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Objective: To examine predictors of spirometry use at a tertiary academic health system and
association between receipt of spirometry and outcomes.

Patients and Methods: We conducted a retrospective cohort study of adult patients with
an ICD-9 CM diagnostic code for asthma and a 2014 outpatient visit in either a community
health center or private practice associated with a tertiary academic medical center. The main
outcome was receipt of spirometry during a 2007-2015 “exposure period.” We secondarily
examined future hospitalizations and emergency department (ED) visits during a follow-up
period (2016-2019).

Results: In a sample of 394 patients, the majority were white (48%; n=188) and female
(72%; n=284). Mean (SD) age was 52 years. Approximately half (185, 47%) of the patients
received spirometry and 25% (n=97) saw a specialist during the exposure period. Nearly,
88% (n=85) of patients who saw a specialist received spirometry. More than half of the
cohort (220/394, 56%) had an ED visit or admission during the follow-up period. Of these,
168 (76.4%) had not seen a specialist and 111 (50.5%) had not received spirometry within
the exposure period. We saw no association between spirometry in the exposure window and
future ED visit or hospitalization.

Conclusion: In a cohort of patients at a tertiary medical center, spirometry was underused.
We observed a strong association between seeing a specialist and use of spirometry,
suggesting a need to better incorporate spirometry into routine primary care for patients
with asthma. Among 220 patients who had an asthma-related hospitalization or ED visit in
2016-2019, the majority had no record of receiving spirometry and no documentation
indicating a prior specialist visit.
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Introduction

Asthma, a chronic inflammatory disorder of the airways that is characterized by
reversible airflow obstruction, bronchial hyperresponsiveness and underlying
inflammation, affects an estimated 39.5 million people in the United States.'
From 2008-2013, the estimated total cost of asthma was $81.9 billion, including
$50.3 billion in medical expenses, $29 billion due to asthma-related mortality, and
$3 billion in losses due to missed work and school days.”

Although a typical patient who presents with asthma reports episodes of wheez-
ing, dyspnea, chest tightness and a cough that worsens in the night or early
morning, according to the American Academy of Allergy, Asthma, and
Immunology (AAAALI) history alone cannot be used to reliably diagnose asthma.’
Instead, most experts (including the National Asthma Education and Prevention
Program (NAEPP), Global Initiative for Asthma (GINA), National Institute for
Health and Care Excellence (NICE), and the Joint Task Force on Practice
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Parameters representing the AAAAI) recommend spiro-
metry for all patients in whom the diagnosis of asthma is
being considered or monitored.*”” Spirometry is a basic
lung function test that measures the volume, time, and
flow of air throughout inspiration and expiration.®

Failure to use spirometry increases the risk of either
a missed diagnosis or a false diagnosis of asthma’'?
which, in turn, increases the risk of inappropriate medica-
tion prescriptions.”'® In addition, objectively assessing
lung function at follow-up is an important element of
monitoring improvement as well as risk of adverse future
outcomes for patients with asthma.>'* Evidence suggests
that a Forced Expiratory Volume in One second (FEV))
<60% predicted is a potentially modifiable independent
risk factor for exacerbations and fixed airflow limitation.
Therefore assessing FEV1 may help identify patients who
need medication adjustments.’>'®

Yet prior research suggests that spirometry is widely
underutilized in the diagnosis of asthma.'®** Prior retro-
spective cohort studies that have examined pulmonary
function testing (PFT) in asthma, show that an appoint-
ment with a specialist and higher income were associated
with receiving spirometry.”'** Therefore, we aimed to
describe use of spirometry in a population of patients
receiving primary care in a large health system that
included both community health centers and private prac-
tices. We examined use of spirometry for both diagnosis
and follow up and identified predictors of spirometry use
to assess the effect of patient income as well as care by
a specialist. As a secondary, exploratory analysis, we
evaluated whether spirometry use was associated with
future emergency department visits or hospitalizations.>

