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ARTICLE INFO ABSTRACT

Keywords: Background: Diverse representation in clinical trials is an important goal in the testing of a medical, diagnostic, or

Clinical trials therapeutic intervention. To date, the desired level of trial equity and inclusivity has been unevenly achieved.

l;a;e. . Methods: Employing the US National Library of Medicine’s Clinicaltrials.gov registry, we examined 481 clinical
thnicity

trials conducted - at least in part - in the state of New Jersey. These trials were initiated after the FDA-mandated
Common Rule changes, i.e., between January 2017 and October 2022, were enacted, and had their results
posted. We analyzed sex/race/ethnicity reporting as well as applicable enrollment. Using meta-analysis, we
estimated group participation proportions of a subset of the 481 identified trials; specifically, the 229 studies that
were conducted solely within the US (i.e., without international sites) and compared them to US census data.
Findings: Within the 481 clinical trials analyzed, over 97% reported on the race and/or ethnicity of their
enrollees; all included information on sex. Reporting was not affected by funding source or therapeutic area.
Based on the 229 solely US-based studies, the participants overall were 76.7% White; 14.1% Black; 2.7% Asian;
and 15% Hispanic. Inclusion of Black participants did not differ from the 2020 US census data; in contrast, the
levels of Asian and Hispanic participation were below the corresponding census percentages.

Interpretation: The past five years have seen an overall uptick in the equity of race/ethnicity reporting and in-
clusivity of clinical trials, as compared to previously reported data, presaging the potential acquisition of ever
more powerful and meaningful results of such interventional studies going forward.

Funding: Support for this study comes from the Hackensack Meridian Health Research Institute and the Hack-
ensack Meridian School of Medicine.

Research in context: Evidence before this study

Clinical trials are a critical part of determining whether or not a medical (drug/device/biologic) or socio-
behavioral intervention is safe and truly effective. Through their use, scientific understanding is advanced
and, ideally, human health is improved. To gain the most impactful information from a clinical trial, it should be
sufficiently representative, that is, should enroll an adequate number of participants, and include a diverse
population. Without such inclusion, the study is of only limited generalizability. Efforts are underway by funders,
sites, and other stakeholders, to enhance reporting and promote inclusive enrollment. The extent to which such
attempts are yielding results - at least for clinical trials in the state of New Jersey - is the focus of this data-driven
analysis. The ClinicalTrials.gov registry database was carefully mined for the information contained in this
report.

Added value of this study

Our analysis of clinical trials initiated in the state of New Jersey and conducted there or elsewhere in the US
reveals several positive trends. Our 5-year snapshot reveals that a very large percentage of trials report on race/
ethnicity - and inclusivity is improving. While there is still some way to go to have the demographic numbers in
these trials match US census values, our results suggest that recent efforts are having an effect.

Implications of all the available evidence

For myriad reasons, clinical trials have not enjoyed the public’s universal trust over the years. In many ways,
medicine moves at the speed of trust - without it, the promise of modern healthcare is brought into question.

Evidence-based medicine
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Clinical trials must include a commitment to diverse enrollment pools and equitable reporting under the law.
Creating a legacy of trust - through greater inclusivity in clinical trials and more transparent reporting of results -
will begin to heal the divide and engender faith in modern medicine and today’s healthcare system. It would also
allow for the desired far-reaching generalizability of results across patient populations. To better appreciate what
needs to be done going forward, we must truly understand the state of clinical trials reporting and demographic
inclusion. This report initiates such an analysis, by carefully documenting how New Jersey’s clinical trials are
performing. By virtue of its location (e.g., proximity to the cities of New York and Philadelphia) the state is part
of a large biopharma cluster and healthcare nexus; it is critical that it performs well with respect to adopting/
adhering to updated clinical trial guideline mandates. This report provides a glimpse - an important first look -
into the state of clinical trials in New Jersey - from 2017 through 2022.

Introduction

Desired health outcomes are best achieved when evidence-based
medicine, translational science, and clinical research are brought
together at the level of patient care. Information and data are key; no-
where is this more true than in the conduct of clinical trials associated
with the development of new drugs, devices, or treatments. Ideally,
randomized trials are completed with appropriately powered (patient)
sample sizes, and with all necessary steps taken to assure safety and
efficacy. To permit such new interventions to be approved and widely
employed, they must be tested in diverse populations - including across
sex, racial, and ethnic groups. Recent evidence suggests that clinical
trials are moving towards this goal of inclusive design and execution [1].

