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Background: Age-related sex differences in asthma hospitalizations and emergency department (ED) visits have been
reported, but relationships of these differences to disease prevalence and outpatient management have not been defined.

Objective: To define the relationships of sex to asthma-related health care utilization and medications, accounting for
age-related differences in asthma prevalence.

Methods: Computerized data from Southern California Kaiser-Permanente were used to identify asthmatic patients, aged 2 to
64 years, enrolled continuously during 1999 and 2000. Age-specific asthma prevalence in 1999 was calculated to identify ages
of male or female predominance. Males and females were compared with regard to asthma-related health care utilization
outcomes (outpatient clinic visits, ED visits, and hospitalizations) and medication use (�-agonists, inhaled steroids, and oral
steroids). Hospitalizations, ED visits, and oral steroid use were considered markers of disease severity.

Results: Of the 60,694 subjects, the female-male prevalence ratio was approximately 35:65 at each age between 2 and 13
years, it was inverse (65:35) between the ages of 23 and 64 years, and prevalences were relatively similar at the ages of 14 to
22 years. In patients aged 2 to 13 years, most utilization and medication variables were significantly greater in males (P � .01).
Females aged 14 to 22 years had more outpatient and ED visits and used more oral steroids than males. In patients aged 23 to
64 years, all utilization variables were significantly greater in females, except �-agonist use and mean inhaled steroid dispensings.

Conclusions: Asthma utilization and severity appear greater in males aged 2 to 13 years, somewhat greater in females aged
14 to 22 years, and definitely greater in females aged 23 to 64 years. The mechanisms for these striking sex differences merit
further investigation.
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INTRODUCTION
In the United States, asthma affects at least 15 million to 20
million persons and accounts for 2 million emergency depart-
ment (ED) visits and more than 470,000 hospitalizations
annually.1 Several prior studies suggest that the burden of
asthma is not borne equally by males and females. For
example, among patients who are hospitalized with asthma,
up to twice as many younger than 15 years are males,2–10 but
up to 3 times as many patients older than 15 years are
females.5,7–9,11–19 However, since many of these data do not
take into account sex differences in the prevalence of asthma
at various ages,2,3,5–10,14–16,18 they cannot evaluate the role of
sex as a specific risk factor for more severe asthma exacer-
bations. Indeed, the incidence of asthma has been reported to

be higher in males younger than 9 years but higher in females
older than 15 years.20–22

The main purpose of this retrospective cohort study was to
determine sex differences in health care utilization for
asthma, accounting for age-related differences in asthma
prevalence. The cohort was composed of more than 60,000
individuals with asthma aged 2 to 64 years who were enrolled
in a large managed care organization. Sex differences in other
potentially related factors, such as socioeconomic status and
asthma medications, also were evaluated.

METHODS
This study was approved by the Southern California Kaiser-
Permanente Institutional Review Board. Data were derived
from the Southern California Kaiser-Permanente Asthma
Case Identification Database (ACID), based on linkage of
computer data from a membership database, a hospital dis-
charge database, a diagnosis and procedures database, and a
prescription database. Patients were identified as having
asthma if they met one or more of the following criteria
during 1999:

1. Any discharge diagnosis (principal or other diagnosis) of
asthma in the hospitalization database (International Classi-
fication of Diseases, Ninth Edition [ICD-9] code 493.xx).

2. Asthma-related ED or regular clinic visit in the diagno-
sis and procedures database.
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3. Two or more asthma-related medication dispensings
(excluding oral steroids, inhaled ipratropium, and inhaled
combination albuterol-ipratropium) in the prescription data-
base, including �-agonists (excluding oral terbutaline), in-
haled steroids, other inhaled anti-inflammatory drugs, and
oral leukotriene modifiers.

This algorithm is based on the evidence that identifying
“physician-diagnosed asthma” is a valid way to identify asth-
matic patients in epidemiologic studies.23 Physician-diag-
nosed asthma is captured explicitly with criteria 1 and 2 and
implicitly with criterion 3.

