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REVIEW ARTICLE

Sex Differences in Asthma

JENNIFER W. MCCALLISTER, M.D.∗ AND JOHN G. MASTRONARDE, M.D.

The Ohio State University Medical Center, Division of Pulmonary, Allergy, Critical Care, and Sleep Medicine, Columbus, Ohio, U.S.A.

Asthma is a common chronic pulmonary disease whose prevalence varies greatly with the sex and age of the patient. Research has shown that men
and women may experience this disease differently, although these sex-related differences have not routinely translated into differences in clinical care
for patients with asthma. This review explores some of the major differences in asthma between men and women and some of the main hypotheses
developed to explain them.

INTRODUCTION

Asthma is a common disease with increasing prevalence
worldwide, affecting an estimated 300 million people (1)
and resulting in approximately 250,000 deaths per year (2).
Surveillance data in the United States has shown that more
than 20 million people report a diagnosis of or symptoms con-
sistent with a diagnosis of asthma and nearly 4,000 people
die each year from complications of the disease (3). Epidemi-
ologic studies of asthma prevalence, morbidity, and severity
seem to illustrate a sex difference that varies with age. This re-
view explores the different susceptibility of men and women
to asthma and some of the hypotheses that have been raised
to explain this.

ASTHMA PREVALENCE

A review of asthma epidemiology shows some striking
differences in asthma prevalence and severity between the
sexes that are closely associated with age. Until puberty,
asthma is more common and more severe in boys. After pu-
berty, asthma becomes more common in women (3–8). This
trend continues until menopause when the differences be-
tween the sexes narrow but never completely reverse (5, 9,
10). According to the National Health Interview Survey in
2001-2003, male children in the United States had a higher
prevalence of asthma (9.6%) than female children (7.4%), but
male adults had a lower prevalence (4.9%) than female adults
(8.4%) (3). Analysis of data from the European Community
Respiratory Health Survey revealed similar results (6). In
this population, girls had a significantly lower risk of de-
veloping asthma than did boys in childhood (relative risk
[RR]: 0.74 and 0.56 in age groups 0 to 5 years and 5 to
10 years, respectively), with nearly equal risks between the
sexes around puberty (RR = 0.84; confidence interval [CI]
0.65 to 1.10 in 10- to 15-year olds). After puberty, the risk in
women was significantly higher than that in men (RR: 1.38 to
5.91).

∗Corresponding author: Jennifer W. McCallister, M.D., Assistant Pro-
fessor of Internal Medicine, The Ohio State University Medical Center,
Division of Pulmonary, Allergy, Critical Care, and Sleep Medicine, 201
Davis Heart & Lung Research Institute, 473 West 12th Avenue, Columbus,
Ohio 43210. E-mail: Jennifer.McCallister@osumc.edu

PERCEPTION OF SYMPTOMS AND QUALITY OF LIFE

In addition to the obvious differences in asthma prevalence
between the sexes, current data support the notion that men
and women experience asthma differently. Using standard-
ized questionnaires, studies have shown that women with
asthma tend to describe more asthma symptoms and poorer
quality-of-life than men (11, 12) at baseline, despite having
comparable or better pulmonary function (13–15). Compared
to males, females with asthma report greater healthcare uti-
lization with unscheduled doctors’ visits (12–14), the need for
more frequent courses of oral corticosteroid therapy (13), and
a greater use of rescue medications (12, 14, 15). Similar trends
have been identified in patients presenting to the emergency
department with acute asthma exacerbations, where women
are more likely than men to characterize their symptoms as
severe despite having less evidence of airflow obstruction on
peak flow monitoring (16, 17).

It has been suggested that women may actually perceive
air-flow obstruction differently than men (14, 18), result-
ing in a greater impact on their daily living. Significantly
more women than men have improper techniques when us-
ing metered-dose inhalers (19), possibly contributing to the
above-reported differences in asthma symptoms. Interest-
ingly, Weiner et al. (18) have shown in a small cohort of
mild-to-moderate asthmatics that inspiratory muscle strength
as assessed by the maximal inspiratory mouth pressure (PImax)
is significantly higher in male subjects than in female sub-
jects and is associated with less perception of dyspnea and
less short-acting beta-agonist use. Through inspiratory mus-
cle training, asthmatic women were able to achieve the same
level of strength as their male counterparts, and with equal
PImax, the sex differences in perception of dyspnea and mean
daily beta-agonist use disappeared.

