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Purpose: The identification of risk factors associated with uncontrolled moderate-to-severe asthma is important to improve asthma 
outcomes. Aim of this study was to identify risk factors for uncontrolled asthma in United States cohort using electronic health record 
(EHR)-derived data.
Patients and Methods: In this retrospective real-world study, de-identified data of adolescent and adult patients (≥12 years old) with 
moderate-to-severe asthma, based on asthma medications within 12 months prior to asthma-related visit (index date), were extracted 
from the Optum® Humedica EHR. The baseline period was 12 months prior to the index date. Uncontrolled asthma was defined as ≥2 
outpatient oral corticosteroid bursts for asthma or ≥2 emergency department visits or ≥1 inpatient visit for asthma. A Cox proportional 
hazard model was applied.
Results: There were 402,403 patients in the EHR between January 1, 2012, and December 31, 2018, who met the inclusion criteria 
and were analyzed. African American (AA) race (hazard ratio [HR]: 2.08), Medicaid insurance (HR: 1.71), Hispanic ethnicity (HR: 
1.34), age of 12 to <18 years (HR 1.20), body mass index of ≥35 kg/m2 (HR: 1.20), and female sex (HR 1.19) were identified as risk 
factors associated with uncontrolled asthma (P < 0.001). Comorbidities characterized by type 2 inflammation, including a blood 
eosinophil count of ≥300 cells/μL (as compared with eosinophil <150 cells/μL; HR: 1.40, P < 0.001) and food allergy (HR: 1.31), were 
associated with a significantly higher risk of uncontrolled asthma; pneumonia was also a comorbidity associated with an increased risk 
(HR: 1.35) of uncontrolled asthma. Conversely, allergic rhinitis (HR: 0.84) was associated with a significantly lower risk of 
uncontrolled asthma.
Conclusion: This large study demonstrates multiple risk factors for uncontrolled asthma. Of note, AA and Hispanic individuals with 
Medicaid insurance are at a significantly higher risk of uncontrolled asthma versus their White, non-Hispanic counterparts with 
commercial insurance.
Keywords: asthma, underserved, uncontrolled, Medicaid

Introduction
Asthma is one of the most common chronic diseases, affecting >300 million people worldwide.1 Among the 26 million 
Americans with asthma, approximately 5% to 10% of patients have severe asthma. In about half of these patients, severe 
asthma remains uncontrolled.2 In the United States (US), the total annual economic burden of asthma (2008–2013) was 
estimated at $81.9 billion, of which 61% was associated with medical costs and the remaining was attributable to either 
absenteeism or mortality.3 The total economic burden of uncontrolled asthma in the US during the next 20 years is 
estimated to be $963.5 billion when indirect costs are included, and adults and adolescents are expected to lose 
>15 million quality-adjusted life years (QALYs) during the next two decades because of uncontrolled asthma.4
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Type 2 inflammation, found in at least 50% of people with severe asthma, is an important disease mechanism,5 

characterized by immunoglobulin E (IgE)-mediated allergy, eosinophilia (lung, sputum, and/or blood), and/or increased 
fractional exhaled nitric oxide (FeNO) levels.6 Type 2 asthma is associated with co-morbidities, such as chronic 
rhinosinusitis with nasal polyps, atopic dermatitis, and eosinophilic esophagitis, which are also driven by Type 2 
inflammation.6

Socioeconomic and insurance status, asthma severity, and prior healthcare utilization have been shown to predict the 
risk of hospitalization,3,5–8 in the US. Thus, identifying patients who are at the higher risk for uncontrolled asthma and 
proactively applying targeted interventions to high-risk asthma patients could lead to reduced asthma morbidity and 
mortality.8–12 There are few large, longitudinal studies that have examined factors contributing to asthma exacerbations 
and these studies have shown patient characteristics such as race and ethnicity to be predictors of uncontrolled asthma.13–15 

Electronic health record (EHR)-derived data offer convenient and low-cost access to information for the study of asthma 
exacerbations and comorbidity patterns among asthma patients over longer time periods than is possible in clinical 
trials.13–15

The objective of this study was to identify risk factors for uncontrolled asthma in adolescent and adult patients with 
moderate-to-severe asthma using the Optum® Humedica EHR-derived data.

