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Purpose: Determine if there is a difference in race, socioeconomic factors and baseline asthma severity at the time of biologic 
initiation and whether those characteristics are associated with response to therapy within 18 months of initiation. Additionally, 
evaluate racial differences in clinic engagement, healthcare utilization, and biologic adherence.
Patients and Methods: Retrospective review of patients initiating biologic therapy for moderate-severe asthma from January 1, 
2019–June 30, 2022. Multiple linear regression analyses were performed to examine whether race and socioeconomic status were 
associated with race-neutral percent predicted forced expiratory volume in one second (ppFEV1) prior to biologic prescription and 
within 18 months post biologic initiation. Differences in clinic engagement and healthcare utilization by race were assessed using 
Wilcoxon rank sum tests. Adherence was calculated using proportion of days covered (PDC).
Results: Patients (N=215) were White (69%) or Black or African American (27%). Most had commercial (54%) or Medicare (22%) 
insurance. At the time of biologic initiation, Black or African American/Other patients were estimated to have a 6.9% lower ppFEV1 
than White patients (p=0.057), had a higher percentage of no-show appointments (p<0.001), and there was a significant difference in 
distribution of percentage of appointments cancelled between White and Black or African American/Other patients (p = 0.0038). No 
significant differences in healthcare utilization were found by race. At follow-up, racial differences in ppFEV1 were 0.6% after 
adjusting for covariates and baseline ppFEV1 (p=0.893). Median PDC of biologic therapy was 0.96 (IQR 0.88–1.00), with no 
significant difference between race. Socioeconomic status was similar between the cohorts.
Conclusion: Although not statistically significant, our findings suggest a possible trend where Black or African American/Other 
patients had lower ppFEV1 at the time of biologic initiation, indicating an opportunity for earlier interventions.
Keywords: asthma, health inequities, social factors, social determinants of health

Introduction
Asthma is a heterogeneous inflammatory disease characterized by chronic airway obstruction manifesting with symptoms 
such as wheezing, cough, dyspnea, and chest tightness.1 Approximately 25 million people in the United States have 
asthma, including 6 million children under the age of 18 years.2 The Centers for Disease Control (CDC) estimates 11.8% 
of the 25 million individuals with asthma are considered below 100% of the poverty threshold.2 The inverse association 
between low socioeconomic status (SES) and morbidity and mortality in patients with chronic diseases is well 
established.3–7 Underserved groups, primarily in Black, Hispanic, American Indian and Alaska native populations and 
patients who are financially disadvantaged, are disproportionately burdened with management of their asthma disease and 
often have poorer asthma outcomes.8–10 In addition, environmental inequalities among these populations further 
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perpetuate this disparity.11 Studies have demonstrated air pollutants can exacerbate asthma symptoms and prolonged 
exposure can contribute to airway remodeling due to oxidative stress, airway inflammation and hyperresponsiveness.12–19

Biologic therapies have been shown to significantly reduce asthma exacerbations in patients with severe, uncontrolled 
disease.20,21 The 2021 Global Initiative for Asthma Guidelines (GINA) recommends consideration of biologic therapies 
as adjunct therapy in patients with severe asthma. Severe asthma is defined by patients requiring high dose inhaled 
corticosteroids (ICS) with a second controller drug (ex. long-acting beta antagonist), or those whose symptoms persist 
and/or experience frequent exacerbations despite these interventions.18,20,21 However, biologic therapies are expensive 
and often require a complex insurance approval process and subsequent financial assistance obtainment, which can be 
particularly challenging for low socioeconomic status and financially disadvantaged individuals.22 Delays in initiating 
therapeutic biologic asthma therapies may increase systemic steroid exposure, urgent care and hospitalization visits and 
risk of developing irreversible structural airway changes.23 Evidence suggests racial and ethnic minorities experience 
greater disease severity such as increased hospitalizations, emergency department visits, and mortality. Louie et al 
reported patients from an urban outpatient pulmonary and allergy clinic experienced less emergency department, and less 
average number of emergency department visits per year, after biologic initiation.5

Several factors, such as health disparities, low socioeconomic status, health literacy, or environmental exposure may 
contribute to patients presenting with uncontrolled disease.24 Access to therapies in the real world often requires 
a referral from a specialty clinician and insurance approval. Coordination and scheduling specialist visits can be difficult 
for patients with low SES and vulnerable populations. Insurance coverage, transportation challenges, and a shortage of 
specialist clinicians in underserved populations have been highlighted as critical barriers to vital healthcare.25 Akenroye 
et al found that patients from a historically marginalized group who were prescribed biologic therapy were 25% less 
likely to initiate treatment. Furthermore, patients with public insurance were less likely to initiate biologic therapy 
compared to those with private insurance.26

This study aimed to understand if patients in underserved populations and those with low SES have more uncon
trolled asthma at the time of biologic prescription. This study also aims to examine how racial and socioeconomic factors 
influence medication adherence and persistence, clinic engagement patterns, and healthcare resource utilization during 
the first 12 months after the initiation of biologics. Finally, this study aims to evaluate if race or SES impact response to 
therapy within the first 18 months of biologic therapy initiation. Understanding factors that impact disease status at 
baseline and patient outcomes on therapy can facilitate targeted patient engagement and interventions to promote health 
equity.

