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O ver the past 2 decades, novel biologics have provided 

effective and targeted treatment of immunological diseases, 

including rheumatoid arthritis (RA), psoriatic arthritis 

(PsA), ankylosing spondylitis (AS), psoriasis, atopic dermatitis 

(AD), and inflammatory bowel disease (IBD).1,2 Biologics have led to 

significantly improved health outcomes, including better symptom 

management and slower disease progression.3,4 However, the 

cumulative impact of delays between symptom onset and clinical 

assessment,5,6 cost concerns,7 time spent receiving nonbiologic 

therapies,8 and the need for insurance prior authorizations9-12 

may impede biologics initiation. Furthermore, not all patients 

with immunologic conditions have equitable treatment access.13

Health care access, including access to treatments for immu-

nological disease, is substantially impacted by social, political, 

and economic factors in the US.14 Many historically underserved 

populations, including racially and ethnically diverse groups and 

individuals with lower socioeconomic status (SES), experience 

disparities in treatment access.15,16 In addition, the complexity of 

biologics research and development, manufacturing, and distribu-

tion drives high drug pricing.17,18 Policies such as prior authorization 

requirements and co-pay accumulators and maximizers—in which 

manufacturers’ assistance with drug costs does not reduce patients’ 

out-of-pocket (OOP) costs—also hamper biologics access.13,19 

Furthermore, biologics are specialty drugs that may be available 

only in specialty pharmacies or may require administration at 

infusion centers. These barriers limit timely access to much-needed 

medications and may lead to worse clinical outcomes, including 

disease progression, increased disability, and reduced health-related 

quality of life.9,20

Biologics have demonstrated clinical and economic value, resulting 

in improved outcomes for patients with immune conditions; 

therefore, it is critical to ensure access to these drugs. A compre-

hensive review of the literature on these disparities within the 

field of immunology is an essential first step in assessing available 

evidence to better understand disparities in biologics access and 

to work toward equitable access to these medications. Accordingly, 

we conducted this systematic literature review to understand US 
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ABSTRACT

OBJECTIVES: Biologics have substantially improved health 
outcomes for patients with immunologic conditions. However, 
not all patients have equitable access to these important 
medications. Accordingly, we conducted a systematic 
review to understand US health care disparities in biologics 
access and associated clinical and economic outcomes, 
including health care resource use, across immunology (ie, 
rheumatology, gastroenterology, and dermatology). 

STUDY DESIGN: Systematic literature review.  

METHODS: We searched PubMed, Web of Science, and 
Embase databases for studies published between 2017 and 
2023 focused on access to biologic treatments for US adult 
patients (≥ 18 years) diagnosed with immunologic conditions. 

RESULTS: Across the 21 studies included in this systematic 
review, disparities in biologics access were inconsistently 
studied, and only 8 studies (38%) evaluated clinical or 
economic outcomes of low biologics access. The factors 
most frequently associated with disparities in access to 
biologics included insurance type; Black, Hispanic, or Asian 
race or ethnicity; high out-of-pocket costs; and insurance 
prior authorization requirements. These disparities were 
associated with worse clinical and economic outcomes, 
including higher hospital admission and readmission, higher 
number of emergency department visits, and treatment 
delays. However, some studies found no association 
between some of these disparities and access to biologics, 
highlighting the complexity of the issue.

CONCLUSIONS: We identified key factors that influence 
disparities in biologics access within immunology across the 
US, which were associated with worse clinical and economic 
outcomes. We highlight potential solutions to minimize 
disparities in biologics access and the need for more 
in-depth research to address these disparities. 
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health care disparities in biologics access and 

associated clinical and economic outcomes 

across immunology (ie, rheumatology, gastro-

enterology, and dermatology). Herein, we 

describe gaps in existing evidence and potential 

strategies to address these disparities in access 

to biologics.

METHODS
Study Design

We systematically reviewed the published evi-

dence on disparities in access to biologics—such 

as biologic disease-modifying antirheumatic drugs (bDMARDs)—

and their associated outcomes across immunology. We searched 

PubMed, Web of Science, and Embase databases on February 17, 

2023, to identify relevant articles published from January 1, 2017, 

through September 30, 2022, and conference abstracts (Embase only) 

published from February 17, 2021, through February 17, 2023. These 

time frames were selected to identify articles and abstracts reflect-

ing the current disparities in access to biologics. Search strategies, 

including therapeutic areas and interventions, are in eAppendix 

Tables 1 to 3 (eAppendix available at ajmc.com). 

Eligible studies assessed biologic agents used in immunology 

(ie, rheumatology, dermatology, and gastroenterology) for US adult 

patients (≥ 18 years) in the outpatient or inpatient setting diagnosed 

with immunologic conditions (RA, PsA, AS, psoriasis, AD, and IBD). 

We evaluated disparities in access to biologics across immunology 

and associated clinical and economic outcomes, including health 

care resource use (eg, hospitalization, emergency department [ED] 

visits, medication use). eAppendix Table 4 presents the study 

eligibility criteria.

A single researcher (A.K.) screened publications on 2 levels: 

level 1 screening of titles/abstracts and level 2 screening of full-

text articles. A second reviewer (S.K.) checked the records at each 

screening level, and a third reviewer (C.C.-M.) reconciled any 

discrepancies. Additional relevant articles were identified via 

bibliography review of included publications. Data from included 

studies were synthesized and analyzed thematically. 

RESULTS
We identified 1363 unique publications through database searches 

(Figure 1), of which 1309 were excluded during level 1 screening 

and 40 were excluded during level 2 screening, with 14 publications 

remaining. The primary reasons for exclusion were population and 

outcomes not meeting the eligibility criteria. Another 7 publications 

were identified via bibliography review of included publications, 

resulting in 21 total included publications (20 full-text articles 

and 1 conference abstract). The predominant data sources were 

real-world administrative claims databases (n = 6; 29%) or literature 

reviews (n = 4; 19%).

Common Disparities in Biologics Access
Disparities in biologics access were inconsistently studied across 

immunology. Of the 21 included studies, most articles focused on 

dermatology (n = 10; 48%), followed by rheumatology (n = 7; 33%) 

and gastroenterology (n = 4; 19%).

Across studies, the top factors associated with disparities affecting 

biologics access included insurance type; Black, Hispanic, or Asian 

race and ethnicity; and high OOP costs (Figure 2). Other factors 

TAKEAWAY POINTS

It is critical to ensure equitable access to biologics for patients with immunologic conditions. 
In this systematic literature review, we found the following:

	› Evidence is lacking on disparities in biologics access, with inconsistent evidence regarding 
the effects of such disparities on clinical or economic outcomes.

	› Access was influenced by factors such as insurance type and race/ethnicity; however, these 
disparities are inconsistently studied across immunology, and further studies are needed 
to assess their impact on patient outcomes.

	› Potential solutions to improve US biologics access include reducing financial barriers, 
improving health literacy, increasing stakeholder awareness, and developing partnerships 
with the health care community.

FIGURE 1. PRISMA Flowcharta

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
aThis PRISMA flow diagram shows the number of records identified through 
database searches, the number of records included and excluded at each level of 
screening, and the total number of articles included in the review. 
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reported by 3 or fewer studies included lower SES (including lower 

education and income), living in a rural area, being female, living in 

the Midwest, having skin of color (differentiated from race), need 

for prior authorization, long prior authorization wait times, being 

older, and having a general physician visit rather than specialist 

visit. All studies are listed in the Table6,9,10,21-37 and are summarized 

in eAppendix Table 5.

Insurance Type

Eight studies (rheumatology [n = 5],21-25 dermatology [n = 2],26,27 and 

gastroenterology [n = 1]28) reported that insurance type was associated 

with low biologics access. Several of these studies reported that 

patients with commercial insurance were more likely than patients 

with public insurance (Medicare or Medicaid) to receive biologics, 

whereas others reported the opposite, resulting in inconsistent 

findings. For example, in a study evaluating claims data, Jin et al22 

identified that patients with commercial insurance were 87% more 

likely to initiate RA treatment with bDMARDs than were patients 

with Medicaid. Similarly, in a claims study of patients with RA 

by Kan et al,25 having commercial insurance was significantly 

associated with biologics adherence (ie, filling or administration 

of biologics within 3 months) compared with Medicare insurance. 

In contrast, in a study that analyzed visits recorded in the National 

Ambulatory Medical Care Survey, Gaitonde et al24 found that 

patients with RA who had Medicare insurance had higher odds of 

receiving bDMARDs vs patients with commercial insurance. Also, 

a retrospective surveillance study by Axelrad et al28 reported that 

patients with IBD who had Medicaid insurance had higher rates 

of biologic infusions than did patients with other insurance types. 

Black, Hispanic, or Asian Race and Ethnicity

Eight studies (rheumatology [n = 2],22,23 dermatology [n = 4],6,27,29,30 

and gastroenterology [n = 2]31,32) reported that race and ethnicity 

were associated with low biologics access. Specifically, many 

studies identified that patients with Black, Hispanic, or Asian 

race and ethnicity were less likely to receive biologics than White 

patients. In a claims study among patients with Medicaid insur-

ance, Jin et al22 found that Black patients had 30% to 40% lower 

odds of initiating bDMARDs for RA treatment vs non-Hispanic 

White patients. Likewise, in several dermatological studies, Black 

patients were less likely to receive or use biologics for psoriasis 

treatment compared with White patients.6,27,29,30 In similar studies of 

psoriasis management, use of biologics was lower among patients 

from other underrepresented groups (defined as Asian, American 

Indian, Alaskan Indian, other Pacific Islander, and unknown) 

than among White patients.29,30 However, 4 studies did not find 

associations between health disparities and barriers to biologics 

access, and 2 studies found increased biologics access in patients 

belonging to underrepresented racial or ethnic groups compared 

with White patients.10,24,26,28,32,38 For example, Axelrad et al28 found that 

in Medicaid patients with IBD, there was no significant association 

with requiring biologic infusions in Black or Hispanic patients 

compared with White patients, and Gaitonde et al28 reported that race 

and ethnicity were not associated with DMARD or bDMARD use in 

patients with rheumatoid arthritis. Gonzalez and Fleischer30 found 

that in patients with psoriasis, there was an increased likelihood of 

biologic use in Latino patients compared with non-Latino patients.

High OOP Costs and Prior Authorization

Five studies (rheumatology [n = 2]21,33 and dermatology [n = 3]9,10,29) 

reported that high OOP costs were associated with low biologics 

access. Of these, 2 studies in dermatology9,10 also reported prior 

authorization as a key factor associated with low biologics access. 

In a rheumatological study, the authors reported that the odds of RA 

treatment adherence were highest for patients with no OOP costs 

per fill.33 To underscore this point, more than 70% of participants 

in a dermatological survey study by Yadav et al29 reported that high 

OOP costs were among the largest barriers to seeking treatment for 

psoriasis. Also, in dermatological studies, many patients experienced 

a barrier due to the need for prior authorizations, which can result 

in delays to treatment initiation, a high administrative burden for 

providers, and increased OOP costs for patients.9,10,19 Notably, in a 

prospective cohort study by Jew et al,9 100% of prior authorizations 

for biologics were initially denied for patients with dermatological 

conditions, although this result was based on only 6 records.

Patient characteristics that reduce access to biologics

Barrier Evidence

Insurance typeb ● ● ● ● ● ● ● ●

Black, Hispanic, or Asian race and ethnicityb ● ● ● ● ● ● ● ●

Lower SES, including lower education and income ● ● ●

Living in a rural area ● ● ●

Female ● ● ●

Living in the Midwest region ● ●

Skin of colorc ● ●

Older age ●

Other factors that reduce access to biologics

Barrier Evidence

High OOP costs ● ● ● ● ● 

Need for prior authorization ● ●

Long prior authorization wait times ● ●

General physician visit rather than specialist visit ●

References:  ● Rheumatology  ● Dermatology  ● Gastroenterology

OOP, out of pocket; SES, socioeconomic status.
aThe number of studies reporting each barrier, and their associated special-
ties, are indicated by colored circles (rheumatology [blue], dermatology 
[green], gastroenterology [orange]).
bSome studies reported inconsistent findings.
cSkin of color is differentiated from race (ie, Black, Hispanic, Asian, or 

“other”), as not all individuals from these races may be classified as having 
skin of color. Certain studies looked at skin of color only as a social deter-
minant of health; therefore, these studies are stratified separately from the 
studies investigating race/ethnicity.

FIGURE 2. Factors That Lower Access to Biologicsa
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Common Outcomes of Disparities 
in Access to Biologics

Of the 21 included studies, only 8 (38%) evalu-

ated clinical or economic outcomes of low 

biologics access (Figure 2). These outcomes 

were inconsistently reported across immu-

nology (5% [n = 1] in rheumatology,33 19% 

[n = 4] in dermatology,9,10,29,34 and 14% [n = 3] 

in gastroenterology28,31). Five studies (24%) 

were longitudinal in design (eg, prospective 

observational, retrospective pharmacy claims, 

medical record review studies), 1 study (5%) 

evaluated clinical outcomes based on area 

of residence, and 2 literature review studies 

(10%) evaluated only clinical outcomes. Among 

studies, the most reported outcomes of low 

biologics access were higher hospital admission 

and readmission rates, higher number of ED 

visits, and treatment delay (Figure 3). Other 

outcomes reported by 1 study each included 

low biologic adherence rates, greater steroid 

use, and diagnosis delay. The Table lists all 

studies and eAppendix Table 5 summarizes 

their reported outcomes.

Among the top reported outcomes, a derma-

tology-focused literature review by Yadav 

et al29 reported that Black, Hispanic, Asian, 

or multiracial (other than White) patients 

were more likely than White patients to be 

hospitalized for psoriasis. These authors noted 

that increased hospitalization rates may be 

indicative of severe or inadequately managed 

psoriasis. Additionally, in a retrospective gastro-

enterological study, Axelrad et al28 found that 

patients with Medicaid insurance had higher 

hospital and ED visit rates than patients with 

other insurance types. Lastly, in 2 dermatology 

studies, prior authorization resulted in delayed 

access to treatment.9,10 Importantly, Vazquez et 

al10 found higher rates of clinical deterioration 

in patients who experienced delays to biologics 

insurance approvals.

DISCUSSION
This systematic review provides a deeper under-

standing of disparities in biologics access across 

immunology, focusing on the fields of rheu-

matology, dermatology, and gastroenterology. 

Although we found that disparities in biologics 

access and their associated outcomes were 

TABLE. List of Studies Assessing Disparities in Access to Biologics Factors and Associated 
Outcomes6,9,10,21-37

Studies across immunology assessing access to biologics  

Rheumatology Dermatology Gastroenterology

Factors that lower access to biologics

Patient characteristics

Insurance type

•	Mukherjee and 
Kamal21

•	Jin et al22

•	Ogdie et al23

•	Gaitonde et al24

•	Kan et al25

•	Gonzalez and 
Fleischer26

•	Aleshaki et al27

Axelrad et al28

Black, Hispanic, or Asian 
race and ethnicity

•	Jin et al22  

•	Ogdie et al23

•	Aleshaki et al27

•	Yadav et al29

•	Heath and Usatine6

•	Hodges et al30

•	Barnes et al31

•	Kochar et al32

Lower SES, including lower 
education and income

•	Mukherjee and 
Kamal21

•	Peterman et al35

Aleshaki et al27

Living in a rural area

Peterman et al35 •	Cheraghlou and 
Cohen36

•	Feng et al37

Female

•	Mukherjee and 
Kamal21

•	Ogdie et al23

•	Berger et al33

Living in the Midwest region Peterman et al35 Nguyen et al34

Skin of colora
•	Yadav et al29

•	Heath and Usatine6

Older Kan et al25

Other factors

High OOP costs

•	Mukherjee and 
Kamal21

•	Berger et al33

•	Yadav et al29

•	Vazquez et al10

•	Jew et al9 

Need for prior authorization
•	Vazquez et al10

•	Jew et al9

Long prior authorization 
wait times

•	Vazquez et al10

•	Jew et al9

General physician visit 
rather than specialist visit

Gaitonde et al24

Outcomes of lower access to biologics

Higher hospital admission 
and readmission rates

Yadav et al29 Axelrad et al28

Treatment delay
•	Jew et al9

•	Vazquez et al10

Higher number of emergency 
department visits

Nguyen et al34 Axelrad et al28

Low biologic adherence rates Berger et al33

Greater steroid use Axelrad et al28

Diagnosis delay Barnes et al38

OOP, out of pocket; SES, socioeconomic status. 
aSkin of color is differentiated from race (ie, Black, Hispanic, Asian, or “other”), as not all individuals 
from these races may be classified as having skin of color. Certain studies looked at skin of color only 
as a social determinant of health; therefore, these studies are stratified separately from the studies 
investigating race/ethnicity.
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inconsistently studied across immunology, the existing literature 

reveals factors that may impact access to these therapies among 

certain patient populations with immunologic conditions. The 

most frequently reported factors that influenced biologics access 

included insurance type; Black, Hispanic, or Asian race and ethnicity; 

higher OOP costs; and prior authorization. Common outcomes 

of low biologics access included higher hospital admission and 

readmission rates, higher number of ED visits, and treatment delays. 

However, we also identified articles that found no association 

between these identified disparities and access to biologics, and 

few articles reported clinical or economic outcomes. Overall, health 

care disparities in biologics access and their associated outcomes 

remain a complex issue that requires further study.

Although biologics may be high value and provide clinically 

significant benefits to patients, there is considerable concern 

regarding the fiscal burden they entail. As such, their cost is an 

important topic of health disparities studies.13 Results of our 

systematic review, comprising mostly studies on affordability, 

indicate that insurance type, prior authorization, and high OOP 

costs were key factors associated with disparities in biologics 

access across immunology.21-28 Notably, different insurers may 

have varying coverage and different requirements surrounding 

co-payments, coinsurance, and prior authorization, all of which may 

impact OOP costs and access to specialty drugs such as biologics.19 

For example, Ogdie et al23 reported that the percentage of bDMARD 

prescriptions was lower for patients with Medicare or Medicaid 

insurance than for those with commercial insurance. Also, a study by 

Jew et al9 reported that the percentage of initial prior authorization 

denials was highest for biologics vs all other medication classes 

or diagnostic orders. However, this finding should be interpreted 

with caution, as prior authorizations could be denied due to high 

costs or if prescribing biologic therapies was not appropriate for a 

given indication. Additionally, Mukherjee and Kamal21 found that 

bDMARDs had the highest annual OOP and total expenditures 

vs other classes of RA medications (ie, conventional DMARDs, 

nonsteroidal anti-inflammatory drugs, narcotic analgesics, and 

corticosteroids), and the authors hypothesized that increasing 

OOP expenditures may negatively impact medication adherence. 

