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BACKGROUND A lack of geographic and racial diversity in clinical trial populations may arise from a disproportionate

focus on the United States and Europe for trial leadership and conduct. Inadequate diversity may compromise the

external validity to the Asia-Pacific (APAC) region, where 60% of global cardiometabolic disease exists.

OBJECTIVES This study aimed to assess the proportion and trends of Asian race participants and APAC authorship in

cardiometabolic trials.

METHODS We performed a systematic review of all cardiovascular, diabetes and obesity-related randomized controlled

trials (phase $2, n ¼ $100) published in these major medical journals: the New England Journal of Medicine, the Lancet,

and the Journal of the American Medical Association between January 1, 2011, and December 31, 2020. Trial leadership

was defined by first authorship, and any listed author was considered a trial collaborator. Temporal trends were evaluated

using the Jonckheere–Terpstra proportion test and correlations using Pearson’s correlation coefficient. Participant-to-

prevalence ratios (PPR) were determined using Global Health Data Exchange registry data.

RESULTS A total of 8.3% (218,613 of 2,619,710) participants identified as being of Asian race and 7.7% of total

enrollment occurred in APAC. APAC lead authorship occurred in 52 of 656 (7.9%) trials and collaboration in 10.1% (1312

of 13,000 of authors), which correlated with Asian enrollment (r ¼ 0.63 and r ¼ 0.76, respectively). A marginal increase

in the proportion of Asian race (D1.40% � 6.95%/year, P ¼ 0.003) and APAC regional (D1.46% � 8.67%/year,

P ¼ 0.003) enrollment was observed; however, severe regional underrepresentation persisted (PPR <0.30).

CONCLUSIONS Despite a favorable trend over the past decade, Asian participants and authors from APAC

remain significantly underrepresented in seminal cardiometabolic trials; barriers to trial conduct and leadership in

this region must be addressed. (JACC: Asia 2023;3:724–735) © 2023 The Authors. Published by Elsevier on behalf of

the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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AB BR E V I A T I O N S

AND ACRONYM S

APAC = Asia-Pacific

CAD = coronary artery disease

CeVD = cerebral artery disease

EMA = European Medicines

Agency

FDA = U.S. Food and Drug

Administration

PAD = peripheral artery

disease

PAH = pulmonary arterial

hypertension

PPR = participant-to-

prevalence ratio

RCT = randomized controlled

trial
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C linical trial populations must be sufficiently
diverse and representative of the clinical
burden of disease their intervention ulti-

mately intends to address. Insufficient diversity and
inclusion threaten the external validity of a trial’s re-
sults. The peer-reviewed literature has shone light on
inadequate representation of gender,1-3 race,4-7 and
age3,8-11 in cardiovascular research, with regulators
such as the U.S. Food and Drug Administration
(FDA) providing voluntary guidance for industry in
November 2020 aimed at improving trial diversity.12

This has gained further momentum with legislation
changes currently underway in the United States
that will require sponsors to submit a diversity action
plan to the FDA when undertaking a phase 3 or
pivotal study.13

However, from a global perspective, comparably
less has been made of the need to address geographic
and Asian race diversity. Cardiometabolic disease
continues to be a leading cause of death globally,
with at least 60% of the burden of disease experi-
enced by people living in the Asia-Pacific (APAC) re-
gion,14-16 Despite this concerning statistic, a recently
conducted bibliometric review of heart failure trials
revealed that <15% of participants were recruited
from Oceania and Asia.17 The same authors also
showed that non-European, non-American in-
vestigators, although infrequent, were more likely to
recruit participants from those regions. However, this
analysis was restricted to heart failure trials and did
not evaluate recruitment by race, nor did it report
specific variables by APAC region.

Thus, the focus of our study was to evaluate trends
in the proportion of Asian race and APAC regional
enrollment as well as trends in lead and collaborative
authorship within high-impact cardiometabolic trials
over the past 10 years.

METHODS

Our systematic review was registered in PROSPERO
(CRD42023388798) and presented using STROBE
guidance.

