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Abstract
Objectives: The study aims to assess whether the results from registry-based randomized controlled trials (RRCTs) systematically
differ from the results of conventional randomized controlled trials (CRCTs).

Study Design: The study was meta-epidemiological study. We identified RRCTs (February 2016) and subsequent systematic reviews
(SRs) that included one RRCT (04/2017). We calculated pooled odds ratios for RRCTs and CRCTs for mortality and other incidence mea-
sures (e.g., cardiovascular events). We assessed the agreement between RRCTs and CRCTs using various measures with descriptive sta-
tistics and the odds ratio of pooled odds ratios (OROR) for RRCT(s) vs. CRCTs. An OROR of O1 indicates that the effect estimates from
RRCTs were larger than the effects estimates from CRCTs.

Results: Overall, we compared 15 and 14 effect estimates for mortality and incidence measures, respectively. The 95% confidence in-
terval (CI) overlap was 100% for any outcome. Conflicting effect directions were observed in 27% (4/15) of mortality and 7% (1/14) of
incidence measures. The ORORs for RRCT(s) vs. CRCTs was 1.03 (95% CI 0.97e1.09) for mortality and 1.05 (95% CI 0.98e1.12) for
other incidence measures.

Conclusions: Our analysis indicates that for objective outcomes, there is no systematic difference between effect estimates from
RRCTs and CRCTs. � 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Randomization is the only way to control unmeasured
confounding, and consequently, a randomized controlled
trial (RCT) is the only study design that allows attributing
strong causation to an intervention. However, the low
external validity of RCTs has often been criticized [1].

In registries, standardized patient data are routinely
collected, but usually, the design of studies that are based
on registry data is observational and thus prone to unmea-
sured confounding [2]. Registry-based RCTs (RRCTs) are
RCTs using the data or infrastructure of a pre-existing reg-
istry. RRCTs have the potential to combine the advantages
of randomization (balance of unmeasured confounding)
with the assumed advantages of registries (higher external
validity) and enable long-term follow-ups of large sample
sizes for relatively little effort [3]. RRCTs are especially
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a promising future technology because the number of reg-
istries is increasing [4]. However, RRCTs also have new
methodological difficulties [5]. One of the most important
questions to be answered is whether registry data are of
high enough quality to provide robust results [6,7].

Studies showed that the agreement of outcome informa-
tion between different data sources might differ [8e10].
RRCTs are not at risk of unmeasured confounding, but there
is the fear that results from RRCTs and conventional RCTs
(CRCTs) differ systematically because of lower data quality
in the registry data compared with actively collected data.

The main potential sources that might cause a systematic
difference in effect estimates from RRCTs and CRCTs are
missing outcome values (e.g., drop-outs) and misclassifica-
tions (e.g., wrong cause of death) that systematically differ
between study arms. In large RCTs, patient groups can be
expected to be homogeneous at baseline. Thus, the baseline
risk for missing values and misclassifications is similar and
can be assumed to be completely missing at random. There-
fore, if analyzed according to the intention-to-treat princi-
ple, it could be assumed that the effect estimates are
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What is new?

Key findings
� In our meta-epidemiological study, the effect esti-

mates from registry-based randomized controlled
trials and conventional randomized controlled tri-
als were similar, and we found no systematic
difference.

What this adds to what was known?
� This is the first study to indicate that the effect es-

timates from registry-based randomized controlled
trials and conventional randomized controlled tri-
als do not differ.

What is the implication and what should change
now?
� Gathering objective outcomes for randomized

controlled trials from registries should be consid-
ered more often, especially when designing prag-
matic randomized controlled trials.
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unbiased in CRCTs as well as RRCTs and consequently are
not systematically different. However, in RCTs, differential
missing values and misclassifications related to the study
arms (e.g., small trials with unbalanced confounders,
missing data related to the intervention or follow-up care)
might occur. It is proposed that the impact of differential
missing values, that is, data not missing (completely) at
random but are related to the study arm, and misclassifica-
tions might be higher if the data quality is lower (e.g., fewer
attempts are made to avoid missing values or misclassifica-
tions). Consequently, if the data quality of registries and
actively collected data systematically differ, the effect esti-
mates might also differ systematically.

A previous study found higher effect estimates in a pro-
pensity score analysis based on routinely collected health
data than in subsequent RCTs. This difference might be
caused by unmeasured confounding as well as the low qual-
ity of routine data and their interaction (e.g., confounders
also influence drop-out) [11].

