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Abstract

Background: Representation trends of women, older adults, and ethnic/racial minorities in randomized controlled trials (RCT's)
of atrial fibrillation (AF) are uncertain. Methods: We systematically reviewed 134 AF related RCTs (phase II and III) en-
compassing 149,162 participants using Medline and ClinicalTrials.gov through April 2019 to determine representation trends of
women, older patients ([?] 75 years), and ethnic/racial minorities. Weighted data on the prevalence of AF from epidemiological
studies were used to compare the representation of the studied groups of interest in AF RCTs to their expected burden of the
disease. Results: Only 18.7% of the RCTs reported proportion of older patients, and 12.7% RCTs reported ethnic/racial minori-
ties. In RCTs, proportions of women, Hispanics, Blacks, American Indian/Alaskan patients, Asians, native Hawaiian/Pacific
Islanders and non-Whites were 35.2%, 11.9%, 1.2%, 0.2%, 14.2%, 0.05%, and 19.5%, respectively. The corresponding pro-
portions in general population were 35.1%, 5.2%, 5.7%, 0.2%, 2.4%, 0.1%, and 22.5%, respectively. The weighted mean age
(SD) across the trials was 65.3 (3.2) years which was less than the corresponding weighted mean age of 71.1 (4.5) years in
the comparative epidemiological data. Conclusion: The reporting of older patients and ethnic/racial minorities was poor in
RCTs of AF. The representation of women and American Indian/Alaskan natives matched their expected population share
of disease burden. Hispanics and Asians were over-represented and Blacks, native Hawaiian/Pacific Islanders and non-Whites
were under-represented in RCTs of AF. In nearly all studied RCTs, the reporting of racial demographics did not start until

later part of last decade.



INTRODUCTION

Atrial fibrillation (AF) is the most common sustained arrhythmia in clinical practice !. Accumulating
evidence suggest a strong link between sex, age and race with AF incidence 2, 3. Men have highest AF
prevalance, with 20.9 out of 33.5 million AF patients (62.4%) worldwide being men 4. Despite the lower
prevalence, women are at a greater risk for more devastating AF-related consequences such as stroke >7. Also,
it is well documented that the incidence, prevalence, and complications from AF increase with advancing age
89 With regards to race-based differences, non-White population has been found to have a lower prevalence
of AF compared with Whites!?12. Despite these statistics there are concerns that women, older patients
and ethnic/racial minorities are under-represented in randomized controlled trials (RCTs) of cardiovascular
disease such as AF compared with their share of disease in the population '3. The under recruitment of
women, older participants and ethnic/racial minorities in cardiovascular drug trials and heart failure trials
has been examined in prior reports'31%; however, there is paucity of data regarding systematic assessment
of these demographic subsets in RCTs of AF. Herein, we provide a systematic review on representation
of women, older patients, ethnic/racial minorities and their time trends in published trials of AF from
1989-2019.

METHODS

This systematic review was performed in accordance with PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses)!6. The systematic search was conducted by two independent investigators
(S.T and A.N.L) using databases of MEDLINE and ClinicalTrials.gov from 1985 to April 2019. A broad
search strategy was used to identify RCTs of AF in human subjects: (*Atrial fibrillation OR *AF) AND
(*Rate control therapy OR *Rhythm control therapy OR *Ablation OR *Cardioversion OR *Anticoagula-
tion OR *Treatment) (Table supplementary S1). ClinicalTrials.gov was queried using following limits: Adult
([?]18 years), interventional, phase II-IIT and “atrial fibrillation”. We also downloaded meta-analyses related
to AF for additional information 17, 18. After removing duplicates, all the articles were scrutinized at the
title and abstract level followed by review of full text to include phase IT and IIT RCTs of adult human
participants with follow-up of at least 3 months. While there was no restriction on sample size, we preferred
3-month follow-up to include maximum number of RCTs yet ensuring important data because relatively
longer follow-up is considered to provide more accurate information'®. The following data was extracted:
(1) title, (2) year of publication, (3) journal, (4) total number of participants, (5) number of women, (6) mean
or median age, (7) number of older patients, defined as [?]75 years, (8) ethnicity and race, (9) location, (10)
funding sources, (11) types of RCTs (prevention of stroke or treatment of AF), and (12) baseline population.
We reviewed ClinicalTrials.gov for any missing information not obtained from trial’s manuscript. We followed
the US Food and Drug Administration (FDA) position statement during data abstraction on ethnicity and
race minorities'®. Ethnicity was captured as Hispanic/Latino; Race was defined as: (1) African American
or Black, (2) American Indian or Alaskan Native, (3) Native Hawaiian or other Pacific Islander, and (4)
Asians. If study had characterized the race as non-White or race other than White was not clearly specified,
we grouped data as non-White race. Location of RCTs were divided into (1) exclusively North America
including United States, Canada, and Mexico; (2) exclusively Western Europe including Austria, Belgium,
Bermuda, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Israel, Italy, Luxembourg, Nether-
lands, Norway, Portugal, Spain, Sweden, Switzerland, and United Kingdom; (3) rest of the world-exclusively
outside of North America and Western Europe, and (4) Multi-regional. We classified funding sources as
per ClinicalTrials.gov designations: government, academic center/university, industry or collaborative trials
between non- profit organizations and industries '3. Baseline population was categorized into non- valvular
AF, AF in mitral valve disease, AF in rheumatic valve disease, status post catheter ablation in AF and
AF in miscellaneous groups (i.e. AF after cardioversion, AF in heart failure or with recent percutaneous
coronary intervention). Further categorization of stroke prevention and AF treatment trials was done based
on medications or interventions examined in RCTs. To examine proportion of these demographic subsets in



