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attention to comorbidities to reduce asthma burden.

What is already known about this topic? The high utilization and cost of severe asthma is in disproportion to its frequency
among persistent asthmatics, but little is known of the burden of severe uncontrolled asthma (SUA) in a managed-care setting.

What does this article add to our knowledge? The present study identified, characterized, and determined the clinical
and economic burden of SUA compared with non-SUA in a cohort of adolescents and adults with persistent asthma in a
large managed-care organization. It was found that patients with SUA comprised a minority of persistent asthmatics but
had significantly more comorbidities, asthma exacerbations, utilization, and direct total and asthma-related costs in a
follow-up year despite being dispensed more controller medications than patients with non-SUA.

How does this study impact current management guidelines? The study highlights that patients with SUA require
more intensive interventions, including higher step-level care, better adherence, more specialist care, and specific

BACKGROUND: Clinical and economic burden of patients
with severe uncontrolled asthma (SUA) in a real-world managed-
care setting required further documentation.

OBJECTIVE: The objective of this study was to determine the
characteristics, clinical, and economic burden of SUA in a
managed-care setting.

METHODS: This observational study identified patients with
persistent asthma aged 12 years or more (N = 25,935) using the
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International Classification of Diseases, 9th Revision asthma codes
and Healthcare Effectiveness Data and Information Set
administrative criteria. An SUA subgroup was identified when all of
the following 3 criteria were met in 2012: (1) 2 or more asthma
exacerbations; (2) 6 or more medium- or high-dose dispensed
canisters of inhaled corticosteroid (ICS) as monotherapy or with
long-acting 3,-agonist; and (3) 3 or more dispensed non-ICS
controllers. Health care utilization and direct costs (all-cause and
asthma-related) in 2013 were compared between SUA and non-
SUA subgroups using multivariable regression.

RESULTS: Compared with the non-SUA subgroup

(N = 25,350, 97.7%), the SUA subgroup (N = 585, 2.3%) at
baseline was significantly older and had more comorbidities,
asthma specialist care, controller medication dispensed, and
asthma exacerbations. During follow-up, patients with SUA
exhibited significantly more asthma exacerbations and short-
acting [3,-agonist use, and higher all-cause and asthma-related
costs than patients with non-SUA. The adjusted asthma-related
average direct cost per patient at follow-up was significantly
higher for SUA (mean * SE) ($2325 * $75) than non-SUA
($1261 % $9) with an incremental cost of $1056 (95% CI,
$907-$1205). Asthma drugs accounted for the major difference
(incremental cost of $848/patient; 95% CI, $737-$959).
CONCLUSION: Increases and disparities in health care
utilization and direct cost by SUA status suggest that patients
with SUA require more intensive therapy, greater attention to
adherence and comorbidities, more specialist care, and, possibly,
personalized treatment approaches including novel biologic
treatments. © 2015 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2016;4:120-9)
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Abbreviations used
CI- Confidence interval
ED- Emergency department
GERD- Gastroesophageal reflux disease
ICD-9- The International Classification of Diseases, 9th Revision
ICS- Inhaled corticosteroids
KPSC- Kaiser Permanente Southern California
LABA- Long-acting (3,-agonist
LM- Leukotriene modifiers
MCO- Managed-care organization
OCS- Oral corticosteroids
PA- Persistent asthma
RR- Risk ratio
SABA- Short-acting (3,-agonists
SARP- Severe Asthma Research Program
SUCAS- Burden of Illness in Severe Uncontrolled Asthma Study

Most patients with asthma have mild to moderate disease that is
generally treated with anti-inflammatory controllers such as low- to
medium-dose inhaled corticosteroids (ICS) or leukotriene modi-
fiers (LM) and rescue short-acting B,-agonists (SABA). Patients
whose asthma cannot be controlled with ICS alone are treated with
the addition of other controllers (eg, long-acting B,-agonists
[LABA] and LM). However, approximately 5%-10% of patients
with asthma have severe asthma' and only approximately 3.6%
have severe refractory asthma.” Although severe asthma accounts
for only a small portion of the asthmatic population, it causes
considerable morbidity and disproportionate burden on health
care resources, with a 1.7- to 4-fold higher direct asthma-related
cost than for mild persistent asthma (PA).?

To improve the care of patients with severe asthma, the
American Thoracic Society developed a set of criteria to char-
acterize severe refractory asthma that take into consideration
baseline asthma medication requirements, asthma exacerba-
tions, and lung function among other criteria.* This definition
of severe asthma has subsequently been adopted by the Euro-
pean Respiratory Society and World Health Organization.’
Severe or difficult-to-treat asthma has been categorized into 5
specific clinical phenotypic clusters based on sex, ethnicity,
asthma onset, obesity, biomarkers, lung function reversibility,
aspirin sensitivity, controller medication use, and health care
utilization by the Severe Asthma Research Program (SARP) in
adults® and children,” the Epidemiology and Natural History
of Asthma: Outcomes and Treatment Regimens study,’ and
the British Thoracic Society Severe Refractory Asthma Regis-
try.” The relationship of these cluster phenotypes in severe
asthma to outcomes has been reported in some studies in
adules®'’; however, the SARP study found that they did not
behave differently with respect to asthma-control—related
outcomes. "’

Among managed-care organizations (MCO), little is known
about the characteristics and asthma burden of severe uncon-
trolled asthma (SUA) phenotypes with multiple asthma exacer-
bations and intensive asthma controller therapy. In addition,
given the advent of new therapies directed at patients with severe
or difficult-to-treat asthma, it is important to better understand
the prevalence and characteristics of such patients in a general
asthma population who may be in need of such novel treatments.
To address these needs, we conducted the Burden of Illness in
Severe UnControlled Asthma Study (SUCAS) to determine the
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clinical and economic burden of SUA in adolescents and adults
in a real-world setting.

METHODS
Study design

SUCAS was an observational study that characterized and
compared the clinical and economic burden of SUA to non-SUA in
adolescent and adult patients. Pharmacy and health care utilization
data were captured with the use of the Kaiser Permanente Southern
California (KPSC) research data warehouse that allowed identifica-
tion of adolescents and adults with PA. With waiver of written
consent, SUCAS was approved by the KPSC Institutional Review
Board.

Patients

Patients 12 years or older who had PA in the baseline year 2012
were identified based on an asthma International Classification of
Diseases, 9th Revision (ICD-9) code (493.xx excluding 493.2,
chronic obstructive asthma) and Healthcare Effectiveness Data and
Information Set PA criteria'> (Figure 1, A). Patients had to have
continuous health plan enrollment and pharmacy benefit in 2012-
2013 (no enrollment gap of >45 days within each calendar year),"’
and no chronic obstructive lung disease or other chronic conditions
commonly applied to clinical trials (Figure 1, panel A legend). Pa-
tients with SUA were identified from the PA cohort if they met all of
the following 3 criteria in 2012 (baseline period): (a) 2 or more
asthma exacerbations (see below for definition), (b) 6 or more me-
dium- or high-dose ICS canisters dispensed as monotherapy or in
combination with LABA, and (c) 3 or more non-ICS controller
canisters dispensed. The SUA definition was created to approximate
using administrative data the severity inclusion criteria implemented
in the pivotal trial of mepolizumab for severe refractory asthma
(Clinical Trials.gov NCT01691521). Patients with PA who did not
meet the above criteria for SUA were classified as patients with non-
SUA (Figure 1, panel B for the consort diagram).