Materials and Methods
Study Design
This was a single-center, retrospective study of pediatric and adult patients with moderate-to-severe asthma at the 
Vanderbilt University Medical Center (VUMC) Allergy/Immunology/ Pulmonology clinics. Data for analysis of baseline 
status prior to biologic initiation was collected for patients 1 year before their biologic medication referral date. Follow- 
up data was collected up to 18 months after biologic initiation (Figure 1).

Study Population
Patients were included if they had at least one diagnosis of moderate-to-severe asthma (ICD10 of J45.4 or J45.5) and 
were initiated on benralizumab, dupilumab, mepolizumab or omalizumab from VUMC Allergy/Immunology/ 
Pulmonology clinic provider for moderate-to-severe asthma between January 1, 2019, and June 30, 2022. Patients 
were excluded if they had an indication for a biologic other than moderate-to-severe asthma, the biologic was not 
prescribed by a Vanderbilt provider, and if the patient had biologic use (provider administered or self-administered) 
within 6 months prior to the index date for an asthma indication (Figure 2).
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Figure 1 Study Design Timeline.

Figure 2 Patient Consort Diagram.
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Setting
This study was conducted at an academic medical center located in the southeastern United States, which operates an 
integrated health system specialty pharmacy (HSSP). The Vanderbilt Specialty Pharmacy (VSP) employs a collaborative 
care practice model that integrates pharmacists directly into outpatient specialty disease clinics at VUMC. This approach 
facilitates seamless care coordination and optimizes access to and management of specialty medications. Within the 
allergy and pulmonary clinics, specialty pharmacists and pharmacy technicians are embedded into both the pediatric and 
adult care teams. Pharmacists maintain transparent communication with healthcare providers and clinic staff through the 
electronic health record (EHR) system. The integrated collaborative practice model enhances care coordination and 
improves access to and management of specialty medications.22,27

Data Collection
Patient demographic, diagnosis, smoking status, prescription history, clinic engagement (percentage of appointments attended, 
cancelled, and no-show), laboratory data, health care utilization visits (including asthma exacerbation-related hospitalizations, 
urgent care visits and ambulatory care visits), were collected at baseline and during follow-up from the EHR. Pulmonary 
function test results for forced expiratory volume in one second (FEV1) were collected from the EHR. Biologic medication 
prescriptions and medication history data were obtained using the EHR. Biologic dispenses were obtained from the integrated 
specialty pharmacy patient management system. Air Quality Index (AQI) information was sourced from the Environmental 
Protection Agency (EPA) AQI database.28 This AQI includes measured Fine Particulate Matter (PM2.5) and Nitrous Oxide 
(NO2) at a zip code level. The Pipeline for Offline Conversion and Integration of Geocodes and Neighborhood Data (POINT) 
geocoder tool developed and maintained by VUMC was utilized to estimate geographic coordinates using patient demo
graphic address and used to assign deprivation index values, which were calculated using Principal Component Analysis 
(PCA) with United States Census Data as outlined in Brokamp et al 2018.29 A higher deprivation index score indicates lower 
socioeconomic status, or greater deprivation. We considered the effect of the worldwide pandemic by assessing COVID-19 
pandemic time course divided by 3 periods (Period 1: before COVID pandemic, ie, 1/1/2019 – 01/30/2020; Period 2: from the 
start of COVID pandemic to appearance of COVID variants, ie, 01/31/2020 – 12/31/2020; Period 3: after appearance of 
COVID variants, ie, 1/1/2021–06/30/2022 or the study end date). Data was collected between April 2022 through July 2024. 
Data were managed using REDCap (Research Electronic Data Capture) hosted at VUMC.30,31 This study was approved by the 
Vanderbilt University Medical Center Institutional Review Board.