Indeed, the complexities of biologics development, together with 

the complexities of the US health care system, impact their afford-

ability for patients and exacerbate disparities in access. The high 

price of biologics, which can drive payers to erect barriers to access, 

also remains a concern. Therefore, increasing the affordability of 

biologics is key to mitigating these disparities.

Although the studies in this review highlight factors contributing 

to disparities in biologics access, most studies did not determine why 

certain groups were more likely to experience these disparities. It is 

well established that inequities in treatment access likely involve 

a multitude of factors.31 For example, certain groups of people may 

be underrepresented in clinical trials for biologic therapies and/or 

lack familiarity with the treatment option, leading to suboptimal 

disease management in these patient populations.29 Many of the 

factors resulting in low biologics access—such as race and ethnicity, 

SES, and insurance type—may also be interrelated. For instance, 

Yadav et al29 found that the perceived impact of the high costs of 

care was more pronounced for Black patients compared with White 

patients. Additionally, in a study evaluating racial differences in 

treatment for PsA and AS by insurance coverage, Ogdie et al23 reported 

that the percentage of bDMARD prescriptions was lower for Black 

patients with Medicaid insurance compared with White patients 

with Medicaid insurance. Taken together, these findings highlight 

the complex interplay between numerous factors contributing to 

disparities in biologics access and underscore the need to develop 

strategies to overcome these disparities. 

Importantly, numerous studies in our systematic review offered 

insights on potential solutions to disparities in biologics access. 

To improve the affordability of prescription medications, Mukherjee 

and Kamal21 noted that clinicians play an important role in identifying 

patients who are experiencing financial hardship; providing these 

patients with information on sources of low-cost medications and 

enrolling them in financial assistance programs may reduce some of 

their financial barriers.21,33 Additionally, developing biosimilars and 

expanding drug formularies may limit high OOP costs for patients 

and lower costs for health care systems.9,27,39 

To improve availability, providing case management may assist 

patients in navigating the health care system and reduce specialist 

wait times for patients with more severe disease.28 Accessibility 

may be enhanced by providing patient awareness campaigns using 

multiple outreach channels (eg, schools, community centers). 

Patient support programs have helped to improve both availability 

and access to biologic treatments by providing financial support 

to patients. These programs have assisted with treatment regimen 

management and have been associated with reduced health 

care costs and prescription abandonment.40-43 Therefore, patient 

support programs not only provide accessibility to patients but 

also have the potential to improve long-term patient outcomes. 

Further recommendations for improving acceptability include 

Common outcomes of low access to specialists

Outcome Evidence

Higher hospital admission and readmission rates ● ●

Treatment delay ● ●

Higher number of emergency department visits ● ●

Low biologic adherence rates ●

Greater steroid use ● 

Diagnosis delay ●

References:  ● Rheumatology  ● Dermatology  ● Gastroenterology

aCommon outcomes of lower access to specialists, based on 7 studies. The 
number of studies reporting each barrier, and their associated specialties, 
are indicated by colored circles (rheumatology [blue], dermatology [green], 
gastroenterology [orange]).

FIGURE 3. Outcomes of Lower Access to Biologicsa
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increasing health literacy via public awareness campaigns and 

educational materials, and conducting additional studies with 

larger populations of vulnerable and minority group patients 

to address the poor representation of these patients.29 The FDA 

acknowledges the education of both patients and clinicians as a 

key component of improving biologics accessibility.44 Additionally, 

product development and public-private partnerships have been 

frequently implemented within the health care sector to provide 

access to treatment services, and multistakeholder collaborations 

should be considered as a strategy for enhancing biologics treat-

ment accessibility.45,46

Although several valuable solutions to disparities in biologics 

access have been proposed, there remains a lack of evidence on 

biologics access. We also identified limited evidence on clinical 

or economic outcomes related to disparities in biologics access 

and a lack of patient-reported data in this space. Thus, there are 

opportunities to conduct longitudinal observational studies to 

evaluate the clinical or economic outcomes of these disparities. 

Patient-focused research is also needed to provide a better under-

standing of patients’ experiences with disparities in biologics access. 

Importantly, addressing gaps in the existing literature will enhance 

our insights on possible solutions to disparities in access and help 

drive scientific leadership to work toward achieving equitable access 

to biologics across diverse populations.

Limitations

Results of this systematic review are subject to the limitations of 

data collection inherent to health disparities studies. First, key 

elements of SES data, including income, education, and patient 

occupation, are not commonly collected. Additionally, patients 

may be influenced by more than 1 factor related to health disparities, 

but many studies focus on a particular underrepresented group, 

potentially underestimating health disparity risk for a particular 

patient. Likewise, diseases may be underdiagnosed, and treatment 

patterns may be underreported for some groups of people, resulting 

in the underestimation of some disparities.6 Furthermore, this 

review found no evidence of US health care disparities in access 

to biologics for pan-immunology overall. Many of the included 

studies reported contrasting findings, which may be explained in 

part by the fact that many studies were single-center or, in some 

cases, single-clinic evaluations. Lastly, this review evaluated 

studies published in English and conducted within the US, and 

findings presented herein may not be representative of disparities 

in biologics access globally. Importantly, this is the first compre-

hensive review of this topic, and along with providing an analysis 

of existing literature gaps, this study provides recommendations 

to minimize these disparities in US health care. Due to the paucity 

of literature, reported recommendations were not systematically 

reviewed and evidence grading was not conducted. Further research 

is needed to better understand the reasons behind these disparities, 

particularly in the context of the US health care system, to develop 

recommendations to improve access and health outcomes in the 

US. Additionally, future studies are warranted to understand how 

health care disparities relate to specific biologic therapies for 

immune conditions.

CONCLUSIONS
In this systematic review, we identified key factors that influenced 

biologics access across US immunology (ie, rheumatology, derma-

tology, and gastroenterology), including insurance type; Black, 

Hispanic, or Asian race and ethnicity; higher OOP costs; and prior 

authorization requirements. These disparities were associated with 

worse clinical outcomes, such as higher hospital admission and 

readmission rates, higher number of ED visits, and treatment delays. 

We also identified and summarized potential solutions to minimize 

disparities in biologics access. Although our results provide a deeper 

understanding of disparities in biologics access, these disparities 

are inconsistently studied across immunology, and further studies 

are needed to assess their impact on patient outcomes.  n
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eAppendix Table 1. PubMed Search Strategy 

Search 

no. Search terms 

No. of 

articles 

Immunology therapeutic areas  

#1 (‘autoimmune disease’/de OR ‘inflammation’/de OR ‘rheumatology’/exp OR ‘dermatology’/exp OR 

‘gastroenterology’/exp OR immunology:de,ab,ti OR ‘immune disorder*’:de,ab,ti OR ‘immune 

disease*’:de,ab,ti OR ‘immune system disorder’:de,ab,ti OR ‘immune system disorders’:de,ab,ti OR 

‘immune system disease’:de,ab,ti OR ‘immune system diseases’:de,ab,ti OR ‘immunologic 

disorder*’:de,ab,ti OR ‘immunological disorder*’:de,ab,ti OR ‘immunological disease*’:de,ab,ti OR 

‘autoimmune disease*’:de,ab,ti OR inflammation:de,ab,ti OR inflammatory:de,ab,ti OR 

rheumatology:de,ab,ti OR dermatology:de,ab,ti OR gastroenterology:de,ab,ti OR hepatology:de,ab,ti) 

AND [embase]/lim 

2,085,130 

#2 (‘rheumatoid arthritis’/exp OR ‘psoriatic arthritis’/exp OR ‘axial spondyloarthritis’/exp OR ‘rheumatoid 

arthritis’:de,ab,ti OR rheumarthritis:de,ab,ti OR ‘rheumatic arthritis’:de,ab,ti OR ‘rheumatic 

polyarthritis’:de,ab,ti OR ‘arthritis deformans’:de,ab,ti OR ‘arthrosis deformans’:de,ab,ti OR ‘beauvais 

disease*’:de,ab,ti OR ‘chronic articular rheumatism’:de,ab,ti OR ‘chronic polyarthritis’:de,ab,ti OR ‘chronic 

progressive poly arthritis’:de,ab,ti OR ‘chronic progressive polyarthritis’:de,ab,ti OR ‘inflammatory 

arthritis’:de,ab,ti OR ‘psoriatic arthritis’:de,ab,ti OR ‘arthritic psoriasis’:de,ab,ti OR ‘psoriatic 

arthropath*’:de,ab,ti OR ‘alibert bazin disease’:de,ab,ti OR ‘arthritis psoriatica’:de,ab,ti OR ‘arthropathic 

psoriasis’:de,ab,ti OR ‘psoriasis arthropathica’:de,ab,ti OR ‘psoriasis pustulosa arthropathica’:de,ab,ti OR 

‘psoriatic polyarthritis’:de,ab,ti OR ‘psoriatic rheumatism’:de,ab,ti OR ‘psoriatic rheumatoid arthritis’:de,ab,ti 

OR ‘axial spondyloarthritis’:de,ab,ti OR ‘ankylosing spondylitis’:de,ab,ti OR ‘ankylosing 

spondylarthritis’:de,ab,ti OR ‘ankylosing spondylarthritides’:de,ab,ti OR ‘ankylosing 

spondyloarthritis’:de,ab,ti OR ‘ankylosing spondyloarthritides’:de,ab,ti OR ‘ankylating spondylitis’:de,ab,ti 

OR ‘ankylopoietic spondylarthritis’:de,ab,ti OR ‘ankylopoietic spondylitis’:de,ab,ti OR ‘ankylosing 

spine’:de,ab,ti OR ‘spinal ankylosis’:de,ab,ti OR ‘spine ankylosis’:de,ab,ti OR ‘ankylosing 

spondilitis’:de,ab,ti OR ‘ankylosing spondylarthrosis’:de,ab,ti OR ‘ankylosis spondylitis’:de,ab,ti OR 

‘ankylotic spondylitis’:de,ab,ti OR ‘spondylarthritis ankylopoietica’:de,ab,ti OR ‘spondyloarthritis 

ankylopoietica’:de,ab,ti OR ‘spondylitis ankylopoietica’:de,ab,ti OR ‘spondylarthritis ankylosans’:de,ab,ti 

OR ‘spondylarthrosis ankylopoietica’:de,ab,ti OR ‘spondylitis ankylopoetica’:de,ab,ti OR ‘vertebral 

ankylosis’:de,ab,ti OR ‘rheumatoid spondylitis’:de,ab,ti OR ‘bechterew disease*’:de,ab,ti OR ‘bekhterev 

disease*’:de,ab,ti OR ‘morbus bechterew’:de,ab,ti OR ‘bechterews disease*’:de,ab,ti OR ‘bechterew`s 

disease*’:de,ab,ti OR ‘marie struempell disease*’:de,ab,ti OR ‘axial spondyloarthritides’:de,ab,ti OR 

axspa:de,ab,ti OR ‘nr-axspa’:de,ab,ti) AND [embase]/lim 

273,871 

#3 (‘psoriasis’/exp OR ‘atopic dermatitis’/exp OR ‘suppurative hidradenitis’/exp OR psoriasis:de,ab,ti OR 

‘psoriasiform dermatitis’:de,ab,ti OR ‘psoriasiform dermatosis’:de,ab,ti OR ‘psoriasiform lesion’:de,ab,ti OR 

‘psoriasiform rash’:de,ab,ti OR ‘psoriasiform skin rash’:de,ab,ti OR ‘psoriatic epidermis’:de,ab,ti OR 

‘psoriatic skin’:de,ab,ti OR ‘willan lepra’:de,ab,ti OR ‘atopic dermatitis’:de,ab,ti OR ‘atopic 

neurodermatitis’:de,ab,ti OR ‘disseminated neurodermatitis’:de,ab,ti OR ‘atopic eczema’:de,ab,ti OR 

‘atopic constitutional neurodermatitis’:de,ab,ti OR ‘coca sulzberger disease’:de,ab,ti OR ‘coca sulzberger 

syndrome’:de,ab,ti OR ‘eczema atopica’:de,ab,ti OR ‘eczema endogenous’:de,ab,ti OR ‘endogenous 

eczema’:de,ab,ti OR ‘neurodermatitis constitutionalis’:de,ab,ti OR ‘neurodermatitis disseminate’:de,ab,ti 

OR ‘hidradenitis suppurativa’:de,ab,ti OR ‘hidradenitis suppurative’:de,ab,ti OR ‘suppurative 

hidradenitis’:de,ab,ti OR ‘acne inversa*’:de,ab,ti OR apocrinitis:de,ab,ti) AND [embase]/lim 

157,418 

#4 (‘crohn disease’/exp OR ‘ulcerative colitis’/exp OR ‘crohn disease’:de,ab,ti OR ‘crohn`s disease’:de,ab,ti 

OR ‘crohn`s enteritis’:de,ab,ti OR ‘regional enteritis’:de,ab,ti OR ‘granulomatous enteritis’:de,ab,ti OR 

ileocolitis:de,ab,ti OR ‘granulomatous colitis’:de,ab,ti OR ‘regional ileitis’:de,ab,ti OR ‘terminal 

ileitis’:de,ab,ti OR ‘cleron disease’:de,ab,ti OR ‘crohns disease’:de,ab,ti OR ‘enteritis regionalis’:de,ab,ti 

OR ‘morbus crohn’:de,ab,ti OR ‘regional enterocolitis’:de,ab,ti OR ‘ulcerative colitis’:de,ab,ti OR ‘colitis 

gravis’:de,ab,ti OR ‘idiopathic proctocolitis’:de,ab,ti OR ‘colitis ulcerative’:de,ab,ti OR ‘colitis 

ulcerosa’:de,ab,ti OR ‘mucosal colitis’:de,ab,ti OR ‘colon chronic ulceration’:de,ab,ti OR ‘ulcerative 

151,024 



Search 

no. Search terms 

No. of 

articles 

colorectitis’:de,ab,ti OR ‘ulcerative procto colitis’:de,ab,ti OR ‘ulcerative proctocolitis’:de,ab,ti OR ‘ulcerous 

colitis’:de,ab,ti) AND [embase]/lim 

#5 #1 OR #2 OR #3 OR #4 2,350,065 

Interventions 

#6 (‘biological product’/exp OR biologic:de,ab,ti OR biologics:de,ab,ti OR biopharmaceutical*:de,ab,ti OR 

‘biological drug*’:de,ab,ti OR ‘biological medicine*’:de,ab,ti OR biosimilar*:de,ab,ti OR ‘drug therapy’/exp 

OR ‘rituximab’/exp OR rituximab:de,ab,ti OR rituxan:de,ab,ti OR mabthera:de,ab,ti OR riabni:de,ab,ti OR 

hulio:de,ab,ti OR nyvepria:de,ab,ti OR ‘infliximab’/exp OR infliximab:de,ab,ti OR renflexis:de,ab,ti OR 

remicade:de,ab,ti OR inflectra:de,ab,ti OR avsola:de,ab,ti OR abrilada:de,ab,ti OR ziextenzo:de,ab,ti OR 

hadlima:de,ab,ti OR ruxience:de,ab,ti OR zirabev:de,ab,ti OR ‘etanercept’/exp OR etanercept:de,ab,ti OR 

enbrel:de,ab,ti OR erelzi:de,ab,ti OR eticovo:de,ab,ti OR ontruzant:de,ab,ti OR herzuma:de,ab,ti OR 

truxima:de,ab,ti OR udenyca:de,ab,ti OR hyrimoz:de,ab,ti OR nivestym:de,ab,ti OR fulphila:de,ab,ti OR 

rinvoc:de,ab,ti OR ‘risankizumab’/exp OR risankizumab:de,ab,ti OR skyrizi:de,ab,ti OR ‘abatacept’/exp 

OR abatacept:de,ab,ti OR nulojix:de,ab,ti OR orencia:de,ab,ti OR belatacept:de,ab,ti OR ‘interleukin 1 

receptor blocking agent’/exp OR anakinra:de,ab,ti OR kineret:de,ab,ti OR antril:de,ab,ti OR 

‘apremilast’/exp OR apremilast:de,ab,ti OR otezla:de,ab,ti OR ‘baricitinib’/exp OR baricitinib:de,ab,ti OR 

olumiant:de,ab,ti OR ‘brodalumab’/exp OR brodalumab:de,ab,ti OR siliq:de,ab,ti OR ‘certolizumab 

pegol’/exp OR certolizumab:de,ab,ti OR cimzia:de,ab,ti OR ‘guselkumab’/exp OR guselkumab:de,ab,ti 

OR tremfya:de,ab,ti OR simponi:de,ab,ti OR ‘ixekizumab’/exp OR ixekizumab:de,ab,ti OR taltz:de,ab,ti 

OR ‘natalizumab’/exp OR natalizumab:de,ab,ti OR tysabri:de,ab,ti OR antegren:de,ab,ti OR 

‘sarilumab’/exp OR sarilumab:de,ab,ti OR kevzara:de,ab,ti OR ‘secukinumab’/exp OR 

secukinumab:de,ab,ti OR cosentyx:de,ab,ti OR ‘tildrakizumab’/exp OR tildrakizumab:de,ab,ti OR 

ilumya:de,ab,ti OR ‘tocilizumab’/exp OR tocilizumab:de,ab,ti OR roactemra:de,ab,ti OR actemra:de,ab,ti 

OR atlizumab:de,ab,ti OR ‘tofacitinib’/exp OR tofacitinib:de,ab,ti OR tasocitinib:de,ab,ti OR xeljanz:de,ab,ti 

