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Temporal Trends and Factors Associated
With the Inclusion of Patient-Reported
Outcomes in Heart Failure Randomized
Controlled Trials: A Systematic Review
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Mamas A. Mamas “/, BM, BCh, DPhil; Harriette G. C. Van Spall “', MD, MPH

BACKGROUND: Patient-reported outcomes (PROs) are important measures of treatment response in heart failure. We assessed
temporal trends in and factors associated with inclusion of PROs in heart failure randomized controlled trials (RCTs).

METHODS AND RESULTS: We searched MEDLINE, Embase, and CINAHL for studies published between January 2000 and July
2020 in journals with an impact factor >10. We assessed temporal trends using the Jonckheere-Terpstra test and conducted
multivariable logistic regression to explore trial characteristics associated with PRO inclusion. We assessed the quality of PRO
reporting using the Consolidated Standards of Reporting Trials (CONSORT) PRO extension. Of 417 RCTs included, PROs
were reported in 226 (54.2%; 95% CI, 49.3%-59.1%), with increased reporting between 2000 and 2020 (P<0.001). The odds
of PRO inclusion were greater in RCTs that were published in recent years (adjusted odds ratio [aOR] per year, 1.08; 95%
Cl, 1.04-1.12; P<0.001), multicenter (@OR, 1.89; 95% ClI, 1.03-3.46; P=0.040), medium-sized (aOR, 2.35; 95% CI, 1.26-4.40;
P=0.008), coordinated in Central and South America (aOR, 5.93; 95% CI, 1.14-30.97; P=0.035), and tested health service
(@OR, 3.12; 95% Cl, 1.49-6.55; P=0.003), device/surgical (aOR, 6.66; 95% Cl, 3.15-14.05; P<0.001), or exercise (aOR, 4.66;
95% Cl, 1.81-12.00; P=0.001) interventions. RCTs reported a median of 4 (interquartile interval , 3-6) of a possible of 11
CONSORT PRO items.

CONCLUSIONS: Just over half of all heart failure RCTs published in high impact factor journals between 2000 and 2020 included
PROs, with increased inclusion of PROs over time. Trials that were large, tested pharmaceutical interventions, and coordinated
in North America / Europe had lower adjusted odds of reporting PROs relative to other trials. The quality of PRO reporting
was modest.
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directly by patients without further interpretation

by the clinician or outcome assessor-"? are im-
portant measures of health from the patient’s perspec-
tive, but are not routinely collected as key outcomes
in clinical settings or clinical trials.3® PROs are par-
ticularly important in chronic diseases because they
provide information about symptom burden, functional

Patient-reported outcomes (PROs)- those reported

limitations, and social and emotional well-being.”®
Given the importance of PROs, scientific statements
from the American Heart Association,® the European
Society of Cardiology, and regulatory agencies'
have encouraged the routine collection of PROs in
randomized controlled trials (RCTs) involving chronic
cardiovascular conditions. PROs remain underused
in cardiovascular randomized controlled trials (RCTs),
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CLINICAL PERSPECTIVE

What Is New?

e Of 417 heart failure randomized controlled tri-
als (RCTs) published in high-impact factor jour-
nals between 2000 and 2020, 54.2% included
at least 1 patient-reported outcome (PRO),
with increased inclusion of PROs over the past
20 years.

e PROs had greater adjusted odds of inclu-
sion in recently published trials and those that
were multicenter; medium-sized; coordinated
in Central and South America; and that tested
health service, device / surgery, exercise, and
rehabilitation interventions.

e A majority (54.4%) of the 226 RCTs reported
4 or less of the 11 Consolidated Standards of
Reporting Trials (CONSORT) PRO items, with
improved reporting in trials using PRO as a pri-
mary outcome or published after the introduc-
tion of the CONSORT PRO extension.

What Are the Clinical Implications?

e PROs are increasingly collected in heart failure
RCTs, but the quality of reporting is modest.

e PRO reporting could improve with better adher-
ence to the CONSORT PRO .

e Consistent, high-quality PRO reporting could
better inform care in heart failure.

Nonstandard Abbreviations and Acronyms

PRO patient-reported outcome

with only 16% of cardiovascular trials published be-
tween 2005 to 2008 reporting a PRO.'°

PROs are highly relevant in RCTs of heart failure
(HF), given the chronicity, symptom burden, and
functional limitations associated with this diagnosis.®*
PROs can help inform clinical decision making and
healthcare policy in HF as long as they are collected
and reported without bias. The inclusion of PROs and
the quality of PRO reporting are of great importance
when evaluating treatments in HF RCTs, but to our
knowledge, there have been no studies that have in-
vestigated the inclusion and quality of PRO reporting
in HF trials.

In this cross-sectional, systematic bibliometric re-
view, we aimed to evaluate temporal trends and RCT
characteristics associated with the inclusion of PROs
in impactful HF RCTs, and to assess the quality of
PRO reporting over the past 20 years. We analyzed HF
RCTs published in high-impact medical journals and
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used the Consolidated Standards of Reporting Trials
(CONSORT) PRO extension as a guide to quality re-
porting.” We hypothesized that there has been a tem-
poral increase in inclusion of PROs in HF RCTs.

METHODS

The study was registered in the International
Prospective Register of Systematic Reviews (ID:
CRD42020198676). The conduct and the reporting
of this study followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guide-
lines."" Data may be available upon request as per the
Population Health Research Institute Data Sharing
Policy. The Population Health Research Institute will
approve the use of the data after a committee review.
Interested parties may contact the study principal in-
vestigator for a copy of the policy.

