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IMPORTANCE Despite the importance of age, sex, and race/ethnicity representativeness
in clinical trials, limited data exist regarding the enrollment trends of these groups in
contemporary heart failure (HF) trials.

OBJECTIVE To characterize the representation of older patients, women, and racial and
ethnic minorities in HF trials.

EVIDENCE REVIEW We performed a systematic search of HF trials enrolling more than 400
participants published between January 2001 and December 2016 using PubMed/Medline
and ClinicalTrials.gov. A total of 118 trials enrolling a cumulative 215 508 patients were
included. Trial findings were compared with large epidemiologic studies indexed to
hospitalization status and ejection fraction.

FINDINGS Median number of participants per trial was 994 (interquartile range [IQR],
543-1899), enrolled from a median of 82 (IQR, 28-171) study sites. Overall, 94 trials (80%)
enrolled patients with HF with reduced ejection fraction (HFrEF) exclusively. Mean (SD) age
of trial participants was 65 (11) years (from 64 years in 2001 to 2004 to 65 years in 2013 to
2016), and 58 873 of 215 508 were women (27%; from 26% in 2001 to 2004 to 29% in 2013
to 2016); no significant temporal trends were observed (P � .60 for both). Chronic HF with
preserved ejection fraction (HFpEF) trials enrolled older participants (mean [SD] age, 71 [7]
years compared with 65 [11] years for HFrEF and 66 [12] years for acute HF [AHF] trials;
P = .01). Corresponding mean ages in US epidemiologic studies were 69 years for HFrEF and
73 years for both patients with HFpEF and patients with AHF. The HFpEF trials had a higher
proportion of women (n = 4940 of 8845 [56%]) compared with HFrEF (n = 34 397 of
143 538 [24%]) or AHF (n = 11 013 of 34 633 [32%]) (P < .001). Corresponding weighted
proportions of women in HFpEF, HFrEF, and AHF trials in epidemiologic studies were 62%,
29%, and 50%, respectively. Distribution of racial/ethnic groups was reported in 55% (47%)
of the trials; 22% of the participants were not white (n = 27 463 of 124 980), with significant
increase over time from 13% in 2001 to 2004 (n = 5606 of 44 616) to 30% in 2013 to 2016
(8421 of 28 073) (P = .01).

CONCLUSIONS AND RELEVANCE In contemporary HF trials, older patients and women are
consistently underrepresented. Race/ethnicity data are reported in less than half of trials;
when reported, such data show that enrollment of nonwhite patients increased over time.
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O lder patients, women, and racial and ethnic minorities carry
a disproportionate burden of heart failure (HF) in the gen-
eral population, but their enrollment in clinical trials has

been lower than expected based on the prevalence of HF in these
groups. These findings have raised specific concerns regarding the
generalizability of HF trials.1 Given important biological differences
by age, sex,2 and race/ethnicity,3,4 the risks and benefits of tested
therapies may be anticipated to differ based on differing demo-
graphic profiles. Furthermore, ensuring adequate representation of
key demographic subsets concordant with the US HF population may
also affect regulatory decision making for drug/device approval.5

In response, multiple efforts embedded within federally funded
and industry-funded clinical trials have been directed to improve the
recruitment of older patients, women, and racial and ethnic
minorities.6 Limited data exist to determine whether these efforts
have been successful in improving representation across contem-
porary HF clinical trials, and to our knowledge, no studies have evalu-
ated the representativeness of trials of HF with preserved ejection
fraction (HFpEF).

Accordingly, we performed a systematic review of all published
HF clinical trials from 2001 to 2016. Our objective was to determine
enrollment patterns by age, sex, and race/ethnicity, to compare this
demographic makeup with that of US epidemiologic studies of spe-
cific HF types, to examine temporal changes in these demograph-
ics, and to assess representation by key trial-level characteristics.

Methods
Identification of Clinical Trials
We performed a systematic search using 2 strategies to identify all
HF clinical trials published between 2001 and 2016: (1) PubMed/
MEDLINE query with the following limits: publication year, “heart
failure,” “trial*,” and “randomized”; and (2) ClinicalTrials.gov query
with the following limits: adult (18 years and older), interventional,
phase II-IV, and “heart failure.” The exclusion criteria included
(1) phase I or pilot trials; (2) trials enrolling pediatric populations;
(3) trials in which hospitals were the units of randomization; and
(4) publications reporting secondary, interim, or post hoc analyses.
To identify large trials more likely to inform clinical practice, and mak-
ing the assumption that smaller trials largely represented single-
center early-phase studies, we applied a size threshold to include
only trials enrolling more than 400 patients. These selected larger
trials represented approximately the top fifth of trials identified
by the systematic query and enrolled about 80% of the overall
population included in all HF trials. PRISMA guidelines were fol-
lowed for all procedures and reporting. Two independent review-
ers screened 5488 studies and selected studies for inclusion; a third
reviewer resolved discordant assessments. A total of 118 published
trials met inclusion criteria for this study (eTable 1 and eFigure 1 in
the Supplement).