Outcomes
Primary Outcome: Race Neutral Percent Predicted FEV1 at Baseline
The primary outcome, race-neutral percent predicted FEV1 (ppFEV1) prior to biologic initiation was calculated using the 
Global Lung Function Initiative (GLI) equation with FEV1 value measured at the closest time to biologic prescription 
referral (within 12 months or 30 days after).32

Secondary outcomes: Clinic Engagement, Healthcare Utilization, Adherence, Gap Days, and Persistence
The secondary outcomes included clinic engagement and healthcare utilization evaluated within the 12 months prior to 
biologic prescription referral and 12 months post biologic therapy initiation respectively. Clinic engagement was defined 
as the percent of scheduled appointments that resulted in a no show and the percent of appointments that resulted in 
a cancellation without rescheduling. Healthcare utilization was defined as the number of events for asthma-related 
hospitalizations, ED/urgent care visits, and ambulatory care visits.

The secondary outcomes also included adherence, gap days, and persistence calculated from the time of first biologic 
fill through the last fill within 12 months. Adherence was calculated using proportion of days covered (PDC). Patients 
were required to have at least 3 fills to be included in the PDC calculation. Gap days were defined as the percentage of 
days for which patients had a medication deficit. Medication deficit was defined as the difference between the number of 
days spanning one fill and the next, and the days’ supply of the fill, accounting for any surplus from previous fills. 
Persistence was defined as time to discontinuation of all biologic asthma therapy with no biologic prescriptions within 3 
months of the end of the last biologic dosing interval.
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Exploratory Outcomes: Race Neutral Percent Predicted FEV1 at Follow-Up
The exploratory outcome was race-neutral ppFEV1 measured between 6 and 18 months post biologic therapy initiation in 
those patients with a ppFEV1 measurement in both the pre and post biologic period.

Statistical Analysis
For descriptive analysis, categorical variables were described using frequencies and percentages, and continuous 
variables were described using medians and interquartile ranges (IQR).

A multiple linear regression analysis was performed to assess the direct associations between the primary outcome of 
race-neutral ppFEV1 and race as well as deprivation index as a surrogate of SES. SES data was calculated from geocoding 
and U.S. Census data. The model adjusted for potential confounding factors such as smoking status, COVID period in 
which measurement took place, insurance type, and average distance to care in a patient’s geographical area. For the 
analysis assessing the associations between the follow-up race-neutral ppFEV1 and race as well as deprivation index, the 
same regression approach was used adjusting for a reduced set of covariates (ie, smoking status, insurance type) along with 
the baseline ppFEV1 (ie, the primary outcome), considering a smaller number of patients having the follow-up ppFEV1. 
Age and gender were not included in the regression since ppFEV1 calculation accounts for both age and gender. Racial 
difference in absolute change in ppFEV1 from baseline to follow-up was assessed using Wilcoxon rank sum test.

Differences in clinic engagement and healthcare utilization by race were assessed 12 months prior to biologic therapy 
initiation, and from baseline to 12 months post biologic initiation using Wilcoxon rank sum tests. The relationship 
between deprivation index and clinic engagement was examined using a scatter plot, while the association between 
deprivation index and healthcare utilization was assessed using univariate ordinal regression. An ordinal regression was 
performed to assess the associations between medication adherence and race and deprivation index accounting for age, 
sex, smoking status, COVID period in which patient-initiated medication, insurance type, and average distance to care. 
The percentage of gap days between the first and last fill within 12 months of biologic therapy initiation was similarly 
evaluated using an ordinal regression adjusting for the same covariates listed above. Due to insufficient non-persistence 
events to perform a regression analysis, persistence was evaluated using a Kaplan–Meier analysis stratified by race. 
A sensitivity analysis was performed using multiple imputations for the analysis of the primary outcome as the set of 
geocoded variables was missing for 4 patients. All statistical analyses were performed using R programing language 
(Version 4.4.0, R Core Team, http://www.r-project.org).33

Results
Patients’ Characteristics at Biologic Treatment Referral
A total of 215 patients were included (Figure 2). Patients were a median 48 years of age (Interquartile Range [IQR] 
26–60), 68% White, 27% Black or African American, and 5% Other (ie, American Indian or Alaska Native, Native 
Hawaiian or Other Pacific Islander, Guamanian or Chamorro, Middle Eastern, Other, Decline to Answer, Unknown, Null, 
or None of These). Gender distribution among patients was 55% female and 45% male. Most patients had commercial 
(54%) or Medicare (22%) insurance. Asthma severity was split between those with severe disease (47%) and moderate 
disease (53%), and 60% of patients reported never smoked/never exposed (Tables 1 and S1). Black or African American/ 
Other patients were younger (median [IQR] age 35 [16–50] vs 53 [37–62] years) and had a higher proportion of severe- 
persistent asthma (50.7% vs 45.9%). Insurance coverage patterns also differed, with Black or African American/Other 
patients more likely to have Medicaid (31.3% vs 9.5%) and less likely to have Medicare (11.9% vs 27.0%). Additional 
patient characteristic comparisons by race can be found in Table 1. Differences in patient demographics and clinical 
characteristics for patients included in the baseline and follow-up models can be found in Tables S4 and S5.

