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Objective. To evaluate the longitudinal impact of asthma specialist care on the risk of
emergency department (ED) visits and hospitalization for asthma.
Data Sources/Study Setting. A prospective cohort study using both telephone sur-
vey and computerized utilization data.
Study Design. We recruited a prospective cohort of 4,742 adult members of a closed
panel managed care organization who were hospitalized for asthma (the ‘‘baseline hos-
pitalization’’).
Data Collection/Extraction Methods. Visits to asthma specialists were ascertained
from computerized utilization databases. Specialist visits after baseline hospitalization
were defined as time-dependent covariates. An alternative analysis defined specialist
visits during the year preceding baseline hospitalization. A subcohort of 596 subjects
completed telephone interviews.
Principal Findings. Compared with subjects who received no specialist visits after
baseline hospitalization, treatment by allergists (hazard ratio (HR) 1.04; 95 percent
confidence interval (CI) 0.87–1.26) or pulmonologists (HR 0.92; 95 percent CI 0.71–
1.19) was not associated with a reduction in the risk of future ED visits for asthma in the
entire cohort, controlling for age, sex, race, recent asthma medication dispensing, and
pharmacy benefits status. There was also no association between allergist visits and the
risk of subsequent hospitalizations for asthma (HR 0.93; 95 percent CI 0.75–1.14). In
contrast, visits to pulmonologists (HR 0.74; 95 percent CI 0.55–0.99) were related to a
reduced risk of rehospitalization.
Conclusions. Pulmonary specialist visits appeared to reduce the risk of hospitalization
for asthma, whereas asthma specialist visits did not reduce the risk of ED visits. In the
context of comprehensive prepaid health care, the benefit of specialist care was modest.
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During the past 20 years, the U.S. morbidity and mortality from asthma
have been increasing (Mannino et al. 1998, 2002). In an effort to improve
asthma care, the National Asthma Education and Prevention Program
(NAEPP) published guidelines for the diagnosis and management of asthma in
1991 (NAEPP 1991). In general, physicians’ compliance with these national
guidelines appears to be poor (Legorreta et al. 1998; Meng et al. 1999).
However, asthma specialists (allergists and pulmonologists) appear to follow
the clinical practice guidelines more closely than primary care physicians
(Legorreta et al. 1998; Meng et al. 1999; Diette et al. 2001; Frieri et al. 2002).
In addition, a substantial body of literature suggests that patients who are
managed by asthma specialists have better outcomes than patients managed
by primary care physicians (Engel et al. 1989; Mayo, Richman, and
Harris 1990; Zeiger et al. 1991; Mahr and Evans 1993; Sperber et al. 1995;
Storms et al. 1995; Legorreta et al. 1998; Brunner, Wunsch, and Marmot
2001). These improved outcomes included fewer asthma symptoms, im-
proved quality of life, and fewer emergency department (ED) visits and
hospitalizations (Engel et al. 1989; Mayo et al. 1990; Zeiger et al. 1991; Mahr
and Evans 1993; Sperber et al. 1995; Storms et al. 1995; Legorreta et al. 1998;
Brunner et al. 2001).

On a conceptual basis, asthma specialist care could improve asthma
outcomes, including exacerbations and hospitalizations, through a variety of
mechanisms. Specialty care might improve identification and remediation of
factors that exacerbate asthma, such as workplace exposures to allergens or
irritants, dust mites, mold, secondhand tobacco smoke, or comorbid medical
conditions (e.g., rhinitis, sinusitis, or gastroesphageal reflux disease). Specialist
care could also increase the use of objective assessment and monitoring of
asthma using spirometry and peak expiratory flow measurement. Specialists
may provide enhanced education about asthma and the use of self-manage-
ment plans (i.e., ‘‘action plans’’) for handling exacerbations. And specialist
visits could result in greater appropriate use of inhaled anti-inflammatory
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medications and inhaled b-agonists. Some of these putative benefits would be
likely to yield short-term improvements, such as inhaled anti-inflammatory
medications; other interventions, such as asthma education, would likely re-
sult in longer-term behavior change. In both cases, the impacts should be
detectable within a period of our study.

Two of the seminal randomized trials of asthma specialist care both
facilitated health care access and provided more intense treatment and ed-
ucation to the intervention/specialist group (Mayo et al. 1990; Zeiger et al.
1991). It is therefore difficult to determine which component of the interven-
tion——specialist expertise, improved access to care, or formalized patient ed-
ucation——accounted for the improved outcomes. Notably, all of the studies
comparing asthma specialist care to primary care were conducted more than
7 years ago. Since that time, inhaled corticosteroids have become more widely
available and additional controller medications have been developed includ-
ing long-acting b-agonists and leukotriene modifiers. In addition, 12 years
have passed since the initial publication of the NAEPP guidelines and since
then, two subsequent updates have been released, in 1997 and 2002 (NAEPP
1997, 2002). Many of the studies comparing specialist to generalist care were
conducted before the publication of the initial guidelines or shortly thereafter
(Engel et al. 1989; Mayo et al. 1990; Zeiger et al. 1991; Sperber et al. 1995;
Storms et al. 1995; Mahr and Evans 1993). Now that more time has elapsed,
allowing for the dissemination of this important information, outcomes may
have improved among patients treated by primary care physicians. Given
that two-thirds of patients with asthma receive their care from primary care
physicians (Carr, Zeitel, and Weiss 1992) and also given the evolving state
of asthma management, a current investigation comparing specialist and
generalist asthma care is warranted.

In a prospective cohort study, we evaluated the impact of specialist care
on the utilization outcomes of asthma patients enrolled in a large integrated
health care delivery system in Northern California. Our study sought to de-
termine whether there was a difference in asthma-related emergency health
care utilization among patients treated by asthma specialists (allergists or
pulmonologists) compared with primary care physicians. Because this study
was conducted within a managed care organization, all study subjects had
equal access to health care. In addition, there were system-wide efforts within
the organization to improve asthma care by disseminating asthma clinical
practice guidelines to all primary care providers. Therefore, we were able to
study the effects of asthma specialist care in a health care environment with a
high quality of primary care for asthma.
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METHODS

Overview

Using computerized utilization data, we identified all adult members of a
closed panel managed care organization who were hospitalized for asthma
during a 3-year period. We identified two groups of subjects: adults admitted
to the intensive care unit (ICU) for asthma and those hospitalized without ICU
admission. For each subject, we retrospectively ascertained pharmacy and
health care utilization during the 12 months prior to hospitalization. After
hospital discharge, we recruited a subgroup of adults with asthma to undergo
structured telephone interviews that assessed sociodemographic characteris-
tics, asthma history, and health status. In this analysis, we evaluate the lon-
gitudinal impact of asthma specialist care on the risk of ED visits and
hospitalization for asthma. The study was approved by the University of Cal-
ifornia, San Francisco Committee on Human Research and the Kaiser Foun-
dation Research Institute’s institutional review board.