Study measures characterizing clinical burdens
Address information was geocoded to the census block level and
linked to census-based block group-level socioeconomic information
that included head of household education level and household in-
come. The asthma medication ratio, an administrative-data quality
marker predictive of future asthma emergency department (ED) or
hospital care, was defined as the number of dispensed asthma
controller units (inhaled controller medication canisters or 30-day
supplies of oral controller medications) divided by the total num-
ber of controller units and SABA canisters dispensed. A ratio of >0.5
is the minimum quality measure cutpoint for determining controller
medication dispensing.'* ICS products were categorized into low-,
medium-, and high-dose, based on the calculated daily dosage and
their individual potency using the estimated comparative daily
dosages recommended by the Global Initiative for Asthma guideline
for the diagnosis and management of adolescent and adult asthma."
Prescription of 9 or more units of controllers per year, equivalent to
at least 75% adherence, was used as a proxy for adherence to
treatment.'® An asthma exacerbation was defined as an outpatient
visit with uncontrolled asthma (ie, acute exacerbation, status asth-
maticus, acute asthma attack, uncontrolled asthma, or asthmatic
bronchitis indicated by KPSC-specific encounter codes) that
required oral corticosteroids dispensed 7 days before or after the visit
or an ED visit or hospitalization with a primary asthma diagnosis
(ICD-9 493.xx). Asthma exacerbations at least 8 days after discharge
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A Study Design and Cohort Identification in 2012

dispensed controllers

¢ Asthma ICD-9 code 493.xx (493.2 chronic obstructive asthma excluded)
¢ HEDIS persistent asthma criteria and > 12 years of age

4 Continuous membership and pharmacy benefit 2012-13

¢ No COPD or other selected chronic diseases*

¢ SUA (all 3 criteria met): (a) >2 asthma exacerbations, (b) >6 dispensed
canisters of medium-high dose ICS or ICS/LABA, and (c) >3 non-ICS

¢ Non-SUA: Remaining persistent asthma patients

!

Persistent Asthma
N = 25,935

Severe Uncontrolled Asthma
(SUA)
N =585 (2.3%)

Non-Severe Uncontrolled Asthma
(Non-SUA)
N = 25,350 (97.7%)

|

I" Baseline features
12 months (2012)

I Utilization & cost |
12 months (2013)

B Consort Diagram

Asthma diagnosis (2012)

(N=207,814)

(ICD9: 493.xx except 493.2)
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A

(N = 8540)

HEDIS Exclusions
(Emphysema, COPD. cystic fibrosis,
and acute respiratory failure)

Asthma patients (2012)
(N = 199,274)

~

Age <12
(N = 46.313)

Age =12 by 1/1/2013
(N = 152,961)

(N = 21,694)

Without continuous membership
and drug benefit during 2012 and 2013
(Gap =45 days)

Exclusions™

(N=27,772)

criteria not met

(N = 77,560)

HEDIS persistent asthma

Persistent asthma cohort
(N = 25,935)

(SUA)
(N = 585)

Severe uncontrolled asthma Non-severe uncontrolled asthma

(non-SUA)
(N = 25,350)

FIGURE 1. A, The study design and number of patients identified with administrative databases. *Excluded conditions: chronic
obstructive pulmonary disease, chronic obstructive asthma, emphysema, cystic fibrosis, chronic bronchitis, bronchiolitis obliterans,
hypereosinophilic syndromes (eosinophilic granulomatosis with polyangiitis or eosinophilic esophagitis), cardiovascular conditions
(angina pectoris, heart failure, acute myocardial infarction), endocrine disorders (systemic lupus erythematosus, rheumatoid arthritis,
Crohn’s disease), hepatic conditions (ascites, encephalopathy, coagulopathy, hypoalbuminemia, esophageal or gastric varices or
persistent jaundice, cirrhosis, known biliary abnormalities with the exception of Gilbert’s syndrome or asymptomatic gallstones, preg-
nancy, granulomatosis with polyangiitis, sarcoidosis, other autoimmune disorders, immune deficiency, HIV, drug addiction, active res-
piratory cancer requiring any therapy except for antihormonal therapy, and immunosuppressant therapy). B, Consort diagram depicting
the administrative logistics used to identify the study adolescent and adult persistent asthma cohort and its subgroups of patients with
severe uncontrolled asthma (SUA) and non—severe uncontrolled asthma (non-SUA) amongst the 3,523,389 Kaiser Permanente Southern
California 2012 members. COPD, Chronic obstructive lung disease; HEDIS, Healthcare Effectiveness Data and Information Set; /CD-9,
International Classification of Diseases, 9th Revision; /CS, inhaled corticosteroid; LABA, long-acting P»-agonist.
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from the hospital or ED, or outpatient visit were considered separate
exacerbations.'” Seven or more SABA canisters dispensed per year,
equivalent to 4 or more puffs per day/year, were defined as excessive
SABA use because it has been associated with poorer asthma control

and quality of life.'®

Study measures characterizing economic burdens

Total health care resource utilization included all hospitalizations,
ED visits, outpatient visits, asthma drugs, laboratory, radiology,
skilled nursing facility, and home health. Asthma-related health care
resource utilization with the associated laboratory and radiology
services included hospitalizations and ED visits with a primary
discharge diagnosis of asthma and outpatient visits coded for un-
controlled asthma to assure that the visit was asthma-related. An
outpatient visit with an asthma ICD-9 code does not assure that the
visit was asthma-related because visits unrelated to asthma may also
contain such codes. Total costs captured these outpatient visits.
Asthma-related drugs included asthma controllers and SABA and
were captured through pharmacy databases.

Only direct costs were calculated because indirect costs,
including time lost from work or school, were not captured in our
health plan’s administrative data. For enhanced generalizability of
the findings, health care service costs were estimated by using the
Medicare Resources Based Relative Values Scale on Diagnosis
Related Groups and Current Procedural Terminology codes
(Centers for Medicare & Medicaid Services). Asthma drug costs
were estimated by mapping the National Drug Codes of the
selected medications to the discounted Average Wholesale Prices
published in RED BOOK.'” All costs are in 2013 US dollars.
Nonasthma drug costs were not determined because of resources
and time constraints.