Patients in the present cohort were aged 2 to 64 years,
included in ACID, and continuously enrolled during 1999
and 2000. Sex differences in prevalence were evaluated by
determining the proportion of males vs females in the cohort
at each age (based on 1999 age). Sex differences in hospital
utilization were determined by comparing the proportion of
male vs female patients who required an ED visit or hospi-
talization with a primary diagnosis of asthma (ICD-9 code
493.xx) at a Kaiser Foundation Hospital or at an outside
hospital during the 2 years of follow-up in the various age
groups. Mean length of hospital stay (in hours) also was
compared in males vs females. During the 2-year period, the
following parameters also were compared between males and
females in the various age groups: (1) proportion with sub-
sidized insurance (Medicare or Medicaid), a marker of lower
socioeconomic status; (2) mean number of asthma-related,
non-ED outpatient visits; (3) mean number of dispensings of
short-acting, inhaled �-agonists; (4) any dispensing of in-
haled steroids; (5) mean number of inhaled steroid dispens-
ings (in patients receiving inhaled steroids); (6) any dispens-
ing of oral steroids; and (7) mean number of oral steroid
dispensings (in patients receiving oral steroids).

To determine the relationship of sex to major outcomes,
while controlling for demographic factors (age, socioeco-
nomic status), disease severity (hospital and oral steroid uti-
lization), and therapy (short-acting �-agonists, inhaled ste-
roids), multivariate logistic regression was performed. The
analyses were stratified by age groups based on the asthma
prevalence results: ages of male predominance, transition
years, and ages of female predominance. Outcomes were (1)
any year 2000 ED visit with a diagnosis of asthma (ICD-9
code 493.xx) and (2) any year 2000 hospitalization with a
primary diagnosis of asthma (ICD-9 code 493.xx). Potential
predictors for the analyses included sex, 1999 age, 1999
asthma hospitalization or ED visit (as defined herein), num-
ber of 1999 short-acting, inhaled �-agonist dispensings, num-
ber of 1999 inhaled steroid dispensings, and number of 1999
oral steroid dispensings.

The ratio of female to male patients by age was plotted
using Microsoft Excel (Microsoft, Redmond, WA) with a
smoothed curve fitted using a fourth-degree polynomial func-
tion. All analyses were conducted using SAS statistical soft-
ware version 8.0 for Windows (SAS Institute Inc, Cary, NC).
Hypothesis testing for continuous predictors in univariate anal-
yses was conducted using the t test. Hypothesis testing for bi-

nary predictors was conducted using the �2 test. A 2-sided
P � .05 was considered statistically significant. Odds ratios
(ORs) are presented with 95% confidence intervals (CIs).

RESULTS
The total number of members of the Southern California
Kaiser-Permanente Medical Care Program who were aged 2
to 64 years in 1999 and who were continuously enrolled
during 1999 and 2000 was 1,850,478 (957,978 females and
892,500 males). This population is demographically similar
to the general Southern California working population (D.
Pettiti, unpublished data, 2003). The asthma cohort included
60,694 subjects, of whom 54% were female and 46% male.
The total prevalence of active asthma in this cohort was thus
3.3% (3.9% female, 3.1% male).

Comparing the proportion of males vs females in the co-
hort at each age in 1999 (Fig 1) revealed that the female-male
prevalence ratio was approximately 35:65 at each age between
2 and 13 years, whereas it was inverse (65:35) between the
ages of 23 and 64 years; at ages 14 to 22 years, the sex
prevalences were relatively similar. These 3 age groups were
thus evaluated separately in subsequent analyses.

Females were significantly more likely than males to have
subsidized (Medicare or Medicaid) vs commercial insurance
at all ages (Table 1). Table 1 also compares the prevalence,
utilization, and medication outcomes in males vs females in
the 3 age groups. Males in the ages 2 to 13 years cohort made
a larger number of outpatient visits than females. In addition,
the proportion of males in this age group with ED visits was
higher than the proportion of females, whereas hospitaliza-
tion rates and mean length of stay were comparable between
groups. Males in this age group used more �-agonists, in-
haled steroids, and oral steroids than females.

