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Abstract

The prevalence of tobacco use in women has increased over the past century. This has resulted in dramatic
increases in smoking-related lung diseases, such as chronic obstructive pulmonary disease (COPD) and lung
cancer. There is growing literature suggesting that women may be more susceptible than men to the effects of
tobacco and to the development of COPD. Women may also have specific barriers that interfere with smoking
cessation. This article addresses possible differences in lung function decline and nicotine metabolism in women
compared to men. Differences in COPD between the sexes are discussed. Finally, barriers to smoking cessation in
women are presented.

Introduction

Tobacco consumption has contributed considerably to
morbidity and mortality. Once thought of as exclusive to

men, tobacco use among women has increased dramatically
over the last century. The prevalence of tobacco use in women
was 6% in 1924, peaked at 33% in 1965,1 and has gradually
decreased to about 18% in the United States.2 Worldwide,
about 250 million women smoke, and the majority of female
smokers are in developed countries.3 This has led to increases
in the number of conditions that were once thought of as
male-dominated diseases, such as chronic obstructive pul-
monary disease (COPD) and lung cancer. In fact, COPD now
kills more women than breast cancer,4 and the number of new
cases of COPD is increasing three times as fast in women
annually as compared to men.5 As late as 1980, the U.S. Sur-
geon General’s Report first highlighted the growing epidemic
of tobacco use in women. Smoking has caused an annual
average of 178,311 deaths in women in the United States, an
increase in women that is in contrast to the decrease seen in
men.6

The rise in tobacco use among women has been led by
relentless tobacco industry marketing designed to specifically
promote smoking in women. In the 1920s, cigarettes became a
hallmark of women’s liberation, and by the 1930s, cigarettes
were considered a symbol of the independent, glamorous
American woman.7 Marketing tobacco products toward wo-
men has continued and is exemplified by Phillip Morris’ ad-
vertising of Virginia Slims in the 1960s, the first and most
successful brand targeted exclusively to women in the United
States.8 The marketing to women of certain cigarettes as light

or low tar has sent the false message that these products are
safer to smoke.9

Given the epidemic of tobacco use in women, it is impor-
tant to understand what motivates women to smoke, what
effects smoking has on women’s health, and what barriers
women face when confronting tobacco cessation. A PubMed
search using the keywords women, tobacco, lung function,
COPD, and smoking cessation was done, and clinical trials,
reviews, randomized controlled trials (RCTs), and meta-
analyses from 1990 to the present were used to form the basis
of this review article. This review not only discusses the role of
COPD in women but also focuses on specific issues that are
unique to women and tobacco use. The objective of this re-
view is to examine the effects of tobacco on the lung function
of women. As nicotine dependence is the underlying mech-
anism responsible for persistent tobacco use and subsequent
smoking-related illness, sex differences in nicotine metabo-
lism are highlighted as well. Because the prevalence of COPD
in women is increasing, the unique aspects of this disease in
the female population are discussed. Finally, challenges in
smoking cessation specific to women are highlighted.

Tobacco and the Effect on Lung Function in Women

The increase in the prevalence of tobacco use in women has
led to great interest in sex differences in lung function decline
in smokers. Men and women exhibit differences in lung
function growth and development very early in life.
Throughout the human life span, females tend to have smaller
lungs than males and higher forced expiratory flow rates. The
concept of dysanaptic growth, which is the disproportionate
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growth of lung size compared to airway size, may explain this
finding, as the larger lungs of males have longer airways and
higher airway resistance.10 Also, the growth of lungs in fe-
males ceases around the mid-teenage to late teenage years but
continues at a slower pace for males until the mid-20s, leading
to larger airway diameter compared to females. Finally,
women’s airways are constantly influenced by variations in
hormone levels attributed to menstruation, oral contraceptive
(OC) therapy, pregnancy, and menopause.10 These differ-
ences in lung growth and development may account for dif-
ferences in the effects of tobacco use.

