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A B S T R A C T

Diversity in clinical trials is defined by the inclusion of clinical trial participants from various demographic 
groups that are representative of the broader population impacted by a disease state. Diversity in clinical trials is 
critical in identifying potential differences in safety and efficacy of treatments across races, ethnicities, ages, 
sexes, or other variables. In the United States, clinical trial diversity is often benchmarked against US Census 
data, which may limit the representativeness of patient demographics in clinical trials. Disease-specific, de
mographic estimates from real-world data (RWD) can facilitate benchmarking of clinical trials, support trial 
enrollment and the development of trial diversity plans. Notably, development and dissemination of these es
timates from RWD can be challenging without a standardized process. To address this issue, we developed a new 
evaluation framework to assess patient demographics and characteristics within specific disease populations 
using RWD and disease population estimates.

Suitable databases were identified using predefined criteria such as accessibility to patient-level data, avail
ability of all demographic variables of interest, sufficient sample size of the disease population, and availability 
of population weights to enhance generalizability. Concurrent data were gathered via targeted literature reviews 
for each disease condition. Together, this data was used to create disease-specific, demographic estimate profiles 
to inform diverse enrollment goals for prospective clinical trials. We present two examples of application of this 
framework to illustrate the results in the case of two disease states, rheumatoid arthritis and stroke.

1. Introduction

Diversity in clinical trials is defined as a sample of individuals that 
accurately reflect the demographic composition of those impacted by a 
disease. Clinical trial diversity is crucial to advancing health equity, as it 
provides the ability to ensure consistent treatment across a range of 
individuals, while potentially helping to identify differences in treat
ment response [1,2]. Clinical trial diversity can improve trust in re
ported trial outcomes, while broadening access to novel and potentially 
promising therapies [3–5].

Poor clinical trial representation can have significant implications 
for patient care, contributing to health disparities and unequal health 
outcomes, as well as limiting understanding of both risks and benefits for 
patients [3]. As the goal of a clinical trial is to determine safety and 
efficacy of treatments, it is critical to ensure that all groups benefit from 
advancements in medical research to the same extent, while identifying 

any differences that could potentially compromise either efficacy or 
safety. A lack of diversity in clinical trials that accurately reflects the 
population of a disease can result in uncertainties for underrepresented 
groups and could potentially lead to suboptimal care. Improving clinical 
trial representation to better reflect the real-world population of those 
dealing with a disease state can lead to more equitable access to effective 
treatment and help to develop a better understanding of how an inter
vention can work across diverse patient groups, informing better design 
of clinical trials [6,7].

Evaluation of diversity in clinical trials in recent studies have shown 
that trials are impacted by both underrepresentation and over
representation when comparisons are made to US Census data. Under
representation is often reported for racial or ethnic minority groups, as 
well as with age groups such as those 65 and older [8,9]. Conversely, 
overrepresentation can also lead to imbalances in trial diversity, which 
can happen when the biological sex of participants is skewed heavily in 

* Corresponding author.
E-mail address: samuel.crawford@abbvie.com (S. Crawford). 

Contents lists available at ScienceDirect

Contemporary Clinical Trials Communications

journal homepage: www.elsevier.com/locate/conctc

https://doi.org/10.1016/j.conctc.2025.101432
Received 20 November 2024; Received in revised form 20 December 2024; Accepted 8 January 2025  

Contemporary Clinical Trials Communications 44 (2025) 101432 

Available online 10 January 2025 
2451-8654/© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by- 
nc-nd/4.0/ ). 

https://orcid.org/0000-0001-7889-8023
https://orcid.org/0000-0001-7889-8023
mailto:samuel.crawford@abbvie.com
www.sciencedirect.com/science/journal/24518654
https://www.elsevier.com/locate/conctc
https://doi.org/10.1016/j.conctc.2025.101432
https://doi.org/10.1016/j.conctc.2025.101432
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


one direction or another, or when one racial or ethnic group has greater 
representation than what would align with a disease state [8,9]. 
Currently, there are limited resources available to provide an accurate 
reflection of diversity within a disease population. Use of standards such 
as the United States (US) national census to identify the diversity of the 
population provides a very broad, general picture without nuance to 
understand differences based on specific disease populations. Use of 
real-world data (RWD) and evidence gathered from existing studies to 
characterize disease-specific demographics provides greater under
standing of who is impacted by a disease and can help to identify gaps in 
representativeness that may exist.

