
© 2018 Ntritsos et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of COPD 2018:13 1507–1514

International Journal of COPD Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1507

O r I g I n a l  r e s e a r C h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/COPD.S146390

Gender-specific estimates of COPD prevalence: 
a systematic review and meta-analysis

georgios ntritsos1

Jacob Franek2

lazaros Belbasis1

Maria a Christou1

georgios Markozannes1

Pablo altman3

robert Fogel3

Tobias sayre2

evangelia e ntzani1

evangelos evangelou1,4

1Clinical and Molecular epidemiology 
Unit, Department of hygiene and 
epidemiology, school of Medicine, 
University of Ioannina, Ioannina, 
greece; 2Doctor evidence, Client 
solutions, santa Monica, Ca, Usa; 
3global Medical affairs, novartis 
Pharmaceuticals Corporation, 
east hanover, nJ, Usa; 4Department 
of epidemiology and Biostatistics, 
Imperial College london, london, UK

Rationale: COPD has been perceived as being a disease of older men. However, 7 million 

women are estimated to live with COPD in the USA alone. Despite a growing body of literature 

suggesting an increasing burden of COPD in women, the evidence is limited.

Objectives: To assess and synthesize the available evidence among population-based epide-

miologic studies and calculate the global prevalence of COPD in men and women.

Materials and methods: A systematic review and meta-analysis reporting gender-specific preva-

lence of COPD was undertaken. Gender-specific prevalence estimates were abstracted from relevant 

studies. Associated patient characteristics as well as custom variables pertaining to the diagnostic 

method and other important epidemiologic covariates were also collected. A Bayesian random-

effects meta-analysis was performed investigating gender-specific prevalence of COPD stratified 

by age, geography, calendar time, study setting, diagnostic method, and disease severity.

Measurements and main results: Among 194 eligible studies, summary prevalence 

was 9.23% (95% credible interval [CrI]: 8.16%–10.36%) in men and 6.16% (95% CrI: 

5.41%–6.95%) in women. Gender prevalences varied widely by the World Health Organi-

zation Global Burden of Disease subregions, with the highest female prevalence found in 

North America (8.07% vs 7.30%) and in participants in urban settings (13.03% vs 8.34%). 

Meta-regression indicated that age 40 and bronchodilator testing contributed most sig-

nificantly to heterogeneity of prevalence estimates across studies.

Conclusion: We conducted the largest ever systematic review and meta-analysis of global 

prevalence of COPD and the first large gender-specific review. These results will increase 

awareness of COPD as a critical woman’s health issue.
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Introduction
COPD is a condition in which the lung airways become inflamed and narrowed and 

the air sacs become damaged. It is a major cause of morbidity and mortality around the 

globe.1–3 It has been estimated that by 2030, COPD will be one of the top causes of death 

worldwide.4–6 While tobacco smoke is the most common cause of COPD,7 it is estimated 

that 20% of people who develop COPD have never smoked.8 Other putative risk factors 

include an abnormal sensitivity and exaggerated response to inhaled substances and other 

exposures such as second-hand smoking, use of biomass fuels, exposure to environmental 

dust or organic material in the workplace, or exposure to air pollution.9 COPD is diag-

nosed through spirometry, which can detect COPD even in people who do not yet have 

symptoms. Currently, there is no cure for COPD, although available therapy can improve 

symptoms, quality of life, and prevent acute worsening of the disease.10

Once thought of primarily as a disease of older male smokers, COPD has become 

increasingly prevalent among women. Recent evidence suggests that the prevalence and 
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mortality of COPD have increased more rapidly in women 

than in men.11,12 Although increasing tobacco consumption 

among women during the past several decades is linked to the 

rising prevalence of COPD in women, the relationship may be 

more complex, including additional factors such as differential 

susceptibility to tobacco, greater exposure to indoor air pollu-

tion, anatomic and hormonal differences, as well as behavioral 

differences in response to available therapeutic modalities. 

