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Background/Aims: Despite increasing awareness of the burden of chronic ob-
structive pulmonary disease (COPD) in women, knowledge regarding gender dif-
ferences in COPD outcomes is limited. Therefore, we aimed to evaluate whether 
COPD outcomes, including exacerbations, lung function, and symptoms differ by 
gender.
Methods: We recruited patients with COPD from two Korean multicenter pro-
spective cohorts. After propensity score matching, the main outcome, the inci-
dence of moderate or severe exacerbations was analyzed using a negative binomial 
regression model. We also assessed changes in lung function and symptom scores 
including the St. George’s respiratory questionnaire for COPD (SGRQ-C), COPD 
assessment test (CAT), and the modified Medical Research Council (mMRC) dys-
pnea score.
Results: After propensity score matching, 74 women and 74 men with COPD were 
included. The incidence rates of exacerbations in women and men were not sig-
nificantly different (incidence rate ratio, 1.49; 95% confidence interval [CI], 0.88 
to 2.54). There was no significant difference in the incidence rates adjusted for 
medication possession ratios of long-acting muscarinic antagonists, long-acting 
β-agonists, and inhaled corticosteroids during the follow-up period (incidence 
rate ratio, 1.47; 95% CI, 0.86 to 2.52). Rates of decline in post-bronchodilator forced 
expiratory volume in 1 second and forced vital capacity did not differ between 
women and men during 48 months of follow-up. The changes in scores on the 
SGRQ-C, CAT, and mMRC Questionnaire in women were also similar to those in 
men. 
Conclusions: We observed no gender differences in the rate of exacerbations of 
COPD in a prospective longitudinal study. Further studies are needed to confirm 
these findings in the general COPD population.
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INTRODUCTION

Since chronic obstructive pulmonary disease (COPD) 
was considered a disease of elderly male smokers, wom-
en have been less likely than men to be diagnosed with 
COPD [1]. However, as the prevalence of smoking in 
women has steadily increased over time, COPD is be-
ing diagnosed more frequently in women than in men 
especially in high-income countries [2-4]. The preva-
lence and the morbidity and mortality rates of COPD 
have steadily increased in women during the past de-
cades [5]. As the COPD mortality rate in men is steeply 
decreasing, the gender difference in COPD mortality is 
narrowing [6].

Despite increasing awareness of the burden of COPD 
in women, knowledge regarding gender differences in 
COPD is mainly limited to a pattern of gender-specific 
characteristics [7]. Women with COPD are more likely to 
be younger and never-smokers [8-10]. Women are more 
predisposed to small airway disease, while emphysema 
is reported less frequently in them [11,12]. Some studies 
have reported a greater prevalence of dyspnea and worse 
health-related quality of life in women [8,9,13-16], while 
others have not [17,18]. Comorbidities, including cardio-
vascular disease, are more frequently associated with 
COPD in men; osteoporosis, anxiety, and depression, in 
women [9,13,19].

However, studies investigating gender differences in 
COPD outcomes, including exacerbations are scarce [7]. 
Although there were a few post hoc analyses of random-
ized controlled trials [8,15,20], the rest were cross-sec-
tional or retrospective cohort studies [21,22]. These post 
hoc analyses reported a higher rate of exacerbations in 
women than in men. While increased oxidative stress 
and transforming growth factor β1 signaling regulated 
by female hormones were proposed as mechanisms un-
derlying the greater susceptibility to COPD in women 
than in men for a given level of cigarette smoke expo-
sure [23,24], it remains unclear if these proposed biolog-
ical mechanisms can explain any gender differences in 
COPD outcomes. Moreover, it was demonstrated that 
patients with COPD enrolled in these clinical trials dif-
fered from real-world patients in terms of gender ratio, 
lung function, quality of life, and exacerbations: they 
were predominantly male, with a history of exacerba-
tions in the preceding year, and had worse lung function 

and quality of life when compared with the real-world 
patient population [25]. We aimed to evaluate whether 
COPD outcomes including exacerbations, lung func-
tion, and symptoms differ by gender in a prospective, 
longitudinal study.