ASTHMA MANAGEMENT

Despite the differences noted in perception of asthma
symptoms and the associated impact on quality of life, it
does not appear that women receive inferior asthma care.
Evaluation of asthma management and adherence to national
guidelines suggests that women with asthma are more likely
to recognize their symptoms and seek treatment (20–22) but
differences in the care they receive are small when compared
with men. A survey of 237 adults with asthma showed that
women were more likely to have been seen by their primary

853

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
p
p
s
a
l
a
 
U
n
i
v
e
r
s
i
t
y
 
L
i
b
r
a
r
y
]
 
A
t
:
 
1
2
:
5
2
 
2
0
 
J
a
n
u
a
r
y
 
2
0
0
9



854 J. W. McCCALLISTER AND J. G. MASTRONARDE

care physician for asthma in the preceding 6 months and
were five times more likely to have received oral steroids in
that same time period than their male counterparts (22). It
is unclear whether the increased use of oral steroids in these
women was a result of physician tendency to preferentially
prescribe these agents to women or simply a consequence of
their increased physician visits in response to altered percep-
tions of asthma symptoms. The use of inhaled corticosteroids
was similar between men and women.

Analysis of data from two large managed-care organiza-
tions suggests that adherence to current asthma guidelines
(23) by asthma care providers may actually favor female pa-
tients (20, 21). In these populations, women were more likely
to regularly use a peak-flow meter (21), have a written asthma
management plan (20, 21), and have a regular clinician for
asthma care (21). While the prescription of inhaled corticos-
teroids was similar for both sexes in these two studies (20,
21), compliance with prescribed therapies was not. Krishnan
et al. (20) reported that men with asthma were more likely
than women to use prescribed inhaled corticosteroids on a
daily basis. A study of adherence to inhaled corticosteroid
treatment in southeast Michigan found similar results, with
significantly better compliance with prescribed regimens in
white men when compared with white women (p = 0.008)
(24). In contrast, a study of self-reported compliance with
asthma medications in Sweden found that women were more
likely to adhere to their prescribed regimens than men (25).

EXACERBATIONS AND HOSPITALIZATIONS

Sex differences in asthma morbidity have also been de-
scribed (26–30) (Table 1). In a year-long study to evaluate
the effects of four treatment regimens on asthma exacerba-
tions, the only risk factor identified for the development of
a severe exacerbation was being female (odds ration [OR],
CI 1.37–2.6) (28, 30). In population-based studies, the risk
of asthma exacerbations requiring admission to the hospital
varies with the age and sex of the patient. Skobeloff et al.
(29) reviewed the records of 33,269 patients admitted for
asthma treatment in 67 hospitals in Southeastern Pennsyl-
vania. In children (0- to 10-year-olds), boys were admitted
nearly twice as often as girls, but in adolescents and young
adults (11- to 20-year olds), the rates of admission were nearly
equal in men and women. From 20 to 50 years of age, fe-

TABLE 1.—Sex differences in asthma morbidity.

Sex differences in asthma morbidity

Women with asthma describe more asthma symptoms and worse
asthma-related quality of life than men [11,12] despite comparable
pulmonary function[13–15].

Women with asthma report more frequent unscheduled doctors’ visits [13–12].
Women with asthma report the need for more frequent courses of oral

corticosteroid therapy [13] and greater use of rescue medications[12, 14,
15].

In patients presenting to the emergency department with asthma, women are
more likely than men to complain of severe symptoms despite having less
evidence of airflow obstruction [16,17].

Female sex is an independent risk factor for suffering severe asthma
exacerbations [28,30].

Women presenting to the emergency department with asthma symptoms are
more likely to be admitted to the hospital than men despite having better
pulmonary function[17, 31] and less hypercapnea [32].

The length of hospital stays for asthma exacerbations has been shown to be
longer in women than in men [29, 32, 34].

males were admitted nearly three times as often as their male
counterparts. Although the female-to-male ratio for hospital
admission decreased somewhat to 2.5:1 after age 50, women
continued to be admitted to the hospital more often than men
for asthma treatment. Similar trends in hospital admissions
for asthma exacerbations have been described in Canada and
Europe (26, 27).

Women presenting to the emergency department for treat-
ment of asthma symptoms are more likely to be admitted
to the hospital than men despite presenting with better pul-
monary function (17, 31) and less hypercapnea (32), even af-
ter correcting for differences in asthma prevalence and smok-
ing (33). In addition, the length of hospital stays for asthma
exacerbations has been shown to be longer in women (29, 32,
34) than in men.

