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BSTRACT

 

Background

 

Meta-analyses are now widely used
to provide evidence to support clinical strategies.
However, large randomized, controlled trials are con-
sidered the gold standard in evaluating the efficacy
of clinical interventions.

 

Methods

 

We compared the results of large ran-
domized, controlled trials (involving 1000 patients or
more) that were published in four journals (the 

 

New
England Journal of Medicine,

 

 the 

 

Lancet,

 

 the 

 

Annals
of Internal Medicine,

 

 and the 

 

Journal of the Ameri-
can Medical Association

 

) with the results of meta-
analyses published earlier on the same topics. Re-
garding the principal and secondary outcomes, we
judged whether the findings of the randomized trials
agreed with those of the corresponding meta-analy-
ses, and we determined whether the study results
were positive (indicating that treatment improved
the outcome) or negative (indicating that the out-
come with treatment was the same or worse than
without it) at the conventional level of statistical sig-
nificance (P

 

�

 

0.05).

 

Results

 

We identified 12 large randomized, con-
trolled trials and 19 meta-analyses addressing the
same questions. For a total of 40 primary and second-
ary outcomes, agreement between the meta-analyses
and the large clinical trials was only fair (kappa

 

�

 

0.35;
95 percent confidence interval, 0.06 to 0.64). The pos-
itive predictive value of the meta-analyses was 68
percent, and the negative predictive value 67 per-
cent. However, the difference in point estimates be-
tween the randomized trials and the meta-analyses
was statistically significant for only 5 of the 40 com-
parisons (12 percent). Furthermore, in each case of
disagreement a statistically significant effect of treat-
ment was found by one method, whereas no statis-
tically significant effect was found by the other.

 

Conclusions

 

The outcomes of the 12 large ran-
domized, controlled trials that we studied were not
predicted accurately 35 percent of the time by the
meta-analyses published previously on the same
topics. (N Engl J Med 1997;337:536-42.)
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ARGE randomized, controlled trials are gen-
erally considered the gold standard in eval-
uations of the efficacy of clinical interven-
tions. However, since such trials are not

always available, clinicians increasingly rely on meta-
analysis to support their choice of clinical strategies.
Critics have emphasized the intrinsic weaknesses of
meta-analysis.

 

1-5

 

 Pooled results incorporate the bias-
es of individual studies and embody new sources of
bias, mostly because of the selection of studies and
the inevitable heterogeneity among them.

Although much has been said about the strengths
and weaknesses of meta-analysis, there are limited
data systematically comparing the results of meta-
analyses of several small trials with those of large
randomized, controlled trials. Villar et al.

 

6

 

 reviewed
30 meta-analyses of various interventions in perina-
tal medicine from the Cochrane data base. They re-
calculated the results of each meta-analysis after re-
moving the largest trial from the analysis and then
compared the results with those of the large trial
that had been removed. They found a kappa of 0.46
to 0.53 and a positive predictive value of 50 to 67
percent. We compared the results of a series of sys-
tematically compiled large randomized, controlled
trials with those of the relevant meta-analyses that
had been published previously.

 

METHODS

 

Data Base

 

We searched the 

 

New England Journal of Medicine,

 

 the 

 

Lancet,

 

the 

 

Annals of Internal Medicine, 

 

and the 

 

Journal of the American
Medical Association

 

 and retrieved all large randomized, controlled
trials (those in which 1000 patients or more were studied) that
were published between January 1, 1991, and December 31,
1994. All the trials had to have adequate statistical power to de-
tect the desired benefit specified by the authors. Adequate power
was defined on the basis of the a priori calculations of power re-
ported by the authors in the Methods sections of their articles.

L
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We then searched for meta-analyses of similar topics that had
been published before the large randomized, controlled trial. Our
search included the references listed in the randomized trials and
computerized searches of Medline without language restrictions.
We then compared each trial with the set of meta-analyses corre-
sponding to it and selected only those meta-analyses that coincid-
ed with the trial with regard to the similarity of the populations
studied, the therapeutic intervention, and at least one outcome.
We studied the principal and secondary outcomes.