The effect of smoking on lung function in adolescent girls
and boys aged 10–18 was examined in a prospective cohort
study by Gold et al.11 Children who smoked had higher rates
of asthma and wheezing compared to never smokers.
Wheezing increased according to the amount smoked and
was higher in females than males at each level of smoking
( p< 0.001). Compared to boys at or beyond their peak height
growth, girls who smoked 5 or more cigarettes daily had
larger declines in lung function. A cross-sectional study of
adolescent girls and boys in Norway showed that girls
reported more respiratory symptoms than boys with com-
parable smoking histories, and a dose-response relation
between smoking and reduced lung function was found only
in girls.12 Greater decline in pulmonary function in girls
has been shown in those exposed to secondhand smoke.13

This difference seems to persist into adulthood, as women
have shown a significantly greater decline in forced expira-

tory volume in 1 second (FEV1) compared to men exposed to
passive smoking.14

Whereas studies in adolescents show greater effects of
cigarette smoke on lung function in girls compared to boys,
similar studies in adults have yielded conflicting results. For
example, female smokers have an increased prevalence of
airway hyperresponsiveness as determined by a higher pro-
portion of positive methacholine challenges. It has been pos-
tulated that this difference is a result of smaller female airway
caliber compared to men.15 This study is consistent with
others demonstrating that female smokers exhibit larger
declines in lung function than male smokers16–23; however
others have shown opposite results.24–30 For example, a lon-
gitudinal study following approximately 4000 males and fe-
males demonstrated that males had a greater decline in lung
function for a comparable amount of tobacco use.31 Another
recent prospective cohort study examined participants of the
Framingham offspring cohort who had two or more spirom-
etry measurements. The median follow-up time was 23 years,
and male smokers had a mean FEV1 decline of 38.2 mL=year,
whereas female smokers had a mean FEV1 decline of
23.9 mL=year ( p< 0.001).32 However, this study did not ad-
just for smoking intensity. Figure 1, from this study, displays
FEV1 changes with age in healthy never smoking males and
females, and Figure 2 compares FEV1 decline in healthy never
smokers and continuous smokers, both male and female.

In contrast, participants originally enrolled in the Lung
Health Study were reassessed at 11 years, and results showed

FIG. 1. Mean forced expiratory
volume in 1 second (FEV1) values
by age (and 95% confidence inter-
vals [CI]) in male (black line) and
female (gray line) healthy never
smokers, expressed (A) in absolute
values and (B) as percentage of the
FEV1 value at the age of 25. The
mean FEV1 decline value (and
95% CI) for males was 19.6 ml
(17.1-22.1) and for females was
17.6 ml (13.8-21.4), with a p value of
0.266. (From Kohansal et al.32

Reprinted with permission of the
American Thoracic Society.)
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that for continuing smokers, there was no difference in per-
cent predicted FEV1 decline between the sexes,33 although the
percent predicted FEV1 declined less for female sustained
quitters than male sustained quitters. A subgroup analysis of
the Understanding the Potential Long-term Impact of Tio-
tropium (UPLIFT) trial34 compared sex differences in the
impact of tiotropium on lung function over a 4-year period.
Although women in the tiotropium group had a lower inci-
dence of COPD exacerbations compared to women in the
control group, both groups had slightly higher exacerbation
rates compared to men. According to the authors, smaller
airway caliber, lower threshold for women to experience
dyspnea, and higher likelihood to seek medical care could
explain these differences. There was no difference in lung
function decline between men and women in both the placebo
and tiotropium groups, although the rates of hospitalization
were slightly lower for women in the tiotropium group
compared to women in the placebo group but similar for men
( p¼ 0.06).

In summary, there is no clear-cut evidence that women
smokers have a greater decline in lung function than men
smokers. Underreporting of tobacco use may influence the
outcomes of tobacco use and lung function between the sexes
as well; however, a meta-analysis of 26 studies found that self-
reporting was generally accurate.35 Environmental and
occupational exposures may have a greater impact on the
respiratory symptoms of women.36 For example, indoor
use of solid fuels, such as coal and biomass, is an important
cause of COPD in nonsmokers, particularly in women.37 More

women than men also report increased respiratory symptoms
associated with traffic pollutants.38 Occupations that have
high exposures to biological dusts, such as healthcare pro-
fessions, food and textile workers, artists, and cleaners, ap-
pear to have a higher association with COPD in women
compared to men.39,40 Puffing behavior may also be different
between men and women, as one study revealed that women
take smaller puffs of shorter duration but draw more puffs per
cigarette.41 This suggests that the increased risk of COPD
among women smokers may involve sex interactions with
other, nonsmoking environmental factors or genetic factors.

