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Abstract

Objective

To evaluate design, methods, and reporting of impact studies of cardiovascular clinical prediction

rules (CPRs).

Study Design and Setting

We conducted a systematic review. Impact studies of cardiovascular CPRs were identified by
forward citation and electronic database searches. We categorized the design of impact studies as
appropriate for randomized and non-randomized experiments, excluding uncontrolled before-after
study. For impact studies with appropriate study design, we assessed the quality of methods and
reporting. We compared the quality of methods and reporting between impact and matched

control studies.

Results

We found 110 impact studies of cardiovascular CPRs. Of these, 65 (59.1%) used inappropriate
designs. Of 45 impact studies with appropriate design, 31 (68.9%) had substantial risk of bias. Mean
number of reporting domains that impact studies with appropriate study design adhered to was
10.2 of 21 domains (95% Cl, 9.3 and 11.1). The quality of methods and reporting was not clearly

different between impact and matched control studies.
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Conclusion

We found most impact studies either used inappropriate study design, had substantial risk of bias,
or poorly complied with reporting guidelines. This appears to be a common feature of complex

interventions. Users of CPRs should critically evaluate evidence showing the effectiveness of CPRs.
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1. Introduction

Many clinical prediction rules (CPRs) for cardiovascular conditions exist [1, 2]. They are more
commonly recommended by guidelines and used in practice than CPRs in other clinical areas [3, 4].
These CPRs may undergo derivation, external validation, and impact study where distinctive
evidence about the CPR is generated [5, 6]. In a derivation study, a CPR is constructed using
predictors for an outcome, and external validation studies assess its accuracy in different
populations and settings. Because accurate and generalizable CPRs do not always improve care,
conducting impact studies to evaluate CPRs’ effectiveness is a crucial last step before they are
implemented in practice.

Research waste in healthcare arises when research findings cannot contribute to decision making
or future research [7] due to research questions irrelevant to users, inappropriate study design and
methods, incomplete publication of results, or unclear reporting [8]. Recently, studies have
demonstrated some of the research waste in the CPR development. For example, researchers often
do not justify a new CPR by citing existing CPRs [9] leading to many similar redundant CPRs [10, 11].
For most of these CPRs, a timely external validation study by independent researchers is
infrequently conducted [12] and furthermore, an impact study is rarely carried out [1, 13]. These
redundant CPRs with unknown generalizability or effectiveness represent a key source of waste in
CPR research.

Research waste can also arise from poor design, method or reporting. We searched Medline and
found 15 systematic reviews that evaluated design, methods, or reporting of CPR studies. These
systematic reviews showed that flaws in design, methods, and reporting were common among
derivation studies [14-24] and validation studies [23-26]. However, our search did not identify any
systematic review that assessed design, methods, or reporting of impact studies.

The primary aim of our systematic review was to assess whether impact studies of cardiovascular
CPRs used appropriate study design. Additionally, we aimed to summarize the quality of methods
and reporting for impact studies with appropriate study design. Lastly, we compared the quality of
methods and reporting between impact studies with appropriate study design and matched control
studies evaluating other types of nonpharmacologic intervention.

2. Methods

2. 1. Information source and search

We evaluated CPRs whose derivation, validation, or impact study was included in the cardiovascular
domain of the International Register of Clinical Prediction Rules for Primary Care [1]. We identified
impact studies of these cardiovascular CPRs by conducting forward citation searches of their
derivation studies in Scopus [27]. Some CPRs were introduced by guidelines and never published in
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a journal. For these CPRs, we searched for their impact studies in Medline (Ovid) and Embase (Ovid)
using strategies provided in Appendix A. All searches were completed on 3 September 2018
without language restrictions. Searches were limited to publication years from 2013 because the
extension of the Consolidated Standards of Reporting Trials (CONSORT) Statement to cluster
randomized trials [28], which was one of the reporting guidelines used in this study, was published
in 2012.

2. 2. Eligibility criteria and study selection

A study was eligible for inclusion if: (a) the aim stated in the title, abstract, or introduction was to
evaluate the impact of an intervention that included using a cardiovascular CPR or promoting the
use of it, (b) the CPR was one of the cardiovascular CPRs included in the International Register, and
(c) it assessed the CPR’s impact on patient outcome, process of care, efficiency, or healthcare
provider outcome [6, 13, 29]. A study was excluded if: (a) the CPR was not the main component of
intervention, (b) it was a validation study that only estimated a hypothetical impact by reporting a
predictive performance, (c) it was a secondary analysis or duplicate publication of previously
published primary results, or (d) it was a review article or a medelling study.

