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ABSTRACT
Limited data exist on asthma and chronic obstructive pulmonary disease (COPD) management—major drivers of healthcare
resource utilization (HCRU) in the USA. We describe prevalence and exacerbation rates, therapeutic interventions, and HCRU for
asthma and/or COPD within a large, integrated healthcare system. Patients with asthma, COPD, and asthmaþ COPD were identi-
fied from retrospective electronic health record data (2016–2018) of >1.7 million patients. Descriptive analysis of disease preva-
lence and exacerbation frequencies, pharmacotherapies, and HCRU was performed. Time-to-event analysis of time to first
exacerbation was performed in patients with asthma and/or COPD. Exacerbation rates, pharmacotherapies, and HCRU were
examined by exploratory analysis in an outpatient subset. Overall, 149,086 unique patients (8.6%) had encounters for asthma,
COPD, or asthmaþ COPD. Acute care utilization was high, including emergency department visits (asthma, 52.9%; COPD,
35.1%) and hospitalizations (asthma, 26.7%; COPD, 65.7%). Many patients were prescribed short-acting therapies (asthma,
45.3%; COPD, 40.0%; asthmaþ COPD, 54.7%). Prescription rates for maintenance therapies were low (17.1%, 20.8%, 31.7%)
and annual exacerbation rates were 0.65, 0.80, and 1.33. This analysis showed a substantive prevalence of pulmonary disease,
variability between documented prescriptions and pharmacotherapy guidelines, and high HCRU. Appropriate tailoring of pharmaco-
therapies and management of asthma and COPD over a continuum are opportunities to improve patient care.
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T
he prevalence of asthma and chronic obstructive
pulmonary disease (COPD) is increasing in the US
and is an important source of healthcare resource
utilization (HCRU) and costs.1–6 Currently, in the

US, 19.2 million adults have been diagnosed with asthma
and 12.8 million adults have been diagnosed with COPD.7,8

These chronic lower respiratory diseases were the sixth lead-
ing cause of death in the US in 20209 and result in over 18
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million emergency department (ED) and physician visits each
year.7,8 The direct discounted medical cost from 2019 to 2038
attributable to COPD in the US is estimated to be $800.9 bil-
lion (95% credible interval: $565.29–$1081.29 billion).10

New population-level approaches are needed to help patients
better manage these chronic conditions and avoid unnecessary
HCRU. However, there is limited availability of pharmacoepi-
demiological data related to the incidence, prevalence, and cur-
rent treatment of asthma and COPD within large populations
that can be used to develop strategies to improve care and
health outcomes for patients with these diseases.11–13 The
objectives of this study were to delineate the real-world period
prevalence of asthma and COPD and describe exacerbations,
pharmacoepidemiology, and associated HCRU for these con-
ditions within Baylor Scott & White Health (BSWH), a large,
integrated healthcare delivery system in North/Central Texas.

METHODS
This retrospective observational cohort study examined the

prevalence of asthma and COPD or a concomitant diagnosis
of asthma and COPD as well as outcomes and trends in disease
management and HCRU in patients receiving care within
BSWH. BSWH currently includes 52 owned, operated, joint-
ventured, and affiliated hospitals with >5000 licensed beds,
>800 patient care sites with >7 million patient encounters
annually, and >7000 affiliated physicians. This study was
approved by the BSWH Research Institute Institutional
Review Board (#019-132) under a waiver of informed consent.

The overall study population included patients with �1
BSWH facility encounter (office visit to primary care/pulmo-
nologist/allergist, ED visit, or hospital stay) between January 1,
2016, and December 31, 2018, who were �6 years of age with
a diagnosis of asthma (asthma cohort) or �40 years of age with
a diagnosis of COPD. Patients were subdivided into cohorts
based on diagnosis (asthma, COPD, or asthmaþCOPD for
patients with a concomitant diagnosis of asthma and COPD).
Diagnoses were determined based on the presence of the
International Statistical Classification of Diseases and Related
Health Problems, 10th Revision (ICD-10) codes for asthma
(J45.X) and COPD (J41.X, J42.X, and J44.X).

Patients were considered to have asthma or COPD if
they had �1 inpatient/ED admission with a primary diagno-
sis of asthma or COPD and/or �1 outpatient service date
with a diagnosis of asthma or COPD at any point. Patients
with diagnoses of both asthma and COPD at any point dur-
ing the study period were classified as having a concomitant
diagnosis of asthma and COPD; the individual diagnosis
could occur during the same or separate BSWH visits.

