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C. Tálamo#, J.R.B. Jardim1, G. Valdiviae, J. Pertuzée, D. Moreno# and
A.M.B. Menezes** for the PLATINO Team

ABSTRACT: There is evidence to suggest sex differences exists in chronic obstructive pulmonary

disease (COPD) clinical expression. We investigated sex differences in health status perception,

dyspnoea and physical activity, and factors that explain these differences using an

epidemiological sample of subjects with and without COPD.

PLATINO is a cross-sectional, population-based study. We defined COPD as post-bronchodi-

lator forced expiratory volume in 1 s/forced vital capacity ratio ,0.70, and evaluated health status

perception (Short Form (SF)-12 questionnaire) and dyspnoea (Medical Research Council scale).

Among 5,314 subjects, 759 (362 females) had COPD and 4,555 (2,850 females) did not. In

general, females reported more dyspnoea and physical limitation than males. 54% of females

without COPD reported a dyspnoea score o2 versus 35% of males. A similar trend was observed

in females with COPD (63% versus 44%). In the entire study population, female sex was a factor

explaining dyspnoea (OR 1.60, 95%CI 1.40–1.84) and SF-12 physical score (OR -1.13, 95%CI

-1.56– -0.71). 40% of females versus 28% of males without COPD reported their general health

status as fair-to-poor. Females with COPD showed a similar trend (41% versus 34%). Distribution

of COPD severity was similar between sexes, but currently smoking females had more severe

COPD than currently smoking males.

There are important sex differences in the impact that COPD has on the perception of

dyspnoea, health status and physical activity limitation.
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C
hronic obstructive pulmonary disease
(COPD) is a leading cause of death and
chronic morbidity with increasing world-

wide prevalence [1–6].

Although COPD has historically been more
common in males, there are data suggesting that
females may be at increased risk of developing
COPD, as females seem to be more susceptible to
the toxic effects of tobacco smoke than males [7–
9]. It has been hypothesised that sex differences
in smoking effects could be the result of factors
such as sex-related differences in airway geome-
try, smoking behaviour, respiratory symptoms
and environmental or occupational exposures.

Early studies suggested that females have more
severe disease and greater COPD-associated
mortality for the same degree of tobacco expo-
sure [10], whereas a recent study showed that all-
cause and respiratory mortality are significantly
lower in females than in males with similar

COPD severity [11]. A recent analysis of the
Framingham offspring cohort also found higher
mortality in males with COPD [12].

There is increasing evidence in selected COPD
populations supporting sex differences in the
clinical expression of COPD. Female patients
report more anxiety and depression, worse symp-
toms, have lower exercise capacity, more airway
hyperresponsiveness and perceive a worse health-
related quality of life (HRQoL) [13–18]. These data
suggest that the manifestations of COPD may
differ in females; thus, the influence of sex on the
expression of COPD is now receiving increased
attention.

To our knowledge there is no information available
regarding sex differences in the clinical expression of
COPD from an unselected population-based sam-
ple. The Proyecto Latinoamericano de Investigación
en Obstrucción Pulmonar (PLATINO) study offers
an opportunity to explore sex differences in a large,
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multicentre, population-based sample that includes persons with
and without COPD from five Latin American cities with high
participation and robust, well-established methods [2,19]. The
aims of this study were, therefore: 1) to explore differences by sex
and COPD status in subjects’ perception of general health status,
degree of breathlessness and physical activity limitation; 2) to
evaluate sex differences in airway obstruction in the population
with COPD; and 3) to explore the possible factors explaining
dyspnoea and health status in the entire study population.

PATIENTS AND METHODS
Details of the selection method and population sample size of
PLATINO have been published previously [19]. Multistage
cluster sampling was used to obtain a representative sample of
subjects o40 yrs of age from the metropolitan area of five large
Latin American cities. The study protocol was approved by the
ethical committee of each site and the participants gave signed,
informed consent.

Participants completed a questionnaire to collect information
on factors potentially associated with COPD including:
demographics; smoking habits; education; employment;
respiratory symptoms; use of respiratory medication; and
prior spirometric testing. Data on prior medical diagnosis of
tuberculosis, asthma, chronic bronchitis, emphysema, COPD,
self-reported exacerbations and hospitalisations were also
obtained. A simple comorbidity score was calculated by
counting the number of comorbid conditions (heart disease,
hypertension, stroke, diabetes, ulcer and asthma) reported by
each subject. Study questionnaires are available on the internet
(www.platino-alat.org).