Materials and Methods
Study Design and Patients
In this retrospective real-world study, de-identified EHR-derived data of adolescent and adult patients (≥12 years 
old) with moderate-to-severe asthma were used. Patients were identified based on asthma medications prescribed 
within the 12 months prior to an asthma-related visit (index date) as follows: (1) medium- to high-dose inhaled 
corticosteroid (ICS) plus ≥1 additional controller medication, or (2) oral corticosteroids (OCS) for ≥90 days (OCS- 
dependent asthma), or (3) ≥3 OCS prescriptions for asthma within the 12 months prior to an asthma-related visit 
(OCS-dependent asthma). Patients were required to have ≥12 months of EHR data coverage before and after the 
index date. Uncontrolled asthma was defined as asthma with any of the following: (1) ≥2 outpatient OCS bursts for 
asthma within any 12-month period (defined as <14 days of OCS in an outpatient setting with asthma diagnosis 
within 7 days of the corticosteroid prescription date); (2) ≥2 emergency department (ED) visits; or (3) ≥1 
hospitalization/inpatient visit for asthma. Patients were excluded if they had a diagnosis of chronic obstructive 
pulmonary disease.

The baseline period was the 12 months prior to the index date. The follow-up period was the ≥12-month period after 
the index date. As this study met the preapproved criteria for real-world evidence under an umbrella institutional review 
board (IRB) of Sanofi (protocol number: AA_00029), this study was exempt from obtaining IRB approval and informed 
patient consent because it constitutes research of anonymized data. Further, preapproval criteria’ suggests the exemption 
of IRB for real-world studies such as this utilizing secondary data ie claims/EHR data from Optum (instead of primary 
data of patients collected for research purposes).

Data Sources and Collection
Data were extracted from the Optum® Humedica EHR database of US patients with Medicaid or commercial insurance 
from January 1, 2012, to December 31, 2018. Optum® Humedica is a US EHR database with >95 million patient lives. 
The Humedica longitudinal clinical repository combines data from >50 US integrated delivery networks (IDNs) and 
includes >700 hospitals and 7000 clinics, covering patients from all US census regions and with all types of insurances. 
The following data were collected at baseline: (1) asthma medication use, including additional medication-related 
information, such as counts of prescriptions, fills and cumulative days’ supply; (2) days’ supply, prescription counts, 
and fills for short-acting beta agonists (SABA) and ICS; (3) sociodemographic characteristics; (4) medical history; and 
(5) clinical and disease characteristics, including asthma exacerbation-related information and comorbidities (coded in 
ICD-9 or ICD-10 post-October 2015).
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Uncontrolled Asthma
The following variables were extracted during the 12-month baseline period to assess risk factors associated with 
uncontrolled asthma: (1) sociodemographic variables, such as age, sex, race (African-American [AA], Asian, White, 
other/unknown), ethnicity (Hispanic, non-Hispanic, and unknown), insurance type (Medicaid and commercial), body 
mass index) BMI (<25, 25 to <30, 30 to <35, and ≥35 kg/m2), and smoking status (current smoker, former smoker, non- 
smoker, and unknown); (2) asthma-related healthcare resource utilization (HCRU), such as outpatient visits, ED visits, 
and inpatient visits (hospitalizations); (3) blood eosinophil count:<150 cells/μL, 150 to <300 cells/μL, and ≥300 cells/μL; 
(4) filled prescription for medications/treatments, such as SABA use, OCS bursts, flu vaccine, and ICS use; (5) 
comorbidities including chronic rhinosinusitis, eosinophilic esophagitis, allergic conjunctivitis, hives, depression, anxi-
ety, obesity, food allergy, atopic dermatitis, nasal polyps, allergic rhinitis (AR), pneumonia, and acute sinusitis; (6) 
Charlson comorbidity index (CCI) score (0, 1, 2, ≥3). CCI is the most used index in health outcomes studies, which 
assigns a weight ranging from 1 to 6 according to disease severity for 19 conditions.16

Statistical Analysis
A Cox proportional hazard model was applied to discover factors associated with uncontrolled asthma, adjusting for 
baseline characteristics, including age, sex, race, ethnicity, insurance, asthma clinical factors (eg, OCS dependence), 
and other clinical factors (eg, smoking, BMI, depression, and anxiety). The current analysis is a multivariable 
analysis, ie all risk factors are included in the Cox proportion hazard model and assessed at the same time. P < 
0.001 was considered the threshold for statistical significance. Primary analysis was performed on patients with 
uncontrolled asthma defined as OCS≥3, ED≥2, and Hospitalization (Hosp) ≥1. Sensitivity analyses were performed 
to analyze the impact of the differing definitions of uncontrolled asthma in our findings: (1) OCS ≥2, ED ≥1, Hosp 
≥1; (2) OCS≥3, ED≥2, and Hosp ≥1; (3) OCS ≥3 and ED ≥1, and Hosp ≥1. Data were analyzed using Python 3.6 
and module lifeline.

