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ABSTRACT The increasingly female face of chronic obstructive pulmonary disease (COPD) prevalence
among women has equalled that of men since 2008, due in part to increased tobacco use among women
worldwide and exposure to biomass fuels. This finding is supported by a number of characteristics. There
is evidence of susceptibility to smoking and other airborne contaminants, along with epidemiological and
phenotypic manifestations. COPD has thus become the leading cause of death in women in the USA.
The clinical presentation is characterised by increasingly pronounced dyspnoea with a marked tendency
towards anxiety and depression, undernutrition, nonsmall cell lung cancer (especially adenocarcinoma)
and osteoporosis. Quality of life is also more significantly impacted. The theories advanced to explain
these differences involve the role played by oestrogens, impaired gas exchange in the lungs and smoking
habits. While these differences require appropriate therapeutic responses (smoking cessation, pulmonary
rehabilitation, long-term oxygen therapy), barriers to the treatment of women with COPD include
greater under-diagnosis than in men, fewer spirometry tests and medical consultations. Faced with this
serious public health problem, we need to update and adapt our knowledge to the epidemiological
changes.
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Introduction
Chronic obstructive pulmonary disease (COPD) is no longer a respiratory disease that predominantly
affects men, and less still the elderly. It encompasses several phenotypes and a specific female phenotype
cannot be ruled out.
There is a significant delay in diagnosis because women do not seek medical attention for dyspnoea but
for fatigue, resulting in major psychosocial consequences and impaired quality of life [1]. The experience
of this disease is difficult for these women because COPD is an invisible disease that can cause
misunderstanding among family and friends.
In the USA, COPD is the leading cause of death among female smokers [2, 3], ahead of lung cancer and
cardiovascular diseases. Under-diagnosis in primary care medicine is still common [4] because the medical
profession needs to change its perception and teaching of COPD as a male disease, a misperception that
has stuck with them since their early years of medical school. COPD has female-specific clinical
manifestations and comorbidities.
The Fletcher curve is still used today to plot the rate of forced expiratory volume in 1 s (FEV1) decline,
despite only male patients being used and despite the identified decline in females [5, 6].

The rise of smoking among women
Catherine de Medici was the first woman in French history to use tobacco, yet consumption by women
would long remain marginal. A whiff of scandal surrounded female smokers such as Georges Sand, who
would visit literary salons with a pipe or cigar. Not until the 20th century did cigarettes become
widespread among women. Female smoking trends rose in tandem with the changing status of women.
Smoking trends among women seem to follow the same pattern as the trend in male smoking after a lag
of nearly a century [7]; smoking first started among the upper classes and then spread to working-class
men, who became the primary tobacco users. This trend went hand-in-hand with a sharp increase in the
number of smokers. It is now thought that smoking among men has reached its peak and is sociologically
in decline. For women, this trend began in the interwar years. By smoking, women signified their
membership of a privileged social group and their desire for emancipation. This was the fashion statement
of the flappers. Between 1950 and 1970, cigarettes permeated every stratum of society and became
commonplace.
The phenomenon was aided by advertising [8]. The tobacco industry sought to portray cigarettes as a
means of seduction, first by lauding the slimming effects of tobacco and then by filming glamorous
actresses like Marlene Dietrich. Many American actresses signed up to these manipulative practices, and
their European counterparts followed suit soon after.
However, an encouraging trend is emerging from the West: in the USA, smoking among women is viewed
negatively and its harmful health consequences are recognised. Sociologically, it is in decline. And now,
Europe seems to be catching up. We can expect a more rapid rate of decline in smoking prevalence among
women than among men.
Confronted by this risk of declining tobacco use in Europe, the tobacco industry is looking elsewhere for
market share. It has shifted its interest to developing countries, where it is still possible to win over large
numbers of new consumers and where smoking prevention measures are underdeveloped. In these
countries, women and young people are prime targets. A report by the World Health Organization
(WHO) also points to evidence that tobacco advertising increasingly targets young girls [9]. The messages
conveyed by advertising are identical to those which have been tried and tested in Western countries;
emphasis is placed on the social acceptability of women who smoke and on smoking as a sign of
emancipation. An article by HITCHMAN and FONG [10] shows that there is a close correlation between
female and male smoking rates and female empowerment. This correlation is clearly associated with the
level of economic development. Will the trend towards greater female empowerment also lead to a tobacco
epidemic among women [10]? To highlight the significance of the risk posed by rising tobacco use among
women worldwide, the theme for the World No Tobacco Day organised by WHO in 2010 was “Gender
and tobacco with an emphasis on marketing to women”.
Yet the increase in female smoking is not necessarily inevitable. During the 20th century, the prevalence of
female smoking declined in China. The smoking rate among women was 25% at the start of the century
and increased further in the 1930s, but then experienced a decline in the second half of the 20th century.
This reversal coincided with the emergence of new sociocultural norms which frowned on smoking among
women. These new norms were conveyed through movements based on traditional values extolling
behaviours that promoted a healthier mind and body [11]. The Global Adult Tobacco Survey (GATS) was
conducted by the WHO to assess household tobacco consumption in different countries around the world.
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In 2010, it was conducted among Chinese households. It showed that 52.9% of men were reported to
smoke while only 2.4% of women smoked [12].

Epidemiology of COPD in women
COPD remains under-diagnosed, especially in women [13]. Two studies carried out in North America and
Spain show similar results. Female smokers who visit a physician are more than one-third less likely to be
diagnosed with COPD than male smokers. Spirometry testing and referral to a pulmonologist are less
common for women [4, 14, 15]. Women reportedly suffer a delay in the diagnosis of COPD, explainable
in part by voluntary postponement of access to a consultation or in some patients by the prevalence of
symptoms of fatigue or depression that point to a different type of treatment [16]. Allowing for these
reservations, the prevalence of COPD is currently estimated, depending on the country, to range from
4.5% to 10.2% [17, 18]. Although a 2006 meta-analysis assessed prevalence at 9.8% among men and 5.6%
among women [19], the latest data mitigate this difference. The Burden of Obstructive Lung Disease
(BOLD) study, in which prevalence was found to be 11.8% among men and 8.5% among women, reports
a higher prevalence at the moderate stages among women in the USA, Austria, Iceland and Australia [20].
In 2008, the WHO estimated that 168 million men and 160 million women were affected worldwide [21].
An analysis of data from 1998 to 2009 shows that the prevalence of COPD in the USA increased in
women and decreased in men. The same trends were found in Canada, the Netherlands and Austria
[22–24]. In the USA, the number of women diagnosed with emphysema has outnumbered that of men
since 2011 [24]. An increase in smoking among women in all countries, including France, has been
observed in parallel with the exposure of women to indoor smoke as a result of burning biomass fuels in
developing countries [25–28]. Women are more susceptible to tobacco, having a more severe disease
despite lower cumulative tobacco consumption, earlier onset of COPD, and faster decline in FEV1, but
conversely obtain greater benefit from cessation of exposure [24, 29]. This susceptibility to airborne
contaminants involves not only tobacco. CELLI et al. [30] found that 80% of nonsmoker COPD patients are
women, probably on account of exposure to biomass fuels.
In Spain, the ECCO study evaluated the comorbidity in COPD patients hospitalised in internal medicine
departments. The mean number of comorbidities was 3.7 in men and 1.8 in women ( p<0.05). Women
had a lower prevalence of ischaemic heart disease and alcoholism, but presented more frequently with
heart failure, osteoporosis and diabetes [31]. In a recent Swedish study of oxygen-dependent COPD
patients, women had significantly higher hypertension, higher rates of depression and higher rates of
osteoporosis. The presence of a comorbidity was an independent predictor of mortality and the effect was
similar for both sexes; nevertheless, mortality was lower among women [32, 33]. Several authors have
found a higher frequency of depression in women and a greater impact on quality of life [34]. Dyspnoea
appears strongly associated with depression in women [34–37]. In France, a working group studying a
real-life COPD patient population showed that, for a given age and level of airflow obstruction, women
have a higher BODE index (body mass index, airflow obstruction, dyspnoea and exercise capacity) due to
a lower body mass index and more pronounced dyspnoea, suggesting a poorer overall prognosis [38].
Considering the pulmonary hypertension phenotype in COPD, it is equally present in both sexes as shown by
the ASPIRE register, whereas there is a female predominance in pulmonary hypertension in group one [39].
Between 1990 and 2010, COPD became the third leading cause of death in the USA. The COPD mortality
rate declined among men in the USA between 1999 (57.0 per 100 000) and 2006 (46.4 per 100 000),
whereas there was no significant change in mortality rates for women (35.3 per 100 000 in 1999 and 34.2
per 100 000 in 2006). In 2000, the number of women dying from COPD surpassed the number of men [40].
A recent assessment of mortality rates due to COPD in the cohorts from the National Health and
Nutrition Examination Survey (NHANES) I and NHANES III in the USA showed a smaller decrease in the
mortality rate among women with moderate or severe COPD than among men (3.0% versus 17.8%) [41].
Thus, the survival advantage of women with COPD has been diminishing [3].

