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Abstract
Background  Chronic obstructive pulmonary disease (COPD) is a heterogeneous, progressive pulmonary disorder 
with persistent respiratory symptoms resulting from abnormalities in the airways and/or alveoli and was prevalent 
globally in 10.3% of people aged 30–79 years in 2019. The prevalence of COPD has increased rapidly in women in the 
past decade. This may be due to increased tobacco use, but may also involve sex-specific factors.

Purpose  To evaluate the prevalence of COPD in the context of sex and tobacco exposure.

Data sources and searches  Comprehensive searches of MEDLINE (OVID), EMBASE and CENTRAL were conducted for 
articles published from inception to July 22, 2022.

Study selection  We independently evaluated titles, abstracts and full-text articles in a duplicated two-staged 
process. Studies were included if they reported the prevalence of COPD as a primary outcome in the context of sex 
and tobacco exposure.

Data synthesis and analysis  Pooled analysis was conducted with Review Manager 5, and heterogeneity was 
assessed with the I2 statistic. For 163, 450 individuals the prevalence of COPD was 3.5–20.7% in males and 6.3–18.5% 
in females, and we observed a non-statistically significant difference of 1.53% [95% CI: -5.83, 8.89] (p = 0.68) in females 
compared to males with tobacco exposure (Tau2 = 54.02; Chi2 = 53.15; df = 4 (P < 0.00001); I2 = 92%). Females with 
COPD had earlier mortality, greater co-morbidities involving cardiovascular disease and others, and decreased FEV1% 
predicted, as compared to males with COPD. Estrogen and androgens may protect against COPD, but smoking-
induced hypogonadism may diminish these effects. Menopause could also be a contributor to worse COPD 
outcomes.

Limitations  Included articles are limited by the quality of data on tobacco smoke exposure, primarily reported as a 
binary risk factor, with lack of availability on duration and intensity of exposure.
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Introduction
Chronic obstructive pulmonary disease (COPD) is char-
acterized as a heterogeneous pulmonary disorder with 
persistent respiratory symptoms resulting from abnor-
malities in the airways and/or alveoli, leading to chronic 
and often progressive airflow obstruction [1]. COPD was 
prevalent globally in 10.3% of people aged 30–79 years 
in 2019 using the GOLD case definition [2]. Diagnosis 
is based on spirometry, which can detect COPD even 
in individuals who do not report symptoms. There is no 
cure for COPD, and pharmacological and non-pharma-
cological therapies (i.e., physical exercise, healhy eating) 
are directed toward improving symptoms and quality of 
life, and preventing acute disease exacerbation [3]. 

Tobacco smoke is the most common cause of COPD, 
other risk factors include environmental factors (e.g., 
dust, air pollution and biomass fuels) and to a lesser 
degree genetic susceptibility [3]. While COPD was once 
more prevalent in men, its prevalence and morbidity has 
increased more rapidly in women in the past decade. This 
may be attributable to increased tobacco use, but may 
involve other factors such as differential susceptibility to 
tobacco, exposure to environmental pollution and sex-
specific differences [4]. Sex-specific differences in context 
of COPD prevalence are not well understood, and popu-
lation-based studies are often expensive and difficult to 
conduct [5]. 

A study published in 2016 identified that female mice 
with chronic tobacco exposure developed more periph-
eral airway obstruction and small airway remodeling 
than male counterparts. However, ovariectomy and the 
drug tamoxifen, an estrogen receptor-a blocker, reversed 
this effect and a male-pattern phenotype was produced. 
In the female mice, chronic tobacco exposure was asso-
ciated with the induction of transforming growth factor-
b (TGF-b), decreased expression of antioxidants, and 
increased oxidative stress. The major source of reactive 
oxygen species was NAPDH oxidase-4, which is upreg-
ulated by TGF-b and plays a key role in airway smooth 
muscle proliferation and fibrosis. These observations 
suggest that female sex hormones may be responsible 
for some of these sex differences in the context of COPD 
prevalence [6]. 