To address the need for disease-specific, demographic estimates to 
facilitate improved benchmarking of clinical trials, as well as support for 
trial enrollment and design of clinical trial diversity plans as outlined by 
the US Food and Drug Administration (FDA) [10,11], we sought to 
develop new ways of looking at diversity within specific disease pop
ulations using RWD and published literature. Here we report on a 
reproducible clinical trial diversity assessment framework and its utility 
to develop disease-specific, demographic estimates using multiple 
real-world datasets to inform diverse enrollment goals for prospective 
clinical trials. To illustrate the use of this framework, we identified two 
therapeutic areas, rheumatoid arthritis (RA) and stroke. These disease 
states were selected to provide a contrast in use of the framework for 
disease states with a narrow range of database and literature sources as 
is the case with RA, compared to stroke which provides a wider range of 
data sources to assess clinical trial diversity. These demographic esti
mates generated using this framework are more reflective of the di
versity in specific disease populations compared to general census data 
and can inform the development of enrollment goals used for prospec
tive clinical trials.

2. Methods

The trial diversity assessment framework was developed using large 
real-world population databases based in the US, along with published 
scientific literature, to assess disease-specific demographic 
characteristics.

2.1. Demographics

The key demographic variables of interest included age in years, sex 
(Female/Male), race (Asian, African American or Black, American In
dian or Alaska native, Native Hawaiian or Other Pacific Islander, White), 
ethnicity (Hispanic/Non-Hispanic (NH)), race and ethnicity (NH Asian, 
NH Black, NH American Indian or Alaska native, Native Hawaiian or 
Other Pacific Islander, NH White, Hispanic), and US Census regions 
(Northeast, Midwest, West, South). Demographics of interest were 

selected based on those frequently collected in trials and highlighted in 
two FDA projects, Silver and Equity [12,13]. The FDA’s Projects Equity 
and Silver are public health initiatives aimed at improving equitable 
access to medicines and increasing participation in clinical trials among 
historically underrepresented populations, including older adults. Initial 
analysis emphasized US demographic categories and estimates, with 
plans in future iterations to expand to other countries.

2.2. Database selection

For each disease of interest, several publicly and privately available 
databases were evaluated. Suitable databases were identified based on 
predefined criteria including measurement of the disease of interest, 
accessibility to patient-level data, availability of all demographic vari
ables of interest, measurement of and sufficient sample size of the dis
ease population in question, and availability of population weights to 
generate US representative estimates of civilian, non-institutionalized 
individuals (Table 1). Consequently, nationally representative survey 
datasets emerged as the preferred data source. When the disease of in
terest was unmeasured in these datasets, large nationwide disease reg
istries, electronic health records (EHR), and administrative claims 
databases were preferred.

For each dataset under consideration, two reviewers independently 
evaluated suitability for a specific indication, assigning a score of 0–10, 
where 0 was defined as not suitable (ie, not representative and missing 
key demographic variables) and 10 was very suitable (ie, nationally 
representative with all key demographic variables) (Table S1). In the 
event of discordant scores, reviewers discussed evidence until a score 
was agreed upon. Reviewers then assigned the top two rated datasets as 
primary and secondary, allowing for two datasets selected per indica
tion. Depending on rankings assigned to datasets, reviewers assigned 
analysis confidence grades as high, medium or low with a high confi
dence grade denoting better generalizability, better disease represen
tation, and coverage of important sociodemographic characteristics.

2.3. Targeted literature reviews

Targeted literature reviews were conducted concurrently with the 
database evaluation by a separate team to determine published esti
mates on diseases of interest that could be used in lieu of databases with 
low confidence and to provide broader range of disease-specific popu
lation estimates (Fig. 1). Any published studies that utilized databases 
identified during database selection were excluded to avoid duplication 
of data.

Table 1 
Hierarchy of real-world databases available at the time of analysis, including those used for evaluation in the current study.