For each outcome that was studied in both the large random-
ized, controlled trial and the meta-analysis, we determined wheth-
er the results were positive (indicating that treatment resulted in
a better outcome) or negative (indicating that treatment resulted
in an equal or worse outcome) at the conventional level of statis-
tical significance (P

 

�

 

0.05). Two investigators working independ-
ently of each other reviewed each trial and its corresponding
meta-analyses. Discrepancies were resolved by consensus, with the
help of a third investigator. To quantify the effect of interobserver
variation, we performed a sensitivity analysis; the statistical calcu-
lations were performed with the data obtained by consensus and
were repeated with the data that corresponded to the opinion of
the dissenting investigator.

 

Statistical Analysis

 

Two-by-two tables were used to calculate the degree of agree-
ment between the large randomized, controlled trial and its asso-
ciated meta-analysis as expressed by the kappa statistic and its 95
percent confidence interval, as well as the sensitivity, specificity,
positive predictive value, and negative predictive value. The point
estimates in each pair were compared by using a test statistic con-
structed as the difference in the proportions or means divided by
the square root of the sum of the variances.

The odds ratios of the randomized, controlled trial and the
meta-analysis were represented graphically. When the result of the
meta-analysis was not presented as an odds ratio for a dichoto-
mous outcome, we computed the odds ratio and its 95 percent
confidence interval by the fixed-effects Mantel–Haenszel meth-
od.

 

7

 

 When no odds ratio could be computed for a meta-analysis
that represented the size of the treatment effect, we transformed
the odds ratio in the corresponding randomized, controlled trial
into an effect size by treating the proportion for each group as
the mean of a distribution of 0’s and 1’s.

 

8

 

 These transformations
were made only to permit graphic representation and did not af-
fect the P values reported in the corresponding papers. Figure 1
shows the odds ratios computed by the fixed-effects method, and
Figure 2 shows the effect sizes obtained by transformation of the
odds ratios. P values of less than 0.05 were considered to indicate
statistical significance. All the calculations and statistical tests were
done with the SAS statistical package (SAS Institute, Cary, N.C.).

 

RESULTS

 

We identified 12 large randomized, controlled tri-
als to which 19 meta-analyses corresponded in terms
of the populations studied, the therapeutic interven-
tions, and at least one outcome. Since both the pri-
mary and the secondary outcomes were considered,
a total of 40 outcomes coincided and were included
in the analysis.

Table 1 shows the data on which we based our
evaluation of the performance of meta-analysis as a
predictor of the results of subsequent large random-
ized, controlled trials. The meta-analysis occupied
the role usually assigned to a diagnostic test being
assessed, whereas the trial was considered the gold
standard. Table 2 shows the results in terms of sen-
sitivity, specificity, and negative and positive predic-

tive values. The results for the consensus opinion are
all in a range of values (65 to 70 percent) that cor-
responds to the values usually obtained in average
diagnostic tests. The kappa statistic, which measures
agreement beyond that due to chance alone, was
0.35 (95 percent confidence interval, 0.06 to 0.64).
Kappa values at or below 0.40 are considered to rep-
resent fair-to-slight agreement. Table 2 also shows
the results of the sensitivity analysis, which compares
the results obtained when the calculations were made
on the basis of the consensus between investigators
with those obtained when the calculations were based
on the dissenting investigator’s opinion.

Figures 1 and 2 show the results graphically and
include the most pertinent information about each
cluster of comparisons. They show that independ-
ently of their statistical significance, the point esti-
mates were on the same side of 1.0 in Figure 1 and
on the same side of 0 in Figure 2 in 32 of the 40
comparisons (80 percent). No situation was found in
which the point estimates were both statistically sig-
nificant and on opposite sides of 1.0 or 0. All the dis-
agreements thus occurred because one result showed
a statistically significant treatment effect, whereas the
other indicated that such an effect was lacking. There
was a statistically significant difference between the
randomized clinical trial and the meta-analysis in 5 of
the 40 comparisons (12 percent).

Five positive outcomes from four meta-analy-
ses

 

10,28,31,37

 

 that used fixed-effects models were fol-
lowed by negative randomized clinical trials. We had
the information needed to redo the statistical analy-
ses with random-effects models for four of these
outcomes,

 

10,28,31

 

 and the results in all four remained
statistically significant.