The objective of this meta-epidemiological study was to
assess whether the results from RRCTs systematically differ
from the results of CRCTs. For this purpose, we compared
the effect estimates of RRCTs with the effect estimates of
CRCTs for the same research question. We compared the
same study design, such that we considered whether there
is an isolated effect of different data sources on the results.
2. Material and methods

There was no a priori protocol for this study.
2.1. Literature search

We systematically searched all PubMed databases for
RRCTs combining search terms for RCTs and registries
in February 2016 [3,12]. In brief, we considered all studies
that used a random allocation for the intervention that gath-
ered at least one outcome from a registry. We considered
two types of registries, patient registries, and registries in
a national health information system (for definitions of reg-
istries applied for study selection, see Supplement 1). We
did not apply any exclusion criteria for the population,
intervention, or control.

The search for RRCTs can be found in Supplement 2
[3].

For each RRCT, we searched systematic reviews (SRs)
on the same research question (same patients, intervention,
comparison [PIC]). We used two approaches to identify
SRs (April 2017). First, we searched for Cochrane SRs in
the Cochrane database of SRs via the Cochrane Library.
We searched for each research question separately using
search terms for the intervention and synonyms (e.g.,
thrombolysis OR fibrinolysis) in title/abstract/keywords.
Second, we searched Google scholar via the ‘‘cited by’’
function for non-Cochrane SRs using a standardized pro-
cedure (see Supplement 1). We obtained full-text articles
for all potentially relevant SRs.

We applied the following inclusion criteria to all SRs:

� Performed a meta-analysis, which included an
outcome of at least one of the previously identified
RRCTs and at least one CRCT and

� Provided sufficient data for recalculation of the meta-
analysis

The data collection method is usually not clearly labeled
as registry-based or conventional. Therefore, we checked
the method section of each RRCT and each SR to assess
whether the data source used for the outcome assessment
in RCTs satisfies our definition of a registry, and the trial
can thus be classified as an RRCT.

We compared effect estimates for all-cause mortality
and other incidental findings (e.g., cancer diagnosis, cardio-
vascular events) because these are known to be the out-
comes that are most prevalent in registries [7]. We
excluded studies on organization and coordination of care
(e.g., quality improvement interventions) because such in-
terventions are usually too clinically heterogeneous to be
pooled in a meta-analysis. We included non-Cochrane
SRs only if we could not identify a Cochrane SR or if
the literature search of the non-Cochrane SR included addi-
tional new studies (i.e., studies published after the last
search of the Cochrane SR). We preferred Cochrane SR
because these are usually of higher methodological quality
than non-Cochrane SRs [13,14]. If we identified a non-
Cochrane SR that included new studies as well as a Co-
chrane SR on the same research question, we included both
in the primary analysis.



Table 1. Characteristics of included systematic reviews

Comparison label Patients Intervention/control Outcome

Breast cancer
screening (Cochrane) [30]

Women Screening for breast cancer with
mammography/no screening

Mortalityc

Colorectal cancer
screening (Cochrane) [25]

Adults Colorectal cancer screening/no
screening/no screening

Mortality

Exercise-based cardiac rehabilitation (Cochrane) [16] Myocardial infarction Cardiac rehabilitation/usual care Mortality

Myocardial infarction

Hospital admission

LCPUFA supplementation (Cochrane) [24] Pregnant women LCPUFA in pregnancy Incidence of any allergy in children

Lung cancer
screening [28]

Asymptomatic adults Lung cancer screening/no
screening

Mortality

Off-pump
(Cochrane) [19]

Ischemic heart disease treated
with CBAG

Off-pump/on-pump CBAG Mortality

Myocardial infarction

Off-pump (Dieberg
2016) [20]

Mortality

Myocardial infarction

PCI [23] ST-SegmenteElevation Myocardial
Infarction

PCI/fibrinolytic Mortality

Prostate cancer
screening (Cochrane) [26]

Men Prostate cancer screening/no
screening

Mortality

Prostate cancer diagnosis

Prostate cancer screening (Djulbegovic) [27] Prostate cancer diagnosis

Radial access [32] Women Radial access/femoral access Mortality

Radial access [32] Women Radial access/femoral access Incidence of bleeding

Remote ischemic conditioning [31] Risk of myocardial injury Remote conditioning/no conditioning Mortality

Remote ischemic conditioning [31] Risk of myocardial injury Remote conditioning/no conditioning Cardiovascular and cerebral events

Routine invasive strategy (Cochrane) [21] Non-ST-elevation acute coronary
syndromes

Routine invasive strategy/selective
invasive strategy

Mortality

Routine invasive strategy (Cochrane) [21] Non-ST-elevation acute coronary
syndromes

