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Background: Although older adults (�65 years) with
asthma have higher rates of hospitalization and death from
asthma than younger adults, the reasons for this are not
known.

Objectives: To determine whether patterns of care were
less favorable for older than younger adults with asthma
and to assess whether patient characteristics such as symp-
tom severity and comorbid illnesses explain the higher
rate of hospitalization.

Methods: Prospective cohort study of 6590 adults with
asthma in 15 managed care organizations in the United
States. Participants completed a survey of demograph-
ics, symptoms, health status, comorbid illnesses, treat-
ment, access to care, self-care knowledge, physician spe-
cialty, and health care use.

Results: Among 6590 adults with asthma, 554 (8%) were
65 years or older and 1942 (29%) were aged 18 to 34 years.
Older patients were more likely than younger patients
to be men, white, non-Hispanic, and less educated. At
baseline, older patients reported a greater frequency of
asthma-related symptoms, such as daily cough (36% vs
22%, P�.001) and wheezing (27% vs 22%, P�.002). They
were also more likely to report comorbid conditions, such
as sinusitis (50% vs 38%), heartburn (35% vs 23%),

chronic bronchitis (43% vs 16%), emphysema (19% vs
1%), congestive heart failure (8% vs 1%), and history of
smoking (54% vs 34%) (all P�.001). Care appeared to
be better for the older patients compared with the younger,
including more frequent use of inhaled corticosteroids,
greater self-management knowledge, and fewer re-
ported barriers to care. In the follow-up year, older
patients were approximately twice as likely to be hospi-
talized (14%) than were younger patients (7%) (P�.001).
In multivariate analysis, however, older age was not
predictive of future hospitalization (odds ratio, 1.05;
95% confidence interval, 0.68-1.61), after adjustment for
sex, ethnicity, education, baseline asthma symptoms,
health status, comorbid illnesses, and tobacco use. Fac-
tors independently associated with hospitalization
included being female, nonwhite, less educated, and less
physically healthy, and more frequent asthma symptoms.

Conclusions: Although the older adults with asthma had
greater respiratory symptoms and more comorbidity than
their younger counterparts, chronologic age was not an
independent risk for hospitalization. Appropriate care for
older adults with asthma should address asthma symp-
toms and other chronic conditions.
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A STHMA IS A major public
health problem in the
United States, affecting pa-
tients across the age spec-
trum, from infants to older

adults. Although much research and
public attention has focused on children
and young adults, there has been little
research on older persons (�65 years)
with asthma.1,2 Although the prevalence
of asthma may be similar in older and
younger adults, ranging from 4% to 9%,3

morbidity and mortality are greater in older
patients. The death rate attributable to
asthma is 14 times higher for persons 65
and older compared with those 18 to 35,
with 89.8 deaths vs 6.3 deaths per mil-

lion, respectively.2 Among 5400 deaths
from asthma reported in the United States
between 1993 and 1995 for all ages, 2900
(54%) were among people 65 and older.2

Similarly, older adults are hospitalized at
more than twice the rate of younger adults,
with a rate of 25.6 hospitalizations per
10000 compared with 10.0 per 10000 for
persons aged 15 to 34.2

Older adults shoulder a dispropor-
tionate burden of health care use and mor-
tality, but little is known about how asthma
differs in this subset of the population.4 For
some medical illnesses, studies5,6 have
shown that older patients receive less vig-
orous management. In some severely ill pa-
tients, chronologic age was not related to
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PATIENTS AND METHODS
STUDY DESIGN

This study used patient-reported data from baseline and
1-year follow-up in a cohort study to examine patterns of
asthma treatment and the association of baseline patient
factors with future hospitalization.

STUDY POPULATION

The Managed Health Care Association Outcomes Manage-
ment System Asthma Project was undertaken by 11 large
employers and their managed care partners to test the fea-
sibility and usefulness of patient-reported information to
improve the quality of patient care.10 Fifteen managed care
organizations participated in a prospective longitudinal study
that included an initial patient baseline survey and 2 an-
nual patient follow-up surveys.

Study participants were selected from the pool of
enrollees in each managed care organization, using claims
data or other central information sources. Three inclusion
criteria were applied: (1) age 18 or older on September 1,
1993; (2) enrollment in the managed care organization at
the time of sampling; and (3) 2 or more medical care
encounters (outpatient visits or hospitalizations) with a
diagnosis of asthma (International Classification of Diseases,
Ninth Revision, Clinical Modification code 493 and its sub-
classifications) between September 1, 1991, and August
31, 1993. The sampling pool was divided into 2 strata: (1)
those who had at least 1 hospitalization or emergency
department visit during the past 24 months and (2) those
who had all of their asthma contacts in outpatient settings.
From each of these groups, at least 300 patients were
selected from each health plan. If fewer than 300 patients
had hospitalizations or emergency department visits, the
outpatient group was expanded so that the total baseline
sample numbered at least 600 patients. Individuals were
excluded from the baseline assessment if they stated that
they did not have asthma or had disenrolled or expected to
disenroll from the managed care organization before Janu-
ary 1, 1994.