Results
There were 402,403 patients in the EHR between January 1, 2012, and December 31, 2018, who met the inclusion 
criteria and were included for analysis. Most patients were female (68%), non-Hispanic (90%), White (79%), and non- 
smokers (41%). The most common asthma medications were ICS (93%), long-acting bronchodilator inhaler (LABA) 
(80%), and SABA (73%). Demographic and baseline characteristics are shown in Table 1. The results are based on 
longitudinal analyses.

Sociodemographic Factors
The following sociodemographic variables were associated with a significantly increased risk of uncontrolled asthma: 
AA race, smoking, Medicaid insurance, adolescent age, Hispanic ethnicity, female sex, and obesity. AA and Medicaid 
insurance showed the greatest association with a 2.08 (95% CI 2.00–2.16) and 1.71 (95% CI 1.65–1.78) -times increased 
risk of uncontrolled asthma, respectively (Table 2). The results of sensitivity analyses were consistent with the primary 
analysis for sociodemographic-related risk factors (eFigure S1).

Healthcare Utilization
All asthma related HCRU, such as outpatient visits, ED visits, and inpatient visits were associated with a significantly 
increased risk of uncontrolled asthma (Table 3). Inpatient and ED visits showed a 2.01 (95% CI 1.92–2.11) - and 1.41 
(95% CI 1.40–1.43) -times increased risk of uncontrolled asthma, respectively, whereas outpatient visit showed a smaller 
relative risk of 1.03 of uncontrolled asthma. The results of sensitivity analyses were consistent with the primary analysis 
for HCRU-related risk factors (eFigure S2).
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Table 1 Patient Characteristics During 12-Month Baseline Period

All Patients  
(N= 402,304)

Uncontrolled  
(N= 40,424)

Controlled  
(N= 361,880)

Demographics, n (%)
Age (years)

12 to <18 32,117 (7.9) 3261 (8.1) 28,856 (8.0)
18 to <45 153,107 (38.1) 16,961 (42.0) 136,146 (37.6)

45 to <65 156,040 (38.8) 14,587 (36.1) 141,453 (39.1)

≥65 61,040 (15.2) 5615 (13.9) 55,425 (15.3)
Sex

Female 273,721 (68.0) 29,528 (73.1) 244,193 (67.5)
Male 128,392 (31.9) 10,876 (26.9) 117,516 (32.5)

Unknown 191 (0.1) 20 (0.05) 171 (0.05)

Race
African-American 54,300 (13.5) 8841 (21.9) 45,459 (12.6)

Asian 6,204 (1.5) 449 (1.1) 5,755 (1.6)

White 317,433 (78.9) 28,519 (70.5) 288,914 (79.8)
Other/Unknown 24,367 (6.1) 2615 (6.5) 21,752 (6.0)

Ethnicity

Hispanic 22,052 (5.5) 3036 (7.5) 19,016 (5.3)
Non-Hispanic 360,899 (89.7) 35,850 (88.7) 325,049 (89.8)

Unknown 19,353 (4.8) 1538 (3.8) 17,815 (4.9)

Region
Midwest 213,852 (53.2) 17,843 (44.1) 196,009 (54.2)

Northeast 48,267 (12.0) 5643 (14) 42,624 (11.8)

South 96,124 (23.9) 13,356 (33) 82,768 (22.9)
West 29,441 (7.3) 1962 (4.9) 27,479 (7.6)

Other/Unknown 14,620 (3.6) 1620 (4) 13,000 (3.6)

Insurance type, n (%)
Commercial 227,209 (56.5) - -

Medicaid 56,857 (14.1) - -

Medicare 60,530 (15) - -
Comorbidities, n (%)

Anxiety 58,130 (14.5) 6896 (17.1) 51,234 (14.2)

