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The effect of sex on asthma control from the National

Asthma Survey

James Temprano, MD, MHA,? and David M. Mannino, MD®

Background: Previous studies have demonstrated conflicting
results with regard to differences in asthma control between the
sexes.

Objective: We sought to identify sex differences in short-term
and long-term measures of asthma control in adults from the
National Asthma Survey.

Methods: This study analyzed data from the National Asthma
Survey (Four-State sample) sponsored by the National Center
for Environmental Health, Centers for Disease Control and
Prevention. Asthma control was compared between the sexes
based on short-term (recent symptoms, asthma attacks, and
albuterol use) and long-term (asthma attacks, work days lost,
and urgent-care visits and hospitalizations in the prior year)
measures. Composite scores for short-term and long-term
control were calculated based on any single measure of poor
asthma control and based on a sum of poor asthma control
measures.

Results: Women were more likely to have poor short-term
asthma control based on any measure (adjusted odds ratio
[OR], 1.20; CI, 1.01-1.44) or sum of measures (adjusted OR,
1.24; CI, 1.08-1.53) compared with men. Women also
demonstrated worse asthma control based on any uncontrolled
long-term measure (adjusted OR, 1.52; CI, 1.29-1.79) or sum of
measures (adjusted OR, 1.68; CI, 1.45-1.93). These findings
were present despite higher reported inhaled corticosteroid use
and scheduled health care visits for asthma among women.
Conclusions: Women demonstrated worse asthma control
compared with men with regard to several short-term and long-
term measures, despite reporting higher rates of inhaled
corticosteroid use and routine asthma care visits. Further
studies are needed to elucidate whether these findings are due to
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differences in health reporting or to pathophysiologic
differences in asthma between the sexes. (J Allergy Clin
Immunol EEEE;NEN:NEN-EEN,)
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Asthma is a chronic inflammatory disorder of the lower airways
that is categorized into 3 levels of severity: mild intermittent, mild
persistent, moderate persistent, and severe persistent." The level
of severity is typically based on the level of symptoms before
treatment and the medication requirement to control symptoms.”
Although asthma severity classification is relatively static, asthma
symptom control is often dynamic. Therefore a focus on asthma
control has been emphasized in recent literature.'”

Asthma control has several components. Short-term measures
of asthma control include the frequency of daytime and nighttime
symptoms, the degree of interference with daily activity, the
frequency of short-acting [3;-agonist use for symptom control,
pulmonary function, and quality of life.>* Long-term measures
of asthma control include the number of canisters of short-acting
[3,-agonist used over a specified time period, the frequency of
urgent or emergency care for asthma symptoms, hospitalizations
for asthma, and use of systemic steroids.”*Female sex has been
shown to be a risk factor for the persistence of asthma into
adulthood and adult-onset asthma and has been associated with
increased asthma severity and diminished lung function in adult-
hood.®” Previous studies have suggested that female subjects
might have worse asthma control than male subjects, especially
in regard to measures of health care use.®!3 However, 2 recent
studies have suggested that male subjects have worse asthma con-
trol than female subjects based on the level of B,-agonist use.'*'>

The objective of this study was to identify sex differences in
both short-term and long-term measures of asthma control from
the Four-State sample of the National Asthma Survey (NAS).

METHODS

Data set

This study was approved by the University of Kentucky Institutional
Review Board. Data from the 2003 Four-State sample of the NAS were used
for analysis.]6 This survey is sponsored by the National Center for Environ-
mental Health, Centers for Disease Control and Prevention. This NAS is a sur-
vey module for the State and Local Area Integrated Telephone Survey
program conducted by the Centers for Disease Control and Prevention’s Na-
tional Center for Health Statistics. The State and Local Area Integrated Tele-
phone Survey is a random-digit-dial household telephone survey used to
collect data on a broad range of topics at the national, state, and local levels.
The NAS was designed to produce national prevalence estimates of adults and
children with asthma; to describe the health, socioeconomic, behavioral, and
environmental predictors that relate to better control of asthma; and to
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Abbreviations used
BMI: Body mass index
ED: Emergency department
HRQOL: Health-related quality of life
NAS: National Asthma Survey
OR: Odds ratio

characterize the content of care and limitations of persons with asthma.'” Fur-
ther details regarding the survey construction and administration have been
published."”

Participants for the survey were randomly selected. The Four-State sample
includes data from Alabama, California, Illinois, and Texas. Survey partic-
ipants from these 4 states were asked detailed questions regarding their
asthma. These states were selected for detailed questioning by the project
officer at the Center for Disease Control and Prevention’s National Center for
Environmental Health, the NAS sponsor. Texas, California, and Illinois were
chosen because they provided a good geographic mix. Alabama was chosen to
provide a rural Southern balance and because detailed asthma data were not
available for that state.'” The survey contains approximately 160 questions,
with 114 questions related to asthma. The remaining questions were related
to survey eligibility and demographics.

Data analysis

This study included respondents from the Four-State sample of the NAS
who were aged 17 years or older and currently had asthma. Current asthma was
defined as respondents who answered yes to the following questions: “Have
you ever been told by a doctor or other health professional that you have
asthma?” and “Do you still have asthma?” The sampling period for this survey
was from March 2003 to March 2004.