Demographic data included age, sex, race, ethnicity,
Elixhauser Comorbidity Index score, insurance provider,
smoking status, and number of BSWH encounters.
Medication classes included inhaled corticosteroids (ICS),
long-acting muscarinic antagonists (LAMAs), long-acting
beta2-agonists (LABAs), short-acting muscarinic antagonists,
short-acting beta2-agonists (SABAs), methylxanthines, oral/

intravenous corticosteroids, phosphodiesterase type 4 inhibi-
tors, biologics, leukotrienes, and antibiotics. The index date
for an asthma and/or COPD diagnosis was the earliest
inpatient admission date, ED date, or outpatient service date
with a corresponding diagnosis code during the study period.

Data were extracted from the electronic health records
(EHRs) in place during the study period at BSWH wholly
owned hospitals (ED visits and inpatient stays) and BSWH
outpatient practices (employed or affiliated physicians using
the system’s EHR) as well as administrative databases. Data
elements included patient demographics; pulmonary
pharmacotherapy (by medication class); patient outcomes,
including rates of exacerbation, pneumonia diagnosis, and
inpatient mortality; and HCRU.

Since asthma and COPD exacerbations are commonly
defined as a worsening of respiratory symptoms that leads to
a change in medications, exacerbations in this study were
defined as an order entry within the BSWH EHR of oral or
intravenous corticosteroids and/or antibiotic therapy admin-
istered in any BSWH setting, followed by an outpatient visit
and/or related ED visits or inpatient admissions.

HCRU included primary care provider (PCP), pulmo-
nologist, or allergist visits and ED visits; hospitalizations;
intensive care unit (ICU) utilization; nebulizer/inhaler or
ventilator use; and 30- and 90-day all-cause readmissions
and only diagnosis-related readmissions. Episodes were meas-
ured from the diagnosis index date until a patient was cen-
sored following the last documented BSWH visit during the
study timeframe. Episodes encompassed all exacerbation
events until a 14-day clean period occurred (i.e., if two or
more events occurred <14 days apart, they were considered
part of the same exacerbation episode). The end of the epi-
sode was determined by the service date of an office/ED visit
or discharge date of an inpatient stay, whichever was latest.
Exacerbation episodes were classified according to the most
severe event during the episode. A severe exacerbation was
defined as a hospital inpatient admission with an asthma or
COPD diagnosis in the primary position. A moderate exacer-
bation was defined as an ED visit with a primary diagnosis
of asthma or COPD and an entry of an oral corticosteroid or
antibiotic within 7 days of the date of an office visit with a
diagnosis of asthma or COPD in any position.

Readmissions were classified as “diagnosis related” if an
ICD-10 code for asthma or COPD was listed as the primary
or secondary diagnosis code for patients with a hospital
readmission within 30 or 90 days having an existing diagno-
sis of asthma or COPD, respectively.

Descriptive statistics were used to characterize the patient
population with asthma, COPD, and asthmaþCOPD;
quantify disease prevalence and exacerbations; assess pharma-
cotherapies; and examine HCRU. Categorical data were ana-
lyzed as frequencies and percentages, and continuous data
were analyzed as means with standard deviations. Annual
exacerbation rates were calculated by dividing the total num-
ber of exacerbations by the total observation time (days)/
365. Survival analysis was used to assess time to first
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exacerbation only in patients with either asthma or COPD.
Time to first exacerbation from the index date was reported
in days and plotted as a Kaplan-Meier curve for each cohort.
Patients were considered censored as of the last visit within
BSWH before January 1, 2019, if they did not experience an
exacerbation during the study period. Patients with only one
visit within BSWH (on the index date) were excluded from
the exacerbation analysis, as it was more likely that the lack
of observed exacerbations for these patients may have been
due to a change in provider. An exploratory analysis was con-
ducted to examine exacerbation rates, pharmacotherapies,
and HCRU in patients who visited BSWH providers at an
outpatient clinic, and findings for patients with �1 out-
patient visit are reported. Data were analyzed using SAS stat-
istical software (SAS Institute Inc.), and survival estimates
were calculated using PROC LIFETEST.

