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Objective.\p=m-\To evaluate the results of large clinical trials vs the pooled results
of smaller trials.

Data Identification.\p=m-\Mata-analyses with at least 1 "large" study were identified
from the Cochrane Pregnancy and Childbirth Database and from MEDLINE
(1966-1995).

Study Selection.\p=m-\We used a sample size approach to select 79 meta-analyses
with at least 1 large study of 1000 or more patients. We used a statistical power ap-
proach to select 61 meta-analyses with at least 1 large study based on statistical
power considerations.

Data Extraction.\p=m-\The outcome of interest for each meta-analysis was the pri-
mary one stated in the original publication or, when not clearly specified, was de-
cided on clinically.

Data Synthesis.\p=m-\By random effects calculations, we found agreement be-
tween large and smaller trials in 90% of the meta-analyses selected by the sample
size approach and in 82% of the meta-analyses selected by the statistical power
approach. Twice as many disagreements appeared when the variability among
large studies and among smaller studies was not considered (ie, fixed effects cal-
culations). Of the 15 disagreements between results of large and smaller trials us-

ing the random effects model, plausible explanations were identified in 10
meta-analyses: 5 with differences in the control rate of events between large and
smaller trials, 4 with specific protocol or study differences, and 1 with potential pub-
lication bias. Two other disagreements were not clinically important, and tentative
reasons could be identified for 2 of the remaining 3 disagreements.

Conclusion.\p=m-\Results of smaller studies are usually compatible with the results
of large studies, but discrepancies do occur even when the diversity among both
large studies and smaller studies is considered. Clinically important differences with-
out a potential explanation are extremely uncommon. Future research should further
examine sources of heterogeneity between the results of large and smaller trials.

JAMA 1996;276:1332-1338

META-ANALYSES ofrandomized con¬
trolled trials and individual large-scale
trials have been increasingly used to
obtain evidence for treatment decisions.
Often the results of meta-analyses of
earlier, smaller trials are subsequently
confirmed in larger trials.1 Much recent
attention and debate, however, have fo¬
cused on some disagreements between
the results of megatrials (usually trials
with more than 10 000 patients) and pre¬
vious meta-analyses of smaller trials, as

exemplified by the use of nitrates and
magnesium in the treatment of acute
myocardial infarction.28 The combined
results of smaller trials showed evidence
that nitrates and magnesium reduced
mortality by about 32% and 48%, re¬

spectively, but the respective megatri¬
als showed no evidence ofany real effect
(3% risk reduction from nitrates, 5% risk
increase from magnesium). Such dis¬
agreements have raised concerns about
the reliability, interpretation, and ad¬
equacy of both large trials and meta-
analyses of smaller trials. Several im¬
portant questions must be addressed.
How well do large and smaller studies
agree in their results? How frequent
are the significant disagreements? Why
do these disagreements occur? Are the
disagreements clinically important?

Little work has been conducted on these
important issues. Two previous evalua¬
tions have explored how well the results
of a meta-analysis of smaller randomized
trials predicted the results ofa large "gold
standard" trial.9·10 One of them defined
the large trial as the largest cooperative
(multicenter) study9 and the other de-
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fined the large trial as the study with the
largest sample size (having at least 1000
patients).10 To assess how well the results
of the largest trial agreed with the com¬
bined results of the smaller trials, both
investigations assessed whether the di¬
rection of the 2 estimates of treatment
effect agreed and whether these estimates
agreed in terms ofstatistical significance,
as well as whether the pair of confidence
intervals of treatment effect overlapped.

These assessments raise several is¬
sues.11"13 When should a study be declared
"large"? Defining a study as large be¬
cause it has more than 1000 patients is
convenient, but even studies ofmore mod¬
erate sample sizes may be large enough,
if they have sufficient power to detect a

postulated treatment effect. Moreover,
previous investigations9,10 assumed that
small and large trials, including megatri-
als, share a common treatment effect. In
fact, diversity between trials may be un¬
avoidable as large multicenterstudiesare

designed, conducted, and analyzed with a
different level of complexity than small
studies. Thus, we believe that an approach
that recognizes the existing diversity be¬
tween trials should also be assessed. Fi¬
nally, none of the previous evaluations
addressed the reasons for which discrep¬
ancies occur and their clinical significance;
both of these issues are of major impor¬
tance to clinicians and trialists alike.