Statistical analyses

Patient demographics, comorbidities, asthma characteristics, and
features during baseline (2012) and follow-up (2013) periods were
compared between patients with SUA and non-SUA by using the *
or Fisher’s exact test for categorical variables and the Wilcoxon rank-
sum test for continuous variables. Poisson regression models with
robust error variance estimated unadjusted and adjusted outcome
rate and risk ratios for the follow-up year (2013)."> Covariates
determined in 2012 and adjusted for in the regression model
included age (categorical: 12-17, 18-64, and >65 years), gender,
geocoded education, ethnicity, insurance type, obesity (BMI > 30
kg/m2 in adults and >95 percentile for age in adolescents), Charlson
comorbidity index, gastroesophageal reflux disease (GERD), any
thinitis, chronic sinusitis, any upper respiratory infection (acute
upper respiratory infection, pharyngitis, or acute sinusitis), pneu-
monia, nasal polyps, anxiety or depression, 7 or more SABA canisters
dispensed, and asthma specialist care.

Total and asthma-related annual cost analyses used a 1- or 2-part
generalized linear model (GLM) with log link and Gamma or
Poisson family or a 2-part GLM with inverse link and Poisson
family. Analyses for cost outcomes were conducted by using Stata 12
(StataCorp LP, College Station, Tex). All other analyses were con-
ducted using SAS (version 9.3 for Windows, SAS Institute, Cary,
NC). All tests were 2-tailed and significance was set at P < .05.

RESULTS
Identification of SUA and non-SUA cohort

After applying all the inclusion and exclusion criteria in the
baseline period, 25,935 patients with PA at least 12 years of age
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were identified (Figure 1, B). Within this PA cohort, 585 (2.3%)
had SUA and 25,350 (97.7%) did not have SUA (non-SUA).

Comparison of demographic, comorbidities, and
clinical burden at baseline (2012) between patients
with SUA and non-SUA (Table 1)

Compared with the non-SUA subgroup, the SUA subgroup
was significantly older (50.6 £ 16.9 vs 46.7 & 20.2 years, P <
.001), was slightly more ethnically diverse (P = .03), and had
longer health plan enrollment (P = .03). Gender, geocoded in-
come, type of health insurance, and smoking status were not
significantly different between the 2 subgroups. The SUA sub-
group exhibited significantly more comorbidities compared with
the non-SUA subgroup (P < .001 for all comparisons for SUA
versus non-SUA groups, respectively): obesity (53.5% vs 44.6%),
GERD (31.8% vs 16.4%), any rhinitis (65.1% vs 37.3%),
chronic sinusitis (39.1% vs 15.1%), acute upper respiratory in-
fections (48.7% vs 27.9%), pneumonia (12.8% vs 5.1%), nasal
polyposis (5.6% vs 1.5%), and anxiety or depression (26.3% vs
21.8%). Significantly higher clinical burden was observed in the
SUA compared with non-SUA subgroup (respectively): asthma
exacerbation rate per year (2.7 £ 1.3 vs 0.5 £ 0.8), asthma
hospitalization (6.7% vs 1.3%), asthma ED visits (23.8% vs
11.1%), asthma outpatient visits with uncontrolled asthma
(98.5% vs 41.3%), 7 or more SABA canisters dispensed (33.0%
vs 15.9%), ICS or ICS/LABA dispensed (100% vs 86.0%), 9 or
more controller canisters equivalent dispensed (71.3% wvs
23.0%), medication controller ratio > 0.5 (85.6% vs 62.6%),
oral corticosteroids at a dose of >5 mg/day (17.6% vs 1.5%),
and asthma specialist care (63.1% vs 25.9%) (all 2 < .001).

Comparison of clinical burden in the follow-up year
(2013) between patients with SUA and non-SUA
(Table 1)

Univariate analyses. Asthma exacerbations, outpatient visits
with uncontrolled asthma, excessive SABA use, controller med-
ications dispensed, oral corticosteroids (OCS) dispensed at >5
mg/day, and asthma specialist care were significantly greater in
patients with SUA than in those with non-SUA during the
follow-up year (all P < .001) (Table II).

Multivariable analyses. Compared with the patients with
non-SUA, patients with SUA experienced significantly higher
clinical burden (all 2 < .001): asthma exacerbations (rate ratio,
2.8; 95% CI, 2.5-3.2), 1 or more asthma exacerbations (risk
ratio [RR], 2.1; 95% CI, 1.9-2.3), 2 or more asthma exacer-
bations (RR, 3.2; 95% CI, 2.7-3.8), 1 or more asthma hospi-
talizations (RR, 2.9; 95% CI, 1.8-4.7), 1 or more asthma ED
visits (RR, 2.3; 95% CI, 1.8-2.9), OCS > 5 mg/day (RR, 2.8;
95% CI, 2.1-3.7), and 7 or more SABA canisters dispensed
(RR, 1.5 95% CI, 1.3-1.82). Asthma specialist care (RR, 1.3;
95% CI, 1.2-1.4) and an asthma medication ratio of >0.5 (RR,
1.2;95% CI, 1.1-1.2) were more common in the patients with
SUA (Table II). Baseline covariates that were significantly
associated with an increase in the asthma exacerbations in the
follow-up period included age groups 18-64 and 65 years or
older versus 12-17 years, female sex, Asian/Pacific Islanders,
non-Hispanic blacks, and Hispanics versus non-Hispanic
whites, GERD, obesity, pneumonia, chronic sinusitis, upper
respiratory infections, nasal polyps, and 7 or more SABA can-
isters dispensed (Table E1, available in this article’s Online
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TABLE I. Comparison of demographics, comorbidities, and asthma burden in 2012 among patients with severe uncontrolled (SUA) and

non—severe uncontrolled (non-SUA) persistent asthma (PA) [Data as N (%) or mean + SD]