Patients and Methods

Design and Study Population

We conducted a retrospective study of adults who had
a diagnosis of asthma and an outpatient appointment in
a private practice or community health center during
the year of 2014. As transition from pediatric to adult
medical care usually occurs around 21 years of age, we
utilized 28 years of age as a minimum age cutoff to allow
for a similar observation opportunity for our entire sample
(eg these patients were 21 years old in 2007, the beginning
of our observation window). We used the International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM), to identify a range of asthma
diagnoses (codes 493, 490.0, 493.00, 493.01, 493.1,

493.10, 493.11, 493.12, 493.2, 493.20, 439.21, 493.22,
493.8, 493.81, 493.82, 493.9, 493.90, 493.91, 493.92).%
We excluded patients diagnosed with neuromuscular condi-
tions (eg myasthenia gravis, diaphragmatic paralysis, para-
plegia, muscular dystrophy, poliomyelitis, amyotrophic
lateral sclerosis, etc) and any history of pneumonectomy.

We used random number generation to identify
a subset of 400 patients from the total list of extracted
patients. In order to evaluate the influence of practice
types, 50% of the selected patients were taken from private
practices and 50% from a population of patients served by
a community health center. The community health centers
included in the study consist of three clinics in a medically
underserved city that are directly affiliated with an aca-
demic health center. The private practices were composed
of nine distinct clinics representing various towns and
neighborhoods within the county.

Data Collection

Three physicians reviewed clinical notes in the electronic
health record (EHR). After confirming an asthma diagno-
sis, they collected patient demographics, laboratory data,
spirometry results, and evidence of subspecialist visits.
This into a REDCap
database.”* Efforts were taken to standardize chart extrac-

data was manually entered
tion and reduce inter-observer variability. All three physi-
cians interrogated approximately 10 of the same patients
records with similar results. Any differences were resolved
via discussion and the reviewers extracted the remaining
charts independently.

Additionally, a billing database was used to collect
ICD-9 codes for comorbidities at baseline and to identify
ED visits and hospitalizations in the 4 years following
extraction of the medical record.

Outcomes

We defined the presence or absence of spirometry based on
documentation of this procedure within seven years prior
to the sampled visit date or up to one year after (eg
January 2007 - December 2015 study window or “expo-
sure period”) (Figure 1). To assess this, patient records
were manually reviewed for the presence of any documen-
tation of spirometry in provider notes or reports. Among
those who received spirometry, we summarized the indica-
tions for spirometry, the total occurrences within the obser-
vation window, and attempted to categorize whether the
spirometry was obtained for incident asthma or follow-up.
However, for many of the patients, we were unable to
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Exposure Period
“Did the patient receive spirometry (based on the

presence of any documentation of spirometry in

Outcome Period
“Did the patient interact with the
health system (based on presence

provider notes or reports)?” of ED visit, admission for inpatient

or observation stay, or in-hospital
death in the billing database)?”
Specialist (Pulmonologist, Allergist) seen?
(specifically for asthma assessment/management)

2014

Inclusion
Diagnosis of asthma &
outpatient appointment

Time

2007 2015

2016 2019

Patient Demographics
Age, race, sex
Employment
Insurance

Clinical Characteristics

Private Practice vs

Community Health Center

Smoking status
Functional status

Present medication classes

Figure | Study timeline.

reliably discern from the medical record whether spirome-
try was ordered for diagnostic or follow-up purposes.

In order to conduct an exploratory analysis of longer-
term outcomes, we examined health system billing data-
bases for the years January 2016 through March 2019. We
identified visits to the emergency department (ED), admis-
sions for inpatient or observation stays, and in-hospital
deaths (Figure 1). We determined whether visits were
related to asthma (principal diagnoses including respira-
tory failure/dyspnea, chest pain, chronic obstructive pul-
monary disease (COPD) or pneumonia,
respiratory  infections®> 2°  (ICD-10-CM  diagnoses
(J45.9xx, J45.xx, J96.01, J96.21, R06.00, R07.9, R07.89,
J44.1, J44.9, J18.9, J69.0, J15.9, J12.1, J85.1, J21.1,
J06.9).