RESULTS
Approximately 1.7 million unique patients had a visit

(for any reason) captured in the EHR at the BSWH hospital
and outpatient practice sites used in the study during 2016
to 2018. Approximately 9% of this BSWH patient popula-
tion had �1 inpatient, ED, or outpatient visit to a BSWH
facility with a primary diagnosis of asthma (n¼ 90,569),
COPD (n¼ 48,302), or asthmaþCOPD (n¼ 10,215) dur-
ing the study (Table 1). The period prevalence of these dis-
eases among the �1.7 million unique BSWH patients
during the study was 5.2% for asthma, 2.8% for COPD,
and 0.6% for asthmaþCOPD. Patients with asthma were
younger, more frequently of a nonwhite race, and more
likely to be of Hispanic ethnicity than patients with COPD
and asthmaþCOPD. The mean number of comorbidities
(Elixhauser Comorbidity Index score) in hospitalized study
patients was 3.3 for patients with asthma and 4.3 each for
patients with COPD and asthmaþCOPD. Most patients
with asthma had commercial insurance. Most patients with
COPD and asthmaþCOPD were covered by Medicare
(61.8% and 58.5%, respectively) or had commercial insur-
ance (22.6% and 24.9%, respectively). Smoking status was
not recorded in a structured EHR data field (and was thus
unknown) for almost half of the study population. Most
patients with asthma (58.2%) or COPD (51.7%) had only
one encounter at a BSWH facility during the 3-year study
period, while the majority of patients with asthmaþCOPD
(67.5%) had �3 encounters.

In the exploratory outpatient subanalysis, 47,805 patients
had �1 visit to a PCP or pulmonologist/allergist captured
within the BSWH EHR with a primary diagnosis of asthma
(n¼ 31,494), COPD (n¼ 12,301), or asthmaþCOPD
(n¼ 4010; Table 1). Within this subanalysis group, the
number of patients whose documented contact with an out-
patient PCP or pulmonologist/allergist comprised only 1 visit
over the 3-year study period was 15,288 (48.5%), 3727
(30.3%), and 496 (12.4%) for the asthma, COPD, and
asthmaþCOPD cohorts, respectively. The demographics of

the outpatient population were similar to those of the overall
study population. A higher percentage of patients
(�12%–15%) with COPD or asthmaþCOPD were cov-
ered by Medicare in the outpatient population vs the overall
population. Most patients with asthma were never smokers,
while the majority of patients with COPD and
asthmaþCOPD in the outpatient population were for-
mer smokers.

Differences in documented pharmacotherapies were
observed in the outpatient population. The percentage of
patients with documented prescriptions of SABAs and/or
short-acting muscarinic antagonists within 7 days of their
index encounter was higher for patients with asthma,
COPD, and asthmaþCOPD who had �1 outpatient visit
vs the overall study population (Table 2). Prescription rates
for maintenance therapies were also higher in the outpatient
subset. Likewise, a larger percentage of the outpatient popu-
lation had documented prescriptions for systemic corticoste-
roids vs the overall study population.

Approximately 33% each of patients with asthma and
COPD and 49% of patients with asthmaþCOPD who had
�2 encounters during the study period had a documented
exacerbation (Table 3). Exacerbations were more likely to be
severe for patients with COPD and asthmaþCOPD than
for patients with asthma. The annual rate of exacerbations
was similar for patients with asthma and COPD (0.65 and
0.80 episodes/year, respectively) and higher for patients with
asthmaþCOPD (1.33 episodes/year). The estimated median
time to first exacerbation from an index encounter was
690 days (95% confidence interval [CI], 679–700 days) and
654 days (95% CI, 640–670 days) for patients with asthma
and COPD, respectively. The estimated probability of
patients not having an exacerbation after 900 days was
<35% in both cohorts (Figure 1). Patients with �1 out-
patient visit (and �2 BSWH encounters) were more likely to
have a documented exacerbation vs the overall population;
however, exacerbations were less likely to be severe.

HCRU varied between patients with asthma and COPD
(Table 4). A higher percentage of patients with asthma had
at least one primary care visit in the overall population, but
patients with COPD were more likely to have a visit to a
pulmonary specialist. Patients with asthma were more likely
to have an ED visit than patients with COPD (52.9% vs
35.1%) but less likely to be hospitalized (26.7% vs 65.7%).
ICU utilization was much higher for patients with COPD vs
patients with asthma. Ventilator, inhaler, or nebulizer use
was lower for patients with asthma vs patients with COPD.
A higher percentage of patients with COPD had pneumonia
and inpatient mortality compared with those with asthma or
asthmaþCOPD. All-cause readmission rates were higher for
patients with COPD at 30 and 90 days than for patients
with asthma or asthmaþCOPD, as were diagnosis-related
readmissions.

