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ABSTRACT

Background For many years it has been claimed
that observational studies find stronger treatment ef-
fects than randomized, controlled trials. We compared
the results of observational studies with those of ran-
domized, controlled trials.

Methods We searched the Abridged Index Medicus
and Cochrane data bases to identify observational
studies reported between 1985 and 1998 that com-
pared two or more treatments or interventions for
the same condition. We then searched the Medline
and Cochrane data bases to identify all the random-
ized, controlled trials and observational studies com-
paring the same treatments for these conditions. For
each treatment, the magnitudes of the effects in the
various observational studies were combined by the
Mantel-Haenszel or weighted analysis-of-variance
procedure and then compared with the combined
magnitude of the effects in the randomized, controlled
trials that evaluated the same treatment.

Results There were 136 reports about 19 diverse
treatments, such as calcium-channel-blocker therapy
for coronary artery disease, appendectomy, and inter-
ventions for subfertility. In most cases, the estimates
of the treatment effects from observational studies
and randomized, controlled trials were similar. In only
2 of the 19 analyses of treatment effects did the com-
bined magnitude of the effect in observational stud-
ies lie outside the 95 percent confidence interval for
the combined magnitude in the randomized, con-
trolled trials.

Conclusions We found little evidence that esti-
mates of treatment effects in observational studies
reported after 1984 are either consistently larger than
or qualitatively different from those obtained in ran-
domized, controlled trials. (N Engl J Med 2000;342:
1878-86.)
©2000, Massachusetts Medical Society.

BSERVATIONAL studies have several ad-
vantages over randomized, controlled tri-
als, including lower cost, greater timeliness,
and a broader range of patients.! Concern
about inherent bias in these studies, however, has lim-
ited their use in comparing treatments.2? Observa-
tional studies are used primarily to identify risk fac-
tors and prognostic indicators and in situations in
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which randomized, controlled trials would be impos-
sible or unethical.#

The empirical assessment of observational studies
rests largely on a number of influential comparative
studies from the 1970s and 1980s.59 These studies
suggested that observational studies inflate positive
treatment eftects, as compared with randomized, con-
trolled trials. In one major study, Chalmers et al.¢
showed that 56 percent of nonrandomized trials yield-
ed favorable treatment effects, as compared with 30
percent of blinded, randomized, controlled trials.
Three other studies had similar results.” According to
many experts, these results mean that observational
studies should not be used for defining evidence-
based medical care: “If you find that [a] study was
not randomized, we’d suggest that you stop reading
it and go on to the next article.”10

Evaluations of observational studies have primarily
included studies from the 1960s and 1970s. We eval-
uated observational studies reported between 1985
and 1998, studies which may be methodologically
superior to earlier studies. Possible methodologic im-
provements include a more sophisticated choice of
data sets and better statistical methods. Newer meth-
ods may have eliminated some systematic bias.

METHODS
Search for Observational Studies

Observational studies were found by systematically searching
Medline and the Cochrane Database of Systematic Reviews for
studies reported from 1985 through 1998. Although Medline is
now indexed for highly sensitive searches for randomized, con-
trolled trials, “observational studies” is not an indexable concept
in Medline, and there is no search term for observational studies
(Wright N, National Library of Medicine: personal communica-
tion). Therefore, we used a text-word strategy to search for “ob-
servational,” “cohort,” “retrospective,” “cross-sectional,” and “non-
randomized.” We limited the search to journals in the Abridged
Index Medicus, which indexes the 120 most widely read, presti-
gious clinical journals. To restrict the search to studies comparing
treatments, we added the Medline tag “comparative study/,” de-
fined as a comparison of any two or more concepts from any Med-
ical Subject Heading category.

This strategy identified 3868 articles. We reviewed the abstracts
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of these articles and selected only those that met four criteria.
First, the study was not experimental — that is, treatments were
not assigned for purposes of research. Second, the study assessed
the difference between two treatments or between one treatment
and no treatment. Third, the treatments were implemented by phy-
sicians. Studies of diet, exercise, lifestyle changes, or nonprescrip-
tion medication were not included, since the type of bias in these
studies differs from the type of bias in studies of physician-imple-
mented treatment. Fourth, the study included a control group.

Search for Related Studies

When an article that met all four criteria was identified, we
searched the entire Medline data base from 1966 to 1998 for all
corresponding randomized, controlled trials and observational
studies — that is, those that compared the same two treatments
(or the same treatment and no treatment), used the same outcome
measure, and used the same inclusion criteria for patients. We in-
cluded a few studies that did not have the same inclusion criteria or
follow-up times as the observational studies; these studies are not-
ed in the Results.