For each eligible impact study with appropriate study design, we identified a control study matched
by intervention type, study design, journal, and publication date. We searched for a control study
that evaluated the effectiveness of a nonpharmacologic intervention, used an identical design as
the impact study, and was published in the same issue of the journal where the impact study was
published. If a control study meeting these criteria was not found in the same issue, preceding and
succeeding issues were searched. The study with the closest publication date to the publication
date of the impact study was selected. We excluded studies that were published before 2013,
evaluated an intervention in non-human subjects, or assessed the impact of an intervention that
included using a CPR or promoting the use of it.

2. 3. Assessment of study design

We assessed whether the design of impact study was appropriate using definitions consistent with
the Cochrane Effective Practice and Organisation of Care (EPOC) guideline [30] and the framework
for the impact analysis of clinical prediction rule [6].

2. 3. 1. Appropriate study design

An ideal study design for evaluating the impact of a CPR is randomized experiment where
researchers deliberately and randomly allocate participants to interventions [6, 30-34]. It may
involve randomly assigning individual participants (randomized controlled trial) or groups of
individuals (cluster randomized trial) to interventions. Conducting randomized experiments may
not always be feasible. Certain non-randomized experiments are described in literature as
acceptable alternatives to randomized experiments [6, 13, 30, 31, 33, 34]. These include non-
randomized trial, controlled before-after study, interrupted time series study, and repeated
measures study. In non-randomized trials, researchers assign participants to interventions using a
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nonrandom method (e.g. alternating assignment) [30]. Interrupted time series studies assess the
impact of an intervention while taking preexisting trends into account by measuring an outcome in
multiple time points before and after implementing the intervention [30, 35, 36]. Repeated
measures studies involve multiple assessments of an outcome within each participant after
different interventions are applied [30, 37, 38]. In controlled before-after studies, an outcome is
assessed in a group of participants before and after receiving an intervention and is compared with
the outcome assessed in control group participants who did not receive the intervention [6, 30, 35].

2. 3. 2. Inappropriate study design

Other study designs such as uncontrolled before-after study, observational study, and non-
comparative study are inappropriate for evaluating the impact of a CPR [30, 32, 34]. When a study
assesses an outcome in a group of participants before and after receiving an intervention without a
control group, it is referred as an uncontrolled before-after study. This design is discouraged
because it is difficult to understand whether an improvement in the outcome is attributable to the
preexisting trends, participants’ awareness of taking part in the study, or intervention [30, 33, 35,
39-41]. Furthermore, nonexperimental designs, such as observational and non-comparative studies
should be avoided because of inevitable bias and confounding [13, 30, 35, 42, 43]. Meta-
epidemiological studies have shown that uncontrolled before-after studies and observation studies
may overestimate the effects of interventions [44-46].

2. 4. Assessment of methods and reporting

To appraise the methods of impact studies with appropriate study design, we evaluated their risk of
bias. For randomized experiments, we used the revised Cochrane risk-of-bias tool for randomized
trials (RoB 2) [47] and additional considerations for cluster-randomized trials [48] to assess the risk
of bias. For non-randomized experiments, the Risk Of Bias In Nonrandomized Studies of
Interventions (ROBINS-I) tool [49] was used. We assessed the intention to treat effect of the first
reported result of the primary outcome. Risk of bias is categorized by three levels (low, some
concern, high) in the Cochrane risk of bias tools and four levels (low, moderate, serious, critical) in
ROBINS-I. We considered the risk of bias was substantial and the results were untrustworthy when
the assessment using the Cochrane risk of bias tools was high and when the assessment using
ROBINS-I was serious or critical.

We also assessed whether impact studies with appropriate design complied with reporting
guidelines that were available before 2013. For randomized experiments, these were the CONSORT
2010 Statement for reporting parallel group randomized trials [50], the extension of the CONSORT
Statement for randomized trials of nonpharmacologic treatments [51], and the extension of the
CONSORT Statement for cluster randomized trials [28]. For non-randomized experiments, the
Transparent Reporting of Evaluations with Nonrandomized Designs (TREND) statement [52] was
used. Although Berger et al. [53] published a guideline for reporting non-randomized studies of
treatment effects more recently in 2009, it was primarily aimed at retrospective observational
studies using secondary data source rather than non-randomized experiments. We applied criteria
from all relevant reporting guidelines for each study design but excluded criteria that were not
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always applicable, Appendix B. We also assessed the following additional items mentioned in
reporting guidelines [28, 50, 51]: a justification for the new study with a citation to a systematic
review of similar studies, an interpretation of results with a systematic examination of existing
evidence, a flow diagram to present participant flow, how study protocol could be accessed, and
the sources of funding and funders’ role. We assessed the methods and reporting of matched
control studies using the same approach. All studies meeting the selection criteria were randomly
assigned to MSC, TBM, or AP for risk of bias and reporting assessment. JWB independently assessed
risk of bias and reporting for all included studies. Any disagreements that could not be adjudicated
through discussion were resolved by third reviewer.