COPD has a significant impact on quality of life 
through progressive symptoms, daily life limitations, 
worsening mental health, and reduced physical activ-
ity and sleep quality–its substantial social and economic 
impacts result in considerable humanistic burden [7, 47] 
. A thorough understanding of the epidemiological and 

comorbidity factors upon COPD is therefore warranted. 
Herein, a systematic review and meta-analysis of the 
prevalence of COPD as a primary outcome in the context 
of sex and tobacco exposure was conducted.

Methods
This study adhered to Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) guidelines 
[8]. An a priori protocol was published on Open Science 
Framework [9]. 

Information sources and search strategy
Comprehensive searches of MEDLINE (OVID), EMBASE 
and CENTRAL were conducted for articles published 
from inception to July 22, 2022, with the help of a medi-
cal librarian. The terms “smoking”, “COPD” and “sexual 
dimorphism” were used. Animal studies were excluded 
from the searches. The search strategies can be found in 
the online supplementary material (Appendix S1).

Study selection
Search results were uploaded to Covidence (Veritas 
Health Innovation Ltd.), which is software for system-
atic review management. Pilots were run until the review 
authors reached a Cohen’s kappa inter-rater reliability 
value of 0.8. Titles and abstracts were first screened inde-
pendently for eligibility by two authors (MP, SY, SA, SS). 
The full texts of potentially relevant articles were then 
reviewed by two authors (MP, SY, SA, SS). Any reason 
for exclusion was documented at the full-text stage, and 
discrepancies were resolved through discussion and adju-
dication with a third reviewer (RC) if necessary. Studies 
were included if they reported the prevalence of COPD 
as a primary outcome as stratified by sex and tobacco 
exposure. Studies were excluded if they did not report 
primary data such as systematic reviews or post-hoc 
analyses, if they were reviews, abstracts, conference post-
ers, comments or editorials, or if they were not published 
in English.

Data extraction
Data extraction was independently completed by two 
authors (MP, SY, SA, SS) and discrepancies were resolved 
through discussion with a third author (MP, SY, SA, SS) 
for full-text articles that met the inclusion criteria. Data 
on patient characteristics (sample size, age, sex, tobacco 
and any other substances smoking history–exposure 
level and pack-years, comorbidities), publication charac-
teristics (country, journal, source of funding), diagnostic 

Conclusion  There was earlier mortality and reduced FEV1 in females with COPD, as compared to males with COPD. 
Thus, sex-specific considerations are important in understanding the pathophysiology of COPD and should be a focus 
of further research.
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method (spirometry, patient-reported etc.), diagnostic 
criteria (GOLD criteria, etc.), and cause of COPD (e.g., 
tobacco, non-tobacco related) was extracted.

Quality assessment
We used the Newcastle-Ottawa Scale to assess the qual-
ity of included literature [10]. The Newcastle-Ottawa 
Scale is a validation tool that examines literature based 
on eight items categorized into three groups: study group 
selection, group comparability, and establishment of 
exposure and outcomes [11]. 

Statistical analyses
COPD prevalence was calculated as the number of indi-
viduals diagnosed with COPD per total sample popula-
tion. In studies where the standard deviation (SD) was 
not available, we calculated it by dividing the length of the 
95% confidence interval (CI) by 3.92 and multiplying it by 
the square root of the sample size. Meta-analysis was per-
formed with Review Manager software (Version 5.4.1). 
The heterogeneity of each meta-analysis was assessed by 
visual inspection of the forest plot (e.g. overlapping con-
fidence intervals (CI) and P values), and the I2 statistic. 
Previous literature recommends the following interpreta-
tion of I2: 0–40%, might not be important; 30–60%, may 
represent moderate heterogeneity; 50–90%, may repre-
sent substantial heterogeneity; 75–100%, may represent 
considerable heterogeneity [12]. A random effects model 
was used to calculate the pooled prevalence.