Data Sources and Searches

We conducted a systematic search of the literature for
articles published in MEDLINE, Embase, and CINAHL.
The preliminary search strategy for MEDLINE was
guided by the senior author (H.V.)) and an experienced
information specialist. Our search strategy included
Medical Subject Headings and keywords such as
“heart failure” and “randomized controlled trials.” A full
list of included terms for the MEDLINE search strategy
is available in Table S1.

Study Selection

We included RCTs that enrolled adult patients (aged
>18 years) with a primary diagnosis of heart failure
and that were published in high impact factor jour-
nals in the English language between January 1,
2000 and July 17, 2020. We included primary stud-
ies published in journals with an impact factor of >10
based on the Web of Science 2019 classification re-
port.”? For those trials that did not report PROs in
the primary publication, we searched for secondary
publications with PRO data through until January 6,
2021. We did not apply journal impact-factor thresh-
old to any secondary publications with PRO data.
We excluded studies with methodological designs
other than RCTs.

Four reviewers (K.S., M.A,, SW., and Y.E) inde-
pendently screened the titles and abstracts to de-
termine eligibility for inclusion. Studies identified as
potentially relevant were screened in full text and in
duplicate by the same 4 reviewers. We recorded rea-
sons for the exclusion of articles evaluated in full text.
Disagreements between reviewers were resolved
through discussion, and when required, by consulting
the third author. Data extraction was audited by the
senior author (H.V.).
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Outcomes

The primary outcome was the inclusion of a PRO in
the RCT. The secondary outcome was the quality
of PRO reporting, as measured by adherence to the
CONSORT PRO extension.

Data Extraction

Four reviewers (K.S., M.A.,, SW.,, and Y.E.) indepen-
dently extracted the following information in duplicate:
year of publication, journal impact factor, region of co-
ordinating center, scope of the trial, location of recruit-
ment, trial size, type of consent, type of intervention,
level of randomization, number of centers, funding type,
and gender of the lead or senior author. Three reviewers
(N.L., T.A.,, and Y.E.) independently extracted, in dupli-
cate, inclusion of and type of PROs, PRO instruments,
reporting of PROs as a primary or coprimary end point,
PRO results (significant, neutral in the context of the
study), reporting of minimal clinically important differ-
ence , trial registration, patient and/or public engage-
ment, and CONSORT PRO items. We classified trials
that received any industry funding as industry-funded
trials. We classified the gender of the authors using
the Web of Science author search engine, institutional
websites, and public social media profiles.'®

PRO and Reporting Standards

We included PROs that were reported directly by pa-
tients. We used items reported within the CONSORT
PRO extension’ to evaluate the quality of PRO report-
ing. The 5 primary CONSORT PRO checklist items
included: identification of PRO as a primary or sec-
ondary outcome in the abstract, reporting of PRO hy-
potheses in the background, description of the PRO
instrument psychometric properties and how the PRO
data were collected in the methods, reporting of sta-
tistical approaches for dealing with missing PRO data
in the methods, and discussion of PRO-specific limita-
tions and generalizability of the study findings. The 5
subitems included: provision of the rationale for PRO
assessment, reporting of the number of participants
who completed PROs at each time point, reporting of
baseline PRO values, reporting of PRO findings across
domains and time points, and interpreting PRO data in
relation to clinical outcomes.” We added 2 additional
items from the CONSORT PRO extension': reporting
of the analytic plan for the PRO in the methods and
inclusion of the PRO instrument in the supplementary
file if not previously published. A table of CONSORT
PRO items with descriptors and scoring criteria is avail-
able in Table S2. Following calibration exercises, 3 in-
dependent authors (N.L., T.A., and Y.E.) evaluated the
quality of PRO reporting against the CONSORT PRO
recommendations in duplicate.
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Statistical Analysis

We summarized data descriptively, including the qual-
ity of PRO reporting as measured by adherence to the
CONSORT PRO extension. We presented continuous
variables as medians and interquartile intervals (IQls;
25th percentile, 75th percentile) and categorical vari-
ables as numbers and percentages, descriptively.

Sample Size

Our sample size was based on the established stand-
ards of 10 events per independent variable'® to achieve
a stable logistic regression model. To include 8 inde-
pendent variables, we required at least 80 HF RCTs
with PROs.

Proportions Trend Test

We used the Jonckheere-Terpstra trend test to assess
temporal trends of PRO inclusion in HF RCTs over 5
periods (2000-2003, 2004-2007, 2008-2011, 2012—
2015, and 2016-2020).

Multivariable Logistic Regression

We used a multivariable regression model to explore
RCT characteristics associated with inclusion of PROs
in HF RCTs. The selection of independent variables for
the regression analysis was informed by relevance. A
list of prespecified hypotheses for the included inde-
pendent variables was also constructed. We used the
following independent variables: year of publication,
trial size (h=51-250 and n>250 versus n<50), region
of coordinating center (North America / Europe and
Central / South America versus Australia / Asia), type
of intervention (health service and device/surgery and
exercise/rehabilitation versus pharmaceutical), num-
ber of centers (multicenter versus single center), loca-
tion of recruitment (ambulatory versus inpatient), type
of funding (industry versus public), and presence of a
woman in the lead or senior author position (yes ver-
sus no). Comparator variables were selected based
on hypotheses on directionality of associations. We
assessed model fit using the Hosmer-Lemeshow test.
We tested model discrimination using area under the
receiver operating characteristic curve. We presented
adjusted odds ratios (aORs) with 95% confidence in-
tervals (Cls).