In 2007, the Food and Drug Administration (FDA) issued an
amendment [2] requiring all applicable clinical trials (ACT) using FDA
regulated drug/devices and pediatric postmarket surveillance to be
publicly registered in order to ensure transparency and inclusion. In
2016, the Department of Health and Human Services (DHH), expanding
on that law, published additional requirements on the clinical trial
registration and result posting [3] that went into effect in January 2017.
These changes in the common law after 2017 have begun influencing
result posting within ClinicalTrials.gov [1], which is the largest publicly
available data bank for clinical trials in the US. Additional efforts made
by the FDA and other federal bodies, including funders (e.g., NIH grant
funded opportunities), have mandated and provided incentives [4] for
result reporting, as well as the inclusion of racial and ethnic minorities
that have traditionally been underrepresented within clinical trials
[5,6]. These include, among others, monetary fines and other penalties,
as well as targeted funding opportunities supporting diverse trial
enrollment.

In April of 2021, the FDA issued the first “Notice of Noncompliance”
to the sponsor of a clinical trial for failing to submit clinical trial results
to ClinicalTrials.gov as required by the Common Rule [7]. Subsequently,
three letters were sent to other sponsors (through March of 2023), along
with the establishment of significant civil and monetary penalties (over
$10,000) [8] - suggest the systematic enforcement of the law. This
enforcement has however received harsh criticism as to its effectiveness
from both public [9] and academic groups, suggesting the inadequacy of
these approaches.

While funders, federal bodies [10], and other organizations [11,12]
continue working to ensure transparency within clinical trials and ac-
curate representation of all populations, newer investigations focusing
on the results posted in the ClinicalTrials.gov data bank are warranted.

The goal of this study was to document the race/ethnicity reporting
and inclusivity profiles of recently completed clinical trials in the state of
New Jersey and beyond. Against the backdrop of the new common law
posting requirements; the recent pandemic; and the continued emer-
gence of new molecular therapeutics, behavioral interventions, diag-
nostic treatments, and medical devices; such an up-to-date analysis was
very much in order. Going forward, rigorous inventorying of reported
ClinicalTrials.gov data may help to identify areas in which improvement
strategies could be implemented to ensure more inclusive and equitable
clinical testing.

Methods
Data sources

On October 11, 2022 we conducted an Advanced Search (Fig. 1a),
using the publicly available ClinicalTrials.gov data bank (https://
clinicaltrials.gov), for all studies initiated after January 2017 (i.e.,
post common law changes), with results posted, that were conducted in
at least one site in the state of New Jersey. We excluded all studies that
were not completed at the time to ensure accurately posted results; we
included studies using participant populations of all ages.

For the comparative analysis, we examined only the subset of studies
taking place solely in the US, referencing our data against the 2020
Census Bureau database [13,14]. See Fig. 1b for a graphic depiction
state-by-state of the number of studies that meet these criteria.

Definitions and variables used

To ensure consistency with reporting requirements and the way re-
sults are reported within ClinicalTrials.gov (CT.gov), we adopted the
sex, race, and ethnicity definitions (and categories) as employed by
NIH/Office of Management and Budget (OMB) Standards [15]; we
added an Unknown or Not Reported category to capture inconsistencies
in data entry and to limit missing data points.

More specifically, we included Male, Female, Other for sex; White,
Black or African American, Asian, Native Hawaiian or other Pacific
Islander, American Indian or Alaska Native, Two or more races, Other,
and Unknown or Not Reported for race; and Hispanic, Latino, and Un-
known/Not Reported for ethnicity.

Information on sex/race/ethnicity was manually extracted from the
data bank and entered into a REDCap database (Research Electronic
Data Capture - which is a secure, web-based software platform designed
to support data acquisition for research studies) developed specifically
for this project [16,17]. The following data points were automatically
extracted from CT.gov and imported directly into the (same) REDCap
database: NCT number, Study Title, Intervention, Age of Participants,
Phase, Start Date, Primary Completion Date, and Study Location.

In addition to sex/race/ethnicity, we also manually extracted in-
formation about the therapeutic area and whether or not the study was
related to COVID-19.