Total captured HCRU was higher in the outpatient subset
population vs the overall population. However, as indicated in
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Table 1. Patient demographics and baseline characteristics

Variable

Overall study population (N5 149,086) Patients with �1 outpatient visit (N5 47,805)

Asthma
(n5 90,569)

COPD
(n5 48,302)

Asthma1 COPD
(n5 10,215)

Asthma
(n5 31,494)

COPD
(n5 12,301)

Asthma1 COPD
(n5 4010)

Disease period
prevalencea (%)

5.20 2.77 0.59 1.81 0.07 0.02

Age, mean (SD) (years) 37.59 (21.7) 69.60 (11.6) 66.78 (12.6) 37.53 (23.2) 70.22 (10.9) 67.46 (12.0)

Age category, n (%)

0–17 19,948 (22.0%) 0 0 9476 (30.1%) 0 0

18–29 18,812 (20.8%) 0 0 4024 (12.8%) 0 0

30–39 13,374 (14.8%) 0 0 3592 (11.4%) 0 0

40–49 10,602 (11.7%) 2085 (4.3%) 922 (9.0%) 3595 (11.4%) 393 (3.2%) 303 (7.6%)

50–59 10,225 (11.3%) 8023 (16.6%) 2266 (22.2%) 3891 (12.4%) 1816 (14.8%) 834 (20.8%)

60–69 8874 (9.8%) 13,438 (27.8%) 2725 (26.7%) 3660 (11.6%) 3379 (27.5%) 1054 (26.3%)

70–79 5816 (6.4%) 14,593 (30.2%) 2486 (24.3%) 2297 (7.3%) 4120 (33.5%) 1119 (27.9%)

�80 2918 (3.2%) 10,163 (21.0%) 1816 (17.8%) 959 (3.1%) 2593 (21.1%) 700 (17.5%)

Sex

Male 33,025 (36.5%) 24,067 (49.8%) 3348 (32.8%) 12,343 (39.2%) 6096 (49.6%) 1307 (32.6%)

Female 57,544 (63.5%) 24,235 (50.2%) 6867 (67.2%) 19,151 (60.8%) 6205 (50.4%) 2703 (67.4%)

Race

White 57,490 (63.5%) 39,805 (82.4%) 7686 (75.2%) 20,747 (65.9%) 10,624 (86.4%) 3361 (83.8%)

Black 23,813 (26.3%) 6140 (12.7%) 2049 (20.1%) 5546 (17.6%) 914 (7.4%) 467 (11.7%)

Asian 1137 (1.3%) 401 (0.8%) 131 (1.3%) 380 (1.2%) 80 (0.7%) 30 (0.8%)

American Indian 252 (0.3%) 105 (0.2%) 27 (0.3%) 112 (0.4%) 43 (0.4%) 15 (0.4%)

Hawaiian/Pacific 158 (0.2%) 23 (0.1%) 8 (0.1%) 111 (0.4%) 16 (0.1%) 7 (0.2%)

Other 4249 (4.7%) 646 (1.3%) 136 (1.3%) 2639 (8.4%) 302 (2.5%) 90 (2.2%)

Unknown 3470 (3.8%) 1182 (2.5%) 178 (1.7%) 1959 (6.2%) 322 (2.6%) 40 (1.0%)

Ethnicity

Hispanic 14,878 (16.4%) 2307 (4.8%) 647 (6.3%) 4635 (14.7%) 488 (4.0%) 249 (6.2%)

Non-Hispanic 72,235 (79.8%) 44,776 (92.7%) 9381 (91.8%) 24,875 (79.0%) 11,470 (93.2%) 3712 (92.6%)

Unknown 3456 (3.8%) 1219 (2.5%) 187 (1.8%) 1984 (6.3%) 343 (2.8%) 49 (1.2%)

Elixhauser Comorbidity
Index score, mean (SD)b

3.27 (1.9%) 4.31 (1.9%) 4.31 (1.9%) 3.30 (1.9%) 4.24 (1.9%) 4.33 (1.9%)

Insurance type

Commercial 46,650 (51.5%) 10,928 (22.6%) 2540 (24.9%) 17,449 (55.4%) 1687 (13.7%) 701 (17.5%)

Medicaid 12,518 (13.8%) 2847 (5.9%) 808 (7.9%) 5495 (17.5%) 527 (4.3%) 244 (6.1%)