Sensitivity Analysis
We described the quality of PRO reporting for RCTs
published before and after the introduction of the
CONSORT PRO extension in 2013.

All P values were 2-tailed, with P<0.05 considered
statistically significant and reported to the nearest
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0.001 decimal places. Data were analyzed using SPSS
(version 23; IBM, Armonk, NY).

RESULTS

Our systematic literature search yielded 12 342 unique
articles, of which 417 unique RCTs were eligible and
included (Figure 1).

Baseline Characteristics of Included
Studies
The 417 RCTs represented 237 032 participants (me-
dian, 120; 1QI, 30—-406 participants per trial). All RCTs
(100.0%) used informed consent. Most of the 417
RCTs were coordinated in Europe or North America
(90.4%), recruited patients in ambulatory settings
(76.3%), and tested pharmaceutical interventions
(65.5%) (Table 1).

Among 417 trials included in this study, 5 (1.2%)
RCTs engaged patients as research partners.

PRO Types and Temporal Trends

Of the 417 trials, 226 (54.2%; 95% Cl, 49.3%-59.1%) in-
cluded at least 1 PRO, of which 221 (97.8%) included
PROs in the primary publications, and 5 (2.2%) included
them in secondary publications. Most of the 226 RCTs
were coordinated in Europe (49.1%), were multicenter
(67.3%), and tested pharmaceutical interventions (51.8%).

Of the 226 RCTs with PROs, 44 (19.5%) reported
PROs as the primary or coprimary end point, 137 RCTs
(60.6%) reported a single PRO, and 89 RCTs (39.4%)
reported >2 PROs (Table 2).

Most of the 226 RCTs used HF-specific instru-
ments including the Minnesota Living With Heart
Failure Questionnaire (49.1%) and the Kansas City
Cardiomyopathy Questionnaire (23.0%). A minority
of studies used generic instruments including the
self-reported dyspnea scale (12.8%) and EuroQol-5
Dimensions (EQ-5D, 11.1%) (Table 3).

The proportion of RCTs reporting PROs increased
significantly from 37.4% (95% CI, 28.8%-46.6%) in
2000 to 2003 1o 66.7% (95% Cl, 55.8%—-76.4%) in 2016
to 2020 (P<0.001) (Figure 2).

Multivariable Analysis of Clinical Trial
Characteristics Associated With PRO
Inclusion

Among 417 RCTs analyzed, the adjusted odds of
PRO inclusion were significantly greater in RCTs that
were published recently (@OR, 1.08 per year; 95% Cl,
1.04-1.12; P<0.001); multicenter (aOR, 1.89; 95% ClI,
1.03-3.46; P=0.040) versus single center; medium-
sized (n=51-250) (@OR, 2.35; 95% ClI, 1.26-4.40;
P=0.008) versus small (n < 50) trials; coordinated in
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Central / South America (@OR, 5.93; 95% ClI, 1.14-
30.97; P=0.035) versus Asia / Australia; and that as-
sessed health services (@aOR, 3.12; 95% Cl, 1.49-6.55;
P=0.003), devices, or surgery (@OR, 6.66; 95% CI,
3.15-14.05; P<0.001), or exercise and rehabilitation
(@OR, 4.66; 95% ClI, 1.81-12.00; P=0.001) versus phar-
maceutical interventions.

We did not find a significant association be-
tween large (n>250 participants) (aOR, 1.49; 95%
Cl, 0.69-3.17; P=0.307) versus small trials and
PRO inclusion. There were no significant asso-
ciations between PRO inclusion and other trial
characteristics such as ambulatory recruitment
(@OR, 1.07; 95% CI, 0.63-1.81; P=0.800) versus
inpatient; industry funded (aOR, 1.07; 95% ClI,
0.63-1.81; P=0.794) versus publicly funded trials,
and trials with a female senior author or led by
women (aOR, 0.94; 95% CI, 0.56-1.58; P=0.813)
versus RCTs led by men. Our multivariable logis-
tic regression had adequate calibration based on
the Hosmer-Lemeshow test (P=0.585). The area
under the receiver operating characteristic curve
was 0.77 (95% CI, 0.72-0.81; P<0.001), indicating
an acceptable level of discrimination® (Figure 3).

Quality of PRO Reporting Following the
CONSORT PRO Extension Statements
Most of the 226 RCTs reported a statistical analysis
plan for PROs (68.6%). Only 8 RCTs used ad hoc,
study-based instruments, of which 3 (37.5%) attached
a copy of the tool in the appendix.