Statistical analysis

We first explored reporting of sex, race, and ethnicity information in
clinical trials conducted from 2017 to 2022 and assessed how reporting
may be affected by study-level characteristics (Reporting of Information).
Second, we analyzed racial, ethnic, and sex proportions, their hetero-
geneity, and associations with the study-level characteristics in trials
conducted in the US (Analysis of Racial, Ethnic, and Sex Proportions).
Study-level characteristics our team considered factors that could in-
fluence both reporting of race/ethnicity information and/or the racial/
ethnic composition of clinical trials were: i. study location, ii. thera-
peutic area, iii. COVID-19 relatedness, iv. trial phases, and v. source of
funding. Study location was based on the location of participants or sites
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Fig. 1. a. CONSORT flow diagram of study search paring parameters and inclusion of trials.

b. Clinical trial distribution.
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Map of the US with distribution of clinical trials that were conducted - at least in part — in New Jersey and solely within the US (i.e., without international sites. 229
such studies meet this criteria in total — hence the number 229 appears inside New Jersey.
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involved in a study and contained three categories - US/International,
US, and New Jersey. Therapeutic areas comprised 15 fields: anesthesia
and analgesia, cardiovascular diseases, dermatology, endocrinology and
metabolism, gastroenterology, immunology, infectious diseases,
neurology, obstetrics and gynecology, oncology and hematology,
ophthalmology, orthopedics, psychiatry, pulmonology and rheuma-
tology, and urology. COVID-19 was an indicator of whether or not the
study was related to aspects of COVID-19. Phase included phase 1, 2, 3,
4, other, and not applicable categories. The funding sources identified
were Government, Industry, and Other.

Reporting of information

For the first objective, we used three binary (Yes/No) outcome var-
iables, each indicating whether information was reported (1 - Was in-
formation on race and/or ethnicity reported?; 2 - Was information on
race reported?; and 3 - Was information on ethnicity reported?) in each
examined clinical trial. The data was summarized in contingency tables
as frequencies and percentages. Univariate associations between
reporting and study-level characteristics were tested with Fisher’s exact
tests.

Additionally, we tested association between reporting and study-
level characteristics (study location, COVID-19, and source of funding)
using logistic regression. We fit three generalized linear models of the
form logit(Outcome) ~ location + COVID + funding (see Supplementary
Table 1 for details of the three models). Using the models, we predicted
probabilities of reporting race and/or ethnicity, race, and ethnicity in-
formation (Yes) for various combinations of study-level characteristics
(Supplementary Table 2).

Analysis of racial, ethnic, and sex proportions: meta-analysis

For the second objective, our outcome variables were proportions of
Whites, Blacks, Asians, Hispanics, and Females. To estimate the racial/
ethnic/sex proportions in clinical trials, we conducted a meta-analysis.
We assumed that racial/ethnic/sex proportions were part of the trials’
outcomes. Additionally, racial proportions are usually not uniform
across a large geographical area; therefore, we assumed that there is a
distribution of racial proportions and hence, used a random-effects
model. An inverse variance method under a random-effects model was
used to estimate the mean proportions. To describe heterogeneity in the
estimated effects, we report the 12 statistic, which is the ratio of excess
dispersion to total dispersion [18]. It was of interest to explore the
sources of variability in the racial proportions. Therefore, we conducted
separate subgroup meta-analyses for each of the study-level
characteristics.

Analysis was performed using R software, version 4.1.1 [19]. Meta-
analysis was performed using meta package [20]. Figures were built with
the ggplot2 package [21].

Results
Reporting of information

Reporting of race and/or ethnicity information over a span of 5 years
(2017-2022) is summarized in Table 1 and Supplementary Fig. 1.
Overall, 97.1% (467/481) of all trials provided race and/or ethnicity
data, 95.6% (460/481) of trials provided race data, and 76.5% (368/
481) of trials reported ethnicity information; 100% of studies reported
on sex.

We examined the relationship between reporting information and
study-level characteristics. Univariate analysis revealed that the loca-
tion of the trial was associated with reporting of race and/or ethnicity,
race, and ethnicity. Trials taking place within the state of New Jersey
reported this information less frequently than trials conducted at other
US sites (Table 1 and Supplementary Fig. 1). Therapeutic area, COVID-
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19, and funding source did not affect whether a trial reported infor-
mation or not; it is unclear if the study phase affected reporting since the
observed differences are associated with the “Not applicable” category.