Demographic variables analyzed included sex, age (17-34, 35-54, 55-74,
and >75 years), income (<$15,000, $15,000-$34,900, $35,000-$64,900, and
>$65,000), race (white and nonwhite), Hispanic ethnicity, education (<12
years, high school degree or some college, and college graduate or higher),
body mass index (BMI; underweight, normal weight, overweight, and obese),
health insurance status, ever smoker, current smoker, state (Alabama,
California, Illinois, and Texas), and inhaled corticosteroid use in the prior 3
months. BMI was calculated from self-reported weight and height and then
transformed to underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?),
overweight (25-29.9 kg/m?), and obese (>30 kg/m?) categories. Asthma se-
verity was categorized as intermittent or persistent based on inhaled cortico-
steroid use in the prior 3 months. Survey respondents were asked the
following to assess the presence and frequency of routine asthma care: “In
the past 12 months, How many times did you see a doctor or other health
care professional for a routine checkup for your asthma?”

Asthma control was divided into both short-term and long-term measures,
as shown in Table I. The number of days with asthma symptoms in the past 30
days was divided into 2 categories: well controlled (defined as <8 days in the
prior month with symptoms) and uncontrolled (defined as >8 days in the prior
month with symptoms). Eight days of symptoms per month was used to dis-
tinguish well-controlled from uncontrolled asthma because current guidelines
define well-controlled asthma as the presence of symptoms for 2 days or less
per week. The number of nights with symptoms was similarly categorized as
well controlled (2 nights or less per month with symptoms) or not well
controlled (>2 nights per month with symptoms). For both short-term and
long-term control measures, 2 composite measures were calculated: (1)
poor control, indicating poor asthma control based on any single poorly con-
trolled response to individual short- and long-term measures, and (2) a control
score, which was calculated by summing the number of short- or long-term
uncontrolled responses to each individual measure from each subject. Control
score ranges for short-term measures were 0 to 5, and those for long-term mea-
sures were 0 to 4.

Data were analyzed with SAS version 9.1 software (SAS Institute, Inc,
Cary, NC). Univariate analyses were performed on the Four-State sample for
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demographic characteristics. Bivariate analyses were performed to demon-
strate associations between sex and demographic characteristics, as well as
between sex and the short- and long-term asthma control variables noted
above. Multivariate logistic regression analyses were conducted to identify
odds ratios (ORs) for female sex on asthma control variables while
controlling for the demographic characteristics of the study population.
Independent variables used in multiple logistic regression analysis included
income (<$15,000 and >$15,000), race (white and nonwhite), Hispanic
ethnicity, education (<12 years and >12 years), presence of health insurance,
smoking status (ever smoker or never smoker and current smoker or
exsmoker), inhaled corticosteroid use in the prior 3 months, and BMI (obese
and nonobese).

RESULTS
Demographics

The Four-State sample of the NAS had 5741 respondents, of
which 3736 were aged 17 years or older. Of the adults in the study,
3060 were identified as having current asthma and were included
in the analyses. As shown in Table II, 2130 were women, and 930
were men. There were significant differences between the sexes
with regard to age (P <.001), income (P <.001), education level
(P <.001), BMI (P <.001), presence of health insurance (P <.05),
being an ever smoker (P < .001), and inhaled corticosteroid use
(P < .05). Women were more likely to have lower incomes,
have health insurance, be categorized as obese, have used inhaled
steroids in the prior 3 months, and have had household exposure
to an indoor pet in the prior 30 days than men. Women were
less likely to have a college degree and to be an ever smoker
than men.

Bivariate analysis of sex and short-term measures
of asthma control

A greater proportion of women than men reported experiencing
asthma symptoms in the past week, although this was not
statistically significant (P = .1602). Measures indicating poorer
short-term asthma control in women that were significant in bivar-
iate analysis included experiencing 1 or more asthma attacks in
the prior 3 months, uncontrolled asthma with regard to daytime
and nighttime symptoms in the prior 30 days, and more frequent
rescue albuterol use for asthma attacks (Table III). Women were
also more likely to experience any measure indicating poor
short-term asthma control than men (adjusted OR, 1.26; CI,
1.06-1.49) and had a higher mean short-term control score than
men, indicating poorer asthma control (Table III).

Bivariate analysis of sex and long-term measures of
asthma control

Women reported significantly worse long-term asthma control
on several different measures (Table IV). Women were more
likely than men to have had an asthma attack in the prior 12
months, miss any work days because of asthma in the past year,
have had 2 or more urgent-care visits in the prior year because
of asthma, and to have been hospitalized for asthma in the prior
12 months. Women were more likely than men to report any mea-
sure of poor long-term asthma control (adjusted OR, 1.55; CI,
1.32-1.82) and had a higher mean long-term control score than
men, indicating poorer asthma control (Table IV). Women were
also significantly more likely to have received routine asthma
care in the prior 12 months than men.
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TABLE I. Definition of short- and long-term measures of asthma control

Asthma control measure

Definition

Short-term
Asthma symptoms in past week
Asthma attack in past 3 months

Any asthma symptoms in the prior week
Episodes or periods of worsened asthma symptoms limiting activity or necessitating medical

care in the prior 3 months

Uncontrolled daytime symptoms

Uncontrolled nighttime symptoms

Albuterol use for an attack in past 3 months

Any measure of poor short-term control
noted above

Short-term control score
Long-term
Asthma attack in past 12 months

Greater than 8 days in the prior month with symptoms

More than 2 nights in the prior month with symptoms

Albuterol used as rescue for acute symptoms in the prior 3 months

Poor asthma control based on any poorly controlled response to individual short-term measure

Sum of the number of short-term uncontrolled responses from each subject (range, 0-5)

