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Background: Asthma hospitalizations occur commonly. Many are preventable if asthma is well controlled. Medications and
demographic factors affect asthma hospitalization rates. Recent studies suggest that inhaled long-acting �-agonists (LABAs) may
heighten risk of serious asthma exacerbation, particularly in African Americans.

Objectives: To further our understanding of the greater asthma morbidity associated with African American race and to
investigate possible risk associated with LABAs.

Methods: In an ecologic analysis, asthma hospitalization rates in individuals aged 5 to 64 years were determined for
Philadelphia zip codes in period 1 (1995–1997) and period 2 (1997–1999) and were studied for associations with asthma drug
prescription rates, demographic factors, and numbers and types of asthma care providers.

Results: Higher hospitalization rates were found in African Americans vs Caucasians (45.7 vs 7.6 per 10,000) and in 5- to
17-year-olds vs 18- to 34- and 35- to 64-year-olds (30.4 vs 11.9 and 13.7 per 10,000). Hospitalizations were correlated directly
with prescriptions for inhaled short-acting �-agonists (SABAs) in periods 1 (rs � 0.61) and 2 (rs � 0.60) and inversely with
LABA prescriptions in periods 1 (rs � �0.56) and 2 (rs � �0.66). Higher SABA prescription rates were also correlated with
greater proportions of African Americans per zip code in periods 1 (rs � 0.58) and 2 (rs � 0.53). At all poverty levels, African
Americans had higher hospitalization rates than Caucasians. Asthma hospitalization was significantly associated with poverty
area residence (relative risk [RR], 2.29) and with African American race (RR, 4.31) and age (RR, 1.15) as individual-level
variables (P � .001, Poisson regression).

Conclusions: These data do not support the contention that LABA exposure is a major cause of asthma morbidity. Risk of
asthma hospitalization is strongly associated with being African American.
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INTRODUCTION
Hospitalizations for asthma occur commonly1 and account for
substantial health care expenditures.2 The third Expert Panel
Report (EPR) guidelines3 regard hospitalization within the
past year as an event reflecting greater disease severity, poor
asthma control, or both. Asthma hospitalization rates vary
inversely with inhaled corticosteroid (ICS) use,4,5 implying
that most hospitalizations are preventable.

Asthma hospitalization has also been associated with
greater risk of asthma mortality.6 Annual rates of asthma

mortality in the United States have declined in recent years.1

However, rates of fatal asthma remain higher in African
American vs Caucasian patients and are highest in African
Americans residing in poverty areas of large cities.1,7,8

In the Salmeterol Multicenter Asthma Research Trial, sal-
meterol therapy was associated with a higher rate of serious
and fatal asthma episodes compared with placebo, primarily
in African American subjects.9 Untoward outcomes in Afri-
can American individuals associated with salmeterol use may
reflect (1) “masking” of inflammation in individuals receiv-
ing inhaled long-acting �-agonists (LABAs) as monotherapy
without concomitant ICSs; (2) lack of regular follow-up,
which was not part of the Salmeterol Multicenter Asthma
Research Trial design; or (3) greater potential for untoward
outcomes in the asthmatic subgroup homozygous for the
Arg/Arg-16 genotype of the �-adrenergic receptor10 based on
the contention11 that increased risk of morbidity in asthmatic
patients who are B16 Arg/Arg associated with inhaled short-
acting �-agonists (SABAs) also applies to LABAs. A meta-
analysis12 found that compared with placebo, LABAs were
associated with a significantly greater risk of life-threatening
exacerbations and hospitalizations for asthma. The authors
stated in the “Discussion” section of this article that “salme-
terol may be responsible for approximately 4,000 of the 5,000
asthma-related deaths that occur in the United States each
year”12(p909) and that “concomitant inhaled corticosteroids do
not adequately protect against the adverse effects.”12(p910) On
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the basis of these recent studies, the evidence-based recom-
mendation in the EPR3 guidelines3 for the “step up” option
for patients insufficiently controlled with low-dose ICS ther-
apy was modified. The preferred option in EPR2,13 based on
level A evidence, was low-dose ICSs combined with LABAs.
In EPR3,3 the option of increasing the ICS dose is viewed as
“equally acceptable” compared with low-dose ICSs and
LABAs based on “potential risk” associated with the latter.
The magnitude of this putative risk, particularly for African
American patients, in association with LABA exposure
would be substantial because LABAs are commonly pre-
scribed. Hospitalizations for asthma are also common. For
this reason, this risk, if it exists, would be important from a
public health standpoint and should be detectable at a popu-
lation level as a direct relationship between LABA prescrip-
tions and asthma hospitalizations.