Our study addresses these concerns

by implementing novel strategies to de¬
fine large studies and to analyze the
concordance of the results of large and
smaller trials across a wide variety of
clinical areas. Large studies are defined
in terms of both their sample size and
their statistical power, and the impact
of different analytical approaches is in¬
vestigated. Furthermore, we compile the
plausible reasons given by other authors
for the genuine disagreements between
large and smaller trials, and assess the
frequency of unexplained clinically im¬
portant discrepancies.

METHODS
Selection of Meta-analyses

We screened meta-analyses ofrandom¬
ized controlled trials involvinghuman sub-
jects with binary outcomes for the pres¬
ence of large trials. Only meta-analyses
with at least 1 large study and 2 smaller
trials were included. To collect meta-
analyses, we conducted a MEDLINE
search (1966-1995) of the English litera¬
ture with the Medical Subject Heading
"meta-analysis" and at least 1 of the fol¬
lowing: the Medical Subject Heading
"models, statistical or placebos"; the
EXPLODE command on "clinical trials";
the EXPLODE command on "research
design"; or the text words "random" or

"placebo." We also screened the com¬

plete Cochrane Pregnancy and Childbirth
Database,14 a comprehensive database of
systematic reviews ofcontrolled trials on

perinatal topics. Meta-analyses on nitrates
and magnesium for patients with acute
myocardial infarction1 were updated to
reflect the controversial disagreement in
mortality results between recent mega-
trials and earlier smaller trials.3-8

Definition of a Large Study
In order to define a large study, we

used 2 distinct, but complementary, ap¬
proaches: 1 based on sample size and 1
based on statistical power. The sample
size definition identified a large study as

having at least 1000 patients in total, as

previously proposed.10 Originating from
an idea in experimental design,15 the sta¬
tistical power definition qualified a study
as large regardless of its sample size,
provided that it had sufficient power to
detect the postulated treatment effect
obtained by pooling the remaining
smaller trials. This approach was ap¬
plied to all meta-analyses identified as

having large studies by the sample size
approach and to all meta-analyses in the
Cochrane Pregnancy and Childbirth Da¬
tabase.

For the statistical power definition,
we used the following 4-step algorithm:

1. Obtain pooled estimates of the rela¬
tive risk reduction and the weighted con¬
trol rate (the proportion of patients in
the control arm who had an event of
interest, weighted by the sample size in
that group) from all studies except the
study with the largest sample size (N).

2. Use these estimates to calculate
the minimum total sample size (n) needed
for 80% statistical power and a 5% level
of significance.16

3. If  is less than n, stop the pro¬
cedure and, if this is the first study con¬

sidered, reject the meta-analysis as not
containing any large study. If  is
greater than or equal to n, select the
meta-analysis and declare that study
large.

4. If the study is deemed large, re¬

peat the first 3 steps assessing the study
with the next largest sample size based
on the pooled estimates of the remain¬
ing smaller studies.

Data Extraction
The most importantprimary outcome,

as stated in the original publication, was
chosen for each meta-analysis and data
for this outcome were extracted from
each trial. When the most primary out¬
come was not clearly specified, we were
blinded to all results before identifying
by consensus the most clinically impor¬
tant outcome.

