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Context There is substantial debate about whether the results of nonrandomized
studies are consistent with the results of randomized controlled trials on the same topic.
Objectives To compare results of randomized and nonrandomized studies that evaluated medical interventions and to examine characteristics that may explain discrepancies between randomized and nonrandomized studies.
Data Sources MEDLINE (1966–March 2000), the Cochrane Library (Issue 3, 2000),
and major journals were searched.
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Study Selection Forty-five diverse topics were identified for which both randomized trials (n=240) and nonrandomized studies (n=168) had been performed and had
been considered in meta-analyses of binary outcomes.

R

Data Extraction Data on events per patient in each study arm and design and characteristics of each study considered in each meta-analysis were extracted and synthesized separately for randomized and nonrandomized studies.

ANDOMIZED CONTROLLED TRI-

als have often been considered as the reference standard for evaluating the efficacy
of therapeutic and preventive interventions. 1 However, for many medical
questions of interest, a large amount of
evidence is often accumulated through
nonrandomized studies. There has been
substantial controversy about whether
the results of nonrandomized studies
agree with the results of randomized trials. Earlier evaluations suggested that
nonrandomized studies may spuriously overestimate treatment benefits
yielding misleading conclusions.2-5
Recently, the debate has been renewed.6-8 Much of the debate has been
conducted on theoretical grounds about
the biases that may affect each type of
study design with an emphasis on the
fact that nonrandomized studies may
be more susceptible to unaccounted
confounding. However, empirical evidence has also been accumulating. On
the one hand, specific examples have
arisen in the recent literature in which
randomized studies have found different results compared with the epidemiologic literature that preceded them.
Such examples included hormone replacement therapy and the risk of coronary artery disease; beta carotene and

Data Synthesis Very good correlation was observed between the summary odds
ratios of randomized and nonrandomized studies (r = 0.75; P,.001); however, nonrandomized studies tended to show larger treatment effects (28 vs 11; P=.009). Betweenstudy heterogeneity was frequent among randomized trials alone (23%) and very frequent among nonrandomized studies alone (41%). The summary results of the 2 types
of designs differed beyond chance in 7 cases (16%). Discrepancies beyond chance
were less common when only prospective studies were considered (8%). Occasional
differences in sample size and timing of publication were also noted between discrepant randomized and nonrandomized studies. In 28 cases (62%), the natural logarithm of the odds ratio differed by at least 50%, and in 15 cases (33%), the odds ratio
varied at least 2-fold between nonrandomized studies and randomized trials.
Conclusions Despite good correlation between randomized trials and nonrandomized studies—in particular, prospective studies—discrepancies beyond chance do occur and differences in estimated magnitude of treatment effect are very common.
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alpha tocopherol and their impact on
coronary mortality; and the relationship between dietary fiber and colon
cancer.9-12 On the other hand, recent
evaluations have suggested that for selected medical topics, both randomized and nonrandomized studies may
yield very similar results.7,8,13

There is a need to address these issues using empirical data from a large
number of diverse medical topics. Using such data, one would like to answer the following questions: How do
the results of randomized trials and nonrandomized studies compare when both
are performed for the same question? Do
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nonrandomized studies tend to give
more favorable results than randomized trials? Finally, are there design or
other characteristics that may explain the
discrepancies between randomized trials and nonrandomized studies? To address these issues, we performed a systematic evaluation using data from a
large number of medical questions about
which the efficacy of therapeutic or preventive interventions had been assessed with both randomized trials and
nonrandomized studies.
METHODS
Search for Meta-analyses and
Selection of Topics and Outcomes

We identified meta-analyses that had
considered both randomized and nonrandomized evidence. The pertinent
subjects and meta-analyses were identified using 5 different complementary approaches to maximize the yield
of topics and to ensure that a wide variety of topics was retrieved. First, we
reviewed the previous literature on
comparisons of randomized and nonrandomized studies until mid-1998,2-6
and we screened all the examples of
such comparisons that the articles cited.
Second, we perused our personal database of meta-analyses published between 1991 and 1997 in JAMA, Lancet, BMJ, Annals of Internal Medicine, and
Archives of Internal Medicine. Third, we
searched MEDLINE (last search updated on March 2000) for articles categorized as meta-analyses (type of publication) that contained a combination
of at least 1 Medical Subject Heading
suggestive of randomized clinical trials (such as randomized controlled trials, randomized clinical trials) and 1
Medical Subject Heading suggestive of
a nonrandomized design (such as prospective cohorts, retrospective cohorts,
case-control studies, etc). Fourth, we
screened all the completed systematic
reviews of the Cochrane Library (last
screen on issue 3, 2000, containing
859 reviews). Fifth, we used metaanalyses that had been performed by
investigators in our group with both
randomized and nonrandomized comparisons included.
822