The Cochrane Database was searched by the same strategy
used with Medline. This data base is a continuously updated se-
ries of reviews by members of the Cochrane Collaboration, an in-
ternational organization that collects research information on the
effects of health care interventions.!! Search of the Cochrane Da-
tabase found three additional treatments for which there were
both observational studies and randomized, controlled trials.

Additional articles were found by searching the reference lists
of the reviewed articles and by searching for pseudo-randomized
studies with the Medical Subject Heading “controlled clinical trial.”
Pseudo-randomized studies are controlled trials that assign treat-
ments in a nonrandomized way, such as by giving the same treat-
ment to every other admitted patient.!2 The results of the pseudo-
randomized trials are reported separately from the results of both
the observational studies and the randomized, controlled trials.

No ideal criteria were available to evaluate the sensitivity of our
search strategy. However, the United Kingdom Health Technology
Assessment Group recently completed a systematic review of 22
treatments that were the subject of both randomized, controlled
trials and observational studies.!3 For an estimate of the sensitivity
of our search strategy, we compared our search results with theirs.

Statistical Analysis

We compared the magnitudes of the effects of treatment on
principal outcomes in observational studies and randomized, con-
trolled trials. We used the Cochrane Collaboration’s RevMan and
MetaView software (version 3.1) to combine the magnitudes of the
effects of a treatment in corresponding studies that had the same
design. For binary outcomes, we used the Mantel-Haenszel meth-
od for estimating the overall odds ratios. For continuous outcome
measures, we used a fixed-effects, weighted analysis-of-variance
model, with the inverse of the variance of the magnitude of the
effect as the weighting factor. The use of fixed-effects models ex-
aggerates differences between the results of observational studies
and randomized, controlled trials if the actual treatment effects
vary among study populations.

Five studies included in our analysis did not report a confidence
interval for the magnitude of the effect. For three of these studies,
we estimated the confidence interval from the magnitude of the
effect and the P value. Our procedure was as follows: we trans-
formed the magnitude of the effect into a statistic with an approx-
imately normal distribution (e.g., the log of the odds ratio); we
transformed the P value into a normal test statistic; we used the
transformed magnitude of the effect and the P value to compute
the standard error of the transformed magnitude of the effect; we
used this information to create a 95 percent confidence interval
for the transformed magnitude of the effect; and we used this con-
fidence interval to create a confidence interval for the untrans-
formed magnitude of the effect. Although these confidence inter-
vals may not be identical to those that could be computed by

other means, they should provide a qualitative indication of the
degree of precision with which the magnitude of the effect was
estimated.

RESULTS

We found 19 treatment comparisons that were the
subject of at least one observational study and at least
one randomized, controlled trial. There were 53 ob-
servational studies and 83 randomized, controlled
trials. Two additional studies of these treatments were
pseudo-randomized.

Our search identified the studies for 13 of the 22
treatment comparisons identified by the United King-
dom Health Technology Assessment Group. Among
the other nine treatment comparisons, four had not
been the subject of an observational study in a journal
listed in the Abridged Index Medicus, two had not
been the subject of both a randomized, controlled
trial and an observational study, one had not been
the subject of an observational study after 1984, one
was not a medical treatment, and one had not been
the subject of a study indexed under the Medical Sub-
ject Heading “comparative study/.”

In the selection of corresponding studies, there may
have been differences in how some of the treatments
were administered (e.g., evaluations by geriatric assess-
ment units) or in how some of the outcomes were
assessed (e.g., the incidence of infection, recurrent
dysphagia, or retinopathy). Both follow-up times and
inclusion criteria were identical for 15 of the 19 treat-
ment comparisons. The results for treatments with
fewer than five observational studies or five random-
ized, controlled trials are summarized in Figures 1 and
2. Results for treatments with more studies are shown
in subsequent figures.

Figure 1 summarizes the results of observational
studies and corresponding randomized, controlled tri-
als for seven cardiologic treatments. The differences in
design between the two types of study were as fol-
lows: the dose of nifedipine in the observational study
was 30 to 60 mg, as compared with 30 to 50 mg in
the randomized, controlled trials. The inclusion crite-
ria and follow-up times varied among the randomized,
controlled trials of nifedipine. For the observation-
al study comparing coronary-artery bypass grafting
(CABG) with percutaneous transluminal coronary an-
gioplasty (PTCA), low risk was defined by a propri-
etary Medisgroups scale.4!