INTENSIVE CARE UNIT ADMISSIONS

A small subset of women seems to be particularly at risk
for severe asthma exacerbations. In most series in the litera-
ture (32, 34, 35) minority women account for the majority of
intensive care unit (ICU) admissions for status asthmaticus.
Two single-center reports have described the authors’ expe-
riences with predominantly African American cohorts (34,
35). Afessa et al. (35) prospectively studied 89 individuals
during 132 intensive care unit (ICU) admissions. In this co-
hort, 67% of patients were African American and females
accounted for 79% of admissions. Although not statistically
significant, all asthma-related deaths (n = 11) occurred in the
female subset. Gehlbach et al. (34) retrospectively reviewed
the first ICU admission for 78 patients with status asthmati-
cus. Nearly all (96%) of the patients were African American,
and 72% were female. Only three deaths were reported.

MORTALITY

Sex differences in asthma mortality have been more diffi-
cult to characterize. The introduction of the tenth revision of
the International Classification of Diseases (ICD-10) in 1999
(37) has resulted in a decline in asthma mortality as a result
of coding changes(3) and has made comparison with data
coded according to the ninth revision of the ICD difficult.
Studies using panels of experts assessing death certificates
have suggested that the sex of the deceased may influence the
determination of the ultimate cause of death in respiratory dis-
eases (38–40). Under-coding of asthma deaths occurs more
commonly in males (39), where deaths due to asthma may
be incorrectly attributed to chronic obstructive pulmonary
disease (COPD) or cardiovascular causes (40). This misclas-
sification seems to increase with the age of the subject (40).
Along the same lines, deaths due to COPD in women may
be incorrectly attributed to asthma, resulting in over-coding

TABLE 2.—Hypotheses for sex differences in asthma.

Hypotheses for sex differences in asthma

Altered perception of air-flow obstruction in women
Improper technique in metered-dose inhaler use in women
Decreased inspiratory muscle strength in women
Increased bronchial hyperresponsiveness in women
Increased susceptibility to tobacco smoke in women
Female sex hormones (including effects of menstruation, pregnancy, and

menopause)
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of asthma deaths in some situations (38). Nonetheless, some
interesting trends in asthma mortality exist.

For the 3-year period 2001–2003, data from the National
Vital Statistics System in the United States revealed that fe-
males had a higher at-risk–based death rate from asthma than
males (2.3 and 1.8, respectively) (3). However, when indi-
vidual age groups were examined, males had higher rates
than females in all subsets except in people ≥65 years of
age. Evaluation of mortality data for asthma in Chicago from
1990–1997 showed a strong interaction between age and sex
(41). In this population, for patients less than 35 years of
age, mortality rates were higher in males than in females. For
people ≥35 years of age, women had higher mortality rates
than men. When reviewing data from the National Hospital
Discharge Survey Database in the United States from 1995
to 2001, Getahun et al. (42) found a similar trend. In subjects
younger than 35 years of age, the asthma mortality rate was
higher in males than in females, but reversed in those over 35
years of age.

OCCUPATIONAL ASTHMA

Sex differences in the susceptibility and expression of oc-
cupational asthma have been reported, but clear patterns have
been difficult to establish. In some series the prevalence of
occupational asthma is higher in men (43–45), whereas in
others there does not appear to be a difference between the
sexes (46, 47). Meredith (48) noted that the rate of occupa-
tional asthma in the general population of the United King-
dom was similar between men and women when adjusted for
occupation. However, the risk of work-related asthma and its
relation to sex has been shown to be occupation specific in
some instances (49, 50). In a recent review by Camp et al.
(51), it is suggested that factors such as gender segregation in
the workplace may contribute to observed differences where
employees with the same job title may actually perform dif-
ferent tasks according to gender. Finally, Kogevinas et al.
(47) have proposed that occupational asthma may be under-
reported in some women who may experience unrecognized
exposures at home (such as household cleaners) in addition
to those identified in the workplace. Although the available
literature raises some interesting questions, further research
is needed to clearly establish a relationship between sex and
the risk of developing occupational asthma.

HYPOTHESES

As outlined above, obvious differences exist between men
and women in the prevalence and severity of asthma. Women
describe more asthma symptoms and poorer asthma-related
quality of life than men and as a result have as associated
increase in health-care utilization. While no clear explanation
has been found for these differences, there are several factors
that may contribute to their development (Table 2).