Chronic rhinitis 35,749 (8.9) 4421 (10.9) 31,328 (8.7)
Acute sinusitis 47,035 (11.7) 5527 (13.7) 41,508 (11.5)

Pneumonia 16,602 (4.1) 2515 (6.2) 14,087 (3.9)

Hives 5,611 (1.4) 631 (1.6) 4980 (1.4)
Obesity 58,370 (14.5) 7065 (17.5) 51,305 (14.2)

Food allergy 3322 (0.8) 482 (1.2) 2840 (0.8)

Atopic dermatitis 3209 (0.8) 382 (0.9) 2827 (0.8)
Nasal polyps 3055 (0.8) 418 (1.0) 2637 (0.7)

Eosinophilic esophagitis 1557 (0.4) 137 (0.3) 1420 (0.4)

Allergic rhinitis 79,140 (19.7) 8125 (20.1) 71,015 (19.6)
Allergic conjunctivitis 9392 (2.3) 867 (2.1) 8525 (2.4)

Depression 59,785 (14.9) 6983 (17.3) 52,802 (14.6)

CCI
0 326,963 (81.3) 32152 (79.5) 294,811 (81.5)

1 14,883 (3.7) 1603 (4.0) 13,280 (3.7)

2 37,323 (9.3) 4158 (10.3) 33,165 (9.2)
≥3 23,135 (5.8) 2511 (6.2) 20,624 (5.7)

(Continued)
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Eosinophils Count
Elevated blood eosinophil count (150 to <300 cells/μL and ≥300 cells/μL) was associated with a significantly increased 
risk of uncontrolled asthma (Table 4). This indicates that the patients with blood eosinophil count of 150 to <300/μL and 
≥300/μL were significantly more likely to be diagnosed with uncontrolled asthma than patients with blood eosinophil 
count of <150 cells/μL. Blood eosinophil count of ≥300 cells/μL showed the greatest association with a 1.40 (95% CI 
1.34–1.47)-times increased risk of uncontrolled asthma. The results of sensitivity analyses were consistent with that of 
the primary analysis for blood eosinophil count-related risk factors (eFigure S3).

Table 1 (Continued). 

All Patients  
(N= 402,304)

Uncontrolled  
(N= 40,424)

Controlled  
(N= 361,880)

Medication, n (%)
ICS 374,269 (93.0) 34,269 (84.8) 340,000 (94.0)

LABA 319,904 (79.5) 29,501 (73.0) 290,403 (80.2)

SABA 29,305 (72.9) 32,490 (80.4) 260,915 (72.1)
Leukotriene 127,192 (31.6) 13,397 (33.1) 113,795 (31.4)

Any OCS use 115,459 (28.7) 21,440 (53) 94,019 (26)

Influenza vaccination 86,305 (21.5) 9022 (22.3) 77,283 (21.4)
OCS dependency 34,883 (8.7) 8410 (20.8) 26,473 (7.3)

Tiotropium 5447 (1.4) 779 (1.9) 4668 (1.3)

Biologics 2482 (0.6) 411 (1.0) 2071 (0.6)
Theophylline 1734 (0.4) 277 (0.7) 1457 (0.4)

Prescription fills, mean (±SD)
ICS fills* 6.84 (±56.5) 5.01 (±49.1) 7.05 (±57.2)
ICS days** supply 43.97 (±1888.1) 42.99 (±2094.7) 44.08 (±1863.6)

SABA fills 8.66 (±110.1) 8.15 (±129.5) 8.72 (±107.7)

SABA days supply 32.32 (±2065.1) 38.88 (±2426.6) 31.59 (±2020.7)
Laboratory observations, n (%)
Absolute eosinophil count (cells/µL)

<150 64,249 (16.0) 7565 (18.7) 56,684 (15.7)
150 to <300 42,397 (10.5) 4460 (11.0) 37,937 (10.5)

≥300 44,563 (11.1) 5920 (14.6) 38,643 (10.7)
Not recorded 251,095 (62.4) 22,479 (55.6) 228,616 (63.2)

Other, n (%)
Smoking status

Current 61,620 (15.3) 7224 (17.9) 54,396 (15.0)

Never 164,957 (41.0) 16,435 (40.7) 148,522 (41.0)