Subject Recruitment

We studied adult members of Kaiser Permanente Northern California (KPNC),
the nation’s largest nonprofit managed care organization. In Northern Cali-
fornia, KPNCs share of the regional population ranges from 25 to 30 percent
(Karter et al. 2002). The demographic characteristics of KPNC membership are
similar to the overall Northern California population, except for the extremes
of income distribution (Krieger 1992). Of the 2.0 million adult KP members
(� 18 years), an estimated 160,307 (8.1 percent) persons have asthma, which
is similar to the general U.S. population (Mannino et al. 1998, 2002).

We employed previously described methods to identify adults hospi-
talized for asthma (Lieu et al. 1999). On a rolling monthly basis, we identified
all adult Kaiser Permanente Medical Care Program (KPMCP) members (� 18
years) hospitalized at any KPNC hospital between March 2000 and April 2003
with a principal Ninth International Classification of Diseases (ICD-9) dis-
charge diagnosis code for asthma (codes 493.00–493.99). We also included
KPMCP members hospitalized with a secondary ICD-9 discharge diagnosis
code for asthma and a principle ICD-9 code for acute asthma-related respi-
ratory conditions. Persons with a primary or secondary discharge diagnosis
code for chronic bronchitis (491.xx), emphysema (492.xx), or chronic airway
obstruction (496.xx) were excluded.

Using computerized discharge diagnoses, we identified 4,742 adults
hospitalized for asthma. These subjects comprise the overall cohort for the
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present analysis. For some subsidiary analyses, we used more detailed
information available for a subcohort who was recruited for structured
telephone interviews (‘‘interviewed subcohort’’). Beginning in April 2000, we
attempted to recruit all eligible adults who were admitted to the ICU for
asthma, persons with the most severe disease. To broaden the spectrum of
severe asthma, we also began recruiting a random sample of all eligible adults
who were hospitalized for asthma without ICU admission (non-ICU group) in
September 2000. The interview completion rate was 52 percent of eligible
subjects. All interviewed subjects indicated self-reported physician diagnosed
asthma. Subjects who completed interviews were similar in age, gender, and
race/ethnicity to those who did not complete interviews (Table 1).

Validation of Asthma Diagnosis

To validate the diagnosis of asthma, we selected a stratified random sample of
100 patient medical records among subjects admitted to the ICU for asthma

Table 1: Sociodemographic and Personal Characteristics of 4,742 Adults
Hospitalized for Asthma

Characteristic

Entire Cohort
Interviewed
Subcohort

Non-Interviewed
Subcohort

p-Value
N (%) or
Mean (SD)

N (%) or
Mean (SD)

N (%) or
Mean (SD)

Sample size (n) 4,742 (100%) 596 (13%) 4,146 (87%)
Age (mean, SD) 59.2 � 18.1 59.7 � 15.8 59.1 � 18.4 .46
Gender (female) 3,290 (69%) 408 (68%) 2,882 (70%) .60
Race (white) 3,359 (71%) 422 (71%) 2,937 (71%) .98
Household income

Lowest income (o$20k) NA 88 (15%) NA
Medium income ($20–$60k) NA 437 (73%) NA
Highest income ($60k1) NA 71 (12%) NA

Educational attainment
High school or less NA 160 (25%) NA
Some college NA 310 (52%) NA
College graduate or higher NA 137 (23%) NA

Cigarette smoking history
Ex-smoker NA 334 (56%) NA
Current smoker NA 61 (10%) NA
Never smoked NA 201 (34%) NA

Severity-of-asthma score NA 13.3 � 4.4 NA
ICU admission (index hospitalization) 485 (10%) 97 (16%) 388 (9%) o.0001
Pharmacy benefits 3,893 (82%) 498 (84%) 3,395 (82%) .32

NA, not available among subjects who were not sampled and recruited for telephone interviews
(interview-based variables); ICU, intensive care unit.
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and those hospitalized without ICU admission for asthma. The records were
abstracted by a single trained medical record reviewer. Records were ab-
stracted for a period ranging from 12 months before the index hospitalization
until 6 months following the index date. The reviewer evaluated the records
for a recorded diagnosis of asthma and related conditions, including exercise-
induced asthma and reactive airway disease. Of the 100 medical records, 99
records had a physician’s diagnosis of asthma recorded in the record. The
other one subject had a diagnosis of reactive airway disease recorded in the
medical record.

Asthma Specialty Care

We used the KPNC computerized ambulatory databases to ascertain visits to
allergists and pulmonologists following the baseline hospitalization. Subjects
who had one or more visits to an allergist or pulmonologist were considered to
have received allergy or pulmonary specialist care. Some subjects received
both allergy and pulmonary care. The referent group included subjects who
had no allergy or pulmonary specialist visits, receiving only primary care.
Persons with no visits during the study period were included in the referent
group. Specialist visits were defined as time-dependent covariates in the ex-
tended Cox model (Hosmer and Lemeshow 1999).

As an alternate secondary method, we defined exposure to asthma spe-
cialty care based on asthma specialist care provided during the 12-month
period preceding baseline hospitalization, rather than on specialty care pro-
vided after the hospitalization. Because the follow-up time after baseline hos-
pitalization varied among subjects, the ‘‘opportunity’’ to received specialist
care was also nonuniform. For example, a subject who was rehospitalized for
asthma 1 month after their baseline hospitalization had a shorter time window
to receive specialty care than did a subject who was rehospitalized 2 years later
or not rehospitalized at all. The extended Cox model for time-dependent
covariates does not eliminate this potential for nonuniform exposure oppor-
tunity (Hosmer and Lemeshow 1999). By ascertaining specialty care during
the year prior to hospitalization, subjects had a uniform opportunity to have
seen an asthma specialist. Moreover, the presumed benefits of specialist care,
including asthma education, self-management training, and proper use of
medications, should persist beyond the baseline hospitalization. This analysis
is, however, more conservative, as it does not include subjects whose baseline
hospitalization may have been prevented by an earlier specialist visit.
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Medication Dispensing

The computerized KPNC pharmacy database was used to determine asthma
medication use during the 12-month period preceding each subject’s baseline
hospital admission date. These included dispensing of specific medication
groups classified in the NAEPP guidelines as long-term ‘‘controller medica-
tions’’ (NAEPP 1991, 1997): long-acting b-agonists (IBA, e.g., salmeterol),
inhaled corticosteroids (ICS), leukotriene modifiers, methylxanthines, and
oral corticosteroids. In addition, we assessed dispensing of short-acting in-
haled b-agonists, inhaled anti-cholinergic medications, combined inhaled b-
agonist/anti-cholinergic medication, and nebulizer use for any medication.
The combined fluticasone propionate/salmetrol combination was counted in
both the ICS and long-acting inhaled b-agonist category. For medications
delivered by metered-dose inhaler (MDI), we defined each dispensed MDI as
one unit. For other medications, including oral medications and solutions
intended for a home nebulizer device, each prescription dispensed was de-
fined as one unit (an approximate 1 month supply).