2. 5. Analysis

We reported the number and proportion of impact studies using appropriate and inappropriate
study design. For impact studies that were conducted using appropriate study design, we presented
the proportion of studies with substantial risk of bias and the mean number of reporting domains
that studies complied with. The proportion of impact and control studies with substantial overall
risk of bias was compared using McNemar’s test for paired proportions. We used paired t test to
compare the mean number of reporting domains that impact and control studies complied with.

3. Results

The search and selection of impact studies are summarized in Figure 1. We found 110 impact
studies of cardiovascular CPRs after screening 42,769 references and reviewing 788 full-text
articles. Cardiovascular CPRs most commonly evaluated in impact studies were Framingham
general cardiovascular risk score by D’Agostino [54] (20 studies), CHA,DS,-VASc and CHADS, score
[55, 56] (13 and 10 studies), HAS-BLED score [57] (9 studies), and Wells rule for pulmonary
embolism [58-60] (11 studies), Appendix C.
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Figure 1. A PRISMA flow diagram summarizing the search and selection of impact studies of
cardiovascular CPRs (N = number of cardiovascular CPR, n = number of reference).

3.1. Design of impact study

Of 110 impact studies included, 45 (40.9%) used appropriate study design and 65 (59.1%) used
inappropriate study design. Characteristics of these impact studies are summarized in Table 1.
Statistically significant results were reported in 71 of 90 (78.9%) impact studies that presented a
primary outcome with a statistical hypothesis test using a p value or confidence interval (Cl): 25 of
35 (71.4%) randomized experiments, 7 of 9 (77.8%) non-randomized experiments, and 39 of 46
(84.8%) studies with inappropriate design.

Table 1. Characteristics of impact studies of cardiovascular clinical prediction rules with appropriate
and inappropriate study design, n (%) unless indicated otherwise.

3.2. Methods and reporting of impact study

The overall risk of bias was substantial in 31 of 45 (68.9%) impact studies with appropriate study
design: 8 of 12 (66.7%) cluster randomized trials, 14 of 23 (60.9%) randomized controlled trials, and
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10 of 10 (100.0%) non-randomized experiments, Table 2. The mean number of reporting domains
that impact studies with appropriate study design complied with was 10.2 of 21 domains (95% Cl,
9.3 and 11.1): 8.7 (95% Cl, 7.0 and 10.4) for cluster randomized trials, 11.4 (95% Cl, 10.1 and 12.7)
for randomized controlled trials, and 9.3 (95% Cl, 8.4 and 10.2) for non-randomized experiments.

Table 2. Impact studies with appropriate study design but substantial risk of bias, n (%).

There were 26 (57.8%) impact studies that complied with ten or less reporting domains, Figure 2.
Only 24 (53.3%) impact studies provided a justification for the new study with a citation to a
systematic review of similar studies (or noted that such study was absent) and 17 (37.8%) impact
studies interpreted results with a systematic examination of existing evidence. Participant flow was
presented using a flow diagram in 33 (73.3%) impact studies, how study protocol can be accessed
was explained in 17 (37.8%) impact studies, and the sources of funding and funders’ role were
described in 29 (64.4%) impact studies.
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Figure 2. Reporting quality of impact studies of cardiovascular clinical prediction rules with
appropriate study design.

Of 110 impact studies of cardiovascular CPRs, only six (5.5%) were conducted using appropriate
study design, avoided substantial risk of bias, and complied with more than half of domains in
reporting guidelines.
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3.3. Comparison with matched control study

For 40 of 45 impact studies with appropriate study design, a matched control study was found. For
one cluster randomized trials and four repeated measures studies, no matched control study was
found. The median interval between the publication of an impact study and the matched control
study was 0 month (Interquartile range, -3 and 1). In a matched analysis, there were 27 (67.5%)
impact studies and 28 (70.0%) control studies with substantial risk of bias (difference =-2.5%, 95%
Cl, -27.4 and 22.4, p = 0.83). Similarly, the mean number of reporting domains that impact and
control studies complied with was not clearly different (difference =-0.2,95% Cl, -1.3 and 1.0, p =
0.79), Figure 3. The full results of risk of bias and reporting assessment provided in Appendix D and
E.
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Figure 3. Number of reporting domains that impact and control studies complied with according to
(A) study design and (B) Journal where studies were published. The star (%) represents the mean
number of reporting domains impact and control studies complied with, 10.5 and 10.6 (difference =
-0.2, 95% confidence interval, -1.3 and 1.0, p = 0.79).