Routine invasive strategy/selective
invasive strategy

Myocardial infarction

Routine invasive strategy (Elgendy) [22] Mortality

Routine invasive strategy (Elgendy) [22] Adults without cardiovascular diseases Statins/placebo or usual care Myocardial infarction

Statin for prevention of cardiovascular
disease (Cochrane) [17]

Mortality

Statin for prevention of cardiovascular
disease (Cochrane) [17]

Adults without cardiovascular diseases Statins/placebo or usual care Cardiovascular events

Statin for prevention of cardiovascular
disease (USPSTF) [18]

Cancer incidence

Cardiovascular Mortality

Mortality

Thrombus Aspiration [29] Patients undergoing primary PCI Routine aspiration thrombectomy
and conventional PCI

Mortality

Thrombus Aspiration [29] Patients undergoing primary PCI Routine aspiration thrombectomy
and conventional PCI

Major adverse cardiac events

Abbreviations: AAA, abdominal aortic aneurysm; CBAG, coronary artery bypass grafting; CG, control group; IG, intervention group; LCPUFA, n-3 long-chain polyunsaturated fatty
acids; PCI, percutaneous coronary intervention.

a Number includes registry-based randomized controlled trial.
b In original meta-analysis.
c No meta-analysis of whole population (only for subgroups), data from own meta-analysis.
d Weights from own meta-analysis (not reported in primary study).
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Registry

Studies in
meta-

analysisa

Number of patients
in meta-analysis

(IG/CG)
Number of patients
from RRCT (IG/CG) Study weightb

Canadian Cancer Registry, Canadian National Mortality Database (Canada a and b)
Swedish Cancer Registers, Swedish Cause of Death Registry (Malm€o I, G€oteborg,

€Osterg€oland, Kopparberg 1977)
NHS Central Register (UK age trial)

8 248,646/289,180 25,214/25,216 (Canada a)
19,711/19,694 (Canada b)
21,088/21,195 (Malm€o I)
53,884/106,956 (UK age trial)
21,650/29,961 (G€oteborg)
38,942/37,675 (€Osterg€oland)
38,568/18,479 (Kopparberg)

5.7%d (Canada a)
8.1%d (Canada b)
14.5%d (Malm€o I)
11.5%d (UK age trial)
12.8%d (G€oteborg)
17.3%d (€Osterg€oland)
16.2%d (Kopparberg)

Funen Patient Database, National Board of Health Registry, National Cancer
Register, as well as the Danish National Register of Patients (Funen)

Register at the Department of Pathology and the National Cancer
Register (G€oteborg)
NHS Central Register (Nottingham)

4 172,734/156,908 30,967/30,966 (Funen)
34,144/34,164 (G€oteborg)
76,466/76,384 (Nottingham)

27.4% (Funen)
20.6% (G€oteborg)
37.7% (Nottingham)

Civil Registration System, National Patient Registry 13 3,495/3,328 227/219 5.2%

11 2,877/2,767 227/219 5.0%

6 984/932 227/219 31.9%

National Patient Registry 3 891/874 263/265 6.1%

Danish Lung Cancer Registry, Danish Cancer Registry, Danish Causes of Death
Registry, National Patient Registry

3 4,518/4,971 2,052/2,052 36.4%d

Danish National Patient Registry 74 2,485/2,465 450/450 (Doors)
176/163 (BBS)

4.2% (Doors)
21.7% (BBS)

Danish National Patient Registry 54 2,485/2,465 450/450 (Doors)
176/163 (BBS)

23.1% (Doors)
13.3% (BBS)

Danish National Patient Registry 43 7,754/7,776 450/450 (Doors)
176/163 (BBS)

4.6% (Doors)
6.4% (BBS)

Danish National Patient Registry 34 6,036/6,082 450/450 (Doors)
176/163 (BBS)

8.4% (Doors)
5.4% (BBS)

Danish Central Person Register (DANAMI)
Merged data from National Patient Registry, National Cause of Death Registry,

Swedish Coronary Angiography and Angioplasty Registry
National Registry of Thoracic Surgery (SWEDES)

24 4,068/4,072 223/222 (DANAMI II)
101/104 (SWEDES)

4.3%d (DANAMI II)
1.4%d (SWEDES)

Swedish Cancer Register, National Cause of Death Register (Stockholm)
National registries (ERSPC)
Regional prostate cancer register (Norrkoping)

4 125,024/169,832 82,816/99,183 (ERSPC)
1,494/7,532 (Norrkoping)
2,374/24,772 (Stockholm)

41.9% (ERSPC)
1.8% (Norrkoping)
24.5% (Stockholm)