Medicare 14,678 (16.2%) 29,854 (61.8%) 5977 (58.5%) 6121 (19.4%) 9414 (76.5%) 2830 (70.6%)

Other governmentc 2803 (3.1%) 1800 (3.7%) 227 (2.2%) 1330 (4.2%) 292 (2.4%) 73 (1.8%)

Self/unknown 13,920 (15.4%) 2873 (6.0%) 663 (6.5%) 1099 (3.5%) 381 (3.1%) 162 (4.0%)

Smoking status

Never 32,014 (35.4%) 2289 (4.7%) 1221 (12.0%) 21,377 (67.9%) 1002 (8.2%) 912 (22.7%)

Former 9075 (10.0%) 11,500 (23.8%) 2677 (26.2%) 5553 (17.6%) 7194 (58.5%) 2136 (53.3%)

(Continued on next page)
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Table 1. Continued

Variable

Overall study population (N5 149,086) Patients with �1 outpatient visit (N5 47,805)

Asthma
(n5 90,569)

COPD
(n5 48,302)

Asthma1 COPD
(n5 10,215)

Asthma
(n5 31,494)

COPD
(n5 12,301)

Asthma1 COPD
(n5 4010)

Current 5475 (6.1%) 7091 (14.7%) 1310 (12.8%) 2349 (7.5%) 3984 (32.4%) 896 (22.3%)

Passive smoke exposure 2604 (2.9%) 91 (0.2%) 57 (0.6%) 1862 (5.9%) 49 (0.4%) 48 (1.2%)

Unknown 41,401 (45.7%) 27,331 (56.6%) 4950 (48.5%) 353 (1.1%) 72 (0.6%) 18 (0.5%)

Number of
BSWH encounters

1 52,707 (58.2%) 24,947 (51.7%) 1627 (15.9%) 12,389 (39.3%) 2338 (19.0%) 77 (1.9%)

2 16,210 (17.9%) 8145 (16.9%) 1689 (16.5%) 6562 (20.8%) 1728 (14.1%) 322 (8.0%)

3–5 15,084 (16.7%) 8531 (17.7%) 3076 (30.1%) 8175 (26.0%) 3422 (27.8%) 1120 (27.9%)

6–10 4863 (5.4%) 4238 (8.8%) 2111 (20.7%) 3215 (10.2%) 2781 (22.6%) 1222 (30.5%)

>10 1705 (1.9%) 2441 (5.1%) 1712 (16.8%) 1153 (3.7%) 2032 (16.5%) 1269 (31.7%)

aPeriod prevalence of asthma, COPD, and asthmaþ COPD calculated as follows: number of unique patients in cohort with diagnosis/number of unique patients with a BSWH
visit during the 2016–2018 study period (N¼ 1,739,282).
bCalculated based on ICD-10 and DRG codes from baseline hospital admission for patients with a hospitalization.
cIncludes Champus, TRICARE, and Veteran’s Administration.
BSWH indicates Baylor Scott & White Health; COPD, chronic obstructive pulmonary disease; DRG, diagnosis-related group; ICD-10, International Statistical Classification of
Diseases and Related Health Problems, 10th Revision; SD, standard deviation.

Table 2. Pharmacotherapy at baseline

Medicationsa

Overall study population (N5 149,086) Patients with �1 outpatient visit (N5 47,805)

Asthma
(n5 90,569)

COPD
(n5 48,302)

Asthma1 COPD
(n5 10,215)

Asthma
(n5 31,494)

COPD
(n5 12,301)

Asthma1 COPD
(n5 4010)

Maintenance therapies 15,528 (17.1%) 10,046 (20.8%) 3235 (31.7%) 12,062 (38.3%) 6358 (51.7%) 2499 (62.3%)

LABA alone 18 (0.0%) 48 (0.1%) 17 (0.2%) 16 (0.1%) 40 (0.3%) 14 (0.4%)

LAMA alone 46 (0.1%) 939 (1.9%) 141 (1.4%) 37 (0.1%) 759 (6.2%) 111 (2.8%)

ICS alone 5045 (5.6%) 631 (1.3%) 268 (2.6%) 4322 (13.7%) 238 (1.9%) 173 (4.3%)

ICSþ LABAb 5245 (5.8%) 1869 (3.9%) 823 (8.1%) 4611 (14.6%) 1424 (11.6%) 684 (17.1%)

ICSþ LAMAb 4 (0.0%) 73 (0.2%) 14 (0.1%) 3 (0.0%) 37 (0.3%) 6 (0.2%)