4. Discussion

We presented the first study that systematically summarized design, methods, and reporting of
impact studies of CPRs. We found the majority of impact studies of cardiovascular CPRs included in
our systematic review were conducted using study designs inappropriate for evaluating the
effectiveness of a CPR. Uncontrolled before-after study was the most frequently used study design.
The majority of impact studies that conducted a hypothesis test for primary outcome reported

10



Journal Pre-proof

statistically significant results. When impact studies were conducted using appropriate study
design, most used suboptimal methods leading to substantial risk of bias in results or poorly
complied with reporting guidelines. The quality of methods and reporting was not clearly different
between impact studies of cardiovascular CPRs and studies evaluating other types of
nonpharmacologic interventions.

Along with existing systematic reviews that showed poor design, methods, and reporting were
prevalent in derivation and validation studies of CPRs [14-26], our findings highlight persistent and
worrisome trends throughout CPR development.

A recently published systematic review found cohort study was the most common study design for
nonrandomized studies of interventions funded by UK National Institute for Health Research
Biomedical Research Centres [61]. In contrast, we found uncontrolled before-after study was the
most frequently used study design among impact studies of cardiovascular CPRs. Researchers
conducting impact studies which are typically aimed at assessing the effectiveness of CPRs in a
group of participants rather than individuals might have favored uncontrolled before- after study
due to its simplicity. The same systematic review found the risk of bias assessed using ROBINS-I tool
was either serious or critical in all nonrandomized trials [61] which is consistent with our findings.

The compliance to reporting guidelines of impact studies was worse than the ones described in
recently conducted systematic reviews of other types of intervention [62, 63]. However, these
reviews assessed only the presence of reporting using criteria from reporting guidelines. On the
other hand, the compliance rate of impact studies in our study to reporting guidelines was
comparable to a study that evaluated the completeness of reporting for domains from all relevant
extensions in addition to the CONSORT statement [65].

QRISK scores were used by almost all participants who took part in a recent survey of general
practitioners (GPs) in the UK [4]. However, we did not find any impact study with appropriate study
design that demonstrated the effectiveness of QRISK scores. This might suggest GPs’ use of QRISK
scores was influenced by other factors such as recommendations from guideline or integration of
CPRs in electronic health records [4], rather than evidence. We found the most impact studies
included in the review reported the results favoring the use of cardiovascular CPRs. This is
consistent with previous systematic reviews of impact studies that showed the effectiveness of
using cardiovascular CPRs [64-67], although the presence of publication bias cannot be ruled out.

A linear relationship of reporting quality between impact and matched control studies in Figure 3
suggests that a publication in a journal might be a surrogate for reporting quality. Systematic
reviews have shown that journal endorsement of reporting guidelines [62, 68-70] and impact factor
[71, 72] are associated with reporting quality which might be the mechanisms for this relationship.

11
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4. 1. limitations

We only evaluated impact studies of cardiovascular CPRs included in the International Register of
CPRs for Primary Care that were published since 2013. Therefore, findings from our study may not
be generalizable to impact studies of CPRs for other clinical areas or impact studies published
before 2013. However, because the results of this study suggest the suboptimal methods and
reporting might be a universal feature in impact studies of all nonpharmacologic complex
interventions including CPRs, impact studies of CPRs in other clinical areas could also have similar
weaknesses. Although we assessed impact studies of cardiovascular CPRs, we were not able to
restrict control studies to ones that evaluated nonpharmacologic interventions for cardiovascular
disease. In addition, constraints in time and resource precluded us from including more than one
control study for each impact study.

We used criteria from reporting guidelines to assess the quality of reporting. These guidelines are
intended to help authors prepare clear research reports but not necessarily meant to be used as
tools for assessing the reporting quality. Although there are other studies that assessed reporting
quality using reporting guidelines, it is often difficult to compare the findings due to heterogeneity
in assessment methods between studies.