However, the extent of the differences in prevalence of COPD 

between men and women is not well understood and may vary 

by geography or other factors.13 Unfortunately, population-

based estimates of COPD prevalence by region are problematic 

since the disease is progressive, measurement tools and defini-

tions vary among studies, and implementation of spirometry 

is often not feasible in developing regions.14 In such circum-

stances, observed incidence and prevalence could become 

highly dependent on factors other than the true occurrence of 

disease. For example, prevalence based on self-reported symp-

toms (chronic cough, sputum, and so on) may overestimate true 

COPD prevalence due to misclassification of other respiratory 

diseases.15 Furthermore, there is a considerable variation among 

studies in terms of case definition, study design, sample size, 

and data analysis, which makes comparisons and evaluation 

of the results among studies challenging.7

In this systematic review, we synthesized the available 

evidence among population-based epidemiologic studies 

and calculated the global prevalence of COPD in men and 

women. Additionally, summary estimates per geography, 

age, and across calendar time were provided, aiming to 

unravel potential differences in COPD prevalence between 

men and women. Finally, we applied a meta-regression 

approach to account for potential sources of heterogeneity.

Materials and methods
literature search
A comprehensive literature search that combined keyword 

terms and subject headings for the population of interest (eg, 

“COPD”) AND epidemiology (eg, “prevalence”) was per-

formed on August 19, 2015 across Medline and Embase for 

studies published from January 1, 2005 to August 19, 2015. 

The full search strategy and terms are available in the “Meth-

ods” section of the Supplementary materials. Screening was 

performed against predefined patients, interventions, com-

parators, and outcomes (PICO) selection criteria (Table S1) to 

identify population-based studies reporting the gender preva-

lence of COPD using the Digital Outcomes Conversion (DOC) 

Library System (Doctor Evidence, LLC, Santa Monica, CA, 

USA), a software platform featuring advanced term recognition 

within titles or abstracts, keyword search and ranking function-

ality, as well as management of reasons rejected for all ref-

erences at all stages. Screening was performed by a single 

reviewer with subsequent quality control by an independent 

reviewer. Additional quality control was performed by an 

independent methodologist validating all included abstracts 

and a random sample of excluded abstracts using the Library 

Management System. Systematic reviews or meta-analyses 

of studies meeting the selection criteria were hand-checked 

and individual studies were included for extraction if they 

met the selection criteria. The references of individual studies 

were also back-checked for relevant studies.

Data extraction
A randomly selected sample consisting of ~10% articles was 

extracted first in order to harmonize, refine, and calibrate the 

data extraction process. Data points and meta-data (variables 

that characterize numerical data points) were manually input 

into a predefined Microsoft Excel form by a single reviewer. 

A rigorous quality control process is described in detail in the 

“Methods” section of the Supplementary materials.

Important study methods and details, patient character-

istics, and outcomes were extracted from all studies. The 

following outcome-level covariates were collected: the diag-

nostic method (spirometry, patient-reported, self-reported, 

unclear, or mixed), forced expiratory volume in 1 second 

(FEV
1
)/(vital capacity [VC] or forced vital capacity [FVC]) 

(eg, 70% vs lower limit of normal [LLN]), FEV
1
 percent 

predicted [PP] to denote severity (80 mild, 50–80 moderate, 

30–50 severe, 30 very severe), whether spirometry was mea-

sured before or after bronchodilation (pre, post, or unclear), 

whether the data were adjusted or unadjusted (ie, crude) and 

what adjustments were performed, the source population (ie, 

unique population identifier), the country, geographic subre-

gions, urbanity (urban, rural, mixed, or unclear), the intended 

scope of sampling (global, national, subnational, community, 

mixed, or unclear), the calendar time, and whether the outcome 

reflected point or period prevalence (follow-up time period 

was extracted if the outcome reflected period prevalence).

Data synthesis and meta-regression
To conduct the meta-analysis, each individual study 

prevalence (as provided or calculated by the available 

data) was transformed using a double arcsine approach.16 

The transformed values were synthesized using a Bayesian 

random-effects approach17 and then the overall estimate was 

back-transformed to get the summary prevalence estimates. 

Additional details on the choice of priors for the Bayesian 
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meta-analysis are provided in the “Methods” section of the 

Supplementary materials.

We performed analyses using 1) the most precise 

estimate of each study (ie, adjusted estimates wherever 

available) and 2) the crude estimates only. Whenever 

a prevalence estimate was not provided, we calculated 

it from the available data. Finally, we reported sum-

mary gender-specific estimates and their credible inter-

vals (CrIs) separately for the conducted analyses.