METHODS

Patients
We recruited participants from two different prospective 
cohorts in the Republic of Korea: the Korean Obstructive 
Lung Disease (KOLD) cohort, recruiting participants at 
17 centers since 2005 [26], and the Korean COPD Sub-
group Study (KOCOSS; NCT02800499) cohort, recruit-
ing participants at 45 centers since 2011 [27]. Participants 
were eligible for the present study if they were 40 years 
or older, had post-bronchodilator forced expiratory vol-
ume in 1 second (FEV1)/forced vital capacity (FVC) less 
than 0.7, and had a tobacco smoking history of at least 10 
pack-years. Participants with a tobacco smoking history 
of less than 10 pack-years were also included if they had 
a biomass fuel (firewood or briquette) exposure history 
of at least 10 years. Participants who were followed up 
for less than 6 months and those who did not complete 
baseline information were excluded. The present study 
was approved by the Institutional Review Board of the 
Seoul National University Hospital (H-1706-079-859). All 
participants provided written informed consent and the 
study was conducted in accordance with the tenets of 
the Declaration of Helsinki.

Measurement of variables and outcomes
The following clinical data were collected from each 
cohort: age, gender, body mass index, smoking status, a 
history of biomass fuel (firewood or briquette) exposure, 
a history of exacerbations during the previous year, and 
comorbidities. Biomass fuel exposure was determined 
by the same questions in both cohorts: “Have you ever 
burned firewood for cooking or heating for over a year 
in your lifetime? If yes, how many years have you burned 
firewood as fuel?” and “Have you ever used briquettes 
for cooking or heating for over a year in your lifetime? If 
yes, how many years have you used briquettes as fuel?” 

After a baseline visit, patients were followed up every 
3 months (the KOLD cohort) or 6 months (the KOCOSS 
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cohort) with detailed interviews. At each visit, all exac-
erbations were recorded by a study physician or trained 
nurse. An exacerbation was defined as moderate when 
any worsening of respiratory symptoms led to treatment 
with systemic corticosteroids, antibiotics, or both, and 
severe if it led to a hospital admission or an emergency 
department visits [28,29].

Participants underwent pre- and post-bronchodilator 
spirometry at baseline and at least annually thereafter. 
Symptom scores including the St. George’s respiratory 
questionnaire for COPD (SGRQ-C) [30], COPD assess-
ment test (CAT) [31], and modified Medical Research 
Council (mMRC) Questionnaire [32] were recorded 
at baseline and at least 6-month intervals. The use of 
drugs, including long-acting muscarinic antagonist 
(LAMA), long-acting β-agonist (LABA), and inhaled cor-
ticosteroid (ICS) at enrollment and medication posses-
sion ratios (MPRs) of those drugs during the follow-up 
period were also recorded.

The main outcome was the incidence of moderate or 
severe COPD exacerbations. We also assessed the de-
cline in lung function and symptom scores, including 
the SGRQ-C, CAT, and mMRC Questionnaire.

Statistical analysis
Clinical characteristics were compared between wom-
en and men, using the independent samples t test for 
continuous variables. For categorical variables, either 
the chi-square test or Fisher’s exact test were used for 
comparison.

Propensity score matching was applied to compare 
women with men with similar characteristics. Mul-
tivariable logistic regression was used to compute the 
propensity score for women using the following base-
line covariates; age, body mass index, smoking status 
(never-smoker vs. former smoker vs. current smoker), 
smoking history (pack-years), biomass fuel exposure his-
tory (< 10 years vs. ≥ 10 years vs. unknown), SGRQ-C total 
score (< 25 vs. ≥ 25 vs. unknown), CAT score (< 10 vs. ≥ 10 
vs. unknown), mMRC dyspnea score (< 2 vs. ≥ 2 vs. un-
known), exacerbation history during the previous year 
(yes vs. no vs. unknown), blood eosinophil (≤ 5% vs. > 5% 
vs. unknown), post-bronchodilator FEV1 (% predicted), 
post-bronchodilator FVC (% predicted), bronchodilator 
response of FEV1 (%), and use of LAMA, LABA, or ICS at 
enrollment. Following this, 1:1 matching was conducted 

by the nearest neighbor method within a caliper of 0.25 
of the propensity score. The incidence rates of moderate 
or severe exacerbations were compared using the neg-
ative binomial regression model. The time to the first 
moderate or severe exacerbation was analyzed using the 
Kaplan-Meier method. Changes in post-bronchodilator 
FEV1 and FVC and symptom scores were analyzed with 
the use of random-slope and random-intercept mixed 
linear regression.