We found very good agreement between the meta-
analysis and the randomized clinical trial with regard
to the following six clinical matters: the effect of
magnesium on overall mortality in patients with my-
ocardial infarction,

 

12,13

 

 the effect of treatment for hy-
percholesterolemia on coronary events and mortality
from cardiovascular causes among patients with cor-
onary heart disease,

 

14-16

 

 the effect of vitamin A sup-
plementation on mortality from all causes and mor-
tality from diarrhea among children in developing
countries,

 

18-20

 

 the effect of angiotensin-converting–
enzyme inhibitors on the mortality of patients with
congestive heart failure,

 

21,22

 

 the effect of adjuvant
therapy on disease-free survival in patients with breast
cancer,

 

32,33

 

 and the value of multiple interventions as
compared with single interventions in smoking ces-
sation.

 

38,39

 

Considerable divergence was evident in several oth-
er cases. With regard to the effects of late thrombol-
ysis (thrombolysis performed at least six hours after
the first symptoms of myocardial infarction)

 

9-11

 

 and
nitroglycerin on mortality in patients with myocar-
dial infarction, the meta-analyses were positive, where-
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0.5 1.0 1.5

Treatment WorseTreatment Better

CONDITION, TREATMENT OR INTERVENTION, AND STUDY

Acute myocardial infarction treated with
       late streptokinase
Treated after 6 to 12 hr
   EMERAS9 (n = 4534; 1988–91; pub’d 1993)
   Yusuf et al.10 (n = 699; 1971–77; pub’d 1985)
Treated after 13 to 24 hr
   EMERAS9 
   Yusuf et al.10 
Treated after 7 to 24 hr
   EMERAS9 
   Yusuf et al.10

   Yusuf et al.11 (n = 9871; 1985 – 88; pub’d 1990)
Acute myocardial infarction treated with magnesium
Woods et al.12 (n = 2316; 1987–92; pub’d 1992)
Teo et al.13 (n = 1301; 1981–90; pub’d 1991)
Woods et al.12

Teo et al.13

Coronary heart disease, hypercholesterolemia treated
       with drugs
4S study14 (n = 4444; 1988–89; pub’d 1994)
Law et al.15 (n = 8275; 1968 –93; pub’d 1994)
4S study14

Rossouw et al.16 (n = 7837; 1965 – 88; pub’d 1990)
Ravnskov17 (n = 10,890; 1961– 87; pub’d 1992)
4S study14

Rossouw et al.16

Ravnskov17

4S study14

Rossouw et al.16

4S study14

Rossouw et al.16

Children, community members treated with vitamin A
Ghana VAST18 (n = 21,906; 1989–91; pub’d 1993)
Glasziou and Mackerras19 (n = 86,803; 1988 –92;
      pub’d 1993)
Fawzi et al.20 (n = 135,609; 1986 –92; pub’d 1993)
Ghana VAST18

Glasziou and Mackerras19

Fawzi et al.20

Ghana VAST18

Glasziou and Mackerras19

Fawzi et al.20

Congestive heart failure treated with ACE inhibitors
AIRE21 (n = 2006; 1991–92; pub’d 1993)
Furberg and Yusuf 22 (n = 1124; 1983– 88; pub’d 1988)
Major abdominal surgery treated with low-molecular-
       weight heparin
Kakkar et al.23 (n = 3809; dates NS; pub’d 1993)
Nurmohamed et al.24 (n = 2264; 1984–91; pub’d 1992)
Leizorovicz et al.25 (n = 9683; 1964–91; pub’d 1992)
Lassen et al.26 (n = 5424; 1984– 89; pub’d 1991)
Kakkar et al.23

Nurmohamed et al.24

Leizorovicz et al.25

Kakkar et al.23

Nurmohamed et al.24

Leizorovicz et al.25

Kakkar et al.23

Leizorovicz et al.25

Women at risk for preeclampsia or fetal intrauterine
       growth retardation treated with low-dose aspirin
CLASP27 (n = 9364; 1988–92; pub’d 1994)
Imperiale and Petrulis 

28 (n = 394; 1989 –90; pub’d 1991)
CLASP27

Imperiale and Petrulis 
28

Congestive heart failure treated with ACE inhibitors
SOLVD29 (n = 2569; 1986–89; pub’d 1991)
Furberg and Yusuf 22