To assess heterogeneity, we calculated the between-study 

variance using τ2. Then, we transformed τ2 τo I2 (the ratio of 

true heterogeneity to total observed variation) using the for-

mula τ2 = τ2/(τ2 + σ2). I2 which ranges from 0 to 100% denotes 

the percentage of the variability in effect estimates that is 

due to heterogeneity rather than sampling error (chance).18,19 

Values 75% denote considerable heterogeneity.

We accounted for the inter-study variability in prevalence 

using a meta-regression approach as described in the “Methods” 

section of the Supplementary materials. The covariates that 

were considered in the meta-regression model were: age, 

diagnostic method including all definitions (patient-reported, 

physician diagnosis, mixed, FEV
1
/FVC 70%, FEV

1
/

FVC 70% and FEV
1
 80PP, FEV

1
/FVC LLN), pre- and 

post-bronchodilator measurements, region, study setting 

(urban, rural, mixed), and calendar year. Adjusted estimates 

were controlled in the meta-regression by introducing an 

additional factor that denoted if the estimate that was used 

in the meta-regression was adjusted or not.

subgroup analysis
In order to address potential confounding and reduce het-

erogeneity, we performed several subgroup analyses by 

age groups, World Health Organization (WHO) subregions 

(Box S1), income category (Box S2), study setting (urban, 

rural, mixed), disease severity, and calendar year. Specific 

definitions of the subgroups are presented in the “Methods” 

section of the Supplementary materials.

sensitivity analysis
We performed sensitivity analyses for various subregions, 

income groups, and study setting, focusing on studies including 

participants aged 40, participants diagnosed using a spirometry- 

based definition, and studies including participants 40 who 

were also diagnosed with spirometry-based definitions.

Results
The systematic search returned 8,317 article titles studies. 

Five hundred and twenty-two studies were selected for 

full-text screening, of which 194 were included for extraction 

and 156 articles were included in the meta-analysis. Of the 

38 articles excluded from the meta-analysis, 28 pertained to 

smaller, overlapping populations and 10 studies did not report 

the data such that they could be used in the meta-analysis. 

A flowchart of the selected studies is presented in Figure S1.

Finally, 156 studies (155 for females) were available for 

the meta-analysis, representing 1,650,854 and 1,655,579 total 

number of COPD cases for men and women, respectively. 

Crude estimates were provided or could be calculated in 

109 studies, while adjusted estimates were available in 47 

studies. Studies were mainly adjusted on age (n=18) alone, 

or various factors, such as smoking, response rate in study 

participation, and region (n=15). Moreover, 14 studies 

weighted prevalence estimates based on another source popu-

lation. Summary tables of the eligible studies are presented 

in Tables S2 and S3.

Eligible studies were conducted across 12 regions as 

defined by WHO (Box S1). European and American regions 

had the highest number of studies with 66 and 41 studies, 

respectively. Six studies were conducted in multiple countries; 

they included the BOLD study, the PLATINO study in Latin 

America, the BREATH study, and the WHO LARES study. 

Across all studies, 58 countries were represented, with the USA 

contributing the largest number of studies (n=31). The mean 

age of participants across studies was 48.8 years and a range 

of 12–99 years. The eligible studies mainly used Global initia-

tive for chronic Obstructive Lung Disease (GOLD) guidelines 

(n=64) for defining COPD cases, whereas American Thoracic 

Society (ATS), ATS/European Respiratory Society, and 

the British Thoracic Society guidelines were also reported. 

Spirometry was the most commonly used method for diagnos-

ing COPD (n=75), followed by self-report (n=52), physician 

diagnosis (n=24), or mixed definitions (n=23).