Demographics/clinical features PA cohort (N = 25,935) SUA (N = 585) Non-SUA (N = 25,350) P value*
Age (y) <.001
46.8 + 20.2 50.6 + 16.9 46.7 + 20.2
12-17 3669 (14.1) 48 (8.2) 3621 (14.3)
18-64 16,995 (65.5) 431 (73.7) 16,564 (65.3)
>65 5271 (20.3) 106 (18.1) 5165 (20.4)
Female sex 15,920 (61.4) 372 (63.6) 15,548 (61.3) 27
Ethnicity .04
White 10,509 (40.5) 225 (38.5) 10,284 (40.6)
Hispanic 7781 (30.0) 178 (30.4) 7603 (30.0)
Black 3731 (14.4) 89 (15.2) 3642 (14.4)
Asian Pacific Island 2339 (9.0) 69 (11.8) 2270 (9.0)
Others/unknown 1575 (6.1) 24 (4.1) 1551 (6.1)
Estimated median household income by 64,201 + 27,251 62,846 £ 26,012 64,232 + 27,279 .20
geocoding (US dollars), mean = SD
Estimated family education level < high 20.1 £ 14.5 21.2 £ 142 20.0 £ 14.5 .01
school diploma by geocoding, mean %
Insurancet
Commercial 20,916 (80.6) 481 (82.2) 20,435 (80.6) 33
Medicaid or state sponsored 2524 (9.7) 60 (10.3) 2464 (9.7) .67
Medicare 5066 (19.5) 100 (17.1) 4966 (19.6) 13
Private pay 2580 (9.9) 45 (7.7) 2535 (10.0) .07
Length of health plan enrollment, y 164 £ 11.7 17.3 £ 11.5 164 £ 11.7 .03
Smoking status .89
Ever 6217 (24.4) 144 (24.6) 6073 (24.4)
Never 19,297 (75.6) 441 (75.4) 18,856 (75.6)
(N = 25,514) (N = 585) (N = 24,929)
Comorbidities
Charlson comorbidity index 1.4 + 0.90 1.4 +0.87 1.4 + 0.90 .19
Obesity, BMI > 30 kg/m? (>95 percentile 11,629 (44.8) 312 (53.5) 11,317 (44.6) <.001
for age in adolescents)
Gastroesophageal reflux disease 4338 (16.7) 186 (31.8) 4152 (16.4) <.001
Any rhinitis 9831 (37.9) 381 (65.1) 9450 (37.3) <.001
Chronic sinusitis 4054 (15.6) 229 (39.1) 3825 (15.1) <.001
Acute upper respiratory infection, pharyngitis, 7361 (28.4) 285 (48.7) 7076 (27.9) <.001
or acute sinusitis
Pneumonia 1369 (5.3) 75 (12.8) 1294 (5.1) <.001
Nasal polyposis 405 (1.6) 33 (5.6) 372 (1.5) <.001
Anxiety or depression 5682 (21.9) 154 (26.3) 5528 (21.8) .001
Controller medications
ICS monotherapy or ICS/LABA 22,396 (86.4) 585 (100) 21,810 (86.0) <.001
Leukotriene modifiers 4590 (17.7) 272 (46.5) 4318 (17.0) <.001
Theophylline 251 (1.0) 11 (1.9) 240 (0.9) .02
>9 controller canister equivalents 6237 (24.0) 417 (71.3) 5820 (23.0) <.001
Controller medication ratio >0.5 16,176 (63.1) 501 (85.6) 15,675 (62.6) <.001
Oral corticosteroids > 5 mg/d 487 (1.9) 103 (17.6) 384 (1.5) <.001
>7 SABA canisters 4218 (16.3) 193 (33.0) 4025 (15.9) <.001
Asthma exacerbations, Rate 0.5 +0.8 27 +£13 0.5 £0.8 <.001
>1 9355 (36.1) 585 (100) 8770 (34.6) <.001
>2 2505 (9.7) 585 (100) 1920 (7.6) <.001
>1 ED visit 2943 (11,3) 139 (23.8) 2804 (11.1) <.001
>1 hospitalization 370 (1.4) 39 (6.7) 331 (1.3) <.001
>1 asthma ED/hospitalization 3002 (11.6) 143 (24.4) 2859 (11.3) <.001
Uncontrolled asthma (outpatient), Rate 0.8+ 1.2 354+20 0.7 + 1.1 <.001
>1 11,050 (42.6) 576 (98.5) 10,474 (41.3) <.001

(continued)
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TABLE I. (Continued)
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Demographics/clinical features PA cohort (N = 25,935) SUA (N = 585) Non-SUA (N = 25,350) P value*
Asthma specialist care
Allergist 5419 (20.9) 274 (46.8) 5145 (20.3) <.001
Pulmonologist 1750 (6.7) 150 (25.6) 1600 (6.3) <.001
Care manager 370 (1.4) 15 (2.6) 355 (1.4) .02
Any specialist care 6933 (26.7) 369 (63.1) 6564 (25.9) <.001

ED, Emergency department; /CS, inhaled corticosteroid; LABA, long-acting P,-agonist; SABA, short-acting [,-agonist.

Bold values indicate significant differences between comparisons at P<.05.

*P value: Xz test or Fisher’s exact test for the categorical and Wilcoxon rank-sum test for continuous comparisons.

fPatients may have more than 1 insurance plan.

TABLE Il. Unadjusted and adjusted* rate or risk ratio of asthma utilization and other outcomes in 2013 in patients with severe
uncontrolled asthma (SUA) and non—severe uncontrolled asthma (non-SUA)

SUA Non-SUA Unadjusted rate or risk Adjusted* rate or risk
Asthma utilization/outcomes (2013) (N = 585) (N = 25,350) ratio (95% CI){ ratio (95% CI)f
Asthma exacerbation, rate/year, mean £+ SD 1.1 £ 1.6 0.3 +£0.7 3.97 (3.52-4.48) 2.80 (2.46-3.18)
Any asthma exacerbation, N (%) 309 (52.8) 4929 (19.4) 2.72 (2.51-2.94) 2.12 (1.94-2.32)
>2 asthma exacerbations, N (%) 153 (26.2) 1310 (5.2) 5.06 (4.37-5.86) 3.22 (2.73-3.81)
>1 asthma emergency department visit, N (%) 65 (11.1) 1026 (4.0) 2.75 (2.17-3.48) 2.27 (1.78-2.90)
>1 asthma hospitalization, N (%) 22 (3.8) 210 (0.8) 4.54 (2.95-6.99) 2.92 (1.83-4.67)
>1 asthma emergency department visit or hospitalization, N (%) 66 (11.3) 1060 (4.2) 2.70 (2.13-3.41) 2.25 (1.77-2.86)
Outpatient visits with uncontrolled asthmai, N (%) 346 (59.1) 6897 (27.2) 2.17 (2.03-2.33) 1.71 (1.59-1.85)
Oral corticosteroid > 5 mg/day, N (%) 65 (11.1) 414 (1.6) 6.80 (5.31-8.72) 2.80 (2.12-3.69)
>7 SABA canisters dispensed, N (%) 103 (17.6) 1803 (7.1) 2.48 (2.07-2.97) 1.54 (1.30-1.82)
Asthma medication ratio > 0.5, N (%) 498 (87.8) 16,417 (73.2) 1.20 (1.16, 1.24) 1.16 (1.12-1.20)
>9 controller canister equivalent, N (%) 347 (59.3) 6234 (24.6) 2.41 (2.25, 2.59) 1.80 (1.67-1.94)
Controller medications proportion of days covered >0.8, N (%) 205 (37.2) 3466 (17.8) 2.09 (1.87, 2.34) 1.66 (1.47-1.86)
Asthma specialist care, N (%) 302 (51.6) 5391 (21.3) 2.43 (2.24, 2.63) 1.25 (1.15-1.35)

ED, Emergency department; SABA, short-acting B,-agonists.

Bold values indicate significant differences between comparisons at P<.05.

*Adjustments included: age group, sex, ethnicity, geocoded education, health insurance, obesity, gastroesophageal reflux disease, any rhinitis, chronic sinusitis, any upper
respiratory infection (acute upper respiratory infection, pharyngitis, or acute sinusitis), nasal polyposis, anxiety or depression, >7 SABA canisters dispensed, and asthma

specialist care.