Among 226 RCTs with PROs, 123 (54.4%) reported
4 or less of 11 CONSORT PRO items, and no trial re-
ported all items (Table 2). Only a small minority of the
226 RCTs (7.5%) reported >7 CONSORT PRO items.
The median number of CONSORT PRO items re-
ported among the 226 RCTs was 4 (IQl, 3-6 items
per trial). Of 226 RCTs with PROs, the most com-
monly reported items were when or how data were
collected (70.4%), PRO baseline value (56.6%), instru-
ment validity and reliability (56.2%), and discussion of
PRO findings in relation to clinical outcomes (50.9%).
PRO hypotheses, discussion of PRO limitations, and
statistical approaches for dealing with missing PRO
data were reported in a minority of HF RCTs (8.8%,
20.4%, 24.8%, respectively). The median number of
CONSORT PRO items reported out of a possible total
of 11 was 7 (IQl, 5-8 items per trial) in trials with PRO
as a primary end point and 4 (IQl, 3-5 items per trial)
in trials with PRO as a secondary end point. Of the 44
RCTs with PRO as a primary end point, the most com-
monly reported CONSORT PRO items were: when or
how data were collected (86.4%), whether the PRO
was identified as the primary or secondary outcome
in the abstract (84.1%), whether the background and
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18,828 articles identified between January 1, 2000
toJuly 17, 2020

11,445 EMBASE
7,043 MEDLINE

340 CINAHL

Duplicates excluded
(n =6,486)

v

A\ 4

Records after duplicates
removed
(n=12,342)

l

Records screened
(n=12,342)

Records excluded
(n=8,932)

v

A4

Records before full-text
screen
(n=3,410)

Full-text articles excluded,
with reasons
(n=2,993)

-Not a primary RCT and/or a
trial including PRO

hd information in secondary
publication (n= 65)

v

Studies included in
qualitative synthesis
(n=417)

- Journal impact factor < 10
(n=2,894)

-Not HF patients (n= 34)

' !

Studies without PRO Studies with PRO
information information
(n=191) (n=226)
l
v v
Studies included PRO Studies included PRO
information in primary information in secondary
publications publications
(n=221) (n=5)

Figure 1. The Preferred Reporting Iltems for Systematic Review and Meta-Analyses flow
diagram of the study selected in this systematic review.

CINAHL indicates Cumulative Index to Nursing and Allied Health Literature; HF, heart failure; PRO,
patient-reported outcome; and RCT, randomized controlled trial.

rationale for PRO inclusion was described (75.0%),  Sensitivity Analysis

and whether the PRO findings were interpreted in re- RCTs reported a median number of 4 (IQl, 3-5 items
lation to clinical outcomes (72.7%) (Table 4). per trial) out of 11 possible CONSORT PRO items
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Table 1. Characteristics of Heart Failure RCTs Published in High-Impact Journals From 2000 to 2020, Stratified According

to Inclusion of PROs (N=417)

Clinical trial characteristic

No. (%) of RCTs with PROs
(n=226)

No. (%) of RCTs without PROs
(n=191)

No. (%) of total RCTs (N=417)

Trial size

Small (<50) 52 (23.0) 82 (42.9) 134 (32.1)

Medium (51-250) 88 (38.9) 52 (27.2) 140 (33.6)

Large (>250) 86 (38.1) 57 (29.8) 143 (34.3)
Primary outcome results

Positive 134 (59.3) 139 (72.8) 273 (65.5)

Neutral 92 (40.7) 52 (27.2) 144 (34.5)
Unit of randomization

Individual 223 (98.7) 190 (99.5) 413 (99.0)

Cluster 3(1.3) 1(0.5) 4(1.0)
Type of consent

Informed consent 226 (100.0) 191 (100.0) 417 (100.0)
Region of coordinating center

Europe 111 (49.1) 109 (57.0) 220 (52.8)

North America 94 (41.6) 63 (33.0) 157 (37.6)

Asia 4(1.8) 13 (6.8) 17 (4.1)

Australia 6 (2.7) 3(1.6) 9(2.2)

South America 11 (4.9 3(1.6) 14 (3.4)
Recruitment

Inpatient 54 (23.9) 45 (23.6) 99 (23.7)

Ambulatory 172 (76.1) 146 (76.4) 318 (76.3)
Type of intervention

Health service 41 (18.1) 14 (7.3) 55 (13.2)

Exercise/rehabilitation 19 (8.4) 10 (5.2) 29 (7.0)

Pharmaceutical 117 (51.8) 156 (81.7) 273 (65.5)

Device 41 (18.1) 9(4.7) 50 (12.0)

Surgery/procedure 8(3.5) 2 (1.0) 10 (2.4)
Scope of trial

National 154 (68.1) 143 (74.9) 297 (71.2)

International 72 (31.9) 48 (25.1) 120 (28.8)
Type of funding

Industry* 123 (54.4) 99 (51.8) 222 (53.2)

Public 103 (45.6) 92 (48.2) 195 (46.8)
No. of centers

Multicenter 152 (67.3) 92 (48.2) 244 (58.5)

Single center 74 (32.7) 99 (51.8) 173 (41.5)
Gender* of the lead author

Man 189 (83.6) 162 (84.8) 351 (84.2)

Woman 37 (16.4) 29 (15.2) 66 (15.8)
Gender* of the senior author

Man 201 (88.9) 170 (89.0) 371 (89.0)

Woman 25 (11.1) 21 (11.0) 46 (11.0)
Year of publication

2000-2003 46 (20.4) 77 (40.9) 123 (29.5)

2004-2007 51 (22.6) 55 (28.8) 106 (25.4)

2008-2011 31 (13.7) 17 (8.9) 48 (11.5)

(Continued)
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Table 1. Continued

Patient-Reported Outcomes in Heart Failure Trials

Clinical trial characteristic

No. (%) of RCTs with PROs
(n=226)

No. (%) of RCTs without PROs
(n=191)

No. (%) of total RCTs (N=417)

2012-2015 40 (17.7) 13 (6.8) 53 (12.7)

2016-2020 58 (25.7) 29 (15.2) 87 (20.9)
Trial registration

Yes ‘ 125 (55.3) 54 (28.3) 179 (42.9)

PRO indicates patient-reported outcome; and RCT, randomized controlled trial.
*We classified trials that received partial or full industry funding as industry-funded trials. Gender was obtained from online resources.

before the introduction of CONSORT PRO extension
and 5 (IQl, 3—7 items per trial) after the introduction of
CONSORT PRO extension in 2013.