Spirometry was performed using the portable, battery-oper-
ated ultrasound Easy One spirometer (ndd Medical
Technologies, Zurich, Switzerland). Spirometry tests were
performed at baseline and 15 min after the administration of
200 mg salbutamol, according to the American Thoracic Society
criteria of acceptability and reproducibility. Acute bronchodi-
lator responsiveness was defined using the following criteria:
forced vital capacity (FVC) and/or forced expiratory volume in
1 s (FEV1) o12% plus o200 mL improvement [20]. We used
the definition and severity stratification of COPD proposed by
the Global Initiative for Chronic Obstructive Lung Disease
(GOLD): a ratio of the post-bronchodilator (BD) FEV1/FVC
,0.70 [1]. In addition, we also performed a sensitivity analysis
using the lower limit of normal (LLN) using equations derived
from the National Health and Nutrition Examination Survey
(NHANES) III for post-BD FEV1/FVC because of the potential
for differential misclassification between sexes. Notably, 137
subjects (94 females and 43 males) were missing data on LLN.

Health status was assessed using the Short Form (SF)-12
generic quality of life questionnaire. Patients’ perception of
their general health status was derived from the question ‘‘in
general you would say that your health is: excellent, very good,
good, regular or poor’’. Information regarding physical activity
limitation due to state of health was assessed using the SF-12
physical score: a detailed description of the questions used has
been published previously [21]. The degree of breathlessness
was assessed using the Medical Research Council (MRC)
dyspnoea scale, from grade 1 (no dyspnoea) to grade 5
(maximum dyspnoea, detailed information has been published

previously) [21]. For this study, COPD exacerbations were self-
reported and defined by deterioration of breathing symptoms
that affected usual daily activities or caused missed work. The
questions used for assessing self-reported COPD exacerbation
have been published previously [22].

Statistical analysis
Descriptive analyses included group comparisons using
Pearson’s Chi-squared test (adjusted for survey design) for
nominal variables, the Mann–Whitney test and ordered logistic
regression (adjusted for survey design) for ordinal variables,
and the Wald test (adjusted for survey design) for continuous
variables. Linear and logistic regression models (adjusted for
survey design) were used to evaluate multivariable relation-
ships. The STATA software package version 10.1 (Stata
Corporation, College Station, TX, USA) was used for all
analyses.

RESULTS
From a total of 6,711 eligible subjects at all sites, 5,571
individuals completed questionnaires and 5,314 spirometry
tests were performed. Among this population, 759 subjects had
a post-BD FEV1/FVC ,0.70 (COPD), and 4,555 individuals
were not obstructed (post-BD FEV1/FVC o0.70) (fig. 1).
Significant regional differences in sex distribution were
observed in subjects without COPD but not in those with
COPD (Supplemental table 1).

A description of subjects by sex and COPD status is presented
in table 1. Among subjects with COPD, 362 (47.7%) were
female; in subjects without COPD, 2,850 (62.6%) were female.
Compared to persons without COPD, both females and males
with COPD were more likely to be older, unemployed, have a
lower education level and body mass index (BMI), and have
higher smoking exposure, more respiratory symptoms, more
comorbidity, more use of respiratory medication, and were
more likely to report a prior diagnosis of tuberculosis and prior
spirometry test. Females with COPD were more likely to be
white than were females without COPD. Comparing sexes
among subjects with COPD, females smoked less than males,

Total eligible subjects
n=6711

Completed questionnaire 
and spirometry

n=5314

No COPD
Post-BD FEV1/FVC ≥0.70

n=4555

COPD (GOLD criteria)
Post-BD FEV1/FVC <0.70

n=759

Male
n=1705

Female
n=2850

Male
n=397

Female
n=362

FIGURE 1. Flow-chart showing study participants by sex and chronic

obstructive pulmonary disease (COPD) condition. Post-BD: post-bronchodilator;

FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; GOLD: Global

Initiative for Chronic Obstructive Lung Disease.
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were less likely to be current smokers, had higher BMI and were
more likely to report dyspnoea, use of respiratory medicine and
comorbidity. Comparing sexes among subjects without COPD,
females were more likely to be older, white, unemployed, had
less smoking exposure (pack-yrs) and education level, had
higher BMI, more respiratory symptoms (in particular dys-
pnoea), more comorbidity and were more likely to report use of
respiratory medication than males with COPD.