Database Name Data Type Nationally 
Representative

Contains Key 
Variables

Ownership Therapeutic 
Area

Selected for Current 
Study

National Health and Nutrition Examination 
Survey (NHANES)

National Survey Yes Yes Public Agnostic No

National Health Interview Survey (NHIS) National Survey Yes Yes Public Agnostic Yes
Medical Expenditure Panel Survey (MEPS) National Survey Yes Yes Public Agnostic Yes
Behavioral Risk Factors Surveillance System 

(BRFSS)
National Survey Yes Yes Public Agnostic Yes

National Survey of Children’s Health (NSCH) National Survey Yes Yes Public Agnostic No
Surveillance, Epidemiology, End Results 

Program (SEER)
Disease Registries No Yes Public Oncology No

ConcertAI Electronic Health 
Records (EHR)

No Yes Private Oncology No

PurpleLab Claims Database No Yes Private Agnostic No
IQVIA Claims Database No Yes Private Agnostic No
Optum Market Clarity (MC) Linked EHR and Claims No Yes Private Agnostic No
Optum Clinformatics Data Mart (CDM) Claims Database No Yes Private Agnostic No
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2.4. Statistical analysis

Following database selection, identification of disease cohorts was 
based on the source of the database. For national surveys, self-reported 
disease status of respondents was used, while ICD-10/ICD-0-3 coding 
systems were used for other real-world databases. Demographic char
acteristics were summarized using percentages for categorical variables 
and mean and standard deviation, and standard error for continuous 
variables. Standard error was computed for estimates generated using 
national survey data with a complex sampling design.

Only non-missing data for each variable were used in the analysis, 
thus, no imputation was done for missing data. Each dataset evaluated 
was examined over a three-year time horizon, such that the three most 
recent years of available data were evaluated.

Disease-specific profiles were created using demographic estimates 
generated from real-world databases and/or estimates from scientific 
literature. Once the final output was created, it was uploaded to the 
dashboard to create the disease-specific profiles. The dashboard was 
developed using the advanced analytics and data visualization software 
Spotfire (Tibco Software).

The trial diversity assessment framework can be applied to any dis
ease of interest. To illustrate its utility, we provide examples for two 
disease states below, RA and stroke.

3. Results

3.1. Database selection

Four publicly available, national representative datasets were eval
uated, namely: National Health and Nutrition Examination Survey 
(NHANES), Medical Expenditure Panel Survey (MEPS), National Health 
Interview Survey (NHIS), and Behavioral Risk Factors Surveillance 
System (BRFSS). Of these, three (stroke: NHIS and BRFSS; RA: MEPS) 
were utilized in generating the disease population estimates for both 
indications. Given the preference for these datasets, further evaluation 
of other real-world databases was not required. In some instances, 
NHANES was not chosen if other nationally representative data sources 

are available as race and ethnicity are reported jointly rather than 
separately.

MEPS was identified as a suitable dataset for RA because RA was 
measured in the database, population weights were available, all de
mographic characteristics were measured, had sufficient sample sizes 
(>50), and availability of patient-level data. Due to identification of a 
study from the literature review that utilized a large nationwide registry, 
one nationally representative dataset was deemed suitable for RA [14].

Database evaluation for stroke identified two publicly available da
tabases, BRFSS and NHIS because both datasets met all the criteria. 
MEPS was not selected due to the heterogeneity in measurement of 
stroke where respondents were asked about a history of stroke or tran
sient ischemic attack compared to BRFSS or NHIS where respondents 
were asked about a history of stroke, only. Furthermore, the condition 
code in MEPS included an ICD code for ischemic stroke, only (ICD10: 
I63).

Although both RA and stroke are measured in NHANES, the dataset 
was not chosen for due to lack of nationally representative data sources 
given that race and ethnicity are reported jointly rather than separately, 
as previously noted.

3.2. Targeted literature reviews

Targeted literature reviews were conducted for the two example 
disease states. For RA, the literature search initially yielded 8 records for 
full-text review, none of which met the criteria for inclusion outlined in 
Fig. 1; therefore, a subsequent search was extended by an additional 5 
years. The 10-year search window yielded 98 records of which 97 were 
excluded due to duplication of data from registries, resulting in one 
paper that met inclusion criteria [14].

