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ABSTRACT
Objective: To examine the effect of ambulatory health care processes on asthma hospitalizations.
Methods: A retrospective cohort study using electronic health records was completed. Patients aged
2–18 years receiving health care from 1 of 5 urban practices between Jan 1, 2004 and Dec 31, 2008
with asthma documented on their problem list were included. Independent variables were mod-
ifiable health care processes in the primary care setting: (1) use of asthma controller medications;
(2) regular assessment of asthma symptoms; (3) use of spirometry; (4) provision of individualized
asthma care plans; (5) timely influenza vaccination; (6) access to primary healthcare; and (7) use of
pay for performance physician incentives. Occurrence of one ormore asthma hospitalizations was the
primary outcome of interest. We used a log linear model (Poisson regression) to model the associa-
tion between the factors of interest and number of asthma hospitalizations. Results: 5,712 childrenwith
asthma were available for analysis. 96% of the children were African American. The overall hospital-
ization rate was 64 per 1,000 children per year. None of the commonly used asthma-specific indicators
of high quality care were associated with fewer asthma hospitalizations. Children with documented
asthma who experienced a lack of primary health care (no more than one outpatient visit at their
primary care location in the 2 years preceding hospitalization) were at higher risk of hospitalization
compared to those children with a greater number of visits (incidence rate ratio 1.39; 95% CI 1.09–1.78).
Conclusions: In children with asthma, more frequent primary care visits are associated with reduced
asthma hospitalizations.

Introduction

Morbidity due to childhood asthma has risen substan-
tially in recent decades with increases in asthma-related
mortality, hospitalizations, disability, and cost [1–5].
Despite recent improvements in the arsenal of therapeu-
tics to prevent and treat asthma exacerbations, asthma
remains a leading cause of pediatric acute care, account-
ing for over 157,000 hospitalizations and over 640,000
emergency department (ED) visits annually. An estimated
10.5 million school days are lost annually due to asthma
exacerbations, highlighting the broad impact of asthma
on 7.1 million affected children [1].

For conditions like asthma, hospitalization has been
used as a measure of the quality of outpatient care, with
higher rates of asthma-related hospitalization indicating
that better outpatient care is necessary [6]. Interventions
to improve outpatient asthma care, and thus reduce
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Street, Suite , Room , Philadelphia, PA , USA.

hospitalizations, have focused on the individual patient,
practice, or system-level. Patient-level interventions
include the use of inhaled corticosteroids, which have
been shown to improve symptoms and reduce hospital-
izations in long-term clinical trials [7]. Population-based
studies of patients using these medications, however,
have shown no reduction in hospitalizations or reduc-
tions greatly limited by real-world adherence issues
[8–10]. Few practice-level interventions have been evalu-
ated, though “pay for performance” quality improvement
initiatives have been shown to improve some asthma
process measures [11,12].

We sought to determine whether specific modifiable
outpatient asthma care processes at the practice level
are associated with reductions in asthma hospitaliza-
tion among children in the primary care setting. We
also explored the impact of structural factors at the
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Figure . Conceptual model of the relationship between a patient’s baseline risk, modifiable care processes and asthma hospitalization.

practice level. Independent of our study, pay for perfor-
mance incentives related to asthma management were
introduced in our health-care system, which provided
a natural opportunity to evaluate the impact of these
incentives on asthma hospitalizations. Finally, we exam-
ined patient-level socio-demographic factors and clinical
risk factors that may be associated with asthma hospi-
talization. Our conceptual model for the relationship
between baseline risk, modifiable care processes, and
asthma hospitalization is shown in Figure 1.

Methods

Study design

We used a retrospective cohort design to identify mod-
ifiable factors that might reduce hospitalization rates for
patients with asthma. Access to extensive data at the
patient level, as well as some structural factors at the prac-
tice level, allowed us to control for potential confounders
in the relationships of most interest.