Is there a specific COPD-related phenotype in women?
Women with COPD appear to have a different clinico-radiological phenotype from that of men. In
smoking- or FEV1-matched men and women, women present with more symptoms such as dyspnoea [42, 43]
or cough [14]. Even if they produce less sputum than men [14, 44], they are more likely to have a chronic
bronchitic phenotype. This seems to confirm the histopathological analyses [42]; although women have
less severe COPD than men, they have thicker small airway walls (<2 mm in tissue removed during lung
volume reduction surgery). Conversely, a computed tomography analysis showed thicker bronchial walls in
men [45]. The significance of emphysema in women is also under discussion [19]. In the National
Emphysema Treatment Trial (NETT) study of patients with severe COPD before lung volume reduction
surgery [42] or in a lung cancer screening study [46], smoking-matched women had less emphysema than
men. Women presenting with the same airflow obstruction and lower smoking rates are usually younger
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and have more frequent exacerbations [47]. This susceptibility to tobacco smoke in women favours a faster
rate of FEV1 decline [48–51].
Several cohort studies of patients in the Genetic Epidemiology of COPD (COPD Gene) study support the
existence of a sex-related genetic component in COPD onset, including a higher risk of early-onset severe
COPD in female smokers [52, 53]. The X chromosome may be involved since COPD in a mother
increases the risk of COPD onset in a daughter who smokes [52]. Anatomical factors and the concept of
dysanapsis may explain why women are at increased risk of airway diseases [54]. During adolescence,
female airway growth is small relative to lung growth to men, whose bronchopulmonary growth is more
homogeneous, hence the impaction of inhaled substances on a smaller surface [55]. There is greater
particle deposition in healthy women than in men [56] especially in the proximal airways [57]. Another
hypothesis is that local inflammatory response in the airways is greater in female than in male smokers.
Indeed, respiratory bronchiolitis may occur early in young female smokers [58]. Narrowing of the small
airways in women with emphysema is associated with greater bronchial wall thickening [42]. There are
also significant differential expressions of certain proteins in alveolar macrophages from male and female
smokers with COPD [59]. In women with COPD, impairment in lysosomal function would result in
macroautophagy inhibition in alveolar macrophages, thereby contributing to airway inflammation. Leptin,
a pro-inflammatory mediator present in the airways of female COPD patients, stimulates the production of
certain cytokines; its elevated serum level is thought to be associated with an increased prevalence of
COPD in women but not in men [60]. In patients matched for airway obstruction, serum levels of
interleukin-16 and vascular endothelial growth factor were significantly higher in female COPD patients
than in male COPD patients [61]. Bronchial hyperresponsiveness (BHR) is more common in women than
in men, and excessive smoking (>20 g·day−1) is associated with a higher risk of significant BHR only in
women [62]. BHR is a risk factor for accelerating lung function decline in smokers of both sexes but the
rate of FEV1 decline is more rapid in women [63]. The manner in which smoke is inhaled can change the
level of BHR; women tend to inhale more deeply, thus exacerbating BHR [64]. Hormonal factors play a
complex role at bronchopulmonary level. The role of oestrogens is well established at several levels: they
are involved in maintaining cell structures and in lung elastic recoil that keeps airways open [65].
Accordingly, the level of airway obstruction in post-menopausal women not receiving hormone
replacement therapy is greater than in those receiving hormone replacement therapy [66]. The potential
anti-oestrogenic effect of cigarette smoke is known [67], and may contribute to impaired lung function in
female smokers. After smoke inhalation, chemicals are metabolised in phase I and II, largely mediated by
cytochrome P450 (CYP) enzyme inducers. Oestradiol upregulates CYP enzymes of phase I without
altering phase II. It increases oxidative stress in the airways making female lungs more susceptible to
oxidant damage in response to cigarette smoke [68]. Finally, oestradiol induces MUC5B mucin gene
expression in airway epithelial cells in healthy subjects, hypersecretion of the protein being common in
chronic respiratory disease [69]. Testosterone aggravates emphysema of the male lung [68]. It increases
metalloprotease and elastase effects and alveolar destruction by stimulating neutrophils response.

Nonsmoking-related COPD
COPD among nonsmokers is an increasing area of study and accounts for 25–45% of patients with COPD [70].
The prevalence of nonsmoking-related COPD is higher among women than among men [24, 71–79].
In the international BOLD study, among 4291 nonsmokers aged >40 years, 6.6% had COPD stage I and
5.6% had COPD stage II or higher [80]. Among smokers, the prevalence of COPD was higher in men
(17.1% versus 13.2%, p=0.001) while among nonsmokers, the age distribution was similar in both sexes
(5.2% versus 6.2%, p=0.142) [80].
Exposure to biomass smoke is thought to be the main risk factor for nonsmoking-related COPD
worldwide and occurs mainly in women because they cook in poorly ventilated homes in developing
countries [24, 70]. A Chinese study of a large group of nonsmokers found COPD prevalence to be 4% in
women and 5.1% in men [81]. The women were slightly younger than the men (51.1 years versus
54.4 years) and 92% of them were responsible for cooking compared with 29–52% of the men. Cooking
and the use of coal or wood for heating were associated with a higher prevalence of airway obstruction.
The risk factors for COPD were living in a rural area, older age, lower level of education, lower income,
lower body mass index and a doctor-diagnosed history of tuberculosis.

Psychological and social impact of COPD: are men and women equal?
Several quality of life questionnaires are available for the study of COPD patients: Short-form (SF) 36, the
Medical Research Council Questionnaire and the St George’s Respiratory Questionnaire (SGRQ), the last
of which is most commonly used. Several studies based on these tools report greater quality of life
deterioration in women than in men (table 1) [1, 24, 82, 83]. A French multicentre study [1] compared
the SGRQ, the hospital anxiety and depression (HAD) scale and a motivation scale on smoking cessation
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TABLE 1 Studies concerned with quality of life by sex in chronic obstructive pulmonary disease (COPD)
First author
[ref.]