TPoisson regression models with robust error variance were used to estimate the unadjusted and adjusted rate ratio and risk ratio, their 95% confidence intervals (CI) and to

derive the P values (all comparisons, P < .001 and bolded).

{Outpatient visits with uncontrolled asthma: outpatient visits with KPSC-specific diagnosis codes of uncontrolled asthma.

Repository at www.jaci-inpractice.org). Baseline covariates
associated with asthma medication dispensed and asthma
specialist care are noted in Table E2, available in this article’s
Online Repository at www.jaci-inpractice.org,.

Comparisons of average all-cause and asthma-
related direct costs per patient in the follow-up year
(2013) between patients with SUA and non-SUA

Univariate analyses (Table E3, available in this
article’s Online Repository at www .jaci-inpractice.
org). The average all-cause annual direct cost per patient was
significantly higher for the SUA ($5851 + $5230) than the non-
SUA ($3411 £ $5162) subgroups (P < .001). The difference in
the average cost was mostly explained by the cost differences in
hospitalizations, ED and outpatient visits, laboratory, and
asthma medications. Consistent with the above, the average
annual asthma-related direct costs per patient were also signifi-
cantly higher for the patients with SUA ($2965 £ $2273) than
those with non-SUA ($1261 =+ $1420) (P < .001) with asthma
hospitalizations, asthma ED visits, asthma outpatient visits, and

asthma medications contributing to the majority of this differ-
ence (all 2 < .001).

Multivariable analyses (Table Il and Figure 2). Compared
with patients with non-SUA, the patients with SUA exhibited
significantly higher economic burden per patient. The estimated
incremental annual costs per patient were $1339 (95% CI, $973-
$1704) for all-cause direct costs, $31 (95% CI, $7-$53) for ED
visits, and $129 (95% CI, $48-$210) for outpatient visits (Figure 2,
A). Similarly, the estimated incremental annual costs per patient
related to asthma were significantly higher for the patients with
SUA compared with patients with non-SUA with respect to asthma
hospitalizations ($127, 95% CI, $26-$228), ED visits ($15, 95%
CI, $7-$23), outpatient visits ($82, 95% CI, $66-$98), asthma
drug dispensed ($848, 95% CI $737-$959), and overall cost esti-
mates of these 4 costs ($1056, 95% CI, $907-$1205) (Figure 2, B).

DISCUSSION
SUCAS characterized and compared patients with SUA who
had more asthma exacerbations and higher level of controller
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TABLE lll. Adjusted average direct costs and incremental costs per patient in 2013 US dollars ($USD) by type of utilization in patients
with severe uncontrolled asthma (SUA) and non—severe uncontrolled asthma (non-SUA): (A) all-cause, (B) asthma-related (mean + SE)

SUA (N = 585) Non-SUA (N = 25,350) Incremental cost (95% Cl)
Adjusted all-cause and asthma-related direct costs* ($USD) ($USD) ($USD) P value
(A) All-cause
Total all-cause 4800 + 185 3461 £ 32 1339 (973-1704)F <.001
Hospitalization including laboratory and radiology 1043 £ 141 844 £ 25 199 (—83 to 4481)1 17
Emergency department including laboratory and radiology 105 £ 12 75 +1 31 (7-53)§ 010
Outpatient visits including laboratory and radiology 1235 £ 41 1107 £ 7 129 (48-210) || .002
Asthma drug (nonasthma drugs not captured) 2007 + 56 1159 + 7 848 (737-959)|| <.001
Laboratory not accounted by above visit encounters 93 £7 64 £ 1 28 (15-42)|| <.001
Other: radiology, skilled nursing, hospital outpatient, 191 £ 36 183 £7 8 (—62 to 78)9 .82
and home health
(B) Asthma-related
Total asthma-related 2325 £ 75 1269 £ 9 1056 (907-1205)|| <.001
Asthma hospitalization including laboratory and radiology 179 + 51 52+ 4 127 (26-228): 014
Asthma emergency department including laboratory and 21 +4 6+ 0.3 15 (7-23)§ <.001
radiology
Asthma outpatient visits including laboratory and radiology 133 £8 S1+1 82 (66-98)¢ <.001
Asthma drug 2007 £ 56 1159 £ 7 848 (737-959)|| <.001

Bold values indicate significant differences between comparisons at P<.05.
*All the cost estimates were generated by using generalized linear models (GLM) with adjustment of the following covariates in 2012: age group, gender, ethnicity, geocoded
education, health insurance, Charlson comorbidity index, obesity, gastroesophageal reflux disease, any rhinitis, chronic sinusitis, any upper respiratory infection (acute upper

respiratory infection, pharyngitis, or acute sinusitis), nasal polyposis, anxiety or depression, >7 SABA canisters dispensed, and asthma specialist care.

FOne part: GLM with log link and Gamma family.
iTwo part: GLM with inverse link and Poisson family.
§Two part: GLM with log link and Poisson family.
|[One part: GLM with log link and Poisson family.
9Two part: GLM with log link and Gamma family.

medication dispensed with patients with non-SUA who had less
severe asthma, among adolescents and adults with PA (Figure 1).
The SUA subgroup made up 2.3% of the entire PA cohort,
similar in magnitude to the 3.6% prevalence found recently in a
severe refractory adult asthma cohort.” The SUA subgroup
compared with the non-SUA subgroup evidenced statistically
more relevant comorbidities, asthma exacerbations, and
controller medication dispensed during the baseline year
(Table I) and after a year follow-up (Table II).

The average all-cause (absent nonasthma drugs) annual direct
cost for the SUA subgroup was $1339/patient higher than that
for the non-SUA subgroup (Figure 2, A). Asthma-related direct
costs contributed to most of the incremental differences seen in
all-cause cost between the subgroups. Specifically, after adjusting
for baseline covariates, the average asthma-related incremental
annual direct cost for the SUA subgroup was $1056/patient
higher than that for the non-SUA subgroup, with asthma drugs
accounting for the major difference (incremental mean cost
$848/patient) (Figure 2, B).

These findings are consistent with prior reports of costs in
severe asthma’’ and uncontrolled asthma.”’ The unadjusted
average all-cause direct cost exclusive of nonasthma drugs in the
SUCAS PA cohort was $3466 (Table E3, available in this ar-
ticle’s Online Repository at www.jaci-inpractice.org), which
was similar to the cost reported in our previous study.”” The
unadjusted and adjusted direct asthma-related mean costs in the
patients with SUA ($2965 and $2325, respectively) were
slightly higher than reported in a recent claims database study
($2107 and $2025 in 2013 US dollars, respectively).”’ How-
ever, that study analyzed privately insured patients with less

uncontrolled moderate to severe PA who were required to ev-
idence only 1 or more asthma exacerbations in the baseline
year.

