effect on the risk of COPD hospitalization associated with a 10 µg/m3 increase in PM2.5
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was investigated. The results showed that  PM2.5 was 
associated with COPD hospitalization. However, per-
vious meta-analyses reported a slightly stronger posi-
tive association between these two variables. A study in 
2016 found a 3.1% increase in COPD hospitalization for 
every 10  mg/m3 increase in  PM2.5 concentration [20]. 
In two recent meta-analyses (in 2017 and 2018, respec-
tively), every 10  mg/m3 increase in  PM2.5 concentration 
indicated a 2.5% rise in the risk of COPD hospitalization 
[21, 39, 40]; therefore, these meta-analyses also showed 
that  PM2.5 might increase the risk of COPD hospitaliza-
tion. Nevertheless, in the present study, there was only a 
slight increase (1.6% increase) in COPD hospitalization 
for every 10 μg/m3 increase in  PM2.5 concentration. The 
current study showed that there was heterogeneity across 
studies.

In this study, heterogeneity was described in subgroup 
analyses, the results of which indicated that factors, 
including the study location, study design, total period 
of assessment, season of the study, and number of lag 
days, were possible sources of heterogeneity. Depend-
ing on these factors, the association between  PM2.5 and 
COPD hospitalization varied. Original studies measured 
daily variations of  PM2.5 concentration in a limited geo-
graphical area for a limited period of time (0–7 days) and 
controlled for various confounders [41]. On the other 
hand, the current study reported different results, and 
statistical heterogeneity was found for confounding fac-
tors and lag days. In accordance with previous research, 
the incidence, exacerbation and mortality of COPD have 
been investigated, while the present study specifically 
addressed the incidence of COPD [21, 42, 43], the present 
results indicated that the risk of COPD hospitalization 
was higher in the age subgroup of > 65  years compared 
with other age subgroups. A possible explanation for this 
finding may be that elderly people are at a higher risk of 
the harmful effects of air pollution [44]; however, there 
are limited studies on  PM2.5 in the age group of > 65 years.

Consistent with the findings of a study by Moore 
et  al. [45], the present study revealed that the asso-
ciation between  PM2.5 and COPD hospitalization was 
stronger in Asian countries, which might be attrib-
uted to the fact that the highest concentrations of  PM2.5 
can be found in these countries compared with North 
America and Europe, according to the WHO guidelines 
[45]. Similarly, Zhu et  al. [21] reported a higher  PM2.5 
risk estimate in case-crossover studies compared with 
time-series analyses, and the heterogeneity reduced sig-
nificantly (I2 = 0.00%). In the present study, a higher risk 
estimate was found in the warm season compared with 
the cool season, and the heterogeneity reduced signifi-
cantly (I2 = 0.00%). These results support previous find-
ings, which showed the stronger effect of  PM2.5 on COPD 

hospitalization [31]. It has been also suggested that  PM2.5 
concentrations are higher in the warm season compared 
with the cold season [46].

In the present research, the significant effect of  PM2.5 
on COPD hospitalization was reported in the subgroup 
of studies controlling for humidity and temperature, 
as well as studies without adjustments for these factors 
(despite adjustments for other factors). The effect was 
greater in the subgroup of studies without adjustments 
for humidity and temperature compared with studies 
controlling for those factors, without any heterogeneity 
(I2 = 0.00%). In this regard, a previous study showed that 
 PM2.5 is strongly linked to weather-related variables, such 
as temperature, Precipitation, relative humidity, and wind 
conditions [47].

There were several limitations in this meta-analysis. 
First, the number of selected studies was limited, and 
publication bias was not completely assessed. Second, 
diagnosis of individuals with COPD and hospital admin-
istration were according to the International Classifi-
cation of Diseases External (ICD-9 or ICD-10) or the 
patient’s symptoms; the diagnosis of COPD was not 
based on spirometry, which could lead to biased or dis-
torted results. Third Log 0 and 01 have been used to esti-
mate pooled analysis and this issue can be controversial. 
Fourth Finally, the included studies provided retrospec-
tive data of multiple hospitals, where risk factors, such 
as exposure to indoor air pollutants and smoking habits, 
were not controlled. It should be also noted that informa-
tion on the outcomes and exposure to  PM2.5 was reported 
by the Governmental Environmental Protection Depart-
ment. Finally, non-randomized studies are prone to bias, 
which is difficult to identify and deal with, and even the 
Handbook Review of Cochrane has not yet provided ana-
lytical methods for this category of studies [48, 49].

Conclusion
The results of this systematic review and meta-analy-
sis indicated that short-term exposure to  PM2.5 might 
increase the risk of COPD hospitalization. The subgroups 
of age ≥ 65  years, Asian countries, warm season, case-
crossover design, and three lag days were risk factors 
for the adverse effects of  PM2.5. Also, higher risks were 
estimated in the subgroup analyses. Various other con-
founders, such as humidity and temperature, produced 
variable results. Therefore, further studies are needed to 
understand the mechanism of the association between 
 PM2.5 and COPD for developing preventative strategies 
and improving air quality to reduce the concentrations 
of air pollutants. The development of transportation 
and public health policies to control PM2.5 at the global 
standards will reduce the incidence of COPD. The pre-
sent study provides evidence that the time has come to 
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take necessary measures and continuous assessment to 
improve air quality.

The study protocol was registered in the International 
Prospective Register of Systematic Reviews (PROSPERO) 
on June 6, 2022 (ID: CRD42022338348).

Patient and public involvement
Considering that the study was conducted in a systematic 
review method; Patients were not involved. I thank all the 
authors of the studies included in this research.
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