or upper

Predictors

We recorded several demographic and clinical character-
istics at the 2014 index visit, including: age, race, sex,
employment and insurance type. Clinical characteristics
included: private practice vs public community health
center type, smoking status, functional status (according
to the proportion of Activities of Daily Living (ADL) and
Instrumental  Activities of Daily Living Requiring
Assistance (IADL)) and total number of medication
classes used to control asthma. In addition, we assessed

whether subjects had ever seen a specialist (pulmonologist
and/or allergist) specifically for asthma assessment or
management. We also captured comorbidities, based on
ICD-9 coding as defined by Elixhauser, at the time of
this 2014 visit.*

Statistical Analysis

We cross-tabulated each predictor with the presence of spiro-
metry using frequencies and percentages as well as chi-
squared or Fisher exact tests. We identified predictors of
receiving spirometry using logistic regression models to esti-
mate the crude and multivariable odds ratios and 95% con-
fidence intervals (CI). We estimated that with 185 spirometry
events, our model had sufficient stability to assess up to 18
predictors.>' Therefore, all predictors were included in both
models in order to estimate effect sizes. We also created
a similar model to evaluate predictors of a specialist visit.

We estimated that in the case of a single binary pre-
dictor logistic model with a sample size of 400 observa-
tions (of which 50% are in each group) we would achieve
92% power at a 0.05 significance level to detect an odds
ratio of 2.0.

As observation time could vary, we were concerned
about inadvertently capturing patients with a short amount
of follow-up time in the system. These patients may have
received asthma care elsewhere yet contributed to our
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denominator of patients. Therefore, we conducted sensi-
tivity analyses reducing the exposure window from nine
years (2007-2015) to four years (2012-2015). Analyses
were performed using Stata 15.1. (College Station, TX).
The study protocol was approved by Institutional Review
Board of BMC.

Results

Among 400 randomly selected subjects, 394 met eligibility
criteria. Of these, 197 patients were seen in community
health centers and 197 from private practices (Table 1).
The mean (SD) age was 52'* years, with a large proportion
of the sample being white (48%; n=188) and female (72%;
n=284). Comorbidities were relatively balanced between
groups with the most common being hypertension (22%;
n=87). Most patients (n=297, 75%) did not have a visit
with a pulmonologist or allergist during the exposure
period. A minority (185, 47%) received spirometry at
any time during the exposure period, and a majority
(209, 53%) did not. Of these, we determined that 64%
(n=119) were for incident asthma, 12% (n=23) were for
follow-up and 23% (n=43) were unknown. Dyspnea was
the most common indication (35%, n=65) followed by
history of asthma (33%, n=61).

In our multivariable model, patients aged 70-95 were
more likely to have spirometry (compared to those 28-39
years old, adjusted OR (aOR) = 4.76; 95% confidence
interval (CI) 1.35-16.13) (Table 2). In addition, patients
seen in the private practice were less likely to have spiro-
metry compared to a community health center (aOR =
0.31; 95% CI = 0.12-0.77). However, the strongest pre-
dictor, by far, of receiving spirometry was a visit with
a specialist (aOR 20.44; 95% CI = 9.36-44.63).

Because seeing a specialist was the dominant predictor
in these models, we constructed an additional multivari-
able model assessing predictors of seeing a specialist
(Figure 2). In this model, being retired or unemployed
(vs employed) was the only significant predictor of seeing
a specialist (aOR 3.73; 95% CI = 1.24-11.17 and aOR
2.26; 95% CI = 1.04-4.90, respectively).