OR ‘ustekinumab’/exp OR ustekinumab:de,ab,ti OR stelara:de,ab,ti OR ‘vedolizumab’/exp OR 

vedolizumab:de,ab,ti OR entyvio:de,ab,ti) AND [embase]/lim 

4,077,961 

#7 #5 AND #6 549,873 

US payers  

#8 (‘reimbursement’/exp OR ‘health insurance’/exp OR ‘insurance approval’/exp OR ‘public health 

insurance’/exp OR ‘medically uninsured’/exp OR reimburse*:de,ab,ti OR ‘third-party payment’:de,ab,ti OR 

‘third-party payments’:de,ab,ti OR payer:de,ab,ti OR payers:de,ab,ti OR ‘health insurance’:de,ab,ti OR 

‘insurance plan*’:de,ab,ti OR ‘health plan*’:de,ab,ti OR ‘drug plan*’:de,ab,ti OR ‘drug coverage’:de,ab,ti 

OR ‘insurance coverage’:de,ab,ti OR medicare:de,ab,ti OR medicaid:de,ab,ti OR ‘health plan 

provider’:de,ab,ti OR ‘health plan providers’:de,ab,ti OR ‘insurance provider*’:de,ab,ti OR ‘veterans 

administration’:de,ab,ti OR ‘veterans` administration’:de,ab,ti OR ‘veterans affairs’:de,ab,ti OR ‘department 

of defense’:de,ab,ti OR dod:de,ab,ti OR uninsured:de,ab,ti) AND [embase]/lim 

304,633 

Access to care  

#9 (‘health care quality’/exp OR ‘health care access’/exp OR ‘preventive health service’/exp OR ‘healthcare 

access’:de,ab,ti OR ‘health care access’:de,ab,ti OR ‘access to healthcare’:de,ab,ti OR ‘access to health 

care’:de,ab,ti OR ‘access to health services’:de,ab,ti OR ‘access to care’:de,ab,ti OR ‘accessibility of 

health services’:de,ab,ti OR ‘health services accessibility’:de,ab,ti OR ‘availability of health 

services’:de,ab,ti OR ‘health services availability’:de,ab,ti OR ‘access to therapy’:de,ab,ti OR ‘access to 

therapies’:de,ab,ti OR ‘access to treatment’:de,ab,ti OR ‘access to treatments’:de,ab,ti OR ‘access to 

medicine’:de,ab,ti OR ‘access to medicines’:de,ab,ti OR ‘access to medication’:de,ab,ti OR ‘access to 

medications’:de,ab,ti OR ‘medication access’:de,ab,ti OR ‘access to preventive healthcare’:de,ab,ti OR 

‘access to preventive health care’:de,ab,ti OR ‘specialist access’:de,ab,ti OR ‘access to a 

specialist’:de,ab,ti OR ‘access to specialists’:de,ab,ti OR ‘access to lab center’:de,ab,ti OR ‘access to lab 

centers’:de,ab,ti OR ‘access to infusion center’:de,ab,ti OR ‘access to infusion centers’:de,ab,ti OR 

‘healthcare affordability’:de,ab,ti OR ‘health care affordability’:de,ab,ti OR ‘affordability of 

healthcare’:de,ab,ti OR ‘affordable healthcare’:de,ab,ti OR ‘affordability of health care’:de,ab,ti OR 

‘affordable health care’:de,ab,ti OR ‘affordability of health services’:de,ab,ti OR ‘affordable health 

services’:de,ab,ti OR ‘affordability of care’:de,ab,ti OR ‘affordable care’:de,ab,ti OR ‘health services 

affordability’:de,ab,ti OR ‘affordability of therapy’:de,ab,ti OR ‘affordability of therapies’:de,ab,ti OR 

‘affordable therap*’:de,ab,ti OR ‘affordability of treatment’:de,ab,ti OR ‘affordability of treatments’:de,ab,ti 

OR ‘affordable treatment*’:de,ab,ti OR ‘affordability of medicine’:de,ab,ti OR ‘affordability of 

medicines’:de,ab,ti OR ‘affordable medicine*’:de,ab,ti OR ‘affordability of medication’:de,ab,ti OR 

3,347,603 



Search 

no. Search terms 

No. of 

articles 

‘affordability of medications’:de,ab,ti OR ‘medication affordability’:de,ab,ti OR ‘affordable 

medication*’:de,ab,ti OR ‘affordability of preventive healthcare’:de,ab,ti OR ‘affordability of preventive 

health care’:de,ab,ti OR ‘affordable preventive healthcare’:de,ab,ti OR ‘affordable preventive health 

care’:de,ab,ti OR ‘affordability of a specialist’:de,ab,ti OR ‘affordability of specialists’:de,ab,ti OR ‘affordable 

specialist*’:de,ab,ti OR ‘healthcare acceptance’:de,ab,ti OR ‘health care acceptance’:de,ab,ti OR 

‘acceptance of healthcare’:de,ab,ti OR ‘acceptable healthcare’:de,ab,ti OR ‘acceptability of health 

care’:de,ab,ti OR ‘acceptable health care’:de,ab,ti OR ‘acceptance of health services’:de,ab,ti OR 

‘acceptable health services’:de,ab,ti OR ‘acceptance of care’:de,ab,ti OR ‘acceptable care’:de,ab,ti OR 

‘health services acceptance’:de,ab,ti OR ‘acceptance of therapy’:de,ab,ti OR ‘acceptance of 

therapies’:de,ab,ti OR ‘acceptable therap*’:de,ab,ti OR ‘acceptance of treatment’:de,ab,ti OR ‘acceptance 

of treatments’:de,ab,ti OR ‘acceptable treatment*’:de,ab,ti OR ‘acceptance of medicine’:de,ab,ti OR 

‘acceptance of medicines’:de,ab,ti OR ‘acceptable medicine*’:de,ab,ti OR ‘acceptance of 

medication’:de,ab,ti OR ‘acceptance of medications’:de,ab,ti OR ‘healthcare accommodation*’:de,ab,ti OR 

‘health care accommodation’:de,ab,ti OR ‘health care accommodations’:de,ab,ti OR ‘accommodation for 

healthcare’:de,ab,ti OR ‘accommodations for healthcare’:de,ab,ti OR ‘accommodation for health 

care’:de,ab,ti OR ‘accommodations for health care’:de,ab,ti OR ‘accommodating healthcare’:de,ab,ti OR 

‘accommodating health care’:de,ab,ti OR ‘accommodation for health services’:de,ab,ti OR 

‘accommodations for health services’:de,ab,ti OR ‘accommodating health services’:de,ab,ti OR 

‘accommodation for care’:de,ab,ti OR ‘accommodations for care’:de,ab,ti OR ‘accommodating 

care’:de,ab,ti OR ‘health services accommodation’:de,ab,ti OR ‘health services accommodations’:de,ab,ti 

OR ‘accommodation for therapy’:de,ab,ti OR ‘accommodations for therapy’:de,ab,ti OR ‘accommodation 

for therapies’:de,ab,ti OR ‘accommodations for therapies’:de,ab,ti OR ‘accommodating therap*’:de,ab,ti 

OR ‘accommodation for treatment’:de,ab,ti OR ‘accommodations for treatment’:de,ab,ti OR 

‘accommodation for treatments’:de,ab,ti OR ‘accommodations for treatments’:de,ab,ti OR 

‘accommodating treatment*’:de,ab,ti OR ‘accommodation for medicine’:de,ab,ti OR ‘accommodations for 

medicine’:de,ab,ti OR ‘accommodations for medicines’:de,ab,ti OR ‘accommodating medicine*’:de,ab,ti 

OR ‘accommodation for medication’:de,ab,ti OR ‘accommodations for medication’:de,ab,ti OR 

‘accommodation for medications’:de,ab,ti OR ‘accommodations for medications’:de,ab,ti OR ‘medication 

accommodation*’:de,ab,ti OR ‘accommodating medication*’:de,ab,ti OR ‘accommodation for preventive 

healthcare’:de,ab,ti OR ‘accommodations for preventive healthcare’:de,ab,ti OR ‘accommodation for 

preventive health care’:de,ab,ti OR ‘accommodations for preventive health care’:de,ab,ti OR 

‘accommodating preventive healthcare’:de,ab,ti OR ‘accommodating preventive health care’:de,ab,ti OR 

‘prior authorization’:de,ab,ti OR ‘step edit therapy’:de,ab,ti OR ‘benefit design’:de,ab,ti OR ‘out of pocket 

cost’:de,ab,ti OR ‘out of pocket costs’:de,ab,ti OR accumulator:de,ab,ti OR maximizer:de,ab,ti OR 

‘restricting copay’:de,ab,ti) AND [embase]/lim 

#10 #7 AND (#8 OR #9) 110,772 

Healthcare disparities  

#11 (‘health disparity’/exp OR ‘health inequit*’:de,ab,ti OR ‘health status disparit*’:de,ab,ti OR ‘health 

disparit*’:de,ab,ti OR ‘health care disparity’/exp OR ‘healthcare disparit*’:de,ab,ti OR ‘health care 

disparit*’:de,ab,ti OR ‘health inequalit*’:de,ab,ti OR ‘health status inequalit*’:de,ab,ti OR ‘health status 

inequit*’:de,ab,ti OR ‘health care inequalit*’:de,ab,ti OR ‘healthcare inequalit*’:de,ab,ti OR ‘health care 

inequit*’:de,ab,ti OR ‘healthcare inequit*’:de,ab,ti OR ‘social determinants of health’/exp OR ‘social 

determinant*’:de,ab,ti OR ‘structural determinants of health’:de,ab,ti OR ‘health structural 

determinant*’:de,ab,ti OR ‘social determining factor*’:de,ab,ti OR ‘social factors determining 

health’:de,ab,ti OR ‘social health determinant*’:de,ab,ti OR ‘health equity’/exp OR ‘health equit*’:de,ab,ti) 

AND [embase]/lim 

62,862 

#12 (‘ageism’/exp OR ageism:de,ab,ti OR ‘age-ism’:de,ab,ti OR agism:de,ab,ti OR ‘age 

discrimination*’:de,ab,ti OR ‘age prejudic*’:de,ab,ti OR ‘age-based discrimination*’:de,ab,ti OR ‘age-based 

prejudic*’:de,ab,ti OR ‘age-related discrimination*’:de,ab,ti OR ‘age-related prejudic*’:de,ab,ti OR 

‘discrimination based on age’:de,ab,ti) AND [embase]/lim 

1,554 

#13 (‘sexual and gender minority’/exp OR ‘gender disparit*’:de,ab,ti OR ‘sexual minorit*’:de,ab,ti OR ‘gender 

minorit*’:de,ab,ti OR ‘sexual divers*’:de,ab,ti OR ‘sexual orientation*’:de,ab,ti OR ‘homosexuality’/exp OR 

homosexual*:de,ab,ti OR ‘homo sexual*’:de,ab,ti OR gay:de,ab,ti OR gays:de,ab,ti OR lesbian*:de,ab,ti 

OR ‘men who have sex with men’:de,ab,ti OR ‘men having sex with men’:de,ab,ti OR ‘men who have sex 

with other men’:de,ab,ti OR ‘women who have sex with women’:de,ab,ti OR ‘women having sex with 

women’:de,ab,ti OR ‘women who have sex with other women’:de,ab,ti OR homophil*:de,ab,ti OR 

‘bisexuality’/exp OR bisexual*:de,ab,ti OR pansexual*:de,ab,ti OR polysexual*:de,ab,ti OR queer*:de,ab,ti 

OR asexual*:de,ab,ti OR ‘transsexualism’/exp OR transgender*:de,ab,ti OR transsexual*:de,ab,ti OR 

81,430 



Search 

no. Search terms 

No. of 

articles 

transman:de,ab,ti OR transmen:de,ab,ti OR ‘trans men’:de,ab,ti OR transwoman:de,ab,ti OR ‘trans 

women’:de,ab,ti OR transwomen:de,ab,ti OR intersex*:de,ab,ti OR ‘gender-expansive’:de,ab,ti OR 

‘gender change*’:de,ab,ti OR ‘gender confirmation*’:de,ab,ti OR ‘gender disorder*’:de,ab,ti OR ‘gender 

dysphoria*’:de,ab,ti OR ‘gender identity’/exp OR ‘gender identit*’:de,ab,ti OR ‘gender non 

conforming’:de,ab,ti OR ‘gender nonconforming’:de,ab,ti OR genderqueer:de,ab,ti OR ‘gender 

reassignment*’:de,ab,ti OR ‘sex reassignment*’:de,ab,ti OR ‘gender surger*’:de,ab,ti OR lgbt*:de,ab,ti OR 

glbt*:de,ab,ti OR lgbbtq:de,ab,ti OR ‘2 spirit*’:de,ab,ti OR ‘two spirit*’:de,ab,ti OR bigender*:de,ab,ti OR 

‘gender divers*’:de,ab,ti OR ‘gender fluid*’:de,ab,ti OR ‘non binary’:de,ab,ti OR nonheterosexual*:de,ab,ti 

OR ‘non heterosexual*’:de,ab,ti) AND [embase]/lim 

#14 (‘ethnic or racial aspects’/exp OR ‘racial minorit*’:de,ab,ti OR ‘ethnic minorit*’:de,ab,ti OR ‘racial 

disparit*’:de,ab,ti OR ‘racial inequit*’:de,ab,ti OR ‘racial inequalit*’:de,ab,ti OR ‘racial equalit*’:de,ab,ti OR 

‘racial equit*’:de,ab,ti OR ‘ethnic disparit*’:de,ab,ti OR ‘racial discrimination’:de,ab,ti OR ‘race based 

bias*’:de,ab,ti OR ‘people of color’:de,ab,ti OR ‘people of colour’:de,ab,ti OR ‘patients of color’:de,ab,ti OR 

‘patients of colour’:de,ab,ti OR ‘darker skin*’:de,ab,ti OR ‘non white race’:de,ab,ti OR ‘skin tone’:de,ab,ti 

OR ‘skin of color’:de,ab,ti OR ‘skin of colour’:de,ab,ti) AND [embase]/lim 

310,821 

#15 (‘educational status’/exp OR ‘educational stat*’:de,ab,ti OR literacy:de,ab,ti OR illiteracy:de,ab,ti OR 

‘academic fail*’:de,ab,ti OR ‘educational inequalit*’:de,ab,ti OR ‘educational equalit*’:de,ab,ti OR ‘english 

speak*’:de,ab,ti OR ‘english proficienc*’:de,ab,ti OR ‘low education*’:de,ab,ti OR ‘non-english’:de,ab,ti) 

AND [embase]/lim 

126,028 

#16 (‘social hierarchy’/exp OR ‘poverty’/exp OR ‘health care planning’/exp OR ‘socioeconomics’/exp/mj OR 

‘socioeconomic status’:de,ab,ti OR ‘socio economic status’:de,ab,ti OR poverty:de,ab,ti OR ‘low 

income*’:de,ab,ti OR ‘middle income*’:de,ab,ti OR ‘low resource*’:de,ab,ti OR impoverish:de,ab,ti OR 

indigence:de,ab,ti OR indigency:de,ab,ti OR ‘homeless persons’:de,ab,ti OR homeless:de,ab,ti OR 

jobless:de,ab,ti OR ‘job seek*’:de,ab,ti OR ‘health insurance status’:de,ab,ti OR ‘socio economic 

unequal*’:de,ab,ti OR ‘socio economic inequal*’:de,ab,ti OR ‘socio economic inequit*’:de,ab,ti OR ‘socio 

economic disparit*’:de,ab,ti OR ‘socio economic imparit*’:de,ab,ti OR ‘socio economic 

discrepanc*’:de,ab,ti OR ‘socio economic imbalance*’:de,ab,ti OR ‘socioeconomic unequal*’:de,ab,ti OR 

‘socioeconomic inequal*’:de,ab,ti OR ‘socioeconomic inequit*’:de,ab,ti OR ‘socioeconomic 

disparit*’:de,ab,ti OR ‘socioeconomic imparit*’:de,ab,ti OR ‘socioeconomic discrepanc*’:de,ab,ti OR 

‘socioeconomic imbalance*’:de,ab,ti OR ((socioeconomic*:ti,ab OR ‘socio economic*’:ti,ab) AND 

(factor*:ti,ab OR determinant*:ti,ab) AND (inequit*:ti,ab OR disparit*:ti,ab OR inequalit*:ti,ab OR equit*:ti,ab 

OR equal*:ti,ab)) OR ‘insurance status’:de,ab,ti) AND [embase]/lim 

380,159 

#17 (‘sociodemographics’/exp OR ((sociodemographic*:ti,ab OR ‘socio demographic*’:ti,ab) AND (factor*:ti,ab 

OR determinant*:ti,ab)) OR ‘residence characteristics’/exp OR ‘residence characteristics’:de,ab,ti OR 

‘environmental planning’/exp OR ‘environment design*’:de,ab,ti OR ‘healthy place*’:de,ab,ti OR 

‘environmental planning’:de,ab,ti OR ‘urban population’/exp OR ‘urban population*’:de,ab,ti OR ‘urban 

health care’/exp OR ‘urban health’/exp OR ‘urban health*’:de,ab,ti OR ‘rural population’/exp OR ‘rural 

population*’:de,ab,ti OR ‘rural health care’/exp OR ‘rural health’/exp OR ‘rural health*’:de,ab,ti OR ‘rural 

area*’:de,ab,ti OR ‘community resource’/exp OR ‘health care access’/exp OR ‘health services 

accessibility’:de,ab,ti OR ‘access disparit*’:de,ab,ti OR ‘access to care*’:de,ab,ti OR ‘access to 

treat*’:de,ab,ti OR ‘access to therap*’:de,ab,ti OR ‘access to healthcare’:de,ab,ti OR ‘access to health 

care’:de,ab,ti) AND [embase]/lim 

307,753 

#18 (‘minority health’/exp OR ‘minority health*’:de,ab,ti OR ‘vulnerable population’/exp OR ‘vulnerable 

population*’:de,ab,ti OR disadvantaged:de,ab,ti OR ‘under served’:de,ab,ti OR ‘underserved’:de,ab,ti OR 