Bronchial Hyperresponsiveness
Bronchial hyperresponsiveness (BHR) to nonspecific stim-

uli such as methacholine or histamine is one of the key
features of asthma. Many, but not all (52, 53), population
studies have shown a higher prevalence of BHR in women
than men (54–57). It has been suggested that the excess in
bronchial responsiveness in women may be a result of their

having a smaller airway caliber than men (52, 54, 58). Air-
way flow depends on the fourth power of the airway radius
so that any stimulus that causes obstruction creates more tur-
bulence in smaller airways than larger ones (59). Accord-
ingly, it has been shown that a low forced expiratory flow in
one second (FEV1) (% predicted) is associated with an in-
creased risk of BHR (54, 60, 61). Britton et al. (54) evaluated
2,415 adults from the general population and found a nearly
twofold increase in the risk of airway hyperresponsiveness
(PD20 ≤ 12.25 µmoL) in women (OR: 2.05, CI: 1.58-2.66)
that lost significance (OR: 1.59, CI: 0.89-2.81) when adjusted
for FEV1 (% predicted). In contrast, data from the European
Community Respiratory Health Survey (ECRHS) (55, 57)
found that BHR was more common in women in populations
in France (n = 799) and Sweden (n = 1448) even when ad-
justed for FEV1 (% predicted). Manfreda et al. (56) confirmed
these findings in a large (n = 2,962) Canadian population.

Effects of Tobacco
Bronchial hyperresponsiveness. Other authors have sug-

gested that the increased rate of bronchial hyperresponsive-
ness in women can be attributed to their increased suscepti-
bility to tobacco smoke (55), which seems to begin during
childhood. In a study of 1,215 school-age children (7 to 11
years of age), girls seemed to be more susceptible to the ef-
fects of passive smoke exposure than did boys of the same
age (62). In those children that exhibited a strong response to
methacholine inhalation (PC20 ≤4 mg/mL) the OR for BHR
in girls for maternal and paternal smoking in the home when
compared with boys in a similar environment were 2.29 and
2.59, respectively. The results were confirmed after adjust-
ment for airway caliber.

Using data from two French centers in the ECRHS de-
scribed above, Leynaert et al. (55) showed the risk of BHR
in a general population was greater in women than men (OR:
2.3, CI: 1.9–3.6). After excluding subjects with asthma and
adjusting for lung function, BHR was still significantly more
frequent in women (OR: 1.9, CI: 1.1–3.4) and was primar-
ily related to smoking (55, 63). Interestingly, the amount of
tobacco exposure had a greater impact on the prevalence of
BHR in women than it did in men. In women, the OR for
BHR in heavy versus nonsmokers was 2.0 (CI: 0.99–4.1) and
in heavy versus moderate smokers was 2.8 (CI: 1.3–6.4). In
men, the corresponding odds ratios were 1.1 (0.4–2.7) and
0.8 (0.3–2.3), respectively. Paoletti et al. (64) found a similar
relationship in an evaluation of 1, 694 subjects from a general
Italian population.

In some studies (65, 66) a sex difference in the suscep-
tibility to tobacco smoke and its relationship to bronchial
hyperresponsiveness is less clear. Methacholine challenge
testing was performed in 5,877 current smokers with mild-
to-moderate airflow obstruction (FEV1/FVC 63.0 +/− 5.5)
in the Lung Health Study (66). In this population, BHR was
significantly more frequent in women than in men (85.1%
vs. 58.9%). In addition, nearly twice as many women as
men (46.6 and 23.9%, respectively) responded to less than
or equal to 5 mg/mL of methacholine. In men, BHR was not
significantly associated with current or lifetime tobacco use,
and in women the association between BHR and cigarette
pack-years was relatively weak (p = 0.044). When 3,993
participants from the ECRHS were followed longitudinally,
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BHR increased over time in continuing smokers and in
those restarting smoking (65). Although BHR was greater
in women at baseline, no differences in the change of BHR
were found between men and women.

