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ABSTRACT

Background In the hierarchy of research designs,
the results of randomized, controlled trials are con-
sidered to be evidence of the highest grade, whereas
observational studies are viewed as having less va-
lidity because they reportedly overestimate treatment
effects. We used published meta-analyses to identify
randomized clinical trials and observational studies
that examined the same clinical topics. We then com-
pared the results of the original reports according to
the type of research design.

Methods A search of the Medline data base for ar-
ticles published in five major medical journals from
1991 to 1995 identified meta-analyses of random-
ized, controlled trials and meta-analyses of either co-
hort or case—control studies that assessed the same
intervention. For each of five topics, summary esti-
mates and 95 percent confidence intervals were calcu-
lated on the basis of data from the individual random-
ized, controlled trials and the individual observational
studies.

Results For the five clinical topics and 99 reports
evaluated, the average results of the observational
studies were remarkably similar to those of the ran-
domized, controlled trials. For example, analysis of
13 randomized, controlled trials of the effectiveness
of bacille Calmette—Guérin vaccine in preventing ac-
tive tuberculosis yielded a relative risk of 0.49 (95
percent confidence interval, 0.34 to 0.70) among vac-
cinated patients, as compared with an odds ratio of
0.50 (95 percent confidence interval, 0.39 to 0.65) from
10 case—control studies. In addition, the range of the
point estimates for the effect of vaccination was wid-
er for the randomized, controlled trials (0.20 to 1.56)
than for the observational studies (0.17 to 0.84).

Conclusions The results of well-designed observa-
tional studies (with either a cohort or a case—control
design) do not systematically overestimate the mag-
nitude of the effects of treatment as compared with
those in randomized, controlled trials on the same
topic. (N Engl J Med 2000;342:1887-92.)
©2000, Massachusetts Medical Society.

ANDOMIZED, controlled trials were in-
troduced into clinical medicine when strep-
tomycin was evaluated in the treatment of
tuberculosis! and have become the gold
standard for assessing the effectiveness of therapeu-
tic agents.2* The ascendancy of randomized, con-
trolled trials was hastened by a landmark article’ com-
paring published randomized, controlled studies with
those that used observational designs. That review of
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the literature identified six different therapies evalu-
ated in both randomized, controlled trials (50 stud-
ies) and trials with historical controls (56 studies).
For each study, subjects in the treatment group were
found to have similar rates of the outcome in ques-
tion regardless of study design, but subjects in the
control group in trials with historical controls had
worse outcomes than control subjects in randomized,
controlled trials. The agent being tested was consid-
ered effective in 44 of 56 trials with historical con-
trols (79 percent), but in only 10 of 50 randomized,
controlled trials (20 percent). The authors conclud-
ed that biases in patient selection may irretrievably
weight the outcome of historical controlled trials in
favor of new therapies.>

Current criticisms of observational studies involve,
in addition to trials with historical controls, cohort
studies with concurrent selection of control subjects,
as well as case—control designs. Advocates of “evi-
dence-based medicine”s classify studies according to
“grades of evidence” on the basis of the research de-
sign, using internal validity (i.e., the correctness of
the results) as the criterion for hierarchical rankings.
An example of such rankings is shown in Table 1.
The highest grade is reserved for research involving
“at least one properly randomized controlled trial,”
and the lowest grade is applied to descriptive studies
(e.g., case series) and expert opinion; observational
studies, both cohort studies and case—control stud-
ies, fall at intermediate levels.” Although the quality
of studies is sometimes evaluated within each grade,
each category is considered methodologically supe-
rior to those below it. This hierarchical approach to
study design has been promoted widely in individual
reports, meta-analyses, consensus statements, and ed-
ucational materials for clinicians.