To further our understanding of greater risk for untoward
asthma care outcomes associated with African American race
and to investigate possible risks associated with salmeterol
use, we analyzed hospitalization rates and asthma drug pre-
scriptions for 4 years (April 1, 1995, through March 31,
1999). This period is the 2 years before and after release of
the EPR2 guidelines,13 which also precedes the availability of
formoterol and the combination product containing salmet-
erol and fluticasone propionate (Advair; GlaxoSmithKline,
Research Triangle Park, North Carolina) in the United States.
This period was also a time when ICS use was less prevalent,
and LABA monotherapy was likely more common. We ex-
amined overall trends and demographic factors associated
with asthma drug prescriptions, including salmeterol, in the
context of asthma hospitalization patterns.

METHODS
Data describing hospitalizations for asthma (493.X) between
April 1, 1995, and March 31, 1997 (period 1), and between
April 1, 1997, and March 31, 1999 (period 2), for Philadel-
phia, Pennsylvania, residents were obtained from the Penn-
sylvania Health Care Cost Containment Council. Age, sex,
and race/ethnicity for each patient were recorded. Hospital-
ization rates (number of hospitalizations per zip code popu-
lation) were determined for individuals aged 5 to 64 years and
were calculated for all zip codes. Data from zip codes with
more than 1,000 residents were analyzed.

Monthly estimates of the number of drug prescriptions for
asthma between April 1, 1995, and March 31, 1999, were
provided by Wolters Kluwer Health (Phoenix, Arizona). The
Wolters Kluwer Health database analyzes more than 120
million prescriptions per month, representing 70% of the
dispensed volume from US (chain and independent retail)
pharmacies. We analyzed data representing an audit of dis-
pensed prescriptions from a representative sample of retail
pharmacies in Philadelphia. The data were organized into 8
drug categories: LABAs, ICSs, SABAs, oral �-agonists, the-
ophylline, anticholinergics, cromones (cromolyn and
nedocromil), and antileukotrienes. Data for oral corticoste-
roids were not included. Prescription rates for these catego-

ries of asthma drugs were determined for all zip codes in
Philadelphia. Prescriptions in zip codes with an average
monthly asthma drug prescription rate of 100 or greater were
analyzed.

Information identifying physicians in Philadelphia by of-
fice address was obtained from the 1998 edition of Dorland’s
Medical Directory (Legal Communications Ltd, Philadel-
phia). Physicians listed as family/general practice, internal
medicine, or pediatrics were categorized as primary care
physicians; allergy/immunology and pulmonary physicians
were classified as asthma specialists. Numbers (primary care
physicians � asthma specialists) and proportions (asthma
specialists/[primary care physicians � asthma specialists]) of
asthma care providers were determined for each zip code.

Demographic data (race/ethnicity, marital status, educa-
tional attainment, sex, and poverty level) in each zip code
area were obtained from the 1990 Census enumeration for
Philadelphia.14 Poverty status was assigned using a definition
originated by the Social Security Administration in 1964,
subsequently modified by federal interagency committees in
1969 and 1980, and prescribed by the Office of Management
and Budget as the standard used by federal agencies for
statistical purposes. This definition uses total income adjusted
to poverty thresholds weighted by the number and ages of
household members.15

Spearman correlation coefficients (rs) were used to evalu-
ate associations of asthma hospitalization rates with asthma
drug prescriptions and sociodemographic factors. Correla-
tions of asthma drug prescriptions with hospitalizations were
analyzed separately for period 1 and period 2 to ascertain
whether release of EPR2 guidelines at the end of period 1 had
affected prescribing patterns. Poisson regression was used for
multivariable analysis16 to evaluate risk of hospitalization for
asthma according to race and poverty status. In this analysis,
demographic factors were entered into the regression model
as population-level variables (eg, according to proportions of
residents in each zip code who were African American); age,
sex, and African American race were entered as individual-
level factors (eg, according to proportions of hospitalized
asthmatic patients who were African American). The popu-
lation was stratified by zip code into thirds (high, intermedi-
ate, and low) for each sociodemographic variable used in the
Poisson regression model. Two-tailed P � .01 was regarded
as statistically significant.