The observational results fell within the confidence
intervals of the randomized, controlled trials in ev-
ery area except for the comparison of CABG with
PTCA in patients at low risk. All of the other odds
ratios were similar with the two study designs, ex-
cept for the comparison of CABG and PTCA in di-
abetic patients. The confidence intervals of the ob-
servational studies were slightly narrower than those
of the randomized, controlled trials.

Figure 2 summarizes the results of observational
studies and randomized, controlled trials of 11 non-
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Treatment Evaluated

Nifedipine vs. control in
patients with CAD*
Observational (30-60 mg)
Randomized, controlled
(30-50 mg)

CABG vs. PTCA in diabetic
patients*
Observational
Randomized, controlled

CABG vs. PTCA in patients at
high risk*
Observational
Randomized, controlled

CABG vs. PTCA in patients at
low risk*
Observational
Randomized, controlled

CABG vs. medical treatment
in CASS patients
Observational
Randomized, controlled

CABG vs. medical treatment
in Duke study patientst
Observational
Randomized, controlled

Beta-blockers vs. controlt
Observational
Randomized, controlled

Outcome

Mortality

Mortality

Mortality

Mortality

Mortality

Mortality

Mortality

OR and 95% ClI
0.10 1.00 10.00

First treatment Second treatment
better better

[
rén

Figure 1. Results of Observational Studies and Randomized, Controlled Trials of Cardiologic Treat-

ments.

The figure is based on data from eight articles.’320 Some articles contain data from more than one
study. OR denotes odds ratio, Cl confidence interval, CAD coronary artery disease, CABG coronary-
artery bypass graft surgery, PTCA percutaneous transluminal coronary angioplasty, CASS Coronary
Artery Surgery Study, and Duke the Duke University Cardiovascular Disease Databank. Asterisks indi-
cate studies that reported relative risks rather than odds ratios. Daggers indicate studies that reported
neither a confidence interval nor a P value for the odds ratio.

cardiologic treatments. For the insulin studies, there
was variation in inclusion criteria, and the follow-up
times varied from 3 to 7.5 years. The results of all the
observational studies fell within the confidence inter-
vals of the randomized, controlled trials, except for
the comparison of pneumatic retinopexy with scleral
buckling. The results of the two types of study also
differed qualitatively for three other treatments, al-
though these differences are difficult to interpret be-
cause of the wide confidence intervals.

In one pseudo-randomized trial comparing water-
soluble with oil-soluble contrast medium for flushing
of ovarian tubes, the odds ratio for pregnancy was
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2.00, as compared with 1.92 for both the random-
ized, controlled trials and the observational studies.+?
In one pseudo-randomized trial comparing geriatric
assessment units and medical wards, the odds ratio
for death was 0.51, as compared with 0.69 for the
one observational study and 0.65 for the random-
ized, controlled trials.*2

Figure 3 shows the results of studies of the effects
of only one treatment, hormone-replacement thera-
py, on lumbar bone mineral density after one to two
years of treatment. The inclusion criteria for the two
types of study were identical, except for one ran-
domized, controlled trial that included only women
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Treatment Evaluated Outcome OR and 95% CI

0.10 1.00 10.00

First treatment Second treatment
better better

Endarterectomy: local vs. Stroke or
general anesthesia death

Observational ——

Randomized, controlled —

Geriatric unit vs. medical Mortality
ward

Observational ——

Randomized, controlled o

Pneumatic retinopexy vs. Visual acuity
scleral buckling <20/50
Observational ——
Randomized, controlled ——

Intensive insulin vs. Retinopathy
conventional insulin
Observational ——
Randomized, controlled —e—

Lithotripsy vs. nephro- Residual
lithotomy stones

Observational —e—
Randomized, controlled ®

Laser vs. electrosurgical Pregnancy
salpingostomy

Observational —T——

Randomized, controlled ———

Chorionic-villus sampling vs. Fetal
early amniocentesis survival
Observational ——
Randomized, controlled T——

Breast-cancer chemotherapy Late
+ surgery vs. surgery* leukemia
Observational
Randomized, controlled

H

Adenoidectomy vs. no Recurrent
adenoidectomy for otitis otitis
media

Observational ————
Randomized, controlled ———

Eder—Puestow vs. balloon Recurrent

dilation dysphagia
Observational r °

Randomized, controlled r ® 1

Water-soluble vs. oil-soluble  Pregnancy
ovarian tubal flushing
medium
Observational o
Randomized, controlled —e—

Figure 2. Results of Observational Studies and Randomized, Controlled Trials of Noncardiologic Treat-
ments.