Systematic reviews and meta-analyses offer an op-
portunity to test implicit assumptions about the hi-
erarchy of research designs. If particular associations
between exposure and outcome were studied in both
randomized, controlled trials and cohort or case—
control studies, and if these studies were then includ-
ed in meta-analyses, the results could be compared
according to study design, as was done for trials with
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TABLE 1. GRADES OF EVIDENCE FOR THE PURPORTED QUALITY
OF STUDY DESIGN.*

I Evidence obtained from at least one properly randomized, controlled
trial.

II-1 Evidence obtained from well-designed controlled trials without ran-
domization.

II-2 Evidence obtained from well-designed cohort or case—control analyt-
ic studies, preferably from more than one center or research group.

1I-3 Evidence obtained from multiple time series with or without the in-
tervention. Dramatic results in uncontrolled experiments (such as
the results of the introduction of penicillin treatment in the 1940s)
could also be regarded as this type of evidence.

III  Opinions of respected authorities, based on clinical experience; de-
scriptive studies and case reports; or reports of expert committees.

*The grades are those of the U.S. Preventive Services Task Force.”

historical controls.5 In the current study, however,
we evaluated only observational studies that used con-
temporaneous control subjects. The variation in point
estimates of associations between exposure and out-
come provides data to confirm or refute the assump-
tions regarding observational studies, as well as the
strengths and limitations of a “design hierarchy.”

METHODS

We identified published reports of randomized, controlled tri-
als and reports of observational studies with either a cohort de-
sign (i.e., with concurrent selection of controls) or a case—control
design that assessed the same clinical topic (clinical intervention
and outcome). The articles were selected by first identifying
meta-analyses published in five major journals (Annals of Internal
Medicine, the British Medical Jowrnal, the Journal of American Med-
ical Association, the Lancet, and the New England Journal of Med-
icine) from 1991 to 1995. The meta-analyses were identified by
searching Medline for the terms “meta-analysis,” “meta-analyses,”
“pooling,” “combining,” “overview,” and “aggregation.” Addition-
al references were found in Current Contents, supplemented by
searches of printed copies of the relevant journals.

The meta-analyses were then classified, by consensus of two in-
vestigators, as including randomized, controlled trials only, obser-
vational studies only, or both. Clinical trials were defined as studies
that used random assignment of interventions; observational
studies had either cohort or case—control designs. Meta-analyses
were excluded if they involved cohort studies with historical con-
trols or clinical trials with nonrandom assignment of interven-
tions, or if they did not report results in the format of point es-
timates (e.g., relative risks or odds ratios) and confidence intervals.
In this context, odds ratios and relative risks will be similar in mag-
nitude, because the rates of the outcome events are low. The
remaining meta-analyses were then reviewed, and the original
studies cited in the bibliographies were retrieved. Although the
meta-analyses themselves often used criteria related to quality in
the selection of studies, we also evaluated the original reports, us-
ing published scoring criteria.810

We performed two main analyses, the results of which are re-
ported here. In the first analysis, summary estimates and 95 per-
cent confidence intervals were determined for each clinical topic,
according to whether the data came from randomized, controlled
trials or observational studies. Pooled analyses were performed ac-
cording to the method of DerSimonian and Laird!! as described
by Fleiss.!2 We chose the random-effects model for combining
data because it provides more conservative results (wider confi-
dence intervals) than a fixed-effects model. When possible, pooled
estimates were computed on the basis of data from the original
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reports. If such estimates were not available, however, the data
from the published reports of the meta-analyses were used. For
example, the meta-analysis of cohort studies involving blood-
pressure measurements!3 used an adjustment for bias due to re-
gression dilution (regression toward the mean) for the calculation
of point estimates and 95 percent confidence intervals. A second
analysis was used to describe the range of results from the indi-
vidual studies; such a range is presented for each clinical topic,
with the studies grouped according to research design.