Swedish Cancer Register, National Cause of Death Register (Stockholm)
National registries (ERSPC)
Regional Prostate Cancer Register (Norrkoping)

4 125,024/169,832 82,816/99,183 (ERSPC)
1,494/7,532 (Norrkoping)
2,374/24,772 (Stockholm)

26.9% (ERSPC)
21.4% (Norrkoping)
24.9% (Stockholm)

National registries (ERSPC)
Regional Prostate Cancer Register (Norrkoping)
Swedish Regional Cancer Registry
West Regional Cancer Registries, cause of death certificate (Gothenburg)

5 159,372/181,428 72,890/89,353 (ERSPC)
1,494/7,532 (Norrkoping)
4,055/4,002 (Gothenburg)

22% (ERSPC)
21% (Norrkoping)
19% (Gothenburg)

CathPCI Registry 9 6,653/6,319 104/116 5.0%d

CathPCI Registry 8 6,578/6,241 299/338 1.8%d

UK National Registry for deaths (Davies)
Danish Registry of Causes of Death, Danish National Registry of Patient (Sloth)

3 383/389 126/125 (Botker)
95/97 (Hoole)

48.2% (Botker)
16.3% (Hoole)

3 383/389 126/125 (Botker)
95/97 (Hoole)

38.1% (Botker)
37.0% (Hoole)

Swedish, Danish, and Norwegian National Registries 8 4,545/4,370 1,222/1,235 18.0%

Swedish, Danish, and Norwegian National Registries 8 4,545/4,370 1,222/1,235 25.7%

Swedish, Danish, and Norwegian National registries 12 4,916/4,734 1,222/1,235 27.0%

Swedish, Danish, and Norwegian National registries 12 4,916/4,734 1,222/1,235 34.3%

Scotland death registry 13 24,408/23,652 3,302/3,293 50.6%

Database of routine data of theNationalHealth Systemof Scotland records; Database of
psychiatric hospital admissions and cardiac surgeries

14 24,217/23,832 3,302/3,293 45.7%

Database of routine data of the National Health System of
Scotland records

11 19,789/18,950 3,291/3,293 36.9%

Scotland death registry 10 23,019/23,075 3,302/3,293 67.0%

Scotland death registry 15 35,967/35,164 3,302/3,293 14.6%

Swedish national health registry (SCAAR) 18 10,277/10,310 3,621/3,623 41.4%

Swedish national health registry (SCAAR) 17 10,256/10,290 3,621/3,623 26.8%
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All searches on matching SRs and study selection were
performed by one reviewer (T.M.).
2.2. Data collection

We extracted data on patients, intervention, comparison,
outcome (PICO) the name of the used registry, the number
of studies included in the meta-analysis, and the number of
patients included in the RRCTs/CRCTs in standardized pi-
lot tables. Furthermore, we extracted the weights of the
RRCT in the original meta-analysis to assess the influence
of the RRCTs on the pooled effect estimate. In the case
multiple follow-up time points were reported, we extracted
data only for the last follow-up time point.

We extracted outcome data (events and number of patients
per group) directly into the analysis software (RevMan). If
possible, all datawere extracted from the SRs. If the necessary
data of the individual RRCTwas not provided in the SR (e.g.,
events per group), we extracted data from the primary studies
that were referenced in the SR. Furthermore, we extracted the
number of included patients (RRCT and meta-analysis) and
number of studies included in the meta-analysis.

Data were extracted by one reviewer (T.M.), and a sec-
ond reviewer verified the correctness of entries (P.K.). Dis-
crepancies were discussed until consensus.
2.3. Analysis

We compared the effects of CRCTs with the effects of
the RRCT(s). We expressed all effect estimates as interven-
tion vs. comparator. For harmonization of the effect direc-
tion, we defined the comparator as no treatment, placebo,
or usual care/established treatment. It was not necessary
to switch groups for this task because we only considered
negative outcomes, and all identified SRs reported meta-
analysis results in this direction (lower ORs indicate an
effect in favor of the intervention). For this task, we calcu-
lated the pooled odds ratios (ORs) of all CRCTs, excluding
RRCTs as well as ORs for each RRCT. If there was more
than one RRCT, we also performed a meta-analysis for
the RRCTs, excluding data from the CRCT. We used the
DerSimonian and Laird method for the meta-analysis of
each comparison because this is the standard random
effects meta-analytic approach.

We used different measures to compare the effect esti-
mates from RRCTs and CRCTs. We counted the number
of conflicting effect directions for pairs of meta-analyses,
the number of nonoverlapping 95% confidence intervals
(CIs), and the number of the CRCT point estimators for
ORs not included in the 95% CI of the RRCTs.