DATA COLLECTION

During August 1993, 10539 patients were sampled, of whom
8640 were eligible for the study. Reasons for ineligibility
included not having asthma (844 patients), disenrollment
(839 patients), and “other” (216 patients). From Septem-
ber 1993 through December 1993, data were collected from
patients by mail survey, with telephone follow-up of non-
responders to increase the response rate. The completion
rate for the baseline survey was 76% (6590 patients). Of
the 6590 patients who completed the baseline survey, 4876
(74%) completed the 1-year follow-up survey. Response
rates were higher in older patients: 18 to 34 years (66%),
35 to 44 (73%), 45 to 54 (76%), 55 to 64 (80%), and 65
and older (86%) (P�.001).

VARIABLES

The independent variables collected on the baseline sur-
vey included the following:

Patient Demographics

Demographic variables included sex, age, ethnicity (white,
black, or “other”), education (eighth grade or less, some
high school, high school graduate, some college, college
graduate, or any postgraduate work), and employment sta-
tus (working full time, working part time, unemployed,
keeping house, attending school, disabled, or retired).

Symptoms

Asthma symptom questions were based on the symptom
types and frequencies used by the National Asthma Educa-
tion and Prevention Program9 and international11 asthma
guidelines and included cough, sputum production, chest
tightness, wheezy or whistling sound in the chest, and
shortness of breath (never, once a week or less, 2-3 times a
week, 4-5 times a week, or daily over the past 4 weeks).
Patients were asked how many times in the past 4 weeks
asthma had awakened them from sleep (never, once, 2-4
times, 5-7 times, or �8 times), how frequent asthma
attacks were (not at all, less than once a week, once or
twice a week, or �3 times a week), and how their breath-
ing was in between attacks (no problems, some symptoms
on some days, some symptoms on most days, or symp-
toms most of the time). Patients also reported the degree
to which in the past 4 weeks asthma caused them to re-
arrange or cancel normal activities (not at all, a little bit,
some, or quite a bit) and caused emotional problems (not
at all, a little bit, some, or quite a bit). To avoid problems
associated with collinearity in multivariate analysis used to
account for symptom frequency, an asthma symptom
index was created based on the answers to 7 symptom
questions (chest tightness, wheezing, shortness of breath,
cough, sputum production, nocturnal symptoms, and per-
sistence of symptoms between attacks).12 The responses to
each item were summed and divided by the number of
nonmissing values. The range for the asthma symptom
index is 1 to 5, with a higher score indicating more symp-
toms. A previous study10 found that the asthma symptom
index score was associated with the frequency of inhaled
�-agonist use.

Health Status

General health status was assessed with questions from a
36-item short-form (SF-36 Health Survey).13 The 36-item
short-form is a general health status measure that pro-
duces 8 subscales, which can be combined into 2 sum-
mary scores. The physical health component summary score
includes physical functioning, physical role functioning,
bodily pain, and general health. The mental health com-
ponent summary score includes energy (vitality), social func-
tioning, emotional role functioning, and mental health.
Scores are standardized so that they range from 0 to 100,
with a population mean of 50. Higher scores indicate bet-
ter health.

Comorbidity

Comorbid conditions were reported by patients as present
or absent, including sinusitis, heartburn, congestive heart
failure, chronic bronchitis, emphysema, and allergies
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or hay fever. These conditions were selected as potential
causes of worsening asthma or illnesses with symptoms that
overlap those of asthma.

Treatment

Indicators of treatments were based on recommendations
of the National Asthma Education and Prevention Pro-
gram guidelines.9 Indicators of drug treatment included
whether medications of certain classes were used by pa-
tients for asthma. Medication classes included �-agonist
inhalers, anticholinergic and cromolyn sodium inhalers,
inhaled corticosteroids (ICSs), oral theophylline, oral cor-
ticosteroids, and oral �-agonists. Inhaled corticosteroid use
was assessed for days of use per week (none, �1, 1-2, 3-4,
5-6, or 7 days) and daily dose (1-4, 5-8, 9-12, or �12 puffs
per day). Underuse of ICS was considered to be use on 4
or fewer days per week or 4 or fewer puffs per day of use.10

�-Agonist inhaler use was quantified as puffs per day on
days of use (1-4, 5-8, 9-12, or �12 puffs per day). Over-
use of �-agonists was considered to be use of more than 8
puffs per day on days of use.10 We assessed whether a pa-
tient possessed a peak flow meter, had been shown how to
use it, had received instructions regarding what to do if
the peak flow fell below a specified level, and frequency of
use. Finally, we asked about prophylactic measures that
patients take for worsening of asthma.

Access to Care

Access to care for patients with an acute asthma problem
was assessed by yes or no answers to questions about trouble
reaching a physician or nurse by telephone, getting an ap-
pointment to see a physician, or getting medication for
asthma. We also assessed whether patients had drug cov-
erage as a covered health insurance benefit.

Patient Knowledge

Knowledge was assessed by answers to questions about
whether patients believed they had been given enough in-
formation by the physician or nurse to report knowing “ev-
erything you need to know about what to do when you have
a severe flare-up of your asthma,” “how to adjust medi-
cine when your asthma gets worse,” and “what things can
make your asthma worse and how to avoid them.” Pa-
tients also rated their own knowledge about what to do in
a severe asthma attack, on a 5-point scale (from poor to
excellent).