Country

Quality of life (tools used)

COPD
stage

Females/males n

Results

DE TORRES [82]

Spain,
single-centre

SGRQ

GOLD II,
III

73/73

Quality of life more impaired in females
Dyspnoea and arterial saturation: only factors associated
with the SGRQ score, unlike males for whom exercise
capacity, dyspnoea and comorbidities are found

KATSURA [83]

Japan,
single-centre

SGRQ–SF-36,
Philadelphia Geriatric Center morale
scale

GOLD II

39/117

SGRQ: highest score for activity, impact and total score
among females compared with males
SF-36 highest score on perceived health and health
compared with 1 year ago for females/males

KAPTEIN [84]

Netherlands

Telephone or e-mail questionnaire:
intimate physical contact scale (IPCS) or
Respiratory Experiences with Sexuality
Profiles (RESP)

COPD,
asthma

55 patients (of whom 10
females and 15 males
with COPD)

Reduced sexual activity in males and deterioration in quality
of sex life
More seldom occurrence in women

RODRÌGUEZGONZÁLEZ
MORO [85]

Spain

SF-12 (used during consultations with
pulmonologists and treating physician)

GOLD II,
III

1786/1661

Quality of life more impaired in females, particularly
concerning the mental and physical aspects of SF-12

RAHERISON [1]

France,
multicentre

SGRQ, HADS, Q-MAT (for active
smokers)

GOLD II,
III, IV

247/183

Poorer anxiety and quality of life scores in females even
though lung function impairment was less severe than in
males
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SGRQ: St George’s Respiratory Questionnaire; SF: short-form; GOLD: Global Initiative for Chronic Obstructive Pulmonary Disease; HADS: hospital anxiety and depression scale.
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in men and in women. The frequency of cough, sputum and severity of dyspnoea did not differ between
sexes. The anxiety score was higher and quality of life more impaired in women. In a multivariate analysis,
chronic sputum was associated with a poorer quality of life. A Swedish study highlighted the impact of
cough and urinary incontinence on quality of life for women and men with COPD [86]. The study placed
importance on the reporting of these symptoms during the interview but did not compare the differences
between men and women. Female COPD patients with a heavy smoking history seem to experience a
poorer quality of life than men with the same smoking intensity [86]. Sex is overlooked in the quality of
life scores. A small cohort study looked at a population of patients with COPD and asthma [84]. Patients
were asked to answer two questionnaires by phone or e-mail: the Intimate Physical Contact Scale and the
Respiratory Experiences with Sexuality Profiles. The female COPD patients described a poorer “quality of
sex life” than asthmatic women. However, the scores appeared better than for the men with COPD,
particularly in terms of activity and satisfaction. BECKLAKE and KAUFMANN [87] speculated that men attach
more importance to athleticism and place less emphasis on dyspnoea as a major symptom. This societal
ideal would explain some differences in terms of quality of life and symptom reporting [24]. Conversely,
women are less likely than men to report sputum as a symptom. Loss of muscle mass is greater in patients
with moderate-to-severe COPD [88] and muscle mass depletion impacts quality of life. This concept is
under discussion and some authors suggest a link between muscle mass loss, decreased carbon monoxide
diffusion capacity and static hyperinflation [89]. This would tie in with the more common emphysematous
phenotype in women. Different methods are used to assess anxiety and depression in COPD patients. In
terms of questionnaires, HAD is the preferred method [1, 34, 35, 90–92]; the structured interview
approach or medical diagnoses are less common [90, 93].
The incidence of depression is higher in COPD patients than in the general population. Women are
significantly more likely to have anxiety and/or depression than men in the COPD population (table 2)
with manifestations that can be severe ( phobia, panic attacks and generalised anxiety) [90]. The prevalence
of depression is significantly higher among women (OR=1.76) [94]. Thus, VANFLETEREN et al. [91] have
identified a “psychological” phenotype with a female majority of 55%.
The consequences of anxiety and depression are numerous: smoking cessation is more difficult [95];
dyspnoea is increased [94]; quality of life, as measured by the SGRQ or the SF36, is impaired [1, 34, 90,
99, 96]; and sleep disturbances are more frequent [97–99]. The rate of rejection or abandonment of
pulmonary rehabilitation is increased [100, 101] and the commitment to self-management of the disease
and implementation of action plans to manage exacerbations is lacking [92]. The increased use of care
services is linked to an increased risk of exacerbations [35, 102, 103] and increased risk of hospital
readmission at 1 year [35]. For MCGARVEY et al. [93], female sex and depression are among the risk factors
of frequent exacerbations (>2 the previous year). For FAN et al. [96], 3-year mortality is significantly
increased among patients with depressive symptoms. Anxiety is one of 12 comorbid conditions
contributing to excess mortality among the patients concerned, with a hazard ratio of 13.76 [104].

Lung cancer and COPD in women
Nonsmall cell lung cancer (NSCLC) incidence and mortality have increased in recent years in women [105].
The incidence of NSCLC increased 4–5 times faster than the general population in patients with COPD
over the period 1991–2001 in the UK, regardless of sex [106]. COPD itself is an independent risk factor
for NSCLC above and beyond its association with smoking [107]. The impact of COPD on mortality is
negligible in some studies [108, 109], whereas according to the study by KIRI et al. [106], COPD increases
3-year mortality in patients with NSCLC regardless of patient age or sex, with higher mortality rates above
all in patients aged >65 years (RR=2.05 against 1.3 in patients aged <65 years). Few studies focus on
women with COPD and presenting with NSCLC. In the study by IZQUIERDO et al. [109], 47.7% of patients
with stages IIIB and IV NSCLC also had COPD, while in the study by LOGANATHAN et al. [105], 72.8% of
men with NSCLC and 52.5% of women with NSCLC also had COPD, regardless of the TNM
(classification of malignant tumours) stage of the disease. In a study of 562 North American women aged

TABLE 2 Prevalence of anxiety and depression in patients with chronic obstructive pulmonary disease (COPD) according to sex
First author [ref.]
DI MARCO[34]
LAURIN [90]
RAHERISON [1]

Population

Patients n

COPD

Females %

Anxiety

Depression

Anxiety and depression

Italian
Canadian
French

202
116
430

Moderate to severe
Moderate to severe
Moderate to severe

23.3
53
57.4

38.3/25.2
56/35
29.4/16.8

38.3/12.9
24/12
19/4.6

25.5/6.5
Not provided
Not provided

Data are presented as females/males %, unless otherwise stated.
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18–74 years who were diagnosed with NSCLC, an increased risk of developing NSCLC before 55 years of
age was seen in women with COPD (OR=1.67) compared to women without COPD. This effect was not
present in the subgroup of African–American women. Emphysema was associated with an increased risk
of NSCLC in women with COPD (OR=3.21). A history of chronic bronchitis also increased the risk of
NSCLC (OR=1.7) [110]. The median time between COPD diagnosis and NSCLC diagnosis was 13 years
regardless of age at diagnosis of NSCLC, but the average age of onset of COPD was 35 years for patients
diagnosed with NSCLC before 55 years of age, compared to 51 years if the diagnosis of NSCLC was made
after 55 years of age. The authors suggest a possible genetic susceptibility to early onset of lung disease and
then NSCLC [110] in female smokers. In support of these findings, several pathophysiological hypotheses
exist in the literature. DNA repair capacity is thought to be 10–15% lower in women than in men [111].
Women are said to have higher levels of DNA adducts and more DNA damage [111]. Increased metabolic
bioactivation relating to tobacco use (hydrocarbons) was also a proposed hypothesis [111]. Women are
thought to have increased expression of CYP (cytochrome P450 gene) enzymes in the distal airways that
would be upregulated by oestrogen receptor-α [111]. Finally, oestrogens might inﬂuence NSCLC onset
regardless of sex [112, 113] by oestrogen receptor-α and -β expression in lung adenocarcinoma cells [112].