RESULTS
The Studies

The search strategy yielded 102 citations of meta-
analyses (available from the authors on request), in-
cluding 6 that examined both randomized, controlled
trials and observational studies of the same clinical
topic. The remaining 96 meta-analyses included ran-
domized, controlled trials only (72 reports) or ob-
servational studies only (24 reports). Among these
reports, three additional clinical topics were identi-
fied for which each type of study design was assessed
separately. The nine clinical topics (a total of 12
meta-analyses) included five that met our eligibility
criteria and provided the data for the current analy-
sis. The remaining four topics (data not shown) were
excluded because they were the subject of observa-
tional studies with only historical controls or because
no data were available in the form of point estimates.

The five clinical topics (Table 2) were investigated
in 99 original articles with a total of 1,871,681 study
subjects. The pooled (summary) point estimates are
presented in Table 2, and the range of point estimates
from each study, when available, is shown in Figure
1. Among the 99 studies, 6 randomized, controlled
trials (6 percent) contributed data to the summary
results but did not have a quantitative point estimate
for the main association of interest (because no out-
comes were observed in one or both of the com-
pared groups).

Bacille Calmette—Guérin Vaccine and Tuberculosis

The eftectiveness of bacille Calmette—Guérin vac-
cine against active tuberculosis was examined in a
meta-analysis!* of 13 randomized trials (with 359,922
subjects), yielding a pooled relative risk of 0.49 (95
percent confidence interval, 0.34 to 0.70), and 10
case—control studies (with 6511 subjects), yielding a
pooled odds ratio of 0.50 (95 percent confidence in-
terval, 0.39 to 0.65). The point estimates from the
original articles ranged from 0.20 to 1.56 for ran-
domized, controlled trials and from 0.17 to 0.84 for
observational studies.

Screening Mammography and Mortality
from Breast Cancer

A meta-analysis!s of eight randomized trials (with
429,043 subjects) of the relation between screen-
ing mammography and mortality from breast cancer
found a protective effect of screening among women
40 years of age or older, with a pooled relative risk
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TABLE 2. TOTAL NUMBER OF SUBJECTS AND SUMMARY ESTIMATES FOR THE EFFECT OF FIVE INTERVENTIONS
ACCORDING TO THE TYPE OF RESEARCH DESIGN.

CuinicaL Topic

Bacille Calmette—Guérin
vaccine and tuberculosis
Mammography and mortality

from breast cancer
Cholesterol levels and death

due to trauma

Treatment of hypertension

and stroke

Treatment of hypertension
and coronary heart disease

TYPE OF STUDY

13 Randomized, controlled
10 Case—control
8 Randomized, controlled
4 Case—control
6 Randomized, controlled
14 Cohort
14 Randomized, controlled
7 Cohort
14 Randomized, controlled
9 Cohort

META-ANALYSIS*

Colditz et al.#
Colditz et al.1#
Kerlikowske et al.1s
Kerlikowske et al.!s

Cummings and Psaty¢

Jacobs et al.17
Collins et al.'8
MacMahon et al.13
Collins et al.'8
MacMahon et al.!3

TotAL No.
OF SUBJECTS

359,922
6,511
429,043
132,456
36,910
9,377
36,894

SumMMARY ESTIVATE
(95% CI)t

0.49 (0.34-0.70)
0.50 (0.39-0.65)
0.79 (0.71-0.88)
0.61 (0.49-0.77)
1.42 (0.94-2.15)
1.40 (1.14-1.66)
0.58 (0.50-0.67)
0.62 (0.60-0.65)
0.86 (0.78-0.96)
0.77 (0.75-0.80)

*Meta-analyses that included either randomized, controlled trials or observational studies are cited.

1CI denotes confidence interval.
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vaccine and tuberculosis

Mammography and mortality
from breast cancer
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Figure 1. Range of Point Estimates According to Type of Research Design.