The ppFEV1 at baseline was reported in 165 patients. Black or African American/Other patients had a lower median 
ppFEV1 than that of the White patients (64.3% vs. 72.7%) (Figure 3). Of the 159 patients with data available, air quality 
index was on average worse for Black or African American/Other patients compared to White patients with maximum 
AQI of 116 (IQR 101–135.5),] and 108 (IQR 83–116), respectively (p=0.005). Overall, 61.6% of our study cohort had 
a deprivation index greater than the median US deprivation index score of 0.33.
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Table 1 Patient Demographic and Clinical Characteristics at Time of Biologic Referral Overall and According to Race

Overall  
N=215

White  
N=148

Black or African American  
and Other  

N=67

Age at referral (median, IQR) 48 (26, 60) 53 (37, 62) 35 (16, 50)

Gender, n(%)

Female 118 (54.9%) 78 (52.7%) 40 (59.7%)

Male 97 (45.1%) 70 (47.3%) 27 (40.3%)

Ethnicity, n(%)

None of these 70 (32.6%) 43 (29.1%) 27 (40.3%)

Not Hispanic or Latino 67 (31.2%) 48 (32.4%) 19 (28.4%)

Unknown 59 (27.4%) 44 (29.7%) 15 (22.4%)

Other 19 (8.8%) 13 (8.8%) 6 (9.0%)

Asthma severity, n(%)

Moderate-persistent asthma 113 (52.6%) 80 (54.1%) 33 (49.3%)

Severe-persistent asthma 102 (47.4%) 68 (45.9%) 34 (50.7%)

Insurance Type, n(%)

Commercial 115 (53.5%) 83 (56.1%) 32 (47.8%)

Medicare 48 (22.3%) 40 (27.0%) 8 (11.9%)

Medicaid 35 (16.3%) 14 (9.5%) 21 (31.3%)

Tricare/Other/None 17 (7.9%) 11 (7.4%) 6 (9.0%)

Smoking Status, n(%)

Never smoker/Never exposure or Unknown 129 (60.0%) 86 (58.1%) 43 (64.2%)

Exposure 21 (9.8%) 11 (7.43%) 10 (14.9%)

Previous 43 (20.0%) 36 (24.3%) 7 (10.4%)

Current 22 (10.2%) 15 (10.1%) 7 (10.4%)

Deprivation Index, Median (IQR) 0.37 (0.27, 0.44) 0.37 (0.25, 0.43) 0.37 (0.30, 0.48)

Distance to Care (miles), Median (IQR) 2.0 (1.0, 5.2) 2.1 (0.9, 5.9) 2.0 (1.5, 3.5)

Air Quality Index (AQI), Median (IQR), N=159

Maximum AQI 108.0 (84.0, 116.0) 108.0 (83.0, 116.0)a 116.0 (101.0, 135.5)a

Nitrogen Dioxide (NO2) 0.0 (0.0, 6.0) 0.0 (0.0,5.5) 5.5 (0.0,6.0)

Ozone 34.7 (26.9, 100.0) 44.5 (33.2,100.0) 33.2 (26.9,34.7)

Particulate Matter (PM2.5)
b 59.8 (0.0, 66.3) 51.2 (0.0, 60.8) 60.8 (59.8, 66.3)

Missing AQI data 56 (26.0%) 40 (27.0%) 16 (23.9%)

Notes: ap=0.005; bThe percent of days for which this pollutant was the primary pollutant.
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Primary Outcome: Factors Influencing ppFEV1 Prior to Biologic Prescription Referral
Of the 215 patients, 161 had a ppFEV1 and complete covariate data at baseline. After adjusting for the covariates, 
analysis demonstrated a possible trend that being Black or African American/Other was associated with a lower ppFEV1 
at baseline (mean difference: −6.9% [−14.0, 0.2], p=0.057). Additionally, previous and current smokers had a lower 
estimated ppFEV1 at baseline than nonsmokers or those never exposed (−9.5% [−17.8, −1.3], p=0.024 and −15.1% 
[−26.4, −3.8], p=0.009, respectively). Deprivation index, COVID period, insurance type, and average distance to care 
were not significantly associated with the baseline ppFEV1 (Figure 4). The results were similar in the sensitivity analysis 
with multiple imputations for missing covariates.