our trial level data base relative to their representation in disease population, we selected comparative data
from observational and epidemiological studies (Table S2) 4 2028, To most closely mirror the target popu-
lation in AF RCTs, the relevant comparative data was selected to represent global disease burden including
regions of North America, Western Europe, Asia and other regions. The data was weighted for sample size,
i.e. weighted mean for women, age, ethnic/racial minorities was derived by multiplying the mean of each
study by weighted number based on study’s size relative to the total studies included. RCTs were grouped
according to publication year starting from 1989-2019, with first and last group consisting of 5-year period
and remaining groups of 4-year period. Continuous variables were reported as mean (standard deviations
[SD]) or median (interquartile range [IQR]). Categorical variables were expressed as No. (%). Categorical
variables were compared using Pearson y2 testing. One-way analysis of variance (ANOVA) test was used for
testing significance of means and o was kept at 0.05. To test for a trend in demographic characteristics of the
patient samples across the study period, we used simple linear regression models using year of publication as
the independent variable. The dependent variables were the proportion of women, mean age of participants,
proportion of >75 years old participants and the proportion of underrepresented minorities. Analyses were
performed with IBM, version SPSS 24 (IBM Corporation) and Microsoft Excel (Microsoft Corporation).

RESULTS

A total of 134 RCTs (149,162 participants) were included (Figure S1; Table S3). The median number of
participants per trial was 205 (IQR, 729-203). A total of 55 RCTs were based in Western Europe, 22 RCTS
in North America, 35 RCTs were multiregional, and 32 RCTs were conducted in rest of the world. Sixty
RCTs were funded by academic center/university or organization, 41 RCTs were industry funded, 17 RCTs
were government funded and 16 RCTs were conducted under collaboration between industry, academic cen-
ter/organization. Trends in age, representation of women, race and ethnicity over time (1989-2019) are
summarized in Table 1. Overall representation of women was 35.2% (Table S4), which matched the corre-
sponding weighted proportion of women in epidemiological studies, i.e. 35.1% (Figure-1). The representation
of women varied from 26.2% to 44.5% from 1989-2019 (P=0.30; Figure 2A; Table S4). Women presentation
was significantly higher in collaborative trials between industry and universities/academic centers (36.1%),
followed by industry funded trials (34.8%) and government funded trials (33.8%) (P<0.01). Women enroll-
ment did not significantly differ based on types of trials or baseline population. Linear regression did not show
a significant association between women enrollment in trials with publication years (Figure S2). The weighted
mean age across the trials was 65.3+£3.2 years which was less than the corresponding weighted mean age of
71.1£4.5 years in the comparative epidemiological data (Figure-1). Mean age of participants was highest in
North American RCTs (67.6+5.6 years) and lowest in RCTs conducted in rest of the world (58.8+£10.9 years)
(P<0.01; Table S4). Government funded RCTs (66.1+7.02 years) and industry funded RCTs (66.7+5.7 years)
had higher mean age as compared to academic center /university-based RCTs (62.24+10.1 years) (P<0.01). In
stroke prevention RCTs, DOACS trials had lowest mean age (68.5+6.5 years), and watchman trials recruited
participants with highest mean age of 73.3+1.5 years (P<0.01). In AF treatment RCTs, trials with different
forms of pacing had patients with mean age of 69.1+5 years, whereas, the mean age in trials assessing ca-
theter ablation was 58.24+4.4 years (P<0.01). Twenty-five RCTs reported distribution of patients according
to age groups (Table S6). In these trials, the proportion of older patients ([?]75 yrs.) was 36.1% which
was comparable to 34.8% weighted proportion in epidemiological data (Figure 1). The distribution of older
participants did not significantly vary based on location of the trial, funding source, or baseline population
of the trials. Linear regression showed no significant association between enrollment of older patients and
publication years (Figure S3). RCTs conducted prior to 2007 lacked reporting on ethnic/racial minorities
and only 17 RCTs reported enrollment of ethnic/racial minorities (Table S7). Among these RCTs, Hispanics
represented 11.9%, non-Whites 19.5%, Blacks 1.2%, Asians 14.2%, American Indian/Alaskan natives 0.2%,
and native Hawaiian/Pacific Islanders 0.05%. The weighted proportions in the comparative data were: His-
panics 5.2%, non-Whites 22.5%, 5.7% Blacks, 2.4% Asians, 0.1% native Hawaiian /Pacific Islanders and 0.2%
American Indian/Alaskan natives (Figure-1). In North American RCTs, representation of Hispanics was