The studies evaluated bacille Calmette—Guérin vaccine and active tuberculosis (13 randomized, controlled trials and 10 case—con-
trol studies), screening mammography and mortality from breast cancer (8 randomized, controlled trials and 4 case—control stud-
ies), cholesterol levels and death due to trauma among men (4 of 6 randomized, controlled trials [2 trials did not provide point
estimates]; the results of the 14 cohort studies were not reported individually), treatment of hypertension and stroke among only
the men in the studies (11 randomized, controlled trials and 7 cohort studies), and treatment of hypertension and coronary heart
disease among only the men in the studies (13 of 14 randomized, controlled trials [1 trial did not provide point estimates] and
9 cohort studies). Solid circles indicate randomized, controlled trials, and open circles observational studies.
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of 0.79 (95 percent confidence interval, 0.71 to 0.88);
a benefit of screening was also found in four case—
control studies (with 132,456 subjects), with a pooled
odds ratio of 0.61 (95 percent confidence interval,
0.49 to 0.77). The range of point estimates was 0.68
to 0.97 among randomized, controlled trials and 0.51
to 0.76 among observational studies.

Cholesterol Levels and Death Due to Trauma

A meta-analysis!® of six randomized, controlled tri-
als (with 36,910 men) reported a pooled relative
risk of death due to trauma of 1.42 (95 percent con-
fidence interval, 0.94 to 2.15), indicating an increased
risk among subjects taking the drugs that were stud-
ied. A separate meta-analysis'” of 14 cohort studies
(9377 subjects) reported a pooled hazard ratio of 1.40
(95 percent confidence interval, 1.14 to 1.66). The
range of point estimates from the cohort studies was
not reported, precluding a comparison with the range
of results from the randomized, controlled trials (the
range was 0.25 to 2.74 in four randomized, controlled
trials; two trials did not report quantitative results).

Treatment of Hypertension and Stroke

The relation between the treatment of hyperten-
sion and a first occurrence of stroke (i.e., the effec-
tiveness of primary prevention) was examined in meta-
analyses of 14 randomized, controlled trials!® and
7 cohort studies.!? The pooled results from the ran-
domized, controlled trials (36,894 subjects) yielded
a point estimate of the risk of stroke of 0.58 (95 per-
cent confidence interval, 0.50 to 0.67) among pa-
tients given antihypertensive treatment; the pooled
results from the observational studies (405,511 sub-
jects) yielded an adjusted point estimate of 0.62 (95
percent confidence interval, 0.60 to 0.65). The range
of results was 0.24 to 1.91 for randomized, controlled
trials (three of the randomized, controlled trials did
not provide point estimates) and 0.49 to 0.58 (un-
adjusted values) for cohort studies.

Treatment of Hypertension and Coronary Heart Disease

A meta-analysis!8 of 14 randomized, controlled tri-
als (36,894 subjects) reported a pooled point esti-
mate of the relative risk of coronary heart disease of
0.86 (95 percent confidence interval, 0.78 to 0.96)
among patients treated for hypertension, and a meta-
analysis!3 of 9 cohort studies (418,343 subjects) re-
ported an adjusted, pooled point estimate of 0.77
(95 percent confidence interval, 0.75 to 0.80). The
range of results was 0.49 to 1.60 for randomized,
controlled trials (one randomized, controlled trial did
not report a relative risk) and 0.65 to 0.72 (unad-
justed values) for cohort studies.

DISCUSSION

Our results challenge the current consensus about
a hierarchy of study designs in clinical research. Con-
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trary to prevailing beliefs, the “average results” from
well-designed observational studies (with a cohort
or case—control design) did not systematically over-
estimate the magnitude of the associations between
exposure and outcome as compared with the results
of randomized, controlled trials of the same topic.
Rather, the summary results of randomized, con-
trolled trials and observational studies were remark-
ably similar for each clinical topic we examined (Ta-
ble 2). Viewed individually, the observational studies
had less variability in point estimates (i.c., less heter-
ogeneity of results) than randomized, controlled tri-
als on the same topic (Fig. 1). In fact, only among
randomized, controlled trials did some studies re-
port results in a direction opposite that of the pooled
point estimate, representing a paradoxical finding (e.g.,
treatment of hypertension was unexpectedly associ-
ated with higher rates of coronary heart disease in
several clinical trials).