Data Abstraction
The following data were abstracted: (1) journal; (2) year of publica-
tion; (3) HF type (based on ejection fraction [EF] and hospitaliza-
tion status); (4) trial intervention; (5) enrollment duration (esti-
mated from starting and ending dates); (6) total sample size;
(7) mean or median age; (8) proportion of women; (9) race and

ethnicity (if reported); (10) number of participating centers; (11) num-
ber of countries; and (12) funding sources. For incomplete data fields,
additional data were extracted from secondary publications iden-
tified using ClinicalTrials.gov, if available.

Mean or median age and proportion of enrolled women were
extracted from trial publications. Data regarding race and ethnicity
were collected (if available/reported) in accordance with the 2012
US Food and Drug Administration position statement.7 Ethnicity was
captured as Hispanic/Latino. Race was identified using 5 mutually
exclusive categories: (1) American Indian or Alaskan Native; (2) Asian;
(3) black or African American; (4) Native Hawaiian or other Pacific
Islander; and (5) white. Nonwhite race refers to all trials reporting
any data on race (some reported detailed racial information and oth-
ers only reported the proportion of white participants).

Trials were divided into HF with reduced ejection fraction
(HFrEF), HFpEF, or trials enrolling regardless of EF. Trials were also
classified into acute and chronic (stable and ambulatory) subsets.
Trials were divided into 3 categories based on primary interven-
tion: (1) medications; (2) invasive therapies (intracoronary gene
therapy, ultrafiltration, cardiac electronic implantable devices, left
ventricular assist systems, intraaortic balloon pumps, or surgical pro-
cedures such as coronary artery bypass graft surgery); or (3) others
(exercise training, continuous positive airway pressure, multidisci-
plinary management program, patient education, and behavioral or
lifestyle interventions). Based on the ClinicalTrials.gov designa-
tions, funding source was categorized as (1) industry; (2) govern-
ment; or (3) university or other nonprofit or nonfederal organiza-
tions. Government funding was further classified into those funded
by National Institutes of Health (NIH)/National Heart, Lung, and
Blood Institute (NHLBI) and non-US agencies. Regions were di-
vided into (1) exclusively North America; (2) exclusively Western
Europe; (3) exclusively outside of North America and Western
Europe, ie, rest of the world; and (4) mixed/multiregional. Enroll-
ment rates, expressed as patients per site per month, were esti-
mated based on the reported study duration (completion dates
minus start dates).

Comparative Data Sources
We compared our database with historical data from Heiat et al,8

which included HF trials conducted between 1985 and 1999. We
further contextualized these trial-level patterns with epidemiologic

Key Points
Question How representative are contemporary heart failure
(HF) trials with respect to age, sex, and race/ethnicity?

Findings In a systematic review of 118 HF clinical trials, the mean
age of participants was 65 years, 27% were women, and there
were no significant temporal changes in age and sex trends over
time. Race/ethnicity distribution was reported in less than half of
trials, and in trials with available data, enrollment of nonwhite
patients increased steadily from 13% to 30% over time.

Meaning Differences in traditionally underrepresented patient
groups between trials and epidemiologic studies persist but are
less than previously reported. Enrollment of racial and ethnic
minorities has improved over time but may be subject to
reporting bias.
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data in the United States. Specifically, to most closely mirror target
populations of HF clinical trials, we extracted relevant comparator data
(weighted for sample size) from large registries or observational stud-
ies of patients hospitalized for HF,9-11 stable outpatients with HFrEF,12,13

and stable outpatients with HFpEF.14-17 We derived weighted mean
for age and proportion of women by multiplying the mean of each
study by a number (weight) based on the study's relative size to the
total studies included in each specific HF phenotype.

