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Purpose of review

Asthma is a common chronic disease with significant clinical impact worldwide. Sex-

related disparities in asthma epidemiology and morbidity exist but debate continues

regarding the mechanisms for these differences. There is a need to review the recent

findings for asthma care providers and to highlight areas in need of additional research.

Recent findings

Recent data illustrate striking sex-related differences in asthma epidemiology and

disease expression. Studies show an increased incidence of asthma in women. Data

demonstrate that asthmatic women have a poorer quality of life and increased utilization

of healthcare compared to their male counterparts despite similar medical treatment and

baseline pulmonary function. Research continues to explore hypotheses for these

differences including the potential influences of the female sex hormones, altered

perception of airflow obstruction, increased bronchial hyper-responsiveness, and

medication compliance and technique. However, no single explanation has been able to

fully explain the disparities.

Summary

Women are more likely to be diagnosed with asthma and suffer greater morbidity than

men. The physiologic mechanisms for these differences are not well understood.

Understanding sex-related differences in asthma and providing patients with education

geared toward these disparities are important in establishing effective, individualized

asthma management strategies for all patients.
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Introduction

Asthma is a common disease affecting more than 23

million adults in the United States [1] and 300 million

people worldwide. The prevalence of asthma has

increased, and an estimated 250 000 deaths globally are

related to asthma each year [2]. Considerable differences

in asthma prevalence, morbidity, and healthcare utiliz-

ation have been identified between men and women

although the exact mechanisms underlying these disease

disparities remain uncertain. The major sex-related

differences in asthma related disease manifestations

and some of the hypotheses that have been developed

to explain these are reviewed here.
Prevalence of asthma
Epidemiologic studies of asthma show a striking differ-

ence in asthma prevalence and severity closely related to

sex and age, which interestingly seem to follow key

transition points in the reproductive cycle of women.

In general, the lifetime likelihood of developing asthma
opyright © Lippincott Williams & Wilkins. Unautho
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is about 10.5% greater in women than men [3�]. When

examined at specific time points, asthma is more common

and more severe in prepubertal boys, with boys less than

18 years of age having a 54% higher rate of asthma than

girls of the same age [3�]. However, the prevalence of

asthma and its severity increases significantly in women

after puberty, with asthma becoming more common in

women by age 20 in the United States [4]. As an example,

2009 estimates from the National Health Interview

Survey in the United States demonstrate a prevalence

of asthma in those less than 15 years of age of 11.9% in

boys and 7.7% in girls [5�]. In young adults aged 15–

34 years, the pattern shifts, with a prevalence of 6.3% in

men and 9.6% in women. The difference continues to

widen in adults older than 35 years with a prevalence of

5.6 versus 10.1% in men and women, respectively (refer

to Fig. 1). European studies evaluating the prevalence of

asthma by age yield similar results [6]. However, more

recent studies suggest a narrowing of the gap in asthma

prevalence during childhood [7]. After menopause, the

difference in asthma prevalence between men and

women seems to narrow but does not disappear [8,9].
rized reproduction of this article is prohibited.
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Figure 1 Prevalence of asthma by age and sex
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[5�].
Mortality
Sex-related differences in asthma mortality also exist but

the patterns are difficult to predict based on prevalence

data alone. In 2006, asthma accounted for 3613 deaths in

the United States [3�]. Women comprised 64% of these,

with an age-adjusted death rate that was 44% higher than

men [3�]. Data collected by the National Vital Statistics

System in the United States from 2001 to 2003 revealed

that women had a higher at-risk-based death rate from

asthma than men (2.3 versus 1.8, respectively) [10].