A p values less than 0.05 were considered significant. 
Statistical analyses were performed using the Stata sta-
tistical software version 14.2 (StataCorp LP, College Sta-
tion, TX, USA).

RESULTS

Of the 2022 patients with COPD enrolled in the two co-
horts, 618 were excluded (Fig. 1). A total of 89 women 
and 1,315 men with COPD were analyzed. Table 1 sum-
marizes their clinical characteristics at baseline. Prior 
to matching, women were observed as more likely to 
be never-smokers (49.4% vs. 1.7%, p < 0.001) and have 
biomass fuel exposure history of greater than or equal 
to 10 years (69.7% vs. 41.0%, p < 0.001). Diabetes mel-
litus was less prevalent in women (7.0% vs. 16.0%, p = 

2,022 Patients with COPD (age 40 years)
were eligible

(628 enrolled in KOLD,
1,394 enrolled in KOCOSS)

1,846 Were included

1,404 Were analyzed
(1,315 men and 89 women)

176 Did not meet inclusion criteria
69 Had a tobacco smoking history of < 10 pack-years

and a biomass fuel exposure history of < 10 years
67 Had a tobacco smoking history of < 10 pack-years

and unknown exposure time (years) to biomass fuel
40 Had a tobacco smoking history of unknown pack-

years

442 Were excluded
424 Were followed up for less than 6 months
  18 Did not have complete informationa

Figure 1. Flowchart of patient selection. COPD, chronic ob-
structive pulmonary disease; KOCOSS, Korean COPD Sub-
group Study; KOLD, Korean Obstructive Lung Disease. a% 
predicted post-bronchodilator forced expiratory volume in 1 
second and forced vital capacity, and body mass index.
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Table 1. Baseline characteristics of the study patients before and after propensity score matching

Characteristic
Before propensity score matching After propensity score matching

Men
(n = 1,315)

Women
(n = 89)

p value
Men

(n = 74)
Women
(n = 74)

p value

Age, yr 68.5 ± 7.5 69.2 ± 7.4 0.394 68.3 ± 8.1 68.6 ± 7.6 0.794

BMI, kg/m2 22.9 ± 3.3 23.7 ± 3.7 0.016 24.0 ± 3.2 23.5 ± 3.7 0.334

Smoking < 0.001 0.268

Never-smoker 22 (1.7) 44 (49.4) 22 (29.7) 29 (39.2)

Former smoker 921 (70.0) 24 (27.0) 22 (29.7) 24 (32.4)

Current s moker 372 (28.3) 21 (23.6) 30 (40.5) 21 (28.4)

Smoking, pack-years 44.7 ± 25.8 15.7 ± 20.9 < 0.001 20.7 ± 21.0 18.9 ± 21.6 0.615

Exposure to biomass fuel, yr < 0.001 0.410

< 10 423 (32.2) 9 (10.1) 12 (16.2) 9 (12.2)

≥ 10 539 (41.0) 62 (69.7) 39 (52.7) 47 (63.5)

Unknown 353 (26.8) 18 (20.2) 23 (31.1) 18 (24.3)

Exacerbations during the previous year 0.528 > 0.999

No 954 (72.6) 64 (71.9) 55 (74.3) 54 (73.0)

Yes 321 (24.4) 24 (27.0) 18 (24.3) 19 (25.7)

Unknown 40 (3.0) 1 (1.1) 1 (1.4) 1 (1.4)

SGRQ-C total scorea 34.7 ± 19.0 37.5 ± 19.8 0.188 35.6 ± 20.3 35.1 ± 18.4 0.892

SGRQ-C total score 0.525 0.929

< 25 462 (35.1) 26 (29.2) 25 (33.8) 24 (32.4)