Episodes or periods of worsened asthma symptoms limiting activity or necessitating medical

care in the prior 12 months

Any work days lost in past 12 months
Two or more urgent-care visits in past 12 months
Hospitalized for asthma in past 12 months
Any measure of poor long-term control

noted above
Long-term control score

Any absenteeism from work or school in the prior 12 months

Two or more urgent-care or emergency visits in the prior 12 months for asthma

Any hospitalization for asthma in the prior 12 months

Poor asthma control based on any poorly controlled response to individual long-term measure

Sum of the number of long-term uncontrolled responses from each subject (range, 0-4)

Multivariate analysis of sex and short-term
measures of asthma control

Women continued to be more likely to have an asthma attack
in the prior 3 months than men (Table III). Additionally, women
were more likely to report uncontrolled nighttime asthma symp-
toms, uncontrolled daytime asthma symptoms, and albuterol use
for an asthma attack in the prior 3 months. After controlling for
demographics, women were still more likely to report any
measure of poor short-term control than men (adjusted OR,
1.20; CI, 1.01-1.44) and had higher composite short-term
control scores, indicating poorer asthma control than men
(Table III).

Multivariate analysis of sex and long-term
measures of asthma control

Multivariate logistic regression analyses controlling for the
aforementioned independent variables continued to demonstrate
worse asthma control among women with regard to many long-
term asthma control measures (Table IV). Women were signifi-
cantly more likely to have had any work days lost because of
asthma symptoms, have had an asthma attack in the prior 12
months, have had 2 or more urgent-care visits for asthma symp-
toms in the prior 12 months, and have required hospitalization
for asthma in the prior 12 months. Additionally, women were
more likely to report poor-long term asthma control based on
any measure (adjusted OR, 1.52; CI, 1.29-1.79) and had worse
composite long-term control scores. Despite these findings,
women were still more likely to have had routine care for asthma
in the prior 12 months than men.

DISCUSSION

Analysis of the Four-State sample of the NAS demonstrated
significant differences between the sexes in both short- and long-
term measures of asthma control. These findings persisted after
controlling for several demographic variables, including age,
race, socioeconomic status, education, health insurance, BMI,

TABLE Il. Characteristics of adults from the NAS by sex

Female Male
sex (%), sex (%), Pvalue,

Characteristics n=2130 n=2930 X2
Age (y) 17-34 27.51 35.16 .0003

35-54 43.43 40.32

55-74 23.80 20.00

>75 5.26 4.52
Income <$15,000 16.06 10.32 <.0001
Race Nonwhite 19.01 18.60 NS
Hispanic ethnicity 11.55 11.18 NS
Education <12y 11.74 11.83 NS
Insured 86.01 83.12 .0245
State Alabama 27.04 25.70 NS

California 23.57 25.05

Tllinois 24.27 24.30

Texas 25.12 24.95
BMI Obese 32.16 27.42 .0089
Ever smoker 40.33 48.17 <.0001
Current smoker 16.48 18.60 NS
Inhaled corticosteroid use 34.27 28.82 .0031
Indoor mold exposure 11.69 9.78 NS
Indoor pet exposure 50.70 45.38 .0067
Cockroach exposure 12.54 12.15 NS
Indoor smoke exposure 21.78 23.23 NS

NS, Not significant.

and smoking status. Additionally, these findings persisted despite
using inhaled corticosteroid use to control for asthma severity.
Several recent articles have addressed the distinction between
asthma control and asthma severity.>> Asthma control includes
several measures of impairment and risk according to the most re-
cent National Asthma Education and Prevention Program guide-
lines.! These components include the frequency of daytime and
nighttime symptoms, interference with normal activity, rescue
medication use, pulmonary function, and quality of life. Although
inadequate data exist to correlate exacerbation frequencies (and
resultant health care use) with different levels of asthma control,
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TABLE Ill. Analyses of short-term measures of asthma control by sex
Asthma control measure Female sex (%) Male sex (%) OR ORCI AOR* AOR CI
Asthma symptoms in past week 49.86 47.10 1.12 0.96-1.30 1.08 0.92-1.27
Asthma attack in past 3 mo¥ 46.67 40.22 1.25 1.08-1.45 1.22 1.05-1.42
Uncontrolled daytime symptomsi 40.80 36.02 1.22 1.04-1.44 1.18 1.00-1.40
Uncontrolled nighttime symptoms§ 27.56 22.90 1.28 1.07-1.53 1.24 1.03-1.50
Albuterol use for an attack in past 3 mo 37.09 31.83 1.26 1.07-1.49 1.22 1.04-1.45
Any measure of poor short-term control 74.23 69.57 1.26 1.06-1.49 1.20 1.01-1.44
Mean short-term control score! 2.02 1.78 1.30 1.13-1.49 1.24 1.08-1.43

AOR, Adjusted OR.

*Adjusted ORs from logistic regression analysis controlling for the following variables: income (<$15,000 and >$15,000), race (white and nonwhite), Hispanic ethnicity,
education (<12 years and >12 years), presence of health insurance, smoking status (ever smoker or never smoker and current smoker or exsmoker), inhaled corticosteroid use in
the prior 3 months, and BMI (obese and nonobese).

TAsthma attacks defined as episodes or periods of worsened asthma symptoms limiting activity or necessitating medical care.

{Uncontrolled daytime symptoms defined as greater than 8 days in the prior month with symptoms.

§Uncontrolled nighttime symptoms defined as more than 2 nights per month with symptoms.

||Short-term control score range is 0 to 5, with higher levels indicating poorer asthma control (mean score for female and male subjects given).