Physician Specialty

The patient was asked to name the physician primarily re-
sponsible for managing his or her asthma and to give the
physician’s specialty. The specialty was categorized as a gen-
eralist (internist or family practitioner), allergist, or pul-
monologist.

Health Care Use

Baseline health care use for asthma was assessed by the num-
ber of office visits in the past 6 months, telephone calls to
the physician in the past 6 months, emergency department

visits in the past year, and hospital admissions in the past
year.

For the multivariate model, the dependent variable was
the patient’s yes or no report of hospitalization for asthma
during the year following the baseline survey.

STATISTICAL ANALYSIS

We tested the hypothesis that greater asthma symptom se-
verity and comorbid illness explained the higher rate of hos-
pitalization of older adults (�65 years) compared with
younger adults (18-34 years).

MANAGEMENT OF MISSING DATA FOR
INDEPENDENT VARIABLES

The results in this article are presented with substitutions
made for missing values. Approximately one quarter of the
respondents had at least 1 missing response. For variables
with missing responses from fewer than 10% of respon-
dents, the missing value was replaced with the median for
continuous or ordinal variables and mode for nominal vari-
ables. For variables with at least 10% of responses miss-
ing, we developed a data augmentation algorithm for im-
putation of missing data based on multiple conditional
imputation.14,15 Each missing value for a subject was im-
puted by using data from the responding subjects in the
sample having a similar covariate profile. In this strategy,
all independent variables were imputed using the same
method. The imputation was performed by accounting for
the correlation structure of the independent variables, and
5 multiple imputations were performed to estimate the un-
certainty due to the imputation. Sensitivity of the analyses
to missing values was evaluated by comparing the differ-
ence between odds ratios (ORs) using the data set with miss-
ing values and ORs from imputed data sets. The approach
used may produce SEs that are slightly higher or lower than
if missing data had been “ignored.” Factors from multivar-
iate models of borderline statistical significance (or non-
significance) should be interpreted with caution.

Variables were examined by descriptive frequencies
and cross-tabulations. Age was grouped as 18 to 34, 35 to
44, 45 to 54, 55 to 64, and 65 years and older. Bivariate
analyses were performed using t tests for continuous vari-
ables and �2 tests for categorical items. Differences were
considered statistically significant at P�.05. In the bivar-
iate analyses of variables that used imputation, if all the
P values for multiple imputation were significant, we re-
ported the highest P value leading to the most conserva-
tive approach. If all the P values for the multiple imputa-
tion were not significant, then the P value was not reported.
The P values are not sensitive to the multiple imputation,
and there were no cases in which some P values were sig-
nificant and others were not. A multivariate model to
predict future hospitalization was developed in 2 stages.
The relationship between patient factors at baseline and
subsequent hospitalization was first examined in bivariate
analyses by �2 test (nominal variables), �2 test for trend
(ordinal variables), and Kruskal-Wallis test (continuous
variables). Items that were statistically significant in bivar-
iate analysis or that were considered clinically important

Continued on next page
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outcomes, after accounting for severity of illness factors.7

These findings suggest not only that older patients may re-
ceive less care or may be sicker but also that advanced
chronologic age may not always be the cause of poorer out-
comes. In the case of asthma, investigators8,9 have sug-
gested that blunted awareness of respiratory discomfort may
lead to delays in seeking treatment and to undertreatment
of underlying airways inflammation. As with other medi-
cal conditions, asthma care may be less vigorous in older
patients, or its management could be complicated by greater
frequency and severity of comorbid illnesses and poorer
disease-specific or general health status.

To examine why older adults with asthma are fre-
quently hospitalized, this investigation aimed to deter-
mine (1) whether quality of care was less favorable for
older adults and (2) whether patient characteristics such
as symptom severity and comorbid illness, which are
predictive of hospitalization, explain the different
age-related rates of hospitalization in patients enrolled
in managed care.

RESULTS

Among 6590 patients who completed the baseline
survey, 8% were 65 years or older, 27% were 18 to 34,
and 65% were 35 to 64. A higher proportion of older
patients (65-94 years) were men, white, and non-
Hispanic. The older patients also were significantly less
educated. (Table 1).

BIVARIATE ANALYSES

Respiratory Symptoms and Functional
Effects of Asthma

As shown in Table 1, the older patients tended to report
significantly greater symptom frequency than the younger
patients, with the greatest differences in daily shortness
of breath, cough, and sputum production. The asthma
symptom index score was higher for the older com-
pared with the younger patients (2.9 vs 2.7, P�.001). The
frequency of nocturnal awakenings was slightly less with

older age, and asthma “attacks,” although common, were
less frequent among older than younger patients (67%
vs 74%, P�.001). The older patients were more likely to
have canceled scheduled activities because of asthma and
to report emotional problems because of their asthma
(54% vs 45%, P�.001).

Comorbid Conditions and Overall Health

Conditions that worsen asthma symptoms or that cause
symptoms similar to those of asthma (Table 1) were sig-
nificantly more prevalent in the older patients, including
sinusitis, heartburn, and congestive heart failure. Older pa-
tients were more likely to have ever smoked (54% vs 34%,
P�.001) and reported concomitant lung conditions more
frequently, including chronic bronchitis and emphysema.
On the other hand, allergies and hay fever were inversely
related to age, with 86% of the younger group reporting
them vs 68% of the older patients (P�.001). The physical
health component summary score on the 36-item short-
form was substantially lower (worse) for the older pa-
tients compared with the younger patients (mean score, 49.6
vs 80.8, P�.001), whereas the mental health component
summary scores were similar.