Secondary Outcomes: Impact of Racial and SES Factors on Clinic Engagement, 
Healthcare Resource Utilization, Adherence, Gap days, and Persistence
For clinic engagement in the 12 months prior to biologic, a median of 0% (IQR 0–14.3%) of appointments had been 
cancelled per patient and a median of 0% (IQR 0–0%) of appointments had resulted in a no show in the 12 months 
prior to biologic initiation. Black or African American/Other patients were found to have a higher percentage of 
appointments no show (0% [IQR 0–11.3%] vs. 0% [IQR 0–0%]; p = 0.001) at baseline, (Table 2), but there was no 
significant difference in the percent of appointments cancelled by race (p = 0.131), and no discernable differences by 
SES. At follow up, there was a significant difference in the distribution of percentage of appointments cancelled 
between White and Black or African American/Other patients (median 6.1% [IQR 0–33.3%] and 0% [IQR 0–
13.6%], respectively; p = 0.0038), and percentage of appointment no shows (0% [IQR 0–0%] and 0% [IQR 0–25%], 
respectively; p < 0.001) (Table 2). There were no discernable differences in clinic engagement at follow-up by 
deprivation index.

For healthcare utilization, 26% of patients had at least one hospitalization, 28% had at least one urgent care visit, 
and 45% had at least one ambulatory care visit 12 months prior to biologic initiation. No significant differences in 
healthcare utilization were found by race (Table 2). However, patients with lower deprivation index scores were 
associated with a 27% (odds ratio [OR] 0.73 [0.56, 0.94], p = 0.013) less likelihood of having urgent care visits at 
baseline (Table 3). Finally, 8% of patients had at least one hospitalization, 9% had at least one urgent care visits, and 
19% had at least one ambulatory care visits at follow-up (Table 2), which were not significantly different by race or 
SES (Table 3).

Figure 3 ppFEV1 at Baseline by Race.
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Within 12 months of biologic therapy initiation, the overall population had a median PDC of 0.96 (IQR 
0.88–1.00) and a median percentage of gap days of 3.8% (IQR 0.3–12.5%). White patients demonstrated 
a slightly higher PDC of 0.97 (IQR 0.91–1.00) with fewer gap days (median 2.7%, IQR 0.2–9.6%) (Figure S1). 
Black or African American/Other patients had a PDC of 0.95 (IQR 0.74–0.99) with more gap days (median 5.3%, 
IQR 0.6–5.7%) (Table 4 and Figure S2). Non-persistence was observed in 8 instances (5.1% of the total population), 
with 6 cases (5.8%) among White patients and 2 cases (3.8%) among Black or African American/Other patients. 
Black or African American/Other patients showed a trend towards lower PDC (estimate 0.65, p=0.183) and higher 
gap days (estimate 1.53, p=0.193) compared to the White patients, but these differences were not statistically 
significant. For every 0.1 increase in the deprivation index, there was a slight trend towards lower PDC (estimate 
0.84, p=0.191) and higher gap days (estimate 1.19, p=0.189), but again, not statistically significant. COVID- 
19 period impacted medication adherence. Period 2 showed a trend towards lower PDC (estimate 0.37, p=0.060) 
and higher gap days (estimate 2.74, p=0.0586) compared to Period 1 and Period 3, which showed significantly lower 
PDC (estimate 0.36, p=0.0253) and significantly higher gap days (estimate 2.78, p=0.024) compared to Period 1. 
However, age, gender, smoking, distance to care and insurance type did not significantly impact PDC or gap days 
(Table 5).

Figure 4 Multiple Linear Regression Summary and Forest Plot for ppFEV1 at Baseline.

https://doi.org/10.2147/JAA.S587574                                                                                                                                                                                                                                                                                                                                                                                                                                                               Journal of Asthma and Allergy 2026:19 8

Littlejohn et al                                                                                                                                                                      

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/587574/587574%20Supplementary%20Material.docx
https://www.dovepress.com/article/supplementary_file/587574/587574%20Supplementary%20Material.docx


Table 2 Wilcoxon Rank Sum Results for Clinic Engagement and Healthcare Utilization vs Race at Baseline and Follow-Up

Baseline

Overall 
N=215

White 
N=148

Black or African  
American + Other 

N=67

p-value

Percentage of Appointments Canceled, Median (IQR) 0 (0, 14.3) 0 (0, 16.7) 0 (0, 8.4) 0.131

Percentage of Appointments No Show, Median (IQR) 0 (0,0) 0 (0,0) 0 (0,11.3) <0.001

Hospitalizations 0.558

0 158 (73) 107 (72) 51 (76)