However, the observed sex-related differences in asthma

mortality appeared to be closely related to age. Closer

review of data collected over this 3-year period found that

women had a higher mortality rate only at age at least

65 years [10]. Review of data from the National Hospital

Discharge Survey Database in the United States from

1995 to 2001 found a similar trend, with the highest

mortality from asthma in men 35 or less years of age

[11]. Ethnicity contributes further to the observed

mortality differences between men and women, with

black women experiencing the highest age-adjusted

mortality from asthma in the United States [3�].
Hospitalizations and exacerbations
Age-related sex differences in hospitalized asthma

patients have been well described. Patients hospitalized

for asthma more than 15 years old are up to three times

more likely to be female, whereas those hospitalized for

asthma exacerbations at less than 15 years of age are up to

two times more likely to be male [12–22]. Although the

established differences in asthma prevalence between

men and women likely contribute to these observations,

it has been suggested that other factors such as altered

perception of airflow obstruction or perhaps sex-related
opyright © Lippincott Williams & Wilkins. Unauth
disparities in asthma treatment should also be considered

[17]. Women presenting to the emergency department

(ED) with acute exacerbations of asthma are more likely

to be admitted to the hospital than men despite presenting

with better pulmonary function [23,24], less hypoxia [17],

and less hypercapnia [25]. However, in currently available

series [17,24], the differences in rates of hospitalizations

have not been shown to be related to differences in use of

controller medications prior to presentation, delays in

healthcare evaluation, or disparities in treatment in the

ED or during hospitalization, supporting the notion that

perhaps there is something inherently different about

adult women with asthma that also contributes.

There is conflicting data on whether length of hospital

stay differs between men [19,25,26] and women but it

appears that African American women suffer more severe

exacerbations requiring intensive care unit (ICU) admis-

sions then either men or white women [25]. It is difficult

to discern potential mechanisms for these findings as

available studies include diverse patient populations with

many different asthma phenotypes. Future studies that

devote more attention to matching clinical and biomarker

profiles among men and women with asthma will be

required to verify these findings and to identify under-

lying mechanisms.
Perception of symptoms and quality of life
Current data have highlighted the fact that adult men and

women experience asthma symptoms differently. Studies

using standardized questionnaires have shown that

women report more asthma symptoms and a poorer

quality of life when compared to men despite having

similar pulmonary function at baseline [27–29]. In

addition, women with asthma report a greater number

of unscheduled physician visits [28,30,31], more frequent

use of oral corticosteroids [31] and a greater use of short

acting beta-agonists for rescue [28,30,32] than men.

Similar disparities in asthma symptoms have been seen in

patients presenting to the ED with acute exacerbations.

Although no significant differences have been shown in

duration of symptoms or treatments attempted prior to

ED presentation for acute asthma exacerbations, women

are more likely to describe their symptoms as severe

compared to men [24,29] despite having less severe

airflow obstruction on peak expiratory flow evaluation

[24]. Additionally, after hospitalizations, women are 50%

more likely than men to continue to report persistent

dyspnea [24].

It has been hypothesized that women may actually per-

ceive airflow obstruction differently than men, leading to

their reported worse asthma-related quality of life and

greater discomfort with symptoms [28,32]. Studies have
orized reproduction of this article is prohibited.
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shown that asthmatic women more commonly perceive

airflow obstruction as dyspnea and have a higher inci-

dence of anxiety than men, resulting in increased impair-

ment on quality of life [28,33��,34]. Other possible con-

tributing factors that have been suggested include

improper metered-dose inhaler technique [35] and

reduced inspiratory muscle strength in women [34].
Bronchial hyperresponsiveness
A clinical hallmark of asthma is bronchial hyperrespon-

siveness (BHR) to nonspecific stimuli such as methacho-

line or histamine. Many population-based studies have

revealed a greater prevalence of BHR in women [36–41]

than men. Some authors have suggested that the

observed increased BHR in women may not actually

reflect excess BHR but may simply be a result of the

smaller caliber of airways found in women when com-

pared to men [36,37,42]. Accordingly, a lower forced

expiratory volume in 1 second (FEV1)% predicted has

also been associated with increased BHR [37,43–44]. In a

study of the utility of eucapnic voluntary hyperventila-

tion testing to diagnose exercise-induced bronchospasm,

women were 2.38 times less likely than men to achieve a

threshold minute ventilation of 60% maximum voluntary

ventilation (MVV) per minute [45��]. Despite that, 33%

of patients who did not achieve threshold MVV were still

noted to be positive for exercise-induced bronchospasm

defined as at least 10% decline in FEV1 and 16 of 17 of

these patients were women. Again, this may reflect

increased BHR to hyperventilation as a result of smaller

airway caliber in women or it may reflect an inherently

different sensitivity to the stimulus. Collectively, these

findings suggest that the increased dyspnea and other

asthma symptoms in women compared to men may be

due to exaggerated responses to asthma triggers or

increased BHR, despite having similar baseline lung

function.