≥ 25 798 (60.7) 59 (66.3) 44 (59.5) 46 (62.2)

Unknown 55 (4.2) 4 (4.5) 5 (6.8) 4 (5.4)

CAT scoreb 15.1 ± 8.0 16.3 ± 8.9 0.210 15.6 ± 8.6 15.3 ± 7.8 0.833

CAT score 0.827 0.874

< 10 279 (21.2) 20 (22.5) 14 (18.9) 16 (21.6)

≥ 10 767 (58.3) 49 (55.1) 43 (58.1) 40 (54.1)

Unknown 269 (20.5) 89 (22.5) 17 (23.0) 18 (24.3)

mMRC dyspnea scorec 1.5 ± 1.0 1.6 ± 0.9 0.494 1.6 ± 1.0 1.5 ± 0.9 0.856

mMRC dyspnea score 0.726 > 0.999

< 2 706 (53.7) 44 (49.4) 38 (51.4) 38 (51.4)

≥ 2 564 (42.9) 42 (47.2) 33 (44.6) 33 (44.6)

Unknown 45 (3.4) 3 (3.4) 3 (4.1) 3 (4.1)

Post-bronchodilator FEV1, % predicted 58.8 ± 17.9 65.8 ± 20.7 0.002 60.8 ± 19.0 61.9 ± 16.9 0.700

Post-bronchodilator FVC, % predicted 85.6 ± 18.0 89.4 ± 18.5 0.054 87.5 ± 19.9 86.6 ± 17.2 0.773

Post-bronchodilator FEV1/FVC, % 48.4 ± 11.4 53.6 ± 10.9 < 0.001 49.0 ± 11.8 52.6 ± 10.7 0.053

Bronchodilator response (FEV1), % 7.9 ± 11.8 7.1 ± 13.6 0.618 7.0 ± 10.5 7.7 ± 14.0 0.749

Blood eosinophil, /μLd 266 ± 314 206 ± 208 0.022 208 ± 192 225 ± 224 0.671

Blood eosinophil, %e 3.6 ± 3.7 2.8 ± 2.5 0.018 2.8 ± 2.5 3.1 ± 2.7 0.564

Blood eosinophil 0.133 0.663

≤ 5% 842 (64.0) 66 (74.2) 50 (67.6) 52 (70.3)

> 5% 217 (16.5) 9 (10.1) 7 (9.5) 9 (12.2)

Unknown 256 (19.5) 14 (15.7) 17 (23.0) 13 (17.6)
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0.025), whereas gastroesophageal reflux disease (20.0% 
vs. 12.6%, p = 0.074) and osteoporosis (25.0% vs. 4.9%, 
p < 0.001) were more prevalent. The mean SGRQ-C 
total scores (37.5 ± 19.8 vs. 34.7 ± 19.0, p = 0.188), mean 
CAT scores (16.3 ± 8.9 vs. 15.1 ± 8.0, p = 0.210), and mean 
mMRC dyspnea scores (1.6 ± 0.9 vs. 1.5 ± 1.0, p = 0.494) 
were similar in women and men. Compared with men, 
post-bronchodilator FEV1 was higher in women (65.8% ± 
20.7% vs. 58.8% ± 17.9% predicted, p = 0.002). Less wom 
en than men tended to use LAMA at enrollment (39.3% 

vs. 53.3%, p = 0.011). After matching (Supplementary Fig. 
1), 74 women and 74 men were followed up for a mean 
period of 2.7 and 3.1 years, respectively. Clinical charac-
teristics of the matched pairs of women and men were 
comparable (Table 1). The mean MPRs of LAMA (41.7% 
± 41.7% vs. 47.7% ± 41.6%, p = 0.382), LABA (55.0 ± 38.8 vs. 
63.1 ± 39.4%, p = 0.209), and ICS (44.9% ± 40.0% vs. 54.7% 
± 41.3%, p = 0.144) during the follow-up period were not 
significantly different between women and men.