1 40 (19) 28 (19) 12 (18)
2 7 (3) 7 (5) 0 (0)

3 8 (4) 6 (4) 2 (3)

4 1 (1) 0 (0) 1 (1)
5 1 (1) 0 (0) 1 (1)

Urgent Care 0.491
0 154 (72) 108 (73) 46 (69)

1 36 (17) 24 (16) 12 (18)
2 15 (7) 10 (7) 5 (7)

3 7 (3) 4 (3) 3 (4)

4 2 (1) 2 (1) 0 (0)
5 0 (0) 0 (0) 0 (0)

6 1 (1) 0 (0) 1 (1)

Ambulatory Visits 0.886

0 118 (55) 82 (55) 36 (54)

1 63 (29) 40 (27) 23 (34)
2 25 (12) 19 (13) 6 (9)

3 7 (3) 6 (4) 1 (1)

4 1 (1) 1 (1) 0 (0)
5 1(1) 0 (0) 1 (1)

Follow-up

Overall 
N=185

White 
N=126

Black or African  
American + Other 

N=59

p-value

Percentage of Appointments Canceled, Median (IQR) 3.5 (0, 21.2) 6.1 (0,33.3) 0 (0, 13.6) 0.038

Percentage of Appointments No Show, Median (IQR) 0 (0,6.5) 0 (0,0) 0 (0, 25) <0.001

Hospitalizations 0.760

0 171 (92) 117 (93) 54 (91)

1 10 (5) 6 (5) 4 (7)
2 3 (2) 3 (2) 0 (0)

3 1 (1) 0 (0) 1 (2)

4 0 (0) 0 (0) 0 (0)
5 0 (0) 0 (0) 0 (0)

Urgent Care 0.056
0 168 (91) 118 (94) 50 (85)

1 14 (8) 6 (5) 8 (14)

2 2 (1) 1 (1) 1 (2)

(Continued)
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Exploratory Outcomes: Impact of Race, SES and Smoking on Biologic Treatment 
Response
Of the 165 patients with a baseline ppFEV1, 65 patients had ppFEV1 prior to biologic initiation and at 6 to 18 months after 
biologic initiation. Baseline ppFEV1 was significantly associated with higher follow-up ppFEV1 (0.64% [0.44, 0.84]; p < 
0.001). After adjusting for covariates and baseline ppFEV1, there was no difference in observed follow-up ppFEV1 
between Black or African American/Other and White patients (mean difference 0.6% [−8.3, 9.5]; p=0.893). Similarly, 
smoking status, insurance type, and deprivation index were not significantly associated with follow-up ppFEV1 (Table S2). 
Black or African American/Other patients saw a median increase of 4% in ppFEV1 [IQR –6–24], while White patients saw 
a median increase of 2% in ppFEV1 [IQR –2–10], though this was not a significant racial difference (p=0.558) (Table S3).

Table 2 (Continued). 

3 1 (1) 1 (1) 0 (0)
4 0 (0) 0 (0) 0 (0)

5 0 (0) 0 (0) 0 (0)
6 0 (0) 0 (0) 0 (0)

Ambulatory Visits 0.545
0 150 (81) 101 (80) 49 (83)

1 25 (13) 16 (13) 9 (15)

2 9 (5) 8 (6) 1 (2)
3 0 (0) 0 (0) 0 (0)

4 1 (1) 1 (1) 0 (0)

5 0 (0) 0 (0) 0 (0)

Table 3 Univariate Ordinal Regression for Healthcare Utilization vs. SES at Baseline and 
Follow-Up

Baseline (N= 215) Follow-up (N=185)

OR Estimate (95% CI) p-value OR Estimate (95% CI) p-value

Hospitalization 1.13 (0.88, 1.46) 0.331 0.85 (0.56, 1.28) 0.441

Urgent Care 0.73 (0.56, 0.94) 0.013 1.10 (0.78, 1.55) 0.595

Ambulatory Care 0.96 (0.78, 1.19) 0.742 1.18 (0.89, 1.55) 0.253

Table 4 PDC, Percent Gap Days, and Persistence By Race

Characteristic Overall 
N=157

White 
N=104

Black or African American  
and Other 

N=53

PDC, Median (IQR) 0.96 (0.88, 1) 0.97 (0.91, 1) 0.95 (0.74, 0.99)

Percent Gap Days, Median (IQR) 3.84 (3.29, 12.50) 2.73 (0.21, 9.61) 5.31 (0.55, 25.66)

Persistence, Yes 
N(%)