Effects of smoking on pulmonary function. There is a
growing body of evidence that suggests that female smokers
may be at a higher risk for tobacco-related loss in pulmonary
function than men (67–72). Similar to the data described with
tobacco exposure and bronchial hyperresponsiveness, the ac-
celerated effects of tobacco exposure on lung function in fe-
males can be seen in children and adolescents. During child-
hood, girls experience a larger reduction in lung function
when exposed to environmental tobacco smoke compared
with boys (67, 71). A longitudinal study of 10,060 adolescents
suggested that girls may be more vulnerable than boys to the
effects of smoking on growth of lung function (69). Gold et al.
(69) showed that girls who smoked five or more cigarettes
per day demonstrated slower growth in their FEV1 and FVC
compared with girls who did not smoke (−1.09%/year FEV1
and −0.76%/year FVC). In contrast, smoking five or more
cigarettes per day in boys was not associated with a signifi-
cant alteration in growth of FEV1 or FVC.

In a large (n = 4,554) longitudinal study of the general
population in the Netherlands, Xu et al. (72) demonstrated
that women smokers had a more rapid decline in FEV1 than
men who smoked over a 24-year observation period. Com-
pared to lifetime nonsmokers, the estimated excess decline
in FEV1 for light, moderate, and heavy continued smokers
was 4.4, 9.5, and 13.5 ml/year for men and 6.1, 10.8, and
18.8 ml/year for women, respectively. These sex differences
seemed to continue even after smoking cessation. Former
female smokers had a more rapid decline in FEV1 than life-
time nonsmokers, while former male smokers actually had a
slower rate of decline than lifetime nonsmokers.

In a cross-sectional study of 13,897 subjects, Prescott and
associates (70) showed that smoking had a greater impact
on the lung function of females than of males in two in-
dependent adult populations. In the Copenhagen City Heart
Study and in the Glostrup Population Study, female smokers
had a faster decline in FEV1 when compared to men with
similar smoking habits: −7.4 ml/pack-year in women ver-
sus −6.3 ml/pack-year in men and −10.5 ml/pack-year in
women versus −8.1 ml/pack-year in men, respectively. Sim-
ilar results were reported by Dransfield and colleagues (68)
who showed that when adjusted for pack-years of smoking,
female smokers had a greater loss in FEV1 than male smok-
ers (−1.21%/pack-year in women vs. −0.98%/pack-year in
men; p = 0.001).

Interestingly, when women stop smoking, they seem to re-
cover more lung function than do male ex-smokers (73). In
the Lung Health Study, in the first year after smoking ces-
sation, women showed greater improvements in both FEV1
and FEV1% predicted than men (3.7% predicted in women
vs. 1.6% predicted in men; p =< 0.001). In sustained quit-
ters, women gained more FEV1% predicted than men across
the five-year follow-up period.

Obesity
Epidemiologic studies have shown an association between

obesity and asthma (74–80), but the role of sex in this

relationship has remained controversial. Some authors have
shown that the effects of obesity on asthma are significant
only in women (67, 74, 81, 82) while others have demon-
strated a stronger association between obesity and asthma in
men (83, 84). In a recent meta-analysis of prospective se-
ries evaluating body mass index (BMI) and the incidence
of asthma, Beuther and Sutherland (85) concluded that in-
creasing BMI, in a dose-dependent fashion, was associated
with an increased incidence of asthma in both men and
women. While no clear conclusions can be reached on this
increasingly important issue, clinicians should consider the
possible impact of obesity on the incidence and course of
asthma in both men and women until more definitive data are
available.

Menstrual-Linked Asthma
Asthma symptoms. Given the trends in asthma prevalence

and severity, which seem to coincide with key transition
points in a women’s reproductive life, it has been hypoth-
esized that the female sex hormones influence the develop-
ment of asthma and its severity. Women often experience
changes in the character of asthma symptoms during the early
reproductive years, pregnancy, and menopause. A subset of
asthmatic women experience exacerbations of their asthma
which seem to be linked to the phase of their menstrual cycle
(86–90). Fluctuations in levels of estrogen and progesterone
during the menstrual cycle are believed to influence the course
of asthma; however, current data have been inconclusive in
defining a specific period during the menstrual cycle at which
time women subject to perimenstrual asthma exacerbations
are at the greatest risk (91–94).