Acute myocardial infarction treated with nitroglycerin
GISSI-330 (n = 43,047; 1991–93; pub’d 1994)
Yusuf et al.31 (n = 851; 1979 – 85; pub’d 1988)
Breast cancer treated with adjuvant drugs at various
       dose intensities
Wood et al.32 (n = 1572; 1985–NS; pub’d 1994)
Hryniuk and Levine 

33 (n = 6106; 1979 – 85; pub’d 1986)

Deep venous 
   thrombosis

Pulmonary 
   embolism

Major bleeding

Perinatal mortality

Mortality

Mortality

Disease-free
   survival

Perioperative
   mortality

Intrauterine
   growth retardation

Mortality

OUTCOME EXAMINED ODDS RATIO (95% CONFIDENCE INTERVAL) 

Mortality

Mortality

Mortality

Cardiac failure

Coronary events

Coronary deaths

Cardiovascular
   mortality

Noncardiovascular
   mortality

Mortality

Mortality
   from diarrhea

Mortality from
   lower respiratory
   infection

Mortality from 
   all causes

Mortality from
   all causes

Randomized,
controlled trial

Meta-analysis
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as the results of the subsequent large randomized,
controlled trials were on the positive side of 1.0 but
were not statistically significant. In these instances
statistical power could not have been the issue, be-
cause the randomized, controlled trials included
more patients than the meta-analyses. With regard to
the question of preventing intrauterine growth retar-
dation with low-dose aspirin in women at risk of pre-
eclampsia, a clearly positive meta-analysis

 

28

 

 with only
394 patients was followed by a very large random-
ized, controlled trial with 9364 patients that had
negative results.

 

27

 

 Despite a negative meta-analysis,

 

35

 

a large randomized, controlled trial

 

34

 

 showed that
sodium reduction decreases diastolic blood pressure,
whereas in the case of calcium supplementation the
reverse occurred.

 

34,37

 

Since the decision to conduct a large randomized,
controlled trial could have been made when clini-
cians and researchers saw a meta-analysis as incon-
clusive, we examined whether the meta-analysis had
already been published at the time the first patient
was randomized in the corresponding clinical trial.
Four of the 12 trials

 

9,21,30,38

 

 had evidently been start-
ed and most probably designed after the publication
of the corresponding meta-analysis. Of these four
trials, two

 

9,30

 

 (evaluating the merits of thrombolysis
and treatment with nitroglycerin) had results that
diverged from those of the meta-analysis — that is,
a negative randomized, controlled trial did not con-
firm the findings of a positive meta-analysis.

 

DISCUSSION

 

Few will disagree with the use of the large ran-
domized, controlled trial as the gold standard in the
evaluation of the efficacy of therapeutic interven-
tions. All the meta-analyses except one that were
found by our process of systematic research had
been published in major peer-reviewed journals,
where they were in a position to influence clinical
practice.

The strategy we used to decide whether a given
meta-analysis corresponded to a specific random-
ized, controlled trial raises certain methodologic is-
sues. For the studies to qualify, the population stud-
ied, the therapeutic intervention, and at least one
outcome had to be similar. In some cases, such sim-
ilarity could involve judgment and thus be subject
to variation between observers. By having two inves-
tigators decide independently on the appropriate-
ness of each match, we could quantify the variation
and adjust for it. The sensitivity analysis (Table 2)
shows that our findings were essentially the same
both when the calculations were based on consensus
and when they were based on the opinion of the dis-
senting investigator. Another methodologic issue is
raised by the dichotomous classification of the re-
sults as positive or negative. The reason for choosing
this approach was that the outcome of interest was
whether the results of the meta-analysis should be
applied to clinical practice. Clinical decisions tend
to be dichotomous in that a treatment is said either
to work and be recommended or not to work and
not to be recommended.

According to our analysis, if there had been no
subsequent randomized, controlled trial, the meta-
analysis would have led to the adoption of an inef-
fective treatment in 32 percent of cases (100 percent
minus the positive predictive value) and to the rejec-
tion of a useful treatment in 33 percent of cases
(100 percent minus the negative predictive value). It
is important to recognize that these measures of dis-
agreement, which are constructed from the perspec-
tive of medical decision making, tend to overstate
the degree of statistical discrepancy. This is evident
from the fact that in no case was there a divergence
in which the randomized clinical trial and the meta-
analysis gave statistically significant and opposite an-
swers. Furthermore, wherever the point estimates
were located in relation to the “no difference” line,
the difference in results between the meta-analysis
and the randomized, controlled trial was statistically
significant for only 5 of the 40 comparisons (12 per-
cent); this does not appear to be a large percentage,
since a divergence in 5 percent of cases would be ex-
pected on the basis of chance alone.