Statistical Analysis
Trials were assigned to four 4-year periods based on publication date
(2001-2004, 2005-2008, 2009-2012, and 2013-2016). Continu-
ous variables are described as mean and standard deviation or as me-
dian and interquartile range (IQR), and categorical variables as No.
(%). Mean age and proportion of women and various racial/ethnic
groups were calculated indexed to sample size of each trial given
varying sample sizes across trials. Spearmen rank correlation coef-
ficients were used to define the associations between trial-level mean
age, proportion of women, and nonwhite race/ethnicity. Categori-
cal variables were compared using χ2 testing. To identify differ-
ences in quantitative characteristics across nominal categories, we
used the Kruskal-Wallis test and Bonferroni adjusted post hoc pair-
wise comparisons to maintain the family-wise error at α = .05. We
determined the association between the proportion of demo-
graphic subsets enrolled in each trial and enrollment rate (which was
log-transformed given skewed distribution). To test for a trend in
demographic characteristics of the patient samples across our study
period, we used simple linear regression models using year of pub-
lication as the independent variable. The dependent variables were
the mean age of participants, the proportion of women, and the pro-
portion of underrepresented minority; each model was adjusted for
the sample size per trial. We also determined the correlation be-
tween the proportion of demographic subsets (percentage of
women or percentage of underrepresented minority) and enroll-
ment rate. Analyses were performed with IBM, version SPSS 23
(IBM Corporation), and a 2-sided P value less than .05 was consid-
ered statistically significant.

Results
General Characteristics
A total of 118 clinical trials that cumulatively enrolled 215 508 pa-
tients were included. Trial-level characteristics of HF trials are shown
in Table 1. Approximately half of HF trials (51%) were conducted in
multiple regions. North America sites were involved in 91% of mul-
tiregional trials. The median number of participants per trial was 994
(IQR, 543-1899) from a median of 82 participating sites
(IQR, 28-171) per trial. Only 16 trials investigated therapies for acute
HF and 4 tested therapies in HFpEF. Trends in age, sex, and race/
ethnicity in HF trials over time are summarized in Figure 1.

Trends in the Enrollment of Older Patients
The mean (SD) age of trial participants was 65 (11) years. Thus,
approximately 16% of enrolled participants were older than 76
years (assuming a normal distribution). Overall, very few trials
provided information on age distribution and participation of
older patients. There was no significant change in age of

participants over time (mean, 64 years in 2001-2004 vs mean,
65 years in 2013-2016; P = .60; Figure 1A; eFigure 2A in the
Supplement). Chronic HFpEF trials enrolled significantly older
participants with mean (SD) age of 71 (7) years compared with
HFrEF trials (mean [SD] age, 65 [11] years) and acute HF trials
(mean [SD] age, 66 [12] years) (P = .01). Corresponding weighted
mean ages of patients with chronic HFpEF, patients with chronic
HFrEF, and patients with acute HF in US epidemiologic studies
were 73 years, 69 years, and 73 years, respectively (Table 2).
Trials conducted exclusively in North America (mean [SD] age,
63 [12] years) and multiregional trials (mean [SD] age, 65 [11]
years) enrolled younger patients than trials conducted in Western
Europe (mean [SD] age, 67 [11] years) (P = .01) (Table 2). Enroll-
ment rate was not associated with the mean age of the enrolled
cohort (ρ = 0.13, P = .18).

Trends in the Enrollment of Women
All trials reported the proportion of women, which overall repre-
sented 27% of enrolled participants (n = 58 873 of 215 508; rang-
ing from 10% to 60%). The proportion of women enrolled in HF clini-
cal trials did not change significantly from 2001 to 2004 (26%;
n = 14 792 of 57 024) to 2013 to 2016 (29%; n 13 522 of 46 650)
(P = .61; eFigure 1B and eFigure 2B in the Supplement). Chronic
HFpEF trials had a significantly higher proportion of women (56%;
n = 4940 of 8845) compared with HFrEF (24%; n = 34 397 of
143 538) or acute HF (32%; n = 11 013 of 34 633) (P < .001 for com-
parison). Corresponding weighted proportions of women of pa-
tients with chronic HFpEF, patients with chronic HFrEF, and pa-
tients with acute HF in US epidemiologic studies were 62%, 29%,
and 50%, respectively, which were consistently higher than corre-
sponding proportions enrolled in HF trials. Trials conducted in North
America enrolled a greater proportion of women (32%; n = 8597 of
26 670) compared with trials conducted in Western Europe (26%;
n = 5228 of 20 193) or multiregional trials (27%; n = 39 602 of
149 290) (P = .003 for comparison). The proportion of women was
significantly higher in NIH/NHLBI-funded trials (n = 12) compared
with other funding mechanisms, including non-US government-
funded trials (36% vs 27%; P = .004). When examining trends in en-
rollment of women by primary funding mechanisms of trials, the pro-
portion of women appeared to increase in government-sponsored
trials over time (eTable 2 in the Supplement). A higher proportion
of women was observed in trials testing nondrug, noninvasive thera-
pies (32%; n = 6225 of 19 019) compared with drug (27%;
n = 44 950 of 165 612) or invasive therapies (25%; n = 6698 of
27 213), P = .05 (Table 2). A higher mean age of participants in HF
trials was significantly associated with higher enrollment of women
(ρ = 0.27, P = .004; eFigure 3A in the Supplement). A higher pro-
portion of women enrolled was significantly associated with enroll-
ment rate (ρ = 0.33; P = .004; Figure 2).