‘neglected population*’:de,ab,ti OR ‘social exclusion’/exp OR ‘social marginalization’:de,ab,ti OR ‘marginal 

population*’:de,ab,ti OR ‘socially excluded’:de,ab,ti OR ‘social deprivation’:de,ab,ti) AND [embase]/lim 

56,829 

#19 (‘migrant’/exp OR emigrant*:de,ab,ti OR immigrant*:de,ab,ti OR migrant*:de,ab,ti OR ‘refugee’/exp OR 

refugee*:de,ab,ti OR ‘asylum seeker*’:de,ab,ti OR ‘displaced person*’:de,ab,ti OR ‘travelling 

population*’:de,ab,ti) AND [embase]/lim 

51,049 

#20 (‘religion’/de OR ‘buddhism’/exp OR ‘christianity’/exp OR ‘hinduism’/exp OR ‘islam’/exp OR ‘judaism’/exp 

OR ‘confucianism’/exp OR religion*:de,ab,ti OR religious:de,ab,ti OR buddhism:de,ab,ti OR 

christian*:de,ab,ti OR confucianism:de,ab,ti OR hinduism:de,ab,ti OR islam*:de,ab,ti OR judaism:de,ab,ti 

OR mormonism:de,ab,ti) AND [embase]/lim 

67,512 

#21 #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 1,171,002 



Search 

no. Search terms 

No. of 

articles 

Economic impact 

#22 (‘health care cost’/exp OR ‘economics’/exp OR ‘health economics’/exp OR ‘pharmacoeconomics’/exp OR 

‘disability insurance’/exp OR ‘cost of illness’/exp OR ‘cost benefit analysis’/exp OR ‘absenteeism’/exp OR 

‘productivity’/exp OR ‘length of stay’/exp OR ‘health care utilization’/exp OR ‘fee’/exp OR ‘budget’/exp OR 

‘cost’/exp OR ‘quality adjusted life year’/exp OR ‘presenteeism’/exp OR costs:de,ab,ti OR cost:de,ab,ti OR 

costly:de,ab,ti OR economic*:de,ab,ti OR pharmacoeconomic*:de,ab,ti OR fiscal:de,ab,ti OR fee:de,ab,ti 

OR fees:de,ab,ti OR expenditure*:de,ab,ti OR budget*:de,ab,ti OR disabilit*:de,ab,ti OR ‘resource use’ OR 

‘resource utilization’:de,ab,ti OR ‘resource utilisation’:de,ab,ti OR ‘length of stay’:de,ab,ti OR ‘quality 

adjusted life year’:de,ab,ti OR ‘quality adjusted life years’:de,ab,ti OR qaly*:de,ab,ti OR 

absenteeism:de,ab,ti OR productiv*:de,ab,ti OR ‘lost work’:de,ab,ti OR ‘work loss’:de,ab,ti OR ‘missed 

work’:de,ab,ti OR ‘sick day*’:de,ab,ti OR ‘illness day*’:de,ab,ti OR presenteeism:de,ab,ti OR ‘early 

retirement’:de,ab,ti OR ‘salary growth’:de,ab,ti OR ‘employer perspective’:de,ab,ti) AND [embase]/lim 

2,153,166 

#23 #21 AND #22 340,497 

Exclusions  

#24 ‘animal’/exp NOT ‘human’/exp AND [embase]/lim 4,229,223 

#25 (comment*:ti OR ‘letter’:it OR ‘editorial’:it OR ‘case report’/exp OR ‘case stud*’:ti OR ‘case report*’:ti OR 

‘case series’:ti OR ‘case histor*’:ti) AND [embase]/lim 

3,815,418 

#26 (‘child’/exp OR ‘adolescent’/exp OR ‘infant’/exp OR ‘pediatrics’/exp OR child*:ti,ab OR adolescen*:ti,ab 

OR teen*:ti,ab OR youth*:ti,ab OR infant*:ti,ab OR newborn*:ti,ab OR preschool:ti,ab OR ‘pre-school’:ti,ab 

OR juvenile:ti,ab OR pediatric*:ti,ab OR paediatric*:ti,ab) NOT (‘adult’/exp OR adult*:ti,ab OR ‘middle 

age*’:ti,ab OR ‘senior citizen*’:ti,ab OR elder*:ti,ab) AND [embase]/lim 

2,174,587 

Total  

#27 #10 AND (#21 OR #23) 5,753 

#28 #27 NOT (#24 OR #25 OR #26) 4,765 

US geography  

#29 (‘united states’/exp OR ‘united states’:ti,ab OR ‘usa’:ti,ab OR ‘u.s.a.’:ti,ab OR ‘u.s.’:ti,ab OR ‘united 

states’:ad OR ‘usa’:ad OR ‘u.s.a.’:ad OR ‘u.s.’:ad OR ‘us’:ad OR alabama:ad OR alaska:ad OR 

arizona:ad OR arkansas:ad OR california:ad OR colorado:ad OR connecticut:ad OR delaware:ad OR 

florida:ad OR georgia:ad OR hawaii:ad OR idaho:ad OR illinois:ad OR indiana:ad OR iowa:ad OR 

kansas:ad OR kentucky:ad OR louisiana:ad OR maine:ad OR maryland:ad OR massachusetts:ad OR 

michigan:ad OR minnesota:ad OR mississippi:ad OR missouri:ad OR montana:ad OR nebraska:ad OR 

nevada:ad OR ‘new hampshire’:ad OR ‘new jersey’:ad OR ‘new mexico’:ad OR ‘new york’:ad OR ‘north 

carolina’:ad OR ‘north dakota’:ad OR ohio:ad OR oklahoma:ad OR oregon:ad OR pennsylvania:ad OR 

‘rhode island’:ad OR ‘south carolina’:ad OR ‘south dakota’:ad OR tennessee:ad OR texas:ad OR utah:ad 

OR vermont:ad OR virginia:ad OR washington:ad OR ‘west virginia’:ad OR wisconsin:ad OR wyoming:ad 

OR ‘puerto rico’:ad OR alabama:de,ab,ti OR alaska:de,ab,ti OR arizona:de,ab,ti OR arkansas:de,ab,ti OR 

california:de,ab,ti OR colorado:de,ab,ti OR connecticut:de,ab,ti OR delaware:de,ab,ti OR florida:de,ab,ti 

OR georgia:de,ab,ti OR hawaii:de,ab,ti OR idaho:de,ab,ti OR illinois:de,ab,ti OR indiana:de,ab,ti OR 

iowa:de,ab,ti OR kansas:de,ab,ti OR kentucky:de,ab,ti OR louisiana:de,ab,ti OR maine:de,ab,ti OR 

maryland:de,ab,ti OR massachusetts:de,ab,ti OR michigan:de,ab,ti OR minnesota:de,ab,ti OR 

mississippi:de,ab,ti OR missouri:de,ab,ti OR montana:de,ab,ti OR nebraska:de,ab,ti OR nevada:de,ab,ti 

OR ‘new hampshire’:de,ab,ti OR ‘new jersey’:de,ab,ti OR ‘new mexico’:de,ab,ti OR ‘new york’:de,ab,ti OR 

‘north carolina’:de,ab,ti OR ‘north dakota’:de,ab,ti OR ohio:de,ab,ti OR oklahoma:de,ab,ti OR 

oregon:de,ab,ti OR pennsylvania:de,ab,ti OR ‘rhode island’:de,ab,ti OR ‘south carolina’:de,ab,ti OR ‘south 

dakota’:de,ab,ti OR tennessee:de,ab,ti OR texas:de,ab,ti OR utah:de,ab,ti OR vermont:de,ab,ti OR 

virginia:de,ab,ti OR washington:de,ab,ti OR ‘west virginia’:de,ab,ti OR wisconsin:de,ab,ti OR 

wyoming:de,ab,ti OR ‘puerto rico’:de,ab,ti) NOT (‘canada’/exp OR ‘mexico’/exp OR ‘south and central 

america’/exp OR ‘eastern hemisphere’/exp) AND [embase]/lim 

9,350,112 

#30 #28 AND #29 2,239 

Limits 

#31 #30 AND [english]/lim 2,239 

#32 #31 AND ([article]/lim OR [article in press]/lim OR [erratum]/lim OR [review]/lim) AND [01-01-2017]/sd 

NOT [01-10-2022]/sd AND [2017-2022]/py 

609 



Search 

no. Search terms 

No. of 

articles 

#33 #31 AND ([conference abstract]/lim OR [conference paper]/lim OR [conference review]/lim OR 

‘conference abstract’:it OR ‘conference paper’:it) AND [17-2-2021]/sd AND [2021-2023]/py 

344 

No. = number; US = United States. 

  



eAppendix Table 2. Web of Science Search Strategy 

Search 

no. Search terms 

No. of 

articles 

Immunology therapeutic areas  

#1 TS=(immunology OR “immune disorder*” OR “immune disease*” OR “immune system disorder” OR 

“immune system disorders” OR “immune system disease” OR “immune system diseases” OR 

“immunologic disorder*” OR “immunologic disorder*” OR “immunological disorder*” OR “immunological 

disease*” OR “autoimmune disease*” OR inflammation OR inflammatory OR rheumatology OR 

dermatology OR gastroenterology OR hepatology) 

1,546,295 

#2 TS=(“rheumatoid arthritis” OR rheumarthritis OR “rheumatic arthritis” OR “rheumatic polyarthritis” OR 

“arthritis deformans” OR “arthrosis deformans” OR “beauvais disease*” OR “chronic articular rheumatism” 

OR “chronic polyarthritis” OR “chronic progressive poly arthritis” OR “chronic progressive polyarthritis” OR 

“inflammatory arthritis” OR “psoriatic arthritis” OR “Arthritic Psoriasis” OR “Psoriasis Arthropathica” OR 

“Psoriatic Arthropath*” OR “alibert bazin disease” OR “arthritis psoriatica” OR “arthropathic psoriasis” OR 

“psoriasis arthropathica” OR “psoriasis pustulosa arthropathica” OR “psoriatic polyarthritis” OR “psoriatic 

rheumatism” OR “psoriatic rheumatoid arthritis” OR “axial spondyloarthritis” OR “Ankylosing Spondylitis” 

OR “Ankylosing Spondylarthritis” OR “Ankylosing Spondylarthritides” OR “Ankylosing Spondyloarthritis” 

OR “Ankylosing Spondyloarthritides” OR “ankylating spondylitis” OR “ankylopoietic spondylarthritis” OR 

“ankylopoietic spondylitis” OR “ankylosing spine” OR “spinal ankylosis” OR “spine ankylosis” OR 

“ankylosing spondilitis” OR “ankylosing spondylarthrosis” OR “ankylosis spondylitis” OR “ankylotic 

spondylitis” OR “Spondylarthritis Ankylopoietica” OR “Spondyloarthritis Ankylopoietica” OR “Spondylitis 

Ankylopoietica” OR “spondylarthritis ankylosans” OR “spondylarthrosis ankylopoietica” OR “spondylitis 

ankylopoetica” OR “vertebral ankylosis” OR “Rheumatoid Spondylitis” OR “Bechterew Disease*” OR 

“bekhterev disease*” OR “morbus bechterew” OR “Bechterews Disease*” OR “Bechterew’s Disease*” OR 

“Marie Struempell Disease*” OR “Axial Spondyloarthritides” OR AxSpA OR “Nr-axSpA”) 

233,241 

#3 TS=(psoriasis OR “psoriasiform dermatitis” OR “psoriasiform dermatosis” OR “psoriasiform lesion” OR 

“psoriasiform rash” OR “psoriasiform skin rash” OR “psoriatic epidermis” OR “psoriatic skin” OR “willan 

lepra” OR “atopic dermatitis” OR “atopic neurodermatitis” OR “disseminated neurodermatitis” OR “atopic 

eczema” OR “atopic constitutional neurodermatitis” OR “coca sulzberger disease” OR “coca sulzberger 

syndrome” OR “eczema atopica” OR “eczema endogenous” OR “endogenous eczema” OR 

“neurodermatitis constitutionalis” OR “neurodermatitis disseminate” OR “hidradenitis suppurativa” OR 

“hidradenitis suppurative” OR “suppurative hidradenitis” OR “acne inversa*” OR apocrinitis) 

107,441 

#4 TS=(“Crohn Disease” OR “Crohn’s Disease” OR “Crohn’s enteritis” OR “regional enteritis” OR 

“granulomatous enteritis” OR ileocolitis OR “granulomatous colitis” OR “regional ileitis” OR “terminal ileitis” 

OR “cleron disease” OR “Crohns disease” OR “enteritis regionalis” OR “morbus crohn” OR “regional 

enterocolitis” OR “ulcerative colitis” OR “colitis gravis” OR “idiopathic proctocolitis” OR “colitis ulcerative” 

OR “colitis ulcerosa” OR “mucosal colitis” OR “ulcerous colitis” OR “colon chronic ulceration” OR 

“ulcerative colorectitis” OR “ulcerative procto colitis” OR “ulcerative proctocolitis” OR “ulcerous colitis”) 

126,722 

#5 #1 OR #2 OR #3 OR #4 1,819,368 

Interventions 

#6 TS=(biologic OR biologics OR biopharmaceutical* OR “biological drug*” OR “biological medicine*” OR 

biosimilar* OR rituximab OR Rituxan OR mabthera OR riabni OR hulio OR nyvepria OR infliximab OR 

renflexis OR remicade OR inflectra OR avsola OR abrilada OR ziextenzo OR hadlima OR ruxience OR 

zirabev OR etanercept OR Enbrel OR erelzi OR eticovo OR ontruzant OR herzuma OR truxima OR 

udenyca OR hyrimoz OR nivestym OR fulphila OR rinvoc OR Risankizumab OR skyrizi OR abatacept OR 

nulojix OR Orencia OR belatacept OR anakinra OR kineret OR antril OR apremilast OR Otezla OR 

baricitinib OR Olumiant OR brodalumab OR siliq OR certolizumab OR cimzia OR guselkumab OR 

tremfya OR Simponi OR ixekizumab OR taltz OR natalizumab OR Tysabri OR antegren OR sarilumab 

OR Kevzara OR secukinumab OR cosentyx OR tildrakizumab OR ilumya OR tocilizumab OR roactemra 

OR actemra OR atlizumab OR tofacitinib OR tasocitinib OR xeljanz OR ustekinumab OR stelara OR 

vedolizumab OR Entyvio) 

202,896 

#7 #5 AND #6 77,828 

US payers  

#8 TS=(reimburse* OR “third-party payment” OR “third-party payments” OR payer OR payers OR “health 

insurance” OR “insurance plan*” OR “health plan*” OR “drug plan*” OR “drug coverage” OR “insurance 

coverage” OR Medicare OR Medicaid OR “health plan provider” OR “health plan providers” OR 

195,469 



Search 

no. Search terms 

No. of 

articles 

“insurance provider*” OR “Veterans Administration” OR “Veterans’ Administration” OR “Veterans Affairs” 

OR “Department of Defense” OR DoD OR uninsured) 

Access to care  

#9 TS=(“healthcare access” OR “health care access” OR “access to healthcare” OR “access to health care” 

OR “access to health services” OR “access to care” OR “accessibility of health services” OR “health 

services accessibility” OR “availability of health services” OR “health services availability” OR “access to 

therapy” OR “access to therapies” OR “access to treatment” OR “access to treatments” OR “access to 

medicine” OR “access to medicines” OR “access to medication” OR “access to medications” OR 

“medication access” OR “access to preventive healthcare” OR “access to preventive health care” OR 

“specialist access” OR “access to a specialist” OR “access to specialists” OR “access to lab center” OR 

“access to lab centers” OR “access to infusion center” OR “access to infusion centers” OR “healthcare 

affordability” OR “health care affordability” OR “affordability of healthcare” OR “affordable healthcare” OR 

“affordability of health care” OR “affordable health care” OR “affordability of health services” OR 

“affordable health services” OR “affordability of care” OR “affordable care” OR “health services 

affordability” OR “affordability of therapy” OR “affordability of therapies” OR “affordable therap*” OR 

“affordability of treatment” OR “affordability of treatments” OR “affordable treatment*” OR “affordability of 

medicine” OR “affordability of medicines” OR “affordable medicine*” OR “affordability of medication” OR 

“affordability of medications” OR “medication affordability” OR “affordable medication*” OR “affordability of 

preventive healthcare” OR “affordability of preventive health care” OR “affordable preventive healthcare” 

OR “affordable preventive health care” OR “affordability of a specialist” OR “affordability of specialists” OR 

“affordable specialist*” OR “healthcare acceptance” OR “health care acceptance” OR “acceptance of 

healthcare” OR “acceptable healthcare” OR “acceptability of health care” OR “acceptable health care” OR 

“acceptance of health services” OR “acceptable health services” OR “acceptance of care” OR “acceptable 

care” OR “health services acceptance” OR “acceptance of therapy” OR “acceptance of therapies” OR 

“acceptable therap*” OR “acceptance of treatment” OR “acceptance of treatments” OR “acceptable 

treatment*” OR “acceptance of medicine” OR “acceptance of medicines” OR “acceptable medicine*” OR 

“acceptance of medication” OR “acceptance of medications” OR “healthcare accommodation*” OR 

“health care accommodation” OR “health care accommodations” OR “accommodation for healthcare” OR 

“accommodations for healthcare” OR “accommodation for health care” OR “accommodations for health 

care” OR “accommodating healthcare” OR “accommodating health care” OR “accommodation for health 

services” OR “accommodations for health services” OR “accommodating health services” OR 

“accommodation for care” OR “accommodations for care” OR “accommodating care” OR “health services 

accommodation” OR “health services accommodations” OR “accommodation for therapy” OR 

“accommodations for therapy” OR “accommodation for therapies” OR “accommodations for therapies” 

OR “accommodating therap*” OR “accommodation for treatment” OR “accommodations for treatment” 