Other authors have proposed that the increased rate of

BHR in women may be related to the increased suscepti-

bility to tobacco smoke, which has been documented in

women, even during childhood [38,46]. Girls exposed to

second-hand smoke have been shown to have a stronger

response to methacholine inhalation than boys even after

adjusting for caliber of airway [46]. Similar results have

been found in larger population-based studies, in which

BHR has been shown to be more common in women and

more closely associated with tobacco exposure than in

men [38,47]. Other studies have continued to document

increased BHR in women compared to men but the sex-

related association to tobacco exposure has not always

been replicated [48,49]. These sex-related differences in

BHR related to tobacco exposure follow similar trends

noted in other aspects of pulmonary function in women,

where female smokers simply appear to be more suscept-
opyright © Lippincott Williams & Wilkins. Unautho
ible to the effects of tobacco smoke than men [50–54].

During childhood, girls exposed to tobacco smoke have a

greater reduction in rate of growth in FEV1 than boys

[50,52], and in adulthood, women smokers have a greater

decline in FEV1 than men for similar tobacco exposure

[51,54]. Tobacco cessation counseling remains an import-

ant piece of asthma care for all patients who smoke but

education of female smokers with asthma should high-

light this increased susceptibility and its potential long-

term implications.
Menstrual-linked asthma
As previously discussed, there are trends in asthma

prevalence and severity, which seem to coincide with

key transition points in a woman’s reproductive life.

Accordingly, it has been hypothesized that the female

sex hormones influence the development of asthma and

its severity. A subset of women with asthma experience

exacerbations that seem to be linked to their menstrual

cycle [55–60], but data are inconclusive in determining

the point in the menstrual cycle at which time they are at

greatest risk [60–63]. Of women of reproductive age with

asthma, 20–40% report worsening of asthma symptoms or

a decrease in pulmonary function during the premenstr-

ual or menstrual period [55–59]. In some series, clinically

significant changes in pulmonary function and asthma

control related to these self-reported changes in symp-

toms are infrequent [57,58], but in others, menstrual-

related changes in asthma symptoms are associated with

increased healthcare utilization [55,56,61,62] and near-

fatal asthma episodes [7,56,61]. Studies evaluating the

effectiveness of oral contraceptives in blunting pre-

menstrual worsening of asthma have been inconclusive

[57,64].

Attempts to correlate menstrual-related asthma symp-

toms with physiologic and inflammatory changes have

proven problematic [65��,66–68]. A few small studies

have shown that markers of inflammation such as exhaled

nitric oxide, sputum eosinophils, and serum leukotriene

C4 concentrations are elevated in women with menstrual-

related asthma symptoms [69–71], raising the possibility

that some women with asthma may have an exaggerated

inflammatory response to asthma triggers coinciding with

naturally occurring fluctuations in sex hormones. It is

interesting to consider that if this enhanced inflammatory

response related to hormonal changes is a true phenom-

enon, then it may also be related to the exaggerated BHR

seen in some women with asthma.

With this information, it is clear that some, but not all,

women with asthma may become symptomatic during

the premenstrual or menstrual phase with an unclear

influence of exogenous hormone therapy on these symp-

toms. For clinicians, it is important to directly query
rized reproduction of this article is prohibited.
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about this phenomenon, as many women will not associ-

ate their worsened asthma control with their menstrual

cycle and this sex-specific pattern of disease worsening

may be missed with potential implications for treat-

ment. Several small series using leukotriene receptor

antagonists [70], intramuscular progesterone [72], or pre-

menstrual long-acting b2-agonists [73] have shown some

beneficial effects of treatment but there is a lack of solid

clinical data on treatment options for menstrual-related

symptoms. For now, treatment according to currently

published guidelines with attention to identifying

potential sex-related triggers and emphasis on patient

education regarding identification of potential asthma

triggers seems the most prudent approach.
Menopause and hormone replacement
therapy
Differences in asthma incidence at the time of meno-