Therapeutic care
Analysis of the effects of smoking cessation according to sex has been the subject of several studies
involving very large samples. The “Lung Health Study” [49], which set out to assess lung function
parameters in patients with mild-to-moderate COPD, found that FEV1 gain was greater in women than in
men at 1 year (3.7% versus 1.6%; p<0.001) if smoking cessation was successful, and at 5 years, although the
difference between the two sexes was less marked. Furthermore, the relationship between FEV1 slope of
decline and bronchial hyperreactivity was more significantly correlated in women than in men ( p<0.001).
These findings confirmed those obtained in two previous Danish [114] and Canadian [50] cohorts, which
showed that the greater the women’s past smoking habit, the greater the beneficial effects of smoking
cessation [114]. Moreover, the female population appears to be more sensitive to the harmful effects of
smoking [115]. However, it would appear that women find it harder than men to stop smoking and are
more likely to relapse because of less clinical improvement after smoking cessation and potential weight
gain [29, 49]. These factors justify the use of highly tailored cessation strategies designed specifically for
women. A background of anxiety and depression complicates smoking cessation. Studies that have
investigated the effect of pharmacological smoking cessation aids including bupropion and varenicline seem
to find them equally effective in men and women [29, 116], although the efficacy of nicotine transdermal
patches is more pronounced in the male population [117]. Women have stronger immune responses than
men after a flu vaccination. They have more frequent adverse reactions than men, but the vaccination is
more effective [118]. Given the small number of studies devoted to the influence of sex on the medical
treatment of COPD, the published results might appear conflicting. Thus, an old study [119] on a small
population suggested that, irrespective of age, the inhalation technique proved less effective in women than
in men, with 4% of the female population satisfied with its use compared with 43% of males. This finding
was not confirmed in a more recent study, which however did not control the extent to which patients were
educated on the use of inhalers [120]. Similarly, the findings diverge in terms of compliance; women with
mild-to-moderate COPD were reportedly more treatment compliant, whereas compliance was reported to
be more satisfactory in men with severe COPD [121]. Few studies focus on the efficacy and tolerability of
these treatments by sex. The study by VESTBO et al. [122] on salmeterol/fluticasone coadministration found
no difference in therapeutic response between men and women in terms of FEV1, frequency of
exacerbations and quality of life. Another study of tiotropium showed identical effects on lung function,
respiratory symptoms and quality of life in the female and male population [123]. A similar finding could
be extrapolated from the results published in the TORCH study, in which treatment response was
unaffected by sex, although the study was not designed to answer this question [124]. The lower proportion
of women in the majority of studies makes it difficult to evaluate the pharmacology and effects of the
different therapeutic classes used in COPD. We have little data on the differences in sex-based physiology
and respiratory anatomy to make a potential effect on dose delivery and on the efficacy of inhaled therapies.
However, the likelihood of a deterioration in clinical respiratory status (symptoms and exacerbations) on
discontinuation of inhaled corticosteroids seems greater in female than male patients with COPD [125].
Finally, special attention should be paid to inhaled corticosteroid use in women given the the increased risk
of osteoporosis, justifying supplementation with with vitamin D, calcium and bisphosphonates.
Osteoporosis is characterised by compromised bone strength and microarchitectural deterioration of bone
tissue, leading to bone fragility and increased fracture risk. Its prevalence in COPD ranges from 24% to
69% [126]. The risk factors for COPD, smoking and menopause, are compounded in women with COPD.
Oral corticosteroids are a recognised risk factor at a cumulative prednisone equivalent dose >7.5 mg daily
for more than three consecutive months. The effects of long-term use of high-dose inhaled corticosteroids
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TABLE 3 Osteoporosis risk factors
Major factors

Minor factors

Systemic corticosteroids for >3 months·year−1
Prior vertebral compression fracture

Body mass index <21
Active smoker
Chronic alcoholism
Aged >65 years
Hip fracture
Rib fracture
Menopause
Sedentariness
FEV1 <50% of theoretical value

FEV1: forced expiratory volume in 1 s.

have been reported previously [127, 128]. In post-menopausal women, the risk factors identified in
addition to fracture risk were: body mass index <19, onset of menopause before the age of 40 years, and
history of femoral neck fracture in a first-degree relative [129]. Pulmonary rehabilitation, which includes
smoking cessation and exercise training, plays a key role in the treatment and prevention of osteoporosis;
its beneficial effects on bone mineral density, strength muscle, balance and fall risk have been proven [107].
Calcium and vitamin D supplementation are effective in reducing fracture risk with a vitamin D
dose-dependent effect only when combined with calcium [130]. A daily dose of 800 IU of vitamin D and
1 g of calcium is recommended with a T-score more than −1 with three minor risk criteria or one major
risk criterion (table 3) [131, 132]. The value of antiresorptive therapy with bisphosphonates has been
demonstrated in post-menopausal women in the steroid-induced forms of osteoporosis and in obstructive
respiratory disease [133, 134]. Teriparatide appears beneficial in the treatment of glucocorticoid-induced
osteoporosis but its value in COPD patients has yet to be established [133]. There are as yet no specific
recommendations for COPD patients, let alone women with COPD [129, 135–137].
The majority of studies investigating the effects of oxygen therapy specifically for the treatment of COPD in
men and women seem to have found a benefit in women. The study by MIYAMOTO et al. [138] in 1995 found
that women on long-term oxygen therapy experienced significantly better survival, with a persistent
difference after controlling for age, blood gas analysis and lung function. These results were confirmed by a
Swedish cohort study of 5689 patients on oxygen therapy and followed up for >10 years, with a relative risk of
excess mortality among men of 1.21 [139]. In other words, first year survival was 77% in women and 69% in
men. More recent still, another cohort study in a larger population, whose mortality was assessed according
to their comorbid conditions, confirmed the mortality reduction among women [32]. This latest study made
it possible to establish that, although the significance of the comorbidities found in these patients is an
independent predictor of mortality, female mortality was lower, even after adjusting for these comorbidities.
The explanation for this difference is not fully clear given that there was no difference in FEV1 between the two
sexes at the start of oxygen therapy. Treatment initiation does not appear earlier in women, especially since
their arterial oxygen tension was lower than that of men when therapy was indicated. It is difficult to ascertain
whether compliance with oxygen therapy differed given that it was rarely controlled. It is possible that the
smoking cessation usually achieved through the introduction of oxygen therapy has been more beneficial for
women, as described earlier in this chapter. Differences in environmental and occupational exposure, together
with phenotypic differences accounting for the greater frequency of emphysema in men, could be implicated.
The improvement in exercise capacity and quality of life after pulmonary rehabilitation appears identical
in men and women [140]. These programmes appear to be beneficial for women as they take into account
many factors, including the role played by therapeutic education and its additional positive impact on
anxiety and depression. However, FOY et al. [141] found that, despite a similar improvement in both sexes
in terms of symptoms and quality of life after 3 months of exercise training, these benefits persisted only
in men at the 18-month assessment. These results should be interpreted with caution in the absence of
data on the exercises performed to maintain the gains achieved. Moreover, the expected benefits of
pulmonary rehabilitation might differ between the sexes.