DISCUSSION

In this cross-sectional bibliometric review of 417 HF
RCTs published in high-impact medical journals be-
tween 2000 and 2020, just over half of the trials in-
cluded PROs, and the proportion of RCTs reporting
PROs increased significantly since 2000. In multivari-
able analysis, PROs had greater adjusted odds of in-
clusion in RCTs that were published in more recent
years, were multicenter, were medium-sized, were

Table 2. PRO Reporting in Heart Failure RCTs (N=226)

PRO Reporting

No. of PRO per trial, median (IQl) 1(1-2)
No. of CONSORT PRO items per trial, median (IQl) 4 (3-6)

PRO reported in primary publication, n (%) RCTs
Yes 221 (97.8)
Analysis of PRO, n (%) RCTs

Primary outcome 17 (7.5)

coprimary, composite 27 (11.9)

Secondary outcome 182 (80.5)
No. of PRO instruments used, n (%) RCTs

1 137 (60.6)

2-3 76 (33.6)

>3 13 (56.8)
No. of CONSORT PRO items reported, n (%) RCTs

<4 123 (54.4)

5-7 86 (38.1)

>7 17 (7.5)

Report minimal clinically important difference, n (%) RCTs
Yes 38 (16.8)
Type of PRO, n (%) RCTs

HF specific 98 (43.4)
Generic 64 (28.3)
Both 64 (28.3)

CONSORT indicates Consolidated Standards of Reporting Trials; HF,
heart failure; 1QI, interquartile interval; PRO, patient-reported outcome; and
RCT, randomized controlled trial.

Table 3. Types of PRO Instruments Used in Heart Failure
RCTs (N=226)

No. (%) of RCTs

PRO types (N=226)
Heart-failure specific
Minnesota Living With Heart Failure 111 (49.1)
Questionnaire
Kansas City Cardiomyopathy 52 (23.0)
Questionnaire
Chronic Heart Failure 7(3.1)
Heart Failure Self-Care Behaviour Scale 6(2.7)
Heart Failure Knowledge Score 5(2.2)
Left Ventricular Dysfunction 2(0.9)
Questionnaire
Medical Psychological Questionnaire for 1(0.4)

Heart Patients

Generic questionnaires

Self-Reported Dyspnea Scale 29 (12.8)
EuroQol-5 Dimensions (EQ-5D) 25 (11.1)
Short Form Survey 36 or 12 24 (10.6)
Patient Global Assessment 21 (9.9
Generic Quality of Life 6 (2.7)
Study-specific scale 8(3.5)
Othert 74 (32.7)

*This category included Likert-based quality of life (QoL) questionnaires,
trials using the term QoL without reference to a tool, Iceland QoL
Questionnaire, and visual analog scale QoL.

fOther included: Visual analog scales (VAS) such as Global Status VAS (7
trials), Sedation VAS (1 trial), Fatigue VAS (4 trials), Thirst VAS (1 trial), Fear of
Movement VAS (1 trial), Daily Satisfaction VAS (2 trials), Respiratory Status
VAS (2 trials), Solicited Sedation Events Questionnaire (1 trial), McMaster
Overall Treatment (3 trials), Ware Satisfaction With Care Scale (1 trial), Guyatt
Respiratory Scale (1 trial), Beck Depression Inventory (3 trials), Beck Anxiety
Inventory (1 trial), Nausea and Vomiting (postoperative nausea and vomiting)
(1 trial), Epworth Sleepiness Scale (6 trials), Duke Activity Status Index (2
trials), International Index of Erectile Function (1 trial), Hospital Anxiety and
Depression Scale (4 trials), Zung Self-Rating Depression Scale (2 trials),
MacNew Heart Disease Health-Related Quality of Life Questionnaire (2
trials), Health Complaints Scale (1 trial), Specific Activity Scale (1 trial), Patient
Health Questionnaire (5 trials), Hamilton Rating for Depression (1 trial),
Validated National Institutes of Health Patient-Reported Outcome Measures
(1 trial), Seattle Angina Questionnaire (1 trial), Functional Assessment of
Chronic lliness Therapy (4 trials), Generalized Anxiety Disorder Questionnaire
(2 trials), Decisional Conflict Scale (1 trial), Decision Regret Scale (1 trial),
Validated Measures of Control Preferences (1 trial), Peace, Equanimity, and
Acceptance (1 trial), Perceived Stress Scale (1 trial), Borg Rating of Perceived
Exertion Scale (1 trial), General Symptom Distress Scale (1 trial), Memorial
Symptom Assessment Scale (1 trial), Preparedness for Hospital Discharge
to Home (1 trial), Care Transitions Measure (1 trial), Measurement System
Global Health (1 trial), Measurement System Pain Intensity and Interference
(1 trial).

J Am Heart Assoc. 2021;10:e022353. DOI: 10.1161/JAHA.121.022353 7
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(n=123)
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(n=106)

2008-2011 2012-2015 2016-2020
(n=48) (n=53) (n=87)
Years

Figure 2. Proportion of Heart Failure RCTs with a PRO.