In our study, 46 percent of the divergences in re-
sults involved a positive meta-analysis followed by a
negative randomized, controlled trial. There are sev-

 

Figure 1.

 

 Odds Ratios and 95 Percent Confidence Intervals for
Clusters of Studies in Which the Findings of Large Random-
ized, Controlled Trials Were Compared with the Results of One
or More Meta-Analyses on the Same Subject, in Which at Least
One Common Outcome Was Studied. 
Each randomized trial and its associated meta-analyses are
separated from the others by a solid horizontal line. Dashed
lines delineate each cluster of trials and meta-analyses in
which a single outcome was examined. The solid squares at
right are the point estimates (odds ratios) for the randomized
trials, and the open squares are the odds ratios for the meta-
analyses. The bars on either side of the squares are 95 percent
confidence intervals.
The vertical line indicating an odds ratio of 1.0 is the line at
which treatment was found to have no effect. Odds ratios to
the left of that line (lower than 1.0) indicate that outcome was
better with treatment; those to the right (higher than 1.0) indi-
cate that outcome was worse. When the 95 percent confidence
interval does not span the “no difference” line at 1.0, the study
findings are considered to be significant (P

 

�

 

0.05).
Names of randomized, controlled trials are given in roman
type, and names of meta-analyses are given in italics. For
the randomized, controlled trials, the inclusive dates listed are
the years when the first and last patients were enrolled; for the
meta-analyses, the dates are the years when the first and last
papers were published. Pub’d denotes published, ACE angio-
tensin-converting enzyme, and NS not specified.
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eral reasons why a meta-analysis might have positive
results that would not be confirmed by a subsequent
trial. Publication bias refers to the tendency of inves-
tigators to preferentially submit studies with positive
results for publication, and the tendency of editors
to accept them. A meta-analysis that excluded un-
published studies or did not locate and include them
would thus be more likely to have a false positive re-
sult. The systematic exclusion of papers written in
languages other than English (the “Tower of Babel”
bias

 

40

 

) can add to the publication bias. In our sam-
ple, the use of the fixed-effects model, which nar-
rows the confidence interval, does not appear to ac-
count for the statistically positive meta-analyses whose
findings were not subsequently confirmed by a ran-
domized trial, since the four studies that could be
reanalyzed by the random-effects model remained
positive and continued to have statistically signifi-
cant results when that reanalysis was done.

The remaining 54 percent of identified divergenc-
es involved a negative meta-analysis followed by a
positive randomized, controlled trial. The heteroge-

neity of the trials included in the meta-analysis may
partially account for divergence of this type, since
meta-analysis assumes that such variation is mostly
caused by random error, rather than by differences
in the characteristics of the selected studies. A prop-
erly done meta-analysis involves the a priori determi-
nation of strict standards to ensure that the criteria
used for the inclusion of patients, the administration
of the principal treatment, and the ascertainment of
outcome events are similar in all the trials selected.
Although according to these strict criteria the pro-
tocols of the selected trials look very similar, their
application usually yields very different products. The
patients enrolled in comparable trials may belong to
the same basic population, but even small differenc-
es in the criteria for diagnosis, coexisting conditions,
severity of disease, and age will produce very differ-
ent groups of patients. Differences in doses, time to
onset, and duration of therapies can also produce
substantial disparity among trials that are included
in meta-analyses with the intention of evaluating a
therapeutic intervention. The choice of concomitant

 

Figure 2.