SEARCH STRATEGY AND DATA SOURCES. We con-
ducted a search of MEDLINE to identify car-
diometabolic trials that were likely to have an impact
on clinical care. We confined our search for studies
published in these 3 high-impact journals: the New
England Journal of Medicine, the Lancet, and the
Journal of the American Medical Association. Trials
published in the highest-impact journals generally
have rigorous methods, larger sample sizes, and
lower risk of bias, and by definition are more likely to
publish practice-changing and guideline-informing
studies.18 Our search strategy used key
words and MESH terms to cover cardiovas-
cular, cardiometabolic, diabetes, and obesity
trials; our full strategy is included in the
Supplemental Appendix. Our search period of
interest was from January 1, 2011, until
December 31, 2020. A 10-year period of eval-
uation was chosen because it was considered
sufficiently long to evaluate trends yet recent
enough to reflect contemporary practice. This
study was considered exempt from ethical
approval by the Monash Health Ethics
Committee.

STUDY SELECTION. The authors indepen-
dently screened titles and abstracts against
predetermined inclusion/exclusion criteria
(R.A., A.J.N.). Any discrepancies between

reviewers’ study selections were resolved by
consensus. Studies were included if they satisfied the
following criteria: 1) was a phase II, III, or IV trial; 2)
included participants $18 years of age; 3) investi-
gated patients with cardiovascular or cardiometabolic
disease; and 4) enrolled $100 participants. Studies
looking at post-hoc, intermediate, or secondary ana-
lyses were excluded.

DATA EXTRACTION. Extraction of data was
completed using a standardized format. Full text
publications and any supplemental material was
evaluated for data pertaining to study variables.
Extraction was performed by 1 author (R.A.), and a
random sample of 10% was independently confirmed
by another (A.N.).

VARIABLES. Lead authorship was defined as the first
or corresponding author of the publication, and any
listed author was considered a trial collaborator. The
authors’ countries were determined according to
their listed primary affiliation details and segmented
by region according to the Global Burden of Disease
geographic convention. A study was considered
multiregional when $2 regions were represented in
the enrolled population. Trial interventions were
categorized as follows: drug/pharmaceutical, pro-
cedure, counseling/nonpharmaceutical/health ser-
vice, device, or biologic. Therapeutic areas were
defined as follows: hypertension, arrhythmia, coro-
nary artery disease (CAD), peripheral artery disease
(PAD), cerebrovascular disease (CeVD), venous
thromboembolism, critical care/resuscitation medi-
cine, pericardial disease, hypertension, lipids, pul-
monary hypertension, heart failure/cardiomyopathy,
diabetes, obesity, valvular heart disease, aortic dis-
ease. Studies were categorized as “industry” if com-
mercial organizations were acknowledged to be the

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=388798
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primary source of funding in the publication or as
“nonindustry” for all others.

OUTCOMES. The primary outcome was lead author-
ship in the APAC region. Secondary outcomes
included trial collaboration in the APAC region, and
participant enrollment by Asian race and by APAC
region. Proportion of Asian race was determined as
reported in the main manuscript or its supplemental
appendix. In studies conducted within an APAC
country with >95% Asian race population, Asian race
enrollment was assumed to be 100% if not explicitly
reported. Enrollment by APAC region was determined
from the main manuscript (or its supplement) by
calculating the number of participants enrolled from
all APAC countries (as defined earlier by the Global
Burden of Disease APAC geographic convention)
divided by the number of all enrolled participants.

STATISTICAL ANALYSIS. Descriptive analysis was
performed on trial characteristics and regions; cate-
gorical variables are presented as number (percent-
ages) and continuous variables as median (Q1, Q3).
Trends in lead authorship and collaboration over the
study duration were analyzed with the Jonckheere-
Terpstra proportion test of trend and presented as D

mean � SD % change/year (P value). Trial participant-
to-prevalence ratio (PPR) was estimated for APAC in
each of the therapeutic areas. We calculated PPRs
from the APAC regional contribution of participants
to the total randomized controlled trials (RCTs)
divided by the APAC prevalence of that therapeutic
area using the Global Health Data Exchange registry19

and other published sources.20 A PPR close to 1.0 in-
dicates that the proportion of APAC participants in
the clinical trials is comparable with that of the global
prevalence, a PPR <0.80 indicates that the population
is underrepresented, and >1.2 indicates that they are
overrepresented.2 Given the breadth of the disease
areas, prevalence data were not reportable for aortic
disease, arrhythmia, critical care/resuscitation medi-
cine, and pulmonary hypertension. Correlation be-
tween continuous variables was reported with
Pearson’s correlation coefficient (r) and P value