The proportion increased significantly between 2000-2003 and 2016-2020. Bars represent 95% Cls. PRO indicates patient-reported

outcome; and RCT, randomized controlled trial.

coordinated in Central and South America, and tested
health services, devices, or surgery, and exercise and
rehabilitation interventions. Among the 226 RCTs with
PROs, the quality of PRO reporting was modest; over-
all, a majority of trials reported 4 or less of 11 CONSORT
PRO items (Figure 4). A greater number of CONSORT
PRO items were reported in RCTs that included PROs
as the primary outcome or that were published after
the introduction of CONSORT PRO extension.

We found that just over half of the HF RCTs included at
least 1 PRO, with an increase in the inclusion of PROs
over time. The odds of PRO inclusion were greater in
recently published trials after adjusting for other trial
factors. The shift toward including PROs in HF RCTs
reflects increased recognition of the importance of
patient-perceived health status in a condition associ-
ated with significant symptom burden.3''81® Qver the
past 2 decades, multiple HF PRO instruments were
also developed to ease the selection of available tools
for clinical trials.?%?® These efforts followed the rec-
ommendations of major cardiovascular societies such
as the American Heart Association and European
Society of Cardiology that encouraged the collection of
PROs in RCTs.*# Regulatory agencies such as the US
Food and Drug Administration also used PRO data to

support approval for medical product labeling claims.’
The American Heart Association, European Society
of Cardiology, and Food and Drug Administration en-
dorsed the inclusion of PROs in early 2009." In addi-
tion, funding agencies, such as the Patient-Centered
Outcome Research Institute, support clinical trials with
patient-oriented research methodology.?* It is likely
that these efforts have improved the uptake of PROs
as outcome measures in HF RCTs.

The odds of PRO inclusion were higher in medium-
sized trials (n=51-250 participants) and in multicenter
trials. The implementation of PROs in clinical trials is lo-
gistically complex and requires site personnel training
on data collection, management, and follow-up.*2%:26
The inclusion of PROs in medium-sized trials may be
influenced by the manageable participant size and data
collection process. The number of centers is also a re-
flection of the resources used to complete the study.
These resources include purchasing copyrighted PRO
instruments,?” hiring an expert statistician for analy-
sis,?829 and training site staff to maximize PRO data
collection. Multicenter trials may provide operational
support, include routine monitoring of site operations
and providing quality control to standardize data col-
lection, storage, and reporting of PROs.30-32
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Exercise and rehabilitation
Number of centers
Single center
Multicenter
Location of recruitment
Inpatient
Ambulatory
Type of funding
Public
Industry

No woman
Woman

Gender of lead or senior author

Variable aOR (95% Cl) P value
LHigher odds of including PROs
Year of publication 1.08 (1.04-1.12) <0.001
Trial size
Small (< 50) Reference -
Medium (51-250) 2.35 (1.26-4.40) —eeee 0.008
Large (> 250) 1.49 (0.69-3.17) = 0.307
Region
Asia and Australia Reference -
Europe 1.49 (0.59-3.81) - 0.401
North America 1.66 (0.63-4.34) = 0.304
Central and South America  5.93 (1.14-30.97) > 0.035
Type of intervention
Pharmaceutical Reference -
Health services 3.12 (1.49-6.55) = 0.003
Device or procedure 6.66 (3.15-14.05) —_— <0.001

4.66 (1.81-12.00)

Reference
1.89 (1.03-3.46)

Reference
1.07 (0.63-1.81)

Reference
1.07 (0.63-1.81)

Reference
0.94 (0.56-1.58)

= > 0.001
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Figure 3. Multivariable analysis of trial characteristics associated with inclusion of PROs in HF randomized controlled
trials (n=417) published in high impact factor journals 2000-2020.

We classified trials that received partial or full industry funding as industry-funded trials. Gender information of authors was obtained
from online resources. aOR indicates adjusted odds ratio; and PRO, patient-reported outcome.

We found RCTs that tested health services, device

or procedures, and exercise/rehabilitation interventions
had higher odds of PRO inclusion. Such trials may use
PRO data to better inform routine clinical care on patient
perceived health status beyond clinical outcomes such
as mortality and hospitalization.®*83% This information
may facilitate regulatory approval and clinical decision
based on patient-important outcomes that should be
included in assessing the net clinical benefit of an in-
tervention.®4'833 Common efficacy end points, such as

J Am Heart Assoc. 2021;10:e022353. DOI: 10.1161/JAHA.121.022353

survival, can be combined with quality-of-life data mea-
sured with EQ-5D to evaluate quality-adjusted life-years
and health utilities.*3* PROs can also gauge the trade-
off between clinical efficacy and burden associated with
a treatment.* For example, patients with advanced HF
may consider the benefits of using mechanical circula-
tory support devices to prolong life, but the device may
be burdensome or lead to significant morbidity.*

PROs had greater odds of inclusion in RCTs coor-
dinated in Central / South America. We found that a
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Table 4. Reporting of PROs According to CONSORT PRO’ Guidelines (N=226)