Based on previous work in asthma, we recognize that the relation be-
tween IBA and ICS dispensing and rehospitalization may be nonlinear or
U-shaped (Donahue et al. 1997; Eisner et al. 2001). Consequently, we defined
categories of inhaled medication use for the 12 month time period preceding
the baseline hospitalization. For medications that are delivered by metered
dose inhaler, we defined three categories based on their distribution: no dis-
pensing, low-level dispensing, and high-level dispensing. The low-level and
high-level categories were defined using the median among those with
any use during the time period. Categories of oral steroid use were defined
using the number of prescriptions in an analogous fashion. Because dispensing
of medications for nebulizer use and oral leukotriene modifiers were less
common, two dichotomous categories were defined: any dispensing versus
none.

Study Outcomes: Emergency Utilization for Asthma

The primary study outcomes were ED visits and hospitalization for asthma
following baseline hospitalization. These outcomes were chosen because they
reflect a severe exacerbation that requires emergency medical care and are
generally believed to be preventable (Bindman et al. 1995; Oster and Bind-
man 2003). Asthma-related hospitalization was defined as one or more hos-
pitalization with a principal discharge diagnosis code for asthma (ICD-9 code
493.xx). Asthma-related ED use was identified as one or more visit with an
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ICD-9 code for asthma (493.xx). In contrast to hospital discharge diagnoses,
ED visits do not distinguish primary or secondary diagnoses in the Kaiser
system.

Sociodemographic Factors and Smoking

For the entire cohort, age, sex, and race were ascertained from computerized
KPNC databases. In the interviewed subcohort, a structured telephone inter-
view also assessed additional personal characteristics. Cigarette smoking was
measured using questions developed for the National Health Interview Survey
(1999). Household income was evaluated as a series of $20,000 increments,
with more detailed query for income less than $20,000. Based on the distri-
bution of responses, we defined low-income (o$20,000), intermediate income
($20,000–$60,000), and higher income categories (4$60,000). As in previous
studies, we defined educational attainment as high school or less, some col-
lege, or college/graduate degree (Eisner et al. 2002).

Asthma Severity

We measured asthma severity using two approaches. In the entire cohort, we
ascertained detailed asthma medication dispensing data that can be used to
indicate disease severity (Blais, Ernst, and Suissa 1996; Donahue et al. 1997;
Eisner et al. 2001). Although asthma medication use can also reflect physician
prescribing behavior, previous work indicates that asthma severity is a pow-
erful determinant of asthma medication use (Snyder et al. 2004). Among the
interviewed subcohort, we also measured severity-of-asthma with a previously
developed and validated 13-item disease-specific severity-of-asthma score
based on frequency of current asthma symptoms (daytime or nocturnal), use of
systemic corticosteroids, use of other asthma medications (besides systemic
corticosteroids), and history of hospitalizations and intubations (Blanc et al.
1993, 1996; Eisner et al. 1998). Possible total scores range from 0 to 28, with
higher scores reflecting more severe asthma.

In the interviewed subcohort, we verified that medication dispensing
provided adequate control for asthma severity, when compared with the more
refined severity-of-asthma score. As shown later in Tables 4 and 5, the hazard
ratios (HRs) controlling for asthma medication dispensing and other covari-
ates were not substantially affected by addition of severity-of-asthma score to
the model. Consequently, the control for asthma severity in the entire cohort,
in which the severity score was not always available, appeared adequate.
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Statistical Analysis

Statistical analysis was conducted using SAS 8.2 (Cary, NC, USA). Baseline
characteristics were analyzed using the t-test or analysis of variance (ANOVA)
for continuous, normally distributed variables and the w2-test for categorical
variables. For these baseline comparisons, asthma specialty care was defined
using visits during the year preceding baseline hospitalization to provide a
comparable assessment for all subjects.

We used the extended Cox model to examine the impact of asthma
specialist visits after the baseline hospitalization on the prospective risk of ED
visits or hospitalization for asthma (Hosmer and Lemeshow 1999). Asthma
specialist visits were defined as time-dependent covariates; visits were only
counted if they occurred prior to the subsequent ED visit or hospitalization for
asthma. Subjects were censored for death or termination of KPMCP mem-
bership. Multivariate Cox regression analysis was used to control for age, sex,
race, and asthma medication use in the entire cohort. In the interviewed
subcohort, we also controlled for smoking history, household income, edu-
cational attainment, and severity-of-asthma score.

We controlled for asthma severity in several ways. First, all subjects were
hospitalized for asthma at baseline, ensuring more severe disease. Second, we
controlled for age, sex, and race, which are determinants of health status and
health care utilization in asthma (Osborne et al. 1998; Sunyer et al. 1998).
Third, we controlled for medications that are used for the treatment of asthma,
a severity strategy that we previously developed (Eisner et al. 1998, 2001).
Fourth, we also controlled for the severity-of-asthma score in the interviewed
subcohort.

We used Cox proportional hazards regression analysis to evaluate the
prospective impact of specialist visits during the year prior to baseline hos-
pitalization on the subsequent risk of ED visits or hospitalization for asthma.
As in the previous analysis, multivariate analysis was used to control for the
additional covariates.

To further evaluate the results, we conducted a series of sensitivity anal-
yses. We repeated the multivariate analysis among the most severe adults with
asthma, those who were hospitalized with admission to the ICU at baseline.
An additional analysis was limited to persons who had KPNC pharmacy
coverage, to ensure that there was no effect of incomplete medication ascer-
tainment. To evaluate a ‘‘treated’’ subcohort of asthmatics, we repeated key
analyses in the subgroup who had at least one asthma medication dispensed
during the previous 12 months. Because asthma severity and medication could
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be endogenous variables, we repeated the multivariate analysis in the inter-
viewed subcohort controlling for severity-of-asthma score, but leaving out the
medication dispensing variables.

RESULTS

Baseline Subject Characteristics

The overall cohort included 4,742 adult KPMCP members with asthma. The
median duration of follow-up was 460 days (25th–75th interquartile range
184–776 days).

Of these subjects, the mean age was 59.2 years and the majority were
women (68 percent) (Table 1). Although the majority of subjects were white,
there was a substantial representation of other race/ethnic groups (29 percent).
Among the interviewed subcohort, the minority indicated current cigarette
smoking (10 percent); there was a substantial range of socioeconomic status, as
indicated by educational attainment and household income. Based on demo-
graphic characteristics, members of the interviewed subcohort were similar to
those who were not interviewed.

Treatment by Asthma Specialists during the Year before Baseline Hospitalization

In the overall cohort, 728 adults with asthma were treated by an asthma
specialist during the year preceding baseline hospitalization (15.4 percent; 95
percent confidence interval [CI] 14.3–16.4 percent). Allergists were the most
common asthma specialists consulted (9.5 percent; 95 percent CI 8.7–10.4
percent), followed by pulmonologists (5.0 percent; 95 percent CI 4.4–5.6
percent) and both allergists and pulmonologists (0.86 percent; 95 percent CI
0.62–1.18 percent), which reflects the pattern of referrals within KPNC.