LAMAþ LABAb 3284 (3.6%) 3777 (7.8%) 946 (9.3%) 1576 (5.0%) 1929 (15.7%) 653 (16.3%)

ICSþ LABAþ LAMAb 1886 (2.1%) 2709 (5.6%) 1026 (10.0%) 1497 (4.8%) 1931 (15.7%) 858 (21.4%)

SAMA, SABA, or SAMA/SABAb 41,058 (45.3%) 19,306 (40.0%) 5583 (54.7%) 24,539 (77.9%) 7352 (59.8%) 2966 (74.0%)

Methylxanthines 83 (0.1%) 135 (0.3%) 53 (0.5%) 51 (0.2%) 74 (0.6%) 45 (1.1%)

Oral/intravenous corticosteroids 27,535 (30.4%) 13,464 (27.9%) 3960 (38.8%) 12,281 (39.0%) 4431 (36.0%) 1950 (48.6%)

PDE4 inhibitors 2 (0.0%) 63 (0.1%) 23 (0.2%) 2 (0.0%) 55 (0.5%) 21 (0.5%)

Biologics 29 (0.0%) 1 (0.0%) 5 (0.1%) 24 (0.1%) 1 (0.0%) 5 (0.1%)

Leukotrienes 7403 (8.2%) 722 (1.5%) 701 (6.9%) 6437 (20.4%) 492 (4.0%) 552 (13.8%)

Antibiotics 41,490 (45.8%) 27,550 (57.0%) 6513 (63.8%) 21,944 (69.7%) 9207 (74.9%) 3373 (84.1%)

No medication 28,943 (32.0%) 13,783 (28.5%) 2201 (21.6%) 1723 (5.5%) 1230 (10.0%) 189 (4.7%)

aIncludes all medication orders that were active at the time of the index encounter or entered within 7 days following the encounter. The index encounter is defined as the first
patient visit to a BSWH inpatient or outpatient facility between January 1, 2016, and December 31, 2018.
bAny combination.
BSWH indicates Baylor Scott & White Health; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting beta2-agonist; LAMA, long-acting
muscarinic antagonist; PDE4, phosphodiesterase type 4; SABA, short-acting beta2-agonist; SAMA, short-acting muscarinic antagonist.
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Table 4, compared with the overall study population, use of
higher-acuity care (ED utilization, hospitalizations, and ICU
utilization) and inpatient mortality were lower for patients with
asthma and COPD followed up in BSWH outpatient clinics.
All-cause readmission rates to BSWH hospitals at 30 and
90 days were higher for patients with COPD in the outpatient
population vs the overall study population.

DISCUSSION
This analysis of an EHR-derived dataset from a large,

integrated healthcare system indicates a high prevalence of
pulmonary disease (�9%) among patients and provides
insights into potential care improvement opportunities.

Less than one-third of the patients had documented out-
patient encounters for their pulmonary condition. Although
total visit frequency (all inpatientþ outpatient visits) was
higher in this outpatient subset, utilization of acute care (ED
visitsþ inpatient stays) was almost twofold lower.
Furthermore, recorded use of maintenance pharmacothera-
pies was more frequent in this population. While some
patients may have received outpatient pulmonary care from
providers not using the BSWH EHR, our study data suggest
the importance and benefit of connecting individuals with
acute pulmonary disease visits to PCPs and pulmonary spe-
cialists for management across a continuum of care. Early
engagement of patients and healthcare providers and clear
communication to target barriers may facilitate care transi-
tions between the ED and the primary care setting for acute
asthma13 and COPD.14

Approximately half of the overall study population did
not have a documented smoking status, compared with
<2% of patients with a documented BSWH outpatient visit.
Prompts within the BSWH outpatient EHR may be respon-
sible for this higher documentation rate.15 Awareness of
smoking status and facilitation of smoking cessation are
essential for the management of asthma and COPD,16,17 as
smoking is associated with a higher prevalence of pulmonary
symptoms and greater mortality in patients with COPD.18,19

The Global Initiative for Asthma (GINA) report indicates
that smoking cessation advice should be given to the patient
at every visit.17 Studies have shown that counseling delivered
by clinicians significantly increases quit rates.20

Among patients with documented outpatient clinic
encounters, 21.5% of the individuals with asthma had a cap-
tured encounter with an allergist or pulmonologist, whereas
48.7% of those with COPD had a captured subspecialist