Patients Who Never Smoked

Because differences in disease characteristics seen be-
tween older and younger adults could reflect misclassi-
fication of disease or effects of tobacco exposure in older
patients, we performed analyses confined to patients who
never smoked. The overall patterns of respiratory symp-
toms and comorbidity by age were similar in never smok-
ers (Table 2). However, compared with all older pa-
tients, the older patients who never smoked were more
likely to be female (75% vs 65%) and less likely to re-
port a comorbid diagnosis of chronic bronchitis (40% vs
43%) or emphysema (8% vs 19%). Daily cough and spu-
tum production were reported more frequently in the
older patients who never smoked compared with the en-
tire group of older patients, but there was less frequent
wheezing and shortness of breath, although these differ-
ences were slight. Asthma attacks were less frequent and
symptoms between attacks were also more favorable in
the older patients who never smoked.

Barriers to Care

Compared with the younger patients, older patients in
this study were less likely to report barriers to care when
there was a problem with their asthma (Table 3). Older
patients were less likely to report difficulty reaching a phy-
sician by telephone, difficulty getting an appointment to
see the physician, or a problem in getting medications.
The older patients who had not seen an asthma special-
ist were also less likely to indicate that they wanted to
see one (15% vs 24%, P�.002).

Medications

Older patients were more likely to use medications com-
monly prescribed for respiratory conditions, including

were examined in multivariate models, using logis-
tic regression analysis. Multivariate models were de-
veloped in each sampling stratum (inpatient and out-
patient); because there were no important differences
between the two, a model combining all patients is
reported. Results are reported with ORs and 95% con-
fidence intervals. Pooled ORs and confidence inter-
vals were estimated by combining the results of the
5 data sets resulting from imputation. Individual ORs
and their statistical variances were obtained by fit-
ting the model to each imputed data set. We then es-
timated a pooled OR by averaging the individual ORs,
and estimated the pooled variance by taking the av-
erage of the individual variances plus the variances
of the individual ORs. From the pooled variance, we
calculated the pooled confidence interval. Statistical
computations were performed with SAS version 6.12.16
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theophylline (51% vs 32%), inhaled ipratropium bro-
mide (22% vs 6%), oral �-agonists (37% vs 23%), and
oral corticosteroids (37% vs 15%) (all P�.001). Al-
though rates of possession of ICSs and inhaled �-ago-
nists were similar across the age groups, older patients
used ICSs more regularly. Overuse of inhaled �-ago-
nists was significantly greater among the older patients.

Information and Knowledge and Self-management

The older patients, more frequently than the younger,
reported having received all they needed to know about
how to adjust medications when the asthma is worse and
were slightly more likely to know the triggers that worsen
asthma and how to avoid them (Table 3). Older patients
were more likely to report having been told all they needed
to know about what to do during a severe flare-up (61%
vs 49%), but were less likely to rate this knowledge as
excellent (12% vs 23%) (both P�.001). The older pa-
tients were also more likely to use a peak flow meter daily
(28% vs 12%, P�.001). Older patients were less likely

to use asthma medications for worsening of symptoms,
but were more likely to take antibiotics, call their phy-
sician, or go to an emergency department.

Risk of Hospitalization

The older patients were approximately twice as likely to
be hospitalized during the follow-up year after baseline
as the younger patients (14% vs 7%, P�.001, Table 4).
Other baseline patient factors that were significantly as-
sociated with future hospitalization included female sex,
nonwhite ethnicity, less education, and active and pas-
sive tobacco exposure. Patients with greater baseline
asthma symptom severity, worse overall health status, and
the presence of certain comorbid conditions (heart-
burn, sinusitis, congestive heart failure, chronic bron-
chitis, and emphysema) were also more likely to be hos-
pitalized. Similar associations with hospitalization were
seen in the subset of adults who never smoked, al-
though a few of these associations were not statistically
significant.

Table 1. Characteristics of Patients With Asthma by Age Group*

Characteristic

Age, y

P
Value

18-34
(n = 1775)

35-44
(n = 1744)

45-54
(n = 1523)

55-64
(n = 994)

�65
(n = 554)

Female sex 69.2 74.4 70.4 66.7 64.8 .004
Ethnicity

White 83.0 79.9 80.9 82.8 88.3
.02Black 11.8 15.8 15.2 13.0 8.7

Other 5.2 4.3 3.9 4.2 3.1
Hispanic 7.0 4.8 4.5 3.5 1.6 �.001
�High school education 3.7 6.0 11.2 21.3 34.1 �.001
Full-time employment 69.1 73.0 73.0 48.1 8.5 �.001
Asthma characteristics

Pet, food, or dust makes asthma worse 84.5 81.5 78.5 70.9 62.4 �.001
Symptoms daily in past 4 wk