In the interviewed subcohort, more detailed information was available
for subject characteristics and asthma severity. Comparing the subjects treated
by asthma specialists to those treated by generalists, there were no significant
differences in sociodemographic characteristics, smoking history, or receipt of
pharmacy benefits (Table 2). Asthma severity was greatest among subjects
who had both allergy and pulmonary visits (mean score 15.7 points), followed
by those who had pulmonary visits alone (mean score 14.7 points) and allergist
visits alone (mean score 13.9 points) (p 5 .04). Severity-of-asthma scores were
lowest among adults with asthma who did not see an asthma specialist (mean
score 13.1 points).
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Among the entire cohort, asthma specialist visits were associated with a
greater likelihood of the dispensing of all asthma medication classes (Table 3,
po.001). Reflecting the individual medication dispensing patterns, the pro-
portion of adults with asthma who received at least one asthma medication
from a Kaiser pharmacy was higher among those receiving care from an
allergist (95 percent), pulmonologist (97 percent), or both (98 percent), com-
pared with no specialist care (83 percent) (po.0001).

Asthma Specialist Visits and the Risk of ED Use

A substantial proportion of the overall cohort and the interviewed subcohort
had an ED visit for asthma during prospective followup (1,111/4,752 or 23
percent and 200/596 or 34 percent, respectively). In the overall cohort, there
was little evidence that specialist visits after baseline hospitalization reduced
the subsequent risk of ED visits for asthma during longitudinal follow-up.
Compared with subjects who received no specialist visits, treatment by aller-
gists (HR 1.04; 95 percent CI 0.87–1.26) or pulmonologists (HR 0.92; 95
percent CI 0.71–1.19) was not associated with a reduction in the risk of future

Table 2: Physician Specialty and Subject Characteristics (Interviewed Sub-
cohort)

Measure Allergist Pulmonologist Both Neither p-Value

Sample size 72 34 7 483
Age (mean, SD) 59.5 � 14.4 59.6 � 12.5 56.3 � 15.1 59.8 � 16.2
Gender (female) 48 (67%) 19 (56%) 3 (43%) 338 (70%) .16
Race (white) 52 (72%) 29 (85%) 4 (57%) 337 (70%) .22
Household income .99

Lowest income (o$20,000) 9 (12.5%) 4 (12%) 1 (14%) 74 (15%)
Medium income

($20,000–60,000)
54 (75%) 26 (76%) 5 (72%) 352 (73%)

Highest income ($60,0001) 9 (12.5%) 4 (12%) 1 (14%) 57 (12%)
Educational attainment .94

High school or less 15 (21%) 9 (26%) 2 (29%) 123 (25%)
Some college 38 (53%) 19 (56%) 4 (57%) 249 (52%)
College graduate or higher 19 (26%) 6 (18%) 1 (14%) 111 (23%)

Cigarette smoking history .38
Ex-smoker 38 (53%) 25 (74%) 4 (57%) 267 (55%)
Current smoker 6 (8%) 2 (6%) 0 (0%) 53 (11%)

Severity-of-asthma score 13.9 � 4.3 14.7 � 5.2 15.7 � 3.4 13.1 � 4.3
Pharmacy benefits 60 (83%) 28 (82%) 6 (86%) 404 (84%) .99

Data are presented as N (%) or mean (SD)

Impact of Allergy and Pulmonary Specialist Care 1453



ED visits for asthma, controlling for age, sex, race, asthma medication dis-
pensing during the year preceding baseline hospitalization, and pharmacy
benefits status (Table 4). Treatment by both allergists and pulmonologists was
associated with a reduced risk of subsequent ED visits for asthma (HR 0.37; 95
percent CI 0.19–0.69). In the subcohort who completed telephone interviews,
there was no indication that visits to an allergist (HR 1.37; 95 percent CI 0.88–
2.13), pulmonologist (HR 0.81; 95 percent CI 0.45–1.48), or both (HR 0.75; 95
percent CI 0.27–2.09) reduced the risk of ED visits, controlling for the same

Table 3: Physician Specialty and Medication Dispensing during the Year
Prior to Hospitalization (Entire Cohort)

Allergist Pulmonologist Both Neither p-Value

Sample size 452 235 41 4,014
Inhaled corticosteroids o.0001

None 52 (12%) 45 (19%) 5 (12%) 1,496 (37%)
Lower level 127 (28%) 70 (30%) 14 (34%) 1,405 (35%)
Higher level 273 (60%) 120 (51%) 22 (54%) 1,113 (28%)

Inhaled b-agonists o.0001
None 92 (20%) 62 (26%) 5 (12%) 1,387 (35%)
Lower level 159 (35%) 71 (30%) 12 (29%) 1,405 (35%)
Higher level 201 (45%) 102 (44%) 24 (59%) 1,222 (30%)

Long-acting inhaled b-agonists o.0001
None 219 (48%) 160 (68%) 12 (29%) 3,382 (84%)
Lower level 116 (26%) 41 (17%) 16 (39%) 359 (9%)
Higher level 117 (26%) 34 (15%) 13 (32%) 273 (7%)

Oral corticosteroids o.0001
None 127 (28%) 78 (33%) 7 (17%) 2,123 (53%)
Lower level 142 (31%) 58 (25%) 10 (24%) 1,168 (29%)
Higher level 183 (41%) 99 (42%) 24 (59%) 723 (18%)

Inhaled anticholinergics o.0001
None 329 (73%) 159 (68%) 28 (68%) 3,309 (83%)
Lower level 70 (15%) 32 (13%) 9 (22%) 407 (10%)
Higher level 53 (12%) 44 (19%) 4 (10%) 298 (7%)

Combined anticholinergic/
b-agonist

o.0001

None 400 (88%) 190 (81%) 33 (81%) 3,566 (89%)
Lower level 30 (7%) 20 (8%) 1 (2%) 246 (6%)
Higher level 22 (5%) 25 (11%) 7 (17%) 202 (5%)

Oral methylxanthines 70 (15%) 31 (13%) 7 (17%) 328 (8%) o.0001
Any medication by nebulizer 218 (48%) 113 (48%) 29 (71%) 938 (23%) o.0001
Leukotriene modifiers 102 (23%) 35 (15%) 19 (46%) 229 (6%) o.0001
Any asthma medication 431 (95%) 227 (97%) 40 (98%) 3,313 (83%) o.0001
Pharmacy benefits 377 (83%) 195 (83%) 34 (83%) 3,287 (82%) .85
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covariates plus additional sociodemographic measures, smoking history, and
the severity-of-asthma score. When asthma specialist visits were defined dur-
ing the year preceding baseline hospitalization, there was also no reduction in
the longitudinal risk of ED visits (Table 4).