TABLE IV. Analyses of long-term measures of asthma control by sex

Asthma control measure Female sex (%) Male sex (%) OR ORCI AOR* AOR CI

Asthma attack in past 12 mo¥ 61.83 53.23 1.42 1.22-1.66 1.41 1.20-1.65
Any work days lost in past 12 mo 37.23 23.98 1.88 1.58-2.24 1.87 1.56-2.23
Two or more urgent-care visits in past 12 mo 27.28 16.56 1.89 1.55-2.30 1.80 1.50-2.10
Hospitalized for asthma in past 12 mo 5.92 3.55 1.71 1.16-2.53 1.64 1.10-2.45
Received routine asthma care in past 12 mo 62.82 50.86 1.62 1.40-1.86 1.48 1.28-1.71
Any measure of poor long-term control 69.20 59.14 1.55 1.32-1.82 1.52 1.29-1.79
Mean long-term control score} 1.32 0.97 1.74 1.51-2.00 1.68 1.45-1.93

AOR, Adjusted OR.

*Adjusted ORs from logistic regression analysis controlling for the following variables: income (<$15,000 and >$15,000), race (white and nonwhite), Hispanic ethnicity,
education (<12 years and >12 years), presence of health insurance, smoking status (ever smoker or never smoker and current smoker or exsmoker), inhaled corticosteroid use in
the prior 3 months, and BMI (obese and nonobese).

TAsthma attacks defined as episodes or periods of worsened asthma symptoms limiting activity or necessitating medical care.

fLong-term control score range is 0 to 4, with higher levels indicating poorer asthma control (mean score for female and male subjects given).

the National Asthma Education and Prevention Program guide-
lines do state that more frequent and intense exacerbations do
indicate poorer asthma control. In fact, one recent study demon-
strated increased health care use among patients with uncon-
trolled asthma.'® Asthma severity, on the other hand, is based
on the level of symptoms before treatment and on the medication
requirement necessary to maintain symptom control. Although
these concepts are unquestionably interrelated, a distinction can
be made because those with severe asthma can have good symp-
tom control and those with mild forms of asthma can have
episodes of poor symptom control.

Previous studies have demonstrated differences between the
sexes with regard to asthma control.®!"1*131921 The current
study also demonstrated significant differences between the
sexes, with female subjects having worse short-term asthma con-
trol in terms of recent asthma attacks, uncontrolled daytime and
nighttime symptoms in the prior 30 days, and recent albuterol
use for an asthma attack. Short-term measures of asthma control
that have been demonstrated to be worse among female subjects
compared with male subjects in previous studies include the
frequencies of daytime and nighttime symptoms, interference
with daily activities, and quality-of-life scores. In a study by
Laforest et al,8 tobacco use, female sex, and a BMI of greater
than 30 kg/m2 were all significant predictors of poor asthma con-
trol, as assessed by using the Asthma Control Test.”> Another
study using the Asthma Therapy Assessment Questionnaire

demonstrated worse asthma control among women, despite hav-
ing better postbronchodilator FEV values compared with men.'!
A study by Osborne et al'® found increased daytime and nighttime
symptoms in women with asthma but no differences between men
and women in postbronchodilator FEV | in a large health mainte-
nance organization population.

In this study women were more likely to have used short-acting
[B-agonists for an asthma attack in the prior 3 months than men.
This effect persisted despite controlling for other demographic
variables. Other studies, however, have not consistently demon-
strated this finding. For instance, 2 previous studies demonstrated
increased short-acting [3-agonist use in male subjects compared
with female subjects,”"15 whereas others have demonstrated in-
creased short-acting (3-agonist use in female subjects compared
with male subjectslg’20 or no difference between the sexes.”>>*
One possible explanation for the differences found in this study
with the studies demonstrating increased short-acting (3-agonist
use in men is that the prior studies used canisters dispensed,
whereas this study used subject self-report. Moreover, prior stud-
ies showing increased short-acting (3-agonist use in female
subjects also relied on self-report. 19:20 Although not having infor-
mation on the number of short-acting (3-agonist canisters dis-
pensed could be a potential limitation in our study, actual
patient medication use might not equate with medication dis-
pensed, especially if short-acting [3-agonist use is over a short pe-
riod of time and for intermittent exacerbations. As noted, this
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study examined albuterol use over a period of 3 months and only
for asthma exacerbations.

All long-term measures of asthma control analyzed in this
study revealed poorer control among women. Other studies have
found similar results. Rhodes et al'® demonstrated that female
subjects experienced more asthma attacks in the prior 12 months
and more emergency visits for asthma when evaluating Behav-
ioral Risk Factor Surveillance System data from 2001. Addition-
ally, data from the Epidemiology and Natural History of Asthma:
Outcomes and Treatment Regimens study that were analyzed for
sex differences found that women had greater health care use, in-
creased steroid bursts, and more work days lost than men, despite
better lung function and similar treatment patterns.'' A cross-sec-
tional study in Canada also reported higher rates of absenteeism
and urgent-care visits among female subjects, despite higher
reported rates of inhaled corticosteroid use.

Two measures of health care use, urgent-care visits and
hospitalizations, were found to be higher in female subjects in
this study, as well as in several other studies, '0-13:14:19.25-29
Higher rates of emergency department (ED) visits were reported
in Behavioral Risk Factor Surveillance System data from 2001,
and Osborne et al'® also demonstrated significantly more ED
visits in adult female subjects aged 33 to 55 years compared
with their male counterparts in a large health maintenance orga-
nization population.'® Schatz et al'* found higher rates of ED
visits and hospitalizations among women when evaluating a
health care database of more than 30,000 adult asthmatic sub-
jects. Increased rates of hospitalization for exacerbations have
also been noted in female subjects compared with male subjects
in multiple studies.”>* Interestingly, one study found that de-
spite higher rates of hospitalization among female asthmatic
subjects, female subjects had significantly higher oxygen satura-
tions and peak expiratory flow rates on presentation than male
subjects.?®

The difference in asthma control between men and women in
this study was greater for the long-term measures, particularly the
measures of health care use and work days lost. Moreover, worse
asthma control among women was present despite a higher
likelihood of routine care received by women for their asthma.
One possible explanation for the larger differences demonstrated
between the sexes for the long-term measures is that women
might seek care more readily than men because of a greater
knowledge or perception of asthma control. Additionally, women
might experience greater disability from their asthma because of a
greater frequency of asthma attacks or a greater severity of
asthma. However, multivariate analysis used in this study that
controlled for inhaled corticosteroid use as a marker of asthma
severity continued to demonstrate differences between the sexes
in the asthma control variables.