COPD and Women

Given that tobacco use among women has risen over the
last several decades, it is not surprising that the prevalence of
COPD in women has dramatically increased. COPD is ex-
pected to be the fourth most common cause of death by the
year 2030.1,4 Between 1980 and 2000, the annual mortality rate
for COPD in women increased by 291% compared to 60% in
men, and the annual hospitalization rate due to COPD in-
creased by 43% in women compared to 12% in men.5 In 2000
for the first time, the number of women who died from COPD
surpassed the number of men.5 Sex differences in COPD are
increasingly recognized with regard to susceptibility of dis-
ease, disease phenotype, radiographic appearance, and re-
sponse to pharmacotherapy.

Earlier studies initially suggested that there was equal
predisposition to COPD between the sexes. In the British

FIG. 2. Mean FEV1 values
(expressed as percent of its value at
the age of 25) by age, for healthy
never smokers (NS) and continu-
ous smokers (CS). Data for (A)
males and (B) females. The mean
FEV1 decline value (and 95% CIs)
for males was 38.2 mL (33.9-42.6)
and for females 23.9 mL (20.9-27.0),
with a p value <0.001. *p< 0.05 vs.
healthy NS. (From Kohansal et al.32

Reprinted with permission of the
American Thoracic Society.)
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Physicians study, 6,194 women and 34,440 men were fol-
lowed between 1951 and 1973; male and female smokers
showed similar mortality rates from COPD, and the risk of
developing COPD was attributed to the amount of tobacco
consumed.42,43 More recent data, however, suggest that wo-
men who smoke may be more susceptible to the development
of COPD. For example, a recent study by Dransfield et al.44

examined patients with COPD who had a >20 pack-year
smoking history and showed that men had less loss of lung
function per pack-year smoked than women. This study was
limited in that it was not population based, thus introducing a
possible selection bias. A systematic review and meta-analysis
comparing the annual decline of lung function between men
and women smokers with COPD followed for at least 3 years
found that in current smokers, women had a significantly
faster rate of FEV1 decline compared to men.45

Silverman et al.46 investigated sex differences and severe
early-onset COPD in 84 early-onset COPD subjects and 348
first-degree relatives. They found a markedly elevated prev-
alence of females (71.4%) among the group with severe, early-
onset COPD. Among first-degree relatives with a current or
former smoking history, females had a significantly lower
FEV1=forced vital capacity (FVC) ratio and significantly
greater bronchodilator response and were more likely to have
an FEV1 % predicted <40%. In an observational study that
included 10,711 Spanish subjects with stable COPD, of whom
75% were male, women were younger and had less smoking
history, more comorbid conditions, lower quality of life
scores, and less degree of airflow obstruction than men.47

The phenotype of COPD may differ between males
and females. Women appear to have an airway disease-
predominant phenotype, whereas men may have an emphy-
sematous phenotype. Based on a retrospective review of 1,438
patients with a diagnosis of COPD, spirometric evidence of
airflow obstruction, and computed tomography (CT) scan
data, a significantly greater proportion of women had airway
disease.48 Women with COPD report greater complaints of
dyspnea or breathlessness49–51 as opposed to cough or
phlegm production.51,52 de Torres et al.53 examined gender
differences in a cohort of stable, mainly stage II and III COPD
patients in an outpatient pulmonary clinic that included 53
FEV1-matched men and women. Women were 8 years
younger on average, smoked less, and had less comorbidity
and more exacerbations than men. Complaint of dyspnea and
significantly worse scores for quality of life domains of the St.
George Respiratory Questionnaire (SGRQ) were noted for
women compared to men.

Martinez et al.54 investigated sex differences in people with
severe pulmonary emphysema by studying 1,053 patients,
39% of whom were female, who had been evaluated for lung
volume reduction surgery (LVRS) as part of the National
Emphysema Treatment Trial (NETT). Women had slightly
less airflow obstruction, as measured by FEV1 % predicted,
but slightly lower diffusion capacity. Based on high-resolution
CT (HRCT) of the chest, women showed a similar proportion
of emphysema in the core (more centrally located areas) of
the lung but a lower proportion in the peel (peripheral
regions) compared to men. Histologically, women also had
thicker small airway walls relative to lumen size, supporting
the airway-predominant phenotype of COPD in women.
Additional data from the National Lung Screening Trial
has demonstrated that for a given severity of airflow ob-

struction, women have less prominent emphysema identified
on chest CT. Taken together, these HRCT studies suggest that
women have a distinct phenotypic expression of COPD
compared to men.