Previous 67,240 (16.7) 6241 (15.4) 60,999 (16.9)
Not currently 49,545 (12.3) 6407 (15.8) 43,138 (11.9)

Other /Unknown 58,942 (14.7) 4117 (10.2) 54,825 (15.2)

BMI (kg/m2)
<25 85,977 (21.4) 7525 (18.6) 78,452 (21.7)

25 to <30 98,145 (24.4) 8891 (22.0) 89,254 (24.7)

30 to <35 82,147 (20.4) 8178 (20.2) 73,969 (20.4)
≥35 109,458 (27.2) 12,941 (32.0) 96,517 (26.7)

Not recorded 26,577 (6.6) 2889 (7.1) 23,688 (6.5)

Notes: *Fills defined as “any prescription fill in claims data for a given medication.” **Days supply defined as “number of days 
for which prescription was filled”. 
Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; ICS, inhalational corticosteroids; LABA, long-acting 
beta agonists; OCS, oral corticosteroids; SABA, short-acting beta agonists; SD, standard deviation.
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Comorbidities
Among comorbidity-related risk factors, pneumonia, food allergy, and anxiety/depression were associated with 
a significantly increased risk of uncontrolled asthma by 1.35 (95% CI 1.27–1.44), 1.31 (95% CI 1.16–1.49) and 1.10 
(95% CI 1.06–1.14) -times, respectively (Table 5). AR was associated with a significantly lower risk of uncontrolled 
asthma, with a hazard ratio of 0.84 (95% CI 1.06–1.14). The results of sensitivity analyses were consistent with that of 
the primary analysis for comorbidities-related risk factors (eFigure S4).

Baseline Medication
The use of SABA and OCS at baseline were associated with a significantly increased risk of uncontrolled asthma 
(Table 6). The use of SABA and OCS bursts showed an increased risk of uncontrolled asthma by 1.04 (95% CI 1.04– 

Table 2 Summary of Sociodemographic Related Risk Factors

Variable HR 95% CI

Age (12 to <18 years) 1.20* 1.13–1.28
Sex, female 1.18* 1.14–1.23

Race†

Asian 0.93 0.79–1.10
African American 2.08* 2.00–2.16

Ethnicity, Hispanic 1.34* 1.24–1.45

BMI††, kg/m2

25–30 1.04 0.99–1.09

30–35 1.06 1.00–1.12
≥35 1.20* 1.14–1.26

Smoking status†††

Current smoker 1.14* 1.09–1.19
Previous smoker 1.14* 1.10–1.19

Insurance type, Medicaid 1.71* 1.65–1.78

Notes: HR >1 indicates an increased risk; HR <1 indicates a decreased risk. *Statistically 
significant (p < 0.001). †Caucasian/White was used as the reference point. ††BMI < 25 was used 
as the reference point. †††Never smoker was used as the reference point. 
Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio.

Table 3 Summary of Risk Factors Related to Healthcare Resource 
Utilization

Variable HR 95% CI

Outpatient visit 1.03 1.01–1.05
Inpatient visit 2.01* 1.92–2.11

Emergency visit 1.41* 1.40–1.43

Notes: HR >1 indicates an increased risk; HR <1 indicates a decreased risk. 
*Statistically significant (P < 0.001). 
Abbreviations: CI, confidence interval; ED, emergency department; Hosp, hospitaliza-
tion; HR, hazard ratio; OCS, oral corticosteroids.

Table 4 Summary of Risk Factors Related to Eosinophil Count

Variable HR 95% CI

EOS†

150 to <300 1.11* 1.06–1.17

≥300 1.40* 1.34–1.47

Notes: HR >1 indicates an increased risk; HR <1 indicates a decreased risk. †EOS 
<150/μL is reference point. *Statistically significant (P < 0.001). 
Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio.
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1.04)- and 1.45 (95% CI 1.41–1.50)-times, respectively. Use of ICS and administration of the flu vaccine were associated 
with a significantly lower risk of uncontrolled asthma, with HR of 0.91 (95% CI 0.89–0.93) and 0.90 (95% CI 0.86– 
0.93), respectively (Table 6). The results of sensitivity analyses were consistent with that of the primary analysis for 
baseline medication-related risk factors (eFigure S5).