Conclusion
COPD in women is a major public health issue. It is biologically plausible that women are more
vulnerable to nicotine addiction or environmental factors than men. More evidence is required,
particularly to elucidate the role played by hormones.
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In developing countries, COPD affects women differently to men, not only because of nicotine addiction,
but also because of environmental exposure to biomass fuels.
The risk of death associated with active smoking among women increases with the number of cigarettes
smoked and the age at which they become active smokers.
The perception of COPD has changed. It increasingly affects women, who differ in terms of both clinical
presentation of symptoms and exacerbations and radiological presentation. Primary care professionals and
pulmonologists must rise to the challenge of improving treatment through early diagnosis and shared
knowledge of the specific features of COPD in women in primary care medicine.
To conclude, women remain under-represented in controlled clinical trials and few studies have
investigated therapeutic response to COPD treatment according to sex.
Acknowledgements: We were assisted in the preparation of this article by Matrix Consultants (Paris, France).
Conflict of interest: C. Gut-Gobert reports personal fees from Novartis, Chiesi and GSK, outside the submitted work.
A. Cavailles has nothing to disclose. A. Dixmier reports non-financial support from Novartis, outside the submitted
work. S. Guillot has nothing to disclose. S. Jouneau reports grants and personal fees (fees, funding or reimbursement for
national and international conferences, boards, expert or opinion groups and research projects) from Actelion, AIRB,
AstraZeneca, BMS, Boehringer, Chiesi, Gilead, GSK, LVL, Mundipharma, Novartis, Pfizer, Roche and Savara-Serendex,
outside the submitted work. C. Leroyer has nothing to disclose. S. Marchand-Adam reports personal fees from Novartis,
Roche and Boehringer, outside the submitted work. D. Marquette has nothing to disclose. J-C. Meurice reports grants,
personal fees and nonfinancial support from ResMed, grants from Philips, personal fees from Fisher Paykel, and
personal fees and nonfinancial support from Novartis and Orkyn, outside the submitted work. N. Desvigne reports
other fees from Novartis, outside the submitted work. H. Morel has nothing to disclose. C. Person-Tacnet has nothing
to disclose. C. Raherison reports personal fees from Novartis, AstraZeneca, Chiesi, GSK and Boeringher Ingelheim,
outside the submitted work.
Support statement: The study was supported by Novartis Pharma AG (Paris, France).

References
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Raherison C, Tillie-Leblond I, Prudhomme A, et al. Clinical characteristics and quality of life in women with
COPD: an observational study. BMC Womens Health 2014; 14: 31.
Pirie K, Peto R, Beral V. The first generation in which many women began smoking – authors’ reply. Lancet
2013; 381: 1455–1456.
Thun MJ, Carter BD, Feskanich D, et al. 50-year trends in smoking-related mortality in the United States.
N Engl J Med 2013; 368: 351–364.
Chapman KR, Tashkin DP, Pye DJ. Gender bias in the diagnosis of COPD. Chest 2001; 119: 1691–1695.
Fletcher C, Peto R. The natural history of chronic airflow obstruction. Br Med J 1977; 1: 1645–1648.
Kohansal R, Martinez-Camblor P, Agustí A, et al. The natural history of chronic airflow obstruction revisited:
an analysis of the Framingham offspring cohort. Am J Respir Crit Care Med 2009; 180: 3–10.
Lopez AD, Collishaw NE, Piha T. A descriptive model of the cigarette epidemic in developed countries. Tob
Control 1994; 3: 242–247.
Anderson SJ, Glantz SA, Ling PM. Emotions for sale: cigarette advertising and women’s psychosocial needs. Tob
Control 2005; 14: 127–135.
WHO. Les femmes et la santé: la réalité d’aujourd’hui, le programme de demain. Geneva, World Health
Organization, 2009.
Hitchman SC, Fong GT. Gender empowerment and female-to-male smoking prevalence ratios. Bull World
Health Organ 2011; 89: 195–202.
Hermalin AI, Lowry D. The age prevalence of smoking among Chinese women: a case of arrested diffusion?
Population studies center research report 10-718. Michigan, University of Michigan Institute for Social Research,
2010.
WHO. Global Adult Tobacco Survey (GATS), Fact Sheet China: 2010. Geneva, World Health Organization, 2010.
Ancochea J, Miravitlles M, García-Río F, et al. Underdiagnosis of chronic obstructive pulmonary disease in
women: quantification of the problem, determinants and proposed actions. Arch Bronconeumol 2013; 49:
223–229.
Watson L, Vestbo J, Postma DS, et al. Gender differences in the management and experience of chronic
obstructive pulmonary disease. Respir Med 2004; 98: 1207–1213.
Miravitlles M, de la Roza C, Naberan K, et al. [Attitudes toward the diagnosis of chronic obstructive pulmonary
disease in primary care]. Arch Bronconeumol 2006; 42: 3–8.
Martinez CH, Raparla S, Plauschinat CA, et al. Gender differences in symptoms and care delivery for chronic
obstructive pulmonary disease. J Womens Health (Larchmt) 2012; 21: 1267–1274.
Tilert T, Dillon C, Paulose-Ram R, et al. Estimating the U.S. prevalence of chronic obstructive pulmonary disease
using pre- and post-bronchodilator spirometry: the National Health and Nutrition Examination Survey
(NHANES) 2007-2010. Respir Res 2013; 14: 103.
Soriano JB, Ancochea J, Miravitlles M, et al. Recent trends in COPD prevalence in Spain: a repeated
cross-sectional survey 1997–2007. Eur Respir J 2010; 36: 758–765.
Halbert RJ, Natoli JL, Gano A, et al. Global burden of COPD: systematic review and meta-analysis. Eur Respir J
2006; 28: 523–532.
Buist AS, McBurnie MA, Vollmer WM, et al. International variation in the prevalence of COPD (the BOLD
Study): a population-based prevalence study. Lancet 2007; 370: 741–750.

https://doi.org/10.1183/16000617.0055-2018

9

COPD | C. GUT-GOBERT ET AL.