Using the LLN criterion to define COPD, there was an increase
in the proportion of females among subjects with COPD from
51.5% (95% CI 47.4–55.6) using LLN versus 47.7% (95% CI 44.2–
51.2) with fixed ratio. For the relationship between descriptive
variables, sex and COPD status, results were generally similar
between the two definitions (Supplemental table 2).

Figure 2 shows dyspnoea severity distribution by sex and
COPD status. For both sexes, persons with COPD reported
significantly more dyspnoea than those without. Within strata
defined by COPD status, females reported significantly more

dyspnoea than males. Similar results were observed using the
LLN criterion to define chronic obstructive pulmonary disease
(data not presented).

Table 2 shows health status (SF-12) data. Compared to persons
without COPD of the same sex, both females and males with
COPD were more likely to have a lower SF-12 physical score
and report limitation in physical activities and at work. The SF-
12 mental score in females with COPD was higher than in
females without COPD, whereas no such difference was
observed in males. Leisure impairment was more likely in
males with COPD than in males without COPD. Among
persons with COPD, females were more limited in physical
activities, had more work limitation, and had lower SF-12
mental and physical scores than males. Among subjects
without COPD, females also reported more physical activity
limitation, had lower SF-12 physical and mental scores and
more work and leisure limitation than males without COPD.
Similar results were observed using the LLN criterion to define
COPD (Supplemental table 3).

TABLE 1 Description of subjects by sex and chronic obstructive pulmonary disease (COPD) status

Variables Female Male

COPD No COPD COPD No COPD

Subjects 362 2850 397 1705

Age yrs 64.8¡0.7# 55.4¡0.2"" 63.5¡0.6# 54.3¡0.3

BMI kg?m-2 27.2¡0.3#," 28.8¡0.1++ 26.5¡0.2+ 27.4¡0.1

BMI categories

Underweight 29 (8.0)#," 79 (2.8)++ 22 (5.5)+ 56 (3.3)

Normal 100 (27.6) 693 (24.3) 130 (32.8) 423 (24.8)

Overweight 135 (37.3) 1066 (37.4) 168 (42.3) 807 (47.3)

Obese 98 (27.1) 1012 (35.5) 77 (19.4) 419 (24.6)

White subjects 236 (65.2)+ 1526 (53.8)11 253 (63.7) 863 (50.8)

Education yrs 6.5¡0.3+ 7.5¡0.1++ 6.8¡0.3# 8.1¡0.2

Employed 112 (30.9)#,1 1303 (45.7)++ 205 (51.6)# 1299 (76.2)

Smoking exposure pack-yrs 11.6¡1.2#,1 6.0¡0.3++ 26.5¡1.4# 14.1¡0.5

Smoking status

Current 113 (31.2)e,1 706 (24.8)++ 160 (40.3)+ 604 (35.5)

Former 75 (20.7) 603 (21.2) 172 (43.3) 617 (36.3)

Never 174 (48.1) 1541 (54.1) 65 (16.4) 481 (28.3)

Cough 118 (32.6)# 582 (20.4)11 120 (30.2)# 288 (16.9)

Phlegm 97 (26.8)# 471 (16.5) 118 (29.7)# 308 (18,1)

Wheezing 142 (39.2)# 620 (21.8) 153 (38.5)# 353 (20.7)

Dyspnoea 214 (60.5)##,1 1469 (52.0)++ 165 (41.9)## 561 (33.3)

Self-reported tuberculosis 19 (5.3)+ 66 (2.3)11 20 (5.0)# 22 (1.3)

Comorbidity score 1.35¡0.05#,1 1.10¡0.02++ 1.01¡0.05+ 0.79¡0.02

Any respiratory medication 69 (19.1)#," 172 (6.0)++ 44 (11.1)# 55 (3.2)

