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Background: Many studies have shown that active smoking leads to an increasing incidence of chronic obstructive pulmonary 
disease (COPD). However, studies interested in the effects of secondhand smoke exposure (SHS exposure) on COPD were less or 
underappreciated.
Methods: A systematic review and meta-analysis was conducted to investigate the association between SHS exposure and the risk of 
COPD. Three databases (PubMed, Embase and Web of Science) were searched to obtain data. After assessing the study quality, 
stratified analyses were performed according to the region, gender, and duration of exposure. Cochran’s Q and I2 were utilized for 
heterogeneity assessment. To assess publication bias, we used a funnel plot and Egger’s test.
Results: A total of 15 studies (6 cross-sectional studies, 6 case-control studies, and 3 cohort studies) with 25,592 participants were 
involved in this meta-analysis. This study showed that SHS exposure was associated with an increased risk of COPD (odds ratio (OR): 
2.25, 95% CI: 1.40–3.62, I2 = 98%, p < 0.01 for heterogeneity based on a random-effects analysis model), especially in those with 
a longer time exposure of more than 5 years was 4.38 (95% CI: 1.28–15.00, I2 = 89%, p < 0.01 for heterogeneity based on a random- 
effects analysis model). In addition, SHS exposure also increases the risk of COPD in women (odds ratio (OR): 2.02, 95% CI: 1.52– 
2.67, I2 = 0%, p = 0.89 for heterogeneity based on a random-effects analysis model).
Conclusion: The findings suggest that SHS exposure is associated with the risk of COPD, especially for individuals with a long time 
exposed.
Trial Registry: Prospero CRD42022329421.
Keywords: COPD, secondhand smoke exposure, systemic review, meta-analysis

Introduction
Chronic obstructive pulmonary disease (COPD), characterized by irreversible obstructive ventilation dysfunction, has 
been a serious public health problem and impose a huge financial burden on health care worldwide. It was also reported 
as the third leading cause of death and the fifth of life years lost around the world due to respiratory failure and serious 
complications.1,2 A large population-based survey in China showed an overall COPD prevalence of 8.2% in people over 
40,2 and a study in the United States indicated that people over 65 exhibit a higher prevalence of COPD.3 Unfortunately, 
as the population age, more than 21% of the population will be over 60 years of age by 2050.4 It is therefore the issue of 
COPD will receive more attention and become more serious in the future.

Secondhand smoke exposure (SHS exposure) is one of the most common indoor air pollutants in many regions.5 SHS 
contains a mixture of side-stream smoke from burning cigarettes and mainstream smoke from smokers’ breath, of which 
the former is in the vast majority. It is a mixture of more than 4000 compounds full of carcinogens and respiratory 
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toxins.6 In addition, SHS exposure has been proven to have an irritating effect on the eyes, nose, respiratory tract, and 
other organs.7–9 It is also further established that it presents a correlation with many chronic and serious diseases 
(Ischemic Heart Disease, Stroke, etc.), especially in the respiratory system.10

Many studies have shown that active smoking is the most critical risk factor for developing COPD and the most 
important modifiable factor that can be intervened to improve the prognosis of COPD.11–13 However, studies focusing on 
the effects of SHS exposure on COPD may be less or underappreciated. It reflects the fact that public health policy has 
not yet fully recognized the health effects of SHS exposure.14 In an epidemiological survey from China, the prevalence of 
COPD among non-smokers has reached 5.2%.15 Although peer-reviewed studies in recent years have concluded that 
there is some evidence for a causal relationship between SHS exposure and adult respiratory disease,16 their relationship 
has not been elaborated in clear detail. A study even suggested that SHS is not a risk factor for COPD prevalence.17 

Therefore, our study aimed at investigating the association between the specific effects of SHS exposure and the risk of 
COPD.

Methods
The meta-analysis was performed according to the 2020 PRISMA (Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) (It is described in detail in Appendix Table 1).