Electronic health records (EHRs; EpicCare R©, Epic Sys-
tems Inc., Verona WI) were extracted for children aged
2–18 years who received asthma-related health care from
one of the five urban outpatient practices within the Pedi-
atric Research Consortium (PeRC), a two-state practice-
based research network with>200,000 children, between
Jan 1, 2004 and Dec 31, 2008. During this period the EHR
was used to document all aspects of primary care, includ-
ing diagnoses,medication orders, immunizations, labora-
tory tests, problem lists, spirometry, and asthma-specific
assessment tools. To ensure complete data on hospital-
ization, analyses were restricted to subjects who resided
in zip codes where a previous study had demonstrated
that children were known to receive over 90% of their
emergency and hospital care from Children’s Hospital of
Philadelphia (CHOP) [13].

Clinicians identified asthma as a diagnosis at the
visit by means of a primary discharge billing code. Each
eligible subject was followed from the time of their ini-
tial asthma office visit at a primary care location with
an asthma diagnosis (International Classification of
Diseases [ICD]-9 codes 493.00–493.92) through their

last contact of any type with the primary care practice.
A child could have more than one hospitalization during
the period of observation.

Study variables

Model building proceeded with the analysis of sev-
eral categories of independent variables. These variables
included patient characteristics known to be associated
with asthma outcomes (asthma severity, co-morbidities,
body mass index, race, age, gender, and insurance sta-
tus) and potentially modifiable care processes of inter-
est [regular access to primary care, influenza vaccination,
prescriptions for asthma controller medications, clinician
assessment of symptomswith a structured asthma control
tool (ACT), use of spirometry, personalized asthma care
plans (ACP), referral to the Community Asthma Preven-
tion Program (CAPP), and physician pay for performance
incentives]. Influenza activity and practice site were also
included as covariates in the model. All characteristics
were allowed to be time varyingwith the exception of gen-
der, race and ethnicity. Age was categorized according to
published pubertal norms for males and females of each
race and was combined with race and gender to form a
single interaction variable [14,15].

We decided a priori to exclude ED visits for asthma
and prescriptions for bronchodilators from the model.
Although these variables are highly associated with both
asthma hospitalization and asthma severity, we excluded
them because they are also markers for poor asthma con-
trol and therefore are on the causal pathway leading to
asthma hospitalizations [16]. Adjustment of such factors
would induce bias in our estimates of the association of
risk factors and outcomes.

At the study sites, clinicians assigned asthma sever-
ity based on the National Heart, Lung, and Blood Insti-
tute (NHLBI) guidelines as part of routine clinical care
[7]. Asthma severity was missing in approximately 16%
of the subjects. We imputed 10 sets of values for missing
severity using patient characteristics and outcomes as well
as clinic location using the method of chained equations
[17]. We reviewed a sample of 10 charts where severity
was imputed as moderate or severe in 6 or more of the
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sets and confirmed that these patients had explicit men-
tion ofmoderate-persistent or severe-persistent asthma in
free text or significant numbers of albuterol prescriptions
consistent with high asthma severity. Similarly, we con-
firmed the accuracy of imputation for 10 children where
severity was imputed as intermittent.

Lack of primary health care
Children are expected to receive preventive health-care
visits annually throughout childhood. Prior research has
examined primary care utilization patterns and found that
poor continuity of care over a 24-month time period (fail-
ure to consistently see the same primary care provider)
was associated with higher utilization of ED and inpatient
care [18]. Many children in our cohort received health
care less than twice during any given 24-month interval,
and so we felt that these children with limited use of pri-
mary health care were likely at higher risk of hospital-
ization. We ultimately chose to include consistent access
to primary health care, defined as at least 2 visits in a
24-month period, as a modifiable process of care. All
office visits to the primary care location—whether pre-
ventive, asthma-related or not—were included in the
determination of this binary variable.