For the calculation of all 95% CIs of the metadata, we
estimated the standard errors from the 95% CIs of the
meta-analysis for each research question.

We compared the number of observed 90% CI overlaps
with the number of expected 90% CI overlaps assuming no
difference between RRCTs and CRCTs exists (i.e.,
expected OR of RRCT vs. CRCT 5 1). We used 90%
CIs for this task because 90% CIs are narrower than 95%
CIs and consequently, when using 90% CIs, the results
are more conservative [15]. For the observed overlap of
90% CIs, we calculated the 95% CIs and assessed whether
the 95% CIs include the expected 90% CI overlap. If the
expected 90% CI overlap is not included in the 95% CIs
of the observed 90% overlap, this would indicate a system-
atic difference between RRCT and CRCT.

In addition to the count data, we calculated the difference in
the log ORs by subtracting the log OR of the RRCTs from the
logORof theCRCTs.Weperformed ameta-analysis of the dif-
ference of log ORs (pooled difference of pooled ORs) with an
inverse variance (Paule and Mandel heterogeneity estimator)
random effects model. We performed the meta-analysis of dif-
ferences of log ORs for all included meta-analyses (Cochrane
and non-Cochrane), such that for some research questions,
two pairs of meta-analyses were included (Cochrane SR and
non-Cochrane SR, which included new studies). Therefore,
for the sensitivity analysis, we repeated the calculation of the
pooled difference of log ORs excluding the Cochrane SR for
the same research question (i.e., only the non-Cochrane SR
was included for this research question) because otherwise,
there is an overlap of included studies/patients, and conse-
quently, this research question is overweighted (more than
onecomparison for a researchquestion) in thepooleddifference
of the log OR. For the pooled log ORs, we calculated 95%CIs.

A meta-analysis of each comparison was performed with
Review Manager (RevMan) Version 5.3 (The Nordic Co-
chrane Centre, The Cochrane Collaboration, 2014). All
other analyses were performed with the R packages ‘‘meta’’
and ‘‘forest plots.’’ The R-Code is available from the first
author upon request.
3. Results

3.1. Study selection

We identified 71 RRCTs. The study selection of the
RRCTs is presented elsewhere [3]. In total, we identified
17 SRs that included at least one of these RRCTs
[16e32]. These SRs were on 12 different PIC and included
30 RRCTs in total. For mortality, there were eight Co-
chrane SRs and 7 non-Cochrane SRs (15 comparisons in to-
tal) [16e23,25,26,28e32]. Of this 15 SRs, three (Cochrane
SR and non-Cochrane SR, respectively) had exactly the
same PICO. Consequently, we analyzed 12 different PIC.

For incidence measures, we found six Cochrane SRs and
six non-Cochrane SRs [16,17,19e22,26,27,29e32]. Of this
12 SRs, two (Cochrane SR and non-Cochrane SR, respec-
tively) had exactly the same PICO, and two Cochrane
SRs reported more than one incidence measure (e.g., cancer
incidence and cardiovascular events). Consequently, we
analyzed 12 different PICO, 10 different PIC, and 14 com-
parisons in total.
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3.2. Study characteristics

The description of PICO for each included SR and
description of the meta-analysis are presented in Table 1.
All SRs were about cancer (5/17 [30%]) or heart diseases
(12/17 [70%]). Approximately, half the SRs considered a
preventive intervention (7/17 [41%]), and most of these
were on screening (4/17 [24%]).

In total, the meta-analyses on mortality included
1,012,187 participants from RRCTs and 369,197 partici-
pants from CRCTs. Standard deviations of RRCTs and
CIs of the pooled ORs were mostly larger for RRCTs than
CRCTs (see Figs. 1 and 2). The RRCT(s) had a median
weight in the meta-analysis of 27% (range 5.0e86.1%).
Six comparisons included more than one RRCT.
Fig. 1. RRCT vs. CRCT (odds ratio with 95% CIs for mortality). ‘‘a’’ In
The meta-analyses of incidence measures included
512,593 participants from RRCTs and 224,821 participants
from CRCTs. Standard deviations of RRCTs and CIs of the
pooled ORs were mostly larger for RRCTs than CRCTs
(see Figs. 3 and 4). The median weight of RRCTs in the
meta-analysis was 31.3% (range 1.8e75.1%).