Similar to this study, other studies have demonstrated higher
rates of routine asthma care in female asthmatic subjects and
worse asthma control among female subjects.m’zo One possible
explanation for this finding would be a higher degree of asthma
severity in female subjects compared with that seen in male sub-
jects. However, worsened asthma control in female subjects has
been demonstrated, despite similar or better levels of asthma se-
verity in women compared with men, based on pulmonary func-
tion or when controlling for inhaled corticosteroid use.’ 1.19.25

Higher rates of routine asthma care in women with worsened
asthma control could also reflect a better perception of incremen-
tal decreases in pulmonary function or a greater knowledge of
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well-controlled versus poorly controlled asthma among women.
In fact, one study demonstrated significantly higher peak flow
rates in women compared with men on presentation to the ED for
an asthma exacerbation.”> Other possible factors that could ex-
plain worse asthma control despite more frequent routine health
care include a poorer response to traditional therapies in women
compared with men, poorer compliance with prescribed therapies
in women, or hormone-related effects causing more asthma
symptoms. Estrogen receptor 1 polymorphisms have been associ-
ated with bronchial hyperresponsiveness and lung function de-
cline, especially in female subjects.30 Other studies have shown
that premenstrual or menstrual worsening of asthma can affect
as many as 20% to 40% of female subjects.’'>°

Differences in allergic sensitization and exposure to common
asthma triggers have also been evaluated to account for differ-
ences in asthma prevalence and control among male and female
subjects, with varying results, 123739 Using data from the
Third National Health and Nutrition Examination Survey, Arbes
et al’’ demonstrated that more than 50% of asthma cases were
attributable to atopy, with the effect greater in male than in fe-
male subjects. Sex analysis from the Epidemiology and Natural
History of Asthma: Outcomes and Treatment Regimens study
demonstrated more allergic comorbidities, allergic triggers for
asthma, and difficulty avoiding allergic triggers by women
despite higher total IgE levels in men."' An article by Singh at
al* also reported higher rates of hay fever and known asthma
triggers in women, although both sexes reported similar rates
of environmental allergens as triggers for asthma. Other studies
have demonstrated contradictory results, with both sexes having
similar levels of allergic sensitization and living conditions™® and
similar seasonality trends in asthma exacerbations.*® Although
the current study did not include a measure of allergic sensitiza-
tion, subjects were stratified by reported exposure to common
asthma triggers (data not shown). The authors of this study did
not find any consistent interaction between sex and environmen-
tal exposures (indoor pets, indoor mold, and cockroach) on
short- and long-term asthma control measures. This suggests
that differences in asthma control between men and women
are likely not due to exposure differences to asthma triggers
between the sexes.

Although this study and the aforementioned studies support
differences in asthma control between the sexes, it is possible that
asthmatic female subjects report more problems than male
subjects with similar levels of morbidity. Studies for other medical
illnesses have reported mixed results. Although men have higher
mortality rates than women, multiple studies have demonstrated
higher morbidity and health care use for women.***** Women have
been shown to have increased health care use but worse quality of
care provided compared with men for cardiovascular disease, es-
pecially in postmenopausal women.*> Women have also been
shown to receive better preventive care for cardiovascular disease
and cancer than men but were less likely to receive colorectal can-
cer screening and received worse treatment for end-stage renal
disease and cardiovascular disease than men.*> Women are also
less likely toreceive elective inpatient and high-technology proce-
dures than men but are more likely to use primary care and home
health services.***° Elderly women were shown to use less hospi-
tal and outpatient surgical services than men but were more likely
to use home health and physician services.’® Other studies that
control for specific conditions, such as colon cancer, common
colds, and osteoarthritis, have demonstrated either no difference
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in reporting between the sexes’' or that men overreport the sever-
ity of their condition compared with women.’ 233

Sex differences in health-related quality of life (HRQOL)
have consistently demonstrated worse reports by female subjects
compared with male subjects in several populations.s“'56 The re-
lationship between self-reported HRQOL and functional limita-
tion has been less frequently studied, however. In one study,
Orfila et al’’ demonstrated that elderly women in Barcelona re-
ported more problems with arthritis, back pain, and depression
and had worse HRQOL scores than male subjects. However,
when the statistical models were adjusted for functional capacity
by using a physical test for standing, walking, and balance, the
differences between the sexes resolved, suggesting that the dif-
ferences were due to greater disability among female subjects
and not due to differences in health reporting. It has also been
suggested that because women have longer survival rates then
men, women have an increased frequency of nonfatal condi-
tions, causing higher levels of disability and lower subsequent
HRQOL.*’

The current study does have limitations. First, as with all
cross-sectional studies, cause-and-effect relationships cannot be
established. However, as previously noted, other studies support
many of the current findings. Second, findings from this study are
based on self-report and are subject to recall bias. Database
utilization studies could be more accurate if study subjects
received all of their care at the center included in the database.
However, health care use studies are also subject to selection bias
depending on the method used for inclusion of study subjects.
Additionally, database studies could underreport health care use
if participants seek care outside the center or overreport medi-
cation use if patients fill prescriptions but do not actively use the
medication. Another potential limitation based on the study
design is that there were more than twice as many women who
responded to the survey as men. Because women are more likely
to have asthma in adulthood and might respond to surveys with a
greater frequency, this could influence the results found in this
study.