Asthma Specialist Visits and the Risk of Hospitalization for Asthma

A notable proportion of the overall cohort (958/4,742 or 20 percent) and the
interviewed subcohort (159/596 or 27 percent) experienced hospitalization
during longitudinal follow-up. We examined the impact of asthma specialist
visits following the baseline hospitalization, defined as time-dependent co-
variates, on the prospective risk of hospitalization for asthma. In the overall
cohort, there was no association between allergist visits and the risk of future
hospitalization, controlling for covariates (HR 0.93; 95 percent CI 0.75–1.14)
(Table 5). In contrast, visits to pulmonologists (HR 0.74; 95 percent CI 0.55–
0.99) or to both an allergist and pulmonologist (HR 0.52; 95 percent CI 0.29–
0.93) were related to a reduced risk of rehospitalization. When the interviewed
subcohort was examined, treatment by allergists (HR 1.11; 95 percent CI
0.67–1.84), pulmonologists (HR 0.76; 95 percent CI 0.41–1.41), or both (HR
0.48; 95 percent CI 0.15–1.57) was not associated with the risk of subsequent
hospitalization for asthma, controlling for asthma severity and the other co-
variates.

When asthma specialist visits were defined during the year preceding
baseline hospitalization, there was no clear evidence that asthma specialist
visits reduced the risk of future hospitalizations during prospective follow-up.
Compared with subjects who received care from generalists only, visits to
allergists (HR 1.14; 95 percent CI 0.94–1.39), pulmonologists (HR 0.85; 95
percent CI 0.63–1.14), or both (HR 1.34; 95 percent CI 0.84–2.13) were not
associated with the risk of rehospitalization for asthma, controlling for co-
variates (Table 5). In the interviewed subcohort, treatment by pulmonologists
was associated with a reduced risk of rehospitalization (HR 0.47; 95 percent CI
0.21–1.06), controlling for the additional sociodemographic measures, smok-
ing history, and severity of asthma score; the risk estimate did not, however,
exclude no effect. There was also no relation between treatment by allergists
(HR 1.03; 95 percent CI 0.63–1.66) or both allergy and pulmonary specialists
(HR 0.48; 95 percent CI 0.11–2.20) and the risk of subsequent asthma hos-
pitalization. When we examined the joint outcome of ED visits or hospital-
ization for asthma, the pattern of results was similar (Table 6).

Impact of Allergy and Pulmonary Specialist Care 1455



T
ab

le
4:

A
st

h
m

a
Sp

ec
ia

lis
t

V
is

it
s

an
d

th
e

L
on

gi
tu

d
in

al
R

is
k

of
E

m
er

ge
n

cy
D

ep
ar

tm
en

t
V

is
it

s
fo

r
A

st
h

m
a

Sp
ec

ia
lt

y

E
nt

ir
e

C
oh

or
t

In
te

rv
ie

w
ed

Su
bc

oh
or

t

U
na

dj
us

te
d

M
od

el
1

M
od

el
2

U
na

dj
us

te
d

M
od

el
1

M
od

el
2

M
od

el
3

A
ft

er
b

as
el

in
e

h
os

p
it

al
iz

at
io

n
n

N
on

e
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
A

lle
rg

is
t

1.
38

(1
.1

5–
1.

66
)

1.
25

(1
.0

4–
1.

50
)

1.
04

(0
.8

7–
1.

26
)

1.
52

(1
.0

1–
2.

28
)

1.
37

(0
.9

0–
2.

08
)

1.
16

(0
.7

6–
1.

78
)

1.
37

(0
.8

8–
2.

13
)

0.
00

06
0.

01
9

0.
65

0.
05

0.
14

0.
49

0.
16

P
ul

m
on

ol
og

is
t

1.
09

(0
.8

4–
1.

41
)

1.
13

(0
.8

7–
1.

46
)

0.
92

(0
.7

1–
1.

19
)

0.
97

(0
.5

4–
1.

71
)

1.
01

(0
.5

7–
1.

79
)

0.
82

(0
.4

5–
1.

48
)

0.
81

(0
.4

5–
1.

48
)

0.
51

0.
35

0.
52

0.
90

0.
98

0.
51

0.
50

B
ot

h
0.

55
(0

.3
0–

1.
04

)
0.

52
(0

.2
8–

0.
98

)
0.

37
(0

.1
9–

0.
69

)
1.

04
(0

.3
8–

2.
81

)
1.

00
(0

.3
7–

2.
71

)
0.

74
(0

.2
7–

2.
05

)
0.

75
(0

.2
7–

2.
09

)
0.

07
0.

04
2

0.
00

18
0.

94
1.

0
0.

56
0.

59
D

ur
in

g
th

e
ye

ar
p

ri
or

to
b

as
el

in
e

h
os

p
it

al
iz

at
io

n
n

N
on

e
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
A

lle
rg

is
t

1.
81

(1
.5

3–
2.

13
)

1.
74

(1
.4

7–
2.

05
)

1.
26

(1
.0

6–
1.

51
)

1.
45

(0
.9

8–
2.

13
)

1.
44

(0
.9

8–
2.

12
)

1.
13

(0
.7

4–
1.

72
)

1.
16

(0
.7

6–
1.

77
)

o
0.

00
01

o
.0

00
1

0.
01

0.
06

0.
07

0.
58

0.
48

P
ul

m
on

ol
og

is
t

1.
25

(0
.9

6–
1.

62
)

1.
34

(1
.0

3–
1.

73
)

1.
06

(0
.8

1–
1.

38
)

0.
91

(0
.5

0–
1.

69
)

0.
99

(0
.5

3–
1.

83
)

0.
79

(0
.4

2–
1.

49
)

0.
78

(0
.4

1–
1.

50
)

0.
09

0.
03

0.
68

0.
77

0.
97

0.
47

0.
46

B
ot

h
1.

90
(1

.1
7–

3.
07

)
1.

78
(1

.1
0–

2.
87

)
1.

08
(0

.6
6–

1.
78

)
2.

56
(0

.9
6–

6.
92

)
3.

09
(1

.1
2–

8.
53

)
2.

77
(0

.8
4–

9.
15

)
3.

30
(1

.0
2–

10
.7

)
0.

00
9

0.
02

0.
75

0.
06

0.
03

0.
09

0.
05

H
az

ar
d

ra
ti

o
(9

5%
C

I)
an

d
p-

va
lu

e.

M
od

el
1

co
n

tr
ol

s
fo

r
ag

e,
se

x,
ra

ce
,p

h
ar

m
ac

y
b

en
efi

ts
st

at
us

.

M
od

el
2

co
n

tr
ol

s
fo

r
ag

e,
se

x,
ra

ce
,p

h
ar

m
ac

y
b

en
efi

ts
st

at
us

,a
st

h
m

a
m

ed
ic

at
io

n
d

is
p

en
si

n
g.

M
od

el
3

co
n

tr
ol

s
fo

r
ag

e,
se

x,
ra

ce
,p

h
ar

m
ac

y
b

en
efi

ts
st

at
us

,a
st

h
m

a
m

ed
ic

at
io

n
d

is
p

en
si

n
g,

sm
ok

in
g

h
is

to
ry

,e
d

uc
at

io
n

al
at

ta
in

m
en

t,
in

co
m

e,
se

ve
ri

ty
-

of
-a

st
h

m
a

sc
or

e.
n
F

ir
st

an
al

ys
is

d
efi

n
es

as
th

m
a

sp
ec

ia
lis

tv
is

it
s

af
te

r
b

as
el

in
e

h
os

p
it

al
iz

at
io

n
as

a
ti

m
e-

d
ep

en
d

en
tc

ov
ar

ia
te

;s
ec

on
d

an
al

ys
is

d
efi

n
es

sp
ec

ia
lis

tv
is

its
d

ur
in

g
th

e
ye

ar
p

re
ce

d
in

g
b

as
el

in
e

h
os

p
it

al
iz

at
io

n
.