RESULTS. In the 10-year study period, 656 trials met
the inclusion criteria; 306 were published in the New
England Journal of Medicine, 181 in the Lancet, and
169 in the Journal of the American Medical Association
(Figure 1). The median number of participants per trial
was 1,203 (Q1, Q3: 426, 4,001) of median duration 12
(Q1, Q3: 3, 24) months. The majority of trials evalu-
ated a pharmaceutical intervention (49.8%, 327/656)
with approximately one third evaluating a procedure
(28.8%, 189/656) and a smaller proportion testing
nonpharmaceutical interventions (15.2%, 100/656).
Patients with coronary artery disease constituted the
most studied population (33.5%, 220/656), with a
significant proportion of trials focused on patients
with CeVD (12.8%, 84/656), diabetes (11.4%, 75/656),
and heart failure (9.4%, 62/656).

APAC REPRESENTATION AMONG TRIAL CONDUCT.

Lead authors were listed in 651 of the 656 eligible
studies (Table 1). The majority of the 651 lead authors
were from the United States (n ¼ 275, 42.1%) and
Europe (n ¼ 242, 37.1%) with 52 (7.9%) from APAC
countries. Of the 52 APAC lead authors, most were
from Australia (n ¼ 26), and the others were from
China (n ¼ 9), Korea (n ¼ 9), Japan (n ¼ 4), India
(n ¼ 2), and 1 each from New Zealand and Singapore.
Relative to their overall contribution, APAC lead
authorship was more common among CAD, CeVD,
hypertension, and lipid trials, with minimal or no
leadership of diabetes, heart failure, and obesity tri-
als. Among APAC investigators, lead authorship was
more common in nonindustry- than in industry-
sponsored trials (10.6% vs 5.4%). The proportion of
APAC lead authors increased over the study period
(mean D1.36% � 4.45%/year; P ¼ 0.02) (Figure 2).

The characteristics of APAC collaboration were
similar to those of lead authorship, with an overall
10.1% of all authors being from APAC with predomi-
nant contributions in CeVD, CAD, hypertension, and
arrhythmia trials (Table 1). The majority of trial
collaboration came from Oceania (40.1%) and East
Asia (46.1%), with only modest contributions from
South Asia (7.9%) and Southeast Asia (6.0%) and only
a single author from Central Asia (0.1%) (Figure 3,
Supplemental Table 1). As with lead authorship, APAC
collaboration was more common among studies that
were not industry funded (13.1% vs 6.9%). Despite a
large number of multiregional trials, many of which
involved the APAC region, APAC collaboration was
uncommon (12.7%). Over the 10-year study period,
APAC authorship increased (mean D1.38% � 4.66%/
year; P ¼ 0.02) from 7.3% in 2011 to 19.7% in 2020
(Figure 2). However, when plotted by region, pro-
portional increases were limited to the Oceanic (test
of trend, P < 0.001) and East Asian regions (test of
trend, P < 0.001), with essentially no appreciable
change in South Asia, Central Asia, or Southeast Asia
(test of trend, all P > 0.05) (Supplemental Figure 1).