Other clinically relevant observations were gleaned from
SUCAS regarding SUA in an MCO. Although the frequency of
identified SUA was low, patients with SUA evidenced more
frequent comorbidities that by themselves were risk factors for
future asthma exacerbations (Table I and Table E1, available in
this article’s Online Repository at www.jaci-inpractice.org) and
greater asthma burden and costs compared with patients with
non-SUA.

Within a PA cohort, 2.3% patients were identified as having
SUA based on the manifestations of 2 or more asthma exacer-
bations and dispensing of high levels of ICS or ICS/LABA in the
same year. These clinical criteria were similar to those used to
identify severe asthmatics in biological therapy trials.”” The
prevalence of SUA in SUCAS was lower than the typically re-
ported prevalence of 5%-10% of severe asthma among general
asthmatics.”* More recently, a nationwide Danish adult study
reported a severe asthma prevalence of 8.1% among asthmatics
based on a high level of controller medications.”” A more
comprehensive Dutch study that applied pharmacy databases of
500,000 patients and questionnaires to a random sample noted a
3.6% (95% CI, 3.0% to 4.1%) prevalence of severe refractory
asthma (10.4 patients per 10,000 inhabitants) among asthmatics
based on high-dose ICS/LABA combination or medium-high
dose ICS/LABA and oral corticosteroids.” Differences in the
reported prevalence of severe asthma probably relate to differ-
ences in more stringent diagnostic criteria, populations studied,
and available asthma care management. The lower prevalence
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FIGURE 2. Adjusted average direct costs and incremental cost per patient in 2013 (US dollars) by type of utilization in severe uncontrolled
asthma (SUA) and non—severe uncontrolled asthma (non-SUA) subgroups in 2013. A, All-cause except nonasthma drugs. B, Asthma-

related. C/, Confidence interval; ED, emergency department.

found in SUCAS might be due in part to the promotion by the
MCO of multiple asthma management strategies to improve care
(specific task forces, physician champions, care managers, and
easy access to electronic medical records with disease registries),
the demographics of the enrollees (eg, higher median household
income than the general United States),”® and other unrecog-
nized factors.

Comorbidities related to uncontrolled asthma such as
GERD, pneumonia, chronic sinusitis, frequent upper respira-
tory infections, and nasal polyposis occurred more often in the
patients with SUA than those with non-SUA (Table I), and
were risk factors for future asthma exacerbations (Table El,
available in this article’s Online Repository at www.jaci-
inpractice.org). Greater attention to the control of comorbid-
ities in asthma, despite the asthma guidelines, is often
overlooked.””

The SUA subgroup evidenced a high occurrence of asthma
exacerbations and burden in 2012 as expected based on the SUA
identification criteria. However, the patients with SUA

continued to experience significantly more asthma utilization
including asthma exacerbations, ED visits, and hospitalizations
compared with the patients with non-SUA in the follow-up year
2013 even, after adjusting for demographic factors, comorbid-
ities, and asthma features that are well-known risk factors for
future exacerbations in SUCAS (Table IT and Table E1, available
in this article’s Online Repository at www.jaci-inpractice.org).28
These events occurred in spite of significantly higher adjusted
risk ratios for 9 or more controller canister equivalents dispensed,
asthma medication ratio of 0.5 or more, and asthma specialist
care (Table II). However, the level of controller medication
dispensed and frequency of asthma specialist care achieved were
still suboptimal (Table II) based on asthma guidelines. These
limitations to achieving optimal care and asthma control high-
light that more intensive asthma care management is needed to
improve outcomes in patients with SUA in managed-care and
other settings. The challenges to achieving better control than
that reported in the current study are not insubstantial given that
the present managed-care setting has already instituted many
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strategies to improve asthma care. Some of these approaches
include system wide pharmacy coverage that enhances access to
controller medication; presence of asthma task forces, physician
champions, and care managers; use of electronic medical records
and disease registries to aid in determining individual patient
adherence in real time; and periodic physician notification of
their asthma medication ratio score and relationship to bench-
mark goals. However, more intensive efforts are needed to
facilitate more optimal controller prescribing at a higher step-
level of care combined with better patient adherence and
commitment to treatment, better and faster identification of
high-risk patients, more frequent referral to asthma specialists,
and when indicated, more access to novel therapies. Moreover,
efforts to improve adherence must be promoted in managed-care
and other settings. Specifically, these efforts should be directed at
gaining a better understanding of the barriers to adherence in
individual patients with SUA. Using the recent validated Adult
Asthma Adherence Questionnaire that identifies barriers to
adherence, outreach programs directed at individual patients
with SUA could administer, evaluate, and act on the identified
barriers to improve adherence.”” The suboptimal asthma out-
comes of patients with SUA observed in this MCO were also
found in other medical care settings.”’”” The present study
noted that the management of patients with SUA could be
enhanced by the institution of higher step-level care as recom-
mended by asthma guidelines. The Gaining Optimal Asthma
Control study demonstrated that despite the significant increase
in cost of medication needed to obtain optimal control, the
improvement in control was associated with cost per quality
adjusted life year comparable to figures used to justify health care
resources for many other chronic diseases.”” The major limita-
tion of SUCAS was its observational design. However, the design
with baseline and follow-up periods being in successive years
allows adjustment for baseline differences in evaluation of follow-
up year outcomes, which improves its study’s validicy. This
retrospective administrative study allowed only capture of
controller dispensings and not actual controller use or proper use
including inhaler technique.” Although spirometry data were not
available for more specific asthma diagnosis and adjustments in
the multivariable analyses, as with most administrative data
studies, we included imgortant variables shown to influence
asthma exacerbations.”””" Tt is often difficult to compare pre-
cisely the costs of care determined in a closed medical care sys-
tem, such as studied in SUCAS, with studies using other
methodology such as Medical Expenditure Panel Surveys” ™ or
claims™ " assessments due to differences in coding, complete-
ness of capture of utilizations, cost structure, and accuracy of data
capture.”” Except for our earlier published study of costs in
KPSC,** we could not find comparable studies that have used
data exclusively from a capitated revenue system such as KPSC
(see Online Repository for further discussion).

In summary, we found that severe uncontrolled adolescent
and adult asthma, though less frequent than anticipated, was
associated with future substantial and clinically significant disease
burden and costs. To better manage patients with SUA, health
professionals need to address relevant comorbidities, intensify
guideline recommended controller therapies, improve adherence,
increase asthma specialist care, and when appropriate, consider
biological agents that can target and improve outcomes in spe-
cific subgroups of these patients.””
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Cost assignment

Integrated health care organizations such as Kaiser Permanente
may generally have capitated revenue streams or do not bill
external payers for some of their services. Thus, health care de-
livery is not tracked with the same bill-generating precision as
that provided in a typical fee-for-service environment. Tracking
health care expenditures in closed systems such as KPSC can be
achieved by either direct estimation of production costs, micro-
costing, step-down allocation, or standardized resource use
assignment. The pros and cons of each of these labor-intensive
costing approaches have been described.’ Because of the ad-
vantages of generalizability, replicability, and comparability of
estimates across different studies, we chose standardized resource
use assignment as the method to assign dollar values to utilization
units. Standardized resource use assignment typically relies on
relative value units (RVUs) that are specific to each component
of health services production and delivery.