From all these sources, we selected
the meta-analyses in which both randomized and nonrandomized studies
were cited with at least 1 primary outcome being in binary form. Data on
the binary outcome had to be presented in the meta-analysis. For the
meta-analyses identified by perusing
our personal database of metaanalyses and MEDLINE, we also considered meta-analyses in which some
of the binary data might be unreported but might still be retrievable
by reviewing the primary articles of
each study cited by the meta-analysis.
An effort was made to identify all the
primary study articles whenever
either the primary binary outcome
information or important study characteristics were not reported in the
meta-analysis. A few primary studies
that could not be retrieved (primarily
abstracts from conferences and very
old studies) had to be excluded whenever the binary outcome data were
not available in the published metaanalysis. For final inclusion of a topic
in our evaluation, binary data for the
same outcome had to be available on
at least 1 randomized trial and at least
1 nonrandomized study.
Whenever a meta-analysis used different binary outcomes/end points and
several of them had available data both
for randomized and nonrandomized
studies, we selected a priori the primary outcome, as stated by the metaanalysis. Whenever it was not clear
which was the primary outcome, we selected a priori the outcome that was
most important clinically, using consensus among the data extractors. Generally, mortality had a priority over
other hard clinical outcomes, soft clinical outcomes, and laboratory outcomes, provided that there were at least
some events for the most severe clinical outcome so that calculations of effects would be meaningful.
In some meta-analyses, comparisons of different interventions against
each other or against no intervention
or placebo had been considered. In this
case, each eligible comparison qualified as a separate topic.

JAMA, August 15, 2001—Vol 286, No. 7 (Reprinted)

Data Extraction
for Primary Studies

For each primary study in a metaanalysis we extracted the following information: type of design, year of publication, events per patients in each arm
for the outcome of interest, age of the
population (adult, children, or mixed),
and duration of follow-up (in months,
when available [or at least whether it
was more than or up to 1 year]). We
did not update systematically the eligible meta-analyses to include additional studies published after the metaanalysis. However, we tried to ensure
that the comparison of the summary
treatment effects between randomized and nonrandomized studies would
not be totally offset from missing or recent information. Thus, we screened all
the identified topics for missing information (eg, abstracts without binary
data); adjusted odds ratio estimates in
individual patient data meta-analysis
that could not be accounted in our
analyses; and major widely known recent trials that might offset the comparison of the magnitude of effects.
Nonrandomized Study Designs

Nonrandomized designs were categorized into prospective nonrandomized studies (all subjects were recruited and evaluated prospectively, but
the control arm had not been created
through randomization); retrospective cohort studies (subjects were evaluated retrospectively and the study arms
were concurrent [without matching]); case-control studies (studies in
which the compared groups were defined on the basis of the outcome and/or
matching was used); historical control studies (studies with retrospective, nonconcurrent controls); and
other or not-specified design. In each
topic, we limited the analyses to the
study designs that were included or systematically cited through the original
meta-analysis.
Statistical Analysis

For each topic we combined the data
from randomized and nonrandomized
studies separately. We used the odds
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ratio (OR) as the metric of choice since
case-control studies would also be included; moreover, the OR has statistical advantages.14 We used both randomeffects (DerSimonian and Laird15) and
fixed-effects (Mantel-Haenszel)16 calculations. Random effects models are reported, unless stated otherwise, because they incorporate an estimate of the
between-study variance in the calculations and they tend to give wider (more
conservative) confidence intervals than
fixed effects.17 Fixed-effects calculations are also given when substantially
different. Heterogeneity between the
studies of each type of design was assessed using the Q statistic and was considered significant for P,.10.17
To evaluate the concordance between the results of randomized and
nonrandomized studies, we performed
the following analyses: (1) We evaluated the Spearman correlation coefficient for the summary OR estimates between randomized and nonrandomized
studies; (2) We assessed in how many
cases the summary OR of the nonrandomized studies suggested a larger treatment effect for the experimental intervention than the summary OR of the
randomized trials; (3) We evaluated
whether the difference in the ORs of randomized and nonrandomized studies for
the same topic was larger than what
would be anticipated by chance alone.
To do this, we estimated the z score, as
follows:
z=ln(ORRCT) −ln(ORNRS)/
{var[ln(ORRCT)]+var[ln(ORNRS)]}1/2
where ln(ORRCT) is the natural logarithm of the OR of randomized trials,
ln(ORNRS) is the natural logarithm of the
OR of nonrandomized studies, and var
stands for variance. A z score above 1.96
or less than −1.96 suggests that the
difference between the randomized trials and nonrandomized studies is beyond chance (.05 level of statistical
significance).18 We also used alternative rules to define discrepancies based
on differences in the relative magnitude of the treatment effect: (1) the OR
of nonrandomized studies being at least
double or less than half of the OR of