Cough 22.0 26.5 27.9 33.0 35.9 �.001
Sputum production 17.6 20.9 23.4 28.2 31.0 �.001
Chest tightness 21.4 21.8 21.2 22.5 26.4 .06
Wheezing 22.5 22.4 24.5 26.3 27.1 .002
Shortness of breath 24.3 26.4 30.0 36.0 42.8 �.001
Awakened �5 times in the past 4 wk 21.3 22.4 20.4 18.0 18.8 .02
�1 Asthma attack in past 4 wk 73.6 71.6 69.9 67.6 67.2 �.001
Symptoms most of the time between attacks 6.7 8.9 11.0 11.2 13.9 �.001
Mean asthma symptom index (1 [low] to 5 [high]) 2.70 2.76 2.77 2.84 2.92 �.001
Canceled activities because of asthma 31.9 35.3 37.8 37.8 43.1 �.001
Emotional problems from asthma 45.3 45.1 48.6 48.6 54.2 �.001
Asthma control excellent in past year 12.4 12.8 14.2 13.9 9.4 .74

Tobacco exposure
Ever smoked 33.9 42.7 51.8 56.8 53.6 �.001
Passive smoke 66.6 58.8 60.3 54.0 41.5 �.001

Comorbid conditions
Sinusitis† 38.5 46.2 52.4 46.5 49.6 �.001
Heartburn 23.3 30.1 36.5 35.2 35.4 �.001
Congestive heart failure 0.56 1.2 2.7 5.2 7.8 �.001
Chronic bronchitis† 16.1 22.8 29.1 36.6 42.8 �.001
Emphysema 0.79 1.5 4.9 11.5 18.8 �.001
Allergy or hay fever 85.7 80.2 76.7 71.9 68.2 �.001
Mean SF-36 physical component score 80.8 75.6 68.6 61.8 49.6 �.001
Mean SF-36 mental component score 70.2 69.1 69.0 71.9 69.0 .004

*Data are given as percentages unless otherwise indicated. Some percentages do not sum to 100 because of rounding. SF-36 is the trademark for the Medical
Outcomes Study 36-Item Short-Form Health Survey.

†Proportion is mean of proportions from 5 imputed data sets. P value was statistically significant in all 5 data sets and always equal to .001.
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MULTIVARIATE ANALYSIS

In multivariate analysis, older age was no longer sig-
nificantly associated with future hospitalization, after
controlling for asthma symptom severity, health status,
comorbidity, tobacco exposure, and demographics
(Table 5). Being female, nonwhite, less educated, less
physically healthy, and more severe asthma symptoms
remained significant predictors of hospitalization.

COMMENT

Consistent with previous findings from national data,2

the older patients in this study were at substantially higher
risk of hospitalization. However, chronologic age was not
an independent risk factor for being hospitalized. In-
stead, older patients in this study had a higher preva-
lence of other risk factors that predict hospitalization, in-
cluding more respiratory symptoms, worse general health,
and limited education. Although the older adults were
more likely to have smoked and to report having con-
comitant chronic obstructive pulmonary disease, these
factors alone did not account for the different rate of hos-
pitalization. Favorable findings for the older patients in-

cluded their reporting fewer barriers to care when needed
and being more likely to receive many elements of asthma
care that are recommended by guidelines. Nevertheless,
there was still substantial room for improvement in care,
as it appeared insufficient to control symptoms and avert
hospitalization.

Older patients reported a different pattern of symp-
toms compared with the younger patients, suggesting po-
tential differences in expression of asthma or a blending
of symptoms from multiple medical conditions, poten-
tially obscuring their primary airways disease. The symp-
tom pattern suggests a more stable, less episodic illness.
For example, although several symptoms were more likely
to be reported daily, the relative difference was greatest for
cough, sputum production, and shortness of breath and less
for wheezing and chest tightness. In addition, older adults
were less likely to report having symptoms of nocturnal
awakening and asthma attacks, but more likely to re-
port symptoms “most of the time.” Clinicians need to be
aware of these clinical presentations in older patients and
to maintain a high index of suspicion of asthma. Other
investigators have found different patterns of symptoms
according to age. For example, a study17 of older (�65
years) and younger (�40 years) asthmatics showed that

Table 2. Characteristics of Patients With Asthma Who Never Smoked, by Age Group*

Characteristic

Age, y

P
Value

18-34
(n = 1173)

35-44
(n = 1000)

45-54
(n = 734)

55-64
(n = 429)

�65
(n = 257)

Female sex 66.1 73.9 74.4 73.0 75.1 �.001
Ethnicity

White 81.0 80.6 78.9 77.4 87.6
.64Black 13.6 14.5 16.6 15.8 9.3

Other 5.4 4.9 4.5 6.8 3.1
Hispanic 6.8 5.8 4.5 4.9 1.6 �.001
�High school education 2.0 4.2 8.2 14.7 35.8 �.001
Full-time employment 69.2 74.4 74.0 51.0 9.0 �.001
Asthma characteristics

Pet, food, or dust makes asthma worse 87.4 84.9 81.5 72.3 64.6 �.001
Symptoms daily in past 4 wk