Overall analysis
Meta-analysis of all 156 eligible studies yielded a summary 

prevalence of 9.23% (95% CrI: 8.16%–10.36%) and 6.16% 

(95% CrI: 5.41%–6.95%) for men and women, respectively 

(Table 1). When the analysis was restricted to participants 

40 years or older, the summary prevalence increased to 

11.55% and 7.47%, respectively. Interestingly, in studies using 

spirometry to diagnose COPD, the summary prevalence was 

13.09% and 7.59%, respectively (n=75), and was even higher 

when the analysis was focused to participants aged 40 or older 

(n=51; Table 1). Self-report and physician-based diagnoses 

provided similar lower prevalence for men and women, sug-

gesting that COPD is considerably underreported (Table 1).
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Clinical and methodological diversity between studies 

led to statistical heterogeneity. In our study, as expected, 

we observed very large heterogeneity. Briefly, in all per-

formed analyses, the observed heterogeneity as measured by 

I2 statistic was statistically significant and in all analyses, it 

was 95%. In order to address this large between-studies 

heterogeneity, analyses examining subgroups based on geo-

graphic region, income, urbanity, age, severity, and calendar 

time were conducted. Heterogeneity was further assessed 

using a meta-regression approach.

Stratified analysis by regions and urbanity
The analysis by WHO subregions (Box S1) on the overall 

population is summarized in Table 2. For males, the highest 

prevalence was observed in South-East Asian Region D (SEAR 

D; 11.34%; CrI: 8.32%–14.68%) followed by Western Pacific 

Region A (WPR A; 10.14%; CrI: 5.09%–16.63%) and Western 

Pacific Region B (WPR B; 9.20%; CrI: 5.89%–13.20%). For 

females, the highest summary prevalence was observed in 

Region of the Americas A (AMR A; 7.30%; CrI: 5.89%–

8.84%) followed by WPR A (6.16%; CrI: 2.93%–10.65%) and 

European Region A (EUR A; 6.10%; CrI: 5.04%–7.25%).

When examining geography using World Bank’s 

income categories (Box S2), summary prevalence was 

highest in upper-middle income countries for males 

(9.00%) and in high-income countries for females (6.32%; 

Table 2).

Regarding urbanity, urban dwellers had higher COPD 

prevalence compared to rural and mixed populations, with a 

summary prevalence of 13.03% (95% CrI: 11.28%–14.92%) 

and 8.34% (95% CrI: 7.06%–9.75%) for men and women, 

respectively.

Table 1 Summary estimates of prevalence for men and women for different definitions of COPD

Definition No of studies  
(men/women)

Prevalence % (95% CrI)

Men Women

Overall 156/155 9.23 (8.16–10.36) 6.16 (5.41–6.95)
age 40 years 97/97 11.55 (10.30–12.86) 7.47 (6.60–8.36)
Spirometry-based definition 75/75 13.09 (11.58–14.65) 7.59 (6.49–8.80)
age 40 years and  
spirometry-based definition

51/51 14.71 (12.74–16.71) 8.70 (7.29–10.26)

Patient reported 52/52 4.92 (4.17–5.77) 4.89 (4.04–5.84)
Physician diagnosis 24/24 4.96 (2.93–7.52) 3.98 (2.18–6.20)
Mixed 23/23 10.64 (7.31–14.47) 6.13 (4.13–8.48)

Abbreviation: CrI, credible interval.

Table 2 summary estimates of prevalence for men and women for various subregions, income groups, and study setting

Population No of studies  
(men/women)

Prevalence % (95% CrI)

Men Women

Overall 156/155 9.23 (8.16–10.36) 6.16 (5.41–6.95)
geographic regions

aMr a 39/38 8.07 (6.39–9.94) 7.30 (5.89–8.84)
aMr B 7/7 6.44 (4.34–8.98) 2.49 (1.22–4.20)
eUr a 64/64 9.13 (7.58–10.81) 6.10 (5.04–7.25)
eUr B 5/5 7.86 (3.15–11.63) 4.39 (1.56–8.51)
sear D 14/14 11.34 (8.32–14.68) 5.02 (3.81–6.42)
WPr a 7/7 10.14 (5.09–16.63) 6.16 (2.93–10.65)
WPr B 15/15 9.20 (5.89–13.20) 4.86 (2.79–7.48)

World Bank income groups
lower-middle 10/10 7.49 (4.98–10.51) 2.98 (1.65–4.63)
Upper-middle 30/30 9.00 (7.14–11.01) 4.61 (3.37–5.98)
high 115/114 8.94 (7.81–10.15) 6.32 (5.52–7.22)

study setting
Mixed/unclear 117/116 8.35 (7.12–9.58) 5.68 (4.85–6.58)
rural 17/18 10.69 (6.89–15.24) 5.96 (3.81–8.54)
Urban 44/45 13.03 (11.28–14.92) 8.34 (7.06–9.75)