Effectmodification by severity
We suspected that the association of several key fac-
tors (controller medications, ACP, ACT, and spirome-
try) might modify the association between asthma sever-
ity and asthma hospitalization. Therefore, we developed
interaction terms to detect effect modification. Influenza
vaccination has an additional complication: it is possible
that the protective effect of influenza vaccine may differ
by asthma severity, but only during the influenza season.
In other words, among children with severe persistent
asthma, those who are unvaccinated may be much more
likely to require hospitalization during the influenza sea-
son. In contrast, the hospitalization rate of children with
intermittent asthma may be low regardless of influenza
vaccine receipt or season. Thus, we also created a com-
posite variable for the association of receipt of influenza
vaccine, presence of influenza activity in the community
that month, and the severity of the child’s asthma. The
small number of observations at several levels of these
covariates limited our ability to examine all potentially
important two-way interactions. Therefore, we attempted
to reduce the number of interaction terms, where possi-
ble, by grouping levels of factors.

Analytic model

We used a log linear model (Poisson regression) to model
the association between the factors of interest and the

number of hospitalizations for asthma during the study
period. To evaluate the effect of time-varying exposures,
we divided the duration of follow-up into monthly inter-
vals and thus implemented a person-period analysis with
the unit of analysis as the patient-month. To account for
different time-related trajectories of the risk of hospital-
ization (for example, increasing or decreasing hospital-
ization), we divided the entire time period of observation
into four categories, corresponding to the periods of
implementation of a pay for performance initiative ongo-
ing during the study. Using a piecewise regression model,
we then allowed that trajectory to change at each of these
periods. We implemented the regression using general-
ized estimating equations with a working independence
correlation structure and robust variance estimates.
These analyses were performed in Statistical Analysis
System (SAS) proc genmod (SAS Institute, Cary NC,
2008). This method accounted for repeated observations
within child, and for possible over dispersion of the data,
with relatively few assumptions about the correlation
structure over time. All analyses were performed using
10 sets of imputations for asthma severity, and estimates
were then combined using Rubin’s method to account
for both within- and among-imputation components of
variance in all reported confidence intervals [19]. We
report incidence rate ratios (IRRs) for these analyses.

In addition to the use of interaction terms as described
previously, we performed three analyses to further clar-
ify the complex relationship among outcome, risk fac-
tors of interest, and asthma severity. First, we fit a model
with children of all asthma severity levels. Second, we
fit a model limited to children with the highest level of
severity. Third, we fit a model limited to children with the
three lowest severity levels. In this last model we main-
tained asthma severity as a covariate, andwhere indicated,
as an interaction term with other factors. This approach
allowed us to determine the association between risk fac-
tors and asthma hospitalization for children with differ-
ent levels of asthma severity as well as to assess whether
results were consistent across these models. All analyses
were performed using SAS v 9.2 (SAS Institute, Cary NC,
2008) and Stata v 11.1 (Stata Corp; College Station TX,
2008). The CHOP Institutional Review Board approved
the study and waived the requirement for consent from
individual children/families.

Results

Cohort characteristics

Electronic health records from Jan 1, 2004 toDec 31, 2008
were extracted for all subjects meeting the inclusion crite-
ria. One of the six original study locations was at the edge
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Figure . Hospitalization rates for asthma during the study period. Unadjusted (dashed line) and adjusted (solid line) rates are shown per
 subjects per observation month. PP = Pay for Performance initiative.

of the hospital’s catchment area and was excluded due to
the small number of children with asthma residing in a
zip code in our study area (N = 56). Among the 6,056
children at the remaining five study sites, we excluded
344 children who contributed only 1 month of observa-
tion time (i.e. had only a single primary care encounter in
the study period), leaving 5,712 subjects for analysis. The
average observation period available for each subject was
2.7 years (range 2–65 periods, each period being 4 weeks).
This cohort of subjects experienced 989 asthma hospi-
talizations during the study period. Overall there were
15,401 subject-years of observation and an overall hos-
pitalization rate of 64 per 1,000 children per year. Raw
unadjusted and smoothed adjusted hospitalization rates
are shown in Figure 2.