3.3. Comparison of effects from RRCTs and CRCTs

3.3.1. Mortality
The (pooled) effect estimates of RRCTs and CRCTs for

mortality for each comparison are presented in Figure 3.
The 95% CIs overlapped for all comparisons (100%). The
point estimator for the ORs of CRCTs was in 87% (13/
15) of comparisons included in the 95% CIs of RRCTs.
dicates a Cochrane SR, and ‘‘b’’ indicates a non-Cochrane SR.



Fig. 2. Meta-analysis of differences between RRCTs and CRCTs (difference in log odds ratios with 95% CIs for mortality). ‘‘a’’ Indicates a Cochrane
SR, and ‘‘b’’ indicates a non-Cochrane SR.
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The point estimator for the ORs of RRCTs was in 53% (8/
15) of comparisons included in the 95% CIs of CRCTs. A
statistically significant effect was found in 26% (4/15) of
comparisons for CRCTs and 13% (2/15) of RRCTs.

There were four conflicting effect directions. The 95%
CI of the observed 90% CI overlap was 78e100%, which
included the expected overlap of the 90% CIs (96%), indi-
cating no difference between RRCTs and CRCTs.

Figure 2 shows the meta-analysis of the differences be-
tween RRCTs and CRCTS, including Cochrane SRs and
non-Cochrane SRs (primary analysis) for mortality. The
pooled difference in log ORs was 0.03 (95% CI �0.03 to
0.09, I2:1%). This corresponds to a small OR of 1.03
(95% CI 0.97e1.09). The 95% CIs indicated no significant
differences between RRCTs and CRCTs.

Results of the meta-analysis, including 12 comparisons,
of only the most up-to-date SRs (sensitivity analysis), were
similar (log OR 0.05; 95% CI �0.05 to 0.16; I2: 12%).

3.3.2. Incidence measures
The (pooled) effect estimates of RRCTs and CRCTs for

incidence measures for each research question are pre-
sented in Figure 1. In addition, the 95% CIs for incidence
measures overlapped for all comparisons (100%). The point
estimators for the OR of CRCTs were in 93% (13/14) of
comparisons included in the 95% CIs of RRCTs. The esti-
mators for the OR of RRCTs were in 64% (9/14) of com-
parisons included in the 95% CIs of CRCTs. A
significant effect was found in 42% (6/14) and 36% (5/
14) of comparisons for RRCTs and CRCTs, respectively.
In six meta-analyses, more than one RCT was included.

There was one conflicting effect direction. The 95% CI
of the observed 90% CI overlap was 77e100%, which
included the expected overlap of the 90% CIs (96%), indi-
cating no difference between RRCTs and CRCTs.
Figure 4 shows the meta-analysis of the differences be-
tween RRCTs and CRCTS, including the Cochrane SRs
and non-Cochrane SRs (primary analysis) for incidence
measures. The pooled difference in log ORs was 0.05
(95% CI �0.02 to 0.11, I2: 0%). This corresponds to an
OR of 1.05 (95% CI 0.98e1.12). The 95% CIs again indi-
cated no significant differences between RRCTs and
CRCTs.

Results for the pooled log OR, including 11 compari-
sons, of only the most up-to-date SRs (sensitivity analysis)
were similar (log OR 0.05; 95% CI �0.02; 0.12; I2: 0%).
4. Discussion

Our analysis provides no indication that the results from
RRCTs and CRCTs differ systematically. We found no dif-
ference in the pooled ORs for either mortality or incidence
measures. The OR of ORs for RRCTs vs. CRCTs was very
small, and the 95% CI overlapped 1 (no effect). In addition,
by comparing the expected and observed 90% CI overlap,
we found no indication of a systematic difference for either
outcome.

One explanation for our observation that we found no
systematic difference between RRCTs and CRCTS might
be that the factors which potentially influence missing data
and misclassification are equally distributed in the interven-
tion and control groups at baseline in large RCTs. If
missing values and misclassifications are (completely) at
random, no bias of effect estimates exists, but missing
values and misclassifications have an effect only on preci-
sion. However, in RCTs, there remains a risk of differential
missing data and misclassifications. First, in RCT baselines,
an imbalance of confounders (e.g., age) may exist that can
increase the risk for missing values (e.g., higher drop-out