ASIAN RACE REPRESENTATION. Of all 656 trials in
the study period, 189 (28.8%) listed the proportion of
Asian race participants (Table 2). Asian race enroll-
ment was assumed in APAC trials with the exception
of those performed in Oceania. Overall, the propor-
tion of enrolled Asian race participants was low
(8.3%) (Central Illustration), with higher proportions

https://doi.org/10.1016/j.jacasi.2023.05.010
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FIGURE 1 Study Flow Diagram

PRISMA flow diagram representing included studies based on screening and eligibility.
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among participants with pulmonary arterial hyper-
tension (PAH) (albeit only 2 in the sample, 27.8%) and
CeVD (26.4%); lower proportions among hyperten-
sion (11.2%), heart failure (9.5%), and diabetes (9.5%)
trials; and very low participation among lipid,
obesity, and valvular heart disease trials. A total of 51
trials (51/656 ¼ 7.7%) reported a proportion of Asian
participants of at least 20% or more with 75 trials
(75/656 ¼ 11.4%), making an attempt to report Asian
ethnicity (eg, East Asian vs South Asian). Asian race
was more common in industry trials than in nonin-
dustry trials (39.4 vs 26.2%). The overall proportion of
Asian race participants increased over time (Figure 1C)
(mean D1.40 � 6.95%/year; P ¼ 0.003) from 5.7% in
2011 to 18.3% in 2020. Asian race enrollment was
more common among trials with APAC leaders
(69.2%) than in those with non-APAC leaders (29.8%),
with over one-half of the Asian population enrolled
by trials led by APAC investigators (116,100/
218,613 ¼ 53.1%). Strong correlations were observed
between proportion of Asian race enrollment and
APAC leadership (r ¼ 0.63; P < 0.001) and proportion
of APAC collaborators (r ¼ 0.76; P < 0.001).
APAC REGIONAL REPRESENTATION. A total of 109
trials (16.6%) listed enrollment from any of the
APAC countries. APAC participants constituted 7.7%
of the total study population, with proportionally
higher representation in CeVD (24.5%) and CAD
(8.8%) trials and fewer APAC participants in dia-
betes (4.1%), obesity (1.4%), and lipid (3.0%) trials.
There was an increase in the proportion of enrolled
participants from the APAC over time (mean D1.46%
� 8.67%/year; P ¼ 0.003) from 2.5% in 2011 to 15.7%
in 2020. Proportion of APAC participant enrollment
was strongly correlated with APAC trial collabora-
tion (r ¼ 0.85; P < 0.01) and APAC lead authorship
(r ¼ 0.71; P < 0.01). With the exception of CeVD,
PPR was <0.30 for all cardiometabolic diseases
and particularly low among diabetes (PPR ¼ 0.07),
lipid disorders (PPR ¼ 0.05), obesity (PPR ¼ 0.02),
and valvular heart disease trials (PPR ¼ 0.01)
(Figure 4).

DISCUSSION

Our study of 656 high-impact cardiometabolic publi-
cations in top-tier medical journals over the past
decade has revealed the following key insights: 1)
Asian race enrollment is low and has only marginally
increased over the past decade; 2) regional APAC
enrollment is low and significantly underrepresented
based on the regional contribution to the global
burden of cardiometabolic disease; and 3) lead
authorship and trial collaboration is infrequent
in APAC, and although there are optimistic trends,
this has occurred disparately across the region.
Importantly, greater representation of APAC in trial
authorship was associated with higher proportion of
Asian enrollment.

Seminal trials provide evidentiary support for
regulatory approval of drugs and devices and provide
the foundations for guideline recommendations.
Accordingly, much has been written about the need
for clinical trials to adequately represent population
diversity from a gender and age perspective, but also
with respect to race and ethnicity. Inability to achieve
this diversity may compromise a study’s external
validity, leaving extrapolation of results to be based
on untested assumptions. This is of particular
importance when one considers that as many as 1 in 5
approved therapies have meaningful differences in
drug metabolism by race.21



TABLE 1 Characteristics of Trials by APAC Leadership and Collaborator Status

Number of Trials
(N ¼ 656)

Lead Authors Trial Collaborators

APAC
(n ¼ 52, 7.9%)

Non-APAC
(n ¼ 604, 92.1%)

APAC
(n ¼ 1,312, 10.1%)

Non-APAC
(n ¼ 11,688, 89.9%)

Disease type

Aortic disease 5 (0.8) 0 (0) 5 (100.0) 0 (0) 50 (100.0)