OR “accommodation for treatments” OR “accommodations for treatments” OR “accommodating 

treatment*” OR “accommodation for medicine” OR “accommodations for medicine” OR “accommodations 

for medicines” OR “accommodations for medicines” OR “accommodating medicine*” OR “accommodation 

for medication” OR “accommodations for medication” OR “accommodation for medications” OR 

“accommodations for medications” OR “medication accommodation*” OR “accommodating medication*” 

OR “accommodation for preventive healthcare” OR “accommodations for preventive healthcare” OR 

“accommodation for preventive health care” OR “accommodations for preventive health care” OR 

“accommodating preventive healthcare” OR “accommodating preventive health care” OR “prior 

authorization” OR “step edit therapy” OR “benefit design” OR “out of pocket cost” OR “out of pocket costs” 

OR accumulator OR maximizer OR “restricting copay”) 

64,237 

#10 #8 OR #9 246,823 

#11 #7 AND #10 1,245 

Healthcare disparities  

#12 TS=(“Health Inequit*” OR “Health Status Disparit*” OR “health disparit*” OR “Healthcare 

Disparities”[Mesh] OR “healthcare disparit*” OR “health care disparit*” OR “health inequalit*” OR “health 

status inequalit*” OR “health status inequit*” OR “Health Care Inequalit*” OR “Healthcare Inequalit*” OR 

“Health Care Inequit*” OR “Healthcare Inequit*” OR “social determinant*” OR “Structural Determinants of 

Health” OR “Health Structural Determinant*” OR “social determining factor*” OR “social factors 

determining health” OR “social health determinant*” OR “Health Equit*”) 

63,076 

#13 TS=(ageism OR “age-ism” OR agism OR “Age Discrimination*” OR “age prejudic*” OR “age-based 

discrimination*” OR “age-based prejudic*” OR “age-related discrimination*” OR “age-related prejudic*” OR 

“discrimination based on age”) 

4,085 



Search 

no. Search terms 

No. of 

articles 

#14 TS=(“gender disparit*” OR “Sexual minorit*” OR “Gender Minorit*” OR “sexual divers*” OR “sexual 

orientation*” OR homosexual* OR “homo sexual*” OR gay OR gays OR lesbian* OR “men who have sex 

with men” OR “men having sex with men” OR “men who have sex with other men” OR “women who have 

sex with women” OR “women having sex with women” OR “women who have sex with other women” OR 

homophil* OR bisexual* OR pansexual* OR polysexual* OR queer* OR asexual* OR transgender* OR 

transsexual* OR transman OR transmen OR “trans men” OR transwoman OR “trans women” OR 

transwomen OR intersex* OR “gender-expansive” OR “gender change*” OR “gender confirmation*” OR 

“gender disorder*” OR “gender dysphoria*” OR “gender identit*” OR “gender non conforming” OR “gender 

nonconforming” OR genderqueer OR “gender reassignment*” OR “sex reassignment*” OR “gender 

surger*” OR LGBT* OR GLBT* OR LGBBTQ OR “2 spirit*” OR “two spirit*” OR bigender* OR “gender 

divers*” OR “gender fluid*” OR “non binary” OR nonheterosexual* OR “non heterosexual*”) 

149,631 

#15 TS=(“Racial Minorit*” OR “ethnic minorit*” OR “racial disparit*” OR “racial inequit*” OR “racial inequalit*” 

OR “racial equalit*” OR “racial equit*” OR “ethnic disparit*” OR “racial discrimination” OR “race based 

bias*” OR “people of color” OR “people of colour” OR “patients of color” OR “patients of colour” OR 

“darker skin*” OR “non white race”[Title/Abstract] OR “skin tone” OR “skin of color” OR “skin of colour”) 

63,151 

#16 TS=(“educational stat*” OR literacy OR illiteracy OR “academic fail*” OR “educational inequalit*” OR 

“educational equalit*” OR “english speak*” OR “English proficienc*” OR “low education*” OR “non-

english”) 

146,996 

#17 TS=(“Socioeconomic Status” OR “Socio economic Status” OR poverty OR “low income*” OR “middle 

income*” OR “low resource*” OR impoverish OR indigence OR indigency OR “Homeless Persons” OR 

homeless OR jobless OR “job seek*” OR “health insurance status” OR “socio economic unequal*” OR 

“socio economic inequal*” OR “socio economic inequit*” OR “socio economic Disparit*” OR “socio 

economic imparit*” OR “socio economic discrepanc*” OR “socio economic imbalance*” OR 

“socioeconomic unequal*” OR “socioeconomic inequal*” OR “socioeconomic inequit*” OR “socioeconomic 

Disparit*” OR “socioeconomic imparit*” OR “socioeconomic discrepanc*” OR “socioeconomic imbalance*” 

OR (((socioeconomic* OR “socio economic*”) AND (factor* OR determinant*)) AND (Inequit* OR disparit* 

OR inequalit* OR equit* OR equal*)) OR “insurance status”) 

350,016 

#18 TS=(((sociodemographic* OR “socio demographic*”) AND (factor* OR determinant*)) OR “Residence 

Characteristics” OR “Environment Design*” OR “Healthy Place*” OR “environmental planning” OR “Urban 

Population*” OR “urban health*” OR “rural population*” OR “rural health*” OR “rural area*” OR “Health 

Services Accessibility” OR “access disparit*” OR “access to care*” OR “access to treat*” OR “access to 

therap*” OR “access to healthcare” OR “access to health care”) 

213,303 

#19 TS=(“Minority Health*” OR “vulnerable population*” OR disadvantaged OR “under served” OR 

“underserved” OR “neglected population*” OR “social marginalization” OR “marginal population*” OR 

“socially excluded” OR “social deprivation”) 

237,048 

#20 TS=(emigrant* OR Immigrant* OR migrant* OR refugee* OR “Asylum Seeker*” OR “displaced person*” 

OR “travelling population*”) 

175,538 

#21 TS=(religion* OR religious OR buddhism OR christian* OR confucianism OR hinduism OR islam* OR 

judaism OR mormonism) 

252,558 

#22 #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 1,461,004 

Economic impact 

#23 TS=(costs OR cost OR costly OR economic* OR pharmacoeconomic* OR fiscal OR fee OR fees OR 

expenditure* OR budget* OR disabilit* OR “resource use”[Title] OR “resource utilization” OR “resource 

utilisation” OR “length of stay” OR “quality adjusted life year” OR “quality adjusted life years” OR QALY* 

OR absenteeism OR productiv* OR “lost work” OR “work loss” OR “missed work” OR “sick day*” OR 

“illness day*” OR presenteeism OR “early retirement” OR “salary growth” OR “employer perspective”) 

4,335,666 

#24 #22 AND #23 279,555 

Exclusions  

#25 TI=(Comment* OR Letter OR Editorial OR “case report*” OR “case stud*” OR “case series” OR “case 

histor*”) 

996,963 

#26 TS=(((child* OR adolescen* OR teen* OR youth* OR infant* OR newborn* OR preschool OR “pre-school” 

OR juvenile OR pediatric* OR paediatric*) NOT (adult* OR “middle age*” OR “senior citizen*” OR elder*))) 

2,743,617 



Search 

no. Search terms 

No. of 

articles 

Total  

#27 #22 OR #24 1,461,004 

#28 #11 AND #27 134 

#29 #25 OR #26 3,680,903 

#30 #28 NOT #29 119 

US geography  

#31 TS=(“United States” OR “USA” OR “U.S.A.” OR “U.S.” OR Alabama OR Alaska OR Arizona OR Arkansas 

OR California OR Colorado OR Connecticut OR Delaware OR Florida OR Georgia OR Hawaii OR Idaho 

OR Illinois OR Indiana OR Iowa OR Kansas OR Kentucky OR Louisiana OR Maine OR Maryland OR 

Massachusetts OR Michigan OR Minnesota OR Mississippi OR Missouri OR Montana OR Nebraska OR 

Nevada OR “New Hampshire” OR “New Jersey” OR “New Mexico” OR “New York” OR “North Carolina” 

OR “North Dakota” OR Ohio OR Oklahoma OR Oregon OR Pennsylvania OR “Rhode Island” OR “South 

Carolina” OR “South Dakota” OR Tennessee OR Texas OR Utah OR Vermont OR Virginia OR 

Washington OR “West Virginia” OR Wisconsin OR Wyoming OR “Puerto Rico”) OR CU=(“United States” 

OR “USA” OR “U.S.A.” OR “U.S.” OR “US” OR “Puerto Rico”) OR PS=(Alabama OR Alaska OR Arizona 

OR Arkansas OR California OR Colorado OR Connecticut OR Delaware OR Florida OR Georgia OR 

Hawaii OR Idaho OR Illinois OR Indiana OR Iowa OR Kansas OR Kentucky OR Louisiana OR Maine OR 

Maryland OR Massachusetts OR Michigan OR Minnesota OR Mississippi OR Missouri OR Montana OR 

Nebraska OR Nevada OR “New Hampshire” OR “New Jersey” OR “New Mexico” OR “New York” OR 

“North Carolina” OR “North Dakota” OR Ohio OR Oklahoma OR Oregon OR Pennsylvania OR “Rhode 

Island” OR “South Carolina” OR “South Dakota” OR Tennessee OR Texas OR Utah OR Vermont OR 

Virginia OR Washington OR “West Virginia” OR Wisconsin OR Wyoming) 

21,591,862 

#32 #30 AND #31 69 

Limits 

#33 #32 AND Publication date from 2017-01-01 to 2022-09-30 35 

#34 #33 AND English 35 

No. = number; US = United States. 



eAppendix Table 3. Embase Literature Search Strategy 

Search 

no. Search terms 

No. of 

articles 

Immunology therapeutic areas  

#1 (‘autoimmune disease’/de OR ‘inflammation’/de OR ‘rheumatology’/exp OR ‘dermatology’/exp OR 

‘gastroenterology’/exp OR immunology:de,ab,ti OR ‘immune disorder*’:de,ab,ti OR ‘immune 

disease*’:de,ab,ti OR ‘immune system disorder’:de,ab,ti OR ‘immune system disorders’:de,ab,ti OR 

‘immune system disease’:de,ab,ti OR ‘immune system diseases’:de,ab,ti OR ‘immunologic 

disorder*’:de,ab,ti OR ‘immunological disorder*’:de,ab,ti OR ‘immunological disease*’:de,ab,ti OR 

‘autoimmune disease*’:de,ab,ti OR inflammation:de,ab,ti OR inflammatory:de,ab,ti OR 

rheumatology:de,ab,ti OR dermatology:de,ab,ti OR gastroenterology:de,ab,ti OR hepatology:de,ab,ti) 

AND [embase]/lim 

2,085,130 

#2 (‘rheumatoid arthritis’/exp OR ‘psoriatic arthritis’/exp OR ‘axial spondyloarthritis’/exp OR ‘rheumatoid 

arthritis’:de,ab,ti OR rheumarthritis:de,ab,ti OR ‘rheumatic arthritis’:de,ab,ti OR ‘rheumatic 

polyarthritis’:de,ab,ti OR ‘arthritis deformans’:de,ab,ti OR ‘arthrosis deformans’:de,ab,ti OR ‘beauvais 

disease*’:de,ab,ti OR ‘chronic articular rheumatism’:de,ab,ti OR ‘chronic polyarthritis’:de,ab,ti OR ‘chronic 

progressive poly arthritis’:de,ab,ti OR ‘chronic progressive polyarthritis’:de,ab,ti OR ‘inflammatory 

arthritis’:de,ab,ti OR ‘psoriatic arthritis’:de,ab,ti OR ‘arthritic psoriasis’:de,ab,ti OR ‘psoriatic 

arthropath*’:de,ab,ti OR ‘alibert bazin disease’:de,ab,ti OR ‘arthritis psoriatica’:de,ab,ti OR ‘arthropathic 

psoriasis’:de,ab,ti OR ‘psoriasis arthropathica’:de,ab,ti OR ‘psoriasis pustulosa arthropathica’:de,ab,ti OR 

‘psoriatic polyarthritis’:de,ab,ti OR ‘psoriatic rheumatism’:de,ab,ti OR ‘psoriatic rheumatoid arthritis’:de,ab,ti 

OR ‘axial spondyloarthritis’:de,ab,ti OR ‘ankylosing spondylitis’:de,ab,ti OR ‘ankylosing 

spondylarthritis’:de,ab,ti OR ‘ankylosing spondylarthritides’:de,ab,ti OR ‘ankylosing 

spondyloarthritis’:de,ab,ti OR ‘ankylosing spondyloarthritides’:de,ab,ti OR ‘ankylating spondylitis’:de,ab,ti 

OR ‘ankylopoietic spondylarthritis’:de,ab,ti OR ‘ankylopoietic spondylitis’:de,ab,ti OR ‘ankylosing 

spine’:de,ab,ti OR ‘spinal ankylosis’:de,ab,ti OR ‘spine ankylosis’:de,ab,ti OR ‘ankylosing 

spondilitis’:de,ab,ti OR ‘ankylosing spondylarthrosis’:de,ab,ti OR ‘ankylosis spondylitis’:de,ab,ti OR 

‘ankylotic spondylitis’:de,ab,ti OR ‘spondylarthritis ankylopoietica’:de,ab,ti OR ‘spondyloarthritis 

ankylopoietica’:de,ab,ti OR ‘spondylitis ankylopoietica’:de,ab,ti OR ‘spondylarthritis ankylosans’:de,ab,ti 

OR ‘spondylarthrosis ankylopoietica’:de,ab,ti OR ‘spondylitis ankylopoetica’:de,ab,ti OR ‘vertebral 

ankylosis’:de,ab,ti OR ‘rheumatoid spondylitis’:de,ab,ti OR ‘bechterew disease*’:de,ab,ti OR ‘bekhterev 

disease*’:de,ab,ti OR ‘morbus bechterew’:de,ab,ti OR ‘bechterews disease*’:de,ab,ti OR ‘bechterew`s 

disease*’:de,ab,ti OR ‘marie struempell disease*’:de,ab,ti OR ‘axial spondyloarthritides’:de,ab,ti OR 

axspa:de,ab,ti OR ‘nr-axspa’:de,ab,ti) AND [embase]/lim 

273,871 

#3 (‘psoriasis’/exp OR ‘atopic dermatitis’/exp OR ‘suppurative hidradenitis’/exp OR psoriasis:de,ab,ti OR 

‘psoriasiform dermatitis’:de,ab,ti OR ‘psoriasiform dermatosis’:de,ab,ti OR ‘psoriasiform lesion’:de,ab,ti OR 

‘psoriasiform rash’:de,ab,ti OR ‘psoriasiform skin rash’:de,ab,ti OR ‘psoriatic epidermis’:de,ab,ti OR 

‘psoriatic skin’:de,ab,ti OR ‘willan lepra’:de,ab,ti OR ‘atopic dermatitis’:de,ab,ti OR ‘atopic 

neurodermatitis’:de,ab,ti OR ‘disseminated neurodermatitis’:de,ab,ti OR ‘atopic eczema’:de,ab,ti OR 

‘atopic constitutional neurodermatitis’:de,ab,ti OR ‘coca sulzberger disease’:de,ab,ti OR ‘coca sulzberger 

syndrome’:de,ab,ti OR ‘eczema atopica’:de,ab,ti OR ‘eczema endogenous’:de,ab,ti OR ‘endogenous 

eczema’:de,ab,ti OR ‘neurodermatitis constitutionalis’:de,ab,ti OR ‘neurodermatitis disseminate’:de,ab,ti 

OR ‘hidradenitis suppurativa’:de,ab,ti OR ‘hidradenitis suppurative’:de,ab,ti OR ‘suppurative 

hidradenitis’:de,ab,ti OR ‘acne inversa*’:de,ab,ti OR apocrinitis:de,ab,ti) AND [embase]/lim 

157,418 

#4 (‘crohn disease’/exp OR ‘ulcerative colitis’/exp OR ‘crohn disease’:de,ab,ti OR ‘crohn`s disease’:de,ab,ti 

OR ‘crohn`s enteritis’:de,ab,ti OR ‘regional enteritis’:de,ab,ti OR ‘granulomatous enteritis’:de,ab,ti OR 

ileocolitis:de,ab,ti OR ‘granulomatous colitis’:de,ab,ti OR ‘regional ileitis’:de,ab,ti OR ‘terminal 

ileitis’:de,ab,ti OR ‘cleron disease’:de,ab,ti OR ‘crohns disease’:de,ab,ti OR ‘enteritis regionalis’:de,ab,ti 

OR ‘morbus crohn’:de,ab,ti OR ‘regional enterocolitis’:de,ab,ti OR ‘ulcerative colitis’:de,ab,ti OR ‘colitis 

gravis’:de,ab,ti OR ‘idiopathic proctocolitis’:de,ab,ti OR ‘colitis ulcerative’:de,ab,ti OR ‘colitis 

ulcerosa’:de,ab,ti OR ‘mucosal colitis’:de,ab,ti OR ‘colon chronic ulceration’:de,ab,ti OR ‘ulcerative 

colorectitis’:de,ab,ti OR ‘ulcerative procto colitis’:de,ab,ti OR ‘ulcerative proctocolitis’:de,ab,ti OR ‘ulcerous 

colitis’:de,ab,ti) AND [embase]/lim 

151,024 

#5 #1 OR #2 OR #3 OR #4 2,350,065 

Interventions 

#6 (‘biological product’/exp OR biologic:de,ab,ti OR biologics:de,ab,ti OR biopharmaceutical*:de,ab,ti OR 

‘biological drug*’:de,ab,ti OR ‘biological medicine*’:de,ab,ti OR biosimilar*:de,ab,ti OR ‘drug therapy’/exp 