RESULTS

Asthma Hospitalizations
Hospitalizations of Philadelphia residents totaled 22,266 be-
tween April 1, 1995, and March 31, 1999. During this period,
median annualized rates of hospitalizations were higher in
African American individuals (45.7 per 10,000) compared
with Caucasian individuals (7.6 per 10,000) and in 5- to
17-year-olds (30.4 per 10,000) compared with those aged 18
to 34 years (11.9 per 10,000) and 35 to 64 years (13.7 per
10,000). Between periods 1 and 2, rates of hospitalization
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declined significantly in the overall population (from 23 to 19
per 10,000; �2 � 30.62; P � .001), in African American
individuals (from 51.1 to 41.0 per 10,000; �2 � 28.24, P �
.001), and in Caucasian individuals (from 8.1 to 7.3 per
10,000; �2 � 3.01; P � .08).

Asthma Drug Prescriptions
Asthma drug prescriptions totaled 2,284,093 between April 1,
1995, and March 31, 1999. In 45 zip codes (97.7% of Phil-
adelphia residents) with an average monthly asthma drug
prescription rate of at least 100, there were 788 asthma care
providers. The proportion of prescriptions for SABAs de-
clined from 50% to 45% of total asthma drug prescriptions
from period 1 to period 2, whereas the proportion of total
drug prescriptions composed of “controllers” (ICSs, LABAs,
antileukotrienes, and cromones) increased from 25% to 32%.

Association of Asthma Drug Prescriptions With Patterns of
Hospitalization
Table 1 displays annual mean rates of prescriptions for
asthma drugs per zip code and correlations with hospitaliza-
tions for asthma. Hospitalizations were correlated directly
with prescriptions for SABAs in period 1 (rs � 0.61, 95% CI,
0.38 to 0.76; P � .001) and in period 2 (rs � 0.60; 95% CI,
0.37 to 0.76; P � .001) (Figure 1) and with oral �-agonists in
period 2 (rs � 0.39; 95% CI, 0.11 to 0.61; P � .008).
Hospitalizations were inversely correlated with prescriptions
for ICSs in period 1 (rs � �0.45; 95% CI, �0.66 to �0.18;
P � .001) and in period 2 (rs � �0.42; 95% CI, �0.63 to
�0.14; P � .004) and with anticholinergics in period 1 (rs �
�0.46; 95% CI, �0.66 to �0.19; P � .001). Hospitalizations
were inversely correlated with LABA prescriptions in period
1 (rs� �0.56; 95% CI, �0.73 to �0.31; P � .001) and in
period 2 (rs � �0.66; 95% CI, �0.80 to �0.45; P � .001)
(Figure 2). Prescriptions for LABAs were inversely corre-
lated with prescriptions for SABAs in period 1 (rs � �0.71,
95% CI, �0.83 to �0.53; P � .001) and in period 2 (rs�
�0.71; 95% CI, �0.83 to �0.52; P � .001).

Association of African American Race With Risk of
Hospitalization
African American individuals were hospitalized 6 times more
frequently than were Caucasian individuals. Figure 3 displays
the correlation between SABA prescriptions and proportions
of African American residents per zip code in period 1 (rs �
0.58; 95% CI, 0.34 to 0.74; P � .001) and in period 2 (rs�
0.53; 95% CI, 0.27 to 0.71; P � .001).

We further examined the risk of hospitalization associated
with African American race by analyzing rates of hospital-
ization in African American and Caucasian residents within 3
strata of poverty in zip codes of residence. In African Amer-
ican and Caucasian individuals, asthma hospitalization rates
increased directly in association with rates of poverty in zip
codes of residence (Figure 4). At all levels of poverty, Afri-
can American individuals had substantially higher rates of
hospitalization than Caucasian individuals. African American

Table 1. Asthma Drug Prescription Rates and Correlations With Hospitalizations for Asthma

Asthma drug

Period 1 (1995–1997) Period 2 (1997–1999)

Annual
prescriptions
per zip code,

mean (SD), No.

Correlation with
hospitalization for

asthma, rs (95% CI)
P value

Annual
prescriptions
per zip code,

mean (SD), No.