Trends in the Enrollment of Racial/Ethnic Minorities
Reporting of race/ethnicity data in HF trials was available in only 55
trials (47%). Among trials reporting race/ethnicity data, only 37%
reported primary outcome by race/ethnicity. No significant tempo-
ral changes in race/ethnicity reporting were observed during the
study period (14 studies in 2001 to 2004 compared with 12 studies
in 2013 to 2016; P = .13). Race/ethnicity data of any kind were re-
ported in 72% of trials conducted exclusively in NA, 56% of
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multiregional trials, 16.7% in trials conducted in rest of the world,
and 0% in trials conducted exclusively in Western Europe or rest of
the world. Overall, North American sites were involved in 93% of
trials reporting race/ethnicity data. Regional variation in reporting
detailed race/ethnicity data is illustrated in eTable 3 in the Supple-
ment. In trials with reported race/ethnicity information, nonwhite

race/ethnicity constituted 21% of enrolled participants (n = 27 463
of 124 980). In trials with reported data and that did not apply race-
specific inclusion criteria, black and Hispanic patients represented
9% of all patients (n = 9421 of 106 721) and 8% of all patients
(n = 1563 of 18 890), respectively, during the study period. Propor-
tion of enrolled nonwhite patients in HF trials increased steadily from

Table 1. Trends in Age, Sex, and Race/Ethnicity of Contemporary Clinical Trials of Heart Failure Over the Last 16 Years

Characteristic

% Median (Range)

P Value2001-2004 2005-2008 2009-2012 2013-2016 2001-2016
Trials, No. 21 31 34 32 118 NA

Total participants, No. 57 024 59 902 51 932 46 650 215 508 NA

Participants per trial, median (IQR) 1141 (469-4515) 1023 (610-2426) 941 (550-1820) 920 (561-1336) 994 (543-1899) .05

Weighted age, mean (SD) 64 (12) 67 (10) 64 (11) 65 (11) 65 (11) .60

Weighted women 26 (16-49) 27 (16-60) 28 (15-53) 29 (10-52) 27 (10-60) .61

Reporting nonwhite race, No. 14 12 17 12 55 NA

Nonwhite, all trials 12.5 (1-100) 22 (6-85) 28 (0.2-61) 30 (6-100) 22 (0.2-100) .01

Nonwhite, trials without
race-based selection

10 (1-33) 22 (6-85) 28 (0.2-61) 29 (6-46) 21 (1-85) .005

Reporting black, No. 10 8 14 8 40

Black, all trials 9 (1-100) 13 (6-46) 13 (0-39) 6 (0-25) 10 (0-100) .33

Black, trials without race-based
selection

6 (1-33) 13 (6-46) 13 (0-39) 6 (0-25) 9 (0-46) .79

Reporting Asian, No. 4 0 4 5 13

Asian, all trials 0.9 (0-2) NA 17.2 (8-25) 22.4 (14-100) 14.1 (0-100) .03

Asian, trials without race-based
selection

0.9 (0-2) NA 17.2 (8-25) 20.2 (14-25) 14.1 (0-25) .04

Reporting Native Hawaiian or
Pacific Islander, No.

3 0 1 1 5 NA

Native Hawaiian or Other
Pacific Islander

0.1 (0-0) NA 0 (0-0) 0 (0-0) 0.02 (0-0.1) .76

Reporting American Indian or
Alaskan Native, No.

4 0 4 5 13 NA

American Indian or Alaskan Native 3 (0-6) 0 (0-0) 6 (3-16) 9 (0-11) 6 (0-16) .12

Reporting ethnicity, No. 4 3 7 1 15

Hispanic, No. (%) 283 (7) 505 (27) 621 (5) 154 (12) 1563 (8) .93

Location, No. (%)

Rest of the world 0 1 (3) 0 5 (16) 6 (6)

.09
Multiregional 9 (47) 14 (48) 16 (52) 18 (56) 57 (51)

North America 8 (42) 9 (31) 8 (26) 4 (13) 29 (26)

Western Europe 2 (11) 5 (17) 7 (23) 5 (16) 19 (17)

Funding, No. (%)

Government 3 (16) 4 (13) 10 (29) 6 (19) 23 (20)

.25University/organization 1 (5) 6 (19) 8 (24) 4 (13) 19 (16)