4,077,961 



Search 

no. Search terms 

No. of 

articles 

OR ‘rituximab’/exp OR rituximab:de,ab,ti OR rituxan:de,ab,ti OR mabthera:de,ab,ti OR riabni:de,ab,ti OR 

hulio:de,ab,ti OR nyvepria:de,ab,ti OR ‘infliximab’/exp OR infliximab:de,ab,ti OR renflexis:de,ab,ti OR 

remicade:de,ab,ti OR inflectra:de,ab,ti OR avsola:de,ab,ti OR abrilada:de,ab,ti OR ziextenzo:de,ab,ti OR 

hadlima:de,ab,ti OR ruxience:de,ab,ti OR zirabev:de,ab,ti OR ‘etanercept’/exp OR etanercept:de,ab,ti OR 

enbrel:de,ab,ti OR erelzi:de,ab,ti OR eticovo:de,ab,ti OR ontruzant:de,ab,ti OR herzuma:de,ab,ti OR 

truxima:de,ab,ti OR udenyca:de,ab,ti OR hyrimoz:de,ab,ti OR nivestym:de,ab,ti OR fulphila:de,ab,ti OR 

rinvoc:de,ab,ti OR ‘risankizumab’/exp OR risankizumab:de,ab,ti OR skyrizi:de,ab,ti OR ‘abatacept’/exp 

OR abatacept:de,ab,ti OR nulojix:de,ab,ti OR orencia:de,ab,ti OR belatacept:de,ab,ti OR ‘interleukin 1 

receptor blocking agent’/exp OR anakinra:de,ab,ti OR kineret:de,ab,ti OR antril:de,ab,ti OR 

‘apremilast’/exp OR apremilast:de,ab,ti OR otezla:de,ab,ti OR ‘baricitinib’/exp OR baricitinib:de,ab,ti OR 

olumiant:de,ab,ti OR ‘brodalumab’/exp OR brodalumab:de,ab,ti OR siliq:de,ab,ti OR ‘certolizumab 

pegol’/exp OR certolizumab:de,ab,ti OR cimzia:de,ab,ti OR ‘guselkumab’/exp OR guselkumab:de,ab,ti 

OR tremfya:de,ab,ti OR simponi:de,ab,ti OR ‘ixekizumab’/exp OR ixekizumab:de,ab,ti OR taltz:de,ab,ti 

OR ‘natalizumab’/exp OR natalizumab:de,ab,ti OR tysabri:de,ab,ti OR antegren:de,ab,ti OR 

‘sarilumab’/exp OR sarilumab:de,ab,ti OR kevzara:de,ab,ti OR ‘secukinumab’/exp OR 

secukinumab:de,ab,ti OR cosentyx:de,ab,ti OR ‘tildrakizumab’/exp OR tildrakizumab:de,ab,ti OR 

ilumya:de,ab,ti OR ‘tocilizumab’/exp OR tocilizumab:de,ab,ti OR roactemra:de,ab,ti OR actemra:de,ab,ti 

OR atlizumab:de,ab,ti OR ‘tofacitinib’/exp OR tofacitinib:de,ab,ti OR tasocitinib:de,ab,ti OR xeljanz:de,ab,ti 

OR ‘ustekinumab’/exp OR ustekinumab:de,ab,ti OR stelara:de,ab,ti OR ‘vedolizumab’/exp OR 

vedolizumab:de,ab,ti OR entyvio:de,ab,ti) AND [embase]/lim 

#7 #5 AND #6 549,873 

US payers  

#8 (‘reimbursement’/exp OR ‘health insurance’/exp OR ‘insurance approval’/exp OR ‘public health 

insurance’/exp OR ‘medically uninsured’/exp OR reimburse*:de,ab,ti OR ‘third-party payment’:de,ab,ti OR 

‘third-party payments’:de,ab,ti OR payer:de,ab,ti OR payers:de,ab,ti OR ‘health insurance’:de,ab,ti OR 

‘insurance plan*’:de,ab,ti OR ‘health plan*’:de,ab,ti OR ‘drug plan*’:de,ab,ti OR ‘drug coverage’:de,ab,ti 

OR ‘insurance coverage’:de,ab,ti OR medicare:de,ab,ti OR medicaid:de,ab,ti OR ‘health plan 

provider’:de,ab,ti OR ‘health plan providers’:de,ab,ti OR ‘insurance provider*’:de,ab,ti OR ‘veterans 

administration’:de,ab,ti OR ‘veterans` administration’:de,ab,ti OR ‘veterans affairs’:de,ab,ti OR ‘department 

of defense’:de,ab,ti OR dod:de,ab,ti OR uninsured:de,ab,ti) AND [embase]/lim 

304,633 

Access to care  

#9 (‘health care quality’/exp OR ‘health care access’/exp OR ‘preventive health service’/exp OR ‘healthcare 

access’:de,ab,ti OR ‘health care access’:de,ab,ti OR ‘access to healthcare’:de,ab,ti OR ‘access to health 

care’:de,ab,ti OR ‘access to health services’:de,ab,ti OR ‘access to care’:de,ab,ti OR ‘accessibility of 

health services’:de,ab,ti OR ‘health services accessibility’:de,ab,ti OR ‘availability of health 

services’:de,ab,ti OR ‘health services availability’:de,ab,ti OR ‘access to therapy’:de,ab,ti OR ‘access to 

therapies’:de,ab,ti OR ‘access to treatment’:de,ab,ti OR ‘access to treatments’:de,ab,ti OR ‘access to 

medicine’:de,ab,ti OR ‘access to medicines’:de,ab,ti OR ‘access to medication’:de,ab,ti OR ‘access to 

medications’:de,ab,ti OR ‘medication access’:de,ab,ti OR ‘access to preventive healthcare’:de,ab,ti OR 

‘access to preventive health care’:de,ab,ti OR ‘specialist access’:de,ab,ti OR ‘access to a 

specialist’:de,ab,ti OR ‘access to specialists’:de,ab,ti OR ‘access to lab center’:de,ab,ti OR ‘access to lab 

centers’:de,ab,ti OR ‘access to infusion center’:de,ab,ti OR ‘access to infusion centers’:de,ab,ti OR 

‘healthcare affordability’:de,ab,ti OR ‘health care affordability’:de,ab,ti OR ‘affordability of 

healthcare’:de,ab,ti OR ‘affordable healthcare’:de,ab,ti OR ‘affordability of health care’:de,ab,ti OR 

‘affordable health care’:de,ab,ti OR ‘affordability of health services’:de,ab,ti OR ‘affordable health 

services’:de,ab,ti OR ‘affordability of care’:de,ab,ti OR ‘affordable care’:de,ab,ti OR ‘health services 

affordability’:de,ab,ti OR ‘affordability of therapy’:de,ab,ti OR ‘affordability of therapies’:de,ab,ti OR 

‘affordable therap*’:de,ab,ti OR ‘affordability of treatment’:de,ab,ti OR ‘affordability of treatments’:de,ab,ti 

OR ‘affordable treatment*’:de,ab,ti OR ‘affordability of medicine’:de,ab,ti OR ‘affordability of 

medicines’:de,ab,ti OR ‘affordable medicine*’:de,ab,ti OR ‘affordability of medication’:de,ab,ti OR 

‘affordability of medications’:de,ab,ti OR ‘medication affordability’:de,ab,ti OR ‘affordable 

medication*’:de,ab,ti OR ‘affordability of preventive healthcare’:de,ab,ti OR ‘affordability of preventive 

health care’:de,ab,ti OR ‘affordable preventive healthcare’:de,ab,ti OR ‘affordable preventive health 

care’:de,ab,ti OR ‘affordability of a specialist’:de,ab,ti OR ‘affordability of specialists’:de,ab,ti OR ‘affordable 

specialist*’:de,ab,ti OR ‘healthcare acceptance’:de,ab,ti OR ‘health care acceptance’:de,ab,ti OR 

‘acceptance of healthcare’:de,ab,ti OR ‘acceptable healthcare’:de,ab,ti OR ‘acceptability of health 

care’:de,ab,ti OR ‘acceptable health care’:de,ab,ti OR ‘acceptance of health services’:de,ab,ti OR 

3,347,603 



Search 

no. Search terms 

No. of 

articles 

‘acceptable health services’:de,ab,ti OR ‘acceptance of care’:de,ab,ti OR ‘acceptable care’:de,ab,ti OR 

‘health services acceptance’:de,ab,ti OR ‘acceptance of therapy’:de,ab,ti OR ‘acceptance of 

therapies’:de,ab,ti OR ‘acceptable therap*’:de,ab,ti OR ‘acceptance of treatment’:de,ab,ti OR ‘acceptance 

of treatments’:de,ab,ti OR ‘acceptable treatment*’:de,ab,ti OR ‘acceptance of medicine’:de,ab,ti OR 

‘acceptance of medicines’:de,ab,ti OR ‘acceptable medicine*’:de,ab,ti OR ‘acceptance of 

medication’:de,ab,ti OR ‘acceptance of medications’:de,ab,ti OR ‘healthcare accommodation*’:de,ab,ti OR 

‘health care accommodation’:de,ab,ti OR ‘health care accommodations’:de,ab,ti OR ‘accommodation for 

healthcare’:de,ab,ti OR ‘accommodations for healthcare’:de,ab,ti OR ‘accommodation for health 

care’:de,ab,ti OR ‘accommodations for health care’:de,ab,ti OR ‘accommodating healthcare’:de,ab,ti OR 

‘accommodating health care’:de,ab,ti OR ‘accommodation for health services’:de,ab,ti OR 

‘accommodations for health services’:de,ab,ti OR ‘accommodating health services’:de,ab,ti OR 

‘accommodation for care’:de,ab,ti OR ‘accommodations for care’:de,ab,ti OR ‘accommodating 

care’:de,ab,ti OR ‘health services accommodation’:de,ab,ti OR ‘health services accommodations’:de,ab,ti 

OR ‘accommodation for therapy’:de,ab,ti OR ‘accommodations for therapy’:de,ab,ti OR ‘accommodation 

for therapies’:de,ab,ti OR ‘accommodations for therapies’:de,ab,ti OR ‘accommodating therap*’:de,ab,ti 

OR ‘accommodation for treatment’:de,ab,ti OR ‘accommodations for treatment’:de,ab,ti OR 

‘accommodation for treatments’:de,ab,ti OR ‘accommodations for treatments’:de,ab,ti OR 

‘accommodating treatment*’:de,ab,ti OR ‘accommodation for medicine’:de,ab,ti OR ‘accommodations for 

medicine’:de,ab,ti OR ‘accommodations for medicines’:de,ab,ti OR ‘accommodating medicine*’:de,ab,ti 

OR ‘accommodation for medication’:de,ab,ti OR ‘accommodations for medication’:de,ab,ti OR 

‘accommodation for medications’:de,ab,ti OR ‘accommodations for medications’:de,ab,ti OR ‘medication 

accommodation*’:de,ab,ti OR ‘accommodating medication*’:de,ab,ti OR ‘accommodation for preventive 

healthcare’:de,ab,ti OR ‘accommodations for preventive healthcare’:de,ab,ti OR ‘accommodation for 

preventive health care’:de,ab,ti OR ‘accommodations for preventive health care’:de,ab,ti OR 

‘accommodating preventive healthcare’:de,ab,ti OR ‘accommodating preventive health care’:de,ab,ti OR 

‘prior authorization’:de,ab,ti OR ‘step edit therapy’:de,ab,ti OR ‘benefit design’:de,ab,ti OR ‘out of pocket 

cost’:de,ab,ti OR ‘out of pocket costs’:de,ab,ti OR accumulator:de,ab,ti OR maximizer:de,ab,ti OR 

‘restricting copay’:de,ab,ti) AND [embase]/lim 

#10 #7 AND (#8 OR #9) 110,772 

Healthcare disparities  

#11 (‘health disparity’/exp OR ‘health inequit*’:de,ab,ti OR ‘health status disparit*’:de,ab,ti OR ‘health 

disparit*’:de,ab,ti OR ‘health care disparity’/exp OR ‘healthcare disparit*’:de,ab,ti OR ‘health care 

disparit*’:de,ab,ti OR ‘health inequalit*’:de,ab,ti OR ‘health status inequalit*’:de,ab,ti OR ‘health status 

inequit*’:de,ab,ti OR ‘health care inequalit*’:de,ab,ti OR ‘healthcare inequalit*’:de,ab,ti OR ‘health care 

inequit*’:de,ab,ti OR ‘healthcare inequit*’:de,ab,ti OR ‘social determinants of health’/exp OR ‘social 

determinant*’:de,ab,ti OR ‘structural determinants of health’:de,ab,ti OR ‘health structural 

determinant*’:de,ab,ti OR ‘social determining factor*’:de,ab,ti OR ‘social factors determining 

health’:de,ab,ti OR ‘social health determinant*’:de,ab,ti OR ‘health equity’/exp OR ‘health equit*’:de,ab,ti) 

AND [embase]/lim 

62,862 

#12 (‘ageism’/exp OR ageism:de,ab,ti OR ‘age-ism’:de,ab,ti OR agism:de,ab,ti OR ‘age 

discrimination*’:de,ab,ti OR ‘age prejudic*’:de,ab,ti OR ‘age-based discrimination*’:de,ab,ti OR ‘age-based 

prejudic*’:de,ab,ti OR ‘age-related discrimination*’:de,ab,ti OR ‘age-related prejudic*’:de,ab,ti OR 

‘discrimination based on age’:de,ab,ti) AND [embase]/lim 

1,554 

#13 (‘sexual and gender minority’/exp OR ‘gender disparit*’:de,ab,ti OR ‘sexual minorit*’:de,ab,ti OR ‘gender 

minorit*’:de,ab,ti OR ‘sexual divers*’:de,ab,ti OR ‘sexual orientation*’:de,ab,ti OR ‘homosexuality’/exp OR 

homosexual*:de,ab,ti OR ‘homo sexual*’:de,ab,ti OR gay:de,ab,ti OR gays:de,ab,ti OR lesbian*:de,ab,ti 

OR ‘men who have sex with men’:de,ab,ti OR ‘men having sex with men’:de,ab,ti OR ‘men who have sex 

with other men’:de,ab,ti OR ‘women who have sex with women’:de,ab,ti OR ‘women having sex with 

women’:de,ab,ti OR ‘women who have sex with other women’:de,ab,ti OR homophil*:de,ab,ti OR 

‘bisexuality’/exp OR bisexual*:de,ab,ti OR pansexual*:de,ab,ti OR polysexual*:de,ab,ti OR queer*:de,ab,ti 

OR asexual*:de,ab,ti OR ‘transsexualism’/exp OR transgender*:de,ab,ti OR transsexual*:de,ab,ti OR 

transman:de,ab,ti OR transmen:de,ab,ti OR ‘trans men’:de,ab,ti OR transwoman:de,ab,ti OR ‘trans 

women’:de,ab,ti OR transwomen:de,ab,ti OR intersex*:de,ab,ti OR ‘gender-expansive’:de,ab,ti OR 

‘gender change*’:de,ab,ti OR ‘gender confirmation*’:de,ab,ti OR ‘gender disorder*’:de,ab,ti OR ‘gender 

dysphoria*’:de,ab,ti OR ‘gender identity’/exp OR ‘gender identit*’:de,ab,ti OR ‘gender non 

conforming’:de,ab,ti OR ‘gender nonconforming’:de,ab,ti OR genderqueer:de,ab,ti OR ‘gender 

reassignment*’:de,ab,ti OR ‘sex reassignment*’:de,ab,ti OR ‘gender surger*’:de,ab,ti OR lgbt*:de,ab,ti OR 

glbt*:de,ab,ti OR lgbbtq:de,ab,ti OR ‘2 spirit*’:de,ab,ti OR ‘two spirit*’:de,ab,ti OR bigender*:de,ab,ti OR 

81,430 



Search 

no. Search terms 

No. of 

articles 

‘gender divers*’:de,ab,ti OR ‘gender fluid*’:de,ab,ti OR ‘non binary’:de,ab,ti OR nonheterosexual*:de,ab,ti 

OR ‘non heterosexual*’:de,ab,ti) AND [embase]/lim 

#14 (‘ethnic or racial aspects’/exp OR ‘racial minorit*’:de,ab,ti OR ‘ethnic minorit*’:de,ab,ti OR ‘racial 

disparit*’:de,ab,ti OR ‘racial inequit*’:de,ab,ti OR ‘racial inequalit*’:de,ab,ti OR ‘racial equalit*’:de,ab,ti OR 

‘racial equit*’:de,ab,ti OR ‘ethnic disparit*’:de,ab,ti OR ‘racial discrimination’:de,ab,ti OR ‘race based 

bias*’:de,ab,ti OR ‘people of color’:de,ab,ti OR ‘people of colour’:de,ab,ti OR ‘patients of color’:de,ab,ti OR 

‘patients of colour’:de,ab,ti OR ‘darker skin*’:de,ab,ti OR ‘non white race’:de,ab,ti OR ‘skin tone’:de,ab,ti 

OR ‘skin of color’:de,ab,ti OR ‘skin of colour’:de,ab,ti) AND [embase]/lim 

310,821 

#15 (‘educational status’/exp OR ‘educational stat*’:de,ab,ti OR literacy:de,ab,ti OR illiteracy:de,ab,ti OR 

‘academic fail*’:de,ab,ti OR ‘educational inequalit*’:de,ab,ti OR ‘educational equalit*’:de,ab,ti OR ‘english 

speak*’:de,ab,ti OR ‘english proficienc*’:de,ab,ti OR ‘low education*’:de,ab,ti OR ‘non-english’:de,ab,ti) 

AND [embase]/lim 

126,028 

#16 (‘social hierarchy’/exp OR ‘poverty’/exp OR ‘health care planning’/exp OR ‘socioeconomics’/exp/mj OR 

‘socioeconomic status’:de,ab,ti OR ‘socio economic status’:de,ab,ti OR poverty:de,ab,ti OR ‘low 

income*’:de,ab,ti OR ‘middle income*’:de,ab,ti OR ‘low resource*’:de,ab,ti OR impoverish:de,ab,ti OR 

indigence:de,ab,ti OR indigency:de,ab,ti OR ‘homeless persons’:de,ab,ti OR homeless:de,ab,ti OR 

jobless:de,ab,ti OR ‘job seek*’:de,ab,ti OR ‘health insurance status’:de,ab,ti OR ‘socio economic 

unequal*’:de,ab,ti OR ‘socio economic inequal*’:de,ab,ti OR ‘socio economic inequit*’:de,ab,ti OR ‘socio 

economic disparit*’:de,ab,ti OR ‘socio economic imparit*’:de,ab,ti OR ‘socio economic 

discrepanc*’:de,ab,ti OR ‘socio economic imbalance*’:de,ab,ti OR ‘socioeconomic unequal*’:de,ab,ti OR 