Note: Numbers in bold represent the highest prevalence in each stratification category for men and women.
Abbreviations: aMr a, region of the americas a; aMr B, region of the americas B; eUr a, european region a; eUr B, european region B; sear D, south-east asian 
Region D; WPR A, Western Pacific Region A; WPR B, Western Pacific Region B; CrI, credible interval.
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Stratified analysis by age
We performed several analyses by age groups as minimum 

enrollment age and mean age have a direct influence on 

prevalence estimates (Table 3). The analyses limited to par-

ticipants 40 years old (n=97 studies) yielded a prevalence 

of 11.55% (10.30%–12.86%) and 7.47% (6.60%–8.36%) 

for men and women, respectively. Summary prevalence 

was lowest in the youngest age group – 3.57% (95% CrI: 

2.27%–5.15%) and 3.35% (95% CrI: 2.22%–4.70%) in men 

and women aged 15–39 (n=22) – and highest in partici-

pants 70 years old – 27.24% (95% CrI: 22.43%–32.52%) 

and 15.90% (95% CrI: 12.97%–19.18%) in men and women, 

respectively (n=30). Analyses in various age groups are sum-

marized in Table 3. Several other analyses by different age 

group definitions are reported in Table S4.

Stratified analysis by spirometry-based 
diagnostic criteria
Several different spirometry based definitions were recorded 

across studies: FEV
1
/FVC 70% (n=59), FEV

1
/FVC 70% 

and FEV
1
 80PP (n=12), and FEV/FVC LLN (n=24). 

The overall prevalence for men and women is summarized 

in Table 4. It is notable that the closest prevalence estimates 

between genders were seen when the LLN criteria were 

applied.

Stratified analysis by severity
The summary prevalence of COPD in various severity stages 

is summarized in Figure 1 and Table S5. Low prevalence 

estimates were observed for severe (30PP FEV
1
 50PP) 

and very severe (FEV
1
 30PP) categories; however, this 

could be attributed to the fact that the population is getting 

older and they die from other causes or COPD as the disease 

progresses.

Stratified analysis by calendar time
The subgroup analysis by calendar time did not show any 

trend over the years (Figure 2; Table S6); however, studies 

published prior to 2005 were not included. The overall 

prevalence in the latest studied calendar time (2010–2014) for 

men and women was 8.00% and 5.03%, respectively. These 

studies were conducted mainly in AMR A (n=7 studies) and 

in EUR A (n=4).

sensitivity analysis
Sensitivity analyses confirmed the observed summary 

estimates and trends presented in the analyses before. Con-

sistently, for females, the highest summary prevalence (and 

the smallest difference compared to males) was observed in 

Americas A. All summary estimates for various subregions, 

income groups, and study setting for population aged over 40, 

diagnosed using spirometry-based definitions or combination 

of both criteria, are presented in Tables S7–S9.

analysis using crude estimates
The meta-analysis using crude estimates only did not alter 

the results. Summary estimates were similar and are sum-

marized in Table S10. Briefly, the overall prevalence was 

Table 3 Prevalence summary estimates for different age groups

Age  
subgroups

No of studies  
(men/women)

Prevalence % (95% CrI)

Men Women

15–39 22/22 3.57 (2.27–5.15) 3.35 (2.22–4.70)
40–69 51/51 10.08 (8.77–11.46) 6.30 (5.47–7.20)
70+ 30/29 27.24 (22.43–32.52) 15.90 (12.97–19.18)
Broad 91/90 8.40 (7.22–9.70) 5.73 (4.90–6.62)

Note: numbers in bold represent the highest prevalence for men and women.
Abbreviation: CrI, credible interval.