randomized trials, and (2) the natural
logarithm of the OR of nonrandomized studies being at least 50% larger
or smaller than the natural logarithm
of the OR of randomized trials. The
magnitude of the treatment effect is important because it shows how much a
treatment works.
Discrepancy rates were estimated for
comparisons of randomized trials
against all nonrandomized studies; all
studies, excluding historical controls;
prospective studies; retrospective studies with concurrent controls; and historical control studies only. We also
performed analyses limited to studies
published in 1986 or later. Furthermore, we evaluated whether the odds
of a discrepancy beyond chance depended on the average year of publication in the studies included in each
meta-analysis. Finally, study and topic
characteristics were scrutinized to see
whether there is an explanation for the
statistically significant discrepancies. In
this regard, we evaluated whether randomized trials and nonrandomized
studies differed in years of publication, length of follow-up (less or more
than 1 year), age of population (children, adults, elderly people), sample
size, or other protocol characteristics.
Analyses were conducted in SPSS
10.0 (SPSS Inc, Chicago, Ill) and in
Meta-Analyst (J. L., Boston, Mass). All
P values are 2-tailed.

a wide range of medical specialties. In 29
topics there were more randomized trials than nonrandomized studies. In 26
topics there were more patients in randomized trials than in nonrandomized
studies.

RESULTS
Characteristics of Medical Topics

Correlation and Comparison
of Treatment Effects

A total of 45 topics were identified in
which both randomized and nonrandomized studies had been performed on
the same topic (TABLE 1).2,3,19-52 Among
408 primary studies with available binary data, there were 240 randomized trials and 168 nonrandomized studies. The
latter group included 71 prospective nonrandomized studies, 40 retrospective cohort studies, 25 case-control studies, 29
studies with historical controls, 1 cohort study with individual patient data
assembled from several centers (unclear if prospective or retrospective), and
2 studies without clear design (presumably retrospective). The topics covered

The correlation coefficient between the
treatment effect in randomized trials
and in nonrandomized studies was 0.75
(P,.001). This became 0.83 (P,.001)
when historical control studies were excluded (FIGURE 2).
In 25 of the 45 cases, the nonrandomized studies showed a larger treatment
effect for the experimental treatment than
the randomized studies. The opposite occurred in 14 cases, but it was probably
due to data artifacts in 3 of these: in 1
case, aspirin had shown a larger preventive effect for pregnancy-induced hypertension in randomized trials than in nonrandomized studies in an early meta-

©2001 American Medical Association. All rights reserved.

Estimates of Treatment Effects
and Between-Study Heterogeneity

FIGURE 1 shows side by side the summary ORs for randomized trials and
nonrandomized studies in each topic.
In all, statistically significant heterogeneity was seen between randomized trials in 9 of 39 topics for which at least
2 randomized trials (23%) had been included. Statistically significant heterogeneity was seen between nonrandomized studies in 13 of 32 topics for which
at least 2 nonrandomized studies (41%)
had been included. The respective figure was 6 (40%) of 15 topics, when limited to prospective nonrandomized
studies. The between-study variance
was smaller among randomized trials
than among nonrandomized studies in
18 topics while the opposite occurred
in 6 cases, and it was the same in both
designs in 4 cases (exact P=.07 by Wilcoxon test). The between-study variance was smaller among randomized
trials than among prospective nonrandomized studies in 10 topics while the
opposite occurred in 1 case, and it was
the same in both designs in 3 cases (exact P=.03 by Wilcoxon test).
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Table 1. Topics of Meta-analyses Considering Both Randomized Trials and Nonrandomized Studies*

ID No.