Any bronchodilator 64 (17.7)#," 158 (5.5)++ 43 (10.8)# 47 (2.8)

Any corticosteroid 25 (6.9)# 45 (1.6)11 17 (4.3)# 15 (0.9)

Prior spirometry 68 (18.8)# 239 (8.4)++ 84 (21.2)# 212 (12.5)

Data are presented as n, mean¡SE and n (%). Statistical tests used were as follows: for nominal variables, Pearson Chi-squared adjusted for survey design; for ordinal

variables, Mann–Whitney test and ordered logistic regression adjusted for survey design (p-values reflect Mann–Whitney test); for continuous variables, Wald test

adjusted for survey design. BMI: body mass index. #: p,0.0001 (COPD versus no COPD); ": p,0.05 (COPD female versus COPD male); +: p,0.001 (COPD versus no

COPD); 1: p,0.001 (COPD female versus COPD male); e: p,0.05 (COPD versus no COPD); ##: p,0.01 (COPD versus no COPD); "": p,0.001 (no COPD female versus

no COPD male); ++: p,0.0001 (no COPD female versus no COPD male); 11: p,0.05 (no COPD female versus no COPD male).
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General health status assessed using the SF-12 questionnaire
by sex and COPD status is shown in figure 3. Females with
and without COPD had a similar distribution of general health
status categories, whereas males with COPD reported sig-
nificantly worse general health status than males without
COPD. Comparing subjects without COPD, a larger proportion
of females (40%) than males (28%) reported their general
health status as fair to poor (p,0.0001). No such difference was

found in subjects with COPD. Similar results were observed
using the LLN criterion to define COPD (data not presented).

Among subjects with COPD, 10.2% of females and 5.8% of
males reported ever having had an exacerbation (p,0.05).
Although there was a trend for females to have more
exacerbations, exacerbation-related hospitalisations and
exacerbation-related hospital days within the past year, these
differences did not achieve statistical significance (p.0.05)
(Supplemental table 4).

Lung function parameters by COPD status and sex are shown
in table 3. There were no significant sex differences in pre- or
post-BD FEV1 regardless of COPD status. In persons without
COPD, post-BD FEV1 change (in mL) was significantly larger
in males than in females. Pre-BD FVC (% predicted) was lower
in females compared to males with COPD, whereas post-BD
FVC (% pred) was similar in both sexes. Compared to males,
females without COPD showed higher pre- and post-BD FVC
and FEV1/FVC ratio, although these differences were small.
FVC change post-BD was greater in females than males with
COPD. Pre-BD FEV1/FVC was higher in females compared to
males with COPD. Acute bronchodilator reversibility was
more common in females than in males, regardless of COPD
status. Similar results were found using the LLN criterion to
define COPD (Supplemental table 5).

GOLD severity distribution of COPD subjects by sex and
smoking status is shown in figure 4. Only current smokers
showed significant sex differences in COPD severity stratifica-
tion: over half (53%) of females were stage 2 or higher,
compared with 35% of males (p,0.01). An analysis of smok-
ing exposure showed no significant difference in smoking
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FIGURE 2. Medical Research Council (MRC) dyspnoea by sex and COPD

status. Statistical tests: Mann–Whitney test and ordered logistic regression

(adjusted for survey design). p-values reflect Mann–Whitney test. h: MRC 1;

&: MRC 2; &: MRC 3; &: MRC 4 and 5. #: p,0.0001; ": p50.0015; +: p50.009.

TABLE 2 Health status (Short Form (SF)-12) in subjects by sex and chronic obstructive pulmonary disease (COPD) status

Variables Female Male

COPD No COPD COPD No COPD

Subjects 362 2850 397 1705

SF-12 physical subscale 47.4¡0.52#," 49.9¡0.18## 50.2¡0.44# 52.6¡0.17

SF-12 mental subscale 49.0¡0.59" 48.8¡0.22## 52.3¡0.51 52.7¡0.22

Limitation

Moderate activities

Limited a lot 54 (14.9)#," 186 (6.5)## 24 (6.1)# 46 (2.7)

Limited a little 70 (19.3) 492 (17.3) 50 (12.6) 118 (6.9)

Not limited at all 238 (65.8) 2172 (76.2) 323 (81.4) 1540 (90.4)