The targeted literature review for stroke resulted in a total of 73 
records, of which 72 were excluded due to duplication of data from 
registries, resulting in 1 paper included in the literature estimates [15]. 
The search for stroke did not require an extension of the search years.

For both RA and stroke, data from RWD estimates were combined 
with the literature estimates to provide a final estimate of the disease 
population. Results of the implementation of the framework and 

Fig. 1. Disease-specific profile generation method.
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resulting estimates and comparison to US Census data can be found in 
Fig. 2.

4. Discussion

Through analysis of large, publicly and privately accessible datasets 
and targeted review of the literature, diversity in clinical trials can be 
examined at the disease level and can help to identify cases where 
groups may be underrepresented. Better representation has the potential 
to provide insight for diseases that impact some populations more than 
other groups, or groups where disease burden may have more severe 
effects. Here we provide methods to develop real-world disease esti
mates by combining RWD and literature estimates, providing a different 
perspective of the demographics impacted by the disease when 
compared to the US census. These differences are illustrated in Fig. 2, 
which provides a description of real-world estimates of RA and stroke 
compiled using the methods outlined here. These data reflect variation 
in disease estimates across indications, that often differ notably from 
demographic data obtained from the US census. For example, based on 
data gathered using the methods described here, the combined real- 
world estimate of individuals with RA that are Hispanic ranges from 
5.3 to 15.1 %, but for stroke the estimate is 8.8–11.4 %, both of which 
differ from the US Census data reporting 19.1 % of the population is 
Hispanic. Estimates based on biological sex also differ when compared 
across indications, with estimates for women at 69.0–76.2 % for RA, 
which is higher than estimates for stroke (51.2–51.9 %) and higher than 
the US census data (50.4 %) (Fig. 2).

The current paper presents the results for two different disease states, 
RA which results in a wide range of estimates with lower precision and 

stroke which provides a narrow estimate range with higher precision, 
reflecting the generally low incidence of RA and higher incidence of 
stroke. Differences in the incidence of RA and stroke may explain the 
resulting lack of data for low-incidence indications like RA versus the 
vast amount of data for a higher-incidence indication like stroke. These 
examples also illustrate the results obtained using this method as well as 
the challenges that can arise with different disease states. For example, 
for RA, the targeted literature review did not return any results meeting 
the criteria over the last 5 years, requiring us to modify the search to 
extend to 10 years yielding one publication that met inclusion criteria. 
Though the literature review for stroke similarly found only one publi
cation, it was published within the last 5 years.

While priority was given to data from national survey datasets, real- 
world databases like EHR and claims databases are valuable sources 
when generating demographic estimates for relatively rare diseases or 
diseases that require additional specificity for identification. Addition
ally, EHR was chosen over claims data due to availability of self-reported 
race vs derived race.

While the focus of this work was on US demographic estimates, 
future work will involve characterizing demographic estimates in pop
ulations outside the US.

We observed some data limitations in the development of this 
framework. Reporting of race can be inconsistent, with some real-world 
sources reporting race alone and others reporting both race and 
ethnicity together or as a non-informative “Other” posing challenges to 
harmonization of data. Similar challenges were observed with age, 
where medians or percentage of subjects 65 or older (population of in
terest in Project Silver) were challenging to implement across in
dications as some analytical platforms or published studies do not 

Fig. 2. Comparison of clinical estimates examples for rheumatoid arthritis and stroke alongside US census data.
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consistently report these statistics, or report age in wide-ranging cate
gories. Missing data on race and ethnicity were relatively higher in real- 
world databases like EHR compared to national survey databases, 
underscoring the importance of concerted efforts towards increased 
capture of race and ethnicity in these data sources. Last, disease pop
ulations of interest can differ in granularity such as specific biomarker 
groups or lines of therapy and the availability of databases with this 
level of granularity is limited.

5. Conclusions

Use of disease-specific population estimates generated from 
combining real-world sources and literature estimates may provide 
greater insight into the diversity across indications, informing devel
opment of clinical trials to better reflect specific disease populations and 
supporting the development of enrollment goals.
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