Statistical Methods

The combined results of the large stud¬
ies (or the results of the only large study)
were compared with those ofsmaller stud¬
ies. In each meta-analysis, the Mantel-
Haenszel (fixed effects)17 and the DerSi¬
monian and Laird (random effects)18
methods were used to pool risk ratios
(RRs) from multiple large studies and
multiple smaller studies. The fixed ef¬
fects model assumes that all trials are
similar in that they share the same

underlying treatment effect. Thus, the
observed differences in their results are
considered to be due to chance alone (sam¬
pling error within each study). The ran¬
dom effects model in addition incorpo¬
rates the potential heterogeneity of the
treatment effect among different studies
by assuming that each study estimates a

unique treatment effect that, even given
a large amount of data, might still differ
from the effect in another study. Com¬
pared with the fixed effects model, the
random effects model therefore weights
smaller trials more heavily in its pooled
estimate of treatment effect. The fixed
effects model is equivalent to the random
effects model when there is no hetero¬
geneity of the treatment effect among
different studies. Since 1 of the aims of
our study was to compare the 2 ap¬
proaches, both models were used but with
prioritygiven to the random effects model,
because it also incorporates the potential
diversity among different trials.

A standardized  statistic was used to
assess whether sufficient evidence ex¬
ists for agreement (—1.96<z<1.96) or

disagreement (zsl.96 or z< —1.96) be¬
tween large and smaller studies in each
meta-analysis. This statistic uses the
variances of treatment effects of large
studies and smaller studies to define the
SE of the difference in their treatment
effects. The statistic takes the following
form: z=[ln(RRlarge)-ln(RRsmaller)] +

[variance of ln(RR]arge)+variance of
ln(RRsmalier)]1/2 where ln(RRlarge) denotes
the natural logarithm of the pooled RR
of the large studies or of the RR of the
only large study, and ln(RRsmaUer) de¬
notes the natural logarithm of the pooled
RR ratio of the smaller studies. Used to
quantify discordance, this  statistic is
mathematically equivalent to the  2 test
statistic (with 1 df) to test whether the
natural logarithm of each RR in the 2
strata is the same.17 The computations
of the 4 terms in  are given in Roth-
man17 for the fixed effects model and in
loannidis et al18 for the random effects
model.

We probed disagreements between
large and smaller trials found by the
random effects model in several ways.
First, we examined the association be-
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tween the treatment effect and the con¬
trol rate (the proportion of patients in
the control arm who had an event of
interest). The control rate has been gain¬
ing acceptance as an available summary
measure of patient or study differences,
such as the baseline risk of patients and
length of study follow-up. These dif¬
ferences may account for heterogeneity
of treatment effects across studies.19"25
We performed regression analyses of
the natural logarithm of the RR on the
control rate in each study and used a
hierarchical model fit by the EM algo¬
rithm26 to account for random measure¬
ment error.27 We then tested whether a
statistical difference existed (P< .05) be¬
tween the control rate of the largest
study and the pooled control rate of all
studies, as well as between the pooled
control rate of the large studies and that
of the smaller studies. Control rates were

pooled with the logistic transformation,28
and each control rate was weighted by
the inverse of its variance and the
among-study variance of control rates
(ie, random effects pooling).

Second, we assessed the possibility that
the results may have been affected by
publication bias. Publication bias is the
phenomenon where studies with "nega¬
tive" (nonsignificant) results may be less
likely to be published either because their
investigators do not feel it is important
to report negative results or because peer
reviewers and journal editors find such
negative studies unappealing for publi¬
cation. Theoretical and empirical evi¬
dence29 has demonstrated that publica¬
tion bias may mostly affect negative
studies of small sample size. These are

typically studies that have low precision
(high variance). Therefore, if the treat¬
ment effects of the studies included in a

meta-analysis are found to be related to
the sample size or to the variance of the
treatment effects, this association may
suggest publication bias. A formal ap¬
proach to detect this association uses the
rank correlation test based on the Ken¬
dall rank correlation coefficient ( ) to
evaluate whether the (standardized)
natural logarithm of the RR is correlated
with its variance.29 Because this test has
relatively low statistical power,29 we
based evidence of publication bias on
P=£.10.