0.3%, non-Whites 0.4%, Blacks 0.2%, Asians 0.1% and both native Hawaiian/Pacific Islanders and Amer-
ican Indians/Alaskan Natives was <0.1%. None of the western European RCTs reported enrollment with
regards to ethnicity/races. There were no significant trends in enrollment rates of ethnic/racial minorities
in terms of funding sources, baseline population or treatment strategies (Figure S3).

DISCUSSION

In this systematic review, reporting of older patients and ethnic/racial minorities was poor with <20% of the
included RCTs mentioning these demographic subsets. Enrollment of women and American Indian/Alaskan
natives in RCTs of AF matched their demographic share of disease burden. Hispanics and Asians were
over-represented and Blacks, native Hawaiian or Pacific Islander and non-Whites were under-represented
in RCTs compared with real world data. Representation of women was significantly higher in industry or
academic center sponsored RCTs compared with government funded RCTs. Mean age of participants was less
than the corresponding weighted mean age in the comparative epidemiological data, and varied significantly
based on location, funding sources, baseline population and according to management strategies used for
prevention of stroke or treatment of AF. The 1993 National Institute of Health Revitalization act legally
required RCTs to include men and women consistent with the known sex related prevalence of the disease
under study. More recently, the Government Accountability Office (GAO) issued a follow-up report calling
for improved reporting of women’s enrollment in RCTs??. Since RCTs are regarded as the ”gold standard”
for shaping up the management strategies and guidelines, inclusion of women and demographic subgroups
sustain the generalizability of the findings to the population as a whole and allows subgroup analyses to
determine influence of different ethnicities. The current findings are in line with recent review by Scott and
colleagues who also reported adequate representation of women in the RCTs that supported FDA approval
of cardiovascular drugs'®. However, women with AF were reported to have lower quality of life, higher risk
of ischemic stroke and higher mortality as compared to men 57. Therefore, such complexity of AF in women
endorses the need for adequate enrollment in future RCTs as well. Our finding of lower proportion of women
in government funded RCTs needs attention in this regard. The FDA guidelines in 1977 called for exclusion
of women of childbearing potential from early phases of RCTs. Even though, such policies have been revised
since that time, it is still plausible that this may have deterred female recruitment in RCTs especially the ones
sponsored by the Government agencies3?. Additionally, lack of awareness about RCTs and logistical barriers
might also have contributed to the lower enrollment rates. Co-morbidities leading to AF vary based on age,
sex and ethnicities®! 32. The prevalence of AF rises steadily with age, and Blacks have a 2-5 times higher risk
of AF-associated stroke than Whites. However, the enrollment of older patients was reported in only 18.7%
of the included RCTs. Similarly, only 12.7% RCTs reported ethnic/racial population, out of which Black
patients made up disappointingly <2% of cohorts. In order to improve enrollment of these groups, following
strategies can be considered. First, greater cultural sensitivity is needed to ensure adequate recruitment and
consent procedures that are consistent with different ethnic/racial cultures 33. Second, targeting inner city
population that are likely to have a high minority ethnic population and hiring special advocacy workers to
provide a bridge between recruiters and minority population 3*. Third, addressing the obstacles for women
participation such as offering childcare or transportation, having special considerations when enrolling fertile
women, and ensuring they have access to counseling and medical care 3°. Fourth, an Office of Geriatric
Health and Aging can be created to review protocols and enrollment of older population similar to the
workings of Office of Women’s Health which was established by Congressional mandate in 1994 32. Fifth,
simplifying consent forms, adding time to consult with family, the use of proxy data or remote follow up
can be elicited to overcome barriers to participation of underrepresented demographics in RCTs?2. Our
study has certain limitations. Since we did not have access to individual participant’s data, this review was
limited to trial-level information. We relied on published trials and thus risk of publication bias cannot be
ignored. Overall, there was inadequate reporting of older patients and ethnic/racial minorities in AF RCTs.
The representation of racial demographics did not start until 2007 in AF RCTs with reporting on certain
races such as Native Hawaiian or Pacific Islanders beginning in 2011. This limit inferring strong conclusion