Psychological disorders, such as depression and anxiety,
complicate COPD and have been shown to increase rates of
exacerbations and hospitalizations.55 These disorders have
also been associated with increased mortality in patients with
COPD.56,57 This association is crucial in understanding the
outcome of COPD in women, as rates of depression and
anxiety appear to be increased in this population.49,54,58,59

Laurin et al.60 performed a cross-sectional study evaluating
sex differences in the prevalence of mood and anxiety disor-
ders in patients with stable COPD. The prevalence of psy-
chiatric disorders in both men and women with COPD was
49%, which is higher than in the general population, based on
published reports.61 Among the COPD patients with a psy-
chiatric comorbidity, women had significantly higher rates of
psychiatric disorders compared to men (60% vs. 38%) inde-
pendent of age, smoking, and COPD duration and severity.
Women also exhibited more self-depreciation and anxiety=
depression, lower levels of symptom control confidence, and
worse health-related quality of life.

Sex differences in COPD also exist with respect to diag-
nosis, treatment, and response to pulmonary rehabilitation.
There appears to be an inherent bias in diagnosing COPD in
women. Chapman et al.62 surveyed 192 primary care physi-
cians using a hypothetical case of cough and dyspnea in a
smoker to determine if there was a provider bias in the di-
agnosis of COPD. COPD is more likely to be diagnosed in the
hypothetical male patient than the hypothetical female patient
(64.6% vs. 49%, p< 0.05); Once spirometry is performed,
however, this bias disappears.63 Although spirometry is un-
derused in diagnosing COPD in general,64 this difference is
most notable in the female population, as it has been shown
that after adjusting for age and pack-year smoking history,
women still were less likely than men to have spirometric
assessment despite reporting more severe dyspnea.51 There
are very few studies examining treatment response between
the sexes. One study showed that combination therapy with
salmeterol=fluticasone caused improvement in FEV1 similarly
in men and women.65 However, women may be less likely to
receive prescribed newer dry powder inhalers66 and less
likely to use proper technique when using metered-dose
inhalers.67

There are mixed data about outcomes for women placed on
long-term oxygen therapy (LTOT). A Brazilian prospective
cohort study noted significant differences by sex among
COPD patients on LTOT for a minimum of 6 months, with
women at a significantly higher risk for death than men.68 The
difference in survival became apparent approximately 3 years
after follow-up. One major limitation of the study was that
data were not collected on adherence to oxygen therapy. In
contrast, other studies have shown a survival benefit in wo-
men on LTOT compared to men.69,70 Women appear to re-
spond to pulmonary rehabilitation differently as well. The
literature in this area is scant. One RCT by Foy et al.71 com-
pared sex differences in health-related quality of life between
participants exposed to short-term exercise therapy (3
months) or long-term exercise therapy (18 months). The short-
term therapy group was instructed to engage in independent,
home-based exercise therapy after completion of the 3-month
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structured program. There was significant improvement in all
domains of the Chronic Disease Respiratory Questionnaire in
both men and women at 3 months, with women reporting
more gains in dyspnea and fatigue. However, men enrolled in
the long-term exercise therapy group continued to show im-
provements at 18 months compared to the short-term exercise
group, whereas women did not. These results may be related
to the fact that women achieved a much higher benefit at the
3-month follow-up, whereas it took men 18 months to achieve
comparable dyspnea scores. Also, there may have been dif-
ferences between the sexes in adherence to exercise therapy in
the short-term group.