Climbing stairs

Limited a lot 76 (21.0)#," 292 (10.3)## 34 (8.6)# 51 (3.0)

Limited a little 96 (26.5) 684 (24.0) 74 (18.6) 204 (12.0)

Not limited at all 190 (52.5) 1874 (65.8) 289 (72.8) 1448 (85.0)

Limitation due to physical health 111 (30.8)+," 623 (21.9)## 76 (19.1)+ 194 (11.4)

Work limitation due to physical health 95 (26.2)1,e 578 (20.3)## 78 (19.7)+ 202 (11.9)

Leisure impairment due to health 46 (12.7) 309 (10.9)## 35 (8.8)"" 95 (5.6)

Data are presented as n, mean¡SE or n (%). Statistical tests used were as follows: for nominal variables, Pearson Chi-squared adjusted for survey design; for ordinal

variables, Mann–Whitney test and ordered logistic regression adjusted for survey design (p-values reflect Mann–Whitney test); for continuous variables, Wald test

adjusted for survey design. #: p,0.0001 (COPD versus no COPD); ": p,0.001 (COPD female versus COPD male); +: p,0.001 (COPD versus no COPD); 1: p,0.01

(COPD versus no COPD); e: p,0.05 (COPD female versus COPD male); ##: p,0.0001 (no COPD female versus no COPD male); "": p,0.05 (COPD versus no COPD).
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exposure between male and female current smokers. No sex
differences in severity were seen among ex-smokers or never-
smokers, despite a significant difference in smoking exposure
among former smokers.

A multivariable logistic regression model using the entire study
population indicated that the presence of dyspnoea was
independently associated with female sex, more comorbidity,
higher BMI, the presence of wheeze, phlegm and cough,
nonwhite race, and having lower FEV1, age, education level,
and SF-12 physical and mental scores (table 4). A multivariable
linear regression model, again using the entire study population,

showed that a higher SF-12 physical score was independently
associated with male sex, fewer respiratory symptoms (in
particular dyspnoea), less comorbidity, lower age, more educa-
tion, employment in the past yr, and white race (table 5).
Interaction terms did not add significantly to either model.

DISCUSSION
This study documents important sex differences in the
expression of COPD in a population-based sample. First,
females reported more dyspnoea and physical limitation than
males, independent of COPD status, and female sex was a
major factor explaining dyspnoea and physical activity
limitation in the entire study population. Secondly, females
reported similar general health status regardless of COPD,
whereas male subjects with COPD reported worse general
health status than those without COPD. In subjects without
COPD, females reported worse general health status than
males, but in those with COPD no sex difference was observed.
Finally, actively smoking females with COPD had more severe
obstruction than males, despite similar cigarette exposure.

Some sex differences have been reported in selected COPD
populations. In general females with COPD report worse
symptoms (in particular dyspnoea), have lower exercise
capacity, worse HRQoL, and more anxiety and depression
[13–16, 18]. However, there is general population information
from the USA (National Health Interview Survey) and Europe
(health status indicators from the Statistics on Income and
Living Conditions Surveys) indicating that, compared with
males, females report worse health status, more difficulties in
physical functioning and more feelings of sadness, hope-
lessness, worthlessness, nervousness and restlessness [23, 24].

In our study, females reported worse health status percep-
tion, more severe dyspnoea and more physical limitation,

TABLE 3 Lung function parameters in subjects with and without chronic obstructive pulmonary disease (COPD) by sex