In the propensity score-matched cohort, 33 (44.6%) 

Characteristic
Before propensity score matching After propensity score matching

Men
(n = 1,315)

Women
(n = 89)

p value
Men

(n = 74)
Women
(n = 74)

p value

Use of LAMA at enrollment 701 (53.3) 35 (39.3) 0.011 32 (43.2) 32 (43.2) > 0.999

Use of LABA at enrollment 702 (53.4) 46 (51.7) 0.756 49 (66.2) 38 (51.4) 0.066

Use of ICS at enrollment 554 (42.1) 42 (47.2) 0.350 42 (56.8) 34 (46.0) 0.188

Values are presented as mean ± SD or number (%).
BMI, body mass index; SGRQ-C, St. George’s Respiratory Questionnaire for COPD; CAT, COPD assessment test; COPD, 
chronic obstructive pulmonary disease; mMRC, modified Medical Research Council; FEV1, forced expiratory volume in 1 sec-
ond; FVC, forced vital capacity; LAMA, long-acting muscarinic antagonist; LABA, long-acting β-agonist; ICS, inhaled cortico-
steroid.
a Data are for 1,260 men and 85 women before propensity score matching, and 69 men and 70 women after propensity score 
matching.

b Data are for 1,046 men and 69 women before propensity score matching, and 57 men and 56 women after propensity score 
matching.

c Data are for 1,270 men and 86 women before propensity score matching, and 71 men and 71 women after propensity score 
matching.

d Data are for 1,055 men and 75 women before propensity score matching, and 57 men and 61 women after propensity score 
matching.

e Data are for 1,059 men and 75 women before propensity score matching, and 57 men and 61 women after propensity score 
matching

Table 1. Continued

Table 2. Incidence rates of moderate or severe exacerbations by gender

Variable

Before propensity score matching After propensity score matching

Men (n = 1,315) Women (n = 89) IRRa 
(95% CI)

IRRb

 (95% CI)
Men (n = 74) Women (n = 74) IRRa

(95% CI)
IRRc

(95% CI)No. (%) IRa No. (%) IRa No. (%) IRa No. (%) IRa

Exacerbations 574 (43.7) 0.65 38 (42.7) 0.62 0.95 
(0.66–1.38)

1.12 
(0.74–1.71)

32 (43.2) 0.44 33 (44.6) 0.66 1.49
 (0.88–2.54)

1.47
 (0.86–2.52)

IR, incidence rate (per patient-year); IRR, incidence rate ratio; CI, confidence interval.
aUnadjusted.
b Adjusted for age, body mass index, smoking status (never-smoker vs. former smoker vs. current smoker), exacerbation history 
during the previous year (yes vs. no vs. unknown), St. George’s Respiratory Questionnaire for chronic obstructive pulmonary 
disease (COPD) total score (< 25 vs. ≥ 25), and % predicted post-bronchodilator FEV1 (as continuous variables).

c Adjusted for medication possession ratios of long-acting muscarinic antagonists, long-acting β-agonists, and inhaled cortico-
steroids during the follow-up period as continuous variables.
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women experienced 184 episodes of moderate or severe 
exacerbation, whereas 32 (43.2%) men experienced 107 
such episodes during the follow-up period. The inci-
dence rates of exacerbations in women and men were 
not significantly different (incidence rate ratio, 1.49; 
95% confidence interval [CI], 0.88 to 2.54) (Table 2). The 
difference in the incidence rates were not significant 
even after adjustment for MPRs of LAMA, LABA, and 
ICS during the follow-up period (incidence rate ratio, 
1.47; 95% CI, 0.86 to 2.52). Furthermore, the time to the 
first moderate or severe exacerbation did not differ sig-
nificantly by gender (log-rank p = 0.433) (Fig. 2). Similar 
results were observed in subgroup analyses of rates of 
moderate or severe exacerbation (Fig. 3).

In the propensity score-matched cohort, rates of de-
cline in post-bronchodilator FEV1 and FVC were not 
different in women and men during 48 months of fol-
low-up (Fig. 4A and 4B). The changes in scores on the 
SGRQ-C, CAT, and mMRC Questionnaire in women 
were similar to those in men in the follow-up period 
(Fig. 4C-4E). 