Although the data we present are a challenge to
accepted beliefs, the findings are consistent with three
other types of available evidence. For example, pre-
vious investigations have shown that observational
cohort studies can produce results similar to those
of randomized, controlled trials when similar criteria
are used to select study subjects. In addition, data
from nonmedical research do not support a hierar-
chy of research designs. Finally, the finding that there
is substantial variation in the results of randomized,
controlled trials is consistent with prior evidence of
contradictory results among randomized, controlled
trials.

First, there is evidence that observational studies
can be designed with rigorous methods that mimic
those of clinical trials and that well-designed obser-
vational studies do not consistently overestimate the
effectiveness of therapeutic agents. An analysis'® of 18
randomized and observational studies in health-serv-
ices research found that treatment effects may differ
according to research design, but that “one method
does not give a consistently greater effect than the oth-
er.” The treatment effects were most similar when the
exclusion criteria were similar and when the prognos-
tic factors were accounted for in observational studies.

A specific method used to strengthen observation-
al studies (the “restricted cohort” design?) adapts prin-
ciples of the design of randomized, controlled trials
to the design of an observational study as follows: it
identifies a “zero time” for determining a patient’s
eligibility and base-line features, uses inclusion and
exclusion criteria similar to those of clinical trials,
adjusts for differences in base-line susceptibility to
the outcome, and uses statistical methods (e.g., in-
tention-to-treat analysis) similar to those of random-
ized, controlled trials. When these procedures were
used in a cohort study? evaluating the benefit of beta-
blockers after recovery from myocardial infarction,
the use of a restricted cohort produced results con-
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sistent with corresponding findings from the Beta-
Blocker Heart Attack Trial20: the three-year reduc-
tions in mortality were 33 percent and 28 percent,
respectively.

Second, data in the literature of other scientific
disciplines support our contention that research de-
sign should not be considered a rigid hierarchy. A
comprehensive review of research on various psycho-
logical, educational, and behavioral treatments?! iden-
tified 302 meta-analyses and examined the reports
on the basis of several features, including research de-
sign. Results were presented from the 74 meta-analy-
ses that included studies with randomized and ob-
servational designs. To allow for comparisons among
various topics with different outcome variables, ef-
fect size was used as a unit-free measure of the effect
of the intervention. The observational designs did not
consistently overestimate or underestimate the effect
of treatment; the mean value of the difference was a
trivial 0.05. Thus, these independent data do not sup-
port the contention that observational studies over-
estimate effects as compared with randomized, con-
trolled trials.

Third, a review of more than 200 randomized,
controlled trials on 36 clinical topics found numer-
ous examples of conflicting results.22 A more recent
example is offered by studies addressing whether ther-
apy with monoclonal antibodies improves outcomes
among patients with septic shock (reviewed by Horn?3
and Angus et al.24). In addition, one study?s found
that the results of meta-analyses based on random-
ized, controlled trials were often discordant with
those of large, simple trials on the same clinical top-
ic. Regardless of the reasons why randomized, con-
trolled trials produce heterogeneous results, the avail-
able evidence indicates that a single randomized trial
(or only one observational study) cannot be expect-
ed to provide a gold-standard result that applies to
all clinical situations.

One possible explanation for the finding that ob-
servational studies may be less prone to heterogene-
ity in results than randomized, controlled trials is
that each observational study is more likely to in-
clude a broad representation of the population at risk.
In addition, there is less opportunity for differences
in the management of subjects among observational
studies. For example, although there is general agree-
ment that physicians do not use therapeutic agents
in a uniform way, an observational study would usu-
ally include patients with coexisting illnesses and a
wide spectrum of disease severity, and treatment
would be tailored to the individual patient. In con-
trast, each randomized, controlled trial may have a
distinct group of patients as a result of specific inclu-
sion and exclusion criteria regarding coexisting ill-
nesses and severity of disease, and the experimental
protocol for therapy may not be representative of clin-
ical practice.