To simultaneously test whether study-characteristics affect reporting
of race and/or ethnicity, race, and ethnicity information, logistic models
that included study location, COVID-19, and source of funding as pre-
dictors, were used (see Methods). The models indicate that only study
location had an effect on whether information was reported or not (see
Supplementary Table 1 for model details). The models were used to
predict probability of reporting for combinations of study-level char-
acteristics. Supplementary Table 2 lists predicted probabilities of
reporting information (Yes) and 95% prediction intervals for industry
funded studies, adjusting for COVID-19 and location. New Jersey
consistently showed lower probability of reporting on all three outcomes
compared to trials with US/International or US sites (Supplementary
Table 2). For example, 85% of New Jersey trials associated with COVID
and funded by industry reported race information compared to 97% in
US-conducted trials and only 82% of studies not related to COVID re-
ported race compared to 96% in other US-conducted trials.

Reporting race, ethnicity, and sex proportions in clinical trials

Boxplots in Fig. 2 provide a basic summary of the representation of
races, ethnicities, and sex that were observed in trials conducted within
the US. Subsequently, we focused our analysis on three racial categories
(Whites, Blacks, and Asians), one ethnic category (Hispanic), and one
sex category (Females).

Variability in racial, ethnic, and sex proportions

Analysis of race and ethnicity variability for clinical trials conducted
from 2017 to 2022 in the US revealed a high degree of variability
without a noticeable trend, except that a reduction in the number of
trials could be observed in and around the year 2020 (Fig. 3).

Overall meta-analysis

We estimated the mean proportion of Whites, Blacks, Asians, His-
panics, and Females in clinical trials using a random-effects meta-anal-
ysis. Summaries of the overall meta-analysis for all outcomes are shown
in Table 2. Percentage of racial, ethnic, or sex categories from meta-
analysis were tested against the 2020 census values. The 2020 Census
values were taken from https://www.census.gov/quickfacts/fact/table/
US/RHI125221. It should be noted that Race and Ethnic origin are two
different categories. People of Hispanic origin could be of any race. The
census splits racial categories by ethnic origin. Here for hypothesis
testing, we used racial categories (White, Black, and Asian) defined by
the census as “Race, alone”, not conditioning on ethnicity.

The estimated combined proportion of Whites was 74.9% (95% CIL:
72.0%-77.7%). This proportion did not differ from the 2020 US census
value of 75.8%. Proportion of Blacks 15.1% (95% CL 13.0%-17.4%)
also did not differ from the US census (13.6%). However, Asians and
Hispanics were underrepresented by 3.2% and 3.9%, respectively. Fe-
males were overrepresented by 8.4% compared to the 2020 US popu-
lation. Graphical summary of the overall meta-analysis is shown in
Fig. 4.