8 (5.1) 6 (5.8) 2 (3.8)
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Discussion
Though not statistically significant, this study suggests a possible trend in which Black or African American/Other 
patients had lower ppFEV1 at the time of biologic initiation compared to White patients. In this study, using deprivation 
index, SES did not differ between the groups and was not associated with worse lung function. This finding should be 
interpreted within the broader context of existing literature. Several negative social determinants (ie. racism, environ
mental injustice, poverty, higher rates of mortality, decreased access to healthcare) have been reported in the literature to 
contribute to health disparities among patients who identify as Black or African American and those of lower socio
economic status.11,24,34,35 In addition, literature has attributed 10% of differences in lung function to be a result of social 
determinants of health. Adibi et al found that social determinants of health explained approximately 25% of the 
differences between their Black and White cohorts.34 Possible explanations for the lack of association observed in this 
study is heterogeneity and insufficient sample size. Overall, 62% of the study population had a deprivation index greater 
than the median US deprivation index score, suggesting that this cohort may overall be of lower SES. Deprivation index 
was used as an imperfect proxy measure for SES, as the study used the overall deprivation index for the corresponding 
census tract for each patient as opposed to their individual measures of SES such as income and education level due to 
a lack of data availability of this data.

Black or African American/Other patients in this study were more likely to miss their scheduled appointments 12 
months before biologic initiation. Delays in initiating therapeutic biologic asthma therapies may increase systemic steroid 
exposure, urgent care and hospitalization visits and risk of developing irreversible structural airway changes.16 Among an 
adult population with severe asthma treated at an urban outpatient clinic, patients receiving biologic therapy for at least 6 
months led to decreased oral corticosteroid use, ED visits, and median daily systemic steroid dosage.5 These results 

Table 5 Ordinal Regression Analysis Summaries for PDC and Gap Days

PDC Gap Days

Estimate 
(95% Confidence Interval)

p-value Estimate 
(95% Confidence Interval)

p-value

Black or African American + Other 0.65 (0.34–1.23) 0.183 1.53 (0.81–2.92) 0.193

Deprivation Index (per 0.1 increase) 0.84 (0.64–1.09) 0.191 1.19 (0.92–1.55) 0.189

Age (per 10 years) 1.12 (0.92–1.36) 0.278 0.91 (0.75–1.10) 0.324

Male 1 (0.55–1.8) 0.996 1.04 (0.58–1.88) 0.885

Smoking (Reference: Never smoker/Never exposure or Unknown)

Exposure 1.24 (0.42–3.64) 0.694 0.79 (0.27–2.33) 0.671

Previous 0.94 (0.43–2.06) 0.884 0.99 (0.45–2.15) 0.971

Current 1.44 (0.54–3.81) 0.463 0.64 (0.24–1.71) 0.376

Insurance Type (Reference: Commercial)

Medicaid 1.24 (0.46–3.35) 0.672 0.79 (0.29–2.15) 0.649

Medicare 1.13 (0.47–2.73) 0.778 0.82 (0.34–1.99) 0.667

Tricare/Other/None 1.45 (0.39–5.36) 0.580 0.66 (0.17–2.48) 0.535

Covid Period (Reference: Period 1)

Period 2 0.37 (0.13–1.04) 0.060 2.74 (0.97–7.74) 0.058

Period 3 0.36 (0.15–0.88) 0.025 2.78 (1.14–6.76) 0.024

Distance to care (miles) 1.10 (0.91–1.11) 0.909 1 (0.9–1.1) 0.935
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highlight that an opportunity exists to improve engagement and retention in care earlier in a patient’s disease course so 
that patients can begin biologic therapy before disease progression.

After initiating biologic therapy, race was not found to be associated with response to treatment measured by ppFEV1 
within 12 months. Black or African American/Other patients had on average a greater percent change in ppFEV1 from 
baseline to follow-up obtaining a similar ppFEV1 to the White patient cohort, though this was not found to be 
statistically significant. This underscores the importance of early treatment intervention targeting lung function for 
Black or African American/Other patients to improve lung function earlier in the disease course. Louie et al reported 
among adult patients with severe asthma treated at an urban outpatient clinic, with 93% of patients who self-reported as 
Hispanic or African American race, patients receiving biologic therapy for at least 6 months significantly improved ACT 
scores, and increased their mean FEV1.5 Despite approximately 11% of patients with asthma being Black or African 
American/Other and 8% to 9% affecting people with lower income, racial and ethnic representation in the clinical trials 
evaluating biologics’ efficacy were not always representative of the population disproportionately affected by the 
disease.26,36,37 Similar to this study’s findings, post-market studies have not shown differences in biologic efficacy 
among racial and ethnic groups.15 This study adds novel insight into racial disparities that may exist in patients with 
moderate-to-severe asthma needing biologic therapy, while also highlighting the improvement in lung function is 
observed regardless of race once started on a biologic.