Although asthma was somewhat more common in males
than females in patients aged 14 to 22 years, females in this
age group made more outpatient and ED visits than males.
The hospitalization rate was equal in this age group, and
there was no significant difference between groups in mean
length of stay. Males used more �-agonists, but females were
more likely to use inhaled steroids and used more oral ste-
roids than males in this age group. However, among patients
prescribed inhaled steroids, males used more inhaled steroids
than females.

In patients aged 23 to 64 years, asthma was more common
in women, but, even accounting for this difference, women
were significantly more likely than men (P � .001) to have
an outpatient visit, require an ED visit, or be hospitalized for
asthma. As in the other age groups, mean length of hospital
stay in patients aged 23 to 64 years was similar between
sexes, and men used more �-agonists than their female coun-
terparts. Women were more likely to use an inhaled steroid,
although men in this age group on average received more
dispensings of inhaled steroids. Finally, women in this age
group were more likely to require oral steroids, although the
mean number of dispensings of oral steroids in patients who
required them did not differ between men and women.
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Multivariable analyses explored the relationship between
sex and asthma-related ED visits or hospitalizations, indepen-
dent of other demographic, severity (prior hospital, ED, and
oral steroid utilization), and treatment parameters. After con-
trolling for these factors, the relationship between sex and ED
visits was of borderline statistical significance in each age
group: for age 2 to 13 years, the female OR was 0.91 (95%
CI, 0.82–1.02); for age 14 to 22 years, the female OR was
1.18 (95% CI, 0.99–1.39); and for age 23 to 64 years, the
female OR was 1.09 (95% CI, 0.99–1.20). Although sex was
not an independent predictor of asthma hospitalization in
patients aged 2 to 13 years (female OR, 0.95; 95% CI,
0.77–1.18) or aged 14 to 22 years (female OR, 0.92; 95% CI,
0.58–1.46), female sex was independently associated with

subsequent asthma hospitalizations in patients aged 23 to 64
years (OR, 1.70; 95% CI, 1.35–2.14), after adjusting for the
other parameters (Table 2).

DISCUSSION
Previous studies have reported age-related sex differences in
asthma prevalence or hospital utilization, but few studies
have addressed both prevalence and hospital utilization con-
currently. The current study confirms that asthma is almost
twice as prevalent in males younger than 14 years and in
females older than 22 years. Furthermore, it shows that, even
accounting for these prevalence differences, asthma is more
severe (based on hospital utilization and oral steroid use) in
males younger than 14 years and in females 14 years or older.

Figure 1. Ratio of female to male asthma patients,
ages 2 to 64 years. Ratios are presented with 95%
confidence intervals (dashed lines) and a smoothed
curve of the relation between age and female-male
ratio. The empty circles denote sex ratios at ages 14
to 22 years.

Table 1. Asthma Prevalence, Health Care Utilization, and Medication Use among Male and Female Subjects, Stratified by Age Groups
(Combined 1999 and 2000 Results)

Parameters

Age 2–13 y
(n � 20,559)

Age 14–22 y
(n � 7,158)

Age 23–64 y
(n � 32,977)

Male Female Male Female Male Female

Prevalence, % 63 37 53 47 35 65
Subsidized insurance, % 7.9† 9.2 4.3§ 5.5 1.4‡ 3.6
Mean no. of outpatient visits 2.8† 2.7 1.7‡ 1.9 1.4‡ 1.8
Any emergency department visit, % 15.2‡ 13.3 14.9§ 16.8 10.7‡ 12.2
Any hospitalization, % 4.0 3.6 2.6 2.6 1.7‡ 2.8
Mean length of stay, h 41.4 43.2 38.4 39.3 46.3 49.8
Mean no. of �-agonist dispensings 5.0‡ 4.5 7.9‡ 6.2 7.7‡ 6.0
Any inhaled steroid dispensing, % 49‡ 46 59† 63 72‡ 75
Mean no. of inhaled steroid dispensings* 3.1‡ 2.9 2.8† 2.6 4.5‡ 4.0
Any oral steroid dispensing, % 58‡ 53 41 43 45‡ 53
Mean no. of oral steroid dispensings* 2.2‡ 2.1 1.8† 1.9 2.7 2.7

* Among patients with any dispensings.
† P � .01.
‡ P � .001.
§ P � .05.
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Unique aspects of this study include the large number of
asthmatic patients managed by a single integrated health care
system, the ability to account for prevalence in evaluating sex
differences in health care utilization, and the evaluation of
medication use as an additional measure of severity (oral
steroids) or management (inhaled steroids).