RVUs for physician services draw on Current Procedural
Terminology (CPT) codes for which separate scales for evalua-
tion and management, surgery, pathology, and radiology related
codes are available.! The expected physician time, skill, and risk
associated with delivering services represented by the code
determine the relative value for that service. In-patient services
draw on Diagnosis Related Group (DRG) codes and are
weighted by both the relative complexity of the services related to
the diagnoses on which the DRG is based and the mean length of
stay for those services along with other chronic conditions
afflicting the patients. Relative values for pharmaceuticals are
based on National Drug Code, and therapeutic class designations
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that often reflect mean prices paid at the wholesale level. These
wholesale prices are discounted to represent the typical discount
offered by pharmaceutical manufacturers when the interest is in
understanding cost.

Cost outcomes

Economic burden (ie, direct healthcare costs) was character-
ized based on the setting of care. Burden was characterized in
terms of annual visits during follow-up to emergency department
(ED), in-patient stays, and office-based visits each of which was
further classified as specific to asthma or defined as “all cause” if
nonasthma. Length of hospital stay was defined as the number of
nights between the date of admission and the date of discharge.
Medical expenditures were calculated by multiplying units of
service by standardized resource-based relative value multipliers.
Resource-based relative value multipliers are based on CPT codes
and are published under the Physician Fee Schedule in the
Federal Register. All expenditures were tallied up to the visit
level. Thus, the analytic file contained annual cost outcomes that
were captured for the following: (1) all-cause in-patients stays, (2)
all-cause ED visits, (3) all-cause office visits, (4) all-cause labo-
ratory visits, (5) other ancillary costs related to radiology, skilled
nursing, hospital-based outpatient visits, and paid home health
visits. We also identified a subset of these outcomes specific to
asthma that included (1) asthma-related in-patient stays, (2)
asthma-related ED visits, (3) asthma-related office visits, and (4)
asthma-related pharmacy expenditure.

REFERENCE
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TABLE E1. Adjusted rate ratio and risk ratio (95% CI)* for asthma utilizations in 2013 for each covariate determined in 2012 in the
regression models with severe uncontrolled asthma (SUA) and non—severe uncontrolled asthma (non-SUA)

Covariates (2012)

Adjusted rate and risk ratios (95% CI) for asthma utilization (2013)

Exacerbation rate
(number/y)

21 exacerbation

22 exacerbations

=1 emergency
department visit

21 hospitalization

Ages 18-64 vs 12-17
Ages > 65 vs 12-17

Female vs male

Asian/Pacific Islander vs white

Black vs white

Hispanic vs white
Geocoded < high school diploma

Medicare (Y/N)

Private insurance (Y/N)

Obesity (Y/N)

Gastroesophageal reflux disease (Y/N)

Rhinitis (Y/N)

Chronic sinusitis (Y/N)
Acute upper respiratory infections (Y/N)

Pneumonia (Y/N)

1.23 (1.12-1.35)
1.37 (1.16-1.62)
1.17 (1.10-1.25)
1.15 (1.03-1.28)
1.39 (1.27-1.52)
1.30 (1.20-1.40)

1.0 (1.00-1.01)
0.84 (0.73-0.98)
0.98 (0.88-1.09)
1.16 (1.09-1.23)
1.11 (1.03-1.20)
1.03 (0.96-1.10)
1.29 (1.19-1.39)
1.24 1.17-1.32)
1.57 (1.41-1.75)

Nasal polyps (Y/N)

Anxiety or depression (Y/N)

>7 SABA dispensed canisters (Y/N)
Asthma specialist care (Y/N)

1.44 (1.16-1.78)
1.06 (0.99-1.13)
1.43 (1.33-1.54)
1.08 (1.00-1.16)

1.09 (1.01-1.18)
1.18 (1.03-1.34)
1.18 (1.12-1.24)
1.13 (1.03-1.24)
1.23 (1.14-1.32)
1.25 (1.17-1.33)
1.0 (1.0-1.0)
0.87 (0.78-0.98)
0.98 (0.90-1.07)
1.15 (1.09-1.21)
1.07 (1.00-1.14)
1.03 (0.97-1.09)
1.22 (1.15-1.30)
1.20 (1.14-1.26)
1.40 (1.28-1.52)
1.16 (1.00-1.35)
1.05 (0.99-1.11)
1.31 (1.24-1.39)
1.03 (0.97-1.09)

1.49 (1.24-1.79)
1.73 (1.29-2.30)
1.16 (1.04-1.29)
1.28 (1.06-1.55)
1.52 (1.32-1.76)
1.34 (1.17-1.53)
1.01 (1.00-1.01)
0.86 (0.68-1.10)
1.01 (0.84-1.21)
1.18 (1.07-1.31)
1.09 (0.96-1.23)
1.06 (0.94-1.19)
1.32 (1.17-1.50)
1.34 (1.20-1.49)
1.64 (1.38-1.94)

1.55 (1.19-2.00)
1.15 (1.02-1.29)
1.59 (1.42-1.79)
1.12 (0.99-1.27)

0.80 (0.67-0.94)
0.88 (0.64-1.20)
1.19 (1.04-1.34)
1.31 (1.04-1.66)
2.16 (1.82-2.56)
1.65 (1.40-1.94)
1.01 (1.00-1.01)
0.90 (0.68-1.20)
0.79 (0.62-1.01)
1.11 (0.98-1.25)
1.16 (1.00-1.35)
0.77 (0.67-0.88)
0.91 (0.77-1.08)
1.10 (0.97-1.25)
1.50 (1.22-1.84)

1.48 (1.00-2.20)
1.22 (1.06-1.40)
1.57 (1.37-1.80)
1.15 (0.99-1.33)

1.08 (0.67-1.75)
2.77 (1.39-5.52)
1.49 (1.11-2.00)
2.13 (1.41-3.23)
1.75 (1.20-2.55)
1.34 (0.93-1.91)
1.01 (1.00-1.02)
0.80 (0.45-1.43)
0.83 (0.53-1.30)
1.62 (1.23-2.11)
1.38 (1.01-1.87)
0.95 (0.70-1.29)
0.76 (0.53-1.10)
1.02 (0.76-1.37)
2.21 (1.48-3.30)
2.13 (1.06-4.31)
1.18 (0.88-1.59)
2.19 (1.65-2.90)
1.22 (0.89-1.67)

SABA, Short-acting B,-agonist.

Bold values indicate significant differences between comparisons at P<.05.
*Poisson regression models with robust error variance were used to estimate the adjusted rate and risk ratios and their 95% confidence intervals (CI).