Discussion
Using the Optum® Humedica EHR with >400,000 patients with asthma, we found a higher risk of uncontrolled asthma 
among patients (1) of AA race, (2) with Medicaid insurance, (3) of adolescent age, (4) of Hispanic ethnicity, (5) of 
female sex, (6) who are current or previous smokers, (7) with obesity (BMI ≥ 35 kg/m2), (8) with type 2 comorbidities 
(food allergy, nasal polyposis, and chronic rhinosinusitis) or biomarkers (elevated eosinophil count), and (9) with HCRU. 
To our knowledge, this is the largest recent study with large mix of Medicaid and commercial insurance highlighting the 
leading risk factors associated with uncontrolled asthma using an EHR database.

Our results are generally consistent with earlier findings of demographic risk for uncontrolled asthma. Previous 
studies have shown an increased risk of acute exacerbation of asthma in AA and Hispanic patients.17,18 Further, our 
results are consistent with the findings showing that AA race was significantly and positively associated with severe 
asthma exacerbation (4.3-fold increased risk).19 Our findings in Medicaid patients are consistent with a previously 

Table 5 Summary of Risk Factors Related to Comorbidities

Variable HR 95% CI

Chronic rhinosinusitis 1.07 1.02–1.13
Eosinophilic esophagitis 0.96 0.74–1.24

Allergic conjunctivitis 0.87 0.78–0.96

Hives/Urticaria 0.96 0.85–1.09
Food allergy 1.31* 1.16–1.49

Atopic dermatitis 1.07 0.92–1.25

Nasal polyps 1.23 1.04–1.46
Allergic rhinitis 0.84* 0.81–0.88

Pneumonia 1.35* 1.27–1.44
Acute sinusitis 1.00 0.95–1.05

CCI

1 1.03 0.95–1.12
2 0.93 0.88–0.98

≥3 0.92 0.85–0.99

Anxiety/Depression 1.10* 1.06–1.14

Notes: HR >1 indicates an increased risk; HR <1 indicates a decreased risk. 
*Statistically significant (P < 0.001). 
Abbreviations: CCI, Charlson comorbidity index; CI, confidence interval; HR, 
hazard ratio.

Table 6 Summary of Risk Factors Related to Baseline Medication

HR 95% CI

Prescription counts at baseline
SABA 1.04* 1.04–1.04

ICS 0.91* 0.89–0.93

OCS bursts 1.45* 1.41–1.50
Flu vaccine 0.90* 0.86–0.93

Notes: HR >1 indicates an increased risk; HR <1 indicates a decreased risk. *Statistically 
significant (P < 0.001). 
Abbreviations: CI, confidence interval; HR, hazard ratio; ICS, inhalational corticosteroids; 
OCS, oral corticosteroids; SABA, short-acting beta agonists.
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published study20 that showed a significant association of Medicaid insurance with poorly controlled asthma. Our study 
also showed that the risk of uncontrolled asthma was higher in the adolescent age range (12 to <18 years) than in the 
elderly. This finding may be attributable to lower adherence among adolescent patients, a lower likelihood of receiving 
inhaled steroids, lower self-monitoring, and/or lack of connection with an asthma care provider.21–23 This issue warrants 
further study, but a detailed analysis of uncontrolled asthma in minority adolescents is beyond the scope of the current 
study. In the present study, female sex was associated with an increased risk of uncontrolled asthma, consistent with 
previously published studies24,25 reporting that adolescent females were more likely to report severe and uncontrolled 
asthma, with frequent visits to healthcare professionals. The obesity-related asthma phenotype in female patients is 
associated with severe symptoms and preserved lung function; molecular mechanisms include oxidative stress, airway 
neutrophil activation, and increased innate immune activity.26 Current or previous smokers were also identified to be at 
higher risk of uncontrolled asthma in this study. Although the potential mechanisms underlying smoking-associated 
asthma are unclear, T2-low neutrophilic and steroid-resistant phenotypes may be considered.27

We found that certain co-morbidities are associated with an increased risk of uncontrolled asthma. Anxiety/depression 
was associated with a significantly increased risk of uncontrolled asthma, consistent with a previous real-life study 
indicating that these are common and relevant comorbidities in individuals with asthma and are associated with 
uncontrolled asthma.28 Furthermore, the present study shows that the risk of uncontrolled asthma is 1.40 times greater 
in patients who had blood eosinophil count of ≥300 cells/μL than in patients with blood eosinophil count of <150 cells/ 
µL. This finding is consistent with previous work,29 which reported that a high blood eosinophil count was an 
independent risk factor for two or more asthma exacerbations, or any asthma-related ED visit or hospitalization. Type 
2 inflammation is the key characteristic feature of uncontrolled, persistent asthma and several other inflammatory 
diseases, including chronic rhinosinusitis and AR, which can manifest as distinct or comorbid diseases with asthma.6 