Topic of Meta-analysis

1

Anticoagulants in acute
myocardial infarction
Antiarrhythmic treatment for
chronic atrial fibrillation
Diethylstilbestrol for habitual
abortion
TENS vs sham in acute
postoperative pain
TENS vs control in postoperative
pain
Coronary artery surgery vs
medical treatment for CAD
Esophageal varices: portacaval
anastomosis
Allogenic leukocyte
immunotherapy for recurrent
abortion
BCG immunotherapy for
malignant melanoma
5-FU adjuvant therapy for colon
cancer
Hormonal treatment (hCG) for
cryptorchism
Local vs general anesthesia for
carotid endarterectomy
Low-level laser therapy for
osteoarthritis
Oil- vs water-soluble media in
hysterosalpingography
Oil-soluble hysterosalpingography vs no treatment
Naltrexone for alcohol
dependence
Vaccines for serogroup A
meningococcal meningitis
Microsurgical vs macrosurgical
salpingostomy in subfertility
Fecal occult blood screening for
colorectal cancer
Screening mammography
Intrathecal therapy for tetanus
Vitamin A supplementation
Interferon for hepatitis C
Trial of labor vs no trial of labor in
breech delivery
Anterior colporrhaphy vs needle
suspension
Needle suspension vs
colposuspension
Anterior colporrhaphy vs
colposuspension
BCG vaccine for prevention of
tuberculosis
Nonoxynol-9 spermicides for
sexually transmitted diseases
Safety of early postpartum
discharge
High-dose diuretics as first-line
treatment for hypertension

2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Study, y

Outcome

No. of
Randomized
Trials
(No. of Patients)
6 (3854)

No. of
Nonrandomized
Studies
(No. of Patients)
12 (7497)

Chalmers et al,2 1977

Mortality

Reimold et al,19 1992

Mortality

6 (808)

5 (604)

Sacks et al,3 1982

Infant mortality

3 (2187)

2 (508)

Carroll et al,20 1996

Pain relief

7 (256)

2 (94)

Carroll et al,20 1996

Pain relief

2 (68)

4 (308)

Sacks et al,3 1982

Mortality

7 (1556)

5 (989)

Sacks et al,3 1982

Mortality

8 (698)

2 (448)

Recurrent Miscarriage
Immunotherapy Trialists
Group,21 1994
Sacks et al,3 1982

No live birth

8 (430)

1 (1133)

Mortality

1 (42)

3 (267)

Sacks et al,3 1982

Mortality

7 (1385)

1 (4359)

Pyorala et al,22 1995

Descended testis

1 (310)

1 (57)

Tangkanakul et al,23 2000

Stroke or death, 30 d

3 (154)

14 (5186)

Brosseau et al,24 2000

No improvement

3 (139)

1 (8)

Vandekerckhove et al,25 2000

Pregnancy

5 (829)

6 (1806)

Vandekerckhove et al,25 2000

Pregnancy

1 (190)

1 (460)

Srisurapanont and Jarusuraisin,26
2000
Patel and Lee,27 2000

Discontinuation

6 (399)

1 (865)

Meningitis in 1 y

5 (291 147)

2 (56 806)

Watson et al,28 2000

Pregnancy

1 (18)

2 (178)

Towler et al,29 1998

Cause-specific deaths

4 (329 642)

1 (21 756)

Kerlikowske et al,30 1995
Abrutyn and Berlin,31 1991
Glasziou and Mackerras,32 1993
Camma et al,33 1996
Gifford et al,34 1995

8 (417 742)
8 (640)
12 (115 848)
5 (213)
2 (310)

3 (1422)
1 (134)
3 (16 077)
4 (133)
6 (2595)

Black and Downs,35 1996

Cause-specific deaths
Mortality
Mortality
Normal transaminase
Apgar score ,7 at 5
min
Cure of incontinence

Black and Downs,35 1996

2 (266)

5 (831)

Cure of incontinence

3 (321)

9 (875)

Black and Downs,35 1996

Cure of incontinence

4 (379)

11 (1478)

Colditz et al,36 1994

Tuberculosis

Cook and Rosenberg,37 1998

Gonorrhea

3 (1473)

1 (241)

Grullon and Grimes,38 1997

Maternal problems

1 (131)

3 (839)

Psaty et al,39 1997

Coronary heart
disease

12 (180 565)

12 (30 783)

10 (6511)