Variables Female Male

COPD No COPD COPD No COPD

Subjects 362 2850 397 1705

Pre-BD values

FEV1 % pred 79.2¡1.4 98.4¡0.4 79.4¡1.2 98.3¡0.4

FVC % pred 96.6¡1.3* 100.6¡0.4* 100.2¡1.1 99.6¡0.4

FEV1/FVC 0.63¡0.005*** 0.78¡0.001*** 0.60¡0.005 0.77¡0.001

Post-BD values

FEV1 % pred 83.3¡1.2 101.8¡0.4 83.6¡1.1 101.2¡0.1

FVC % pred 102.5¡1.2 99.8¡0.3* 103.4¡1.0 98.7¡0.4

FEV1/FVC 0.63¡0.004 0.81¡0.001# 0.62¡0.005 0.80¡0.001

Pre-BD/post-BD change

Absolute FEV1 change mL 100.3¡10.6 77.6¡3.1** 119.8¡9.7 93.1¡4.7

Relative FEV1 change % 8.0¡0.8 4.1¡0.3 6.5¡0.6 3.3¡0.2

Absolute FVC change mL 171.2¡20.0 29.40¡4.9 124.5¡19.1 43.1¡6.4

Relative FVC change % 7.8¡0.8*** 0.3¡0.3 4.3¡0.6 0.7¡0.2

Acute BD reversibility 113 (32.9)** 223 (8.0)* 92 (23.9) 104 (6.2)

Data are presented as n, mean¡SE and n (%). Statistical significance for differences (female versus male) were calculated using the Wald test, adjusted for survey design.

BD: bronchodilator; FEV1: forced expiratory volume in 1 s; % pred: % predicted; FVC: forced vital capacity. *: p,0.05; **: p,0.01; ***: p,0.001; #: p,0.0001.
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FIGURE 3. Short Form-12 health status by sex and chronic obstructive

pulmonary disease (COPD). Statistical tests: Mann–Whitney test and ordered

logistic regression (adjusted for survey design). p-values reflect Mann–Whitney test.

h: excellent; &: very good; p: good; &: fair; &: poor. #: p50.1084; ": p,0.0001;
+: p50.5307; 1: p50.0016.
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independently of having COPD. After adjustment for other
factors, female sex was important in explaining dyspnoea and
SF-12 physical score in the entire study population. Indeed, the
sex effect on dyspnoea was comparable to that of other
respiratory symptoms characteristic of COPD (cough, wheeze
and phlegm). These findings are consistent with those reported
in general populations [23, 24] and in selected COPD subjects
[13–16]. However, COPD seems to have a larger impact on
males than females, as measured by the magnitude of
differences in perception of health, symptoms and physical
performance.

Interactions between airway behaviour and sociocultural
determinants are complex [25], and could partially explain
some of the sex differences of perception and report of
respiratory symptoms. For instance, females reported more
shortness of breath and less exercise capacity, whereas sputum
production (associated with sex differences in cough reflex
sensitivity) was more widely reported in males. At least one
population-based study found that, for the same level of FEV1,
the rate of dyspnoea was higher in females than in males [26],
which is consistent with our findings. The reasons for these
differences are not well understood, but it has been suggested
that the perception of breathlessness in females is related to
hormonal effects on airways [25]. Psychological factors have
also been associated with reporting respiratory symptoms.
Depressive and anxiety disorders in the general population are
more prevalent in females, as well as psychiatric disorders in
females with COPD [13]. Unfortunately, measurements for
assessing anxiety and depression were not included in the
PLATINO study; therefore, their influence could not be
evaluated. This could be an important aim for future research.

Comorbidity is another factor that may help explain sex
differences in dyspnoea and physical activity. Although
comorbidity is increased in COPD patients, its prevalence
varies widely among studies [27, 28]. Data from a USA
national COPD sample showed that the prevalence of
comorbid conditions was similar among females and males
except for depression, osteoporosis and cardiovascular disease
[29]. Other studies have reported more comorbidity in males
with COPD [16]. In the present study, multivariate analysis
showed that a higher comorbidity score was independently
associated with the presence of dyspnoea and a lower SF-12
physical score in the entire population. We also found a higher
comorbidity score in females even without COPD, which could
contribute to observed sex differences in dyspnoea. It is
possible that older age could partly explain comorbidity in
females without COPD, but not in subjects with COPD.
Another possible explanation for the higher comorbidity in
females could be the limited number of self-reported comorbid
conditions assessed in PLATINO (heart disease, hypertension,
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FIGURE 4. Chronic obstructive pulmonary disease severity (Global Initiative for

Obstructive Lung Diseases (GOLD) stages) and smoking exposure (pack-yrs) by

sex and smoking status. Statistical tests used were as follows. GOLD stage: Mann–

Whitney test and ordered logistic regression (adjusted for survey design); p-values

reflect Mann-Whitney test. Mean pack-yrs: Wald test (adjusted for survey design).

h: stage 1; &: stage 2; &: stages 3 and 4. #: p50.0023; ": p50.8071;
+: p50.5588. The mean smoking exposure in current smokers was 28.3 and

25.5 pack-yrs (p50.3539) in males and females, respectively. In former smokers,

mean smoking exposure was 34.9 and 17.5 pack-yrs (p,0.0001) in males and

females, respectively.