Results
Search results
We identified 3211 studies in the searches. Twenty-seven 
duplicates were removed, and of the remainder 3092 
were excluded during title and abstract screening, leaving 
92 studies for full-text screening. Sixty-four studies were 
excluded for not reporting primary data stratified by both 
sex and tobacco exposure, leaving 27 that met the a priori 
inclusion criteria. Of these, five had data for meta-analy-
sis. (Fig. 1)

Twenty two studies were not incuded in the meta-
analysis. Of these 22 studies, three examined popula-
tions from the USA, two examined populations from 
Iran, and two studies examined populations from mul-
tiple European countries. A population was studied once 
in Brazil, Canada, Egypt, Greece, Korea, Saudi Arabia, 
Spain, Sweden, Taiwan, Tanzania, Turkey, and Vietnam. 
Five studies collected information on race, which was 
reported as (n): Asian (1), Black (3), Caucasian (4), East 
Asian (1), Hispanic (1), American Indian (1), Multira-
cial (1), Native Hawaiian (1), or other (2). Furthermore, 
six studies reported education and five studies reported 
comorbidities.

Two studies reported that the prevalence of COPD 
among males was higher than among females. Ten stud-
ies found that tobacco smoking was associated with 
COPD, with a separate study finding that women had a 
higher likelihood of developing COPD due to tobacco 
smoking than men. Four studies investigated the asso-
ciation of occupational-related exposures with COPD, 
reporting an increased risk of developing COPD. Sex was 
associated with the prevalence of COPD according to five 
studies, in which three studies identified male sex as a 
risk factor. Four studies found that women with COPD 
experienced less disease severity but more comorbidi-
ties than men with COPD, including but not limited to 
cardiovascular disease, hypertension, dyslipidemia, anxi-
ety, depression and rheumatoid arthritis. Two studies 
reported that women and men responded differently to 
tobacco exposure, in which one study found that women 
had lower FEV1% predicted than men among those who 
currently or formerly smoked tobacco. Seven studies 
reported an association of increasing age with the preva-
lence of COPD.

Characteristics of included studies
Of the 27 final studies, six examined study populations 
from the USA, four examined populations from China, 
and two involved populations from Iran. A popula-
tion was studied once in Brazil, Canada, Egypt, Greece, 
Korea, Saudi Arabia, Spain, Sweden, Taiwan, Tanzania, 
Turkey, and Vietnam (Table 1). Sixteen studies inves-
tigated the effect of tobacco exposure on the preva-
lence of COPD in both urban and rural communities, 
whereas 11 only examined urban populations. Moreover, 
only one study examined solely rural communities [23]. 
Seven studies collected information on race, which was 
reported as (n): Asian (1), [17] Black (3), [15, 17, 18] Cau-
casian (4), [15, 17, 25, 26] East Asian (1) [20], Hispanic 
(1) [17], Indian, Multiracial (1) [17], Native Hawaiian (1) 
[17], unknown (1) [17], or other (1) [17]. Furthermore, 
eight studies reported on education, and six reported on 
comorbidities.

Quality of screened literature
The quality of the screened literature was assessed as 
Good and Fair, as per the Newcastle-Ottawa Scale (Table 
2). Eight studies had a rating of Good and had high meth-
odological rigour, whereas 20 had a risk of bias rating of 
Fair. Scores (n articles) involving selection ranged from 
three (24) to four (4), indicating a low risk of bias in study 
participant selection. Scores (n) involving the compara-
bility of study participants ranged from one (4) to two 
(24), indicating a low to moderate risk of bias in control-
ling for confounding variables across all studies. Scores 
(n) regarding bias in determining outcomes were zero 
(1), one (19), and two (8), indicating a high risk of bias 
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in one study, which utilized self-reported patient surveys 
instead of secure electronic medical records, and a low 
risk of bias in the remaining studies.