Opportunities to Improve Care Post-Initiation Adherence
Patients in the current study demonstrated high overall adherence rates, though differences were observed between White 
and Black or African American/Other patients. Previous studies have reported biologic therapy is effective when taken as 
prescribed, reducing asthma exacerbations by 50%, which aligns with the current study findings.21,38 Medication 
adherence is multi-factorial and may be affected by reasons such as affordability, access to therapy, medication fears, 
lack of trust in healthcare provider, lack of disease awareness, psychological and practical barriers and mode of 
administration.13,14 One explanation for high adherence to biologic therapy could be due to the HSSP care model in 
which the study occurred. Specialty clinical pharmacists offer an enhanced level of patient care, following a patients 
journey through medication access, treatment initiation, and treatment monitoring.39 Pharmacists and other healthcare 
team members managing patients on biologic therapy should use a patient-centered approach that addresses all factors 
related to adherence. Additionally, although PDC was high in this study, Black or African American/Other patients had 
longer prescription gap days compared to White patients. PDC calculations are not able to identify reasons for gaps in 
therapy; therefore more data is needed to address these gaps.40 There is limited research available on the impact of 
biologic gap days, and future studies should explore how gap days can affect patient outcomes.

Clinic Engagement
Despite improving lung function, disparities were still seen among Black and African American/Other patient’s post- 
biologic initiation, including higher rates of missing scheduled clinic visits. Evidence suggests no-show appointments can 
have a significant impact on health outcomes and lead to financial loss for the institution with non-reimbursable 
appointments.41–43

EPA – Air Quality
In the current study, race was significantly associated with the percentage of days of ambient air pollutant exposure to 
PM2.5. Additionally, Black or African American/Other patients experienced PM2.5 exposure on more than 60% days of 
the days studied. Exposure to PM2.5, regardless of duration, has been shown to perpetuate oxidative stress in multiple 
organs. This oxidative stress may mediate respiratory problems, including pneumonia, asthma and/or chronic obstructive 
pulmonary disease (COPD) exacerbation, and increase risk of morbidity and mortality.10,12 In addition, studies have 
shown an association between exposure to particulate matter and incidence of developing childhood asthma and number 
of respiratory related hospital admissions.9–11,13 Bennett et al reported that life expectancy due to PM2.5 was lower in 
counties with a family income below the poverty threshold and those who are of Black or African American race.12 
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These results further highlight the racial inequities of environmental exposure and opportunities to improve air quality 
and educate patients on the role of air quality and asthma exacerbations.

Limitations
One limitation of this study was the relatively small sample size, particularly for the follow-up ppFEV1 analysis, which 
may be attributed to data collection during the COVID-19 pandemic when lung function testing was not frequently 
conducted. Due to the low sample size, a larger follow-up window between 6 and 18 months after biologic initiation was 
used. Future studies should examine the association between race, socioeconomic status and asthma severity outside of 
the COVID-19 pandemic time period in order to obtain a larger sample size. Second, as this study used a convenience 
sample of patients initiating biologic therapy at the HSSP, no formal power calculation was performed to determine the 
required sample size. However, we acknowledge that the sample size may be insufficient to detect statistically significant 
differences in the primary outcomes between the major comparison groups. This could, in turn, affect the primary 
outcome where the statistically significant results may not be detected. Additionally, patients without a baseline 
spirometry or those with low ppFEV1 that did not have a baseline spirometry may have been excluded which may 
lead to a sampling bias. There was a significant difference in age at initiation and race, between patients with available 
data available for follow-up analysis. This study was carried out at a single center with a homogenous population, that 
may limit the generalizability of the findings to broader populations. Finally, socioeconomic status data was generated 
from geocoding and U.S. Census data. These data were used to calculate the overall deprivation index for the 
corresponding census tract for each patient. Future studies with larger sample size using geocoding from U.S. Census 
data could help discern those census tract level trends. Enhancing SES data collection through direct EHR reporting 
could improve the robustness of the findings.

Conclusion
Prior to biologic initiation, Black or African American/Other patients had worse lung function than White patients and 
were more likely to miss their scheduled appointments. After biologic initiation, patients in both groups had a similar 
improvement in lung function after treatment and reported high adherence and persistence. However, Black or African 
American/Other patients continued to have high rates of missed scheduled clinic visits. These results indicate an 
opportunity based on lung function for earlier interventions in Black or African American/Other patients with moderate- 
to-severe asthma and higher engagement post-initiation.
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