Arrhythmia 48 (7.3) 4 (8.3) 44 (91.7) 77 (8.9) 790 (91.1)

CAD 220 (33.5) 28 (12.7) 192 (87.3) 563 (11.7) 4,256 (88.3)

CeVD 84 (12.8) 12 (14.3) 72 (85.7) 444 (23.7) 1,428 (76.3)

Critical care/resuscitation 24 (3.7) 0 (0) 24 (100.0) 21 (4.2) 482 (95.8)

Diabetes 75 (11.4) 2 (2.7) 73 (97.3) 52 (4.7) 1,048 (95.3)

DVT/PE 21 (3.2) 1 (4.8) 20 (95.2) 14 (3.8) 354 (96.2)

HF/cardiomyopathy 62 (9.5) 0 (0) 62 (100.0) 36 (2.7) 1,291 (97.3)

Hypertension 19 (2.9) 2 (10.5) 17 (89.5) 51 (13.6) 325 (86.4)

Lipid disorders 24 (3.7) 2 (8.3) 22 (91.7) 17 (4.7) 342 (95.3)

Obesity 32 (4.9) 0 (0) 32 (100.0) 15 (3.1) 476 (97.0)

PAD 14 (2.1) 0 (0) 14 (100.0) 3 (1.4) 211 (98.6)

PAH 2 (0.3) 0 (0) 2 (100.0) 3 (12.0) 22 (88.0)

Pericardial disease 3 (0.5) 0 (0) 3 (100.0) 0 (0) 67 (100.0)

Valvular heart disease 23 (3.5) 1 (4.3) 22 (95.7) 16 (2.9) 546 (97.2)

Year of publication

2011 51 2 (3.9) 49 (96.1) 68 (7.3) 859 (92.7)

2012 62 2 (3.2) 60 (96.8) 35 (3.6) 939 (96.4)

2013 69 3 (4.3) 66 (95.7) 61 (5.4) 1,077 (94.6)

2014 52 5 (9.6) 47 (90.4) 70 (6.7) 968 (93.3)

2015 75 7 (9.3) 68 (90.7) 152 (10.8) 1,259 (89.2)

2016 62 5 (8.1) 57 (91.9) 92 (7.7) 1,102 (92.3)

2017 64 4 (6.3) 60 (93.8) 105 (8.1) 1,195 (91.9)

2018 69 8 (11.6) 61 (88.4) 238 (14.8) 1,376 (85.3)

2019 90 6 (6.7) 84 (93.3) 210 (10.6) 1,770 (89.4)

2020 62 10 (16.1) 52 (83.9) 281 (19.7) 1,143 (80.3)

Site location

Asia Pacific 34 31 (91.2) 3 (8.8) 680 (94.7) 38 (5.3)

Middle East/Africa 2 0 (0) 2 (100.0) 0 (0) 64 (100.0)

North America 147 0 (0) 147 (100.0) 1 (0.04) 2,633 (99.9)

South America 5 0 (0) 5 (100.0) 0 (0) 140 (100.0)

Western/Central Europe 166 0 (0) 166 (100.0) 17 (0.5) 3,225 (99.5)

Multiregional 302 21 (7.0) 281 (93.0) 614 (9.9) 5,588 (90.1)

Funding

Industry 335 18 (5.4) 317 (94.6) 430 (6.9) 5,826 (93.1)

Nonindustry 321 34 (10.6) 287 (89.4) 882 (13.1) 5,862 (86.9)

Values are n (%) unless otherwise indicated.

APAC ¼ Asia-Pacific; CAD ¼ coronary artery disease; CeVD ¼ cerebrovascular disease; DVT ¼ deep venous thrombosis; HF ¼ heart failure; PAD ¼ peripheral artery disease;
PAH ¼ pulmonary arterial hypertension; PE ¼ pulmonary embolism.
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Our finding that <10% of the seminal car-
diometabolic trial population was of Asian race is
concerning and raises questions about the confidence
with which we can apply this evidence base to Asians
and within countries whose racial base is predomi-
nantly Asian. These results are consistent with a
recent analysis of the 2018 Cholesterol Guidelines,
which demonstrated only 15% of all RCTs that were
cited included Asian participants.22 Our analysis goes
further and demonstrates that even when Asian
participants are enrolled, their proportion is likely
to be too low to extrapolate the evidence base.
Notwithstanding the limitation of multiplicity com-
mon to most RCT subgroup testing approaches, our
finding of small Asian subpopulation sample size is
likely to result in low statistical power to demonstrate
heterogeneity and also increase the chance of base-
line imbalances between nonrandomized groups.23