‘socioeconomic inequal*’:de,ab,ti OR ‘socioeconomic inequit*’:de,ab,ti OR ‘socioeconomic 

disparit*’:de,ab,ti OR ‘socioeconomic imparit*’:de,ab,ti OR ‘socioeconomic discrepanc*’:de,ab,ti OR 

‘socioeconomic imbalance*’:de,ab,ti OR ((socioeconomic*:ti,ab OR ‘socio economic*’:ti,ab) AND 

(factor*:ti,ab OR determinant*:ti,ab) AND (inequit*:ti,ab OR disparit*:ti,ab OR inequalit*:ti,ab OR equit*:ti,ab 

OR equal*:ti,ab)) OR ‘insurance status’:de,ab,ti) AND [embase]/lim 

380,159 

#17 (‘sociodemographics’/exp OR ((sociodemographic*:ti,ab OR ‘socio demographic*’:ti,ab) AND (factor*:ti,ab 

OR determinant*:ti,ab)) OR ‘residence characteristics’/exp OR ‘residence characteristics’:de,ab,ti OR 

‘environmental planning’/exp OR ‘environment design*’:de,ab,ti OR ‘healthy place*’:de,ab,ti OR 

‘environmental planning’:de,ab,ti OR ‘urban population’/exp OR ‘urban population*’:de,ab,ti OR ‘urban 

health care’/exp OR ‘urban health’/exp OR ‘urban health*’:de,ab,ti OR ‘rural population’/exp OR ‘rural 

population*’:de,ab,ti OR ‘rural health care’/exp OR ‘rural health’/exp OR ‘rural health*’:de,ab,ti OR ‘rural 

area*’:de,ab,ti OR ‘community resource’/exp OR ‘health care access’/exp OR ‘health services 

accessibility’:de,ab,ti OR ‘access disparit*’:de,ab,ti OR ‘access to care*’:de,ab,ti OR ‘access to 

treat*’:de,ab,ti OR ‘access to therap*’:de,ab,ti OR ‘access to healthcare’:de,ab,ti OR ‘access to health 

care’:de,ab,ti) AND [embase]/lim 

307,753 

#18 (‘minority health’/exp OR ‘minority health*’:de,ab,ti OR ‘vulnerable population’/exp OR ‘vulnerable 

population*’:de,ab,ti OR disadvantaged:de,ab,ti OR ‘under served’:de,ab,ti OR ‘underserved’:de,ab,ti OR 

‘neglected population*’:de,ab,ti OR ‘social exclusion’/exp OR ‘social marginalization’:de,ab,ti OR ‘marginal 

population*’:de,ab,ti OR ‘socially excluded’:de,ab,ti OR ‘social deprivation’:de,ab,ti) AND [embase]/lim 

56,829 

#19 (‘migrant’/exp OR emigrant*:de,ab,ti OR immigrant*:de,ab,ti OR migrant*:de,ab,ti OR ‘refugee’/exp OR 

refugee*:de,ab,ti OR ‘asylum seeker*’:de,ab,ti OR ‘displaced person*’:de,ab,ti OR ‘travelling 

population*’:de,ab,ti) AND [embase]/lim 

51,049 

#20 (‘religion’/de OR ‘buddhism’/exp OR ‘christianity’/exp OR ‘hinduism’/exp OR ‘islam’/exp OR ‘judaism’/exp 

OR ‘confucianism’/exp OR religion*:de,ab,ti OR religious:de,ab,ti OR buddhism:de,ab,ti OR 

christian*:de,ab,ti OR confucianism:de,ab,ti OR hinduism:de,ab,ti OR islam*:de,ab,ti OR judaism:de,ab,ti 

OR mormonism:de,ab,ti) AND [embase]/lim 

67,512 

#21 #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 1,171,002 

Economic impact 

#22 (‘health care cost’/exp OR ‘economics’/exp OR ‘health economics’/exp OR ‘pharmacoeconomics’/exp OR 

‘disability insurance’/exp OR ‘cost of illness’/exp OR ‘cost benefit analysis’/exp OR ‘absenteeism’/exp OR 

‘productivity’/exp OR ‘length of stay’/exp OR ‘health care utilization’/exp OR ‘fee’/exp OR ‘budget’/exp OR 

‘cost’/exp OR ‘quality adjusted life year’/exp OR ‘presenteeism’/exp OR costs:de,ab,ti OR cost:de,ab,ti OR 

costly:de,ab,ti OR economic*:de,ab,ti OR pharmacoeconomic*:de,ab,ti OR fiscal:de,ab,ti OR fee:de,ab,ti 

OR fees:de,ab,ti OR expenditure*:de,ab,ti OR budget*:de,ab,ti OR disabilit*:de,ab,ti OR ‘resource use’ OR 

‘resource utilization’:de,ab,ti OR ‘resource utilisation’:de,ab,ti OR ‘length of stay’:de,ab,ti OR ‘quality 

adjusted life year’:de,ab,ti OR ‘quality adjusted life years’:de,ab,ti OR qaly*:de,ab,ti OR 

2,153,166 



Search 

no. Search terms 

No. of 

articles 

absenteeism:de,ab,ti OR productiv*:de,ab,ti OR ‘lost work’:de,ab,ti OR ‘work loss’:de,ab,ti OR ‘missed 

work’:de,ab,ti OR ‘sick day*’:de,ab,ti OR ‘illness day*’:de,ab,ti OR presenteeism:de,ab,ti OR ‘early 

retirement’:de,ab,ti OR ‘salary growth’:de,ab,ti OR ‘employer perspective’:de,ab,ti) AND [embase]/lim 

#23 #21 AND #22 340,497 

Exclusions  

#24 ‘animal’/exp NOT ‘human’/exp AND [embase]/lim 4,229,223 

#25 (comment*:ti OR ‘letter’:it OR ‘editorial’:it OR ‘case report’/exp OR ‘case stud*’:ti OR ‘case report*’:ti OR 

‘case series’:ti OR ‘case histor*’:ti) AND [embase]/lim 

3,815,418 

#26 (‘child’/exp OR ‘adolescent’/exp OR ‘infant’/exp OR ‘pediatrics’/exp OR child*:ti,ab OR adolescen*:ti,ab 

OR teen*:ti,ab OR youth*:ti,ab OR infant*:ti,ab OR newborn*:ti,ab OR preschool:ti,ab OR ‘pre-school’:ti,ab 

OR juvenile:ti,ab OR pediatric*:ti,ab OR paediatric*:ti,ab) NOT (‘adult’/exp OR adult*:ti,ab OR ‘middle 

age*’:ti,ab OR ‘senior citizen*’:ti,ab OR elder*:ti,ab) AND [embase]/lim 

2,174,587 

Total  

#27 #10 AND (#21 OR #23) 5,753 

#28 #27 NOT (#24 OR #25 OR #26) 4,765 

US geography  

#29 (‘united states’/exp OR ‘united states’:ti,ab OR ‘usa’:ti,ab OR ‘u.s.a.’:ti,ab OR ‘u.s.’:ti,ab OR ‘united 

states’:ad OR ‘usa’:ad OR ‘u.s.a.’:ad OR ‘u.s.’:ad OR ‘us’:ad OR alabama:ad OR alaska:ad OR 

arizona:ad OR arkansas:ad OR california:ad OR colorado:ad OR connecticut:ad OR delaware:ad OR 

florida:ad OR georgia:ad OR hawaii:ad OR idaho:ad OR illinois:ad OR indiana:ad OR iowa:ad OR 

kansas:ad OR kentucky:ad OR louisiana:ad OR maine:ad OR maryland:ad OR massachusetts:ad OR 

michigan:ad OR minnesota:ad OR mississippi:ad OR missouri:ad OR montana:ad OR nebraska:ad OR 

nevada:ad OR ‘new hampshire’:ad OR ‘new jersey’:ad OR ‘new mexico’:ad OR ‘new york’:ad OR ‘north 

carolina’:ad OR ‘north dakota’:ad OR ohio:ad OR oklahoma:ad OR oregon:ad OR pennsylvania:ad OR 

‘rhode island’:ad OR ‘south carolina’:ad OR ‘south dakota’:ad OR tennessee:ad OR texas:ad OR utah:ad 

OR vermont:ad OR virginia:ad OR washington:ad OR ‘west virginia’:ad OR wisconsin:ad OR wyoming:ad 

OR ‘puerto rico’:ad OR alabama:de,ab,ti OR alaska:de,ab,ti OR arizona:de,ab,ti OR arkansas:de,ab,ti OR 

california:de,ab,ti OR colorado:de,ab,ti OR connecticut:de,ab,ti OR delaware:de,ab,ti OR florida:de,ab,ti 

OR georgia:de,ab,ti OR hawaii:de,ab,ti OR idaho:de,ab,ti OR illinois:de,ab,ti OR indiana:de,ab,ti OR 

iowa:de,ab,ti OR kansas:de,ab,ti OR kentucky:de,ab,ti OR louisiana:de,ab,ti OR maine:de,ab,ti OR 

maryland:de,ab,ti OR massachusetts:de,ab,ti OR michigan:de,ab,ti OR minnesota:de,ab,ti OR 

mississippi:de,ab,ti OR missouri:de,ab,ti OR montana:de,ab,ti OR nebraska:de,ab,ti OR nevada:de,ab,ti 

OR ‘new hampshire’:de,ab,ti OR ‘new jersey’:de,ab,ti OR ‘new mexico’:de,ab,ti OR ‘new york’:de,ab,ti OR 

‘north carolina’:de,ab,ti OR ‘north dakota’:de,ab,ti OR ohio:de,ab,ti OR oklahoma:de,ab,ti OR 

oregon:de,ab,ti OR pennsylvania:de,ab,ti OR ‘rhode island’:de,ab,ti OR ‘south carolina’:de,ab,ti OR ‘south 

dakota’:de,ab,ti OR tennessee:de,ab,ti OR texas:de,ab,ti OR utah:de,ab,ti OR vermont:de,ab,ti OR 

virginia:de,ab,ti OR washington:de,ab,ti OR ‘west virginia’:de,ab,ti OR wisconsin:de,ab,ti OR 

wyoming:de,ab,ti OR ‘puerto rico’:de,ab,ti) NOT (‘canada’/exp OR ‘mexico’/exp OR ‘south and central 

america’/exp OR ‘eastern hemisphere’/exp) AND [embase]/lim 

9,350,112 

#30 #28 AND #29 2,239 

Limits 

#31 #30 AND [english]/lim 2,239 

#32 #31 AND ([article]/lim OR [article in press]/lim OR [erratum]/lim OR [review]/lim) AND [01-01-2017]/sd 

NOT [01-10-2022]/sd AND [2017-2022]/py 

609 

#33 #31 AND ([conference abstract]/lim OR [conference paper]/lim OR [conference review]/lim OR 

‘conference abstract’:it OR ‘conference paper’:it) AND [17-2-2021]/sd AND [2021-2023]/py 

344 

No. = number; US = United States. 

 



eAppendix Table 4. Study Eligibility Criteria  

Feature Criteria 

Study design Clinical and/or economic analyses, systematic reviews, and epidemiologic and 
observational study designs, including but not limited to prospective or retrospective 
cohort studies, cost-of-illness studies, and database/claims data analyses on policy 
reforms. 

Population and 

Interventions 

Biologic agents used in immunology (rheumatology, dermatology, and gastroenterology) 

for US adult patients (aged ≥ 18 years) in the outpatient or inpatient setting diagnosed 
with immunologic conditions (rheumatoid arthritis, psoriatic arthritis, axial 
spondylarthritis/ankylosing spondylitis, psoriasis, atopic dermatitis, Crohn’s disease, and 
ulcerative colitis). 

Outcomes Disparities in access to biologics across rheumatology, dermatology, and 

gastroenterology and associated clinical and economic outcomes. Utilization/healthcare 
resource use included hospitalization, physician visits, outpatient visits, intensive care 
unit admissions, emergency department visits, specialist visits, length of stay, medication 
use, time on treatment, type of treatment, surgeries, procedures, drugs, and disease 
severity. 

Date range January 1, 2017, through September 30, 2022 

Language English language 

Country of interest US 

US = United States. 



eAppendix Table 5. Studies on Access to Biologics 

Study Objective Data source Variables  Key results 

Dermatology (N = 10) 

Aleshaki et al.27 

 

Barrier: insurance 
other than 
Medicare Part D 
Low Income 
Subsidy, Black, 
low SES 

To summarize 

available evidence 
of biologic 
medication 
adherence and 
resource use 
among patients with 
psoriasis 

 

Data obtained from a 

systematic literature 
review, conducted using 
PubMed in August 2017 
for articles and clinical 
trials from the previous 
5 years 

 

(N = 35 articles, 
quantitative and 
qualitative data) 

 

Insurance type, race 

 

Patients without the Medicare Part D Low Income Subsidy had 

70% lower odds of biologic receipt. Black patients were 69% 
less likely to receive biologics for psoriasis treatment compared 
with White patients. 

 

Patients with lower SES were more likely to experience biologic 
primary drug failure and were more likely to have ≥ 1 
documented biologic nonadherence instance when compared 
with patients with higher SES. 

 

Clinical or economic outcomes were not assessed. 

Cheraghlou and 
Cohen36 

 

Barrier: rural 
residence 

To assess the early 
use of a new 
biologic drug 
(dupilumab) for 
atopic dermatitis in 
the Medicare 
population based on 
rural vs. urban 
areas 

Retrospective cohort 
study of the Medicare 
Provider Utilization and 
Payment Data from 
2017, categorized by 
rural-urban codes  

 

(quantitative and 
qualitative data) 

Prescriptions for 
dupilumab and rural vs. 
urban location 

Geographically, the distribution of specialists prescribing 
dupilumab ≥ 10 times was concentrated in large urban centers. 
There was less patient prescribing/access to dupilumab in the 
Medicare population for patients located in rural vs. urban 
areas. Decreased access to novel dermatologic biologics in 
rural areas may begin after introduction to the market. There 
were 142 providers (80% were dermatologists) who prescribed 
dupilumab at least 10 times in 2017; 91.5% practiced in large 
metropolitan areas, and only 8.5% were in nonmetro counties. 
 

Clinical or economic outcomes of drug access were not 
assessed. 

Feng et al.37 

 

Barrier: rural 
residence 

To examine the 
distribution of US 
injectable biologic–
prescribing 
dermatologists for 
patients with 
Medicare Part D  

Medicare Provider 
Utilization and Payment 
Data: Part D for 2013-
2015 

 

(quantitative data) 

Densities of 
dermatologists who 
prescribed injectable 
biologic treatments in 
each US county for any 
indication 

There are disparities in the availability of injectable biologic–
prescribing dermatologists using Medicare Part D across 
urban-rural geographic settings in the US. Only 778 counties 
(24.8%) have at least 1 injectable biologic–prescribing 
dermatologist. The densities of injectable biologic–prescribing 
dermatologists in metropolitan counties were 8.07-8.12 per 
100,000 Medicare Part B beneficiaries. Reasons for disparities 
still warrant further studies; however, insurance coverage of 
injectable biologics and patient ability to afford copays likely 
contribute. 
 



Study Objective Data source Variables  Key results 

Clinical or economic outcomes of decreased healthcare were 
not assessed. 

Gonzalez and 
Fleischer26 

 

Barrier: public 
insurance 

 

To determine 
whether biologic 
utilization differs 
between Latino 
patients and non-
Latino patients with 
psoriasis 

 

Data from the National 
Ambulatory Medical 
Care Survey from 2003-
2016 

 

(N = 1,202 visits, 
qualitative data) 

Insurance type, ethnicity 
(Latino vs. non-Latino), 
age, race, sex 

 

Private insurance was associated with increased biologic 
utilization compared with public insurance (OR 2.4; P = 0.02). 
There is an increased likelihood of biologic use in Latino 
patients compared with non-Latino patients (OR, 2.4; P = 0.03). 
Private insurance status did not differ between Latino patients 
compared with non-Latino patients with psoriasis (OR, 1.0; 
P = 0.98). Latino ethnicity and insurance status were found to 
be independent predictors of biologic use. 

 

Clinical or economic outcomes were not assessed. 

Heath and 
Usatine6 

Barrier: Black, 
skin of color 

 

To discuss the 
health disparity for 
patients with skin of 
color compared with 
White patients with 
psoriasis 

 

Literature review 

 

(qualitative data) 

 

Biologics access, 
specialist access, race 

 

Biologics are used less in Black patients compared with White 
patients, despite biologics being efficacious as psoriasis 
treatment. Psoriasis may be underreported and 
underdiagnosed among patients with skin of color due to 
reduced access to healthcare, and delays may be seen in 
access to clinicians who are proficient in cutaneous disease 
diagnosis in skin of color. 

 

Clinical or economic outcomes were not assessed. 

Hodges et al.30 

 

Barrier: Black, 
“other” racial 
minority groups 

 

To determine the 

rates of biologic use 
in Black and other 
underrepresented 
patients compared 
with White patients 
with psoriasis  

 

Medical records at 

Washington University 
School of Medicine from 
2010-2019 

 

(N = 4,413, qualitative 
data) 

 

Biologic use, 

race/ethnicity, 
socioeconomic factors 

 

Patients who are Black, Hispanic, or other underrepresented 

races (defined as Asian, American Indian, Alaskan Indian, other 
Pacific Islander, and unknown) are significantly less likely to 
use biologics for psoriasis when compared with White patients. 
Biologic utilization was lower among Black patients compared 
with White patients (51.9% vs. 62.2%; OR, 0.65). Compared 
with White patients, Black patients were less likely to use TNF-
alpha inhibitors (48.4% vs. 37.5%; OR, 0.64) and IL-17 
inhibitors (14.1% vs. 11.0%; OR, 0.75). Patients categorized 
under “other” race categories showed a lower rate of biologic 
use compared with White patients (46.2% vs. 62.2%; OR, 
0.52). 