 

 Treatment Effects and 95 Percent Confidence Intervals after Transformation of the Odds Ratios in Clusters of Studies in
Which the Findings of Large Randomized, Controlled Trials Were Compared with the Results of One or More Meta-Analyses on the
Same Subject, in Which at Least One Common Outcome Was Studied. 
Each randomized trial and its associated meta-analysis are separated from the others by a solid horizontal line. Dashed lines de-
lineate each cluster of trials and meta-analyses in which a single outcome was examined. The solid squares at right are the point
estimates (effect sizes) for the randomized trials, and the open squares are the effect sizes for the meta-analyses (calculated as
described in the Methods section). The bars on either side of the squares are 95 percent confidence intervals. Arrows mean that
the differences were not statistically significant but the 95 percent confidence intervals could not be determined.
The vertical line indicating an effect size of 0 is the line at which treatment was found to have no effect. Odds ratios to the left of
that line (lower than 0) indicate that outcome was better with treatment; those to the right (higher than 0) indicate that outcome
was worse. When the 95 percent confidence interval does not span the “no difference” line at 0, the study findings are considered
to be significant (P

 

�

 

0.05).
Names of randomized, controlled trials are given in roman type, and names of meta-analyses are given in italics. For the random-
ized, controlled trials, the inclusive dates listed are the years when the first and last patients were enrolled; for the meta-analyses,
the dates are the years when the first and last papers were published. NS denotes not specified, and pub’d published.

–1.0 0 1.0

Treatment WorseTreatment Better

CONDITION, TREATMENT OR INTERVENTION, AND STUDY

Normotensive subjects treated for electrolyte balance
Sodium reduction
   Hypertension prevention34 (n = 2182; dates NS;
      pub’d 1992)   
   Cutler et al.35 (n = 760; 1981–90; pub’d 1991)
   Hypertension prevention34

   Cutler et al.35

Potassium supplementation
   Hypertension prevention34 
   Whelton et al.36 (n = NS; dates NS; pub’d 1989)
   Hypertension prevention34

   Whelton et al.36

Calcium supplementation
   Hypertension prevention34

   Cutler and Brittain 
37 (n = 785; 1983 – 89; pub’d 1990)

   Hypertension prevention34

   Cutler and Brittain 
37

Smokers treated with multiple interventions vs. a single
       intervention
Hollis et al.38 (n = 3161; dates NS; pub’d 1993)
Kottke et al.39 (n = NS; 1974 – 84; pub’d 1988)

Change in diastolic
   pressure

Change in diastolic
   pressure

Change in diastolic
   pressure
Change in systolic
   pressure

Abstinence at 12 mo

Change in systolic
   pressure

Change in systolic
   pressure

OUTCOME EXAMINED ODDS RATIO (95% CONFIDENCE INTERVAL) 

Randomized,
controlled trial

Meta-analysis
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therapies and the degree of leeway in their adminis-
tration can also affect the results. Changes in medi-
cal practice over time may also account for impor-
tant differences in concomitant therapies, since the
trials included in a given meta-analysis are often con-
ducted over a period of a decade or more.

How should clinicians use meta-analyses, given
that systematic comparison with randomized clinical
trials shows that they have poor predictive ability?
Most will agree that if a large, well-done randomized
trial has been conducted, practice guidelines should
be strongly influenced by its results. The question
arises when the only available evidence is from a se-
ries of small randomized, controlled trials. The sim-
plest solution, and currently the most popular one,
has been to rely on the results of a meta-analysis.

Our findings seem to indicate that summarizing all
the information contained in a set of trials into a sin-
gle odds ratio may greatly oversimplify an extremely
complex issue. The popularity of meta-analysis may
at least partly come from the fact that it makes life
simpler and easier for reviewers as well as readers.
However, oversimplification may lead to inappropri-
ate conclusions.

The result of this study would appear to encour-
age readers to go beyond the point estimates and
confidence intervals that represent the aggregate
findings of a meta-analysis and, as Cook et al. have
suggested,

 

41

 

 look carefully at the studies that were
included and evaluate the consistency of their re-
sults. When the results are mostly on the same side
of the no-difference line, the meta-analysis merits
more confidence. Others may consider following the
advice of Horwitz

 

42

 

 and appraising each trial sepa-
rately. Although such an approach is admittedly
more laborious, it has the advantage of allowing
pragmatic clinicians to benefit from the diversity of
studies by distinguishing the effects of treatment
among them.

 

We are indebted to Dr. Jean-François Boivin for helpful criticisms
and to Ms. Hélène Harnois and Ms. Anita Massicotte for clerical
assistance.
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