2 (2379)
(continued)
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analysis,40 but a major recent trial has
shown no effect at all.53 In another case,
BCG immunotherapy for melanoma, the
1 published randomized trial had more
favorable data than the nonrandomized
studies, but several other randomized
studies with less favorable results were
not included (only available in abstract
form without binary data).3 A metaanalysis of allogeneic leukocyte immunotherapy showed more favorable results in randomized studies, but this was
not true in the main original analysis,
which was based on individual patient
data with adjustment for significant predictors.21 Finally, in 6 topics, it was not
possible to identify clearly which study
design produced more favorable results: in 2 cases (high-dose diuretics for
hypertension and antiarrhythmic therapy
for chronic atrial fibrillation) different
conclusions were reached with fixed- and
random-effects calculations; in another
topic (hormonal therapy of cryptorchism), the control groups showed 0

efficacy in both types of studies; and in
3 topics the compared treatments (surgical interventions for urinary incontinence) were equally experimental, and
thus there was no notion of a more favorable result.
Overall, these data suggested that
larger treatment effects were somewhat more frequent to occur with nonrandomized studies than randomized
trials (25 vs 14, exact P =.11; 28 vs 11
[correcting the 3 artifacts], exact
P= .009 by Wilcoxon test). In 5 topics
for which randomized trials suggested
more favorable results than nonrandomized studies, there had been only
1 randomized trial performed (n=18,
n = 42, n=59, n=131, and n=190).
Discrepancies Between
Randomized Trials and
Nonrandomized Studies

In 7 (16%) of the 45 topics, the difference between the randomized trials and
nonrandomized studies based on ran-

dom effects calculations was beyond
what would be expected by chance
alone (TABLE 2). By fixed-effects calculations, this occurred in another 5 of
the 45 topics (total 27%). The rates of
discrepancies were substantially higher
when their definition was based on the
relative magnitude of the treatment effects in the compared designs. The
natural logarithms of the ORs differed
by at least 50% in 28 (62%) of the 45
topics and in 15 cases (33%), the OR
varied at least 2-fold between nonrandomized studies and randomized trials (Table 2).
There were trends for higher rates of
discrepancies in comparisons involving historical control studies (Table 2)
and the rates of discrepancies beyond
chance tended to decrease when only
prospective studies were considered
(8% by random effects, 15% by fixed
effects) or when simply historical control studies were excluded (11% by random effects, 21% by fixed effects). How-

Table 1. Topics of Meta-analyses Considering Both Randomized Trials and Nonrandomized Studies (cont)*
ID No.
32

33
34
35
36
37
38
39
40
41
42
43
44
45

Topic of Meta-analysis
Aspirin for prevention of
hypertension in
pregnancy
Allogenic blood transfusion in
cancer
Sc vs IV heparin in deep
venous thrombosis
Low-protein diets in chronic
renal insufficiency
Corticosteroids for idiopathic
facial nerve paralysis
Graduated compression
stockings
Aspirin for primary prevention
of stroke
Fixed nail plates vs sliding hip
for femoral fractures
Corticosteroids for stable
COPD
Treatment of hypertension in
elderly people
Selective decontamination of
the digestive tract
Cyclosporine withdrawal vs
no withdrawal
Cyclosporine withdrawal vs
no cyclosporine
Prehospital thrombolysis

Study, y

No. of Randomized
Trials (No. of Patients)

Outcome

No. of Nonrandomized
Studies (No. of Patients)

Imperiale and Petrulis,40 1991

Hypertension

5 (337)

1 (48)

McAlister et al,41 1998

Death

5 (1923)

1 (273)

Hommes et al,42 1992

Extension or
recurrence
Renal death

6 (770)

1 (48)

6 (890)

3 (248)

3 (230)

6 (661)

12 (1844)

3 (532)

Fouque et al,43 1992
Ramsey et al,44 2000
Wells et al,45 1994
Hart et al,46 2000
Chinoy and Parker,47 1999
Callahan et al,48 1991
Insua et al,49 1994
Vandenbroucke-Grauls and
Vandenbroucke,50 1991
Kasiske et al,51 1993
Kasiske et al,51 1993
Ioannidis et al,52 2001

Improved
function
Deep vein
thrombosis
Stroke
Total
complications
Response to
therapy
Mortality

5 (52 251)

3 (108 706)

1 (59)

6 (936)

10 (598)

1 (62)

7 (14 977)

3 (356)

Mortality

6 (491)

6 (998)

Acute graft
rejection
Acute graft
rejection
Mortality

8 (650)

5 (316)

3 (551)

2 (139)

7 (6549)

3 (1321)

*ID indicates identification; TENS, transcutaneous electrical nerve stimulation; CAD, coronary artery disease; 5-FU, 5-fluorouracil; hCG, human chorionic gonadotropin; Sc, subcutaneous; IV, intravenous; and COPD, chronic obstructive pulmonary disease.