Correlation with
hospitalization for

asthma, rs (95% CI)
P value

Short-acting �-agonists 4,988 (557) 0.61 (0.38 to 0.76) �.001 4,731 (497) 0.60 (0.37 to 0.76) �.001
Long-acting �-agonists 429 (212) �0.56 (�0.73 to �0.31) �.001 645 (251) �0.66 (�0.80 to �0.45) �.001
Inhaled corticosteroids 1,764 (378) �0.45 (�0.66 to �0.18) .001 1,882 (348) �0.42 (�0.63 to �0.14) .004
Oral �-agonists 206 (155) 0.35 (0.05 to 0.58) .02 186 (140) 0.39 (0.11 to 0.61) .008
Antileukotrienes 57 (37) �0.26 (�0.51 to 0.03) .09 523 (152) �0.16 (�0.43 to 0.14) .30
Anticholinergics 686 (221) �0.46 (�0.66 to �0.19) .001 1,000 (321) �0.23 (�0.49 to 0.07) .13
Theophylline 1,596 (385) 0.21 (�0.09 to 0.47) .17 1,128 (330) 0.33 (0.03 to 0.56) .03
Cromones 283 (150) �0.42 (�0.64 to �0.14) .004 186 (140) �0.21 (�0.47 to 0.09) .16

Abbreviation: CI, confidence interval.

Figure 1. The annualized rate of asthma hospitalizations per zip code was
significantly correlated with the annual rate of dispensed prescriptions per
zip code population for inhaled short-acting �-agonists in period 1 (rs �
0.61; 95% confidence interval, 0.38 to 0.76; P � .001) and in period 2 (rs �
0.60; 95% confidence interval, 0.37 to 0.76; P � .001).
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individuals residing in zip codes with low rates of poverty
had approximately 2.5 times higher hospitalization rates for
asthma compared with Caucasian individuals residing in
high-poverty areas (33.3 vs 13.4 per 10,000). We found that
African American race as an individual-level variable was an
independent risk factor for asthma hospitalization (relative
risk [RR] � 4.31, P � .001) in a Poisson regression model,
in which poverty area residence (RR � 2.29, P � .001) and
age as an individual-level variable (RR � 1.15, P � .001)
were also significantly associated with risk of hospitalization.

DISCUSSION
In association with more favorable patterns of asthma drug
prescribing, rates of asthma hospitalization declined during

this study. We observed a substantial disparity in hospital-
ization rates between Caucasian and African American indi-
viduals. Whereas rates of dispensed prescriptions for ICSs
were inversely associated with rates of hospitalization for
asthma, prescriptions for SABAs, which may be considered a
“proxy” for poor asthma control,17 were directly and strongly
associated with asthma hospitalization. Higher SABA use
rates were also strongly associated with greater proportions of
African American residents per zip code.

A remarkable finding of this study is that higher asthma
hospitalization rates in African American individuals were
not fully explained by poverty status: at all levels of poverty,
African American individuals had higher rates of hospitaliza-
tion for asthma than did Caucasian individuals (Fig 4). Al-
though the level of poverty among African American and
Caucasian individuals residing in the same zip code may not
be equivalent, we do not believe that the magnitude of the
disparity in hospitalization rates can be explained by this
consideration alone. It is likely that a combination of factors
accounts for this observation, and we offer several hypothe-
ses to explain this. First, the disparity cannot be fully ex-
plained by lack of access; however, physician bias in asthma
drug prescribing may be occurring. Although not specifically
investigated for asthma, physician bias in the management of
patients with cardiovascular disease according to race has
been described.18,19 Second, the disparity may reflect the
effect of genetic factors.10 Racial variation in the distribution

Figure 2. The annualized rate of asthma hospitalizations per zip code was
significantly and inversely correlated with the annual rate of dispensed
prescriptions per zip code population for inhaled long-acting �-agonists in
period 1 (rs� �0.56; 95% confidence interval, �0.73 to �0.31; P � .001)
and in period 2 (rs � �0.66; 95% confidence interval, �0.80 to �0.45; P �
.001).

Figure 3. The annual rate of dispensed prescriptions per zip code popu-
lation for inhaled short-acting �-agonists was significantly correlated with
proportions of zip code residents who were African American in period 1
(rs � 0.58; 95% confidence interval, 0.34 to 0.74; P � .001) and in period
2 (rs � 0.53; 95% confidence interval, 0.27 to 0.71; P � .001).