Table 3. Summary of exacerbations

Characteristics

Patients with �2 BSWH encounters Patients with �1 outpatient visit and �2 BSWH encounters

Asthma
(n5 37,860)

COPD
(n5 23,353)

Asthma1 COPD
(n5 8588)

Asthma
(n5 19,104)

COPD
(n5 9963)

Asthma1 COPD
(n5 3933)

Patients with
exacerbations

12,643 (33.4%) 7824 (33.5%) 4214 (49.1%) 8911 (46.6%) 4991 (50.1%) 2620 (66.6%)

Exacerbations 22,530 (100%) 15,502 (100%) 11,025 (100%) 16,408 (100%) 11,175 (100%) 7538 (100%)

Severe 826 (3.7%) 3312 (21.4%) 2160 (19.6%) 325 (2.0%) 810 (7.3%) 578 (7.7%)

Moderate 21,704 (96.3%) 12,190 (78.6%) 8865 (80.4%) 16,083 (98.0%) 10,365 (92.8%) 6960 (92.3%)

Total observational
time
(patient-days)a

12,579,659 7,102,207 3,015,544 6,938,120 3,518,768 1,420,038

Annual rate of
exacerbationsb

0.65 0.80 1.33 0.86 1.16 1.94

aTotal observational time¼ number of days between index admission and last visit to a BSWH facility as of December 31, 2018. Patients with only one BSWH visit during the
study timeframe were excluded from the calculation.
bAnnual rate of exacerbations¼ total number of exacerbations/(total observational time [days])/365.
BSWH indicates Baylor Scott & White Health; COPD, chronic obstructive pulmonary disease.

Figure 1. Kaplan-Meier estimates of the probability of no exacerbation in
patients with asthma or chronic obstructive pulmonary disease (COPD) only
and �2 visits. The number of patients at risk is displayed for each time point.
Patients with asthma and COPD were not included in the analysis.
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encounter; these findings are in accord with those of two
other recent studies.21,22

Although we did not have the ability to determine
GOLD scores and assess medication appropriateness for indi-
vidual patients, we believe that opportunities exist to
improve pharmacotherapy as part of a disease management
program. The 2017 GOLD recommendations suggest that
almost all patients with COPD experiencing more than occa-
sional dyspnea should be prescribed long-acting bronchodila-
tor therapy with a LABA, LAMA, or both.23 Studies have
reported population-level variance between pharmacothera-
pies and clinical guidelines.22,24–28

For patients with asthma, observed pharmacotherapy pre-
scribing patterns showed significant rates of short-acting
therapies being used alone without ICS. The 2017 GINA

report17 (the version in effect during the study) recom-
mended SABAs alone or with an ICS for patients with mild
asthma, and ICS use rates observed in our dataset are within
the range of the rates reported in other studies (10.9%24 to
37%).29 Of note, several recent large clinical studies found
no increase in serious asthma-related side effects in patients
using ICS/LABA compared with those using ICS monother-
apy,30–32 prompting a recommendation in the 2019 GINA
update to use low-dose ICS/LABA combination therapy as
needed for all therapeutic steps for breakthrough asthma
symptoms in lieu of a SABA.17 The evolution of manage-
ment guidelines for pulmonary disease highlights the need to
regularly revisit provider and patient knowledge surrounding
therapeutic options and to pair education with other strat-
egies that facilitate the adoption of evidence-based practices.

Table 4. Healthcare resource utilization

Characteristics

Overall study population Patients with �1 outpatient visit

Asthma
(n5 90,569)

COPD
(n5 48,302)

Asthma
(n5 31,494)

COPD
(n5 12,301)

Patients with a PCP visit 28,263 (31.2%) 9489 (19.7%) 28,263 (89.7%) 9489 (77.1%)

Total number of PCP visits (PPPM)a 60,383 (0.2) 32,356 (0.1) 60,383 (0.3) 32,356 (0.3)

Patients with a pulmonologist/allergist visit 6777 (7.5%) 5987 (12.4%) 6777 (21.5%) 5987 (48.7%)

Total number of pulmonologist/allergist visits (PPPM)a 17,289 (0.0) 20,537 (0.1) 17,289 (0.1) 20,537 (0.2)

Patients with an ED visit 47,950 (52.9%) 16,975 (35.1%) 5805 (18.4%) 3072 (25.0%)

Total number of ED visits (PPPM)a 86,747 (0.2) 31,556 (0.1) 12,970 (0.1) 6964 (0.1)