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

Vos T, Flaxman AD, Naghavi M, et al. Years lived with disability (YLDs) for 1160 sequelae of 289 diseases and
injuries 1990–2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet 2012; 380:
2163–2196.
Gershon AS, Wang C, Wilton AS, et al. Trends in chronic obstructive pulmonary disease prevalence, incidence,
and mortality in Ontario, Canada, 1996 to 2007: a population-based study. Arch Intern Med 2010; 170: 560–565.
Bischoff EW, Schermer TR, Bor H, et al. Trends in COPD prevalence and exacerbation rates in Dutch primary
care. Br J Gen Pract 2009; 59: 927–933.
Aryal S, Diaz-Guzman E, Mannino DM. Influence of sex on chronic obstructive pulmonary disease risk and
treatment outcomes. Int J Chron Obstruct Pulmon Dis 2014; 9: 1145–1154.
Raherison C, Girodet PO. Epidemiology of COPD. Eur Respir Rev 2009; 18: 213–221.
Raherison C, Biron E, Nocent-Ejnaini C, et al. [Are there specific characteristics of COPD in women?]. Rev Mal
Respir 2010; 27: 611–624.
Liu S, Zhou Y, Wang X, et al. Biomass fuels are the probable risk factor for chronic obstructive pulmonary
disease in rural South China. Thorax 2007; 62: 889–897.
Spilka S, Le Nézet O, Ngantcha M, et al. Les drogues à 17 ans: analyses de l’enquête ESCAPAD 2014. www.ofdt.
fr/publications/collections/periodiques/lettre-tendances/les-drogues-17-ans-analyse-de-lenquete-escapad-2014tendances-100-mai-2015/ Date last updated: May, 2015.
Aryal S, Diaz-Guzman E, Mannino DM. COPD and gender differences: an update. Transl Res 2013; 162: 208–218.
Celli BR, Halbert RJ, Nordyke RJ, et al. Airway obstruction in never smokers: results from the Third National
Health and Nutrition Examination Survey. Am J Med 2005; 118: 1364–1372.
Almagro P, López García F, Cabrera F, et al. Comorbidity and gender-related differences in patients hospitalized
for COPD. The ECCO study. Respir Med 2010; 104: 253–259.
Ekstrom MP, Jogreus C, Strom KE. Comorbidity and sex-related differences in mortality in oxygen-dependent
chronic obstructive pulmonary disease. PLoS One 2012; 7: e35806.
Agusti A, Calverley PM, Celli B, et al. Characterisation of COPD heterogeneity in the ECLIPSE cohort. Respir
Res 2010; 11: 122.
Di Marco F, Verga M, Reggente M, et al. Anxiety and depression in COPD patients: the roles of gender and
disease severity. Respir Med 2006; 100: 1767–1774.
Gudmundsson G, Gislason T, Janson C, et al. Depression, anxiety and health status after hospitalisation for
COPD: a multicentre study in the Nordic countries. Respir Med 2006; 100: 87–93.
Gudmundsson G, Gislason T, Janson C, et al. Risk factors for rehospitalisation in COPD: role of health status,
anxiety and depression. Eur Respir J 2005; 26: 414–419.
Fuhrman C, Roche N, Vergnenegre A, et al. [Chronic bronchitis: prevalence and quality of life. Analysis of data
from the French Health Interview Survey 2002-2003]. Rev Mal Respir 2009; 26: 759–768.
Roche N, Deslée G, Caillaud D, et al. Impact of gender on COPD expression in a real-life cohort. Respir Res
2014; 15: 20.
Hurdman J, Condliffe R, Elliot CA, et al. Pulmonary hypertension in COPD: results from the ASPIRE registry.
Eur Respir J 2013; 41: 1292–1301.
Camp PG, Goring SM. Gender and the diagnosis, management, and surveillance of chronic obstructive
pulmonary disease. Proc Am Thorac Soc 2007; 4: 686–691.
Ford ES, Mannino DM, Zhao G, et al. Changes in mortality among US adults with COPD in two national
cohorts recruited from 1971–1975 and 1988–1994. Chest 2012; 141: 101–110.
Martinez FJ, Curtis JL, Sciurba F, et al. Sex differences in severe pulmonary emphysema. Am J Respir Crit Care
Med 2007; 176: 243–252.
de Torres JP, Casanova C, Hernández C, et al. Gender and COPD in patients attending a pulmonary clinic. Chest
2005; 128: 2012–2016.
Cydulka RK, Rowe BH, Clark S, et al. Gender differences in emergency department patients with chronic
obstructive pulmonary disease exacerbation. Acad Emeg Med 2005; 12: 1173–1179.
Grydeland TB, Dirksen A, Coxson HO, et al. Quantitative computed tomography: emphysema and airway wall
thickness by sex, age and smoking. Eur Respir J 2009; 34: 858–865.
Sverzellati N, Calabrò E, Randi G, et al. Sex differences in emphysema phenotype in smokers without airflow
obstruction. Eur Respir J 2009; 33: 1320–1328.
de Torres JP, Casanova C, Montejo de Garcini A, et al. Gender and respiratory factors associated with dyspnea in
chronic obstructive pulmonary disease. Respir Res 2007; 8: 18.
Naberan K, Azpeitia A, Cantoni J, et al. Impairment of quality of life in women with chronic obstructive
pulmonary disease. Respir Med 2012; 106: 367–373.
Connett JE, Murray RP, Buist AS, et al. Changes in smoking status affect women more than men: result of the
Lung Health Study. Am J Epidemiol 2003; 157: 973–979.
Xu X, Li B, Wang L. Gender difference in smoking effects on adult pulmonary function. Eur Respir J 1994; 7: 477–483.
Chen Y, Horne SL, Dosman JA. Increased susceptibility to lung dysfunction in female smokers. Am Rev Respir
Dis 1991; 143: 1224–1230.
Foreman MG, Zhang L, Murphy J, et al. Early-onset chronic obstructive pulmonary disease is associated with
female sex, maternal factors, and African American race in the COPDGene Study. Am J Respir Crit Care Med
2011; 184: 414–420.
Silverman EK, Weiss ST, Drazen JM, et al. Gender-related differences in severe, early-onset chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 2000; 162: 2152–2158.
Sheel AW, Guenette JA, Yuan R, et al. Evidence for dysanapsis using computed tomographic imaging of the
airways in older ex-smokers. J Appl Physiol 2009; 107: 1622–1628.
Merkus PJ, Borsboom GJ, Van Pelt W, et al. Growth of airways and air spaces in teenagers is related to sex but
not to symptoms. J Appl Physiol 1993; 75: 2045–2053.
Kim CS, Hu SC. Regional deposition of inhaled particles in human lungs: comparison between men and women.
J Appl Physiol 1998; 84: 1834–1844.
Bennett WD, Zeman KL, Kim C. Variability of fine particle deposition in healthy adults: effect of age and
gender. Am J Respir Crit Care Med 1996; 153: 1641–1647.

https://doi.org/10.1183/16000617.0055-2018

10

COPD | C. GUT-GOBERT ET AL.