TABLE 4 Multivariate logistic regression model explaining dyspnoea in the entire study population#

Variable OR (95% CI) p-value

Female sex 1.60 (1.40–1.84) ,0.001

Pre-BD FEV1 % pred 0.99 (0.99–0.99) ,0.001

Comorbidity score per additional comorbid condition 1.21 (1.13–1.30) ,0.001

Age per year 0.99 (0.99–1.00) 0.009

BMI per 1-kg?m-2 change 1.06 (1.04–1.07) ,0.001

White race 0.79 (0.69–0.90) ,0.001

Education per year 0.97 (0.95–0.99) ,0.001

SF-12 physical score 0.93 (0.92–0.94) ,0.001

SF-12 mental score 0.96 (0.96–0.97) ,0.001

Wheeze 1.64 (1.41–1.91) ,0.001

Phlegm 1.55 (1.30–1.84) ,0.001

Cough 1.55 (1.31–1.84) ,0.001

BD: bronchodilator. FEV1: forced expiratory volume in 1 s; % pred: % predicted; BMI: body mass index; SF-12: Short Form 12. #: n55,220.
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stroke, diabetes, ulcer and asthma). Females also had higher
BMI, another factor associated with dyspnoea.

Some studies have reported higher vulnerability in females to
the deleterious effects of cigarette smoke [30]. In the current
study, females with COPD had lower pre-BD FVC and a
higher FEV1/FVC ratio, as well as higher FVC responsiveness
compared with males. Although the overall distribution of
COPD severity was similar between sexes, females with COPD
who were current smokers had more severe COPD, despite
similar cigarette exposure. Complicating matters even more,
former smokers had no sex differences in severity distribution
despite significant differences in smoking exposure histories.
These data suggest a more complex relationship between sex
and smoking susceptibility.

Female sex has also been associated with airway hyperrespon-
siveness [31]. This could be attributable to their smaller lung
volumes and to hormonal differences [32]. There is an
apparent discrepancy regarding acute bronchodilator reversi-
bility by sex. Data from the National Emphysema Treatment
Trial indicated that males were more likely to demonstrate
reversibility of airway obstruction compared to females [14].
However, results from the Lung Health Study in patients with
milder disease did not suggest sex differences in acute
bronchodilator responsiveness [33]. We found that acute
bronchodilator response was more common in females than
in males with and without COPD, which is consistent with
studies reporting higher airway hyperresponsiveness in
females. Some studies have reported that hyperresponsiveness
is associated with obesity in females [34]: the higher BMI
associated with female sex in PLATINO [35] could also be a
factor related to acute bronchodilator response.

Finally, there are limitations in this study that have been
discussed previously [2, 19]. First, our definition of COPD was
based on post-BD FEV1/FVC ,0.70 at a single examination.
Although this is the most widely accepted definition for
COPD, it represents a simplified case definition for epidemio-
logical purposes and not a definitive clinical diagnosis. This
‘‘fixed ratio’’ definition has shown some sex bias compared

with the LLN definition, but our sensitivity analysis using the
latter definition showed no important effects on the findings
presented here. We determined acute responsiveness to
bronchodilator and not airway hyperresponsiveness (using a
methacholine challenge), as the latter was not practical in a
house-to-house, population-based survey. We also recognise
the MRC scale has limitations as an instrument to measure
dyspnoea severity; however, this scale is the most widely
accepted measure for quantifying dyspnoea in clinical practice.

In summary, this study indicates that there are important sex
differences in the impact of COPD. Independent of COPD
status, females report more dyspnoea and physical limitation,
and worse general health status than males. Currently smoking
females with COPD have more severe obstruction than male
smokers, despite similar exposure to cigarettes. In this context,
COPD impact can be better characterised in males through
changes in respiratory symptoms, health perception and
physical performance, and in females through impaired lung
volumes and airway reversibility.
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