around such racial demographics. Furthermore, some RCTs have only reported race as White or non-White
which makes detailed analysis of non-White racial groups impossible from those studies. Additionally, one
can argue that treatments in RCTs are examined to determine effects in population at risk, and naturally
stroke prevention trials would reflect older cohorts given higher inherent risk of stroke compared with younger
participants in catheter ablation trials. In conclusion, this systematic review suggests adequate enrollment of
women, older patients and American Indian/Alaskan natives, over recruitment of Hispanics and Asians and
under recruitment of Blacks, non-Whites and native Hawaiian or Pacific Islanders in Trials of AF compared
with their demographic share of disease burden. These data demand a diligent review of the policies by
organizations and investigators to ensure adequate representation of these demographic subgroups in future
RCTs.

Figure legends

Figure 1: Central Illustration: Proportion of Inclusion of Women, Older Adults, and Ethnic/Racial Minorities
in Clinical Trials of Atrial Fibrillation Compared with Their Disease Prevalence Reported in Epidemiological
Studies Figure 2A: Trends of Representation of Women in Clinical Trials of Atrial Fibrillation Figure 2B:
Trends of Representation of Mean Age in Clinical Trials of Atrial Fibrillation
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Table 1Table 1. Trends in Age, Sex, and Race/Ethnicity of Contemporary Clinical Trials of
Atrial Fibrillation (1989-2019)

Median Median Median Median Median Median Median Median Media:

(IQR) (IQR) (IQR) (IQR) (IQR) (IQR) (IQR) (IQR) (IQR)

Characteristir989- 1995- 1999- 2003- 2007- 2011- 2015- P-valu
1994 1998 2002 2006 2010 2014 2019

Trials, No. 7 4 11 25 20 32 35 NA

Total 5767 2680 6602 11713 24272 68504 29624 NA

partici-

pants,

No.

Participants 846.3 796.5 136 (20- 137 (29- 163.5(49- 229(41- 238 (21- 0.54

per (378- (43- 4060) 6706) 18113) 21026) 6351)

trial, 1330) 1044)

median

(IQR)

Weighted 69.5 70.5 67.4 62.3 62.8 64.2 64.4 0.24

age, (3.2) (3.8) (5.0) (10.1) (10.1) (9.9) (5.7)

mean

(SD)

Weighted 26.2 44.5 42.7 35.6 354 36.7 304 0.54

women,

No. (%)

Trials 3 NR NR 2 2 12 8 0.374

reporting

partici-

pants [?] 75

yrs., No.

Total 5767 NR NR 11713 24272 68504 29624 NA

partici-

pants

[?]75

yrs., No.

Participants 849 NR NR 10764 159 23888(34.9) 4007(13.5) 0.136

[7]75 (14.7) (91.4) (0.7)

yrs., No.

()

Ethnicity /Race



Median
(IQR)

Median
(IQR)

Median
(IQR)

Median
(IQR)

Median
(IQR)

Median
(IQR)

Median
(IQR)

Median
(IQR)

Media
(IQR)

Trials
reporting
non-White,
No.

Non-
Whites,
No. (%)
Trials
reporting
Blacks, No.
Blacks,
No. (%)
Trials
reporting
Asians, No.
Asians,
No. (%)
Trials
reporting
native
Hawaiian
or Pacific
Islanders,
No.
Native
Hawai-
ian or
Pacific
Is-
landers,
No. (%)
Trials
reporting
American
Indian or
Alaskan
Natives,
No.
American
Indian

or
Alaskan
Native,
No. (%)
Trials
reporting
Hispanics,
No.