Cough 18.4 23.1 23.8 28.7 38.9 �.001
Sputum production 15.4 18.2 19.1 24.7 32.7 �.001
Chest tightness 19.5 21.8 18.3 21.0 25.7 .20
Wheezing 20.4 20.1 20.7 23.8 26.1 .03
Shortness of breath 22.2 24.5 27.2 28.2 40.5 �.001
Awakened �5 times in the past 4 wk 20.4 22.3 19.8 18.4 20.2 .42
�1 Asthma attack in past 4 wk 73.0 70.9 69.8 62.7 64.6 �.001
Symptoms most of the time between attacks 5.9 8.2 10.0 8.2 12.4 �.001
Mean asthma symptom index (1 [low] to 5 [high]) 2.62 2.70 2.66 2.72 2.91 .002
Canceled activities because of asthma 31.9 35.3 36.8 33.6 39.3 .03
Emotional problems from asthma 42.6 43.6 45.9 45.7 52.5 .005
Asthma control excellent in past year 12.5 12.9 14.3 13.0 9.3 .67

Comorbid conditions
Sinusitis† 36.4 45.9 51.6 45.3 51.0 �.001
Heartburn 20.0 26.8 33.9 35.9 37.0 �.001
Congestive heart failure 0.51 1.1 1.8 3.5 8.6 �.001
Chronic bronchitis† 13.6 18.9 25.5 28.8 39.5 �.001
Emphysema 0.17 0.40 1.6 2.6 8.2 �.001
Allergy or hay fever 87.6 81.3 80.1 73.0 68.9 �.001
Mean SF-36 physical component score 81.8 77.5 70.9 66.0 51.3 .0001
Mean SF-36 mental component score 71.9 70.7 71.5 73.2 70.3 .20

*Data are given as percentages unless otherwise indicated. SF-36 is the trademark for the Medical Outcomes Study 36-Item Short-Form Health Survey.
†Proportion is mean of proportions from 5 imputed data sets. P value was statistically significant in all 5 data sets and always equal to .001.
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mild symptoms and symptom-free periods were less likely
in older patients. The reasons for these varying observa-
tions are unclear. In our investigation, the high preva-
lence of reports that symptoms are triggered by certain en-
vironmental exposures (pets, food, anddust) andconcurrent
reports of hay fever suggest that this difference is not sim-

ply misclassification of illness. Rather, it seems that this
reflects a different constellation of asthma symptoms in
older adults, or that symptoms are modified by concomi-
tant illnesses.

The high prevalence of comorbid medical condi-
tions in our study is consistent with other reports and is

Table 3. Process of Care in Patients With Asthma, by Age Group*

Characteristic

Age, y

P Value
18-34

(n = 1775)
35-44

(n = 1744)
45-54

(n = 1523)
55-64

(n = 994)
�65

(n = 554)

Health care provider
Generalist 62.8 61.3 63.3 59.2 62.3

.07
Pulmonologist 18.0 19.8 20.4 28.0 25.4
Allergist 17.8 17.1 14.7 10.8 10.2
Other specialist 1.4 1.8 1.6 2.0 2.0

Seen specialist in past year 37.2 36.9 40.2 35.8 37.0
.002

Not seen specialist, but would have liked to 24.0 20.1 15.9 14.4 14.8
Medication

�-Agonist inhaler 95.3 96.1 94.2 92.7 92.6 �.001
Overuse of �-agonist inhaler 12.6 12.8 15.8 15.1 17.2 �.001
Ipratropium bromide 5.6 7.6 10.4 12.9 22.2 �.001
Cromolyn sodium inhaler 12.4 12.4 10.0 8.6 8.3 �.001
Inhaled corticosteroid (ICS) 62.0 69.0 69.7 72.9 71.1 �.001
Underuse of ICS 68.1 64.6 58.1 54.5 48.0 �.001
Theophylline 31.6 36.6 42.7 48.2 50.7 �.001
Oral �-agonist 23.0 26.7 27.9 33.5 36.6 �.001
Oral corticosteroid† 15.4 19.2 23.2 27.6 36.9 �.001

Self-monitoring
Has peak flow meter (PFM) 25.7 26.0 26.3 23.6 22.2 .08
Among those with PFM

Told what to do with low peak flow 78.3 78.4 79.0 77.0 71.5 .24
Daily PFM use 12.1 17.4 19.2 29.4 28.5 �.001

Mean No. of health care encounters
Talked to physician on phone (1 yr) 3.0 3.3 2.8 2.7 2.4 �.001
Office visits in past 6 mo 2.3 2.4 2.5 2.5 2.4 .02
Emergency department visits in past y 0.78 0.65 0.56 0.52 0.56 �.001

Avoidance and prophylaxis
Told how to avoid triggers 77.4 79.8 81.2 77.9 77.1 .66
Prophylaxis measure

Use cromolyn sodium inhaler† 10.7 10.2 9.0 7.4 6.8 �.001
Use bronchodilator† 62.6 61.7 56.5 50.7 47.3 �.001
Use ICS† 26.3 27.4 27.1 27.7 25.5 ‡

Treatment for worsening
ICS 34.3 36.8 37.0 32.5 26.9 .007
�-agonist inhaler 82.1 81.2 77.2 70.8 69.3 �.001
Antibiotics† 19.6 21.0 25.5 25.9 26.4 �.001
Oral corticosteroid† 21.4 23.6 23.8 21.4 16.2 .09
Call physician 47.4 56.1 59.4 63.9 61.7 �.001
Go to emergency department 30.2 28.0 28.5 31.5 37.5 .02