We also compared New Jersey’s estimated racial proportions to the
state’s 2020 census data. Proportions of Whites and Blacks in these trials
were not different from the 2020 census data for the state of New Jersey
because the census values (70.7% and 15.4%, respectively) fell within
95% confidence intervals of our estimates (see Supplementary Table 3).
Hispanics and Asians were slightly underrepresented in these trials
because the 2020 New Jersey census values of 21.9% and 10.5% were
higher than the upper limits of respective 95% confidence intervals of
our estimates (see Supplementary Table 3).
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Table 1
Reporting of race and/or ethnicity, race, and ethnicity information.
Characteristic Reported Race and/or Ethnicity? Reported Race? Reported Ethnicity?
No, N =14 Yes, N = 467 No, N =21 Yes, N = 460 No, N =135 Yes, N = 346
(2.91%) (97.1%) (4.37%) (95.6%) (28.1%) (71.9%)
Therapeutic Area, n (%)
Anesthesia and Analgesia 1(14.3) 6 (85.7) 1(14.3) 6 (85.7) 2(28.6) 5(71.4)
Cardiovascular diseases 4 (10.3) 35 (89.7) 4(10.3) 35 (89.7) 13 (33.3) 26 (66.7)
Dermatology 4(6.1) 62 (93.9) 5(7.6) 61 (92.4) 24 (36.4) 42 (63.6)
Endocrinology / Metabolism 0 (0.0) 43 (100.0) 1(2.3) 42 (97.7) 7 (16.3) 36 (83.7)
Gastroenterology 1 (5.9 16 (94.1) 1(5.9) 16 (94.1) 3(17.6) 14 (82.4)
Immunology 0 (0.0) 8 (100.0) 0 (0.0) 8 (100.0) 1(12.5) 7 (87.5)
Infectious Diseases 0(0.0) 50 (100.0) 1(2.0) 49 (98.0) 14 (28.0) 36 (72.0)
Neurology 3(.1) 56 (94.9) 3(.1) 56 (94.9) 14 (23.7) 45 (76.3)
OBGYN 0 (0.0) 10 (100.0) 0 (0.0) 10 (100.0) 4 (40.0) 6 (60.0)
Oncology and Hematology 0 (0.0) 40 (100.0) 0 (0.0) 40 (100.0) 9 (22.5) 31 (77.5)
Ophthalmology 0 (0.0) 17 (100.0) 2(11.8) 15 (88.2) 7 (41.2) 10 (58.8)
Orthopedics 0 (0.0) 4 (100.0) 1(25.0) 3 (75.0) 0 (0.0) 4 (100.0)
Other / Combination of two 0 (0.0) 32 (100.0) 0 (0.0) 32 (100.0) 8 (25.0) 24 (75.0)
categories
Psychiatry 0 (0.0) 34 (100.0) 0 (0.0) 34 (100.0) 12 (35.3) 22 (64.7)
Pulmonology / Rheumatology 0 (0.0) 43 (100.0) 1(2.3) 42 (97.7) 13 (30.2) 30 (69.8)
Urology 1(8.3) 11 (91.7) 1(8.3) 11 (91.7) 4(33.3) 8 (66.7)
COVID study? (Yes) n (%) 1(3.1) 31 (96.9) 1(3.1) 31 (96.9) 5(15.6) 27 (84.4)
Phases, n (%)
Phase 1 1 (5.0) 19 (95.0) 1 (5.0) 19 (95.0) 5 (25.0) 15 (75.0)
Phase 2 0 (0.0) 157 (100.0) 1 (0.6) 156 (99.4) 47 (29.9) 110 (70.1)
Phase 3 0 (0.0) 204 (100.0) 4 (2.0) 200 (98.0) 47 (23.0) 157 (77.0)
Phase 4 1(3.8) 25 (96.2) 1(3.8) 25 (96.2) 7 (26.9) 19 (73.1)
Other 0 (0.0) 7 (100.0) 1(14.3) 6 (85.7) 3(42.9) 4(57.1)
Not applicable 12 (17.9) 55 (82.1) 13 (19.4) 54 (80.6) 26 (38.8) 41 (61.2)
Funding, n (%)
Government 0 (0.0) 11 (100.0) 0 (0.0) 11 (100.0) 2(18.2) 9(81.8)
Industry 12 (2.7) 435 (97.3) 19 (4.3) 428 (95.7) 126 (28.2) 321 (71.8)
Other 2(8.7) 21 (91.3) 2(8.7) 21 (91.3) 7 (30.4) 16 (69.6)
Study Location, n (%)
US/International 5(2.0) 247 (98.0) 7 (2.8) 245 (97.2) 69 (27.4) 183 (72.6)
us 4(2.1) 186 (97.9) 7 (3.7) 183 (96.3) 52 (27.4) 138 (72.6)
NJ 5(12.8) 34 (87.2) 7 (17.9) 32(82.1) 14 (35.9) 25 (64.1)
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Table 2
Summary of meta-analysis (US locations only).

Overall meta-analysis

N N in group / % (95% CI) 2020 US 2 (95% CI)
studies N recruited Census
White 215 39,420/ 74.9 75.8 97.1%
54,492 (72.0-77.7) (96.8-97.3)
Black 213 10,199/ 15.1 13.6 96.6%
54,492 (13.0-17.4) (96.4-96.9)
Asian 203 1,767/ 29(2.4-34) 6.1 90.5%
54,492 (89.4-91.4)
Hispanic 162 7,859/ 15.0 18.9 95.9%
44,682 (12.9-17.3) (95.5-96.2)
Female 229 34,286/ 58.9 50.5 97.0%
56,849 (54.5-63.1) (96.8-97.2)

For each population category, the table lists the number of clinical trials, the
number of participants in each category (N in group), the total number of
recruited participants (N recruited), the estimated percentage with 95% confi-
dence interval, the 2020 US census percentage, and the 2020 US census value,
and a heterogeneity statistic 1.