The figure is based on data from 20 articles.24 Some articles contain data from more than one study.
OR denotes odds ratio, and Cl confidence interval. The asterisk indicates a study that reported relative
risks rather than odds ratios.
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Lufkin (1992) " .
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trials combined

Figure 3. Percent Change in Lumbar Bone Density in Post-
menopausal Women Given One to Two Years of Hormone-
Replacement Therapy as Compared with Controls.

The figure is based on data from 15 articles.43*57 Cl denotes con-
fidence interval.

with osteoporosis. The randomized, controlled trials
of this treatment, particularly the later studies, had
larger samples and narrower confidence intervals. The
combined result of the observational studies lay just
below the lower bound of the confidence interval of
the combined randomized, controlled trials, although
the results were qualitatively very similar.

Figure 4 shows the results of studies evaluating the
use of calcium-channel blockers in patients receiving
kidney allografts. There were some differences in fol-
low-up times among these studies: the follow-up time
in the Morales study was only 30 days, and the fol-
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OR and 95% CI
0.10 1.00 10.00

Observational Calcium-channel Calcium-channel

Studies blockers better  blockers worse
Solez (1988) —e—
Ferguson (1990) ———
Palmer (1991) T °
Puig (1991) ——
Nicholson (1993) ——
Observational studies HEH

combined
Randomized,
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Frei (1987) —T——
Guerin (1989) r . 1
Morales (1990)

Dawidson (1991) 3

Oppenheimer (1992) r .

Wahlberg (1992) * .

Ladefoged (1993) " >

Pirsch (1993) " - 1

Harper (1996) r S

Randomized, controlled ——
trials combined

Figure 4. Odds Ratio for Graft Survival after Kidney Transplan-
tation in Patients Receiving Calcium-Channel Blockers as Com-
pared with Controls.

The figure is based on data from six articles.?6 The nine ran-
domized, controlled trials were analyzed by Ladefoged and
Andersen.s® OR denotes odds ratio, and Cl confidence interval.

low-up time in the Wahlberg and Ladefoged studies
was 3 months.%3 All other follow-up times were be-
tween six months and two years. There were also
differences in the immunosuppressive regimens ad-
ministered. The individual studies did not detect a sig-
nificant effect of calcium-channel blockers, although
the meta-analysis did. The overall results were almost
identical with the two study designs.

Figure 5 shows the results of studies comparing
laparoscopic with open appendectomy. This analysis
involved 24 studies, the greatest number of individ-
ual studies for any comparison. Few of the individual
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OR and 95% CI
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Figure 5. Odds Ratio for Infection after Laparoscopic as Com-
pared with Open Appendectomy.

The figure is based on data from nine articles.t472 The 16 ran-
domized, controlled trials were analyzed by Golub et al.”2 Trials
that reported rates of all complications rather than rates of in-
fection have been excluded. OR denotes odds ratio, and Cl con-
fidence interval.

studies demonstrated a significant benefit of laparo-
scopic appendectomy. However, the meta-analysis did
detect a benefit, which was of the same magnitude
in observational studies and randomized, controlled
trials.

In general, for any specific treatment, the obser-
vational studies were conducted before the results of
the randomized, controlled trials became available.
However, in some cases the observational studies
were conducted after the randomized, controlled tri-
als. Reasons given for conducting later observational

studies included a lack of long-term safety data,!44¢
concurrent collection of the observational data from
patients who declined to be included in a random-
ized, controlled trial 173839 and evaluation of the gen-
eralizability of the results of the randomized, con-
trolled trial in a wider population.1

DISCUSSION

In this study we compared the results of observa-
tional studies and randomized, controlled trials. We
found 136 articles in 19 treatment areas. All but six
of these articles were published between 1985 and
1998. The estimates of the effects of treatment in
observational studies and in randomized, controlled
trials were similar in most areas, and for only 2 of the
19 treatments did the magnitude of the effect in the
combined observational studies lie outside the 95
percent confidence interval for the combined ran-
domized, controlled trials. For most treatments, how-
ever, there were insufficient data to exclude the pos-
sibility of clinically important differences between the
results of the two types of study.

The small number of suitable articles we found may
be due partly to limitations of computerized search-
es for reports of observational studies and partly to
the paucity of treatments that have been evaluated by
both randomized, controlled trials and observation-
al studies. Our results may not apply to other treat-
ments. However, because the treatments evaluated
were diverse, it is likely that randomized, controlled
trials and observational studies (at least those report-
ed since 1985 in journals listed in the Abridged In-
dex Medicus) often produce similar results.