Search Strategy and Selection Criteria
PubMed, Web of Science and Embase have been searched for studies from the inception of the research to 
14 December 2022. The search was conducted using MeSH terms “Tobacco Smoke Pollution” and “Pulmonary 
Disease, Chronic Obstructive” (search strategy is described in detail in Appendix p2). We also considered articles 
identified in references of included studies. People who met any of the following points: (1) someone at home or around 
the workplace smokes; (2) were exposed to tobacco smoke for several hours in a week would be defined as SHS 
exposure. Considering that active smoking is a high impact confounder and the amount of literature included, we decided 
to use the criterion that the number of active smokers is less than 50% of the included population.

Inclusion and Exclusion Criteria
The inclusion criteria included:

1. Original cross-sectional, case-control, and cohort studies conducted;
2. Studies assessing the association between SHS exposure and COPD prevalence;
3. The determination of COPD followed the criteria in the 2022 Gold Report (The spirometric criterion for airflow 

limitation remains a post-bronchodilator fixed ratio of FEV1 (Forced Expiratory Volume in the first second) /FVC 
(Forced Vital Capacity) < 0.70).

4. Include only non-smokers and ex-smokers in the population or less than 50% of current smokers.

The exclusion criteria included:

1. Other types of research;
2. Not related to SHS exposure and COPD prevalence;
3. The definition of COPD in the article did not meet the GOLD criteria or consider other phenotypic diseases as 

COPD (asthma, etc.).
4. Current smoking is over 50% of the included population.

Data Extraction
During the literature screening process, two independent investigators (PC, DW) judged whether the literature met the 
inclusion criteria based on the title and the abstract of the article. When the two investigators disagreed on whether to 
include the article, the final decision was made through discussions with the third investigator (YL). We considered 
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people who were not exposed to SHS as the control group and the opposite as the test group. The following data were 
selected from each study: study type, number of SHS exposures, number of people in the control and test groups, gender, 
region, location of exposure, exposure measurement, and duration of exposure.

Quality Assessment
The Newcastle-Ottawa scale literature quality evaluation scale was utilized to assess cohort and case-control studies. 
Case-control studies were assessed in three parts: selection (adequacy of case definition; representativeness of cases; 
selection and definition of controls), comparability (whether cases and controls controlled for COPD prevalence; whether 
other important confounders were controlled for), and exposure (criteria for determining exposure; whether exposure 
assessment methods were the same for case-controls; and whether there was an explanation for the nonresponse rate). All 
questions were answered in three levels, with only the first level receiving a score of 9 points in total. For the assessment 
of cross-sectional studies, we used the AHRQ (Agency for Healthcare Research and Quality) cross-sectional study 
quality assessment scale, which has a total of 11 questions. Only questions with a “yes” answer were scored, with a total 
of 11 points, each question accounting for one point. For cohort studies and case-control studies, we determined that 
articles with scores of 7 and above were considered to be high-quality articles that met the requirements and were 
included. For cross-sectional studies, articles with scores of 8–11 were judged to be eligible.18 The specific results were 
shown in Appendix Figure 3.

Statistical Analysis
All statistical analyses were conducted with STATA 12 (Stata Corp, College Station, Texas) and R language (4.2.2). 
Given that most studies were cross-sectional and case-control, and that cohort studies were based on low incidence and 
had RR values similar to OR values, calculating odds ratio (OR) values and 95% confidence intervals (CI) was the best 
way to investigate the relationship between SHS exposure and COPD risk. And subgroup analyses were planned 
according to the region, sex, exposure site, smoking status, and length of exposure to SHS.

In analyses, heterogeneity with the Cochran Q statistic was assessed, with a P value less than 0.10 suggesting 
evidence of heterogeneity. Then, the magnitude of heterogeneity was measured using the I2 statistic, with approximately 
25%, 50%, and 75% representing low, medium, and high heterogeneity, respectively. The funnel plot (Appendix 
Figure 4) and Galbraith plot (Appendix Figure 5) were used to evaluate the possibility of the risk of bias. The Egger 
test was conducted to test for the asymmetry of funnel plots. We conducted sensitivity analysis to find the source of 
heterogeneity as well. (Appendix Figure 6) Statistical results were deemed significant if the 2-sided P value was less 
than 0.05.