Industry 15 (79) 21 (68) 16 (47) 22 (69) 74 (64)

HF setting

Chronic HF 16 (76) 28 (90) 31 (91) 27 (84) 102 (86)
.38

Acute HF 5 (24) 3 (10) 3 (9) 5 (16) 16 (14)

Chronic HF type, No. (%)

HF with reduced EF 15 (71) 24 (77) 31 (91) 24 (75) 94 (80)

.28HF with preserved EF 0 2 (6) 0 2 (6) 4 (3)

HF regardless of EF 6 (29) 5 (16) 3 (9) 6 (19) 20 (17)

Intervention, No. (%)

Invasive 5 (24) 6 (19) 10 (29) 8 (25) 29 (25)

.74Drug 13 (62) 18 (58) 14 (41) 18 (56) 63 (53)

Nondrug, noninvasive 3 (14) 7 (23) 10 (29) 6 (19) 26 (22)

Abbreviations: EF, ejection fraction; HF, heart failure; IQR, interquartile range.
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13% in 2001 to 2004 to 30% in 2013 to 2016 (P = .01) (Figure 1C).
Trends in race/ethnicity over time are displayed in Table 1. The pro-
portion of nonwhite race enrollment was similarly low across all HF
types (Table 2). Trials funded by universities or independent orga-
nizations enrolled the highest proportion of nonwhite race/
ethnicity (61% [n = 2245 of 3681]) compared with 27% (n = 5831 of
21 919) in government-sponsored and 20% (n = 19 386 of 99 380)
in industry-sponsored trials (P = .003 for comparison). Overall, the
number of NIH trials increased from 3 trials in 2001 to 2008 to 9
trials in 2009 to 2016. The proportion of nonwhite race was higher
in NIH/NHLBI-funded trials compared with other funding mecha-
nisms (31% vs 20%; P = .02). However, over time, enrollment of pa-
tients of nonwhite race only increased in industry-sponsored trials
(from 11% [n = 4568 of 41 026] in 2001-2004 to 31% [n = 6844 of
22 155] in 2013-2016), with unchanged trends in trials with other pri-
mary funding mechanisms (eTable 2 in the Supplement). However,
the increase in nonwhite race/ethnicity enrollment was mainly driven
by increased Asian enrollment (1% [n = 148 of 16 112] in 2001-
2004 to 20% [n = 3676 of 18 149] in 2013-2016) and to a lesser ex-
tent enrollment of American Indian or Alaskan Native (increased from
3% [416 of 16 112] in 2001-2004 to 9% [1677 of 18 149] in 2013-
2016); black race/ethnicity decreased from 8% (n = 2804 of 36 902)
in 2001 to 2004 to 5% (n = 989 of 20 388) in 2013 to 2016.

Trials investigating nondrug, noninvasive therapies had higher en-
rollment of nonwhite race/ethnicity compared with drug or invasive
therapies. Trials conducted exclusively in North America enrolled 39%
nonwhite race/ethnicity (n = 7020 of 18 196) compared with 19% in
multiregional trials (n = 19 566 of 104 685) (P = .001) (Table 2). Trials
that enrolled greater proportions of nonwhite race tended to enroll
younger patients (eFigure 3B in the Supplement) and higher propor-
tions of women (eFigure 3C in the Supplement). Although enrollment
rate was not associated with the proportion of nonwhite race/ethnicity
enrolled in each trial (ρ= 0.12; P = .36), it did appear to associate with
theproportionofenrolledblackpatients(ρ= 0.39;P = .01;n = 39trials)
and nonsignificantly with the proportion of Hispanic patients (ρ= 0.48;
P = .07; n = 15 trials).

Trends in Enrollment of Older Patients, Women,
and Racial/Ethnic Minorities in North American HF Trials
Among 29 trials exclusively conducted in North America, no signifi-
cant changes over time for mean age of enrolled cohorts were ob-
served (eTable 4 in the Supplement). Compared with epidemio-
logic studies in the United States, mean (SD) age was lower in HFrEF
trials (62 [12] years vs 69 years), HFpEF trials (71 [7] years
vs 78 years), and acute HF trials (62 [14] years vs 73 years)
(Table 3).14-22 The proportion of women increased slightly from 31%
in 2001 to 2004 to 37% in 2013 to 2016, although this trend was
not statistically significant (P = .09 for trend; eTable 4 in the Supple-
ment). The proportion of women enrolled in HF clinical trials was
similar to the estimated proportion of women in US epidemiologic
studies in chronic HFrEF and HFpEF; women were underrepre-
sented in acute HF (31% in clinical trials vs estimated 50% in epide-
miologic data from the United States). The proportion of nonwhite
race in North American trials remained unchanged during the study
period (eTable 3 in the Supplement; Table 3). Representation of key
demographic subsets in any HF trials recruited exclusively or
partially from North America is provided in eTable 5 in the
Supplement.