©2001 American Medical Association. All rights reserved.

(Reprinted) JAMA, August 15, 2001—Vol 286, No. 7

Downloaded From: http://jama.jamanetwork.com/ by a University of St. Andrews Library User on 05/13/2015

825

RANDOMIZED AND NONRANDOMIZED EVIDENCE

ever, the magnitude of the treatment
effect often differed substantially between randomized trials and nonrandomized studies regardless of which
study designs were included in the latter group. Even when only prospective studies were considered, the natu-

ral logarithm of the ORs still differed
by at least 50% in 16 (62%) of the 26
topics (Table 2).
When limited to studies published in
1986 or later, there were 5 discrepancies beyond chance by random effects
among 23 topics that had at least 1 ran-

domized trial and at least 1 nonrandomized study. The odds of having a
discrepancy beyond chance tended to
decrease when the average year of publication of the considered studies was
more recent, but the change was not formally significant (OR, 0.93; P =.12).

Figure 1. Comparison of the Summary Odds Ratio and 95% Confidence Interval in Randomized Trials vs Nonrandomized Studies for the
45 Topics
A Random-Effects Calculations
20.0

Randomized Trials
Nonrandomized Studies

10.0

Odds Ratio (95% Confidence Interval)

5.0
4.0
3.0
2.0

1.0

0.5
0.4
0.3
0.2

0.1

0.05
9 27 17 32 37 26 44 28 29 35 34 21 30 6 10 8 42 22 1 16 20 45 19 7 41 25 33 31 12 38 13 3 24 36 40 14 5 43 2 23 4 18 15 39 11

Meta-analysis Topic
B Fixed-Effects Calculations
20.0

10.0

Odds Ratio (95% Confidence Interval)

5.0
4.0
3.0
2.0

1.0

0.5
0.4
0.3
0.2

0.1

0.05
9 27 17 32 37 26 44 28 29 35 34 21 30 6 10 8 42 22 1 16 20 45 19 7 41 25 33 31 12 38 13 3 24 36 40 14 5 43 2 23 4 18 15 39 11

Meta-analysis Topic

The topic numbers correspond to the identification numbers in Table 1. Calculations have been performed with random effects in the panel A and, for comparison, by
fixed effects in the panel B. The topics have been ordered according to increasing odds ratio estimates in randomized trials using random-effects calculations. Data
shown in blue indicate the topics in which the difference between randomized trials and nonrandomized studies was beyond what would be expected by chance alone.
For 1 topic (No. 11), both of the summary estimates lie outside the depicted range.
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COMMENT
Our empirical evaluation of 45 medical topics has found that randomized

trials and nonrandomized studies show
a high correlation in their estimates of
efficacy of medical interventions. However, a high correlation does not necessarily also mean a similar magnitude of effect. Randomized trials and
nonrandomized studies often disagree
substantially on how much a treatment works. In fact, we observed that
it was somewhat more frequent to find
larger treatment effects in nonrandomized studies vs randomized trials than
for the opposite to occur. However, it
is precarious to claim that a study design arriving at a more favorable effect
is necessarily spurious while a study design showing a smaller benefit is always more reliable. For example, some-

times a flawed study may fail to identify
an existing benefit, because of the
“noise” caused by its errors.
Discrepancies beyond what could be
explained by chance were not uncommon between the 2 types of designs.
When we allowed also for the betweenstudy variability for each type of design by using random effects calculations, discrepancies beyond chance still
occurred in 7 of 45 topics. Recently, using different methods for identification of topics, Concato et al8 claimed
no major disagreement for 5 randomized vs nonrandomized study comparisons while Benson and Hartz7 found
that in 2 of the 19 comparisons the
point estimate of the nonrandomized

Figure 2. Comparison of the Summary Odds Ratio in Randomized Trials vs Nonrandomized
Studies
20.0