Categorization of symptom control is another potential limi-
tation for a couple of reasons. First, the measures used to assess
short-term and long-term asthma control have not been validated
or used in other studies; however, these measures have been
described in previous reports.>* Additionally, these items encom-
pass measures of asthma control from the most recent Expert
Panel Report on the diagnosis and monitoring of asthma.'
Also, uncontrolled daytime symptoms indicated more than 8
days in the prior month with symptoms. Because daytime symp-
tom control is categorized as well controlled if symptoms occur 2
times or less per week, this study might not have captured all those
without well-controlled symptoms. However, this classification
scheme should underestimate the number of patients with uncon-
trolled daytime symptoms. Therefore asthma control based on
this scheme might actually indicate even poorer symptom control
among women than evidenced in this analysis.

Although inhaled corticosteroid use was used to categorize
persistent asthma in this study, positive reports only indicated use
in the prior 3 months and not regular or compliant use; however,
inhaled corticosteroid use as an indicator of asthma severity has
been used in previous studies.’” 8 Additionally, no baseline mea-
sure of pulmonary function was available for analysis. Therefore
increased symptoms among those considered to have more severe
disease might have been due to poor compliance with medication
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regimens and not necessarily due to greater severity of underlying
asthma.

Quality of life is a short-term measure of asthma control that
was not available for this data analysis. Other studies have
demonstrated worse quality of life in asthmatic female subjects
compared with male subjects.sg'64 In 2 of these studies, women
also were found to have increased health care use,®' worsened
dyspnea, and higher levels of medication use.® One study that
correlated the Asthma Control Test and the Asthma Therapy As-
sessment Questionnaire with scores from the Mini-Asthma Qual-
ity of Life Questionnaire did find significant correlations between
asthma control and the symptoms and activity themes of the Mini-
Asthma Quality of Life Questionnaire.®® Therefore although
quality- of-life data were not obtained for this study, it is likely
that patients with more symptoms and greater health care use
would also have worse asthma-related quality of life.

Finally, although we attempted to stratify patients based on
exposure to common asthma triggers (data not shown), data were
not available on allergic sensitization in these patients. It is
possible that a higher proportion of female subjects are sensitized
to molds, pets, or cockroaches than male subjects. Therefore a
difference might have existed in asthma control in those sensi-
tized versus those not sensitized to these allergens. If this were the
case and female subjects were more often sensitized to such
allergens, allergic sensitization could be responsible for differ-
ences in asthma control identified between the sexes.

In summary, this cross-sectional study evaluated several short-
and long-term measures of asthma control in a large sample. Sex
differences were identified for several measures of asthma control
and persisted after controlling for several factors, including
inhaled corticosteroid use. Additionally, these findings were
present despite higher reported rates of routine asthma care by
women. Further studies are needed to determine whether the
current findings are due to differences in health reporting or to
intrinsic differences in asthma between the sexes.

Clinical implications: Health care providers should recognize
that differences in asthma control might exist between the

sexes. Improved asthma education, monitoring, or treatment
in women might lead to reduced disparities in this population.

REFERENCES

1. National Heart, Lung, and Blood Institute. Expert panel report 3: guidelines for the
diagnosis and management of asthma—full report 2007. August 28, 2007. Avail-
able at: www.nhlbi.nih.gov/guidelines/asthma/asthgdIn.pdf. Accessed February
16 2008.

2. LiJT, Oppenheimer J, Bernstein IL, Nicklas RA. Attaining optimal asthma control:
a practice parameter. J Allergy Clin Immunol 2005;116(suppl):S3-11.

3. Stoloff SW, Boushey HA. Severity, control, and responsiveness in asthma.
J Allergy Clin Immunol 2006;117:544-8.

4. Humbert M, Holgate S, Boulet LP, Bousquet J. Asthma control or severity: that is
the question. Allergy 2007;62:95-101.

5. National Asthma Education and Prevention Program. Expert Panel Report 3 (EPR-
3): guidelines for the diagnosis and management of asthma—summary report
2007. J Allergy Clin Immunol 2007;120(suppl):S94-138.

6. Panettieri RA, Covar R, Grant E, Hillyer EV, Bacharier L. Natural history of
asthma: persistence versus progression—does the beginning predict the end?
J Allergy Clin Immunol 2008;121:607-13.

7. Spahn JD, Covar R. Clinical assessment of asthma progression in children and
adults. J Allergy Clin Immunol 2008;121:548-57.

8. Laforest L, Van Ganse E, Devouassoux G, Bousquet J, Chretin S, Bauguil G, et al.
Influence of patients’ characteristics and disease management on asthma control.
J Allergy Clin Immunol 2006;117:1404-10.

9. Day A, Ernst P, Glick L, Zimmerman S, Chapman K. Women and asthma: lessons
from a gender analysis of the asthma in Canada survey. J Asthma 2006;43:169-73.


http://www.nhlbi.nih.gov/guidelines/asthma/asthgdln.pdf

J ALLERGY CLIN IMMUNOL
VOLUME mmm, NUMBER um

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

33.

34.

35.

36.

37.