Small studies in unselected series of women of reproduc-
tive age with asthma suggest that 30 to 40% of these women
experience premenstrual worsening of asthma symptoms (87,
88, 95). Gibbs et al. (88) surveyed 91 women with asthma
with a questionnaire and reported that 36 (40%) described
worsening of their asthma before menstruation. Similarly,
Eliasson et al. (87) found that 19 (33%) of 57 women with
asthma reported significant worsening of pulmonary symp-
toms during the premenstrual period, the menstrual period, or
both. Hanley (89) surveyed 102 female asthma patients and
found that 36 (35%) had worsening of their asthma just before
or at the onset of menses. Daily monitoring of peak expiratory
flow rates (PEFR) showed a significant reduction at the time
of menstruation in those women who described premenstrual
worsening in asthma symptoms when compared with those
subjects who were unaffected. A similar finding was noted
in the study of Gibbs et al. (88). However, in both studies,
clinically significant deterioration was infrequent, leading the
authors to speculate that a heightened awareness of asthma
symptoms during the premenstrual period may play more of a
role than a demonstrable reduction in pulmonary function. In
contrast, Agarwal and Shah (86) documented that menstrual-
linked asthma was associated with a significant reduction
in PEFR in the premenstrual and menstrual weeks in female
asthmatics who reported subjective worsening of their asthma
symptoms in the perimenstrual period when compared to
those who did not and reported that the reduction in PEFR
was associated with more frequent emergency room visits and
hospitalizations.
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Bronchial hyperresponsiveness. Several authors have in-
vestigated the influence of the menstrual cycle on airway
responsiveness (96–98). Juniper et al. (96) evaluated 17 well-
controlled asthmatics and examined changes in methacholine
responsiveness at 1 week before and 1 week after the start of
menses. There were no differences in PC20 or FEV1 when the
values for the week before menses were compared to those
obtained the week after the start of menstruation. However,
symptoms were worse during menstruation, again raising the
possibility of an altered perception of asthma symptoms as a
factor in perimenstrual asthma. In a similar study, Weinmann
et al. (98) evaluated 9 women with asthma and found no
significant differences in FVC, FEV1, or histamine respon-
siveness when compared at two points in the menstrual cycle
(days 7 and 24). However, none of these women reported
cyclic asthma symptoms at baseline. Pauli et al. (97) stud-
ied 11 asthmatic women who had not previously noted a
relationship between asthma symptoms and their menstrual
cycle and compared them with 29 healthy control subjects.
They found no changes in airway function over the menstrual
cycle in normal women. Although the asthmatic group also
did not demonstrate significant changes in spirometry or air-
way responsiveness to methacholine, asthma symptoms de-
teriorated significantly from the follicular to the luteal phase
(p = 0.001) as did the morning PEFR (p = 0.045) in this
group. Only Tan et al. (99) have documented a significant
increase in airway responsiveness during the premenstrual
period. In a small series of 15 well-controlled female asth-
matics without prior history of subjective premenstrual de-
terioration in asthma control, they documented a significant
increase in bronchial hyperresponsiveness to adenosine 5′-
monophospate (AMP). In this population, the PC20AMP de-
creased significantly from 19.0 mg/mL to 7.6 mg/mL during
the follicular (days 1 to 6) and luteal (days 21 to 24) phases,
respectively (p < 0.05).

The studies described above evaluated women without self-
reported menstrual-associated asthma symptoms; results may
be different when a symptomatic population is selected for
review. In a study of 11 women with self-reported premen-
strual asthma, Oguzulgen et al. (100) evaluated pulmonary
function and airway inflammation at two points in the men-
strual cycle (day 7 and day 26 ± 3rd days). In this small sam-
ple, PEFR, FEV1 (% predicted), and PC20 methacholine were
worse during the premenstrual period but did not achieve sta-
tistical significance. In contrast, fractionated exhaled nitric
oxide (FeN O), sputum eosinophilia, and day-time symptom
scores were significantly altered in the premenstrual period.

Exacerbations. Regardless of the true prevalence of
menstrual-linked asthma, the literature seems to support its
clinical importance. Eliasson et al. (87) described three pa-
tients with repeated hospitalizations for worsening of asthma
in relation to menstruation, two of whom had recurrent respi-
ratory failure without evidence of other obvious precipitating
etiologies. In a population of 182 nonpregnant women of re-
productive age (ages 13-menopause) presenting to the emer-
gency department with acute asthma symptoms, Skobeloff
et al. (93) found that 46% of these women presented during
the perimenstrual phase (days 26 to 4 of an idealized 28-day
cycle), a period during which serum estradiol levels decrease
sharply after a prolonged peak. In contrast, in a prospective