A total of 374 (95%) patients had at least one inpatient
or outpatient visit in our health system between
20162019 (“follow-up” period). The median follow up
time was 38 months (out of a maximum observation time
of 39 months). Among those not lost to follow-up, 185
(49.5%) had a subsequent ED visit, 122 (32.6%) had an
inpatient hospitalization and 7 (1.9%) visits ended in an in-
hospital death (Table 3). Of all patients with follow up

visits (n= 220), approximately 47% (103) were likely
asthma-related (principal diagnosis of respiratory failure,
asthma, COPD, chest pain, or upper respiratory infection).
Most patients with ED visits and hospitalizations had
never seen a specialist (168, 76.4%) and most (111,
50.5%) had not received spirometry during the exposure
period. The unadjusted association between prior spirome-
try and future asthma-related hospital admissions was not
statistically significant (OR = 1.73; 95% CI=0.88-3.42).
We also conducted a sensitivity analysis using a shorter
observation window (2012-2015). Spirometry use was
less common when using this window (31%, n=121). In
regard to predictors of spirometry, the only factor that
continued to have an association with spirometry was
a visit with a specialist. When assessing future visit types
and primary diagnoses, associations remained similar.

Discussion

Despite guidelines*’

suggesting use of spirometry in all
initial diagnoses and in the follow-up care for asthma, we
found that spirometry is underutilized in the evaluation of
asthma. The probability of receiving spirometry was
strongly associated with seeing a specialist; 88% of those
who had a specialist visit received spirometry, compared
to 34% of those who did not have a specialist visit. In
addition, patients who received spirometry tended to be
older, which suggests a potential need to evaluate the
practice of incorporating spirometry into the care of
younger patients with asthma. Among patients who had
a diagnosis of asthma in 2014 and an asthma-related
hospitalization or ED visit in 2016-2019, the majority
had never had spirometry performed in the 2007-2015
study window and had never seen a specialist. However,
we saw no association between receipt of spirometry and
the likelihood of being hospitalized for an asthma-related
diagnosis.

Prior studies have demonstrated rates of spirometry
utilization around 42.7% for incident asthma and 47.6%
respectively within 1 year of diagnosis.?'** Our study
attempted to look at use of spirometry over a longer period
of time and incorporated spirometry used for both diag-
nosis and monitoring. Our finding that 47% of our sample
had ever received spirometry within a nine-year observa-
tion window is consistent with prior work and affirms that
spirometry is underutilized in the diagnosis or ongoing
management of patients with asthma.

Similar to our results, a previous study completed by
Sokol et al, showed that patients cared for by specialists
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Table | Patient Characteristics

Overall No Spirometry Yes Spirometry Probability of p-value
n (col %) n (col%) Spirometry
Overall n (%) 394 (100.0) | 209 (53.0) 185 (47.0) 47.0%
Age Group, n (%) 0.04
28-39 77 (19.5) 52 (24.9) 25 (13.5) 32.5%
4049 97 (24.6) 50 (23.9) 47 (25.4) 48.5%
50-59 105 (26.6) | 55 (26.3) 50 (27.0) 47.6%
60-69 72 (18.3) 35 (l6.7) 37 (20.0) 51.4%
70-95 43 (10.9) 17 (8.1) 26 (14.1) 60.5%
Number of Present Medication <0.01
Classes, n (%)
0 26 (6.6) 19 (9.1) 7 (3.8) 26.9%
-2 122 (31.0) [ 79 (37.8) 43 (23.2) 35.2%
3-6 246 (62.4) 111 (53.1) 135 (73.0) 54.9%
Race, n (%) 0.01
White 188 (47.7) 106 (50.7) 82 (44.3) 43.6%
Black 43 (10.9) 20 (9.6) 23 (124) 53.5%
Hispanic 154 (39.1) | 74 354) 80 (43.2) 51.9%
Other 9(2.3) 9 (43) 0 (0.0 -
Gender, n (%) 0.05
Female 284 (72.1) 142 (67.9) 142 (76.8) 50.0%
Male 110 (27.9) | 67 (32.1) 43 (23.2) 39.1%
Insurance, n (%) 0.06
Private 144 (36.5) | 82 (39.2) 62 (33.5) 43.1%
Medicare 84 (21.3) 39 (18.7) 45 (24.3) 53.6%
Medicaid 135 (34.3) [ 66 (31.6) 69 (37.3) 51.1%
None 31 (7.9) 22 (10.5) 9 (4.9 29.0%
Clinic Type, n (%) <0.01
Community Health Center 197 (50.0) [ 89 (42.6) 108 (58.4) 54.8%
Private Practice 197 (50.0) 120 (57.4) 77 (41.6) 39.1%
Employment, n (%) 0.09
Unemployed 95 (24.1) 43 (20.6) 52 (28.1) 54.7%
Employed 153 (38.8) [ 90 (43.1) 63 (34.1) 41.2%
Retired 42 (10.7) 20 (9.6) 22 (11.9) 52.4%
Disabled 62 (15.7) 29 (13.9) 33 (17.8) 53.2%
Not Documented 42 (10.7) 27 (12.9) 15 (8.1) 35.7%
Smoking Status, n (%) 0.36
Unknown 4 (1.0 3(14) | (0.5) 25.0%
Current 83 (21.1) 49 (23.4) 34 (184) 41.0%
Never 208 (52.8) 110 (52.6) 98 (53.0) 47.1%
Former 99 (25.1) 47 (22.5) 52 (28.1) 52.5%
Functional Status, n (%) 0.76
Unknown 3(0.8) 2 (1.0) I (0.5) 33.3%
Independent 376 (95.4) 198 (94.7) 178 (96.2) 47.3%
Dependent 3(0.8) 2 (1.0 I (0.5) 40.0%
(Continued)
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Table | (Continued).