One of the most interesting and unexplained observations
is the sex shift in prevalence and severity that occurs around
the age of 13 years. One study has suggested that it is not a
selective loss of asthma in males compared with females during
puberty that accounts for this shift,24 and several studies have
shown that the incidence of asthma is higher in women than
men after the age of 15 years.20–22,25,26 Potential mechanisms
include sex hormones,27–37 changes in airway size,38 anxiety-
depression,14,39–42 or obesity.25,39,43–45 The current study does
not shed light on these mechanisms. In addition to a sex shift
in asthma prevalence, this study confirms a significant in-
crease in the occurrence of hospitalizations for asthma in
women older than 23 years, even after accounting for prev-
alence, a marker of socioeconomic status, prior health care
utilization, and asthma medications. This observation sug-
gests that asthmatic women experience more morbidity from
their disease than men, consistent with the results of a prior
study in which asthmatic women aged 16 to 77 years reported
significantly lower general quality-of-life (Medical Outcomes
Study 36-Item Short-Form Health Survey) scores in 7 of 9
domains compared with men.46 There are 3 potential expla-
nations for these observations: (1) increased inherent disease
severity in women, (2) increased perception of or reactivity to
asthma physiologic changes in women with increased health-
seeking behavior, or (3) less aggressive treatment in women,
due to either provider or patient behaviors.

Against the concept of increased inherent severity in asth-
matic women vs men is the observation in the current study
and a previous study16 that, once hospitalized for asthma, the
length of stay was not significantly different for women
compared with men. In addition, in a large study of sex
differences in 46,587 admissions to 91 intensive care units,
no differences in acute physiology score, APACHE II (Acute
Physiology and Chronic Health Evaluation II) score, or per-
cent mortality were seen in 490 women compared with 233

men admitted for asthma.47 In another study of 103 patients
with 2 or more asthma hospitalizations to a single institution,
PCO2 levels were higher in men.18 Furthermore, if pulmonary
function can be considered a marker of inherent asthma
severity, the data do not support the hypothesis of inherently
greater severity in women vs men.11,14,48 For example, in a
study of patients aged 18 to 54 years presenting to the ED
with moderate to severe exacerbations, women were more
likely to report “severe” complaints in terms of symptom
frequency, intensity, and activity limitation, but men had a
lower average percent predicted peak expiratory flow rate.11

Similarly, in a cohort of patients with physician-diagnosed
asthma in a health maintenance organization, women had
increased symptoms and decreased quality of life but dem-
onstrated a higher mean forced expiratory volume in 1 second
than men.48

The pattern seen in several other adult diseases is that
women tend to get more care than men for the same type of
illness or complaint unless a major diagnostic or therapeutic
intervention is involved.49 This would suggest either in-
creased perception of or increased reactivity to symptoms by
women compared with men. These possibilities are supported
by the previously discussed observation that women have
more symptoms and hospital utilization for a given level of
pulmonary function compared with men.11,14 Our study
showed that, at all ages, short-acting, inhaled �-agonist use
was greater in males than females and that females older than
13 years made significantly more outpatient asthma visits
than males. This would be consistent with the hypothesis that
men may perceive symptoms similarly to women but that
their approach may be to use rescue inhalers rather than to
seek medical attention.