Discussion

This systematic review highlights important patterns and trends in
representation of traditionally underrepresented demographic sub-
sets in contemporary HF clinical trials and highlights discrepancies
in the demographics of populations included in clinical trial cohorts
vs registry and community-based studies. In our analysis, older
patients and women were consistently underrepresented across the

Figure 1. Patients Enrolled in Heart Failure (HF) Clinical Trials Over Time

75

70

65

60

55

50

M
ea

n 
Ag

e 
of

 E
nr

ol
le

d 
Pa

tie
nt

s,
 y

1985-19998

(n = 53)
2005-2008

(n = 31)
2001-2004

(n = 21)
2013-2016

(n = 32)
2009-2012

(n = 34)

Mean age of enrolled patientsA

40

30

20

10

0

W
om

en
 in

 H
F 

Cl
in

ic
al

 T
ria

ls
, %

1985-19998

(n = 57)
2005-2008

(n = 31)
2001-2004

(n = 21)
2013-2016

(n = 32)
2009-2012

(n = 34)

Proportion of womenB

40

30

20

10

0

N
on

w
hi

te
 R

ac
e 

in
 H

F 
Cl

in
ic

al
 T

ria
ls

, %

1985-19998

(n = 13)
2005-2008

(n = 31)
2001-2004

(n = 21)
2013-2016

(n = 32)
2009-2012

(n = 34)

Proportion of racial/ethnic minoritiesC

P =.60 for trend 2001-2016

P =.61 for trend 2001-2016

P =.01 for trend 2001-2016

A, Mean age of patients enrolled in heart failure clinical trials over time.
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racial/ethnic minorities enrolled in HF clinical trials over time.
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spectrum of different HF clinical trial types over the last 16 years.
Overall race/ethnicity reporting was poor (<50% of trials reporting
any data) and variably complete. Among trials reporting race/
ethnicity data, significant increases in the enrollment of nonwhite
participants were observed over time. Representation in
race/ethnicity varied significantly by primary region of enrollment,
trial funding mechanism, and therapy tested. Notably, increased

relative enrollment of women and certain racial/ethnic minorities was
associated with improved trial enrollment rate.

Snapshot of Registry and Community-based HF Studies
in the United States
Based on data from large-scale inpatient registries and epidemio-
logic surveys conducted in the United States,8,9,18,23 mean age of
patients with HF is 72 to 74 years, while 47% to 52% are women,
and 26% to 34% identify as races/ethnicities other than white
(18%-20% overall as black). Prior studies1,8,19-21 exploring the rep-
resentativeness of HF trial populations did not include appropriate
comparators by EF enrollment criteria or exclusively assessed trials
of HFrEF. Indeed, data generated from inpatient registries suggest
that patients with HFpEF have an especially distinct demographic
profile, characterized by older age (mean age, 74-78 years), higher
proportion of women (62%-68%), and lower proportion of pa-
tients identifying as black (15%-17%).9-11 Additionally, some epide-
miologic studies excluded patients with prevalent HF; therefore, our
estimates may not accurately represent the actual population with
HF. These epidemiologic studies may also face similar enrollment
challenges as trials (eg, eligibility criteria and requiring informed con-
sent), oversample select populations, and be restricted to specific
communities, and thus may not be ideal population-level compara-
tors. Demographic estimates from community-based studies of
stable outpatients with HFrEF and stable outpatients with HFpEF14-17

may be less reliable because many of these observational studies in-
cluded patients with incident (rather than prevalent) HF. With these
caveats in mind, our findings support the presence of discrepan-
cies in key demographics between trials and EF-specific data sources

Figure 2. Association Between Proportion of Enrolled Women
and Log-Transformed Enrollment Rate
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Enrollment rates, expressed as patients per site per month, were estimated
based on the reported study duration (completion dates minus start dates).
Enrollment rate was log-transformed given skewed distribution.