cohort study of 288 women presenting to the emergency de-
partment with acute asthma exacerbations, Zimmerman et al.
(94) found that more women presented during the preovula-
tory phase (days 5 to 11) than any other phase (33% for the
preovulatory phase compared to 26% in the periovulatory
phase [days 12 to 18], 20% in the postovulatory phase [days
19 to 25), and 21% in the perimenstrual phase [days 26 to
4], p = 0.008). When limited to the 13% of women who
reported phase of the menstrual cycle as a personal asthma
trigger, there were no significant associations with the phase
of menstrual cycle at the time of ED presentation. In a similar
study of 792 women, Brenner et al. (91) found that both the
preovulatory and perimenstrual periods were more often trig-
gers for asthma exacerbations than the remaining periods of
the menstrual cycle (28% and 27% respectively, compared to
25% in the periovulatory phase and 21% in the postovulatory
phase, p = 0.03).

In a review of 44 female patients of reproductive age
with near-fatal asthma attacks, significantly more near-fatal
asthma episodes occurred on the first day of menstruation
(n = 11, 25%) than on any of the remaining days (p =
0.022) (92). Patients whose attacks were noted on the first
day of menses used more rescue medication (inhaled salbu-
tamol, p = 0.003) on the 7 days preceding the exacerba-
tion than the other women had. Similarly, Shames et al. (90)
noted that women with self-reported perimenstrual asthma
demonstrated increasing use of short-acting bronchodilators
during the perimenstrual period (days −5 to +5) than did
women who did not report the phase of the menstrual cy-
cle as a personal asthma trigger (p < 0.005). In addition,
those subjects who reported perimenstrual asthma had sig-
nificantly increased asthma symptoms and decreased AM
and PM peak expiratory flow rates overall when compared to
the non-perimenstrual asthma group. However, no significant
differences between FEV1 (% predicted) and methacholine
responsiveness were noted between the groups when values
obtained during the luteal and follicular phases of the men-
strual cycle were compared.

Pathogenesis of menstrual-associated asthma. The
pathophysiology of menstrual variability in asthmatic
women is not well understood, but several possible mech-
anisms have been proposed. Current evidence supports a
contributory role for the female sex hormones, but it is not
possible to determine which hormone is primarily respon-
sible or whether absolute levels or changes in hormone
levels are more important (94). However, premenstrual
worsening of asthma symptoms coincides with a decrease
in progesterone secretion and an increase in the estrogen:
progesterone ratio (101). This suggests that progesterone
may exert a protective, possibly anti-inflammatory effect in
some patients. It has been shown that progesterone receptors
interact with the transcription factor nuclear factor-κβ
(NF-κβ) in a manner similar to glucocorticoid receptors
(102). Accordingly, it has been hypothesized that a decrease
in progesterone in the late luteal phase of the menstrual
cycle would tend to increase inflammation mediated by
an increase in NF-κβ (101, 102), thus contributing to an
increase in asthma symptoms.

Another possibility is that there is an abnormality
in β-receptor regulation in women with premenstrual
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exacerbations of asthma. In normal women, the monthly men-
strual variations in progesterone and estradiol appear to affect
the regulation of lymphocyte β2-adrenoreceptors (β2-AR).
Predictable post-ovulatory increases in the levels of proges-
terone and estradiol occur in women, and have been shown
to correspond with an increased density of lymphocyte β2-
AR and cyclic adenosine monophosphate (cAMP) mediated
responses to isoproterenol during the luteal phase (103). De-
spite an appropriate post-ovulatory hormone response, the
luteal phase increase in β2-AR appears to be absent in women
with asthma (104). In addition, in healthy women, the admin-
istration of exogenous progesterone, but not estrogen, during
the follicular phase produces up-regulation of lymphocyte
β2-AR (105). In women with asthma, progesterone admin-
istration seems to have a paradoxical effect. Tan et al. have
shown in these patients that exogenous progesterone, but not
estrogen, results in an unexpected decrease in β2-AR density
and cAMP response in lymphocytes (106).

Other authors have suggested that inflammatory mediators
such as the leukotrienes (LT) may contribute to the patho-
genesis of premenstrual asthma (107, 108). Nakasato et al.
(108) compared five patients with premenstrual asthma to five
women with asthma who did not report menstrual worsen-
ing in symptoms. In those subjects with menstrual-associated
asthma worsening, serum levels of LTC4were significantly
higher just before or during menstruation compared with mid-
cycle values (days 10 to 16). Similarly, PEFR were noted to
decrease during the premenstrual or menstrual phase in these
patients. Administration of an oral LT receptor antagonist,
pranlukast, prevented the premenstrual decrease in PEFR for
those with premenstrual asthma symptoms. In contrast, in the
women who did not complain of menstrual-linked asthma, no
changes in PEFR or serum leukotriene values could be de-
tected between the two points in the menstrual cycle.