Comparisons of group proportions to US census

Location

Whites, in trials conducted in New Jersey, constituted 61.9% (95%
CI: 48.9%-73.5%) of participants, which was below the 2020 US census
population, 75.8%. However, in studies including other US states the
proportion was 76.7% (95% CI: 73.9%-79.3%) which was not different
from the census. Blacks were overrepresented in New Jersey trials,
22.7% (95% CI: 14.4%-33.9%) compared to 13.6% from the census, but
not in other US states, 13.8% (95% CI: 12.1%-16.3%). Asians were
underrepresented in other US states 2.7% (95% CI: 2.3%-3.2%)
compared to national 6.1%, but not in New Jersey 3.9% (95% CI: 2.3%-—
6.7%). Hispanics were slightly underrepresented in other US states 15%
(95% CIL: 12.7%-17.6%) compared to the census 18.9%, but not in New
Jersey 15.1% (95% CI: 10.4%-21.3%).

Therapeutic area

As could be seen in Fig. 5 and Supplementary Table 3, Whites were
underrepresented in Psychiatry and Infectious disease (55.7% and
54.5%, respectively) compared to the 2020 US census (75.8%) and
overrepresented in Dermatology and Cardiovascular disease (90.0% and
88.6%, respectively). Blacks were underrepresented in Dermatology
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(5.8%) and Cardiovascular disease (7.7%) and overrepresented in Psy-
chiatry (31.6%), Orthopedics (22.5%) and Infectious disease (25.1)
compared to the 2020 US census (13.6%). Asians were underrepresented
in Pulmonology and Rheumatology (1.5%), Psychiatry (3.2%),
Neurology (2.3%), Immunology (1.9%), Dermatology (3.1%), Cardio-
vascular disease (0.9%), and Anesthesia/Analgesia (2.5%) compared to
the 2020 US census (6.1%). Hispanics were underrepresented in Psy-
chiatry (12.9%), Ophthalmology (11.8%), Oncology/Hematology
(9.4%), Immunology (6.7%), and Cardiovascular disease (3.6%)
compared to 18.9% in the US population. Interestingly, Asians and
Hispanics were not overrepresented in any therapeutic area. Females
were underrepresented in Cardiovascular disease (36.6%) and over-
represented in Ophthalmology (65.7%), OBGYN (98.1%, naturally),
Gastroenterology (70.2%), and Dermatology (63.5%) relative to the
2020 US census (50.5%).

COVID-19

Compared to the 2020 US census proportions, Whites (60.6%) and
Females (44.6%) were underrepresented and Hispanics (32.0%) were
overrepresented in COVID studies (Fig. 4 and Supplementary Table 3).

Phase

White, Black, and Female representation in different trial phases did
not differ from the 2020 US census. Asians were underrepresented in
Phase 1, 2, and 3 clinical trials (2.0%, 3.1%, and 2.4%, respectively).
Hispanics were underrepresented in Phase 3 (14.3%) and 4 (11.5%)
clinical trials (Supplementary Table 3).

Funding

Whites were underrepresented in clinical trials in which sponsorship
did not originate from Industry or Government (52.6%). Representation
of Blacks and Females in trials sponsored by Government, Industry, or
Other did not statistically differ from the 2020 US census. Asians and
Hispanics were underrepresented in Industry sponsored trials (Supple-
mentary Table 3).

Sources of heterogeneity: subgroup meta-analysis

As we expected, there was a high degree of heterogeneity in pro-
portions of all three major racial groups, Hispanics, and Females (I
values are larger than 92%; Table 2). In order to understand the sources
of heterogeneity, we explored the relationship between study-level
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Fig. 4. Modified forest plots for overall and subgroup meta-analysis, Location and COVID-19.
Vertical lines indicate the 2020 US census percentages. Circles and bars indicate overall or subgroup (Location and COVID) estimates of population group proportions

and 95% confidence intervals, respectively, from the random-effects model.
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characteristics and the outcome proportions by conducting a separate
subgroup meta-analysis for each study-level characteristic: location,
therapeutic area, COVID-19, phase, and source of funding. Supplemen-
tary Table 3 and Figs. 4 and 5 show results of these subgroup analyses.