Table 2. Representation in Clinical Trials of Heart Failure Based on Key Trial-Level Characteristics

Characteristic
Age, Mean (SD)
[Range] P Valuea

Women, No. (%);
Range P Valuea

URM, No. (%);
Range P Valuea

HF type

Chronic HFrEF 65 (11) [57-77]

.01

34 397 (24); 10-54

<.001

18 420 (24); 0-100

.59Chronic HFpEF 71 (7) [67-76] 4940 (56); 52-60 382 (11); 11-11

Acute 66 (12) [55-72] 11 013 (32); 23-42 5916 (18); 5-44

Funding

Government 62 (11) [55-72]

.09

9375 (32); 15-52

.17

5831 (27); 9-51

.003Universities/organization 67 (11) [57-76] 4695 (31); 16-54 2245 (61); 15-100

Industry 65 (11) [57-76] 44 520 (26); 10-60 19 386 (20); 0-100

NIH/NHLBI

Non-NIH/NHLBI 65 (11) [55-76]
.14

50 873 (27); 14-60
.004

19 997 (20); 0-100
.02

NIH/NHLBI 64 (12) [56-73] 6297 (36); 20-52 5354 (31); 11-61

Intervention

Invasive 64 (11) [56-73]

.31

6698 (25); 14-35

.05

1340 (19); 9-40

.02Drug 65 (11) [55-76] 44 950 (27); 15-60 21 797 (20); 0-100

Nondrug, noninvasive 66 (12) [57-76] 6225 (32); 10-54 4326 (42); 11-85

Primary region of enrollment

Rest of the world 60 (12) [55-66]

.01

2610 (37); 25-51

.003

NA

.001
Multiregional 65 (11) [58-76] 39 602 (27); 10-60 19 566 (19); 0-44

North America 63 (12) [56-73] 8597 (32); 16-54 7020 (39); 10-100

Western Europe 67 (11) [57-76] 5228 (26); 15-52 NA

Abbreviations: HF, heart failure; HFpEF, heart failure with preserved ejection
fraction; HFrEF, heart failure with reduced ejection fraction; NA, not applicable;
NIH, National Institutions of Health; NHLBI, National Heart, Lung, and Blood
Institute; URM, underrepresented minorities.

a P values compare age, proportion of women, and underrepresented minorities
across key trial-level subgroups (HF type, funding, intervention, and region).
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from registries and community-based studies but suggest these dif-
ferences are more modest than previously reported.

Potential Barriers to Enrollment of Older Participants
Trial-specific factors are also associated with lower rates of enroll-
ment of older patients in clinical trials owing to strict inclusion/
exclusion criteria, trial duration, or intensity of follow-up and
testing.22 For instance, older patients are more likely to have co-
morbidities that make them ineligible for HF clinical trials or unable
to participate with follow-up requirements. The lack of financial and
social support for the participation of older patients may limit their
participation in clinical trials. Characterizing and addressing limita-
tions to enrollment are vital to strategically improving the design and
representation of all age groups in HF clinical trials.

Finding Sex Balance in Contemporary HF Trials
Only 28% of the participants were women, with marked variation
based on type of HF. These proportions were lower than the esti-
mated proportions of women in studies of corresponding HF types
in community and registry settings. Our trial-level data are consis-
tent with a previous study that showed that the representation of
women in 14 HF clinical trials was the lowest (29%) among the data
used to build American Heart Association guidelines compared with
representation in other cardiovascular trials published between 1970
and 2006.24 We found that enrollment of women differed based on
funding source, clinical indication, and trial location. Specific NIH
guidelines targeting this issue may have influenced the inclusion of
women in HF clinical trials, especially after the approval of the Re-
vitalization Act by NIH in 1993 that required the inclusion of women
in every clinical trial supported by federal funding.25 Although fed-
eral agencies have conducted large cardiovascular clinical trials re-
stricted to women, to our knowledge, none yet have been con-
ducted in patients with HF.

Reporting and Representation of Race and Ethnicity
Race/ethnicity was poorly documented in published reports from
even HF clinical trial experiences published after 2013. Less than
50% of trials reported data regarding the distribution of
race/ethnicity categories. As such, trials with available information
may be subject to important reporting bias. Therefore, our
estimates may overestimate the actual proportion of nonwhite
race participants. Additionally, specific race/ethnicity enrollment in

multiregional trials stratified by geographic location per trial is not
typically published. A 2013 study by Zhang et al26 of cardiovascu-
lar clinical trials selected from 3 major journals between 1997 and
2010 showed that among trials reporting race/ethnicity informa-
tion, enrolled proportions were 7% for black individuals and 4%
for Asian individuals, compared with 10% and 14% in our analysis.
Another 2017 study20 of 25 HFrEF clinical trials found that only
6% of participants were black. The inclusion of industry-
sponsored trials with increasing global sites (many of which are
located in Asia) may explain the relative increase in Asian enroll-
ment over time while representation of black individuals remains
poor. The pattern of rapid globalization in contemporary HF clini-
cal trials coupled with the increase in selection of sites in regions
outside of the United States may have influenced the trends seen
in nonwhite race representation.27,28

Our data suggest that dedicated efforts to increase enroll-
ment of racial/ethnic minority participants in HF clinical trials
funded by the NIH/NHLBI have been successful.6 Although
guidelines and many journals support the publication of subgroup
analyses by key demographic factors, more than 60% of
reviewed studies failed to report the primary outcome by race/
ethnicty. While most trials are not adequately powered to assess
racial/ethnic differences in outcomes, differential treatment
effects by race/ethnicity have been observed in prior HF trials,
and subgroup analyses have the potential to generate hypoth-
eses for future study.