Pregnancy
Asthma is the most common pulmonary disease encoun-

tered during pregnancy, affecting approximately 4% to 8 %
of all pregnancies (109). It has been said (110, 111) that one
third of women will experience a decline in asthma control
during pregnancy, one third will have no change, and one third
will actually notice an improvement in asthma control dur-
ing pregnancy. A recent review by Murphy et al. (112) found
that 20% of pregnant women will experience an exacerba-
tion requiring medical intervention, with nearly 6% needing
admission to the hospital. Identification of those factors that
lead to a worsening in asthma control in some pregnancies
has been difficult, but the available literature suggests that
a combination of the expected physiologic and hormonally
mediated changes of pregnancy and other mechanisms is at
play (112, 113). The underlying severity of asthma seems to
be the most important feature, with approximately 40% of
severe asthmatics having an exacerbation during pregnancy
(114, 115). Concomitant rhinitis (116), gastroesophageal re-
flux disease (117), and superimposed viral upper respiratory
tract infections (112) seem to be important triggers. Inter-
estingly, in a prospective study of 34 pregnant women with
asthma, those with female fetuses reported significant wors-
ening in asthma symptoms more commonly than those with
male fetuses (118).

Menopause and Exogenous Estrogen Replacement
The hormonal influences on the development and course

of asthma in women seem to persist through menopause and
beyond (119–121). In an early report from the Nurses’ Health
Study, Troisi et al. (121) showed that postmenopausal hor-
mone replacement therapy (HRT) was associated with an in-
crease in the number of new physician diagnoses of asthma.
In this population, postmenopausal women who had never
used HRT had a significantly lower risk of asthma than age-
adjusted premenopausal women (RR: 0.65; CI: 0.46 to 0.92).
Women with any history of postmenopausal hormone use
(past or current) had approximately twice the risk of asthma
when compared with postmenopausal women without any ex-
ogenous hormone exposure. In a follow-up study, Barr et al.
(119) assessed postmenopausal hormone use and new physi-
cian diagnoses of asthma. Their findings confirmed the asso-
ciation of postmenopausal HRT and newly diagnosed asthma,
with an RR of 2.30 (CI 1.69–3.14) in current users of estrogen
when compared with women who had never used replacement
hormones. Data from the Copenhagen City Heart Study found
similar results, with an increase in self-reported asthma and
asthma-related symptoms in postmenopausal women using
replacement hormones (120). In contrast, there were no sig-
nificant associations between self-reported asthma and symp-
toms in premenopausal women taking oral contraceptives in
this population.

Interestingly, the effects of exogenous hormones and
asthma in women seem to be related to body mass index, with
leaner women having a greater risk. In the Nurses’ Health
Study, the relative risk for HRT and asthma in women with
a BMI >30 was 1.58, compared to 3.09 in women with a
BMI ≤25 (119). A follow-up study of participants from the
European Community Respiratory Health Survey found sim-
ilar results (122). In perimenopausal women not taking HRT,
an increased BMI was associated with an increased risk of
asthma. In contrast, among women taking HRT, the great-
est risk was identified in those with a BMI <22.76. In these
women, the use of replacement hormones resulted in a risk
of asthma that was equal to their obese counterparts (BMI
>25.71).

The effects of estrogen replacement therapy in post-
menopausal women with existing asthma have been explored,
but the results are inconsistent (123, 124). In a small series
of 20 postmenopausal women, Lieberman et al. (124) de-
scribed a significant reduction in PEFR and an increase in
short-acting bronchodilator therapy after the initiation of es-
trogen therapy but failed to show a statistically significant
change in FEV1. In comparison, Hepburn et al. (123) evalu-
ated 20 postmenopausal women with asthma actively taking
estrogen replacement. No changes in FEV1, PEFR, or bron-
chodilator use were noted with either the discontinuation of
estrogen therapy or its reinitiation.

SUMMARY

Sex-related differences in asthma prevalence and mor-
bidity should be considered in the evaluation and manage-
ment of all patients with asthma and should be the focus
of ongoing research efforts. Awareness of these disparities
should improve the ability of asthma care providers to de-
liver quality care and education for these patients and should
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stimulate further investigation to explore the underlying
mechanisms.
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