No. (%) RCTs with
PRO as primary or No. (%) RCTs with
coprimary end point PRO as secondary Total, no. (%) RCTs
Section Item CONSORT PRO Guideline (n=44) end point (n=182) with PROs (N=226)
Title and abstract P1b* PRO identified in the abstract as 37 (84.1) 61 (33.5) 98 (43.4)
primary or secondary outcome
Introduction 2a Relevant background and rationale 33 (75.0) 79 (43.4) 112 (49.6)
for including PRO
P2b PRO and specified PRO domain 10 (22.7) 10 (5.5) 20 (8.8)
hypotheses stated
Methods P6a, PRO instrument psychometric 32 (72.7) 95 (52.2) 127 (66.2)
properties cited
P6a,* When or how PRO data were 38 (86.4) 121 (66.5) 159 (70.4)
collected
P12a Statistical approach for dealing with 21 (47.7) 35 (19.2) 56 (24.8)
PRO missing data
13a’ Study flow diagram describes 6/34 (17.6) 6/122 (4.9) 12/156 (7.7)
the number of participants who
completed PROs at subsequent
trial phases
Results 15 Baseline PRO data reported 31 (70.5) 97 (63.9) 128 (56.6)
17a PRO findings are described with 26 (59.1) 85 (46.7) 111 (49.1)
effect size and precision estimate
Discussion P20/21 PRO-specific limitations and 20 (45.5) 26 (14.3) 46 (20.4)
implications for the generalizability
of study findings and their use in
clinical practice are discussed
22 PROs interpreted in relation to other | 32 (72.7) 83 (45.6) 115 (50.9)
clinical outcomes
Extension Statistical analysis plan for PRO 43 (97.7) 112 (61.5) 155 (68.6)
assessment
Copy of study-based PRO included 1/3 (33.3) 2/5 (40.0) 3/8 (37.5)
in supplementary file, if not
previously published

CONSORT, indicates Consolidated Standards of Reporting Trials; PRO, patient-reported outcome; and RCT, randomized controlled trial.
*Primary CONSORT PRO items were prefixed with the letter P. Selected items not denoted with the letter P were adapted from the CONSORT 2010 statement

based on CONSORT PRO group suggestions.

fWe scored this item if evidence of at least 1 instrument psychometric property was cited.
*We scored this item based on when or how the PRO data were measured. We found 15 trials that collected PRO data via face-to-face interview or telephone

call.

SOf the 70 trials that did not publish their study flowchart, 10 and 60 trials reported PRO as a primary and secondary end point, respectively.

majority (78.6%) of the 14 trials in this region included a
PRO; among the trials with PROs, 27.3% selected the
PRO as the primary or coprimary end point. It is not
clear why a greater proportion of trials coordinated in
Central or South America included PROs. A majority
of these trials were small (57.1% had <50 patients) and
may have included a PRO as a primary outcome to de-
tect a meaningful treatment effect; trials require larger
sample sizes to achieve adequate statistical power to
show a benefit in clinical outcomes.®*-3" Qur findings
could have been related to chance as well as unmea-
sured variables that we could not adjust for in our mul-
tivariable model.

Only 7.5% of HF RCTs reported >7 CONSORT PRO
items in published reports. We found that basic de-
sign elements, such as reporting of PRO hypotheses,

statistical approaches for dealing with PRO missing
data, discussing PRO limitations, and interpreting re-
sults in relation to other clinical outcomes, were not
commonly reported. These omissions may reduce
data quality, research transparency, and compro-
mise PRO interpretability.®”-3° More importantly, low
quality of PRO reporting devalues the time and en-
ergy that trial participants spend completing PRO
questionnaires.

PRO reporting was more thorough when PROs
were selected as a primary or coprimary end point,
which represented only 10.6% of RCTs included in our
study. We found that trials with a secondary PRO pub-
lication adequately reported most of the CONSORT
PRO items. It is possible that when PROs are reported
as secondary end points in the primary manuscript,
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Figure 4. Central illustration.

Of 417 Heart Failure RCTs, 226 (54.2%) included at least 1 PRO. The proportion of RCTs with PROs increased significantly between
2000 and 2020 (P<0.001). Year of publication, number of centers, trial size, region of coordinating center, and type of intervention were
independently associated with higher adjusted odds of PRO inclusion in HF RCTs.

details around the PRO measures are minimized to
adhere to manuscript word limits. Our overall findings
of modest-quality reporting are concordant with pre-
vious findings of suboptimal PRO reporting in cancer
studies.“®4" Importantly, we found that trials published
after the introduction of the CONSORT PRO extension
in 2013 reported PRO items with greater quality com-
pared with trials published before 2013, speaking to
the importance of guidelines on trial reporting.

This is the first cross-sectional bibliometric review
that identifies gaps in the quality of PRO reporting in
HF RCTs published in high-impact medical journals.
Our study is unique in describing the temporal trends
and quality of PRO reporting in HF RCTs. A study of
413 cardiovascular trials published between 2005 and
2008 reported that 16% of trials included PROs'®;
however, it did not assess trial characteristics associ-
ated with PRO inclusion or evaluate the quality of PRO
reporting. HF trials represented only 13.3% of articles
included in this study. Another study of 33 RCTs with
preserved ejection fraction found an inadequate qual-
ity of reporting based on the standard CONSORT-2010
checklist.*? The study did not examine quality of PRO
reporting following the CONSORT PRO extension or
include trials that tested nonpharmaceutical interven-
tions. Other studies that focused on HF PROs sum-
marized psychometric properties of these instruments

J Am Heart Assoc. 2021;10:e022353. DOI: 10.1161/JAHA.121.022353

to ease the selection of available tools for clinical tri-
als,?0-22:23:4344.45.48 Kt did not assess the prevalence
or quality of reporting in the HF literature.