Downloaded from www.nejm.org on November 9, 2009

The relevance of our findings extends beyond their
implications for expert panels such as the U.S. Pre-
ventive Services Task Force.” A popular “users’ guide”
for clinicians26 warns that “the potential for bias is
much greater in cohort and case—control studies than
in randomized, controlled trials, [so that] recommen-
dations from overviews combining observational stud-
ies will be much weaker.” The studies cited to sup-
port that claim?72% (and similar claims??), however,
compare randomized, controlled trials with trials us-
ing historical controls, unblinded clinical trials, or
clinical trials without randomly assigned control sub-
jects — not with the types of cohort and case—con-
trol studies included in our investigation. Thus, data
based on “weaker” forms of observational studies
are often mistakenly used to criticize all observation-
al research.

We examined the possibility that the quality of in-
dividual studies could explain our findings. For ex-
ample, randomized, controlled trials that did not
satisfy criteria with respect to quality could be the
source of variability in point estimates, or the obser-
vational studies might be of uniformly high quality.
When standard assessments of quality were applied
to the studies, however, no association was found
between the number of criteria for high-quality re-
search that a study satisfied and the rank order of its
point estimate (data not shown). Thus, although qual-
ity scores have been used in some situations to sep-
arate high-quality from low-quality randomized, con-
trolled trials,® our results are consistent with other
studies3? that did not find an association between
summary measures of quality and treatment effects.
The issue of how to judge the validity of each study
(in terms of the methodologic aspects relevant to
each investigation) is beyond the scope of this re-
port. However, judging validity is often not as sim-
ple as identifying the type of research design or as-
sessing general characteristics of the study.:26

The meta-analyses of randomized, controlled tri-
als and observational studies that we evaluated in-
cluded single reports that combined the two types of
research design, as well as separate reports for each
category (Table 2). This mix of reports offers reas-
surance that our findings are not attributable to the
methods used in each meta-analysis. (The overall pau-
city of meta-analyses including both randomized,
controlled trials and observational studies of the same
research topic is consistent with our premise that
observational studies are not considered trustworthy
and that they are therefore not included in such in-
vestigations.) The validity of our analysis is also sup-
ported by another investigation comparing random-
ized, controlled trials and observational studies of
screening mammography that found results similar
to ours.3!

Despite the consistency of our results (involving
five clinical topics and 99 separate studies), as well
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as the confirmatory evidence available in the litera-
ture, we believe that the appropriate role of obser-
vational studies may vary in different situations. For
example, observational investigations of some kinds
of treatments (e.g., surgical operations and other in-
vasive therapies) may be more prone to selection
bias than the observational studies of drugs and
noninvasive tests that we examined in this study, and
“softer” outcomes (e.g., functional status) may be
more readily assessed in randomized, controlled tri-
als. In addition, we are aware of the risk that the re-
sults of poorly done observational studies may be
used inappropriately — for example,?? to promote
ineffective alternative therapies.

Randomized, controlled trials will (and should)
remain a prominent tool in clinical research, but the
results of a single randomized, controlled trial, or of
only one observational study, should be interpreted
cautiously. If a randomized, controlled trial is later
determined to have given wrong answers, evidence
both from other trials and from well-designed co-
hort or case—control studies can and should be used
to find the right answers. The popular belief that
only randomized, controlled trials produce trust-
worthy results and that all observational studies are
misleading does a disservice to patient care, clinical
investigation, and the education of health care pro-
fessionals.

Dr. Concato is the recipient of a Career Development Award from the
Veterans Affairs Health Services Research and Development Service.
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