10.0

Odds Ratio in Nonrandomized Studies

In 6 of the 7 disagreements beyond
chance by random effects (TABLE 3), the
estimated treatment benefit was larger
in nonrandomized studies than in randomized trials while in 1 case both
treatments were equally experimental. Overall, more favorable results were
significantly more common with nonrandomized studies vs randomized trials (exact P = .03 by Wilcoxon test;
P = .02 when fixed effects disagreements were included).
The age of the study populations was
largely similar in nonrandomized studies and randomized trials on topics with
discrepancies (data not shown). There
was also no clear difference in the mean
follow-up, perhaps with the exception
of 1 disagreement (anterior colporrhaphy vs needle suspension) for which
nonrandomized studies tended to have
longer follow-up. In 2 cases (screening mammography, hypertension in elderly people), the randomized trials
were of much larger sample size than
the nonrandomized studies. In 4 cases,
randomized trials had been published
on average 5 or more years later than
the nonrandomized studies (Table 3).
Typically, the included randomized and
nonrandomized studies on the same
topic administered treatment in the
same way and outcome measures were
similarly defined. Selection criteria
could have differed between studies, but
differences could occur even within
randomized trials or within nonrandomized studies and not necessarily
only between randomized trials and
nonrandomized studies.
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10.0
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Odds Ratio in Randomized Trials

Historically controlled studies are excluded from the calculations. Calculations are performed with random effects. Odds ratios are shown in a natural logarithmic scale. Not shown is 1 topic with very large summary odds
ratios (.25) for both types of designs.

Table 2. Frequency of Discrepancies Among Randomized Trials and Nonrandomized Studies for Various Definitions and Types of Studies*
No. (%) of Discrepancies Among Randomized Trials and Nonrandomized Studies or Eligible Topics

Discrepancy Definition
Statistical (absolute z score .1.96)
Magnitude of effect
$2-Fold difference in odds ratio
$50% Difference in odds ratio

All Studies
(n = 45)

All Studies Except
Historical Control
(n = 38)

Prospective Studies
(n = 26)

7 (16)

4 (11)

15 (33)
28 (62)

11 (29)
23 (61)

2 (8)

Retrospective Studies
With Current Controls
(n = 17)
2 (12)

Historical Control
(n = 10)
2 (20)

7 (27)
16 (62)

5 (29)
9 (53)

5 (50)
7 (70)

*All data are based on random-effects calculations. See “Methods” section for definitions of discrepancies.
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studies lay outside the 95% confidence intervals of the effect found by
randomized trials. These 2 studies suggested a relatively higher concordance between the randomized and
nonrandomized studies.54 Several of the
topics covered by these 2 surveys were
also included in our evaluation, but 13
topics were not. If these 2 evaluations
and our own are merged, statistically
significant discrepancies between randomized and nonrandomized studies
occur in 7 of 58 topics by randomeffects calculations and in 13 topics by
fixed-effects calculations.
Of interest, significant betweenstudy variability was seen as frequently
among the randomized trials as between the randomized and nonrandomized studies. Furthermore, significant
variability was seen more than 40% of
the time among the nonrandomized
studies on the same topic. Thus variability seems to be very common both
in randomized and nonrandomized
studies and perhaps more frequent in the
latter. Variability may be due to bias, but
it may also reflect differences in the true
treatment effect under different study
settings and in different populations.55

ized counterparts. It is conceivable that
larger studies in which large-scale effectiveness is probed may yield more
conservative results than smaller studies in which efficacy is assessed, regardless of study design. The same may hold
true when the timing of each study
is considered. We encountered examples, in which nonrandomized studies had been published earlier than the
randomized trials. Early studies in selected populations may yield promising results that may lead to subsequent
trials with the aim of validating the benefits in larger populations. Publication
bias and a time lag for negative studies
may also be operating, regardless of
study design.56,57 Quality is also important to consider, and in this regard,
sometimes nonrandomized or randomized studies,58 or both may have important quality defects. For example, a recent meta-analysis suggests that even
within randomized trials, the ones with
greater methodological rigor show no
benefit while the ones with potential
flaws may be spuriously overestimating the benefit.59
It is not known whether metaanalyses that examine both random-

Part of the variability could have been
due to the fact that we considered a wide
spectrum of nonrandomized designs.
Several of the discrepancies beyond
chance occurred in cases where nonrandomized studies were represented by
historical control studies or other retrospective designs that may be more susceptible to bias than prospective designs. In fact, there were relatively few
discrepancies beyond chance when randomized trials were compared with prospective nonrandomized studies. Still,
perfect agreement was not seen even for
these comparisons, and it was very common to see major differences in the estimates of the treatment effect.
Perfect agreement is perhaps impossible to expect between different types
of study design or even within the same
study design. Even the best designed
studies may differ in several parameters and may form a continuum in the
spectrum of medical evidence that we
can obtain from them. We observed discrepancies, such as the cases of screening mammography or the treatment of
hypertension in elderly people, for which
randomized studies had a very different sample size than their nonrandom-