Thus, trial-level interaction testing (in the absence of
stratified randomization by region as a proxy for race)
may not be fit for purpose among a large proportion of
high-impact cardiometabolic trials evaluated in our



FIGURE 2 APAC Study Leadership/Collaboration and Asian Race Enrollment
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study. Meta-analysis of individual patient-level data
may overcome some of the sample size limitations;
however, the lack of consistency in Asian race and
ethnicity reporting that we observed, even among
trials performed in APAC, will limit the validity of this
approach. With evidence that cardiovascular risk is
not experienced consistently across Asian race and
ancestry,16,24-26 sensitive and inclusive reporting
may permit disaggregated analysis to better under-
stand these differences and tailor management
appropriately.27 However, the degree to which the
complex and dynamic construct of race and ethnicity



FIGURE 3 Heat Map of APAC Trial Collaborators

Heat map of 1311 trial collaborators from APAC region between 2011 and 2020. See Supplemental Table 2 for full data. APAC ¼ Asia-Pacific.
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can be practically disentangled from inextricable
environmental, socioeconomic, genetic, and biolog-
ical forces remains to be seen.28

Fewer than 1 in 12 patients in our study were
enrolled from APAC, and only 1 in 6 trials listed
recruitment from this region. With >50% of the global
burden of cardiovascular disease residing in APAC,
this represents a gross under-representation of pa-
tients from this region who have unmet treatment
needs.14-16 APAC-led and -authored trials had a
greater proportion of APAC recruitment, which sug-
gests that a dedicated approach to investing in trial
conduct in this region would improve regional
enrollment. This is not straightforward to implement
because trial conduct requires infrastructure and a
skilled workforce that may be barriers to entry for
many low- and middle-income countries that reside
in APAC.29 At present, there is a fiscal reality that
industry-sponsored trials must prioritize fulfilling the
requirements of the FDA and the European Medicines
Agency (EMA) because this will enable access to
countries with the largest market share and thus
prompt a return on investment. Accordingly,
industry-driven trials focus on meeting FDA and EMA
requirements by enrolling from their respective con-
stituent countries in order to achieve these goals.
Until there is greater globalization to a point where
burden of disease more closely aligns with market
share in these regions, quotas for enrollment by reg-
ulatory bodies outside the northern hemisphere are
unlikely to be an effective mechanism to increase
representation. Currently, approval from other large
regulatory bodies (eg, the Pharmaceuticals and Med-
ical Devices Agency of Japan or the National Medical

https://doi.org/10.1016/j.jacasi.2023.05.010


TABLE 2 Characteristics of Trial Population by Asian Race and APAC Region

Asian Race APAC Region

Number of Trials
Reporting Asian Race >0

Enrolled Asian
Population

Number of Trials
Reporting APAC Region >0

Enrolled APAC
Region

Overall 216/656 (32.9) 218,613/2,619,710 (8.3) 109/656 (16.6) 202,295/2,619,710 (7.7)

Trial leaders

APAC 36/52 (69.2) 116,100/229,275 (50.1) 36/52 (69.2) 115,117/229,275 (50.2)

Non-APAC 180/604 (29.8) 102,513/2,390,435 (4.3) 73/604 (12.1) 87,178/2,390,435 (3.6)

Disease type

Aortic disease 1/5 (20.0) 8/3467 (0.2) 0/5 (0) 0/3,467 (0)

Arrhythmia 6/48 (12.5) 1,105/101,929 (1.1) 8/48 (16.7) 6,280/101,929 (6.2)

CAD 70/220 (31.8) 112,262/1,195,769 (9.4) 42/220 (19.1) 105,424/1,195,769 (8.8)