Overall No Spirometry Yes Spirometry Probability of p-value
n (col %) n (col%) Spirometry

Visit with Specialist, n (%) <0.01
No 297 (75.4) 195 (94.2) 102 (54.5) 33.8%
Yes 97 (24.6) 12 (5.8) 85 (45.5) 88.4%

Comorbidities**, n(%)

Chronic Pulmonary Disease 0.14
No 39 (9.9) 25 (12.0) 14 (7.6) 35.9%
Yes 355 (90.1) 184 (88.0) 171 (92.4) 48.2%

Hypertension, Uncomplicated 0.24
No 307 (77.9) 158 (75.6) 149 (80.5) 48.5%
Yes 87 (22.1) 51 (24.4) 36 (19.5) 41.4%

Obesity 0.88
No 344 (87.3) 182 (87.1) 162 (87.6) 47.1%
Yes 50 (12.7) 27 (12.9) 23 (12.4) 46.0%

Depression 0.30
No 351 (89.1) 183 (87.6) 168 (90.8) 47.9%
Yes 43 (10.9) 26 (12.4) 17 (9.2) 39.5%

Diabetes, Uncomplicated 0.89
No 346 (87.8) 184 (88.0) 162 (87.6) 46.8%
Yes 48 (12.2) 25 (12.0) 23 (12.4) 47.9%

Hypothyroidism 0.47
No 369 (93.7) 194 (92.8) 175 (94.6) 47.4%
Yes 25 (6.3) 15(7.2) 10 (5.4) 40.0%

Note: **Elixhauser comorbidities <5% not shown.

were more likely to receive spirometry than those cared
for by primary care physicians (80.1% vs 23.3%,
respectively).”” Given the retrospective nature of our
study, we were unable to determine whether the specialist
or the primary care physician ordered the test. However,
we strongly suspect that specialists are more likely to
order the test than primary care physicians. These findings
suggest that education is needed to help primary care
physicians understand the importance of ordering spiro-
metry and relaying its value to young patients with respira-
tory symptoms.

The reasons for the low rates of spirometry utilization
that others and we have observed may be related to barriers
that
described.'®*'**> For example, some clinicians may hold

to routine spirometry have been previously
attitudes and beliefs about asthma diagnosis that differ
from the NAEPP guidelines while others may not be

aware of the existence of the guidelines.?'*? Other clinicians

may fail to order the study because of cost, lack of time, lack
of access to in-office spirometry, lack of proper training,
limited staff and other organizational structures that do not
permit easy ordering of the test.'*2%-% Patient factors such
as disinterest in learning about a diagnosis or inability to
perform the test may play a role as well.*

Although we could not identify the reasons that the test
was not ordered, it is notable that most of our included
patients had insurance, all had a primary care physician,
and our health system has spirometry readily available at
a nearby outpatient facility. Future work will focus on
qualitative studies to further characterize the specific bar-
riers that primary care clinicians face in ordering spirome-
try within our health system.