Results
Overall, a total of 15 articles (6 cross-sectional studies, 6 case-control studies, and 3 cohort studies) involving 25,592 
participants were included in this meta-analysis. (Specific screening process is shown in Figure 1 and details of the 
included studies were shown in Table 1).

It should be pointed out that 4 studies did not provide a specific description of SHS exposure, 7 studies described the 
duration of exposure, and 4 studies mentioned the number of packs or sticks of secondhand smoke inhaled per year. As 
the duration of exposure to SHS varies greatly among different studies, 5 years is the most common standard among 
them,21,24,26 so 5 years is selected as the standard for subgroup analysis. In addition, the sites of SHS exposure were not 
specifically separated among the populations included in all studies, so the subgroup analysis of exposure sites was 
eliminated.

Figure 2 showed that SHS exposure was associated with an increased risk of COPD (odds ratio (OR): 2.25, 95% CI: 
1.40–3.62, I2 = 98%, p < 0.01 for heterogeneity based on a random-effects analysis model). Subgroup analysis based on 
geographical distribution was further performed. Observed in Figure 3 that a statistically significant of SHS exposure and 
risk of COPD was shown in American people (odds ratio (OR): 1.65, 95% CI: 1.30–2.10, I2 = 0.0%, p = 0.56 for 
heterogeneity based on a random-effects analysis model) without heterogeneity and Asian people (odds ratio (OR): 2.91, 
95% CI: 1.23–6.91, I2 = 87%, p < 0.01 for heterogeneity based on a random-effects analysis model). But there was no 
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statistical significance in the European group (odds ratio (OR): 2.08, 95% CI: 0.81–5.33, I2 = 99%, p < 0.01 for 
heterogeneity based on a random-effects analysis model). The subgroup analysis of gender (Figure 4) showed SHS 
exposure was significantly associated with high COPD prevalence in group of mostly male (odds ratio (OR): 5.27, 95% 

Figure 1 Flow chart for study selection.

Table 1 Overview of Selected Literature (1)

Ref Authors Years Type Males Females Location

[19] Ebbert et al 2007 Cross-sectional 110 893 USA

[20] Eisner et al 2005 Cohort 906 1207 USA

[21] Yin et al 2007 Cohort 1777 13,602 China
[22] Wu et al 2010 Case-control / 420 Taiwan

[23] Chan-Yeung et al 2007 Case-control 486 92 Hongkong

[24] Zubair et al 2018 Cross-sectional 214 93 Pakistan
[25] Johannessen et al 2012 Case-control 434 324 Norway

[26] Sinha et al 2016 Cross-sectional 647 556 India

[27] Hagstad et al 2014 Cross-sectional 867 1251 Sweden
[28] Korsbæk et al 2021 Cross-sectional 9266 11,155 Denmark

[29] Sezer et al 2006 Case-control / 148 Turkey

[30] Waked et al 2012 Cross-sectional 248 482 Lebanon
[31] Kalandidi et al 1987 Case-control / 282 USA

[32] Kalandidi et al 1990 Case-control / 282 Greece

[33] Flexeder et al 2019 Cross-sectional 1381 1630 Europe

(Continued)
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CI: 1.01–27.36, I2 = 91%, p < 0.01 for heterogeneity based on a random-effects analysis model) and the same was 
observed for the only female group (odds ratio (OR): 2.02, 95% CI: 1.52–2.67, I2 = 0%, p = 0.89 for heterogeneity based 
on a random-effects analysis model). Subgroup analysis of exposure duration (Figure 5) included a total of 7 studies, in 
which three studies provided both data of exposure time >5 years and <=5 years (Yin et al,21 Zubair et al,24 Sinha et al26). 
6 studies provided data with SHS exposure duration >5 years and the OR value for COPD prevalence in those for the 
SHS exposure group was 4.38 (95% CI: 1.28–15.00, I2 = 89%, p < 0.01 for heterogeneity based on a random-effects 
analysis model). The results of the 4 studies with a duration of SHS exposure <= 5 years showed SHS exposure was also 
associated with the risk of COPD (odds ratio (OR): 1.78, 95% CI: 1.17–2.72, I2 = 49%, p = 0.12 for heterogeneity based 
on a random-effects analysis model) (Table 2).