. Rhodes L, Moorman JE, Redd S. Sex differences in asthma prevalence and other

disease characteristics in eight states. J Asthma 2005;42:777-82.

. Lee JH, Haselkorn T, Chipps BE, Miller DP, Wenzel SE. Gender differences in

IgE-mediated allergic asthma in the epidemiology and natural history of asthma:
outcomes and treatment regimens study. J Asthma 2006;43:179-84.

. Johnston NW, Sears MR. Asthma exacerbations 1: epidemiology. Thorax 2006;61:

722-8.

. Barnes NC, Williams AE. Unscheduled healthcare resource use among asthma pa-

tients receiving low-dose inhaled corticosteroid maintenance treatment. Int J Clin
Pract 2005;59:1017-24.

. Schatz M, Camargo CA. The relationship of sex to asthma prevalence, health care

utilization, and medications in a large managed care organization. Ann Allergy
Asthma Immunol 2003;91:553-8.

. Schatz M, Zeiger RS, Vollmer WM, Mosen D, Cook EF. Determinants of future

long-term asthma control. J Allergy Clin Immunol 2006;118:1048-53.

. Data Source: Centers for Disease Control and Prevention, National Center for

Health Statistics, State and Local Area Integrated Telephone Survey, National
Asthma Survey, 2003. Available at: http://www.cdc.gov/nchs/about/major/slaits/
nas.htm. Accessed December 15, 2007.

. O’Connor KS, Osborn L, Blumberg SJ, Frankel MR, Srinath KP, Giambo P. Design

and operation of the National Asthma Survey. Vital Health Stat 1 2008;46:1-122.

. Peters SP, Jones CA, Hasselkorn T, Mink DR, Valacer DJ, Weiss ST. Real-world

evaluation of asthma control and treatment (REACT): findings from a national
web-based survey. J Allergy Clin Immunol 2007;119:1454-61.

. Osborne ML, Vollmer WM, Linton KLP, Buist S. Characteristics of patients with

asthma within a large HMO: a comparison by age and gender. Am J Respir Crit
Care Med 1998;157:123-8.

Sinclair AH, Tolsma DD. Gender differences in asthma experience and disease care
in a managed care organization. J Asthma 2006;43:363-7.

Eagan TML, Bakke PS, Eide GE, Gulsvik A. Incidence of asthma and respiratory
symptoms by sex, age and smoking in a community study. Eur Respir J 2002;19:
599-605.

Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, et al. Develop-
ment of the Asthma Control Test: a survey for assessing asthma control. J Allergy
Clin Immunol 2004;113:59-65.

Weiner P, Magadle R, Massarwa F, Beckerman M, Berar-Yanay N. Influence of
gender and inspiratory muscle training on the perception of dyspnea in patients
with asthma. Chest 2002;122:197-201.

Sexton M, Althuis MD, Santanello N, Hyndman S, Williams R, Schmeidler D. Sex
differences in the use of asthma drugs: cross sectional study. BMJ 1998;317:
1434-7.

Singh AK, Cydulka RK, Stahmer SA, Woodruff PG, Camargo CA. Sex differences
among adults presenting to the emergency department with acute asthma. Arch In-
tern Med 1999;159:1237-43.

Woods SE, Sorscher J, King J, Hasselfeld K. Young adults admitted for asthma:
does gender influence outcomes? J Womens Health (Larchmt) 2003;12:481-5.
Trawick DR, Holm C, Wirth J. Influence of gender on the rates of hospitalization,
hospital course, and hypercapnea in high-risk patients admitted for asthma:
a 10-year retrospective study at Yale-New Haven Hospital. Chest 2001;119:115-9.
Schatz M, Clark S, Camargo CA. Sex differences in the presentation and course of
asthma hospitalizations. Chest 2006;129:50-5.

Chen Y, Stewart P, Johansen H, McRae L, Taylor G. Sex difference in hospitaliza-
tion due to asthma in relation to age. J Clin Epidemiol 2003;56:180-7.

Dijkstra A, Howard TD, Vonk JM, Ampleford EJ, Lange LA, Bleecker ER, et al.
Estrogen receptor 1 polymorphisms are associated with airway hyperresponsive-
ness and lung function decline, particularly in female subjects with asthma.
J Allergy Clin Immunol 2006;117:604-11.

. Hanley SP. Asthma variation with menstruation. Br J Dis Chest 1981;75:306-8.
32.

Gibbs CJ, Coutts II, Lock R, Finnegan OC, White RJ. Premenstrual exacerbation of
asthma. Thorax 1984;39:833-6.

Eliasson O, Scherzer HH, DeGraff AC Jr. Morbidity in asthma in relation to the
menstrual cycle. J Allergy Clin Immunol 1986;77:87-94.

Agarwal AK, Shah A. Menstrual-linked asthma. J Asthma 1997;34:539-45.
Shames RS, Heilbron DC, Janson SL, Kishiyama JL, Au DS, Adelman DC. Clin-
ical differences among women with and without self-reported perimenstrual
asthma. Ann Allergy Asthma Immunol 1998;81:65-72.

Wenzel S, Szefler SJ. Managing severe asthma. J Allergy Clin Immunol 2006;117:
508-11.

Arbes SJ, Gergen PJ, Vaughn B, Zeldin DC. Asthma cases attributable to atopy:
results from the Third National Health and Nutrition Examination Survey. J Allergy
Clin Immunol 2007;120:1139-45.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

TEMPRANO AND MANNINO 7

Kjellman B, Gustafsson PM. Asthma from childhood to adulthood: asthma sever-
ity, allergies, sensitization, living conditions, gender influence and social conse-
quences. Respir Med 2000;94:454-65.