Table 1 summarizes demographic characteristics of
subjects by care location. As is typical of the population
serviced by this inner-city hospital and its city-based pri-
mary case sites, most subjects (96%) were African Amer-
ican. This imbalance limited the power to detect racial
disparities or differences in hospitalization rate due to
race. Male subjects outnumbered female subjects with a
ratio of 1.3:1, a ratio similar to other samples of chil-
dren with asthma in the United States [1,20]. Relation-
ships between asthma hospitalizations, race, gender, and
age were examined, which revealed a higher rate of hos-
pitalization among young children (data not shown).

Care processes

Multivariable analysis demonstrated that subjects with
no more than one outpatient visit at their primary care
location in the 2 years preceding hospitalization (“lack of
care”) were at a significantly higher risk of hospitalization
compared to subjects with two or more primary care vis-
its (IRR 1.39; 95% CI 1.09–1.78). Asthma hospitalization
risk was not significantly associated with care location
or public vs. private insurance status. Insured subjects

had lower hospitalization risks (public insurance vs.
uninsured IRR 0.54, 95% CI 0.25–1.19; private insurance
vs. uninsured IRR 0.52, 95% CI 0.23–1.18); however, this
association did not reach conventional levels of statistical
significance. Finally, the smoothed and adjusted hospi-
talization rate revealed decreasing hospitalization rates
only during the earliest portions of the study prior to the
introduction of pay for performance.

Asthma-specific care processes

The presence of certain asthma-specific interventions,
including personalized ACPs and referral to CAPP, were
associated with a significantly higher risk of hospitaliza-
tion in this cohort (Table 2). There were no statistically
significant associations between asthma hospitalizations
and other interventions (influenza vaccination, spirome-
trymeasurement, inhaled steroids, and use of a structured
ACT). Stratified analysis where subjects with non-severe
and severe asthma were examined separately did not sig-
nificantly alter these relationships.

Asthma severity and co-morbidities

Inmultivariable analysis an interaction termwas included
between asthma severity and presence of other major co-
morbidities that may affect hospitalization risk (e.g. sickle
cell disease, diabetes, trisomy 21, and metabolic disor-
ders). Asthma severity demonstrated the expected strong
association with hospitalization rate, and this association
was not significantly modified by these co-morbidities.
There were also no significant associations between the
presence of neurologic or cardiac co-morbidities and
asthma hospitalization (data not shown).

There was an association between subjects with
body mass index (BMI) below the 5th percentile and
hospitalization (IRR 1.70, 95% CI 1.05–2.74). A chart
reviewof all subjectswith lowBMI indicated that lowBMI
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Table . Distribution of demographic and clinical characteristics of the study cohort by care location.

Site  Site  Site  Site  Site  Total

N % N % N % N % N % N %

Total  , ,  , ,
Race
Black or African American  () , () , ()  () , () , ()
White  ()  (<)  (<)  ()  ()  ()
Asian or Pacific Islander  ()  (<)  (<)  ()  (<)  (<)
Other or unknown  ()  (<)  ()  ()  ()  ()

Ethnicity
Hispanic  ()  (<)  (<)  ()  (<)  (<)

Gender
Female  ()  ()  ()  ()  () , ()

Age
∗

– years old  ()  ()  ()  ()  () , ()
– years old  ()  ()  ()  ()  ()  ()
– years old  ()  ()  ()  ()  () , ()
– years old  ()  ()  ()  ()  () , ()

Insurance status
∗

Medicaid  () , () , ()  () , () , ()
Private insurance  ()  ()  ()  ()  () , ()
Self pay or unknown  ()  ()  ()  ()  ()  ()

Asthma severity
∗

Intermittent  ()  ()  ()  ()  () , ()
Mild-persistent  ()  ()  ()  ()  () , ()
Moderate-persistent  ()  ()  ()  ()  ()  ()
Severe-persistent  (<)  (<)  (<)  ()  (<)  ()
Unknown  ()  ()  ()  ()  ()  ()