CeVD 32/84 (38.1) 58,506/221,897 (26.4) 20/84 (23.8) 54,284/221,897 (24.5)

Critical care/resuscitation 1/24 (4.2) 646/88,261 (0.7) 0/24 (0) 0/8,826 (0)

Diabetes 49/75 (65.3) 23,990/252,959 (9.5) 16/75 (21.3) 10,314/252,959 (4.1)

DVT/PE 5/21 (23.8) 1,976/39,238 (5.0) 2/21 (9.5) 1,509/39,238 (3.8)

HF/cardiomyopathy 23/62 (37.1) 9,213/97,192 (9.5) 12/62 (19.4) 6,448/97,192 (6.6)

Hypertension 6/19 (31.6) 6,804/61,004 (11.2) 3/19 (15.8) 4,239/61,004 (6.9)

Lipid disorders 4/24 (16.7) 2,226/391,241 (0.6) 3/24 (12.5) 11,840/391,241 (3.0)

Obesity 11/32 (34.4) 369/59,852 (0.6) 1/32 (3.1) 851/59,852 (1.4)

PAD 5/14 (35.7) 1,167/75,672 (1.5) 1/14 (7.1) 961/75,672 (1.3)

PAH 2/2 (100.0) 196/704 (27.8) 0/2 (0) 0/704 (0)

Pericardial disease 0/3 (0) 0/1,880 (0) 0/3 (0) 0/1,880 (0)

Valvular heart disease 1/23 (4.4) 145/28,645 (0.5) 1/23 (4.3) 145/28,645 (0.5)

Year of publication

2011 17/51 (33.3) 9,353/164,177 (5.7) 4/51 (7.8) 4,165/164,177 (2.5)

2012 18/62 (29.0) 8,959/230,462 (3.9) 3/62 (4.8) 2,350/230,462 (1.0)

2013 15/69 (21.7) 11,149/467,237 (2.4) 5/69 (7.2) 6,806/467,237 (1.5)

2014 19/52 (36.5) 30,936/183,631 (16.8) 11/52 (21.2) 38,926/183,631 (21.2)

2015 20/75 (26.7) 34,251/243,081 (14.1) 15/75 (20.0) 35,223/243,081 (14.5)

2016 17/62 (26.4) 15,961/172,224 (9.3) 5/62 (8.1) 8,525/172,224 (4.9)

2017 15/64 (23.4) 10,485/330,485 (3.2) 11/64 (17.2) 19,473/330,485 (5.9)

2018 22/69 (31.9) 36,244/341,165 (10.6) 18/69 (26.1) 36,556/341,165 (10.7)

2019 40/90 (44.4) 33,726/336,317 (10.0) 17/90 (18.9) 26,606/336,317 (7.9)

2020 33/62 (52.2) 27,549/150,931 (18.3) 20/62 (32.3) 23,665/150,931 (15.7)

Funding

Industry 132/335 (39.4) 111,205/1,397,491 (8.0) 70/335 (20.9) 98,563/1,397,491 (7.1)

Nonindustry 84/321 (26.2) 107,408/1,222,219 (8.8) 39/335 (12.1) 103,732/1,222,219 (8.5)

Values are n/N (%).

Abbreviations as in Table 1.
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Products Administration of China) requires either
additional trials or dedicated pharmacokinetic
studies. The conduct of these additional studies re-
quires additional capital, and if there is insufficient
market they may be abandoned altogether or, at the
very least, likely delay access to an evolving standard
of care for these nations. Thus, increasing geographic
representation in trials may have the indirect outcome
of achieving higher quality and more equitable care in
these regions. An alternative approach would be to
mandate that postmarketing studies are performed in
a globally representative manner to ensure consistent
safety and efficacy profiles in regions and groups that
were under-represented in the pivotal studies. As
investigators from APAC we acknowledge that ulti-
mately our region needs to demonstrate more effec-
tive advocacy and unified leadership on behalf of our
constituent patients; we can’t expect other continents
to fix the lack of representation in our own region.
Most of the APAC countries have cardiology societies
and professional bodies; however, their mandates are
inward facing, and intersociety and intercontinental
relationships across the region are opportunistic and
lacking in strategy.