Table 3. Discrepancies Beyond Chance Between Randomized Trials and Nonrandomized Studies*
Odds Ratio
(95% Confidence Interval)
Estimate by Random Effects

No. of Studies
Nonrandomized Studies

ID No.
1
3
6
16
20
27
29

5
7
25
38
41

Topics of Meta-analysis

Randomized
Trials

Nonrandomized
Studies

RCT Prospective Retrospective

Discrepancy by Fixed and Random Effects
Anticoagulants in acute myocardial infarction
0.77 (0.65-0.92)
0.46 (0.35-0.59)†
Diethylstilbestrol for habitual abortion
1.20 (0.87-1.67)
0.15 (0.10-0.24)
Coronary artery surgery vs medical
0.68 (0.48-0.97)
0.29 (0.14-0.59)†
treatment for CAD
Naltrexone for alcohol dependence
0.81 (0.53-1.23)
1.54 (1.16-2.04)
Screening mammography
0.81 (0.72-0.92)
0.51 (0.39-0.67)
Anterior colporrhaphy vs colposuspension
0.10 (0.06-0.17)
0.43 (0.25-0.73)†
Nononxynol-9 spermicides for
0.53 (0.31-0.90)† 0.13 (0.05-0.38)
sexually transmitted diseases
TENS vs control in acute postoperative pain
Esophageal varices: portacaval
anastomosis
Anterior colporrhaphy vs needle suspension
Aspirin for primary prevention of stroke
Treatment of hypertension in elderly people

Discrepancy by Fixed Effects Only
2.13 (0.10-47.9)† 17.5 (6.51-46.9)
0.85 (0.43-1.67)† 0.12 (0.00-4.48)†
0.92 (0.55-1.55)
1.09 (0.95-1.25)
0.87 (0.78-0.98)

1.06 (0.24-4.77)†
1.43 (1.02-2.01)†
0.60 (0.20-1.76)†

Mean, y
RCT/NR

6
3
7

3
0
0

9
2
5

1969/1958
1954/1949
1978/1976

6
8
4
3

1
0
11
0

0
3
0
1

1996/1997
1988/1987
1990/1987
1990/1982

2
8

0
0

4
2

1986/1984
1971/1975

2
5
7

5
3
0

0
0
3

1989/1989
1993/1993
1987/1976

*ID indicates identification; RCT, randomized controlled trial; NR, nonrandomized studies; CAD, coronary artery disease; and TENS, transcutaneous electrical nerve stimulation.
†Statistically significant heterogeneity among studies (P,.10 by the Q statistic).
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ized and nonrandomized evidence may
do so because the results of the 2 types
of designs are fairly concordant. If this
is true, then meta-analyses with both
types of data may be a biased sample
and this could explain in part the relatively good overall correlation that we
observed. Avoidance of this potential
bias makes a strong case for examining information from all types of studies in meta-analysis. Nevertheless, even
with this selection approach, the frequency of discrepancies was quite high
when based on the comparison of the
magnitude of the observed treatment
effects. On the other hand, the selection of topics from published metaanalyses also leaves the possibility of
publication bias affecting the results of
specific meta-analyses. However, it is
not known whether such bias would affect nonrandomized studies more than
randomized trials and whether there
would be an overall net bias affecting
our comparisons.
Although we included a substantial
number of comparisons, larger than in
any previous evaluation in this field, this
is still a small sample compared with
the number of medical questions that
are being probed with randomized and
nonrandomized studies. It is conceivable that for many questions of interest, randomized trials may never be performed, if early nonrandomized studies
show either clear harm or a large benefit. The ethical barrier may become insurmountable in such cases. Conversely, nonrandomized studies may be
considered unworthy of consideration if randomized evidence is available on a topic. Although we perused
several hundreds of meta-analyses, the
vast majority regarded the randomized design as a prerequisite for eligibility and most of them did not even cite
the nonrandomized studies. This is unfair for epidemiological research that
may often offer some complementary
insights to those provided by randomized trials. We propose that future systematic reviews and meta-analyses
should pay more attention to the available nonrandomized data. It would be
wrong to reduce the efforts to pro-

mote randomized trials so as to obtain
easy answers from nonrandomized designs.13 However, nonrandomized evidence may also be useful and may be
helpful in the interpretation of the randomized results. Whenever discrepancies occur, such discrepancies should
be carefully scrutinized since they may
yield valuable information for designing future research.
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I am convinced that it is of primordial importance to
learn more every year than the year before. After all,
what is education but a process by which a person begins to learn how to learn?
—Peter Ustinov (1921-
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