Bodymass index
∗

<th percentile  (<)  ()  )  ()  ()  ()
th to th Percentile  () , () , ()  () , () , ()
�th percentile  ()  ()  ()  ()  () , ()
Unknown   (<)  (<)  (<)  (<)  (<)

Gaps in primary care
†

No gaps  ()  ()  ()  ()  () , ()
Up to half the time  ()  ()  ()  ()  () , ()
More than half the time  ()  ()  ()  ()  () , ()

†A gap in primary care was defined as less than  office visits for any reason within  years.
∗Reported at time of entry into the study cohort.

was often amarker for childrenwhowere severely affected
by co-morbidities. A separate regression model limited to
the subgroup of subjects with severe asthma revealed an
association between obesity (BMI � 95th percentile) and

hospitalization (Table 3). An association of low BMI and
outcome in this subgroup could not be estimated reliably
due to the limited number of children with this combina-
tion of severity and BMI.

Table . Effects of care processes on hospitalization rates.

Parameter Value IRR % CI p

Two visits or more in preceding  months Present reference
Absent . .–. .

Inhaled steroids Present reference
Absent . .–. .

Asthma control tool Present reference
Absent . .–. .
No opportunity

∗
. .–. > .

Asthma care plan Present reference
Absent . .–. .

Community Asthma Prevention Program Present reference
Absent . .–. .

Spirometry Present reference
Absent . .–. .
No opportunity

∗∗
. .–. > .

Influenza Vaccinated Reference
Unvaccinated . .–. .
Not in season . .–. > .

∗No opportunity for asthma control tool: tool not yet implemented in system.
∗∗No opportunity for Spirometry: patient was too young.
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Table . Effects of asthma severity and co-morbidities on
hospitalization.

Cohort Co-morbidity IRR % CI p

Non-severe asthma Normal weight Reference
Low BMI . .—. .
Obesity . .—. >.

Severe asthma Normal weight Reference
Low BMI

∗
. .—. .

Obesity . .—. .

∗There were only  subjects with BMI < % in the severe asthma subgroup.
Together, these subjects only experienced  hospitalization, so the rate ratio
cannot be reliably calculated.

Discussion

This study examines the transitions from primary out-
patient care to inpatient care at the level of individ-
ual patients over a 5-year observation period. Asthma
is often considered an “ambulatory care sensitive condi-
tion,” meaning that hospitalization for asthma may often
be avoidable [21,22]. However, population-based stud-
ies have not identified modifiable health-care processes
that reduce asthma hospitalization rates. In this cohort of
5,712 children with asthma, commonly used indicators of
high quality outpatient asthma care were not associated
with fewer hospitalizations for asthma. The only statisti-
cally significant factor associated with fewer hospitaliza-
tions was regular access to primary care.

Consistent access to primary care has been shown
to decrease rates of ED utilization and hospitalization
[23–25]. Lack of outpatient primary care (no more than
one primary care visit in any 24-month period), a pre-
specified factor of interest in our study, emerged as amod-
ifiable factor that was associated with asthma hospital-
izations. Asthma patients with well-controlled symptoms
are recommended to be seen at least every 6 months to
review asthma symptoms and the treatment plan. How-
ever, in urban settings such as ours, health care is often
fragmented across multiple settings, and it may be dif-
ficult to ensure timely access to the recommended pre-
ventive health-care and chronic disease management ser-
vices. Access to health care can be limited by insurance
status, and we found some evidence of a higher risk of
asthma hospitalization among the uninsured. It may be
that the subgroup of families who consistently access care
also are predisposed to being attentive to daily health
needs such as taking preventive medications and being
vigilant for the early signs of an asthma flare reducing
the frequency of asthma flares and hospitalizations. Given
that to some extent regular access to health care likely
motivates improved diseasemanagement behaviors in the
home, our results indicate that interventions to increase
access to primary health care for children with asthma
may decrease their risk for future asthma hospitalizations.