58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

Sayiner A, Hague C, Ajlan A, et al. Bronchiolitis in young female smokers. Respir Med 2013; 107: 732–738.
Kohler M, Sandberg A, Kjellqvist S, et al. Gender differences in the bronchoalveolar lavage cell proteome of
patients with chronic obstructive pulmonary disease. J Allergy Clin Immunol 2013; 131: 743–751.
Ali Assad N, Sood A. Leptin, adiponectin and pulmonary diseases. Biochimie 2012; 94: 2180–2189.
de Torres JP, Casanova C, Pinto-Plata V, et al. Gender differences in plasma biomarker levels in a cohort of
COPD patients: a pilot study. PLoS One 2011; 6: e16021.
Leynaert B, Bousquet J, Henry C, et al. Is bronchial hyperresponsiveness more frequent in women than in men?
A population-based study. Am J Respir Crit Care Med 1997; 156: 1413–1420.
Tashkin DP, Altose MD, Connett JE, et al. Methacholine reactivity predicts changes in lung function over time in
smokers with early chronic obstructive pulmonary disease. The Lung Health Study Research Group. Am J Respir
Crit Care Med 1996; 153: 1802–1811.
Taylor DR, Reid WD, Paré PD, et al. Cigarette smoke inhalation patterns and bronchial reactivity. Thorax 1998;
43: 65–70.
Massaro D, Massaro GD. Toward therapeutic pulmonary alveolar regeneration in humans. Proc Am Thorac Soc
2006; 3: 709–712.
Carlson CL, Cushman M, Enright PL, et al. Hormone replacement therapy is associated with higher FEV1 in
elderly women. Am J Respir Crit Care Med 2001; 163: 423–428.
Key TJ, Pike MC, Brown JB, et al. Cigarette smoking and urinary oestrogen excretion in premenopausal and
post-menopausal women. Br J Cancer 1996; 74: 1313–1316.
Tam A, Morrish D, Wadsworth S, et al. The role of female hormones on lung function in chronic lung diseases.
BMC Womens Health 2011; 3: 11–24.
Choi HJ, Chung YS, Kim HJ, et al. Signal pathway of 17beta-estradiol-induced MUC5B expression in human
airway epithelial cells. Am J Respir Cell Mol Biol 2009; 40: 168–178.
Salvi SS, Barnes PJ. Chronic obstructive pulmonary disease in non-smokers. Lancet 2009; 374: 733–743.
Hardie JA, Vollmer WM, Buist AS, et al. Respiratory symptoms and obstructive pulmonary disease in a
population aged over 70 years. Respir Med 2005; 99: 186–195.
Lamprecht B, Schirnhofer L, Kaiser B, et al. Non-reversible airway obstruction in never smokers: results from the
Austrian BOLD study. Respir Med 2008; 102: 1833–1838.
Lindström M, Kotaniemi J, Jönsson E, et al. Smoking, respiratory symptoms, and diseases: a comparative
study between northern Sweden and northern Finland: report from the FinEsS study. Chest 2001; 119: 852–861.
Viegi G, Pedreschi M, Pistelli F, et al. Prevalence of airways obstruction in a general population: European
Respiratory Society vs American Thoracic Society definition. Chest 2000; 117: 339S–345S.
Zhou Y, Wang C, Yao W, et al. COPD in Chinese nonsmokers. Eur Respir J 2009; 33: 509–518.
Ehrlich RI, White N, Norman R, et al. Predictors of chronic bronchitis in South African adults. Int J Tuberc
Lung Dis 2004; 8: 369–376.
Kim DS, Kim YS, Jung KS, et al. Prevalence of chronic obstructive pulmonary disease in Korea:
a population-based spirometry survey. Am J Respir Crit Care Med 2005; 172: 842–847.
Cerveri I, Accordini S, Verlato G, et al. Variations in the prevalence across countries of chronic bronchitis and
smoking habits in young adults. Eur Respir J 2001; 18: 85–92.
von Hertzen L, Reunanen A, Impivaara O, et al. Airway obstruction in relation to symptoms in chronic
respiratory disease – a nationally representative population study. Respir Med 2000; 94: 356–363.
Lamprecht B, McBurnie MA, Vollmer WM, et al. COPD in never smokers: results from the population-based
burden of obstructive lung disease study. Chest 2011; 139: 752–763.
Smith M, Li L, Augustyn M, et al. Prevalence and correlates of airflow obstruction in ∼317,000 never-smokers in
China. Eur Respir J 2014; 44: 66–77.
de Torres JP, Casanova C, Hernández C, et al. Gender associated differences in determinants of quality of life in
patients with COPD: a case series study. Health Qual Life Outcomes 2006; 4: 72.
Katsura H, Yamada K, Wakabayashi R, et al. Gender-associated differences in dyspnoea and health-related
quality of life in patients with chronic obstructive pulmonary disease. Respirology 2007; 12: 427–432.
Kaptein AA, Scharloo M, Fischer MJ, et al. 50 years of psychological research on patients with COPD – road to
ruin or highway to heaven? Respir Med 2009; 103: 3–11.
Rodríguez-González Moro JM, Izquierdo JL, Antón E, et al. Health-related quality of life in outpatient women
with COPD in daily practice: the MUVICE Spanish study. Respir Med 2009; 103: 1303–1312.
Hrisanfow E, Hägglund D. Impact of cough and urinary incontinence on quality of life in women and men with
chronic obstructive pulmonary disease. J Clin Nurs 2013; 22: 97–105.
Becklake MR, Kauffmann F. Gender differences in airway behaviour over the human life span. Thorax 1999; 54:
1119–1138.
Vermeeren MA, Creutzberg EC, Schols AM, et al. Prevalence of nutritional depletion in a large out-patient
population of patients with COPD. Respir Med 2006; 100: 1349–1355.
Verhage TL, Heijdra Y, Molema J, et al. Associations of muscle depletion with health status. Another gender
difference in COPD? Clin Nutr 2011; 30: 332–338.
Laurin C, Lavoie KL, Bacon SL, et al. Sex differences in the prevalence of psychiatric disorders and psychological
distress in patients with COPD. Chest 2007; 132: 148–155.
Vanfleteren LE, Spruit MA, Groenen M, et al. Clusters of comorbidities based on validated objective
measurements and systemic inflammation in patients with chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 2013; 187: 728–735.
Bos-Touwen I, Schuurmans M, Monninkhof EM, et al. Patient and disease characteristics associated with
activation for self-management in patients with diabetes, chronic obstructive pulmonary disease, chronic heart
failure and chronic renal disease: a cross-sectional survey study. PLoS One 2015; 10: e0126400.
McGarvey L, Lee AJ, Roberts J, et al. Characterisation of the frequent exacerbator phenotype in COPD patients
in a large UK primary care population. Respir Med 2015; 109: 228–237.
Hanania NA, Müllerova H, Locantore NW, et al. Evaluation of COPD Longitudinally to Identify Predictive
Surrogate Endpoints (ECLIPSE) study investigators. Determinants of depression in the ECLIPSE chronic
obstructive pulmonary disease cohort. Am J Respir Crit Care Med 2011; 183: 604–611.

https://doi.org/10.1183/16000617.0055-2018

11

COPD | C. GUT-GOBERT ET AL.