In the present study chronic rhinosinusitis was found to be associated with higher risk of uncontrolled asthma. However, 
in contrast to the previous findings where chronic rhinosinusitis was significantly (OR: 1.45, 95% CI 1.06–1.99, P=0.02) 
associated with increased risk of uncontrolled asthma,30 this association was not significant in the present study. Among 
other comorbidities-related risk factors, risk of uncontrolled asthma was significantly lower in patients who had AR. This 
is not consistent with the previous reports, in which the patients with moderate-to-severe rhinitis had a 12.7-fold increase 
(95% confidence interval [CI], 1.73–92.85) in the odds of having uncontrolled asthma compared with those without 
rhinitis.31 The contradictory findings could possibly be due to greater exposure of patients, included in our study, to the 
healthcare system and, thus, more regular touchpoints with the health system for disease management including asthma. 
The nature of this finding is beyond the scope of this study and should be investigated further. Also, the use of ICD coded 
data to identify comorbidities may have limited accuracy which might have led to overlap in reporting of these 
comorbidities, including chronic rhinosinusitis and AR. The present study showed that asthma-related healthcare 
utilization, such as inpatient visits or ED visits, was also highly associated with uncontrolled asthma risk. These findings 
are consistent with the TENOR study showing that the occurrence of a recent severe exacerbation requiring an ED/ 
hospital admission increased the odds of a future exacerbation nearly three-fold, compared with patients with exacerba-
tions not requiring admission.32

Limitation
The definitive interpretation of our study data may be limited by certain methodologic considerations, including the 
definition of uncontrolled asthma, the inherent variability of uncontrolled asthma, and the use of an EHR. Our definition 
of uncontrolled asthma is consistent with international guidelines33,34 as we have captured the components of the 
uncontrolled asthma definition which are considered outcomes (eg, OCS use, ED visits, and hospitalization); therefore, 
our calculations may be an underestimate of uncontrolled disease in this patient population as non-outcome-related 
measures, eg, daily utilization of SABA, were not feasible. We conducted sensitivity analyses to mitigate the inherent 
variability in the definition of uncontrolled asthma because there is no gold standard definition for uncontrolled asthma. 
The results from the sensitivity analyses were generally consistent with those from the primary analysis.

By using the Optum® Humedica EHR data, we were able to identify a large sample of patients with moderate-to- 
severe asthma. Long-term follow-up, breadth of coverage, and representativeness of the US population allowed for 
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considerable statistical power while drawing robust conclusions about the risk factors associated with uncontrolled 
asthma. In the present study, ZIP code-level data were not available in the Optum® Humedica EHR database, so we could 
not analyze data geographically. The role of these risk factors in uncontrolled asthma in various patient populations (eg, 
urban vs rural) merits further investigation.

Conclusion
This large study demonstrates multiple risk factors for uncontrolled asthma. Of note, AA and Hispanic individuals with 
Medicaid insurance are at a significantly higher risk of uncontrolled asthma versus their White, non-Hispanic counter-
parts with commercial insurance. These findings may assist healthcare providers in identifying patients who are at the 
highest risk for uncontrolled asthma, such as AA adolescent females with Medicaid insurance, and may need closer and 
more frequent follow up to ensure their asthma is adequately controlled. Additionally, these data may assist providers in 
identifying patients who may warrant additional on adequate management of their asthma.

Abbreviations
AA, African-American; AR, allergic rhinitis; BMI, Body mass index; CCI, Charlson comorbidity index; ED, emergency 
department; EHR, electronic health record; FeNO, fractional exhaled nitric oxide; HR, hazard ratio; HCRU, healthcare 
resource utilization; IgE, immunoglobulin E; ICS, inhaled corticosteroid; IDNs, integrated delivery networks; IRB, 
institutional review board; LABA, long-acting bronchodilator inhaler; OCS, oral corticosteroids; QALYs, quality- 
adjusted life years; SABA, short-acting beta agonists; US, United States.
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