Ever allergy evaluation 73.1 73.1 69.7 67.7 61.0 .001
Knowledge

Knows all needed for
Flare-up 49.0 53.2 54.7 57.4 61.2 �.001
Adjusting medications 43.3 48.6 50.7 50.9 52.4 �.001
How to avoid triggers 51.2 54.0 54.0 53.7 58.3 .01
How to handle attack (excellent knowledge) 23.4 22.8 21.0 19.5 12.1 �.001

Access problem
Has drug coverage 92.3 91.9 93.6 90.9 76.2 �.001
During flare-up

Unable to reach physician by phone 10.0 8.1 7.0 5.2 3.8 �.001
Unable to get appointment 13.5 11.3 8.7 6.5 5.8 �.001
Trouble getting medications 16.1 11.2 7.1 5.8 5.0 �.001

*Data are given as percentages unless otherwise indicated. Some percentages do not sum to 100 because of rounding.
†Proportion is mean of proportions from 5 imputed data sets. P value was statistically significant in all 5 data sets, and largest P value is reported.
‡Proportion is mean of proportions from 5 imputed data sets. All P values were not statistically significant.
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Table 4. Association of Baseline Characteristics With Future Hospitalization for Patients With Asthma*

Baseline Characteristic
All Patients With Asthma

(n = 4876) P Value
Never Smokers Only

(n = 2464) P Value

Age, y
18-34 7.4

.001

5.7

�.001
35-44 7.4 7.0
45-54 8.8 7.7
55-64 9.9 8.5
�65 14.4 15.4

Sex
Female 10.2 .001 8.7

�.001Male 5.4 4.6
Ethnicity

Nonwhite 13.8 .001 12.4
�.001White 7.8 6.6

Hispanic
No 8.7 .35 7.4 .17Yes 10.7 10.8

Education
�Eighth grade 17.9

.001

17.5

�.001

Some high school 18.3 20.7
High school graduate 10.1 8.5
Some college 8.5 8.7
College graduate 6.3 4.5
Any postgraduate work 3.5 3.5

Comorbid conditions
Sinusitis

No 7.8 .02† 6.8 ‡Yes 9.9 8.5
Heartburn

No 7.8 .001 7.0 .10Yes 11.1 9.0
Congestive heart failure

No 8.5 .001 7.6 .53Yes 20.0 10.3
Chronic bronchitis

No 7.1 .001† 6.4 .001†Yes 13.7 12.1
Emphysema

No 8.4 .001 7.4 .02Yes 16.8 18.2
Hay fever

No 9.8 .23 8.0 .69Yes 8.6 7.5
Ever smoked

No 7.6 .002 NA NAYes 10.2
Passive smoke

No 7.8 .05 6.1 .009Yes 9.5 8.9
Asthma control in past y

Poor or fair 17.2 .001 15.4
�.001Good, very good, or excellent 6.5 5.6

Attacks in past 4 wk
No 4.0 .001 2.7

�.001Yes 10.8 9.6
Functional status of nonhospitalized vs hospitalized patients

Mean SF-36 physical component score
Hospitalized

No 72.8 .001 75.7
�.001Yes 55.2 58.4

Mean SF-36 mental component score
Hospitalized

No 70.8 .001 72.2
�.001Yes 63.9 66.4

Asthma symptom index of nonhospitalized vs hospitalized patients
Hospitalized

No 2.7 .05 2.6 .44Yes 3.3 3.3

*Data are given as percentages hospitalized during the follow-up year after baseline unless otherwise indicated. SF-36 is the trademark for the Medical
Outcomes Study 36-Item Short-Form Health Survey. NA indicates not applicable.

†Proportion is mean of proportions from 5 imputed data sets. P value was statistically significant in all 5 data sets, and the largest P value is reported.
‡All P values were not statistically significant. Proportion is mean of proportions from 5 imputed data sets.
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relevant to the presentation, recognition, and manage-
ment of older patients with asthma. Reporting results of
the Cardiovascular Health Study (a study of patients aged
�65 years), Enright and colleagues18 showed that many
patients with “definite” asthma had high frequencies of
hay fever (60%), chronic bronchitis (28%), and emphy-
sema (12%). A study19 using interview and medical chart
review data from older asthmatics also revealed a high
prevalence of chronic obstructive pulmonary disease and
sinusitis. Coupled with the present study findings (Table
2), the high frequency of comorbid conditions under-
scores the importance of recognizing and treating other
conditions likely to coexist in the older asthmatic. The
high prevalence of reported allergy triggers (62%) is a
reminder that older patients, too, may benefit from en-
vironmental measures to control their asthma. Indeed,
management of comorbid conditions may affect nearly
all older patients with asthma, as 91% of our study pa-
tients reported at least 1 comorbid condition. The find-
ing that older patients who never smoked reported em-
physema (8%) and chronic bronchitis (40%) is interesting,
as it may suggest that physicians label older patients with
respiratory symptoms as having chronic obstructive pul-
monary disease when primarily they may have asthma.