 

Clinical or economic outcomes were not assessed.  

Jew et al.9 

 

To evaluate the 
effect of prior 

Prospective cohort 
study of patients treated 

Prior authorization 
outcome, biologic 

Patients with complex dermatologic conditions face a significant 
barrier to biologics because of prior authorizations. 



Study Objective Data source Variables  Key results 

Barrier: prior 
authorization 

authorizations in 
patients with 
complex 
dermatological 
conditions 

by a dermatologist at 
the University of 
Pennsylvania Health 
System with prior 
authorization requests 
via PennChart, Epic, 
Verona, and Wisconsin 
from 2018 to 2019 

 

(N = 51, quantitative 
and qualitative data) 

approval, and delay to 
treatment 

Of 51 prior authorizations, 51% were initially denied. Systemic 
medications were more likely denied than topical ones 
(P < 0.001). Lastly, 0% of biologics were initially approved via 
prior authorization. 

 

Clinical outcome: median delay to access of treatment was 12 
days (IQR, 5.5-23 days). 

Nguyen et al.34 

 

Barrier: Midwest 
residence 

To compare 

healthcare resource 
use and costs for 
patients with 
psoriasis in the 4 
US Census regions 

Data from the Medical 

Expenditure Panel 
Survey from 1996-2015 

 

(N = 13,632,547, 
quantitative and 
qualitative data) 

Biologic prescriptions 

PPPY, ambulatory visits 
PPPY, proportion of 
patients with ≥ 1 ED visit, 
OOP costs, insurance 
payments, region of 
residence, age, gender, 
race/ethnicity, 
employment status, 
insurance status 

The highest access to biologics was in the South (mean, 9.1%), 

followed by the Northeast (mean, 7.4%), the West (mean, 
6.8%), and the Midwest (mean, 5.2%). Compared with the rest 
of the country, the South had 30% fewer ambulatory visits 
PPPY and a 39% lower proportion of patients with ED visits. In 
the Midwest, there was $540 less spent on ambulatory costs 
PPPY compared with the rest of the country (P < 0.001), but 
patients with no ambulatory visits had significantly more ED 
visits than patients with ≥ 1 ambulatory visit (P < 0.001). 
Patients in the Northeast spent 53.9% more per year on total 
healthcare costs compared with patients in the rest of the 
country ($4,106 vs. $2,668; P = 0.086). 
 

Clinical and economic outcome: lower ambulatory costs; more 
ED visits 

Vazquez et al.10 

 

Barrier: prior 
authorizations 

To determine 

whether 
race/ethnicity, 
insurance type, and 
provider specialty 
affect biologic prior 
authorization 
approval times for 
patients with 
psoriasis and PsA 

Records from the 

University of Miami 

 

(N = 67, quantitative 
and qualitative data) 

Prior authorization 

requirement, wait times 
for biologic receipt, 
insurance type, 
race/ethnicity 

Insurance approvals and the need for prior authorizations 

cause barriers for many patients. Patients with Medicare had 
the shortest prior authorization wait times (mean, 7.3 days; 
P < 0.05) when compared with patients with Medicaid (mean, 
16 days) and patients with private insurance (mean, 27.6 days 
with a PPO and 31.0 days with an HMO). Prior authorizations 
were more often required for White patients (42%) compared 
with patients of underrepresented races (37%). The need for a 
prior authorization was significantly associated with longer wait 
times for biologic receipt (7 days). Among patients who waited 
> 7 days for insurance biologic approval, 29% experienced a 
clinical deterioration while waiting; among patients who waited 
> 22 days, 38% experienced a clinical deterioration while 



Study Objective Data source Variables  Key results 

waiting. 

 

Clinical outcome: treatment delays, clinical deterioration 

Yadav et al.29 

 

Barrier: costs of 
care, Black, 
“other” 
underrepresented 
races, skin of 
color 

To understand the 

challenges and 
unmet needs 
associated with care 
access, diagnosis, 
and treatment of 
psoriasis among 
people with skin of 
color  

A targeted literature 

review of studies 
published from 2016-
2021 

 

(N = 26 studies, 
quantitative and 
qualitative data) 

Healthcare encounters, 

culturally competent 
care, cost of care, 
cultural views, 
race/ethnicity 

More than 70% of online survey participants identified the high 

costs of care as 1 of the 3 largest barriers to seeking medical 
care for psoriasis. The perceived impact of the high costs of 
care was the most pronounced for Black patients compared 
with White patients (mean score of perceived severity, 6.38 vs. 
4.7; P = 0.004).  

 

Patients with skin of color may be less familiar with biologics 
and thus less likely to receive biologic treatment. Biologic 
utilization was lower among Black patients compared with 
White patients (51.9% vs. 62.2%; P < 0.05) and lower among 
other underrepresented races compared with White patients 
(46.2% vs. 62.2%; P < 0.05). Patients hospitalized for psoriasis 
were more likely to be Black, Hispanic, Asian, or multiracial 
when compared with White patients. Severe disease that is 
inadequately managed in an ambulatory care setting is found in 
increased rates of people with skin of color as demonstrated by 
increased hospitalization rates among this patient population. 

 

Clinical outcome: higher hospital admission rates  

Rheumatology (N = 7) 

Berger et al.33 

 

Barrier: OOP 
costs, female sex 

To assess specialty 
medication 
adherence for RA 
and identify 
characteristics 
associated with 
adherence 

Pharmacy claims and 
electronic health 
records from the 
Vanderbilt Specialty 
Pharmacy in 2016-2017 

 

(N = 675, quantitative 
and qualitative data) 

Medication adherence 
(measured by proportion 
of days covered), 
insurance category, OOP 
costs, sex, age, 
treatment naivety 

Medication adherence had a significant (P = 0.006) nonlinear 
association with the average cost per fill. The odds of higher 
medication adherence were greatest for patients with a $0 cost 
per fill and decreased until approximately $6 (around which the 
odds of a higher adherence leveled off). Higher adherence was 
more likely among those who were male (OR, 1.58) and older 
(per 10 years of age: OR, 1.17). 

 

Clinical and economic outcome: patients with RA with low OOP 
costs for bDMARD therapy achieved high treatment adherence 
rates. 

Gaitonde et al.24 To examine the 
treatment patterns 

Healthcare visits 
recorded in the National 

DMARD and bDMARD 
receipt, specialist visits, 

Medicare insurance and specialist visits were significantly 
positively associated with DMARD or bDMARD use. Patients 



Study Objective Data source Variables  Key results 

 

Barrier: type of 
insurance (private 
vs. Medicare), 
male sex, general 
physician visit 

of adults with RA 
and identify the 
factors that 
influence access to 
DMARDs and 
bDMARDs 

Ambulatory Medical 
Care Survey, 
specifically ED visits in 
2005-2014 and 
outpatient visits in 2005-
2011 

 

(N = 1,405, quantitative 
and qualitative data) 

insurance type, sex, age, 
race/ethnicity 

with Medicare had higher odds of receiving DMARDs and 
bDMARDs when compared with patients with private insurance 
(2.31 and 2.58 times higher, respectively). Female patients had 
1.57 times higher odds of any DMARD use when compared 
with male patients. Visits with a specialist vs. general physician 
were 2.38 times more often associated with any DMARD use. 
Race/ethnicity were not associated with any DMARD or 
bDMARD use. 

 

Clinical or economic outcomes were not assessed. 

Jin et al.22 

 

Barrier: Medicaid 

To identify the 
factors associated 
with DMARD and 
bDMARD use for 
initial and 
subsequent RA 
treatment 

Claims data from the 
commercial health plan 
United Healthcare (from 
2004-2013) and from 
the public health plan 
Medicaid (from 2000-
2010) 

 

(N = 195,433, 
qualitative data) 

bDMARD initiation, 
bDMARD switching, 
insurance type, 
race/ethnicity 

Patients with commercial insurance were 87% more likely to 
initiate a bDMARD when compared with patients with Medicaid 
(OR, 1.87). Among patients with Medicaid, Black patients had 
30%-40% lower odds of initiating bDMARDs (OR, 0.59 in early 
RA and 0.71 in prevalent RA) or switching bDMARDs (OR, 
0.71) when compared with non-Hispanic White patients. 

 

Clinical or economic outcomes were not assessed. 

Kan et al.25 

 

Barriers to 
primary 
adherence: 
Medicare, older 
age 

To estimate the 
predictors and 
extent of primary 
nonadherence to 
biologic medications 
in patients with RA 
who are newly 
prescribed the 
medications 

Data from Optum’s 
deidentified Integrated 
Claims-Clinical data set 
from 2007-2015 

 

(N = 434, quantitative 
and qualitative data) 

Primary nonadherence 
(defined as prescriptions 
for biologics not filled or 
not administered within 3 
months), insurance type, 
race/ethnicity, age, sex, 
average household 
income, college 
education, geographic 
divisions 

Insurance was a highly significant predictor for biologic primary 
nonadherence. Commercial insurance was significantly 
associated with the filling or administration of biologic 
medications when compared with patients on Medicare 
insurance (OR, 0.19; P < 0.001). 

 

Clinical or economic outcomes were not assessed. 

Mukherjee and 
Kamal21 

 

Barrier: OOP 
costs, female sex 

To explore the 
relationship 
between 
sociodemographics 
and OOP costs 
associated with RA 
biologic medications 

Data from the Medical 
Expenditure Panel 
Survey from 2009-2012 

 

(N = 1,090, quantitative 
and qualitative data) 

OOP costs, insurance 
status, race/ethnicity, 
income 

Higher OOP expenditures among the uninsured, female 
patients, patients with low income levels, and patients with 
several comorbidities could adversely affect medication 
adherence. The OOP expenditures were lower for those who 
were privately insured (0.31; 95% CI, 0.21-0.45) and publicly 
insured (0.18; 95% CI, 0.12-0.27) versus uninsured, and for 
poor (0.60; 95% CI, 0.43-0.84) and low-income (0.69; 95% CI, 
0.49-0.97) patients versus high-income patients. 



Study Objective Data source Variables  Key results 

 

Clinical or economic outcomes were not assessed. 

Ogdie et al.23 

 

Barrier: Medicare, 
female sex, Black 
with Medicaid 

To assess the 
receipt of 
suboptimal care 
(demonstrated by 
percentage of 
bDMARD and 
tsDMARD receipt 
and rheumatologist 
visits) based on 
race/ethnicity and 
insurance coverage 
among patients with 
PsA and AS 

Data from the Medicaid 
multistate segment of 
the IBM MarketScan 
Commercial Claims and 
Encounters 
Supplemental Database 
and Optum Insight 
Clinformatics Data Mart 
database for 2019 

 

(N = 54,944, qualitative 
data) 

Percentage of patients 
who received bDMARDs 
or tsDMARDs, 
percentage of patients 
who visited a 
rheumatologist, 
insurance coverage, sex, 
race/ethnicity 

Patients with Medicare had the lowest prescription rates of 
bDMARDs/tsDMARDs (PsA, 21%; AS, 11%), while patients 
with commercial insurance had the highest rates (PsA, 63%; 
AS, 43%). The percentages of patients who were prescribed 
bDMARDs/tsDMARDs were generally similar between different 
racial/ethnic groups for commercial insurance and Medicare but 
lower for Black vs. White patients for Medicaid. Lower 
percentages of female vs. male patients were prescribed 
bDMARDs/tsDMARDs among those who had commercial 
insurance. 

 

Clinical or economic outcomes were not assessed. 

Peterman et al.35 

 

Barrier: rural 
residence, older 
age, White, lower 
education, less 
impoverished, 
obtained 
bDMARD from 
provider other 
than a 
rheumatologist 

To assess national 
trends in bDMARD 
access for RA, 
specifically focusing 
on rural and urban 
access gaps  

Data from multiple 
public-access, county-
level databases, 
including Medicare 
Part D, US Census, 
CMS, and USDA ERS 
from 2015-2019 

 

(quantitative and 
qualitative data) 

bDMARD prescription, 
area of residence, SES, 
education level, 
race/ethnicity, age 

There are clear disparities in bDMARD access at a county 
level, and the SES of a community and the direct affordability of 
medications for patients are the largest predictors of bDMARD 
access. Nearly 6 times more rural counties had no bDMARD 
access compared with metro counties, and metro counties had 
2 times as many counties without bDMARD access compared 
with urban counties. When comparing coldspot to hotspot 
bDMARD access areas, Medicare members were older (72.9 
vs. 70.9 years), more White (88.8% vs. 82.2%), more rural (6.8 
vs. 2.9 rural-urban continuum), less educated (21.3% vs. 26.5% 
with college degrees), less impoverished (13.7% vs. 15.3% in 
poverty), and less likely to obtain bDMARDs from a 
rheumatologist (2.6% vs. 53.1%). 

 

Urban city centers with high bDMARD rates have a “pulling” 
effect on prescription frequency, thus resulting in lower-than-
average bDMARD rates in their immediately neighboring metro 
areas. There were no statistically significant differences in the 
percentages of Hispanic patients (average per-capita cost to 
Medicare) or the percentage of uninsured patients (in the non-
Medicare population) between hotspots and coldspots. 
 

Clinical or economic outcomes were not assessed. 
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Gastroenterology (N = 4) 

Axelrad et al.28 

Barrier: Medicaid 

To characterize 

healthcare resource 
utilization and the 
impact on health 
outcomes for 
patients with IBD 
based on health 
insurance status 

Data from a 

colonoscopy 
surveillance program for 
patients who were 
retrospectively 
evaluated at New York 
Presbyterian-Columbia 
University Medical 
Center from 2007-2017 

 

(N = 947, qualitative 
data) 

Healthcare visits, biologic 

infusions, steroid 
exposure, insurance 
status, race/ethnicity 

Patients with Medicaid, when compared with patients with other 

insurance types, had higher rates of hospital admissions 
(77.6% vs. 42.6%; P < 0.0001), ED visits (90.5% vs. 38.4%; 
P < 0.0001), steroid exposure (62.4% vs. 37.7%; P < 0.0001), 
and biologic infusions (26.2% vs. 13.4%; P < 0.0001). Black 
patients had increased odds of requiring steroids (OR, 2.49; 
P = 0.004), while there was no significant association with 
requiring biologic infusions (OR, 1.69; P = 0.16) when 
compared with White patients. Hispanic ethnicity was not 
associated with ever requiring steroids (OR, 1.17; P = 0.49) or 
biologic infusions (OR, 1.65; P = 0.066) when compared with 
non-Hispanic ethnicity. 

 

Clinical outcome: patients with Medicaid insurance had higher 
rates of hospital admissions, ED visits, and steroid exposure 
than patients with other insurance types. 

Barnes et al.31 

Barrier: Black or 
Asian or Hispanic 

To review 
differences in IBD 
care and outcomes 
among patients of 
different races and 
ethnicities  

Literature review 

 

(qualitative data) 

Access to care, delays in 
diagnosis, health and 
disease perception, 
race/ethnicity 

Among patients with IBD, Black patients, Asian patients, and 
Hispanic patients were significantly less likely to receive 
biologic treatments despite higher rates of stricturing or 
penetrating disease. African American patients had lower 
treatment adherence rates and were significantly less likely to 
demonstrate medical regimen compliance when compared with 
White patients.  

 

Clinical outcome: avoidance of healthcare visits may result in 
delays to diagnosis and thus affect access to IBD-related 
therapy. Increasing access to appropriate care may reduce 
disparities in outcomes. 

Barnes et al.38 

Barrier: none 

To compare 

medication use 
among Black and 
White patients with 
Medicaid and IBD, 
when given uniform 
gastroenterologist 
and therapy access 

Data from Medicaid 

Analytic eXtract from 
California, Georgia, 
North Carolina, and 
Texas from 2006-2011 

 

(N = 14,735, qualitative 
data)  

Medication use, 

race/ethnicity 

In patients with Medicaid, there was no significant disparity by 

race in the utilization of IBD-specific therapies. Among patients 
with Medicaid insurance, Black patients with Crohn’s disease 
were more likely when compared with White patients to receive 
combination therapy (aOR, 1.50) and to receive 
immunomodulator monotherapy after surgery (31% vs. 18%; 
P = 0.004). Black patients with Crohn’s disease were also more 
likely when compared with White patients to receive anti-TNF 
therapy (25% vs. 20%; P < 0.001). 



aOR = adjusted odds ratio; AS = ankylosing spondylitis; bDMARD = biologic disease-modifying antirheumatic drug; CI = confidence interval; CMS = Centers for 

Medicare and Medicaid Services; DMARD = disease-modifying antirheumatic drug; ED = emergency department; HMO = health maintenance organization; IBD = 

inflammatory bowel disease; IBM = International Business Machines; IL-17 = interleukin 17; IQR = interquartile range; OOP = out of pocket; OR = odds ratio; PPO 

= preferred provider organization; PPPY = per patient per year; PsA = psoriatic arthritis; RA = rheumatoid arthritis; SES = socioeconomic status; TNF = tumor 

necrosis factor; tsDMARD = targeted synthetic disease-modifying antirheumatic drug; US = United States; USDA ERS = United States Department of Agriculture 

Economic Research Service. 
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Clinical or economic outcomes were not assessed. 

Kochar et al.32 

Barrier: Asian 

To evaluate the 
differences in IBD 
between Asian 
patients and White 
patients  

Prospective data from 
the Sinai-Helmsley 
Alliance for Research 
Excellence cohort 

(N = 5,339, quantitative 
and qualitative data) 

Biologic use, IBD-related 
surgery, race, immigrant 
status 

Asian patients had half of the odds to be treated with biologics 
compared with White patients (OR, 0.45). At baseline, a higher 
rate of White patients compared with Asian patients had ever 
been treated with infliximab (35% vs. 16%; P < 0.001) or 
adalimumab (49% vs. 36%, P = 0.01). US-born Asian patients 
had the lowest rate of any anti-TNF use (34%) compared with 
Asian immigrant patients (42%) and White patients (61%; 
P < 0.001). 

 

Clinical outcome: Despite the differences in biologic treatment, 
there were no significant differences in outcomes, such as 
surgery and hospitalization, between Asian patients and White 
patients. 
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