Whereas there is an encouraging trend toward
increased trial leadership and collaboration from
APAC, the absolute numbers remain low, and tem-
poral improvements are marginal and limited to
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higher-income regions such as East Asia and Oceania.
Our finding that an overall 7.9% of trial leadership
occurred from APAC is consistent with a recent
analysis of 20-year trends of heart failure trials in
which 7.1% were coordinated from Asia or Oceania.30

As mentioned earlier, trial leadership and authorship
track with enrollment and could be considered an
upstream determinant of achieving trial participant
geographic diversity; thus, attempts at recruiting,
upskilling, and incentivizing APAC investigators and
sites are required. Given correlations between Asian
race participant enrollment and trial leadership, a
focus of funding bodies and industry sponsors should
be on incentivizing and potentially stipulating non-
US, non-European leadership. Mentoring and part-
nership programs with established institutions in



FIGURE 4 Representativeness of APAC Trial Enrollment by Burden of Disease

Proportion of enrolled APAC participants (red) by therapeutic area. Proportion of global burden of disease arising from APAC region (blue) by

therapeutic area using Global Health Data Exchange registry and other published sources. Participant-to-prevalence ratio (PPR) determined

by dividing APAC enrollment by APAC prevalence. APAC ¼ Asia-Pacific; CAD ¼ coronary artery disease; CeVD ¼ cerebral artery disease;

DVT ¼ deep venous thrombosis; HF ¼ heart failure; PE ¼ pulmonary embolism.
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larger and/or higher income countries may assist with
upskilling individuals who can lead and grow the
research enterprise in smaller and more remote APAC
nations. If supported, these individuals are also likely
to develop into key opinion leaders in the region,
which can be further promoted and the cycle
repeated. Other downstream levers are being applied
by journals; one example being JACC HF which re-
quires authors to explain the diversity of the study’s
leadership and author list in the methodology sec-
tion, and to defend its absence in the limitations.31

STUDY STRENGTHS AND LIMITATIONS. Our results
need to be interpreted in light of the study’s strengths
and weaknesses. We used first authorship to define
trial leadership, as others have done;32 however, se-
nior authorship can also be considered a leadership
role. Prior studies, where proportions of both first and
last authorship have been measured together, have
revealed consistent results as when measured sepa-
rately.33 Regional authorship was determined from
primary affiliation status, although authors may have
multiregional affiliations. Our search was limited to 3
top medical journals as a proxy for trial impact;
however, other high-quality, well-conducted trials of
clinical importance are published in specialty jour-
nals that were not included in our analysis and may
have led to an underestimation of APAC trial activity.
Estimates of the regional contribution to the global
burden of disease are coarse, rely on population size
estimates, and use multiple sources of data; these
figures should be interpreted with caution.

CONCLUSIONS

Enrollment of participants of Asian race and from
APAC regions remains low and disproportionate to
the global burden of disease. Although there are
encouraging trends in the proportion of APAC trial
leaders and collaborators over the past decade, these
improvements are occurring in a disparate manner
and are limited to the Oceanic and East Asian coun-
tries. Strategies aimed at investing in the research
enterprise and incentivizing trial conduct in APAC are



PERSPECTIVES

COMPETENCY IN SYSTEMS-BASED PRACTICE:

Less than 10% of enrolled participants in seminal

cardiometabolic trials were of Asian race and thus

extrapolation of these findings should be performed

with caution.

TRANSLATIONAL OUTLOOK 1: Despite over 60%

of the global cardiovascular disease residing in the

Asia-Pacific, there has been minimal increase in the

enrollment of participants or study leadership from

this region

TRANSLATIONAL OUTLOOK 2: Sponsors and

funding agencies need to identify and overcome bar-

riers to trial conduct in the Asia-Pacific in order to

achieve greater geographical and racial representa-

tiveness of their cohorts.
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likely to improve geographic and racial diversity in
the cardiometabolic disease evidence base.
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