1456 HSR: Health Services Research 40:5, Part I (October 2005)



T
ab

le
5:

A
st

h
m

a
Sp

ec
ia

lis
t

V
is

it
s

an
d

th
e

L
on

gi
tu

d
in

al
R

is
k

of
R

eh
os

p
it

al
iz

at
io

n
fo

r
A

st
h

m
a

Sp
ec

ia
lt

y

E
nt

ir
e

C
oh

or
t

In
te

rv
ie

w
ed

Su
bc

oh
or

t

U
na

dj
us

te
d

M
od

el
1

M
od

el
2

U
na

dj
us

te
d

M
od

el
1

M
od

el
2

M
od

el
3

A
ft

er
b

as
el

in
e

h
os

p
it

al
iz

at
io

n
n

N
on

e
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
A

lle
rg

is
t

1.
20

(0
.9

8–
1.

48
)

1.
13

(0
.9

2–
1.

39
)

0.
93

(0
.7

5–
1.

14
)

1.
29

(0
.8

1–
2.

06
)

1.
25

(0
.7

9–
2.

00
)

0.
95

(0
.5

8–
1.

56
)

1.
11

(0
.6

7–
1.

84
)

0.
08

0.
24

0.
47

0.
28

0.
34

0.
84

0.
69

P
ul

m
on

ol
og

is
t

0.
89

(0
.6

7–
1.

19
)

0.
90

(0
.6

7–
1.

19
)

0.
74

(0
.5

5–
0.

99
)

0.
96

(0
.5

3–
1.

72
)

0.
96

(0
.5

4–
1.

73
)

0.
78

(0
.4

3–
1.

44
)

0.
76

(0
.4

1–
1.

41
)

0.
44

0.
45

0.
04

1
0.

88
0.

90
0.

43
0.

38
B

ot
h

0.
78

(0
.4

4–
1.

38
)

0.
74

(0
.4

2–
1.

32
)

0.
52

(0
.2

9–
0.

93
)

0.
75

(0
.2

4–
2.

38
)

0.
78

(0
.2

4–
2.

46
)

0.
44

(0
.1

4–
1.

43
)

0.
48

(0
.1

5–
1.

57
)

0.
39

0.
31

0.
02

8
0.

63
0.

67
0.

17
0.

24
D

ur
in

g
th

e
ye

ar
p

ri
or

to
b

as
el

in
e

h
os

p
it

al
iz

at
io

n
n

N
on

e
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
A

lle
rg

is
t

1.
62

(1
.3

5–
1.

94
)

1.
57

(1
.3

1–
1.

88
)

1.
14

(0
.9

4–
1.

39
)

1.
36

(0
.8

8–
2.

09
)

1.
36

(0
.8

8–
2.

10
)

0.
88

(0
.5

4–
1.

42
)

1.
03

(0
.6

3–
1.

66
)

o
0.

00
01

o
.0

00
1

0.
19

0.
16

0.
16

0.
60

0.
92

P
ul

m
on

ol
og

is
t

1.
08

(0
.8

1–
1.

44
)

1.
10

(0
.8

2–
1.

47
)

0.
85

(0
.6

3–
1.

14
)

0.
60

(0
.2

8–
1.

30
)

0.
63

(0
.2

9–
1.

35
)

0.
47

(0
.2

1–
1.

05
)

0.
47

(0
.2

1–
1.

06
)

0.
62

0.
53

0.
29

0.
20

0.
23

0.
06

0.
07

B
ot

h
2.

65
(1

.7
0–

4.
13

)
2.

45
(1

.5
7–

3.
82

)
1.

34
(0

.8
4–

2.
13

)
1.

29
(0

.3
2–

5.
23

)
1.

26
(0

.3
1–

5.
17

)
0.

49
(0

.1
1–

2.
28

)
0.

48
(0

.1
1–

2.
20

)
o

0.
00

01
0.

00
01

0.
22

0.
72

0.
75

0.
37

0.
35

H
az

ar
d

ra
ti

o
(9

5%
C

I)
an

d
p

va
lu

e.

M
od

el
1

co
n

tr
ol

s
fo

r
ag

e,
se

x,
ra

ce
,p

h
ar

m
ac

y
b

en
efi

ts
st

at
us

.

M
od

el
2

co
n

tr
ol

s
fo

r
ag

e,
se

x,
ra

ce
,p

h
ar

m
ac

y
b

en
efi

ts
st

at
us

,a
st

h
m

a
m

ed
ic

at
io

n
d

is
p

en
si

n
g.

M
od

el
3

co
n

tr
ol

s
fo

r
ag

e,
se

x,
ra

ce
,p

h
ar

m
ac

y
b

en
efi

ts
st

at
us

,a
st

h
m

a
m

ed
ic

at
io

n
d

is
p

en
si

n
g,

sm
ok

in
g

h
is

to
ry

,e
d

uc
at

io
n

al
at

ta
in

m
en

t,
in

co
m

e,
se

ve
ri

ty
-

of
-a

st
h

m
a

sc
or

e.
n
F

ir
st

an
al

ys
is

d
efi

n
es

as
th

m
a

sp
ec

ia
lis

tv
is

it
s

af
te

r
b

as
el

in
e

h
os

p
it

al
iz

at
io

n
as

a
ti

m
e-

d
ep

en
d

en
tc

ov
ar

ia
te

;s
ec

on
d

an
al

ys
is

d
efi

n
es

sp
ec

ia
lis

tv
is

its
d

ur
in

g
th

e
ye

ar
p

re
ce

d
in

g
b

as
el

in
e

h
os

p
it

al
iz

at
io

n
.

Impact of Allergy and Pulmonary Specialist Care 1457



T
ab

le
6:

A
st

h
m

a
Sp

ec
ia

lis
t

V
is

it
s

an
d

th
e

L
on

gi
tu

d
in

al
R

is
k

of
E

it
h

er
E

D
V

is
it

or
R

eh
os

p
it

al
iz

at
io

n
fo

r
A

st
h

m
a

Sp
ec

ia
lt

y

E
nt

ir
e

C
oh

or
t

In
te

rv
ie

w
ed

Su
bc

oh
or

t

U
na

dj
us

te
d

M
od

el
1

M
od

el
2

U
na

dj
us

te
d

M
od

el
1

M
od

el
2

M
od

el
3

A
ft

er
b

as
el

in
e

h
os

p
it

al
iz

at
io

n
n

N
on

e
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
A

lle
rg

is
t

1.
25

(1
.0

5–
1.