There were discrepancies between the confidence
intervals of the observational study and the random-
ized, controlled trial that compared CABG with
PTCA for patients at low risk. The mortality rates
were similar for the two treatments in the randomized,
controlled trial, but in the observational study the
mortality rates were higher for the patients undergo-
ing CABG, particularly during the first 60 days after
surgery.”3 In the randomized, controlled trial, patients
at low risk undergoing CABG had very low early mor-
tality. This mortality rate may not be representative
of the mortality rate associated with CABG in most
community hospitals.”*

The greatest statistical discrepancy between the re-
sults of the two types of study was for studies com-
paring pneumatic retinopexy with scleral buckling
for the treatment of retinal detachment. The obser-
vational studies and the randomized, controlled trial
both found that the two procedures were associated
with similar final rates of reattachment after reoper-
ation and similar rates of postoperative proliferative
vitreoretinopathy.2+26 However, the randomized, con-
trolled trial, but not the observational studies, found
that the two procedures were associated with similar
rates of reattachment after the first operation and
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that pneumatic retinopexy had a better visual outcome
than scleral buckling. The results for patients under-
going scleral buckling were similar for the two study
designs. One possible explanation for these results is
that the patients undergoing retinopexy in the ob-
servational studies were at higher risk than those un-
dergoing scleral buckling. A more likely explanation,
however, is that the outcome of retinopexy was un-
usually good in the randomized, controlled trial.

We did not select articles to reduce the heteroge-
neity of the results or to ensure high quality (except
that articles from journals listed in the Abridged In-
dex Medicus were included in every treatment com-
parison). The choice of selection criteria was subjec-
tive and may have affected the results.”> On the other
hand, our results may have been influenced by the
inclusion of flawed studies.

Our finding that observational studies and ran-
domized, controlled trials usually produce similar re-
sults differs from the conclusions of previous authors.
A study in 1977 reviewed the evidence of the effec-
tiveness of anticoagulants in the treatment of acute
myocardial infarction, using eight observational stud-
ies and six randomized, controlled trials.5 The differ-
ences in mortality rates between control and treat-
ment groups were larger in the observational studies
than in the randomized, controlled trials. The ob-
servational studies reviewed were published before
1975, and the authors did not use current meta-ana-
lytic techniques for pooling data. The results of the
comparison might have differed if current methods
had been used to combine the results of several trials.

Some of the same authors later reviewed 160 stud-
ies that evaluated six cardiology treatments.6 They
found that the reported outcomes were better for
the treatment group than the controls in 60 percent
of randomized, controlled trials and 93 percent of
observational studies. As pointed out at the time,
however, most of their studies of beta-blockers were
randomized, controlled trials, whereas most of their
studies evaluating treatment in coronary care units
were observational.”® The greater treatment effects
in the observational studies might be explained by the
greater effectiveness of treatment in coronary care
units than of treatment with beta-blockers.

Three other studies commonly cited to show the
inadequacy of observational data,”? as well as one that
found no bias in observational data,’” also compared
observational studies and randomized, controlled tri-
als that evaluated different treatments. As compared
with these previous studies, our study has the advan-
tage that the comparisons were stratified according to
treatment. In addition, the studies that we reviewed
were more recent and therefore may have used bet-
ter methods than those in the earlier reviews.

A recent investigation to compare observational
studies and randomized, controlled trials was per-
formed by the United Kingdom Health Technology
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Assessment Group.'* They found eight treatments,
not evaluated by us, that were the subject of a ran-
domized, controlled trial and of an observational
study with a control group. In seven of these there
were no differences between the results of the obser-
vational studies and the results of the randomized,
controlled trials, and in the other the effect was great-
er in the observational studies. For the last treatment
comparison (cost savings associated with hospice
care),’8 the length of time in the hospice differed be-
tween the two types of studies. The study by the Unit-
ed Kingdom Health Technology Assessment Group
concluded that there were no systematic biases in
observational studies.

Although observational studies may generally give
valid results, there are known limitations. In partic-
ular, as found by Green and Byar,”® observational stud-
ies cannot be used to evaluate treatments that physi-
cians routinely select for the sickest patients. On the
basis of our findings, this misuse of observational
studies does not often occur in the recent literature
listed in the Abridged Index Medicus.

The fundamental criticism of observational stud-
ies is that unrecognized confounding factors may
distort the results. According to the conventional wis-
dom, this distortion is sufficiently common and un-
predictable that observational studies are not reliable
and should not be funded. Our results suggest that
observational studies usually do provide valid infor-
mation. They could be used to exploit the many re-
cently developed, clinically rich data bases. Only with
a greater willingness to analyze these data bases is it
possible to achieve a realistic understanding of how
observational studies can best be used.
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