Unlike Gershon et al, our study found that older adult
patients were more likely to receive spirometry.”' This dif-
ference may be due to these authors evaluating patients with
incident asthma in a large sample (nearly 20,000 patients age
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Table 2 Unadjusted and Multivariable Model for Predictors of Spirometry

Unadjusted Multivariable
Odds Ratio 95% CI Odds Ratio 95% CI

Age Group

28-39 Referent Referent

4049 1.96 1.05-3.64 2.48 1.15-5.32

50-59 1.89 1.03-3.49 2.17 1.02-4.64

60-69 2.20 1.13-4.27 2.48 1.03-5.95

70-95 3.18 1.46—6.91 4.76 1.35-16.13
Number of Present Medication Classes

0 Referent Referent

1-2 1.48 0.58-3.79 1.80 0.57-5.66

3-6 3.30 1.34-8.14 2.36 0.78-7.07
Race

White Referent Referent

Black 1.49 0.76-2.89 0.8l 0.30-2.18

Hispanic 1.40 091-2.14 0.69 0.28-1.71

Other - - - -
Sex

Female Referent Referent

Male 0.64 0.41 —1.00 0.57 0.32-1.02
Insurance

Private Referent Referent

Medicare 1.53 0.89-2.62 1.13 0.54-2.35

Medicaid 1.38 0.86-2.22 1.13 0.59-2.18

None 0.54 0.23-1.26 0.65 0.21-2.04
Clinic Type

Community Health Center Referent Referent

Private Practice 0.53 0.35-0.79 0.31 0.12-0.77
Employment

Unemployed 1.73 1.03 —2.90 1.02 0.49-2.11

Employed Referent Referent

Retired 1.57 0.79-3.12 0.31 0.09-1.02

Disabled 1.63 0.90-2.94 1.19 0.54-2.60

Not Documented 0.79 0.39-1.61 0.73 031-1.74
Smoking Status

Unknown 0.37 0.04-3.66 1.96 0.16-23.78

Current 0.78 0.47-1.30 0.85 0.44-1.62

Never Referent Referent

Former 1.24 0.77-2.01 1.03 0.56-1.87
Functional Status

Unknown 0.56 0.05-6.19 0.77 0.04-15.20

Independent Referent Referent

Dependent 0.74 0.26-2.12 0.29 0.07-1.27
Visit with Specialist

No Referent Referent

Yes 14.97 7.6-29.33 20.44 9.36—44.63

(Continued)
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Table 2 (Continued).

Unadjusted Multivariable
Odds Ratio 95% CI Odds Ratio 95% CI

Chronic Pulmonary Disease

No Referent Referent

Yes 1.66 0.84-3.30 0.75 0.30-1.86
Hypertension, Uncomplicated

No Referent Referent

Yes 0.75 0.46-1.21 0.50 0.25-0.99
Obesity

No Referent Referent

Yes 0.96 0.53-1.74 1.70 0.77-3.74
Depression

No Referent Referent

Yes 0.71 0.37-1.36 0.72 0.31-1.69
Diabetes, Uncomplicated

No Referent Referent

Yes 1.04 0.57-1.91 0.96 0.42-2.18
Hypothyroidism

No Referent Referent

Yes 0.74 0.32-1.69 0.29 0.09-0.99

70 or greater) and an outcome of PFTs 1-2.5 years following
diagnosis. Our sample was much smaller and our outcome
was evaluated over a 9-year window. In addition, there may
be regional variation in care delivery and insurance coverage
that contributed to the observed differences (eg, greater
prevalence of high deductible insurance plans in younger
populations of some states).

Racial disparities in asthma diagnosis and treatment have
also been well documented, but we did not find a statistically
or clinically significant association between race and receipt
of spirometry.*>*° We hypothesize that this is due to the
racial makeup of our community health center patients
which are majority non-white whereas the private practices
tend to be majority white. Patients in the community health
centers, in this study, received spirometry more frequently.
We hypothesize that this is because these centers are teach-
ing practices and are highly focused on evidence-based care.