Fig. 3. RRCT vs. CRCT (odds ratio with 95% CIs for incidence measures). For off-pump, prostate cancer and routine invasive, ‘‘a’’ indicates a Co-
chrane SR, and ‘‘b’’ indicates a non-Cochrane SR. For cardiac rehabilitation and statins, ‘‘a’’ and ‘‘b’’ indicate different incidence measures.
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rates of older people because of death) or misclassifications
(e.g., more frequent assignment of natural death in higher
age groups), especially in trials with small sample sizes
[33]. Second, there can be intervention-related missing
values (e.g., a diagnostic intervention might lead to more
or less follow-up contact) and misclassifications (e.g., can-
cer screening and cancer-specific death) [34]. If it is
assumed that the data quality of registries is lower than
the data quality of actively collected data, then the bias
caused by differential missing values and misclassifications
might be more serious in RRCTs than CRCTs. In particular,
little standardization (measurement time points and instru-
ments) and/or no verification of outcome assessment (e.g.,
cause of death by biopsy) of registry data can be a source
of bias. For example, a Cochrane SR on breast cancer
screening found more assignments of breast cancerespe-
cific death than expected (compared with the national
average) in the registry-based studies [30].

Mortality and the other incidental findings were primar-
ily from different registries (within and between SRs).
Mortality data were mainly from death registries, and data
for other incidental findings were from patient registries.
The data quality between these registries probably differs;
however, we did not recognize a difference in results de-
pending on the outcome type. This finding might also be
explained by the assumption that missing values and mis-
classifications are (completely) at random because con-
founders that might cause differential missing values or



Fig. 4. Meta-analysis of the difference between RRCTs and CRCTs (difference in log odds ratios for incidence measures). For off-pump, prostate
cancer and routine invasive, ‘‘a’’ indicates a Cochrane SR, and ‘‘b’’ indicates a non-Cochrane SR. For cardiac rehabilitation and statins, ‘‘a’’ and
‘‘b’’ indicate different incidence measures.
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misclassifications are balanced at baseline in large RCTs
(see Section 1).

Although we found no general difference between effect
estimates, we observed conflicting effect directions (RRCT
positive effects and CRCT negative effects or vice versa)
and point estimators of RRCTs that were not included in
the CIs of CRCTs for some comparisons. However, all con-
flicting effect directions were found at ORs near one (e.g.,
OR 5 1.08 for RRCT vs. OR 5 0.99 for CRCT). The point
estimators of RRCTs not included in the 95% CIs of CRCT
were always near the ends of the 95% CIs, and all 95% CIs
of RRCTs overlapped the 95% CIs of CRCTs. In addition,
most of these differences observed for comparisons were
when the sample size of the meta-analyses was relatively
small. Therefore, we propose that the observed differences
are rather caused by chance, differences in study character-
istics (e.g., patient characteristics), differences in degree of
pragmatism (e.g., flexibility of follow-up interventions), or
difference in the methodological quality (e.g., risk of bias)
than by differences in the data quality. Nevertheless, we
could not exclude the possibility that the observed differ-
ences are caused by lower data quality. For scientific prac-
tice, this indicates that the data quality should be concisely
assessed in RCTs assessing outcomes from registries
because lower data quality (e.g., larger number of missing
values) and consequently higher risk of bias cannot be pre-
cluded [30].

A challenge in the interpretation of the results of
registry-based studies is that assessing the validity of the
registry data for an individual study is often not possible.
The reason for this problem (within one study) is that it
could not usually be followed if the outcome is not in
the registry because it did not occur (e.g., hospital admis-
sion) or it is not in the registry because it is missing (e.g.,
admission to a hospital that does not contribute data to the
registry). This problem might be less important for studies
with published reports that described the validity of data
because this can increase knowledge of the data quality
[35]. Therefore, it is beneficial to use all available external
information on registry quality (e.g., annual validation re-
ports) to assess the risk of bias. However, if validation re-
ports for the data quality exist, the validity of the data for
an individual patient remains unclear because such a
report could only provide ‘‘average’’ population metrics
for data quality description (e.g., proportion of missing
values). For example, for an individual participant or
groups of participants, it could remain unclear whether
the missing value is indeed a missing entry or a nonevent.
Moreover, the applicability of the validation report results
to the entire study population is questionable because the
study population is only a subpopulation of the total pop-
ulation in the registry [36]. Moreover, validation reports
refer only to a certain time point or time frame that might
not correspond with the time frame of data collection for
the RRCT. Because the registry data quality might vary
with time, this can be an additional challenge for the judg-
ment of risk of bias. A solution for these problems might
be study-specific data validation, for example, by
comparing the registry data with a random sample of
actively collected data (e.g., by an independent review
board) [37].