pause lend further support to the idea that at least some of

the sex-related differences that have been described may

be influenced by alterations in levels of the female sex

hormones. The overall incidence of asthma in women

decreases after menopause [8,9,74]. However, in two

large prospective studies, the use of postmenopausal

hormone replacement was associated with an increased

rate of newly diagnosed asthma in menopausal women

[74,75]. In data published from the Nurses’ Health Study,

any use of postmenopausal hormone replacement

therapy (HRT) was associated with approximately twice

the risk of asthma when compared to postmenopausal

women without exogenous hormone exposure [74], and

HRT was associated with an increased risk of newly

diagnosed asthma with a relative risk of 2.30 in current

estrogen users [75], with lean women with a BMI

25 kg/m2 or less most affected. These data again highlight

the importance of questioning women about changes in

reproductive health, which may potentially impact the

control of underlying asthma, or may contribute to a new

diagnosis later in life.
Asthma management and compliance
Although sex differences exist in the perception of asthma

symptoms and associated asthma morbidity, it seems

unlikely that differences in asthma management between

men and women contribute significantly. Women with

asthma are more likely to have a primary care physician

than men [17], and studies suggest that they are also more

likely to recognize asthma symptoms, seek medical care

[76–78], and be prescribed systemic corticosteroids for

acute symptoms despite being prescribed inhaled corti-

costeroids for asthma control at a similar rate [78].

Evaluation of adherence to current asthma guidelines has

shown that current clinical practices may actually slightly
opyright © Lippincott Williams & Wilkins. Unauth
favor female patients. Analysis of data from two large

managed care organizations has shown that women were

more likely to use peak flow meters regularly [77], have a

written asthma action plan [76,77] and have regularly

scheduled clinic visits for asthma care [77]. However, in

these populations, men were more likely to use inhaled

corticosteroids on a daily basis despite similar prescribing

rates for men and women [76,77]. Several other studies

have examined the role of sex on adherence to prescrip-

tion medication use in asthma with conflicting results

[33��,79,80].

One study has shown that asthma management based on

an understanding of potential social differences between

men and women with asthma can result in improved

asthma outcomes [81��]. In a study of 808 women with

asthma, the use of sex-specific asthma education in

addition to guideline-based asthma care resulted in

improved asthma care as measured by improved use of

peak flow meters, reduction in use of short acting beta-

agonists, improved quality of life, and increased self-

confidence in asthma management when compared to

standard guideline-based care alone [81��]. In this

thought-provoking study, the authors used telephone

counseling to identify potential sex-related factors that

might contribute to poor asthma control including pre-

menstrual- or menstrual-related asthma symptoms, use of

oral contraceptives or estrogen replacement therapy,

symptoms related to housework, exposures through

childcare, or symptoms associated with sexual activity

and then directed educational efforts accordingly. While

limited to a single population of patients, these findings

highlight the importance of identifying those asthma

triggers in women that may be related to sex-specific

factors so that appropriate self-management strategies

can be implemented. This study is also of interest as

aside from the focus on potential hormonally mediated

asthma triggers, some of the measures touted as ‘sex

specific’ for women may no longer be the domain of

women in westernized countries where many men now

have assumed a primary role in household and childcare

duties. It remains to be seen if men who have assumed

these responsibilities will have an increase in asthma

symptoms and respond differently to occupational-based

asthma treatment plans or if female hormonal changes are

the main modulator of previously identified differences.
Conclusion
Knowledge of sex-related differences in asthma preva-

lence and expression is critical in the evaluation and

management of all patients with asthma and should be

the focus of ongoing research efforts. Treatment of

patients with asthma should follow currently available

guidelines with efforts to identify those aspects of the

disease that may be sex specific, allowing asthma care
orized reproduction of this article is prohibited.
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providers to develop individualized asthma care plans

with these potential disparities in mind. Awareness of the

aspects of the disease that are unique to women should

stimulate continued research to determine the under-

lying mechanisms and further aid our understanding of

this common disease.
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