There is mixed evidence about spirometry and asthma-
related outcomes. Our finding, like one prior study, showed
that there was no association between receipt of spirometry
and outcomes.*' However, at least one other study suggested
that integration of spirometry into intensive management
with a specialist is a strong predictor of improved outcomes
in severe asthma.*? Additionally, spirometry in the context

of an in-home asthma disease management program may
also reduce hospitalizations, in-patient days, cost and other
health-quality outcomes for patients with asthma.** Taken in
the context of prior studies, our findings suggest a need for
future work evaluating the benefits of spirometry for patients
with mild vs severe asthma and across care delivery models
(eg, intensive vs usual disease management).

Our study is novel because it focuses on a primary care
population of adult patients and includes distinct primary
care models (private practices vs community health cen-
ters). In addition, we further characterized the relationship
between receipt of spirometry and future asthma-related
ED visits and admissions.”> Our study also adds to the
literature because it offers a longer snapshot around the
time interval during which patients received spirometry
and it further validates the role of the specialist as the
main determinant for receipt of spirometry.*'**

This First, it
a retrospective chart review and was subject to the limita-

study also has limitations. was
tions of data in the medical record. Further, the included
length of time varied for each patient to allow the maximum
time period for any patient to have completed spirometry. It
is notable that despite being very inclusive, we still had

a rate of less than 50% of patients receiving spirometry at
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Figure 2 Multivariable odds ratios for seeing a specialist as derived by multivariate logistic regression modeling of patient characteristics.

any time. In addition, we did not gather data about the of poor spirometry outcomes or vice versa. We were also
chronology of when a patient saw a specialist or received  unable to determine the timing of asthma diagnosis in some
spirometry. This is a limitation as it does not allow us to say  cases, so for some patients we could not determine whether
with certainty if patients are seeing the specialist as a result  the spirometry was used for diagnostic or follow-up

Table 3 Follow-Up Outcomes

Overall No Spirometry n=199 | Spirometry n=175 Crude OR &
N=374 (53.2%) (46.8%) 95% CI
Visit Type: n(%)
All Types of Visits* 220 (58.8%) | 111 (55.8%) 109 (62.3%) 1.31 (0.87-1.98)
Emergency Department 185 (49.5%) | 92 (46.2%) 93 (53.1) 1.32 (0.88-1.98)
Inpatient 122 (32.6%) | 57 (28.6%) 65 (37.1%) 1.47 (0.95-2.27)
In-Hospital Death 7 (1.9%) 2 (1.0%) 5 (2.9%) 2.90 (0.55-15.12)
Principal Discharge Diagnosis among those with “all
visits” (n=220): n(%)
Asthma Related** 43 (19.6%) 17 (15.3%) 26 (23.9%) 1.73 (0.88-3.42)
Chest Pain 32 (14.6%) 15 (13.5%) 17 (15.6%) 1.18 (0.56-2.51)
COPD or Pneumonia 16 (7.3%) 3 (2.7%) 13 (11.9%) 4.87 (1.35-17.62)
Upper Respiratory Infection 12 (5.6%) 9 (8.1%) 3 (2.8%) 0.32 (0.08-1.22)

Notes: *Emergency department, inpatient/observation or in-hospital death. **Includes asthma diagnoses, respiratory failure or dyspnea.
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purposes. Our sample size was small, resulting in wide
confidence intervals. We were unable to determine whether
patients received spirometry or had ED visits or hospitaliza-
tions outside of our health system, which further limits the
generalizability of the findings. Nevertheless, our health
system is large with few competitors, meaning that most
patients receive nearly all of their care within the system.

Conclusion

In conclusion, more than half of our patients with asthma
never received spirometry. In a subset of patients with
future hospitalizations or ED visits, spirometry was also
used infrequently in the years prior to the event. This
suggests an urgent need for education for primary care
the wuse of this
recommended care that can reduce misdiagnoses in

physicians to increase guideline-
patients with cough and wheezing, improve asthma con-

trol, and ultimately improve population health.
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