Table 4 summary estimates of prevalence for men and women based on different diagnostic criteria

Spirometry-based diagnostic  
criteria

No of studies  
(men/women)

Prevalence % (95% CrI)

Men Women

FeV1/FVC 70% 59/59 13.47 (12.00–14.97) 7.75 (6.56–8.97)
FeV1/FVC 70% and FeV1 80PP 12/12 9.74 (8.98–10.62) 5.96 (4.59–7.49)
FeV1/FVC lln 24/24 9.68 (7.52–12.22) 7.08 (5.29–9.13)

Note: numbers in bold represent the highest prevalence category for men and women.
Abbreviations: CrI, credible interval; FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; lln, lower limit of normal; PP, percent predicted.
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9.24% (95% CrI: 8.17%–10.36%) and 6.15% (95% CrI: 

5.41%–6.94%) for males and females, respectively, for all 

eligible articles. When the analysis was limited to popula-

tions over 40 years, the summary prevalence was 11.57% 

and 7.44%, respectively.

Meta-regression
In order to assess possible sources of heterogeneity, we per-

formed a meta-regression of the prevalence rates, including 

the subregions, the study setting (urban, rural, mixed), age, 

the diagnostic method including all definitions (patient-

reported, physician diagnosis, mixed, FEV
1
/FVC 70%, 

FEV
1
/FVC 70% and FEV

1
 80PP, FEV

1
/FVC LLN), 

calendar time, pre- or post-bronchodilator testing, and if 

crude or adjustment estimates were used as covariates. Using 

a backward elimination procedure with the aforementioned 

factors, our meta-regression analysis revealed a significant 

effect of studies including participants 40 years old and 

bronchodilator testing on estimated COPD prevalence rates 

in men. In women, only bronchodilator testing remained 

significant in the meta-regression (Table 5). The other fac-

tors were not significant and they were dropped from the 

final model.

Discussion
This review systematically collected the available evidence 

and estimated a gender-specific summary prevalence for 

COPD, globally and across several regions of the world. 

To our knowledge, this is the largest systematic review and 

meta-analysis conducted to date for the estimation and assess-

ment of potential gender differences of COPD prevalence. 

The global summary prevalence derived from 150 studies 

was 9.2% for men and 6.2% for women (so, a 1–0.67 ratio), 

both of which are comparable to estimates from previous 

systematic reviews.3,20 Even though the prevalence of COPD 

was higher in men compared to women across various regions 

of the world and settings, these differences were often smaller 

than had been previously thought, and in developed and 

high-income countries, the differences were not statistically 

significant.

For men, the highest prevalence was observed in 

the SEAR D (11.3%), whereas both WPR A and WPR 

B had estimates around 10%. For women, the highest 

prevalence was observed in the AMR A; (which included 

studies from the USA and Canada only) with a summary 

prevalence of 7.3%. This estimate was followed by the 

WPR A and EUR A (which consisted of mainly European 

Union countries). Of interest, the smallest differences in the 

summary prevalence estimates between men and women were 

observed in the AMR A and EUR A. Specifically, in the AMR 

A (studies from the USA and Canada), the prevalence was 

8.07% vs 7.30% in men and women, respectively, whereas in 

the EUR A (mostly European Union countries), the prevalence 

was 9.13% vs 6.10%. In both cases, overlapping 95% credible 

intervals were observed, denoting a nonsignificant difference. 

This may reflect a shared genetic background and exposure 

to similar risk factors, as well as the design of high-quality 

studies using standardized research protocols. Similarly, non-

significant differences were observed when we used World 

Bank’s income categories; in high-income countries, the 

summary prevalence was 8.94% vs 6.32% with overlapping 

credible intervals for men and women, respectively. Similar 

trends were observed in the sensitivity analysis.

We also found that prevalence was higher in urban-

ized regions. In our study, the prevalence in urban areas 

was 13.03% and 8.34% for men and women, respectively, 

compared to 10.69% and 5.96% in rural areas. The increas-

ing rate of urbanization in many parts of the world, including 

Figure 1 summary estimates of prevalence for men and women by severity.