Nicotine Metabolism in Women

The possibility that women may be more vulnerable to the
effects of tobacco has generated an interest in understanding
differences in nicotine metabolism between the sexes. Cigar-
ette smoke contains a variety of chemicals, most notably nic-
otine, tar, benzo[a]pyrene, benzene, nitrosamines, N-nitroso
derivatives, and polycyclic aromatic hydrocarbons (PAH).1

These chemicals are absorbed rapidly and metabolized by
oxidation and subsequent conjugation. The first step of the
oxidative phase is mediated by cytochrome p450 (CYP),72

which tends to have a greater expression in females.73

CYP2A6, which is the main CYP enzyme responsible for the
first step in the oxidative phase of nicotine metabolism, is also
expressed more in females.74,75 The expression of CYP1A1,
which is involved in the metabolism of PAH, is also upregu-
lated in females.76,77

Higher CYP expression is correlated with faster metabo-
lism of the chemicals contained in cigarette smoke, which
allows for metabolic bioactivation, the conversion of rela-
tively benign compounds into toxic chemicals.78 This is true
for PAH, benzo[a]pyrene, and naphthalene.78–80 Thus, fe-
males have a higher rate of nicotine metabolism, leading to
higher levels of these bioactivated compounds. Given that
nicotine is the psychoactive component that smokers seek and
women metabolize it more rapidly, they must dose them-
selves accordingly, which puts them at increased risk of ex-
posure to toxins within cigarettes.

Estrogen appears to be involved in nicotine metabolism
differences between the sexes. There are two known estrogen
receptors in the lungs, estrogen receptor a and estrogen re-
ceptor b, with the latter being predominant.78 Estrogen re-
ceptor a can upregulate CYP1A1 and CYP1B1 expression,
both involved in PAH bioactivation,81 and CYP2A6 has been
shown to be directly induced by estradiol via estrogen re-
ceptors. When analyzing CYP2A6 protein concentration in
human endometrial tissue, the levels were significantly higher
in the proliferative phase of the menstrual cycle, which is the
estrogen-rich phase of the cycle.82 Thus, upregulation of CYP
enzymes appears to be influenced by estrogen concentration.

Clinical studies examining the role of estrogen and nicotine
metabolism are not only conflicting but also scarce. One recent
study by Benowitz et al.83 observed 270 healthy twins and 16
subjects who were siblings of twins and exposed them to
deuterium-labeled nicotine and cotinine. Women had faster
plasma clearance of nicotine and cotinine and higher levels of
their metabolites compared to men. As the clearance of nico-
tine to cotinine and generation of cotinine metabolites are
thought to be a measure of CYP2A6 activity,84 the authors

concluded that women had higher CYP2A6 activity. Inter-
estingly, women on estrogen-only OC pills had a significantly
higher metabolite concentration compared to women not on
hormonal supplements. The authors concluded that there
appears to be a spectrum of nicotine metabolism, with women
on estrogen-only or combination pills having the fastest rate
of nicotine metabolism, followed by women on progesterone-
only pills, then by men and postmenopausal women. Inter-
estingly, pregnant women appear to have the highest rate of
nicotine metabolism.85

Smoking Cessation in Women

Women may actually benefit more from smoking cessation
than do men, which should make smoking cessation a priority
in women’s health. As part of the Lung Health Study, a pro-
spective RCT enrolled 3,818 smokers between the ages of 35
and 60 with mild to moderate airflow obstruction into a
smoking cessation program vs. usual care.86 In the smoking
intervention group, 22% remained abstinent from year 1 to
year 5, compared to 5% in the usual care group. In sustained
quitters, the rate of decline in FEV1 was 31� 48 mL=year,
whereas continued smokers had a rate of FEV1 decline of
62� 55 mL=year ( p< 0.001). Female sustained quitters had an
average improvement in FEV1% predicted 2.5 times greater
than men. Interestingly, women who continued to smoke had
a proportionately greater annual decline in lung function
compared to men with a comparable smoking history. Using
the 2001 National Health Interview Survey (NHIS), Browning
et al.87 showed that smoking cessation assistance by health-
care providers did not differ between men and women. De-
spite the large beneficial effect of tobacco cessation, numerous
studies show that women have more difficulty quitting than
men; however, these studies are not population-based stud-
ies, increasing the chance of selection bias.88–91

Specific barriers exist for women when trying to abstain
from cigarette use. Women appear to be more motivated to
smoke when shown images of thin models, and the fear of
weight gain is rampant among female smokers trying to
quit.89,92 In one study by Perkins et al.,93 women who received
cognitive behavioral therapy targeted at reducing weight
concerns as part of their smoking cessation treatment were
significantly more likely to remain abstinent at 12-month
follow-up. Women consistently show less confidence in their
ability to quit smoking, have lower levels of quitting moti-
vation, and feel more stress during the cessation period.89,94,95