Patients with a hospitalization 24,185 (26.7%) 31,755 (65.7%) 3248 (10.3%) 4503 (36.6%)

Total number of hospitalizations (PPPM)a 33,478 (0.1) 54,043 (0.2) 5146 (0.0) 9924 (0.1)

Patients with ICU utilization 9007 (9.9%) 20,246 (41.9%) 443 (1.4%) 979 (8.0%)

Patients with mechanical ventilation utilization 1923 (2.1%) 4822 (10.0%) 1011 (3.2%) 2442 (19.9%)

Patients with nebulizer utilization (no inhaler)b 3203 (3.5%) 3175 (6.6%) 1049 (3.3%) 928 (7.5%)

Patients with inhaler therapy utilization (no nebulizer)c 24,625 (27.2%) 18,082 (37.4%) 14,960 (47.5%) 2394 (19.5%)

Patients with inhalation and nebulization utilizationd 17,410 (19.2%) 11,430 (23.7%) 12,024 (38.2%) 7258 (59.0%)

Patients with a pneumonia diagnosis 5749 (6.4%) 5880 (12.2%) 3076 (9.8%) 2720 (22.1%)

Inpatient death 427 (0.5%) 2559 (5.3%) 28 (0.1%) 287 (2.3%)

30-day all-cause readmission ratee 1843 (7.6%) 4600 (14.5%) 254 (7.8%) 908 (20.2%)

30-day diagnosis-relatedf readmission ratee 111 (0.5%) 694 (2.2%) 0 (0.0%) 4 (0.1%)

90-day all-cause readmission rateg 1936 (8.0%) 4766 (15.0%) 262 (8.1%) 934 (20.7%)

90-day diagnosis-relatedf readmission rateg 124 (0.5%) 761 (2.4%) 0 (0.0%) 5 (0.1%)

aPPPM rate calculated as (number of visits/[total observational time/365])/12. Total observational time ¼ 12,579,659 days (asthma) and 7,102,207 days (COPD). Total observa-
tional time (patients with �1 PCP/pulmonologist visit) ¼ 6,938,120 days (asthma) and 3,518,768 days (COPD).
bPatients who had an order for a nebulizer at any point during the study timeframe.
cPatients who had an order for an inhaler at any point during the study timeframe.
dPatients who had an order for an inhaler and an order for a nebulizer at any point during the study timeframe.
eNumber of patients with a 30-day readmission divided by the number of patients with a hospitalization.
fDiagnosis-related readmission indicated by the presence of an asthma or COPD ICD-10 code in the primary or secondary diagnosis position.
gNumber of patients with a 90-day readmission divided by the number of patients with a hospitalization.
COPD indicates chronic obstructive pulmonary disease; ED, emergency department; ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th
Revision; ICU, intensive care unit; PCP, primary care provider; PPPM, per patient per month.

743Asthma and COPD prevalence and resource utilizationNovember 2022



This retrospective study has several limitations, as data
were entered during the provision of routine care within the
BSWH EHR, and given the population size, we could only
retrieve information from structured data fields. Data may be
missing, particularly information contained in narrative,
unstructured fields, and follow-up may be incomplete for
some patients; for example, discernment of smoking status
was not possible for 50% of patients. We were unable to cap-
ture HCRU occurring outside of the BSWH EHR; thus,
utilization rates for both inpatient and outpatient care are
likely underestimated. Included hospital and ED HCRU fol-
lowing the qualifying index visit were not limited to COPD
and asthma as primary admitting diagnoses and may have
been for nonpulmonary issues. The only captured care
encounter for many patients was in a BSWH ED, and docu-
mentation regarding medications and HCRU for these
patients may have been limited. We were unable to deter-
mine disease onset for all patients, as COPD or asthma may
have been present before a visit to a BSWH facility with a
relevant diagnosis code. Additionally, the results reflect struc-
tured data capturable in an electronic format from one
healthcare system and may not be generalizable to other set-
tings. Inferential statistics were not performed owing to the
descriptive and observational nature of this study, limiting
our ability to draw conclusions from comparisons between
the general and outpatient populations.

We view our findings as a basis for prioritizing specific
care redesign initiatives for both patients and providers,
including wider education about asthma and COPD and the
development of approaches for better management of these
conditions over a continuum. While this was an observa-
tional study with many limitations, it provides an overview
of pulmonary care within a healthcare system that can be
used to formulate quality improvement initiatives in both
the inpatient and outpatient settings.
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