TABLE E2. Adjusted risk ratios (RR) (95% CI)* for asthma medication dispensed and asthma specialist care in 2013 for each covariate
determined in 2012 in the regression models with severe uncontrolled asthma (SUA) and non—severe uncontrolled asthma (non-SUA)

Covariates (2012)

Adjusted risk ratio (95% CI) for asthma medication or asthma specialty care (2013)

Oral

Controller proportion
corticosteroid = 5 mg/d of days covered = 0.8

Asthma medication

ratio = 0.5

27 SABA canisters

dispensed

Asthma specialist
care

Ages 18-64 vs 12-17

Ages > 65 vs 12-17

Female vs male

Asian/Pacific Islander vs white

Black vs white

Hispanic vs white

Geocode < high school diploma
Medicare (Y/N)

Private insurance (Y/N)

Obesity (Y/N)

Gastroesophageal reflux disease (Y/N)
Rhinitis (Y/N)

Chronic sinusitis (Y/N)

Acute upper respiratory infections (Y/N)
Pneumonia (Y/N)

Nasal polyps (Y/N)

Anxiety or depression (Y/N)

>7 SABA dispensed canisters (Y/N)
Asthma specialist care (Y/N)

7.71 (3.64-16.32)
9.01 (3.85-21.10)
0.89 (0.73-1.07)
1.13 (0.82-1.55)
1.41 (1.10-1.80)
0.97 (0.76-1.23)
1.00 (0.99-1.01)
1.09 (0.70-1.69)
1.12 (0.85-1.49)
1.12 (0.93-1.34)
1.28 (1.05-1.56)
0.84 (0.67-1.05)
1.82 (1.48-2.23)
0.97 (0.80-1.19)
1.38 (1.00-1.91)
1.86 (1.30-2.67)
1.15 (0.94-1.41)
2.41 (1.99-2.92)
3.27 (2.62-4.08)

1.64 (1.44-1.88)
1.90 (1.59-2.28)
1.12 (1.05-1.19)
0.78 (0.70-0.87)
0.72 (0.66-0.79)
0.63 (0.58-0.68)
1.00 (1.00-1.00)
1.16 (1.02-1.33)
0.92 (0.83-1.01)
1.02 (0.96-1.08)
1.13 (1.05-1.21)
1.05 (0.98-1.13)
1.14 (1.06-1.23)
0.93 (0.87-0.99)
0.92 (0.80-1.05)
1.19 (1.01-1.40)
1.00 (0.93-1.07)
1.26 (1.18-1.35)
1.61 (1.51-1.72)

1.12 (1.08-1.15)
1.13 (1.08-1.18)
1.02 (1.00-1.03)
1.01 (0.99-1.04)
0.93 (0.91-0.95)
0.93 (0.91-0.95)
1.00 (1.00-1.00)
1.05 (1.02-1.09)
0.96 (0.93-0.98)
1.01 (0.99-1.02)
1.04 (1.02-1.05)
1.05 (1.03-1.07)
1.03 (1.01-1.05)
0.98 (0.96-1.00)
0.98 (0.94-1.01)
1.06 (1.02-1.11)
0.96 (0.94-0.98)
0.78 (0.76-0.80)
1.13 (1.11-1.15)

1.88 (1.56-2.26)
2.47 (1.95-3.14)
0.90 (0.84-0.98)
0.74 (0.63-0.86)
0.98 (0.88-1.10)
0.87 (0.79-0.97)
1.00 (1.00-1.01)
1.15 (0.98-1.36)
0.95 (0.84-1.07)
1.09 (1.00-1.18)
1.11 (1.00-1.22)
0.91 (0.82-1.00)
0.89 (0.79-1.00)
0.93 (0.84-1.02)
1.10 (0.93-1.31)
1.27 (0.95-1.70)
0.94 (0.86-1.04)
14.3 (12.9-15.86)
1.03 (0.93-1.14)

1.12 (1.04-1.20)
1.26 (1.13-1.40)
1.08 (1.04-1.13)
0.98 (0.92-1.05)
0.91 (0.86-0.97)
0.89 (0.85-0.94)
1.00 (1.00-1.00)
1.10 (1.00-1.20)
0.99 (0.93-1.06)
0.99 (0.95-1.03)
1.10 (1.05-1.16)
1.21 (1.15-1.27)
1.05 (1.00-1.10)
1.02 (0.97-1.06)
1.01 (0.93-1.10)
1.11 (1.00-1.23)
1.01 (0.96-1.06)
1.30 (1.24-1.37)
5.15 (4.87-5.45)

SABA, Short-acting ,-agonist.

Bold values indicate significant differences between comparisons at P<.05.

*Poisson regression models with robust error variance were used to estimate the adjusted rate ratio and risk ratio and their 95% confidence intervals (CI).
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TABLE E3. Unadjusted average direct costs per patient in 2013 US dollars ($USD) by type of utilization in patients with severe
uncontrolled asthma (SUA) and non—severe uncontrolled asthma (non-SUA) (mean + SD): (A) all-cause and (B) asthma-related

PA cohort (N = 25,935) SUA (N = 585) Non-SUA (N = 25,350)
All-cause and asthma-related direct costs (2013) ($USD) ($USD) ($USD) P value*

(A) All-cause costs

Total-all cause costs 3466 + 5177 5851 £ 5230 3411 £ 5162 <.001
Hospitalization including laboratory and radiology 849 + 3947 1262 + 4007 840 + 3945 <.001
Hospital outpatient 78 £ 401 92 £ 335 78 £ 403 0.02

Emergency department including laboratory and radiology 75 + 225 127 £ 335 74 + 222 <.001
Outpatient visits including laboratory and radiology 1110 £ 1138 1626 £ 1365 1099 £ 1130 <.001
Laboratory not accounted by above visit encounters 65 £ 129 112 £+ 206 64 £ 127 <.001
Radiology not accounted by above visit encounters 60 £ 168 72 £ 166 59 £ 168 .002
Asthma medicationt 1183 £ 1214 2522 £ 1610 1152 £+ 1186 <.001
Home health 11 £79 124 + 61 10.8 £ 80 002
Skilled nursing facility 35 + 1075 27 £+ 642 35 4+ 1083 .39

(B) Asthma-related costs
Total asthma-related costs 1299 + 1467 2965 + 2273 1261 £ 1420 <.001
Asthma hospitalization including laboratory and radiology 56 + 679 247 + 1404 52 + 652 <.001
Asthma emergency department including laboratory and 7+ 47 25 + 118 6 + 44 <.001
radiology

Asthma outpatient visits including laboratory and radiology 54 £ 119 172 £+ 232 51 £ 114 <.001
Asthma medication 1183 + 1214 2525 £+ 1610 1152 + 1186 <.001

Bold values indicate significant differences between comparisons at P<.05.
*P value: Wilcoxon rank-sum test.
fNonasthma medication was not captured.
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