Figure 4. Asthma hospitalization by race and poverty level. Zip code
tertiles are displayed (15 zip codes per tertile) according to increasing
proportions of residents in poverty. As proportions of zip code residents in
poverty rise, a direct increase in rates of hospitalization for asthma in African
American and Caucasian residents was observed; however, even African
American individuals residing in zip codes with low rates of poverty had
substantially higher hospitalization rates compared with Caucasian individ-
uals residing in high-poverty areas.
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of genetic polymorphisms, such as the gene encoding �2-
adrenergic receptor,11 may place African American individ-
uals, who the present study suggests have higher exposure to
SABAs, at greater risk for asthma exacerbation. Third, the
disparity may be a result of different asthma care behaviors in
African American and Caucasian patients. African American
patients are less likely to receive continuous, ongoing medi-
cal care, the sine qua non for optimal control of asthma, and
are more likely to obtain asthma care episodically in an
emergency department.20,21 Similarly, African American chil-
dren and adolescents with diabetes are hospitalized more
frequently than are Caucasian children, tend to miss more
outpatient appointments, and exhibit poorer metabolic con-
trol, even with adjustment for insulin dose, diabetes duration,
and socioeconomic status.22 African American individuals
have lower rates of health service utilization for diabetes
screening, prevention, and care despite having greater prev-
alence and severity of diabetes compared with Caucasian
individuals.23 For African American individuals, disparities in
health care outcomes24,25 translate into impaired quality of
life, greater morbidity, and premature mortality and encour-
age the perception of injustice. The present findings highlight
the need to more fully understand the factors that contribute
to these disparities25 and to address the sociophysical and
cultural factors that underlie them.

During this study, a time during which LABA use as
monotherapy was likely more common than at the present
time, LABA prescription patterns were inversely correlated
with hospitalizations for asthma. These data do not support
the contention that LABA exposure is a major cause of
asthma morbidity; however, whereas ecologic studies such as
this one have utility for revealing important insights,26 “ag-
gregation bias” may exist: there may be a difference between
population effects and individual-level effects. The present
findings regarding LABA prescription patterns and hospital-
ization should be viewed in the context of additional studies
being undertaken to achieve a clearer understanding of the
relative benefits and risks associated with LABAs.

A limitation of these analyses of asthma drug prescriptions
is that they did not include over-the-counter asthma medica-
tions or physician dispensing of drug samples, and we could
not gauge therapeutic adherence. These analyses also did not
entail knowledge of diagnoses for which these prescriptions
were dispensed. Lack of information about numbers of pre-
scriptions written but not dispensed may also have introduced
bias into these analyses. These data do not include prescrip-
tions dispensed at pharmacies located in hospitals and closed
health maintenance organizations; hence, our interpretations
assume that asthma drug–prescribing patterns in Philadelphia
do not differ between these pharmacies and retail (chain and
independent) pharmacies.

We found that the rate of hospitalizations for asthma de-
clined significantly from period 1 to period 2 in African
American residents (�2 � 28.24) but not in Caucasian resi-
dents (�2 � 3.01); a city or region more populous than
Philadelphia may be required for statistically significant de-

clines in rates to be observed in Caucasian individuals. We
did not include a separate analysis of multiple admissions.
For this reason, higher rates of admissions in African Amer-
ican individuals in this study may, in part, reflect a tendency
for more frequent repeated hospitalizations. This study ana-
lyzed patterns of hospitalization in Philadelphia, and these
findings may not be generalizable to urban areas with differ-
ent ethnodemographic characteristics or to rural areas.

An asthma epidemic has occurred in the United States. We
do not find evidence to support the contention that asthma
morbidity is substantially associated with LABA use.12 These
findings are consistent with those of other studies in demon-
strating that asthma morbidity disproportionately affects ur-
ban residents who are poor or African American. Although
asthma mortality and hospitalization rates are declining in
the United States, African American individuals continue to
be disproportionately burdened.1,2,24 Despite asthma being a
condition that is “intervention sensitive,” inequality in asthma
care outcomes persist. The present findings further support
the contention that African American race is a substantial
asthma risk marker.25 There is a continuing need for novel
interventions to address and remedy these ongoing disparities.
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