Table 1 (Continued). 

Ref Length of exposure  
(Median)

Exposure measurement Exposure Cites  
(mainly)

Odds Ratio  
(95% CI)

Score

[19] / Self-report Workplace 1.34 (0.44–4.05) 10

[20] 41 years Self-report Home 1.56 (1.18–2.06) 8

[21] 3.5 years Self-report (validation by cotinine) Home 1.22 (1.00–1.48) 7
[22] 16.5 years Self-report (validation by cotinine) Home and workplace 2.10 (1.35–3.26) 9

[23] / Self-report Home and workplace 1.81 (1.28–2.57) 9

[24] 3.5 years Self-report Home and workplace 31.67 (1.91–526.11) 9
[25] / Self-report Workplace 1.30 (0.91–1.86) 8

[26] 15 years Self-report Home and workplace 26.64 (9.77–72.68) 10

[27] >1 year Self-report Home and workplace 1.87 (1.20–2.91) 8
[28] / Self-report Home and workplace 12.02 (10.59–13.65) 9

[29] 25 years Self-report Home and workplace 2.25 (1.04–4.87) 7

[30] / Self-report Home 1.21 (0.62–2.37) 11
[31] / Self-report Home 2.10 (1.26–3.51) 7

[32] / Self-report Home 1.56 (0.78–3.13) 7

[33] / Self-report Home and workplace 0.78 (0.50–1.23) 9

Figure 2 Meta-analyses of COPD prevalence and SHS exposure.
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Publication Bias
To check publication biases, Egger’s test was utilized to confirm the asymmetry of the funnel plot and that the publication 
bias was not significant (P= 0.09>0.05).

Heterogeneity
The sensitivity test demonstrated that the studies by Sinha et al26 and Korsbæk et al28 contributed to high heterogeneity 
(Appendix Figure 6). It is therefore speculated that high heterogeneity may have come from the selection of the study 
population. According to the study by Korsbæk et al,28 the average age of participants was around 55, which was older 
than that in other studies. In addition, all people enrolled were from one community in the study by Sinha et al.26 After 
excluding two articles, the heterogeneity was better (I2 from 98% to 51%) and the results showed a close relationship 
between SHS exposure and risk of COPD (odds ratio (OR): 1.52, 95% CI: 1.27–1.81, I2 = 51%, p = 0.02 for 
heterogeneity based on a random-effects analysis model) (Appendices Figures 7 and 8).

Discussion
Previous studies have related active smoking to the prevalence of chronic obstructive pulmonary disease.34 However, the 
relationship between SHS exposure and the risk of COPD was still unsatisfactory. Most studies investigated the 
association between SHS exposure and respiratory symptoms disease in children, but few articles focused on SHS 
exposure as a risk factor for COPD prevalence in adults.35 In short, this was a comprehensive systemic review and meta- 
analysis to integrate the relationship between SHS exposure and COPD prevalence.

15 articles involving 25,592 participants were included in this meta-analysis. Overall, the present study demonstrated 
the relationship between SHS exposure and COPD prevalence. The risk of COPD was 2.25 times higher with SHS 
exposure compared with controls, and SHS exposure significantly increased the risk of COPD in the US and elsewhere. It 

Figure 3 Subgroup analysis of the association between region and COPD prevalence.
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should be noted that even with a short time (<= 5 years), SHS exposure also had an increased risk of COPD (odds ratio 
(OR): 1.78, 95% CI: 1.17–2.72, I2 = 49%, p = 0.12 for heterogeneity based on a random-effects analysis model). 
Moreover, SHS exposure also increases the risk of developing COPD in women (odds ratio (OR): 2.02, 95% CI: 1.52– 

Figure 5 Subgroup analysis of the association between exposure duration and COPD prevalence.