Baibergenova A, Thabane L, Akhtar-Danesh N, Levine M, Gafni A, MoineddinR, et al.
Effectof gender, age, and severity of asthma attack on patterns of emergency department
visits due to asthma by month and day of the week. Eur J Epidemiol 2005;20:947-56.
Arber S, Cooper H. Gender differences in health in later life: the new paradox? Soc
Sci Med 1999:48:385-93.

Macintyre S, Hunt K, Sweeting H. Gender differences in health: are things really as
simple as they seem? Soc Sci Med 1996;42:617-24.

Verbrugge LM. The twain meet: empirical explanations of sex differences in health
and mortality. J Health Soc Behav 1989;30:282-304.

Owens GM. Gender differences in health care expenditures, resource utilization
and quality of care. J Manag Care Pharm 2008;14(suppl):S2-6.

Ayanian JZ, Epstein AM. Differences in the use of procedures between women and
men hospitalized for coronary heart disease. N Engl J Med 1991;325:221-5.
Khan SS, Nessim S, Gray R, Czar LS, Chaux A, Matloff J. Increased mortality of
women in coronary artery bypass surgery: evidence for referral bias. Ann Intern
Med 1990;112:561-7.

Feinglass J, McDermott MM, Foroohar M, Pearce WH. Gender differences in
interventional management of peripheral vascular disease: evidence from a blood
flow laboratory population. Ann Vasc Surg 1994;8:343-9.

Dunlop DD, Manheim LM, Song J, Chang RW. Gender and ethnic/racial disparities
in health care utilization among older adults. J Gerontol B Psychol Sci Soc Sci
2002;57(suppl):S221-33.

Freid VM, Prager K, Mackay AP, Xia H. Health, United States, 2003 with chart-
book on trends in the health of Americans. Hyattsville (MD): National Center
for Health Statistics; 2003.

Giacomini MK. Gender and ethnic differences in hospital-based procedure utiliza-
tion in California. Arch Intern Med 1996;156:1217-24.

Song J, Chang RW, Manheim LM, Dunlop DD. Gender differences across race/eth-
nicity in use of health care among Medicare-aged Americans. ] Womens Health
(Larchmt) 2006;15:1205-13.

Marshall JR, Funch DP. Gender and illness behavior among colorectal cancer
patients. Women Health 1986;11:67-82.

Davis MA. Sex differences in reporting osteoarthritic symptoms: a sociomedical
approach. J Health Soc Behav 1981;22:298-310.

Macintyre S, Pritchard C. Comparisons between self-assessed and observer
assessed presence and severity of colds. Soc Sci Med 1989;29:1243-8.

Alonso J, Anto JM, Moreno C. Spanish version of the Nottingham Health Profile:
translation and preliminary validity. Am J Public Health 1990;80:704-8.

Emery CF, Frid DJ, Engebretson TO, Alonzo AA, Fish A, Ferketich AK, et al.
Gender differences in quality of life among cardiac patients. Psychosom Med
2004;66:190-7.

Hopman WM, Towheed T, Anastassiades T, Tenenhouse A, Poliquin S, Berger C,
et al. Canadian normative data for the SF-36 health survey. Canadian Multicentre
Osteoporosis Study Research Group. CMAJ 2000;163:265-71.

Orfila F, Ferrer M, Lamarca R, Tebe C, Domingo-Salvany A, Alonso J. Gender dif-
ferences in health-related quality of life among the elderly: the role of objective
functional capacity and chronic conditions. Soc Sci Med 2006;63:2367-80.
Cazzoletti L, Marcon A, Janson C, Corsico A, Jarvis D, Pin I, et al. Asthma control
in Europe: a real-world evaluation based on an international population-based
study. J Allergy Clin Immunol 2007;120:1360-70.

Eisner MD, Ackerson LM, Chi F, Kalkbrenner A, Buchner D, Mendoza G, et al.
Health-related quality of life and future health care utilization for asthma. Ann
Allergy Asthma Immunol 2002;89:46-55.

Schatz M, Mosen DM, Kosinski M, Vollmer WM, Magid DJ, O’Connor E, et al.
The relationship between asthma-specific quality of life and asthma control.
J Asthma 2007;44:391-5.

Laforest L, Pacheco Y, Bartsch P, Vincken W, Pietri G, Ernst P, et al. Correlates of
quality of life in patients with asthma. Ann Allergy Asthma Immunol 2005;94:
473-9.

Wijnhoven HAH, Kriegsman DMW, Snoek FJ, Hesselink AE, de Haan M. Gender
differences in health-related quality of life among asthma patients. J Asthma 2003;
40:189-99.

Belloch A, Perpina M, Martinez-Moragon E, de Diego A, Martinez-Frances M.
Gender differences in health-related quality of life among patients with asthma.
J Asthma 2003;40:945-53.

Larsson U, Taft C, Karlsson J, Sullivan M. Gender and age differences in the
relative burden of rhinitis and asthma on health-related quality of life—a Swedish
population study. Respir Med 2007;101:1291-8.


http://www.cdc.gov/nchs/about/major/slaits/nas.htm
http://www.cdc.gov/nchs/about/major/slaits/nas.htm

	The effect of sex on asthma control from the National Asthma Survey
	Methods
	Data set
	Data analysis

	Results
	Demographics
	Bivariate analysis of sex and short-term measures of asthma control
	Bivariate analysis of sex and long-term measures of asthma control
	Multivariate analysis of sex and short-term measures of asthma control
	Multivariate analysis of sex and long-term measures of asthma control

	Discussion
	References