Examination of clinical trials conducted solely in New Jersey, in-
dicates that the proportion of Whites (61.9%) was lower compared to
trials conducted in other US states (76.7%). Proportion of Whites also
varied by therapeutic area. For example, Psychiatry trials, on average,
had the smallest proportion of Whites, 55.7%, compared to the largest
proportion of Whites, in Dermatology trials, 90%. Proportion of Whites
was lower in COVID-19 trials compared to non-COVID-19 trials (60.6%
vs. 75.8%, respectively). Proportions of Whites were similar in trials of
different phases. Trials funded by ‘Other’ sources exhibited a lower
proportion of Whites compared to Industry funded trials (52.6% vs.
77.3%).

Similarly to Whites, the proportion of Blacks also differed between
New Jersey and other US states (22.7% vs. 14.1%). The lowest propor-
tion of Blacks was observed in Dermatology trials, 5.8% and the highest
in Psychiatry, 31.6%. Overall, the proportion was different between
therapeutic areas and was not different between COVID-19 and non-
COVID-19 studies, study phases, and funding sources.

Contrary to Whites and Blacks, proportions of Asians, Hispanics, and
Females did not differ between New Jersey and other US states (Sup-
plementary Table 3 and Fig. 4). The lowest proportion of Asians was
noted in cardiovascular studies, 0.9% and the highest in Endocrinology/
Metabolism and Ophthalmology, 5.5% and 5.6%, respectively. Again,
the proportion of Asians was different between therapeutic areas and
was not different between COVID-19 and non-COVID-19 studies, study
phases, and funding sources.

The lowest proportion of Hispanics was observed in cardiovascular
studies, 3.6% and the highest in Endocrinology/Metabolism and Urol-
0gy, 24.6% and 37.0%, respectively. COVID-19 studies exhibited a much
higher proportion of Hispanics compared to non-COVID-19 studies
(32.0% vs. 14.0%). Proportions of Hispanics were different between the
study phases but not between the funding sources.

The lowest proportion of Females was observed in Cardiovascular
studies, 36.6% and the highest in Urology and OBGYN, 95.1% and

98.1%, respectively. COVID-19 studies exhibited a lower proportion of
Females compared to non-COVID-19 studies (44.6% vs. 60.2%). Pro-
portions of Females were not different between the study phases and the
funding sources.

We conclude that some of the high variability in racial, ethnic, and
sex proportions in clinical trials could be explained by study-level
characteristics, such as Location, Therapeutic area, COVID-19, and
Funding sources. However, high heterogeneity still remains in the sub-
groups, as evident by large I2 values. This may be due to local clustering
of various populations in specific geographical areas from which par-
ticipants are recruited.

Discussion

In an attempt to understand the racial and ethnic representation of
clinical trials in the state of New Jersey, we conducted an exhaustive
review of all registered clinical trials that: i. had results posted; ii. were
initiated after the Common Rule mandate in 2017; and iii. had at least
one study site located in the state of New Jersey. Our analysis included
481 clinical trials and revealed that since the regulatory changes took
effect, the majority of applicable trials report sex (100% of identified
trials), race (95.6%), and ethnicity (71.9%).

We divided the identified New Jersey-initiated trials into those that
took place only in the US (N = 229) and those that had at least one
international site (N = 252). We then compared the former group’s
demographic numbers to those of the 2020 US Census to better under-
stand the trials’ participants as compared to the US population as a
whole.

Looking at the 229 US trials, 96.5% reported on race and/or
ethnicity, and collectively included 76.7% White, 14.1% Black/African
American, and 2.7% Asian participants. When ethnicity and sex were
analyzed, these trials included 15% Hispanic and 58.6% Female
participants.

Comparing to previous studies, the studies identified in this analysis
all reported sex, compared to the 89.3% of COVID studies as described
by Xiao et al. [22], and showed an improved reporting on race/ethnicity
as contrasted to the results reported by Turner et al. [1], in which they
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reported only 43% of studies provided race/ethnicity data.

We argue that the 2017 Common rule changes impacted reporting
and that mandatory reporting - among other factors - has started to
impact representation. In addition to these regulatory changes, the
observed shift can also be attributed to the systematic efforts by the
federal government to encourage minority representation in clinical
trials [23,24].

Our argument is further supported when looking at the COVID-19
related trials. Within our search, we identified a sub-group of 32
studies, 31 of which (96.9%) reported race and 27 reported ethnicity
(84.4%).