Pooled effect of tobacco exposure on the prevalence of 
COPD
Five studies included information on the prevalence of 
COPD as stratified by both sex and tobacco exposure. 
The prevalence of COPD in males without exposure to 
tobacco ranged from 0.8 to 12.8% (Fig.  2A). The preva-
lence of COPD in males with exposure to tobacco ranged 
from 3.5 to 20.7%. Pooled analysis showed a mean dif-
ference of −6.02% [95% CI: −8.35, −3.70] (p < 0.00001) 
in males not exposed compared to those with tobacco 
exposure. Results for the test for heterogeneity were: 
Tau2 = 4.93; Chi2 = 25.54; df = 4 (P < 0.0001); and I2 = 84%. 
The prevalence of COPD in females without exposure 

to tobacco ranged from 2.1 to 7.6%. The prevalence of 
COPD in females with tobacco exposure ranged from 
6.3 to 18.5% (Fig.  2B). Pooled analysis showed a mean 
difference of −6.16% [95% CI: −8.47, −3.85] (p < 0.00001) 
in females not exposed to tobacco, compared to those 
with tobacco exposure. Results for the test for heteroge-
neity were: Tau2 = 2.32; Chi2 = 6.39; df = 4 (P < 0.17); and 
I2 = 37%.

Prevalence of COPD vis-à-vis sexually dimorphic response 
to tobacco
For males not exposed to tobacco, the prevalence of 
COPD ranged from 0.8 to 12.8%, and for females it was 
6.3–18.5% (Fig.  2C). Pooled analysis showed a non-
significant trend towards reduction of 3.12% [95% CI: 
−0.10, 6.35] (p = 0.06) of COPD for females compared 
to males without tobacco exposure. Results for the test 

Fig. 1  Study Selection Flow Diagram. PRISMA flow diagram of included studies
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for heterogeneity were Tau = 12.48; Chi2 = 107.22; df = 4 

(P < 0.00001); and I2 = 96%. In males exposed to tobacco, 
the prevalence of COPD ranged from 3.5 to 20.7%, and 
in females it was 6.3–18.5% (Fig.  2D). Pooled analy-
sis showed a reduction of 1.53% [95% CI: −5.83, 8.89] 
(p = 0.68) in females compared to males with tobacco 
exposure. Results for the test for heterogeneity were: 
Tau2 = 54.02; Chi2 = 53.15; df = 4 (P < 0.00001); and 
I2 = 92%.

Discussion
We evaluated the association between sex, tobacco 
smoking status, and developing COPD by performing a 
meta-analysis of COPD prevalence in 163,450 individu-
als across five cohorts and identified differences in preva-
lence according to sex and smoking status [16, 26–29]. 
Our findings showed no statistically significant trend 
towards reduced COPD in women at baseline with no 
tobacco exposure compared to men, as well as a trend 
towards reduced prevalence with tobacco exposure. 
However, evidence regarding sex, COPD, and tobacco 
exposure was diverse, and more research on the preva-
lence of COPD and sex-specific risk factors is needed. 
Although the prevalence of COPD was not statistically 
significant, women have different clinical outcomes to 
tobacco [24, 25]. There is an obvious sexually dimorphic 
response in the development of COPD in both popula-
tions when exposed to tobacco compared to no exposure 
[13–15]. 

The role of tobacco
Tobacco exposure is overwhelmingly responsible for 
the development of COPD [17]. Risk factors for tobacco 
exposure and dependence have been previously identified 
and include age, sex, genetics, depression, substance use, 

Table 2  Quality assessment using the Newcastle-Ottawa scale 
of eligible cohort studies
Study, year Selection Comparability Outcome Quality
 Badway 2016 [13] 3 2 1 Fair