95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132

Jiménez-Ruiz CA, Andreas S, Lewis KE, et al. Statement on smoking cessation in COPD and other pulmonary
diseases and in smokers with comorbidities who find it difficult to quit. Eur Respir J 2015; 46: 61–79.
Fan VS, Ramsey SD, Giardino ND, et al. Sex, depression, and risk of hospitalization and mortality in chronic
obstructive pulmonary disease. Arch Intern Med 2007; 167: 2345–2353.
Schneider C, Jick SS, Bothner U, et al. COPD and the risk of depression. Chest 2010; 137: 341–347.
Scharf SM, Maimon N, Simon-Tuval T, et al. Sleep quality predicts quality of life in chronic obstructive
pulmonary disease. Int J Chron Obstruct Pulmon Dis 2010; 6: 1–12.
Budhiraja R, Parthasarthy S, Habib MP, et al. Insomnia in patients with COPD. Sleep 2012; 35: 369–375.
Garrod R, Marshall J, Barley E, et al. Predictors of success and failure in pulmonary rehabilitation. Eur Respir J
2006; 27: 788–794.
Busch AM, Scott-Sheldon LAJ, Pierce J, et al. Depressed mood predicts pulmonary rehabilitation completion
among women, but not men. Respir Med 2014; 108: 1007–1013.
Atlantis E, Fahey P, Cochrane B, et al. Bidirectional associations between clinically relevant depression or anxiety
and COPD: a systematic review and meta-analysis. Chest 2013; 144: 766–777.
Laurin C, Moullec G, Bacon SL, et al. Impact of anxiety and depression on chronic obstructive pulmonary
disease exacerbation risk. Am J Respir Crit Care Med 2012; 185: 918–923.
Divo M, Cote C, de Torres JP, et al. Comorbidities and risk of mortality in patients with chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 2012; 186: 155–161.
Loganathan RS, Stover DE, Shi W, et al. Prevalence of COPD in women compared to men around the time of
diagnosis of primary lung cancer. Chest 2006; 129: 1305–1312.
Kiri VA, Soriano J, Visick G, et al. Recent trends in lung cancer and its association with COPD: an analysis using
the UK GP Research Database. Prim Care Respir J 2010; 19: 57–61.
Cavaillès A, Brinchault-Rabin G, Dixmier A, et al. Comorbidities of COPD. Eur Respir Rev 2013; 22: 454–475.
Mina N, Soubani AO, Cote ML, et al. The relationship between chronic obstructive pulmonary disease and lung
cancer in African American patients. Clin Lung Cancer 2012; 13: 149–156.
Izquierdo JL, Resano P, El Hachem A, et al. Impact of COPD in patients with lung cancer and advanced disease
treated with chemotherapy and/or tyrosine kinase inhibitors. Int J Chron Obstruct Pulmon Dis 2014; 9: 1053–1058.
Schwartz AG, Cote ML, Wenzlaff AS, et al. Chronic obstructive lung diseases and risk of non-small cell lung
cancer in women. J Thorac Oncol 2009; 4: 291–299.
Ben-Zaken Cohen S, Paré PD, Man SF, et al. The growing burden of chronic obstructive pulmonary disease and
lung cancer in women: examining sex differences in cigarette smoke metabolism. Am J Respir Crit Care Med
2007; 176: 113–120.
Marquez-Garban DC, Mah V, Alavi M, et al. Progesterone and estrogen receptor expression and activity in
human non-small cell lung cancer. Steroids 2011; 76: 910–920.
Quoix E, Mennecier B. [Lung cancer in women]. Rev Mal Respir 2005; 22: 55–62.
Lange P, Groth S, Nyboe GJ, et al. Effects of smoking and changes in smoking habits on the decline of FEV1.
Eur Respir J 1989; 2: 811–816.
Langhammer A, Johnsen R, Holmen J, et al. Cigarette smoking gives more respiratory symptoms among women
than among men. The Nord-Trondelag Health Study (HUNT). J Epidemiol Community Health 2000; 54: 917–922.
Tashkin DP, Rennard S, Hays JT, et al. Effects of varenicline on smoking cessation in patients with mild to
moderate COPD: a randomized controlled trial. Chest 2011; 139: 591–599.
Han MK, Postma D, Mannino DM, et al. Gender and chronic obstructive pulmonary disease: why it matters. Am
J Respir Crit Care Med 2007; 176: 1179–1184.
Klein SL, Pekosz A. Sex-based biology and the rational design of influenza vaccination strategies. J Infect Dis
2014; 209: Suppl 3, S114–S119.
Goodman DE, Israel E, Rosenberg M, et al. The influence of age, diagnosis, and gender on proper use of
metered-dose inhalers. Am J Respir Crit Care Med 1994; 150: 1256–1261.
Hashmi A, Soomro JA, Menon A, et al. Incorrect inhaler technique compromising quality of life of asthmatic
patients. J Medicine 2012; 13: 16–21.
Dales RE, Mehdizadeh A, Aaron SD, et al. Sex differences in the clinical presentation and management of airflow
obstruction. Eur Respir J 2006; 28: 319–322.
Vestbo J, Soriano JB, Anderson JA, et al. Gender does not influence the response of the combination of
salmeterol and fluticasone propionate in COPD. Respir Med 2004; 98: 1045–1050.
O’Donnell DE, Flüge T, Gerken F, et al. Effects of tiotropium on lung hyperinflation, dyspnoea and exercise
tolerance in COPD. Eur Respir J 2004; 23: 832–840.
Calverley PM, Anderson JA, Celli B, et al. Salmeterol and fluticasone propionate and survival in chronic
obstructive pulmonary disease. N Engl J Med 2007; 356: 775–789.
Schermer TR, Hendriks AJ, Chavannes NH, et al. Probability and determinants of relapse after discontinuation
of inhaled corticosteroids in patients with COPD treated in general practice. Prim Care Respir J 2004; 13: 48–55.
Graat-Verboom L, Spruit MA, van den Borne BE, et al. Correlates of osteoporosis in chronic obstructive
pulmonary disease: an underestimated systemic component. Respir Med 2009; 103: 1143–1151.
Drummond MB, Dasenbrook EC, Pitz MW, et al. Inhaled corticosteroids in patients with stable chronic
obstructive pulmonary disease: a systematic review and meta-analysis. JAMA 2008; 300: 2407–2416.
Richy F, Bousquet J, Ehrlich GE, et al. Inhaled corticosteroids effects on bone in asthmatic and COPD patients:
a quantitative systematic review. Osteoporos Int 2003; 14: 179–190.
Haute Autorité de Santé. Les médicaments de l’ostéoporose. www.has-sante.fr/portail/jcms/c_1751307/fr/lesmedicaments-de-l-osteoporose Date last updated: June, 2014.
Avenell A, Gillespie WJ, Gillespie LD, et al. Vitamin D and vitamin D analogues for preventing fractures
associated with involutional and post-menopausal osteoporosis. Cochrane Database Syst Rev 2009; 2: CD000227.
Langhammer A, Forsmo S, Syversen U. Long-term therapy in COPD: any evidence of adverse effect on bone? Int
J Chron Obstruct Pulmon Dis 2009; 4: 365–380.
Qaseem A, Snow V, Shekelle P, et al. Screening for osteoporosis in men: a clinical practice guideline from the
American College of Physicians. Ann Intern Med 2008; 148: 680–684.

https://doi.org/10.1183/16000617.0055-2018

12

COPD | C. GUT-GOBERT ET AL.

133
134
135
136
137
138
139
140
141

Grossman JM, Gordon R, Ranganath VK, et al. American College of Rheumatology 2010 recommendations for
the prevention and treatment of glucocorticoid-induced osteoporosis. Arthritis Care Res (Hoboken) 2010; 62:
1515–1526.
Smith BJ, Laslett LL, Pile KD, et al. Randomized controlled trial of alendronate in airways disease and low bone
mineral density. Chron Respir Dis 2004; 1: 131–137.
Briot K, Cortet B, Thomas T, et al. 2012 update of French guidelines for the pharmacological treatment of
postmenopausal osteoporosis. Joint Bone Spine 2012; 79: 304–313.
Romme EA, Geusens P, Lems WF, et al. Fracture prevention in COPD patients; a clinical 5-step approach. Respir
Res 2015; 16: 32.
Compston J, Bowring C, Cooper A, et al. Diagnosis and management of osteoporosis in postmenopausal women
and older men in the UK: National Osteoporosis Guideline Group (NOGG) update 2013. Maturitas 2013; 75:
392–396.
Miyamoto K, Aida A, Nishimura M, et al. Gender effect on prognosis of patients receiving long-term home
oxygen therapy. The Respiratory Failure Research Group in Japan. Am J Respir Crit Care Med 1995; 152:
972–976.
Franklin KA, Gustafson T, Ranstam J, et al. Survival and future need of long-term oxygen therapy for chronic
obstructive pulmonary disease – gender differences. Respir Med 2007; 101: 1506–1511.
de Torres JP, Casanova C, Cote CG, et al. Women with chronic obstructive pulmonary disease: an emerging
phenotype of the disease. Therapy 2009; 6: 821–830.
Foy CG, Rejeski WJ, Berry MJ, et al. Gender moderates the effects of exercise therapy on health-related quality of
life among COPD patients. Chest 2001; 119: 70–76.

https://doi.org/10.1183/16000617.0055-2018

13