DISCUSSION

We conducted a propensity score-matched analysis in 
a prospective cohort of patients with COPD to evaluate 
whether gender has an impact on COPD outcomes in-
cluding exacerbations, lung function, and symptoms. 
Our study showed that the incidence rates of exacer-
bations were not significantly different between wom-
en and men, nor were there any gender differences in 
symptoms and lung function changes during the fol-
low-up period.

There are post hoc analyses of randomized controlled 
trials reporting that women with COPD experience 
disease exacerbations more than men with COPD. In a 
post hoc analysis of the Towards a Revolution in COPD 
Health (TORCH) trial [33], the time to the first moder-
ate or severe exacerbation was shorter and the rate of 
exacerbation was reported to be 25% (95% CI, 16% to 
34%) higher in women than in men although rates of 
exacerbations requiring hospitalization were similar in 
both genders [8]. Data from the Understanding Poten-
tial Long-Term Impacts on Function with Tiotropium 
(UPLIFT) [34] and the Prevention of Exacerbations with 
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Log-rank p = 0.433

Years of follow-up

Men

No. at risk
Men   

Women
74 43 21 11 6 4  3 2 2 1 1     0 
74  38 18 3 1 0 0 0 0 0 0     0

1.0

0.8

0.6

0.4

0.2

0

1 2 3 4 5 6 7 8 9 10 11

Women

All patients
Smoking

Never-smoker
Ever-smoker

SGRQ-C total scoreb

< 25
≥ 25

CAT scorec

< 10
≥ 10

mMRC dyspnea scored

< 2
≥ 2

Exacerbations during the previous yeare

No
Yes

Post-bronchodilator FEV1

≥ 50% Predicted
< 50% Predicted

148

51
97

49
90

30
83

76
66

109
37

111
37

1.47 (0.86–2.52)

1.66 (0.64–4.31)
1.33 (0.68–2.60) 

1.16 (0.42–3.16)
1.38 (0.74–2.59)

0.60 (0.17–2.12)
1.21 (0.58–2.54)

1.58 (0.66–3.77)
1.28 (0.64–2.56)

1.34 (0.72–2.50)
1.67 (0.78–3.56)

1.40 (0.75–2.61)
1.31 (0.61–2.81)

0.725

0.936

0.280

0.873

0.847

0.657

0
Women better Men better

1 2 3 4 5

Subgroup No. of patients Adjusted incidence rate ratio (95% CI)a p for
Interaction

Figure 2. Kaplan-Meier curves of the time to the first mod-
erate or severe exacerbation in the propensity score-matched 
cohort.

Figure 3. Subgroup analyses of moderate or severe exacerba-
tions in the propensity score-matched cohort. CI, confidence 
interval; SGRQ-C, St. George’s Respiratory Questionnaire 
for COPD; CAT, chronic obstructive pulmonary disease as-
sessment test; mMRC, modified Medical Research Council;  
FEV1, forced expiratory volume in 1 second.aAdjusted for 
medication possession ratios of long-acting muscarinic an-
tagonist, long-acting β-agonist, and inhaled corticosteroids 
during the follow-up period as continuous variables. bUs-
able data regarding the SGRQ-C total score at baseline were 
missing for nine patients. cUsable data regarding the CAT 
score at baseline were missing for 35 patients. dUsable data 
regarding the mMRC dyspnea score at baseline were miss-
ing for six patients. eUsable data regarding the exacerbation 
history during the previous year were missing for two pa-
tients at baseline. 
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Tiotropium in COPD (POET-COPD) trials [35] also re-
ported that women had higher incidence rates of exac-
erbation than men [15,20]. Although the results of these 
analyses on exacerbations in women and men were 

consistent, they may not represent the general COPD 
population. A validation study of six large pharmaceu-
tically-sponsored COPD studies including TORCH, 
UPLIFT, and POET-COPD demonstrated that patients 
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with COPD in these studies differed from patients with 
COPD routinely seen in primary care set-ups in Europe 
in terms of gender, exacerbations, lung function, and 
quality of life: they were predominantly male with a his-
tory of exacerbations in the preceding year and showed 
worse lung function and quality of life scores [25]. Pa-
tients with COPD were considered eligible for these tri-
als if they had a history of previous exacerbation and/or 
moderate or severe airflow limitation [33-35]. As a result, 
the majority (58% to 83%) of patients with COPD in pri-
mary care would not qualify as a candidate for inclusion 
in these trials [25].