Improving Representation in Contemporary HF Trials:
A Path Forward
First, future studies should be required to provide adequate
description of age, sex, and race/ethnicity. Reporting of
race/ethnicity distribution should be complete and in accordance
with the 2012 US Food and Drug Administraton position
statement.7 Second, renewed efforts to improve representative
patient participation, with incentives to accomplish this goal, are
needed for North American sites in global HF clinical trials. The
observed patterns in globalization of contemporary trials serve as
a variable that intersects with many important factors, such as
race/ethnicity, diet, socioeconomic status, lifestyle patterns, and
medical care delivery. Parallel studies evaluating emerging thera-
pies confined to individual regions may be required to more
clearly establish generalizability. Third, improved site-based

Table 3. Representation of Key Demographic Subsets in Heart Failure Trials Exclusively Conducted in North Americaa

Trial
Characteristic

Age, Mean
(SD), y

US Registry/
Community-based
Comparator, years

No. (%)

Proportion
of Women

US Registry/
Community-based
Comparator

Nonwhite Race/
Ethnicity

Black Race/
Ethnicity

Asian Race/
Ethnicity, %

Other Race/
Ethnicity, %b

Chronic HFrEF 62 (12) 69 5632 (30) 29 4373 (41) 3394 (33) 0.6 2

Chronic HFpEF 71 (7) 73 4940 (56) 62 NA NA 0.6 2

Chronic HF
regardless of EF

67 (11) NA 2377 (39) NA 2022 (36) 969 (28) 0.6 2

Acute HF 62 (14) 73 588 (31) 50 625 (34) 432 (30) 0.6 2

Abbreviations: HF, heart failure; HFpEF, heart failure with preserved ejection
fraction; HFrEF, heart failure with reduced ejection fraction.
a We extracted relevant real-world US comparator data (weighted for sample

size) from large registries or observational studies of patients hospitalized for
HF,14-16 stable outpatients with HFrEF,17 stable outpatients with HFpEF,18-21

and stable outpatients with HF (without specific criteria for EF).22 Given
significant variability across selected epidemiological studies, real-world
estimates of percentage of underrepresented minorities were not provided.

b Includes American Indian, Alaskan Native, Native Hawaiian, or Pacific Islander.
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enrollment of underrepresented minorities may require con-
certed, multilevel interventions. Site selection in areas with high
proportions of underrepresented minority patients may enhance
racial and ethnic representativeness. Goals of specific enrollment
targets at each step of trial progress have been successful in cer-
tain trial experiences (such as the Systolic Blood Pressure Inter-
vention Trial)29 to improve representation. Perhaps contrary to
belief, HF trials in our experience that enrolled higher proportions
of women and certain race/ethnic minorities had higher relative
enrollment rates. Collaboration between investigators, funding
agents, and community members are necessary to ensure broad
access to trials and sufficient applicability of their results.

Limitations
There are several limitations to this work. Primarily, we relied only
on published trials, which may introduce publication bias. Addition-
ally, in many trials, the information regarding race/ethnicity was in-
adequate, which may overestimate the proportion of nonwhite par-
ticipants. Furthermore, while most trials are not adequately powered
to assess racial/ethnic differences in outcomes, differential treat-
ment effects by race/ethnicity have been observed in prior HF trials,

and subgroup analyses have the potential to generate hypotheses
for future study.

Conclusions
This systematic review of published HF clinical trials describes con-
temporary patterns of enrollment of key demographic subsets. We
demonstrate that discrepancies in traditionally underrepresented
patient groups between trials and EF-specific registry/community
studies data sources persist but appear more modest than previ-
ously reported. Targeted efforts to enroll representative propor-
tions of these cohorts are important now more than ever. Although
improvements in enrollment of racial and ethnic minorities poten-
tially reflect successful federal and industry-based initiatives, over-
all, race/ethnicity reporting remains poor and incomplete. This
compromises the ability to identify drivers of low enrollment of
minorities and assess trial generalizability. Continued efforts to
improve reporting of age, sex, and race/ethnicity data within HF
clinical trials and enhance the representativeness of trial popula-
tions are needed.
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