Among patient-level factors, having a BMI below the
5th percentile was associated with higher asthma hospi-
talization risk among the cohort of subjects with non-
severe asthma. Chart review revealed that many of these
subjects also had other co-morbidities that, when severe,
could affect both growth and asthma hospitalization
risk. These co-morbidities may also serve as co-factors
that increases risk of hospitalization that is primarily
attributed to asthma.Among childrenwith severe asthma,
we found that those who were also obese (BMI � 95th
percentile) were at a higher risk of hospitalization, which
is in line with findings of prior research exploring the
relationship between obesity and asthma exacerbations
[26–28]. Obesity is a challenging target for intervention,
but it does present a potentiallymodifiable factor thatmay
reduce asthma hospitalization risk.

A pay for performance initiative designed to improve
asthma care processes was introduced during the obser-
vation period at 4 of 5 participating sites. However, the
adjusted hospitalization rate was only observed to decline
prior to the introduction of this initiative; therefore, no
beneficial effect of pay for performance was observed.
These incentives did not reward efforts to improve the
access to care for children with asthma.

Race was not associated with hospitalization risk in the
multivariable results, though others have shown this asso-
ciation [2,29–31]. The confidence intervals for these nega-
tive results within specific age and gender subgroups were
often large due to small numbers of non-African Ameri-
can subjects. With adequate sample sizes, future analyses
could help identify how race may interact with clinical,
process, and structural factors that influence outcomes in
asthma care.

Limitations

Although this study involved a single institution, the
observed hospitalization rate (64 hospitalizations per
1,000 children per year) falls between the overall rates
estimated for predominantly African American children
with asthma in the US (37 hospitalizations per 1,000
children per year), and other high-risk urban minority
populations (130 hospitalizations per 1,000 children per
year) [32,33]. Our findings about the association of sev-
eral modifiable exposures and the rate of hospitalization
likely do not reflect unusual baseline risks in the popula-
tion studied. The age of the data available for this analysis
(from 2004 to 2008) is an additional limitation. However,
these results are likely still applicable because there have
been nomajor changes inmanagement recommendations
and no new asthma medications have been developed for
routine use in primary care during the intervening period.
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The fact that typically beneficial interventions such as
ACPs and CAPP referrals were associated with increased
risk of asthma-related hospitalizations suggests that the
standard four levels of asthma severity employed in clini-
cal guidelines were insufficient to adequately adjust risk—
residual confounding by indicationwas likely still present.
For example, among children with moderate-persistent
asthma there is likely a wide spectrum of baseline risk
that may range from a level similar to that of the chil-
dren with mild-persistent asthma up to a risk similar
to those with severe-persistent asthma. Correctly esti-
mating the effect of these interventions on hospitaliza-
tion rate in retrospective analysis requires more granu-
lar and accurate measures for categorizing disease sever-
ity such as asthma symptom scores and treatment inten-
sity required to obtain good symptom control [34,35].
For risk adjustment purposes in evaluations of health-
care quality, methods for categorizing disease sever-
ity may be required beyond those employed in clinical
guidelines.

Our analysis relied on an EHR that should, if properly
implemented, contain all data necessary for our proposed
analysis. The absence of documented severity among 15%
of the subjects necessitated imputation of this key clin-
ical factor. Until clinicians use EHRs in a manner that
captures all clinically relevant data for both individual
patient care and for the evaluation of care across popu-
lations of patients, retrospective studies relying on medi-
cal records, even those based on the latest computerized
databases, face challenges. Finally, comparisons of asthma
hospitalization rate by race and ethnicity were not possi-
ble because most of the subjects (96%) in this inner city
population were African American, and there were only
39 subjects (<1%) of Hispanic origin.

Conclusions

In this cohort of 5,712 predominantly African American
children with asthma, commonly used indicators of high
quality outpatient asthma care were not associated with
fewer hospitalizations for asthma. The only factor associ-
ated with fewer hospitalizations was regular access to pri-
mary care. Future studies should prospectively evaluate
the impact of improved access to care on asthma-related
hospitalizations.
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