In addition, these trials included smokers only. Al-
though tobacco smoking is the most well-studied risk 
factor for COPD, epidemiologic studies have demon-
strated that biomass fuel exposure is under-recognized 
as a risk factor for COPD [36]. Furthermore, in the ran-
domized controlled trials, although the factors under 
consideration were balanced between treatment groups 
by randomization, it cannot be said that they were bal-
anced between genders. In the TORCH trial, women 
subjects tended to present with worse mMRC dyspnea 
scores at baseline (20% with 4 or 5 vs. 18%, p < 0.001) 
and had more exacerbations in the year before the study 
(59% vs. 56%, p = 0.113) than did men [8]. It is difficult 
to conclude, however, that these differences in COPD 
exacerbation are based on gender, without considering 
the differences in symptoms and the prior history of ex-
acerbation.

Our prospective cohort study recruited participants 
from the actual clinical setting and was not restricted to 
including patients with COPD with exposure to tobac-
co smoke only; we also considered exposure to biomass 
fuels. Additionally, we attempted to reduce the effects 
of confounding by applying propensity score matching 
with covariates including the exposure history to to-
bacco smoke and biomass fuels, symptom scores, and 
the history of exacerbations in the preceding year. To 
our knowledge, our study is the first prospective, gen-
der-specific observational study on moderate or severe 
COPD exacerbations. Although the Danish longitudinal 
population study reported gender difference and risk of 
hospitalization for COPD in 1997, hospitalization was 
not specified as exacerbations [37]. Available covariates 
were balanced between women and men in our study. 
After matching, the rate of exacerbations was slightly 

but not significantly higher in women than in men.
The prevalence of cigarette smoking among women 

in Asia is typically lower than that in Western countries. 
Prior to matching, approximately half of women were 
never-smokers and less than a quarter were current 
smokers in the present study (Table 1). After matching, 
28.4% of women and 40.5% of men were current smok-
ers, and the average pack-years of smoking were 18.9 and 
20.7 in women and men, respectively. In the TORCH 
and UPLIFT trials, the proportion of current smokers in 
women (34% to 49%) was higher than that in men (26% 
to 41%), and the average pack-years of smoking were ap-
proximately 40 and 50 in women and men, respectively. 
Differences in exposures to tobacco smoke and biomass 
fuels may lead to a difference in rates of COPD exacer-
bations.

Our study has several limitations, including its obser-
vational design. The main limitation is the small num-
ber of women with COPD, which may have resulted in 
insufficient power to detect the differences between 
women and men. In addition, the introduction of in-
haled therapy and choice of medications by physicians 
could have been gender-biased. Thus, we applied pro-
pensity score-matched analysis with available covariates 
including the use of LAMA, LABA, and ICS at enroll-
ment, and the incidence rate ratio of exacerbations was 
adjusted for MPRs of drugs during the follow-up period.

In conclusion, there has been limited knowledge re-
garding the interplay of gender and disease outcomes in 
patients with COPD. We observed that gender made no 
difference in the rates of exacerbations in a real-world 
prospective observational study. It remains to be deter-
mined if this holds true in the general COPD population.

KEY MESSAGE

1. There has been limited knowledge regarding 
the interplay of gender and disease outcomes 
in patients with of chronic obstructive pulmo-
nary disease (COPD).

2.  We observed no gender differences in the rate 
of exacerbations of COPD in a prospective lon-
gitudinal study.
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Supplementary Figure 1. Histograms of propensity score distribution (TIFF). (A) Before propensity score matching (B) after 
propensity score matching.
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