4. 2. Implication on practice and research

Clinicians should beware that high-quality impact studies of cardiovascular CPRs are uncommon.
They should critically evaluate evidence showing a CPR could benefit patients, reduce cost, or
improve efficiency and understand the uncertainties when making decisions using the CPR. As the
development and use of CPRs accelerate, more high-quality impact studies that could inform users
are needed. Researchers should prioritize evaluating CPRs that have been already implemented
without clear evidence of impact. Journals and funders could play a crucial role in improving the
value of CPR research by motivating researchers.
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Table 1. Characteristics of impact studies of cardiovascular clinical prediction rules with appropriate and inappropriate

study design, n (%) unless indicated otherwise.

Appropriate study design, n =45

Inappropriate study design, n

Randomized Non-randomized
experiment, experiment, n =10 =65
n=35
Characteristic
o 12 « 2 non-randomized trials e 40 uncontrolled before- Total, n =110
cluster ¢ 4interrupted time series after studies
randomiz studies e 7 cohort studies
ed trials e 4 repeated measures e 18 non-comparative studies
e 23 studies
randomiz
ed
controlle
d trials
Publication
date
Median, IQR  September
2015, April March 2016, May
November 2016, July August 2016, June 2014
2014 - 2014 — August
2015 - February 2018 — September 2017
December 2017
2016
Journal
impact factor
Median, IQR 4.5, 2.7
2.1,1.3-33 1.8,0.8-4.0 2.6,1.3-45
-11.7
Location
North 13 4 (40.0) 26 (40.0) 43 (39.1)
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America (37.1)

12
Europe 4 (40.0) 20 (30.8) 36 (32.7)
(34.3)
7
Oceania 1(10.0) 7 (10.8) 15 (13.6)
(20.0)
Asia 2 (5.7) 1(10.0) 7 (10.8) 10(9.1)
Central and
South  0(0.0) 0(0.0) 3(4.6) 3(2.7)
America
Africa  1(2.9) 0(0.0) 1(1.5) 2(1.8)
International 0 (0.0) 0(0.0) 1(1.5) 1(0.9)
Setting®
17
Outpatient 7 (70.0) 21 (32.3) 45 (40.9)
(48.6)
6
ED 1(10.0) 19 (29.2) 26 (23.6)
(17.1)
Inpatient  1(2.9) 1(10.0) 8(12.3) 10 (9.1)
6
Community 0(0.0) 4(6.1) 10(9.1)
(17.1)
Pharmacy 1(2.9) 0(0.0) 4(6.1) 5(4.5)
Multiple 3 (8.6) 0(0.0) 4(6.1) 7(6.4)
Other 1(2.9) 1(10.0) 5(7.7) 7(6.4)

b
Sample size
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Median, IQR 570,

499.5, 208.5
240 — 373,144 -832 353.5, 200 — 1556
-1611.5
1723
Primary
outcome
Statistical 35
9(90.0) 46 (70.8) 90 (81.8)
test (100.0)
No statistical
0(0.0) 1(10.0) 19(29.2) 20 (18.2)

test

? Other settings were emergency medical technician service, health insurance, medical conference, military, and online.

®One interrupted time series study and one uncontrolled before-and-after study did not report sample size.

Table 2. Impact studies with appropriate study design but substantial risk of bias, n (%).

Randomized experiment

Non-ran
Stage of study Risk of bias domain Cluster randomized Randomized controlled )
experime
trial®, n=12 trial®, n =23
1. Randomization process 0(0.0) 0(0.0)
2. Timing of identification and 4 (33.3) N/A
) ] recruitment of individual participants
Pre-intervention or
3. Confounding N/A N/A 10
at-intervention
4. Selection of participants N/A N/A
5. Classification of intervention N/A N/A

27



Journal Pre-proof

Stage 4(33.3) 0(0.0) 10
6. Deviation from the intended 2 (16.7) 9(39.1)
intervention
7. Missing data 1(8.3) 4(17.4)
Post-intervention 8. Measurement of outcome 1(8.3) 4(17.4)
9. Selection of reported result 2 (16.7) 2(8.7)
Stage 6 (50.0) 14 (60.9)
Overall risk of bias 8 (66.7) 14 (60.9) 10

®Studies with high risk of bias assessed by the revised Cochrane risk-of-bias tool for randomized trials (RoB 2.0).

® Studies with high risk of bias assessed by additional considerations for cluster-randomized trials in the revised Cochrane risk-of-bias

tool for randomized trials (RoB 2.0).
“Studies with serious or critical risk of bias assessed by the Risk Of Bias In Non-randomized Studies of Interventions (ROBINS-I) tool.

“No matching control study was found for one impact study with cluster randomized trial design and four impact studies.
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