During the COVID-19 pandemic in the US, racial and ethnic minority
groups were disproportionately impacted in terms of risk of exposure
and infection, development of severe symptoms, need for hospitaliza-
tion, and fatality rates [25-28] The largest disparities occurred between
May and July 2020 in all census regions, with Hispanic/Latino in-
dividuals being overrepresented among hospitalized COVID-19 patients,
a trend which continued through the end of 2020 [29]. However, the
racial and ethnic disparities became less pronounced as the number of
hospitalized White COVID-19 patients increased over time [29]. It is
important to note that the COVID-19 clinical trials in New Jersey
examined here all took place in 2020, and consisted entirely of drug
trials. Of the total trials (n = 32), 25 (78.1%) started before the end of
July; 2 (6.25%) in August; and the remaining 5 (15.6%) from October to
December. Interestingly, the percentages of racially and ethnically
diverse participants in COVID-19 trials (analyzed here) were higher than
in non-COVID-19 trials; more importantly, the numbers indicate that the
COVID-19 trials do not exhibit racial and ethnic disparities. This
improvement is likely due to several factors, including the high numbers
of COVID-19 patients from racial and ethnic minority groups during that
period and the intentional efforts by pharmaceutical companies to
ensure participation of these patient populations [30,31].

The lack of clarity regarding the funding source in many of the
studies included in our analysis makes it difficult to assess if funding
actually impacts either reporting, or trial inclusion. In our sample,
neither parameter seems to be dependent on the funding source, or at
least whether the source is industry or non-industry. This is consistent
with other previously reported studies that lack consensus on how much
funding or the type of funding affects enrollment [1,32,33].

Representation of different populations is inevitably affected by
multiple factors such as the disease studied, location, or the level of
involvement needed from participants. For example, states with a high
diversity index might have a higher proportion of one population or
another. These factors, or their combinations, could explain the high
heterogeneity observed among clinical trials. However, when trials
taking place across the US are considered collectively as a whole, the
target representation should be the one coinciding with the diversity of
the US population.

By virtue of its design, our study was limited by the dataset used and
the original search criteria, i.e., at least one New Jersey site; neverthe-
less, the overall number of studies analyzed provides adequate infor-
mation and suggests a potential shift with respect to clinical trial
enrollment and diversity. The main limitation remains the nature of the
data employed which reflects the way information is captured by
Clinicaltrials.gov. This becomes especially problematic in the distinction
of White-Hispanic versus White-non Hispanic populations as this dif-
ferentiation is not captured in the way data is collected. As discussed
elsewhere [1], the lack of cross tabulation makes it challenging to obtain
accurate data on ethnicity. Similarly, inconsistencies with race/
ethnicity reporting could have also affected our results with some of the
studies not including all groups or reporting customized groups. Also,
aggregated data as presented uses the “other” option to summarize in-
formation not fitting in available structured categories which could
introduce a level of confusion. Finally, as Clinicaltrials.gov does not
provide a detailed breakdown of enrollment by location, it was impos-
sible to obtain baseline reference data for international studies - hence,
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those studies were excluded from the second part of the analysis.
Needless to say, this does not suggest that international studies are less
important sources of information about research enrollment. Rather, it
remains unclear whether international studies are more inclusive, for
instance, by having access to higher percentages of a certain population
(e.g., Asians in Asian countries) or due to more systematic efforts to
include those populations as suggested elsewhere [34].

Regardless of these limitations, the main strength of our study is that
it demonstrates the progress that has been - until now - only anecdotally
reported regarding both reporting and representation. Limiting infor-
mation to published studies introduces the potential for the well-
described (publication) bias which is why data originating from
ClinicalTrials.gov is a more reliable source. In addition, the methodol-
ogy used allowed us to control for some factors that would normally
limit generalizability of the data.

Equitable representation of all populations (based on sex, race, and
ethnicity) in well-documented and fully transparent studies will go a
long way to assure trust in the results. Importantly, achieving such a
status would encourage the various groups to remain engaged with the
clinical research enterprise - a truly laudable goal. Statistically vali-
dated, generalizable results would, in every way, strengthen the health
care providers’ approaches to treating patients - and could lead to a
wealth of downstream opportunities for further research. A process by
which sustainable improvements in the overall health of people across
racial, ethnic, sex, and socio-economic lines are realized may be within
reach. Our data suggests that trends are moving in the right direction;
nevertheless, true target representation in clinical trials, i.e., one
reflecting the actual US population, has not yet been achieved.

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.gloepi.2023.100134.
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