Another general explanation for increased adverse out-
comes in asthmatic women compared with men would be
sex-based treatment differences. Although females older than
13 years in the current study were more likely than males to
be dispensed any inhaled steroids, among those who received
inhaled steroids, females received a significantly lower num-
ber of dispensings compared with males (Table 1). Similarly,
one prior study12 reported that more women than men in a
managed care organization possessed inhaled steroids but that
men who had inhaled steroids were more likely than women
who had inhaled steroids to use them daily. These data
suggest that poorer adherence to preventive medications
could contribute to the increased hospital utilization observed
in females older than 13 years. However, the increased risk of
asthma hospitalization in women persisted in the current
study even after accounting for inhaled steroid dispensings
(Table 2). In addition, one recent study found increased
self-reported adherence to asthma medications in women
compared with men.50

It would have been useful to be able to adjust our results
for cigarette smoking, but this information was not available
in the electronic database. One study has reported that asth-
matic women from a health maintenance organization popu-
lation were more likely to be current smokers than asthmatic

Table 2. Multivariate Logistic Regression Analysis of Year 1999
Predictors of Year 2000 Asthma Hospitalizations in 60,694
Individuals Aged 23 to 64 years

1999 Predictor OR (95% CI) P value

Female 1.70 (1.35–2.14) �.001
Age 1.02 (1.01–1.03) �.001
Has subsidized insurance 2.56 (1.75–3.74) �.001
ED visit or hospitalization 4.29 (3.37–5.45) �.001
Short-acting �-agonists 1.02 (0.99–1.04) .18
Inhaled steroids 0.86 (0.81–0.91) �.001
Oral steroids 1.16 (1.10–1.22) �.001

Abbreviations: CI, confidence interval; ED, emergency department;
OR, odds ratio.
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men from the same population,48 and the relationship between
asthma prevalence and cigarette smoking in adults in Cali-
fornia is stronger in women than in men.39 However, a large,
multicenter study of adult asthmatic patients presenting to the
ED did not find a significant sex difference in cigarette
smoking.11 Unfortunately, previous reports of decreased qual-
ity of life or increased symptoms in asthmatic women com-
pared with men have also not been specifically adjusted for
cigarette smoking.11,14,46,48

This study has some additional potential limitations. Prev-
alence was based on electronic capture of physician-diag-
nosed asthma, which was dependent on resource utilization.
However, the observed changing sex prevalence with age is
consistent with prior reports and suggests that there was not
a significant sex bias in the way patients entered the current
asthmatic cohort. It has been previously reported that using
“physician-diagnosed asthma” as the definition of asthma is
more specific than sensitive regarding detecting asthma in a
population.23 Thus, the patients entered into the current cohort
are more likely to have asthma, but some patents with asthma
in our population may not have been identified. However, the
capture of outpatient and hospital-based health care utiliza-
tion and all asthma medications in a population with prepaid
health care access would be expected to identify most patients
with active asthma. This hypothesis can be partly tested by
comparing the observed prevalence in the current study to the
reported prevalence of asthma in California from the 2001
California Health Interview Survey.51 In that study, asthma
symptom prevalence (symptoms at least once a year) was re-
ported to be 8.8%. Of those patients, approximately 40% (ap-
proximately 3.5% of the total population) had symptoms once a
month or more, which could be considered active asthma and
agrees relatively well with our 3.3% prevalence figure of active
asthma requiring medical visits or medication.

Another potential limitation is that medication use in this
study was evaluated by computerized pharmacy dispensing
records rather than by more direct means. Although medica-
tion use for patents who obtain their medications from non–
Kaiser-Permanente pharmacies would not have been cap-
tured, 95% of asthmatic patients included in ACID have a
Kaiser pharmacy prescription benefit (R. Nakahiro, unpub-
lished data, 2003). There is no reason to suspect sex bias in
the potential loss of information from patients who do not
have such a benefit. Finally, although dispensing of a medi-
cation does not ensure that the patient is using the medication,
pharmacy records are recommended as a method of assessing
patient adherence.52

CONCLUSION
This study shows that asthma is more severe in males
younger than 14 years and in females 14 years and older,
even accounting for differences in disease prevalence. Al-
though these differences may be due to inherent sex-related
differences in severity, possible sex differences in reactivity
to airway obstruction or medication adherence may contrib-

ute in postpubertal females. The exact mechanisms for these
striking sex differences merit further investigation.
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