Detection bias (blinding) is important when interpreting
the results from RRCTs. On the one hand, the person who
collects the data for the registry is usually not involved in
the planning and performance of the study. Thus, data are
collected by persons without an interest in the study or,
similar to blinding, even without knowledge of the study
intervention [37]. On the other hand, for registry data,
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generally, no attempts are made to blind the outcome
assessment (e.g., outcome adjunction by an independent re-
view board) although detection bias might be an issue.
Often, the patient history may not be excluded (e.g., patient
records), including received study interventions (e.g.,
chemotherapy for cancer treatment), and are accessible to
the persons (e.g., clinicians) who make the registry entries.
Therefore, it might be unclear whether the assessor of the
outcome (e.g., remission) is aware of the study interven-
tion. Usually, there is not enough information on the collec-
tion of registry data to determine whether the outcome
assessment can be considered blinded or unblinded.

Another explanation for our results is that the baseline
balance of confounders for missing values and misclassifica-
tions between the randomized groups must be judged in the
view of the data quality of the possible alternative active
data collection method(s). In particular, for very long
follow-ups, there is usually also a high risk of a large num-
ber of missing values for other data collection methods (e.g.,
postal or mailed questionnaires, follow-up visits). Therefore,
there might be situations in which using registries might be
the best alternative although the quality of the registry data is
not perfect. In particular, when there is a high risk of low
data quality for registry data as well as actively collected
data, cross-linking different types of data collection or sour-
ces can improve data quality and is usually the best alterna-
tive [38]. Using different data sources is especially important
in the case of rare events (e.g., side effects) because small
changes might have large impacts on the effect estimates
and statistical significance [39].

Our analyses of the impact of RRCTs in a meta-analysis
show that in some research areas, RRCTs are already the
main evidence regarding the number of studies and even
more so regarding the number of patients (see, e.g.,
screening breast cancer, screening prostate cancer). Notably,
we excluded one SR on abdominal aortic aneurysm
screening because all studies used registry data [40]. The
large impact of RRCTs suggests that for research areas such
as screening and other preventive interventions in which
long-term follow-ups are necessary and for trials on rare
events and/or low financial interests of the industry (e.g.,
public health, health services research), using registries for
data collection might be a feasible method to conduct RCTs.
Our results indicate no general bias in the effect estimates of
RRCTs. Moreover, an RRCT is always at a lower risk of bias
than a nonrandomized registry-based study. Therefore, the
main question is not whether we should use registries or
other preexisting routinely collected health care data for tri-
als but what is the best way to use these data in trials and
how can we improve registries for utilization in future
research (e.g., public available validation reports). Despite
the larger sample sizes in RRCTs, these trials had larger
standard deviations than CRCTs. The larger standard devia-
tions suggest a more pragmatic approach (larger variation in
patients, intervention) of RRCTs compared with CRCTs,
consistent with previous reports [3].
4.1. Limitations

4.1.1. Our study has some limitations
First, our analysis was only based on 15 and 14 compar-

isons of 12 and 10 unique PIC for mortality and incidence
measures, respectively. All RCTs included patients either
with cardiovascular diseases or cancer, and most considered
a preventive intervention. Therefore, the generalizability of
our results to other research areas is limited.

Second, the SRs may have not reported that a study is an
RRCT, and we classified this as CRCT. Although we veri-
fied each RCT included in the meta-analysis systematically,
if registries were used for outcome assessment, we cannot
guarantee that studies were not misclassified as CRCTs.
Therefore, data from the CRCTs may be contaminated by
registry data, which may cloud the difference between
RRCTs and CRCTs.

Third, because of the small sample size, we did not
match or adjust for differences in study characteristics
(e.g., country, mean age), pragmatism, or risk of bias. We
believe that it is unlikely that these possible confounders
would have covered an existing difference of the ORs of
ORs as found in our analysis. However, we could not
exclude the possibility that differences in study characteris-
tics, degree of pragmatism, or risk of bias might have
caused some of the differences observed in the comparison
of effect directions and CI overlap.

Fourth, we only considered mortality, which is an objec-
tive outcome, and most of the analyzed incidence measures
were also rather objective (e.g., cardiovascular events and
hospital admission). Our results might not be applicable to
other outcomes, in particular, to more subjective outcomes
(e.g., quality of life, cause-specific death), which are at a
higher risk of ascertainment bias and misclassification.
5. Conclusion

Our analysis indicates that for objective outcomes, there
seems to be no systematic difference between effect esti-
mates from RRCTs and CRCTs. Our sample size was
small; we identified only RCTs in cardiovascular conditions
and cancer, and we assessed primarily objective outcomes.
Therefore, further research is needed to replicate these find-
ings, especially for more subjective outcomes, such as
patient-reported outcomes (e.g., quality of life) and other
conditions. A meta-matching for study characteristics, de-
gree of pragmatism, and risk of bias should be performed
in these studies, if applicable.
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