 Bahtouee 2018 [14] 3 1 1 Fair

 Bang 2009 [15] 3 2 1 Fair

Blanc 2009 3 2 1 Fair

Buist 2007 3 2 1 Fair

Camp 2009 3 2 1 Fair

Carrasco-Garrido 2009 3 2 1 Fair

 Chen 2000 [16] 4 2 1 Fair

Chung 2020 3 2 2 Good

 Cunningham 2015 [17] 3 1 0 Fair

deMarco 2011 3 2 2 Good

 Fang 2018 4 2 1 Fair

 Foreman 2011 [18] 3 2 2 Good

Grahn 2021 [19] 3 2 1 Fair

Gunen 2008 3 2 2 Good

Kiani 2021 3 2 2 Good

Lam 2014 [20] 3 2 1 Fair

 Li 2018 [21] 3 2 1 Fair

 Machado 2006 [22] 3 2 1 Fair

 Magitta 2018 [23] 3 2 1 Fair

 Papaioannou 2014 [24] 3 2 2 Good

 Sverzellati 2009 [25] 3 2 2 Good

Thompson 2010 [26] 3 2 1 Fair

Wali 2014 3 1 1 Fair

 Wang 2018 [27] 4 2 2 Good

Yoo 2011 3 2 1 Fair

 Zha 2019 4 2 1 Good
Scores involving selection ranging from three to four indicate a low risk of 
bias in study participant selection. Scores involving the comparability of study 
participants ranging from one to two indicate a low to moderate risk of bias in 
controlling for confounding variables across all studies

Fig. 2  Effect of tobacco exposure on COPD prevalence in (A) males and (B) females
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education, income, race, and geographic location [16, 
17, 28, 30]. It is imperative to examine the relationship 
between sex and COPD having corrected for tobacco 
exposure and other moderating variables, as females 
were found to have greater tobacco-related co-morbidi-
ties such as airway hyper-responsiveness, asthma, respi-
ratory infections in childhood, cardiovascular disease, 
anxiety, depression, and rheumatoid arthritis [19, 27, 29, 
31]. A previous study found that predicted forced expi-
ratory volume in 1 s (FEV1%) was significantly lower in 
women than men in both groups, who did and did not 
stop tobacco smoking [21]. On the other hand, women 
had significantly higher predicted FEV1% in the group 
without active tobacco smoking history, as compared to 
males who did not smoke tobacco. Therefore, women 
experience a greater detrimental response to tobacco 
exposure than their male counterparts [21]. A study from 
Greece found that women had milder forms of disease 
and men had more comorbidities [24]. In contrast, a 
study from Brazil, found that after correcting for poten-
tial confounders including age, smoking pack-years, and 
the partial pressure of oxygen in the blood, women were 
more likely to die than men [22]. Overall, studies from 
different geographic regions have heterogenous findings.

Tobacco and Estrogen
Estrogens have long been known to be active inflamma-
tory mediators in asthma pathogenesis [32]. Although 
their role in COPD pathogenesis is not clear, estrogens 
are inflammatory response modulators in COPD., In 
COPD, cytotoxic lymphocytes in the airways are mark-
edly elevated with higher levels of estrogen playing a 
protective role [23]. A study measuring the impact of 
hormone-replacement therapy on FEV1% predicted in 
post-menopausal women found that those using hor-
mone-replacement therapy (HRT) had a higher FEV1% 
predicted and less obstruction, compared to those not 
using HRT [17]. Early menopause is associated with a 
higher risk of COPD-related hospitalizations and death 
[33]. Furthermore, oral contraceptives are associated 
with lower risks of COPD-related hospitalizations, death, 
and a higher FEV1 and forced vital capacity [33]. 

Tobacco and testosterone
Androgens protect against asthma symptoms and exac-
erbations in men, with childhood asthma disappearing 
during adolescence and reappearing in the fifth decade of 
life – this closely follows the ebb and flow of androgen 
production across a lifetime. Higher levels of testoster-
one and dehydroepiandrosterone in men are associated 
with greater lung capacity and airway calibre, suggesting 
a protective role in other inflammatory lung pathologies 
including COPD [34]. A 2019 study investigated the role 
of testosterone replacement therapy (TRT) in men with 

COPD, and found that TRT decreased the rate of COPD-
related hospitalizations and slowed the progression of 
the disease [35]. Total and free testosterone levels are 
elevated in males who smoke tobacco compared to males 
who do not smoke. Testosterone levels are similar in 
those who never smoked or formerly smoked, indicating 
a dose-dependent effect of cigarette smoking on testos-
terone production [36]. More than half of the partici-
pants in a 2012 study of COPD had a testosterone level of 
less than 2.8ng/ml. When comparing serum testosterone 
with the severity of COPD, the lower the testosterone the 
more severe the COPD [37, 38]. 