48
)

1.
14

(0
.9

6–
1.

35
)

0.
94

(0
.7

9–
1.

12
)

1.
32

(0
.8

9–
1.

95
)

1.
26

(0
.8

5–
1.

88
)

1.
02

(0
.6

7–
1.

53
)

1.
19

(0
.7

8–
1.

82
)

0.
01

1
0.

13
0.

50
0.

16
0.

24
0.

94
0.

41
P

ul
m

on
ol

og
is

t
1.

00
(0

.8
0–

1.
26

)
1.

02
(0

.8
1–

1.
28

)
0.

83
(0

.6
5–

1.
04

)
0.

78
(0

.4
5–

1.
36

)
0.

81
(0

.4
7–

1.
41

)
0.

70
(0

.4
0–

1.
22

)
0.

65
(0

.3
7–

1.
16

)
0.

98
94

0.
88

83
0.

10
95

0.
38

83
0.

45
92

0.
20

87
0.

14
57

B
ot

h
0.

44
(0

.2
3–

0.
84

)
0.

41
(0

.2
1–

0.
80

)
0.

28
(0

.1
5–

0.
55

)
0.

84
(0

.3
1–

2.
26

)
0.

81
(0

.3
0–

2.
19

)
0.

48
(0

.1
7–

1.
33

)
0.

53
(0

.1
9–

1.
49

)
0.

01
4

0.
00

8
0.

00
02

0.
73

0.
67

0.
16

0.
23

D
ur

in
g

th
e

ye
ar

p
ri

or
to

b
as

el
in

e
h

os
p

it
al

iz
at

io
n
n

N
on

e
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
1.

0
(r

ef
er

en
t)

1.
0

(r
ef

er
en

t)
A

lle
rg

is
t

1.
63

(1
.4

0–
1.

89
)

1.
57

(1
.3

5–
1.

82
)

1.
12

(0
.9

5–
1.

31
)

1.
34

(0
.9

4–
1.

91
)

1.
33

(0
.9

3–
1.

89
)

0.
95

(0
.6

4–
1.

40
)

1.
02

(0
.6

9–
1.

50
)

o
0.

00
01

o
0.

00
01

0.
17

65
0.

10
91

0.
12

19
0.

78
09

0.
93

75
P

ul
m

on
ol

og
is

t
1.

13
(0

.9
0–

1.
43

)
1.

18
(0

.9
3–

1.
49

)
0.

92
(0

.7
2–

1.
16

)
0.

74
(0

.4
1–

1.
33

)
0.

78
(0

.4
3–

1.
40

)
0.

64
(0

.3
5–

1.
18

)
0.

61
(0

.3
3–

1.
13

)
0.

29
0.

17
0.

48
0.

32
0.

40
0.

15
0.

12
B

ot
h

1.
99

(1
.3

2–
3.

01
)

1.
83

(1
.2

1–
2.

77
)

0.
98

(0
.6

4–
1.

51
)

1.
89

(0
.7

0–
5.

08
)

2.
14

(0
.7

8–
5.

87
)

1.
20

(0
.3

7–
3.

86
)

1.
48

(0
.4

7–
4.

66
)

0.
00

11
0.

00
4

0.
94

0.
21

0.
14

0.
76

0.
51

H
az

ar
d

ra
ti

o
(9

5%
C

I)
an

d
p

va
lu

e.

M
od

el
1

co
n

tr
ol

s
fo

r
ag

e,
se

x,
ra

ce
,p

h
ar

m
ac

y
b

en
efi

ts
st

at
us

.

M
od

el
2

co
n

tr
ol

s
fo

r
ag

e,
se

x,
ra

ce
,p

h
ar

m
ac

y
b

en
efi

ts
st

at
us

,a
st

h
m

a
m

ed
ic

at
io

n
d

is
p

en
si

n
g.

M
od

el
3

co
n

tr
ol

s
fo

r
ag

e,
se

x,
ra

ce
,p

h
ar

m
ac

y
b

en
efi

ts
st

at
us

,a
st

h
m

a
m

ed
ic

at
io

n
d

is
p

en
si

n
g,

sm
ok

in
g

h
is

to
ry

,e
d

uc
at

io
n

al
at

ta
in

m
en

t,
in

co
m

e,
se

ve
ri

ty
-

of
-a

st
h

m
a

sc
or

e.
n
F

ir
st

an
al

ys
is

d
efi

n
es

as
th

m
a

sp
ec

ia
lis

tv
is

it
s

af
te

r
b

as
el

in
e

h
os

p
it

al
iz

at
io

n
as

a
ti

m
e-

d
ep

en
d

en
tc

ov
ar

ia
te

;s
ec

on
d

an
al

ys
is

d
efi

n
es

sp
ec

ia
lis

tv
is

its
d

ur
in

g
th

e
ye

ar
p

re
ce

d
in

g
b

as
el

in
e

h
os

p
it

al
iz

at
io

n
.

1458 HSR: Health Services Research 40:5, Part I (October 2005)



Sensitivity Analysis

To further evaluate the results, we conducted a series of sensitivity analyses
among the entire cohort. We repeated the multivariate analysis among the
most severe asthmatics, those who were hospitalized with admission to the
ICU at baseline (n 5 485). There was no association between visits to allergists
(HR 1.23; 95 percent CI 0.64–2.35) or pulmonologists (HR 0.75; 95 percent
CI 0.33–1.67) and the risk of rehospitalization for asthma. An additional
analysis was limited to persons who had KPNC pharmacy coverage, to ensure
that there was no effect of incomplete medication ascertainment (n 5 3,893).
There was also no impact of allergy specialty care and the risk of future
hospitalization (HR 0.92; 95 percent CI 0.74–1.15); pulmonary care was as-
sociated with decreased risk, as in the primary analysis (HR 0.73; 95 percent
CI 0.54–0.99). To evaluate a ‘‘treated’’ subcohort of asthmatics, we repeated
key analyses in the subgroup who had at least one asthma medication dis-
pensed during the previous 12 months (n 5 4,011). Allergy and pulmonary
physician care were not related to the risk of subsequent hospitalization for
asthma (HR 0.95; 95 percent CI 0.76–1.17 and HR 0.72; 95 percent CI 0.54–
0.98, respectively).

Because asthma severity and medication dispensing could be endog-
enous variables, we repeated the multivariate analysis in the interviewed sub-
cohort after controlling for severity-of-asthma score, but excluding the
medication variables. As in the primary analyses, there was no association
between allergy specialty care and the risk of subsequent hospitalization (HR
1.42; 95 percent CI 0.88–2.28). Pulmonary specialty visits during the year
prior to baseline appeared to be associated with decreased hospitalization risk
(HR 0.49; 95 percent CI 0.22–1.06), which was highly similar to the primary
analysis.