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

3

5464
(36.0)

178
(18.3)

2786
(25.8)
NR

NR

1(1.2)

6

8483
(56.0)

559
(57.5)

7387
(68.3)

10
(90.1)

63
(76.8)

7

1214
(8.0)

235
(24.2)

642
(5.9)

18
(22.0)

NA

0.27

NA

0.34

NA

0.21

NA

0.22

NA

0.71

NA




Location

North American, No. (%) 5(22.7) 1(4.5) 2(9.1) 2 (9.1) 2 (9.1) 2 (9.1) 8 (36.4)
Western Europe, No. (%) 1(1.8) 3(55) 9(164) 16(29.1) 9 (16.4) 7 (12.7) 10 (18.2)
Multiregional, No. (%) NR NR NR 1(4) 4 (16) 10 (40) 10 (40)
Rest of the world, No. (%) 1(3.1) NR NR 6 (18.8) 5 (15.6) 13 (40.6) 7 (21.9)
Funding sources

Government, No. (%) 3(17.6) NR 2 (11.8) 3(17.6) 1(5.9) 4(235) 4 (23.5)
Academic Center/University or Organization, 3 (5) 3(5) 6 (10) 15 (25) 12 (20) 9 (15) 12 (20)
No. (%)

Industry, No. (%) NR 1(24) 2(49) 6(14.6) 6 (14.6) 14 (34.1) 12 (29.3)
Collaboration of Industry, Academic Center/ Organization, No. (%) 1(6.3) NR 1(6.3) 1(6.3) 1(6.3) 5 (31.3)
Types of trials

Stroke

prevention,

No. (%) 7 (13.5) 3 (5.8) 2 (3.8) 6 (11.5 4 (7.7) 17 (32.7) 13 (25)

Treatment  NR NR 5 (20.8) 6 (25.0) 4 (16.7) 2 (8.3) 7(29.2)

of

AF /antiarrhythmic

therapy,

No.

(%)

Treatment ~ NR NR 1 (16.7) 2 (33.3) 2 (33.3) 1 (16.7) NR 0.03
of AF /rate

control

therapy,

No. (%)

Treatment ~ NR NR 2 (9.1) 6 (27.3) 6 (27.3) 4(18.2) 4(18.2)

of AF/

surgical

ablation,

No. (%)

Treatment of AF/catheter ablation, No. (%) NR 1(3.3) 1(3.3) 5(16.7) 4(13.3) 8(26.7) 11 (36.7)

Baseline population in trials



Non

valvular
AF, No.
(%) 6 (7.8) 4 (5.2) 8 (10.4 17 (22.1) 11 (14.3) 19 (24.7) 12 (15.6)
AF in NR NR 2 (16.7 5 (41.7) 2 (16.7) 1(8.3) 2 (16.7)
Rheumatic
valve
disease, No.
(%)
AF in 1(3.6) NR NR 2 (7.1) 4 (14.3) 7 (25) 14 (50) 0.01
mitral valve
disease, No.
(%)
Status NR NR 1(8.3) NR NR 4 (33.3) 7 (58.3)
post
catheter
ablation
in AF,
No. (%)
AF in miscellaneous group, No. (%) NR NR NR 1(20) 3(60) 1(20) NR
Trials of stroke prevention
Warfarin v antiplatelets or DOACs, No. (%) 6 (13) 3(6.5) 2(4.3) 6(13) 4 (8.7) 13(28.3) 12(26.1)
DOACSs v control, No. (%) 1(25) NR NR NR NR 2 (50) 1(25) 0.08
Watchman v warfarin, No. (%) NR NR NR NR NR 2(100) NR
Trials of AF treatment
Catheter ablation v rate control therapy, No. (%) NR NR NR 3(15.8) 3(15.8) 4 (21.1
Catheter ablation v antiarrhythmic therapy, No. NR 1(53) 1(5.3) 5(26.3) 3(158) 5(26.3)
(%)
Rate control therapy v rhythm control therapy, NR NR 4(23.5) 6(353) 5(29.4) 1 (5.9)
No. (%)
Surgical ablation v control/catheter ablation, NR NR 2(14.3) 3(21.4) 4(28.6) 3(21.4)
No. (%)
Antiarrhythmic therapy v control/no antiarrhythmics, No. (%) NR NR 1(16.7) NR NR 1 (16.7)
Different approaches for pacing NR NR 1 (20) 2 (40) 1 (20) 1 (20)

Ranolazine v placebo

NR NR NR NR NR NR 2 (100)

10



IQR; Interquartile Range, SD; Standard Deviation, NR; Not represented, NA; Not applicable, AF; Atrial
fibrillation, DOAC; Direct oral anticoagulantsFigure 1
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