Women involved in smoking cessation therapy also report
more tobacco withdrawal symptoms, such as anxiety, de-
pression, and irritability, compared to men.95

There is some literature highlighting significant differences
in success rates of nicotine replacement therapy (NRT) be-
tween men and women.96–99 Based on a number of studies, it
has been theorized that NRT is not as useful in women, im-
plying that nicotine is not the only reinforcing agent in female
smokers. Women seem to be more sensitive to the nonnicotine
components of tobacco, such as sight, smell, and the sensation
of smoking.100 Men appear to have higher pharmacological
dependence on smoking, whereas women have higher be-
havioral dependence.90 In a study by Perkins et al.,101 30
healthy smokers who consumed at least 10 cigarettes per day
with cigarette brands that had a nicotine yield of at least
0.7 mg were studied to determine if the reinforcing effect was
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dose related. Each participant was given a low-nicotine cig-
arette brand (0.1 mg nicotine and 1 mg tar) as well as a high-
nicotine cigarette brand (0.9 mg nicotine and 12.2 mg tar).
Plasma levels of nicotine correlated with the dose of nicotine
in each brand and were not different between the sexes.
However, women had smaller differences in subjective and
reinforcing effects based on dose. Thus, nicotine may not be as
strong a component in the addictive nature of tobacco use in
women as in men. These findings should be considered when
devising smoking cessation plans for women.

An aspect of smoking cessation therapy unique to women
is the effect of the menstrual cycle on success rates. Pre-
menstrual symptoms have been associated with higher re-
lapse rates in women attempting smoking cessation.102 In one
randomized trial, female smokers were assigned to quit
smoking either during the follicular phase (estrogen pre-
dominant) or the luteal phase (progesterone predominant) of
their menstrual cycle.103 Women who quit during the follic-
ular phase had a significantly higher relapse rate than women
quitting during the luteal phase. However, the women who
quit during the follicular phase and relapsed did so in 14–20
days, which would have been during the luteal phase, a time
of increased premenstrual symptoms. This may have con-
tributed to their desire to start smoking again.

A recent randomized trial by Allen et al.104 studied the
withdrawal and premenstrual symptoms in women quitting
during the follicular phase or the luteal phase, as well as
smoking cessation outcomes; 202 female smokers were ran-
domized to quit during the follicular phase of their menstrual
cycle vs. the luteal phase. These women received individual-
ized behavioral counseling and self-help materials as an aid
for smoking cessation. More premenstrual symptoms were
observed in women quitting during the luteal phase, but this
was not significantly associated with smoking cessation out-
comes. Craving and anger were the two smoking withdrawal
symptoms that were associated with an increased risk of re-
lapse, but only for women who quit during the follicular
phase. These studies suggest that the menstrual cycle may
have an active role in smoking cessation outcomes and that
quitting during the follicular phase may be associated with a
higher relapse rate. As previous animal studies have shown,
estrogen may be associated with more reinforcing effects of
addictive drugs, further complicating the success of smoking
cessation in females.105

Conclusions

Tobacco use is responsible for many diseases affecting
women today, most notably COPD and lung cancer. With
the rise in sex-targeted marketing of tobacco products, there
has been an alarming increase in the number of tobacco-
attributable diseases in women. The literature addressing sex
differences in susceptibility to tobacco and its associated dis-
eases as well as sex differences in smoking cessation is at times
contradictory. Although this is likely related to study design
and selection bias, there is still intriguing evidence that sex
differences may exist. Women may be more susceptible to the
effects of tobacco and, thus, more likely to succumb to the
ramifications of long-term smoking. More importantly,
healthcare practitioners may be unaware of the increased
susceptibility of women to smoking-related diseases. Even
smoking cessation therapies need to be tailored specifically

for women, as the reasons why they smoke and the barriers
that interfere with successfully quitting are unique to women.
Strategies to help alleviate the epidemic of tobacco use in
women include a greater emphasis on patient and physician
education, devising smoking cessation programs geared
specifically toward women, and increasing sex-specific re-
search in tobacco-related diseases.
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