Figure 4 Subgroup analysis of the association between gender and COPD prevalence.
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2.67, I2 = 0%, p = 0.89 for heterogeneity based on a random-effects analysis model). Those findings may partly explain 
why many COPD patients are non-smokers, among which SHS exposure is also an important risk factor.

There was a positive correlation between SHS exposure and increased prevalence of COPD. None the less, it should 
be mentioned that prenatal exposure to SHS was also a risk factor for COPD and can synergize with active smoking later 
in life.36,37 All these findings underscore the necessary to eliminate smoking at work and public places, which consistent 
with the claim made by Wheaton et al in a recent paper.38

In 2015, Fischer et al10 performed a similar meta-analysis and suggest that there was a greater association of SHS 
with COPD among women. However, the results were inconsistent with our findings. It should be noted that only one 
paper included in the male group in Fischer’s study and the statistical result was not significant, which may lead to 
a certain degree of bias. In the present study, we included cross-sectional studies to minimize bias. In addition, more 
databases were searched in our study and all participants included were diagnosed according to GOLD criteria.

The strengths of this paper include an adequate number of participants which increases the capacity for potential 
associations and reduces biases. Moreover, corresponding quality scales for different types are adopted to ensure the 
quality of every included article. Both increased the credibility of the study.

Limitations
Several limitations of this meta-analysis should be acknowledged. First, we searched only three databases, which may 
cause some limitations. Second, the significant heterogeneity was observed in the analysis. In this study, it is identified 
that the sources of heterogeneity may come from the selection of enrolled participants. And the duration of SHS exposure 
was varied among included studies, which may lead to heterogeneity and set limits for further analysis. Lastly, only 
cohort studies, case-control studies, and cross-sectional studies have been conducted in our study and the credibility of 
the evidence was unclear. As such, the results of this study should be referred to with caution.

Conclusion
In conclusion, this study showed SHS exposure is associated with the risk of COPD, especially in those exposed to SHS 
for more than 5 years. It should be noted that SHS exposure significantly increases the risk of developing COPD in those 
with a short time exposure and in females. The findings of this study may partly explain why many COPD patients are 
non-smokers.

Abbreviations
COPD, chronic obstructive pulmonary disease; SHS, Secondhand smoke.

Table 2 Basic Information About the Studies Included in the Subgroup Analysis of Duration 
of Exposure and COPD Prevalence

Ref Authors Group OR (95% CI) _ES Logor N W(%)

[20] Eisner et al >5 years 1.56 (1.18–2.06) 1.56 0.44 2113 12.3

[21] Yin et al <=5 years 1.35 (1.02–1.79) 1.35 0.30 5609 12.3

>5 years 1.52 (1.17–1.97) 1.52 0.42 5675 12.3
[22] Wu et al >5 years 2.10 (1.35–3.26) 2.10 0.74 391 12.0

[24] Zubair et al <=5 years 12.13 (0.68–217.82) 12.13 2.50 236 4.3

>5 years 77.11 (4.56–1303.91) 77.11 4.35 182 4.5
[26] Sinha et al <=5 years 4.04 (1.17–13.95) 4.04 1.40 746 9.3

>5 years 41.14 (15.03–112.60) 41.14 3.72 974 11.0
[27] Hagstad et al <=5 years 1.87 (1.20–2.91) 1.87 0.62 2118 12.0

[29] Sezer et al >5 years 2.25 (1.04–4.87) 2.25 0.81 148 10.2

Group OR (95% CI) I2 p
Synthesis <=5 years 1.78 (1.17–272) 49% 0.12

>5 years 4.38 (1.28–15.0) 89% <0.01
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