Although we hypothesized that unfavorable differ-
ences in care between older and younger adults might ex-
plain increased hospitalization, we were encouraged to see
that older patients reported more favorable care across a
broad array of care indicators. Care appeared more appro-
priate in the use of some medications, including regular
use of ICSs, periodic assessment of disease, avoidance and
prophylaxis measures, self-knowledge, and use of special-
ists. Indeed, the older patients were less likely to report prob-
lems with access to providers, although they may experi-
ence difficulty paying for expensive medications, as they
were less likely to have insurance coverage for medica-
tions. Although some clinicians may assume that older pa-
tients with asthma may be less receptive to using compre-
hensive asthma care programs, these older patients often
reported more favorable approaches to the use of medica-
tions, fewer barriers to care, and more knowledge and self-
management of their disease. We believe this observation
is important and supports an optimistic view that clini-
cians’ efforts expended in education of older patients with
asthma will prove worthwhile.

On the other hand, although care appeared to be bet-
ter for older than younger patients, there were still marked
opportunities for improvement. For example, 37% of the
older adults reported recent use of oral corticosteroids,
raising concerns about long-term consequences of this
medication, including loss of bone density, adrenal sup-
pression, and other serious adverse effects. It is interest-
ing that theophylline was used by half of these older pa-
tients and oral �-agonists by 37%, despite the untoward
effects in older patients. Limited or infrequent use of ICSs
was reported by nearly half of the older patients, and more
than 40% of the older patients reported not knowing ev-
erything they needed to know to manage flare-ups, ad-
just medications, or avoid asthma triggers. Most pa-
tients did not have a peak flow meter, and of those who
did have one, 29% did not know what to do in the case
of a low reading.

There are limitations to interpretation of our study
results. Misclassification of disease status is possible in
this study, with some patients reporting a physician’s
diagnosis of asthma that should have been chronic bron-
chitis or emphysema. We believe that the analyses lim-
ited to never smokers, however, show that such misclas-
sification is unlikely to be the major explanation for our
findings. In addition, we have used a definition of asthma
that is consistent with that used by the Centers for Dis-
ease Control and Prevention2 in establishing asthma preva-
lence rates in the United States and for documenting a
greater morbidity of asthma in older adults. Factors that
affect the quality of survey data include less education,
impaired cognitive status, and worse physical and men-
tal health, all of which tend to be more frequent in older
patients.20 Multiple studies21-23 have shown, however, that
health status information can be reliably obtained by sur-
vey from older adults, including those with comorbid
health conditions. When the reliability of health status
reports has been examined in different age groups, some
measures are affected slightly by older age.24 Older adults
have been shown to have a “rosy” response bias, with a
tendency to report in a socially desirable direction.25 Be-
cause memory problems tend to increase with age, there
may have been a bias toward underreporting of symp-

Table 5. Multivariate Analysis of Predictors
of Future Hospitalization for Asthma

Characteristic
Odds Ratio

(95% Confidence Interval)

Age, y
18-34 1
35-44 0.80 (0.58-1.11)
45-54 0.80 (0.57-1.13)
55-64 0.78 (0.53-1.15)
�65 1.05 (0.68-1.61)

Sex
Female 1
Male 0.56 (0.42-0.75)

Ethnicity
White 1
Black 1.79 (1.34-2.39)
Other 2.02 (1.22-3.34)

Education
College graduate 1
High school graduate 1.36 (1.02-1.82)
�High school graduate 2.18 (1.48-3.22)

Comorbid conditions
Sinusitis 0.90 (0.71-1.14)
Heartburn 1.10 (0.87-1.39)
Congestive heart failure 1.10 (0.64-1.89)
Chronic bronchitis 1.12 (0.84-1.46)
Emphysema 0.90 (0.58-1.39)

Functional status*
SF-36 physical component score 0.99 (0.98-0.99)
SF-36 mental component score 1.00 (0.99-1.00)

Tobacco exposure
Ever smoked 1.20 (0.96-1.52)
Passive smoke 1.05 (0.82-1.33)

Asthma symptom index
(1 [low] to 5 [high])

1.53 (1.35-1.74)

*SF-36 is the trademark for the Medical Outcomes Study 36-Item
Short-Form Health Survey.
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toms and comorbid illness in the older patients. Also, al-
though the findings show that there is room to improve
care, we do not have information about whether care pat-
terns reflect provider behavior or patient preferences for
care. The study was performed only in patients enrolled
in managed care, so the findings may not be generaliz-
able to patients who receive care under other arrange-
ments. Because patient demographics, disease severity,
and the process of care might be expected to differ con-
siderably in other circumstances, further study focused
on asthma in older patients in other care settings is es-
sential.

Despite these limitations, thepresent observations have
important implications, not only for individual patients and
their health care providers but also for health care plan-
ners.With theprogressiveagingof theUSpopulation, health
care costs attributable to hospitalization for asthma will in-
crease, even if hospitalization rates for older adults re-
main stable. A recent study26 of Medicare recipients shows
that the number of hospitalizations for asthma among older
persons is rising. Identifying reasons for hospitalization and
adverse consequences of asthma in the older adult and de-
veloping interventions to address these problems should
be a priority for researchers and health care planners. This
study demonstrates that older adults with asthma are sicker
than their younger counterparts and that the care they re-
ceive may often be inadequate. Older adults with asthma
have more comorbid illnesses than younger patients, and
health care plans and programs that manage asthma need
to consider more than a single disease in the older adults.
Coordination of care among multiple care providers is of-
ten necessary and introduces more challenges in manage-
ment, but may prove crucial for the optimal care of the older
asthmatic.
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