Figure 2 summary estimates of prevalence for men and women by calendar time.
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China, may have contributed to an increased prevalence of 

COPD. Of course, differences observed in regional preva-

lence may reflect true differences; however, they may also 

be associated with heterogeneity introduced from various 

sources such as the population structure, age range, defi-

nition of the outcomes, types of diagnosis, and increased 

rates of smoking in developed countries. Moreover, there 

are empirical studies demonstrating that despite the large 

burden of COPD in WPR B, SEAR B, and SEAR D, only a 

few epidemiologic surveys of high quality on COPD exist 

in these regions.21

Limitations
This review has some limitations. The analyses were based on 

cases with different definitions that vary from self-reported to 

spirometry-based outcomes, a fact that increases the observed 

heterogeneity and may affect the summary prevalence 

estimates in our study. Even among spirometry-based stud-

ies, definitions varied due, in part, to changes in diagnostic 

guidelines over time or based on the FEV/FVC 70% in 

accordance with the most recent GOLD guidelines.22 How-

ever, some have argued that this criterion may overdiagnose 

COPD in the elderly and underdiagnose the prevalence in 

younger populations.23,24 LLN has, therefore, been proposed 

as an alternative, but this criterion was less frequently used in 

the list of eligible studies of this review. Furthermore, even in 

studies where FEV/FVC 70% was used as definition, mea-

surements were generally based on pre-bronchodilator values 

rather than post-bronchodilator values as recommended by 

the GOLD criteria. In fact, whether the study used a pre- or 

post-bronchodilator measurement was significant in meta-

regression, indicating that pre-bronchodilator measurements 

could be an important source of heterogeneity in the study 

and it should be taken into consideration when inferences 

are drawn.

Table 5 summary of meta-regression analysis in men and women

Population Coefficient SD MCSE Median 95% CrI  
lower

95% CrI 
upper

Men
age 40 years 0.085 0.033 0.001 0.085 0.022 0.155

Post-bronchodilator 0.265 0.042 0.003 0.265 0.186 0.350
Pre-bronchodilator 0.323 0.048 0.003 0.324 0.228 0.416
Unclear 0.229 0.046 0.002 0.229 0.135 0.318

Women
age 40 years 0.047 0.031 0.002 0.049 −0.022 0.102

Post-bronchodilator 0.103 0.039 0.002 0.100 0.027 0.179
Pre-bronchodilator 0.191 0.047 0.003 0.189 0.103 0.286
Unclear 0.105 0.045 0.002 0.105 0.016 0.189

Abbreviations: CrI, credible interval; MCse, Monte Carlo standard error.

Our review attempted to collect factors that may confound 

the estimates of COPD between studies. These factors were 

explored in both subgroup analysis and meta-regression. It 

is, however, possible that additional confounding factors 

existed that were not accounted for. In addition, these factors 

could not be collected for all studies. Even with this rigorous 

assessment of confounding, heterogeneity remained high and 

no factors explained a significant proportion of the hetero-

geneity observed. This finding highlights the challenges of 

systematically reviewing the global prevalence of disease, 

particularly for a condition such as COPD where differences 

in case definition, study design, and baseline population 

characteristics make the meta-analysis challenging.

Finally, even though this is the largest systematic study of 

gender prevalence in the field of COPD to date, we have lim-

ited our search to include studies published from 2005 onward. 

Therefore, assessment of temporal trends in the prevalence of 

COPD is difficult and should be interpreted with caution.

Our findings suggest a closing of the gap in COPD preva-

lence worldwide and regionally between men and women, 

especially in developed, high-income countries and in urban-

ized settings. This observation is likely due to the fact that 

smoking rates in women have increased dramatically25 in 

some regions of the world, and it is likely that similar smok-

ing rates exist in those regions. Additionally, this finding 

may reflect the fact that women are more susceptible to the 

effects of smoking and COPD development.11,12 Specifically, 

women often have similar levels of impaired lung function 

despite having smoked much less, suggesting an accelerated 

decline in lung function in women who smoke.26,27 Alterna-

tive explanations such as air pollution and its differential 

effect on women as well as hormonal influences on disease 

development should also be considered.

In conclusion, this large meta-analysis helps to highlight 

the increasing prevalence of COPD in the female population. 
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This is an important factor to take into consideration when 

considering alternatives to diagnosis in women.

Recent literature suggests increasing burden of COPD in 

women, but no comprehensive review has been performed. 

This work is the largest ever systematic review and meta-

analysis of global prevalence of COPD and the first large 

gender-specific review. These results will increase awareness 

of COPD as a critical woman’s health issue.
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