DISCUSSION

Because asthma specialists appear to follow the national asthma guidelines
more closely, we hypothesized that allergy or pulmonary specialty care would
reduce the risk of a severe asthma exacerbation requiring emergency health
care utilization. In a large cohort of managed care organization members, we
found some evidence that treatment by a pulmonologist reduced the risk of
rehospitalization for asthma. In the entire cohort, pulmonary specialist visits
after baseline hospitalization appeared to reduce the risk of rehospitalization.
The estimate of benefit was similar in the interviewed subcohort after
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additional control for severity-of-asthma score, but the CI was wider because
of the smaller sample size. In the secondary analysis, pulmonary visits before
baseline hospitalization appeared to reduce hospitalization in the interviewed
subcohort only. This latter analysis, which ensures an equal ‘‘opportunity’’ for
all subjects to have had a specialist visit, is more conservative and could under-
estimate the benefit. Finally, there was no evidence that pulmonary specialist
visits reduced the risk of ED visits for asthma. Taken together, pulmonary
specialist visits probably reduce the risk of emergency asthma utilization.

There was no evidence that allergist visits reduced the risk of ED visits or
hospitalization for asthma. Visits to both allergy and pulmonary specialists
reduced the risk of ED visits in some, but not all, analyses. Taken together,
allergy specialist care did not appear to substantially reduce the risk of severe
asthma exacerbation among members of a large managed care organization
that provides comprehensive prepaid medical care. Although the reasons for
the possible differential benefit of pulmonary and allergy care were not de-
termined by this study, it could reflect unmeasured differences in practice
style, such as use of objective assessment by spirometry or peak expiratory
flow monitoring.

Asthma specialist care may have had less benefit than in previous studies
because the NAEPP guidelines have now had 12 years to be widely dissem-
inated. In addition, KPNC has made its own intensive efforts to develop and
disseminate asthma clinical practice guidelines to primary care physicians in
order to improve asthma care quality. KPNC has also implemented an asthma
population management system that screens asthma patients and stratifies
them by severity, level of disease control, and risk for future health care
utilization. Asthma care managers, who are respiratory therapists, registered
nurses, nurse practitioners, or clinical pharmacists, track high risk patients,
provide direct care, and refer to asthma specialists within a chronic disease
management model. Consequently, the modest association between asthma
specialist visits and subsequent asthma outcomes may reflect the regional
efforts to improve asthma treatment provided in primary care.

Our study is one of the largest of its kind and included a diverse pop-
ulation with respect to race/ethnicity and socioeconomic status. Using the
KPNC centralized computer databases enabled a comprehensive account of
medication dispensing and asthma-related health outcomes that included ED
visits and hospitalizations. In contrast, previous studies that have compared
specialist and generalist asthma care have generally used survey responses to
determine medication use and health outcomes (Vollmer et al. 1997; Wu et al.
2001). In addition, we performed a more detailed assessment of asthma

1460 HSR: Health Services Research 40:5, Part I (October 2005)



severity and socioeconomic status among the interviewed subcohort, allowing
more rigorous statistical control for these potentially confounding variables.

Our study has several limitations. At the study’s inception, we under-
stood that there would be confounding by severity of disease. Patients who are
referred to asthma specialists are likely to have more severe asthma (Eisner
et al. 1998). We attempted to control for severity of asthma both in the study
design, by limiting study enrollment to those subjects who were hospitalized,
and in analysis, by controlling for medication use, sociodemographic factors,
and severity-of-asthma score in the multivariate analysis. Because the risk
estimates tended to decrease when we controlled for these variables, there
appeared to be reduction in confounding. However, residual confounding is
still likely. This may explain the results of the analysis that found an apparent
increased risk of ED visits among subjects who were treated by allergists. The
net effect of such residual confounding would generally be to underestimate
the benefits of specialty care.

Another limitation of our study is that our results may not generalize to
other health care settings or practices. The managed care organization we
selected for our study provides comprehensive prepaid health care and has
made specific regional efforts to improve the quality of asthma care. In another
health care setting, the quality of asthma care provided by primary care phy-
sicians may be lower, thus making asthma specialist care more valuable. The
results may also not generalize to other health care settings in which specialist
referral increases access to asthma care in general, rather than providing care
that is supplementary to adequate primary care (Mayo et al. 1990; Zeiger et al.
1991). Consequently, our results may represent the lower bound on the po-
tential benefit of specialty care. Supporting this contention, previous studies
have shown even greater effects of specialty care on quality of life (Vollmer
et al. 1997; Wu et al. 2001). Although KPNC provides care to patients of
diverse race/ethnicity, we lacked the statistical power to evaluate the differ-
ential impact of specialty care on these subgroups. Other limitations include
the lack of longitudinal information on health-related quality of life and other
patient-centered outcomes. Our study was designed to evaluate the impact of
specialty care on future health care utilization outcomes, but our results could
have missed a more subtle benefit. In addition, it was not possible to control
for some more subtle factors that could affect a patient’s ability to attend spe-
cialist visits, such as flexibility of work schedule and distance to the provider.

We cannot exclude some misclassification of asthma and chronic ob-
structive pulmonary disease (COPD). A minority of subjects did carry con-
comitant diagnostic codes consistent with COPD (33 percent). This diagnostic
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overlap is well known, and reflects the difficulties inherent in distinguishing
asthma and COPD, particularly in older adults (Dodge, Cline, and Burrows
1986; Enarson et al. 1987; McWhorter, Polis, and Kaslow 1989). It has not
been possible to completely separate the two conditions, both in clinical
practice and research studies. Excluding older adults, however, would se-
verely limit the results, as older asthmatics have the highest disease severity
and risk of death from asthma (Burrows et al. 1991; Enright et al. 1999).
National data indicate that more than 50 percent of asthma deaths occurred
among adults aged 65 years or older (Mannino et al. 1998). To mitigate against
misclassification with COPD, we used a systematic approach that was con-
sistent with previous studies using ICD-9 discharge diagnoses to define per-
sons hospitalized for asthma (Krieger 1992; Spitzer et al. 1992; Lieu et al. 1999;
Eisner et al. 2001). In addition, all subjects in the interviewed subcohort study
reported a physician’s diagnosis of asthma, which is a standard epidemio-
logic tool for identifying asthma cases (Toraen, Brisman, and Jearvholm 1993).
Our validation study, which included randomly selected members of the
overall and interviewed cohorts, strongly supported the diagnosis of asthma:
99 percent of subjects had a physician’s diagnosis of asthma recorded in the
medical record; the remaining one subject had ‘‘reactive airways disease,’’
which is consistent with asthma. Taken together, we believe that our results are
applicable to adults with asthma treated in a managed care organization.

Although we found only modest evidence that asthma specialist visits
may improve outcomes, we believe that specialists may still play a critical role
in managing asthma. In particular, asthma specialists play a central role in
developing clinical practice guidelines and educating primary care physicians
about the appropriate management of asthma. Moreover, specialists may
provide benefit in selected cases in which clinical response to therapy is in-
adequate or there are other comorbid health conditions. In clinical settings
that do not have a systematic screening and intervention program for asthma,
asthma specialists may provide additional direct clinical benefit over primary
care. Further studies are needed to define the optimal role of asthma specialists
in different clinical and health care delivery environments.
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