Tobacco and prolactin
Increased plasma nicotine directly correlates with 
increased prolactin levels and acutely raises prolactin in a 
dose-dependent manner [38]. Also, increased serum pro-
lactin decreases the secretion of gonadotropin-releasing 
hormone (GnRH) [39, 40]. With GnRH chronically sup-
pressed, less estrogen and testosterone are produced. 
This hormonal pathway may partially explain the differ-
ence in pathophysiology and predisposition for COPD 
of men compared to women. In both sexes, testoster-
one and estrogen may play a protective role, but women 
may experience worse COPD outcomes than men due to 
more significant decreases of estrogen with age.

Proteomic, Genetic, and epigenetic consequences of 
tobacco smoking
Cigarette smoking results in a distinct and long-lasting 
epigenetic signature caused by DNA methylation. This 
prominent consequence has the potential to elucidate 
how cigarette smoking predisposes individuals to mul-
tiple disorders including those of a respiratory nature 
[41]. Quantifying epigenetic age acceleration is possible 
thanks to measures such as GrimAge acceleration (Gri-
mAA), which relies on analyzing these DNA methyl-
ations to create an inferred age. Those who were smoking 
currently displayed an almost 5-year increase in GrimAA 
compared to their chronological age. When stratifying by 
sex, females who smoke showed a 3.85-year increase and 
males showed a 7.37-year increase in GrimAA compared 
to their chronological age, indicating a sexually dimor-
phic response to cigarette smoking [42]. This study pro-
vides further evidence for a protective effect of estrogen 
in cigarette smoking-related pathologies.

Cigarette smoking alters the proteome of the respira-
tory tract. However, a recent study showed that levels of 
81 out of 203 total proteins detected in the respiratory 
tract are significantly altered in people who currently 
smoke. When comparing women to men, the proteomic 
differences are markedly increased in women, particu-
larly when investigating proteins of the complement 
pathway [43]. This sex-related difference may also shed 
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light on the differing predispositions of women and men 
to COPD. While considering the consequences of genetic 
expression in cigarette smoking, a 2014 study found that 
175 genes were differentially expressed in males who 
smoke compared to those who do not smoke, and 237 
genes were differentially expressed in females who smoke 
compared to those who do not smoke [44]. 

Limitations
A limitation of the studies that we examined was that 
the authors of included articles herein did not control 
for the potential of second-hand smoke exposure in 
populations that were not actively exposed to tobacco. 
This would bias the results towards the null, whereby a 
difference in COPD prevalence would be more difficult 
to detect. There is also limited quality of data reporting 
tobacco smoke exposure, as it is primarily reported as a 
binary risk factor with no further details. Furthermore, 
there is a lack of data reporting duration and intensity 
of tobacco smoke exposure. Rates of COPD also differed 
between countries, potentially due to environmental, 
cultural, genetic, geographical, socioeconomic, political, 
and structural factors or other reasons that could not be 
controlled.

Conclusions
Our meta-analysis of 163,450 individuals across five 
cohorts conducted showed that women have no statisti-
cally significant lower prevalence of COPD compared 
to men. Narrative synthesis showed that women have 
worse outcomes, such as earlier mortality and decreased 
FEV1% predicted. Tobacco exposure is overwhelmingly 
responsible for the development of COPD, and as such, 
tobacco dependence management is the mainstay of 
non-pharmacologic COPD treatment [45]. Estrogen and 

androgens may have protective effects against COPD, 
but smoking-induced hypogonadism may diminish this 
effect. Menopause could also be a large contributor to 
worse COPD outcomes in women. Cigarette smoking 
also has a long-lasting epigenetic signature through DNA 
methylation, which may contribute to the predisposi-
tion toward respiratory disorders in those who smoke 
tobacco. Overall, this study highlights the importance of 
sex-specific considerations in understanding the patho-
physiology and development of COPD, in addition to 
environmental, cultural, genetic, geographical, socioeco-
nomic, political, and structural factors and underlines the 
need for further research into this topic, as many other 
reviews have emphasized [46] (Fig. 3). 
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