Although medical journal editorial policies vary on re-
porting of PRO data, consistent standards following inter-
national reporting guidelines should be encouraged and
presented in the instructions for prospective authors.*’
Existing resources, such as the international reporting
guidelines published by the CONSORT PRO working
group,” should be used routinely to guide investigators on
best reporting practices for PROs in clinical trials. Other
reporting guidelines could be incorporated at the proto-
col formation stages using the Standard Protocol ltems:
Recommendations for Interventional Trials PRO exten-
sions.*® Consistent high-quality reporting is needed to
provide transparent and accurate PRO data to clinicians,
healthcare policy makers, and other stakeholders to bet-
ter inform patient-centered care in HF.

The strengths of this study include a systematic
search strategy and the inclusion of RCTs published
over a 2-decade time span. We incorporated best prac-
tices for systematic reviews'" including protocol registra-
tion, independent and duplicate review processes, and
data extraction. We used the international CONSORT
PRO extension to evaluate quality of PRO reporting.”

This study has several limitations. We restricted
this review to English-language articles published in
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medical journals with an impact factor of >10. Results
may not be generalizable to lower-impact journals.
Recent trials included in our review may have pub-
lished their PRO data as secondary articles after our
last search date. Several studies were published be-
fore the development of the CONSORT PRO exten-
sion in 2013, and did not have this document to guide
reporting.” Adherence to other reporting guidelines
such as Standard Protocol Items: Recommendations
for Interventional Trials PRO extensions*® was not eval-
uated in this study. We acknowledge that our multi-
variable analysis is exploratory and results should be
interpreted with caution. Finally, the sample size was
selected based on established standards of 10 events
per independent variable'®; however, the risk of overfit-
ting may appear because of low ratio of events to the
degrees of freedom.*

CONCLUSIONS

Among 417 HF RCTs published between 2000 and
2020, 226 (54.2%) trials included at least 1 PRO. Of
these 226 RCTs, 44 (19.5%) used PROs as primary
or coprimary end points. The proportion of RCTs with
PROs increased significantly between 2000 and 2020.
PROs had higher adjusted odds of inclusion in RCTs
that were published in more recent years, multicenter,
medium sized (n=51-250), coordinated in Central /
South America, and tested health services, devices,
or surgery, or exercise and rehabilitation interventions.
Among 226 RCTs with PRO data, 54.4% reported 4 or
fewer of 11 CONSORT PRO items, and trials with PRO
as a primary or coprimary outcome and published
after the introduction of the CONSORT PRO exten-
sion in 2013 reported a greater number of CONSORT
PRO items. Valuable patient-reported information is
frequently omitted in HF RCTs because of modest re-
porting. Adequate reporting of PROs is a necessary
step in guiding regulatory decisions and clinical care in
patients with HF.
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Table S1. Search strategy.

A W N P

o Ol

Heart failure.mp or Heart Failure/

Limit 1 to (English language or humans)

Limit 2 to yr=*2000-Current*

Limit 3 to randomized controlled trial

Limit 4 to (meta-analysis or "review" or systematic
reviews)

Limit 4 not5



Table S2. The Consolidated Standards of Reporting Trials (CONSORT-PRO) recommendations
for the reporting of randomized controlled trials with patient-reported outcome (PROs).

Section Item

Descriptor of PRO-specific

Scoring criteria

statement
Title and Abstract Plb PRO identified in the abstract 1 point = item reported
as a primary or secondary 0 point= item not reported
outcome
Introduction
2a Relevant background and 1 point = item reported
rationale for why PROs were 0 point= item not reported
assessed are described
P2b PRO and specified PRO 1 point = if hypothesis is
domains hypotheses stated in stated and/or PRO domains
the background specified in hypothesis
Methods
P6ay Evidence of PRO instrument 1 point = if evidence of PRO
validity, reliability, and validity, reliability and
responsiveness are cited responsiveness was cited for
at least one instrument
P6a, When or how PRO datawas 1 point = if the method of data
collected are described collection (paper, telephone,
electronic, other) and/or when
PRO data was collected is
described
P12a Statistical approaches for 1 point = item reported
dealing with PROs missing 0 point= item not reported
data
13a Number of participants who 1 point = item reported
completed PROs at 0 point= item not reported
subsequent trial phases are N/A = trial did not publish
described in the study flow study flow chart
diagram
Results
15 Baseline PRO data are 1 point = if stated in the
reported demographics table (i.e., table
1) or reported in the results
section
17a PRO findings from one or 1 point = if PRO findings

more domains and time points
are described with effect size
and precision estimate

from one or several domains
reported with effect size and
precision estimate



Discussion

P20/21  PRO-specific limitations, and 1 point = if PRO-specific

implications for the limitations or implications for
generalizability of study generalizability and/or use in
findings and their use in clinical practice are discussed
clinical practice are discussed
22 PRO data are interpreted in 1 point = item reported
relation to other clinical 0 point = item not reported
outcomes

Scores ranged between zero and eleven. Table adapted from Calvert et al., (2013)’ for the recommended
five PRO-specific items (prefixed with the letter ‘P’), selected sub-items, and modified items (e.g., P6a).

*Primary CONSORT-PRO items were prefixed with the letter P. Selected items not denoted with the
letter P were adapted from the CONSORT-2010 statement based on CONSORT-PRO group suggestions.
Abbreviation: PROs, patient-reported outcomes; RCT, randomized controlled trial.