Finally, we collected alternative spe¬
cific reasons that the authors ofthe meta-
analyses or other authors provided to
account for disagreements. Ifnone were

identified, we examined whether the dis¬
agreement was clinically important.

Calculations were performed in Epi
Info,16 Meta-Analyst,30 and Mathcad.31
Control-rate meta-regressions were per¬
formed in S-PLUS,32 and rank correla¬
tions were calculated in SAS.33

Table 1.—Meta-analyses of Randomized Controlled Trials Included in the Comparison of Large and Smaller
Studies

Large Study Definition

Large Sample Size
(1000 Patients)

Sufficient Power
(£80%)

No. of meta-analyses identified 79 61

Cochrane" 33 43

Other 46* 18t
No. of large trials per meta-analysis,

median (range) 1 (1-10) 2(2-21)
No. of patients per single large trial or

per meta-analysis of large trials,
median (range) 2829(1009-356 025) 1741 (75-358 021)

No. of smaller trials per meta-analysis,
median (range) 8 (2-56) 4 (2-57)

No. of patients per meta-analysis of smaller
trials, median (range) 2062(87-13 195) 982(52-37 351)

No. (%) of disagreements between large
and smaller trials

Fixed effects 14(17.7) 21 (34.6)
Random effects 1(10.1) 11 (18.0)

"Includes 1 additional meta-analysis on perinatal medicine,34 as well as meta-analyses on acute myocardial
infarction13539 (n=12 meta-analyses), secondary prevention of vascular events131233942 (n=16), breast cancer43,44
(n=6), surgery45'47 (n=3), and miscellaneous areas184854 (n=8).

tAddresses treatments for acute myocardial infarction1,3739 (n=6 meta-analyses), secondary prevention of vas¬
cular events21,39"40,43 (n=5), surgery4647 (n=2), and other areas1849,5254 (n=5).
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Plots of the pooled risk ratio of large trials (or the risk ratio of the single large trial, when only 1 large trial
was available) against the pooled risk ratio of the smaller trials according to the sample size approach (left)
and the statistical power approach (right). Risk ratios are shown on a logarithmic scale and are pooled ac¬
cording to the DerSimonian and Laird (random effects) model.18 Not shown are 1 outlier for the sample size
approach and 1 outlier for the statistical power approach, each having very low risk ratios (<0.1) for both
large and smaller studies.

RESULTS
Concordance of Large Studies
With Smaller Studies

About 2100 MEDLINE citations and
500 Cochrane systematic reviews were

initially screened. As shown in Table 1,
a total of 79 meta-analyses included at
least 1 study of large sample size. A
screening of these 79 meta-analyses and
of the entire Cochrane database revealed
61 meta-analyses that included at least
1 large study having at least 80% sta¬
tistical power. Twenty-nine meta-analy¬
ses met both definitions. When the
sample size criterion was used, most
of the identified meta-analyses had
only 1 study with 1000 or more patients.
When the power criteria were used, typi-

cally more than 1 study was deemed
large.

The Figure displays the scatterplot of
the random effects pooled RRs of large
studies (or the RR ofthe only large study)
and ofsmaller studies. It can be observed
that the 2 sets of RRs mostly clustered
around an RR of 1 when the sample size
approach was applied (the left panel),
while the 2 sets of RRs were spread over
a wider range when the statistical power
approach was applied (the right panel).
For both approaches, the natural loga¬
rithms of the RRs between large and
smaller studies were highly positively
correlated (r=0.75).

As shown in Table 1, regardless of the
definition ofa large study, we found agree¬
ment between large and smaller studies

 at Capes Consortia on March 31, 2011jama.ama-assn.orgDownloaded from 

http://jama.ama-assn.org/


Table 2.—Specific Disagreements Between Large and Smaller Studies: Comparison of Risk Ratios*

Large Study Defined by Size Large Study Defined by Power
 

Smaller Studies Large Studies
  

Smaller Studies Large Studies

Meta-analysis Outcome

   -1 I
Risk Ratio Risk Ratio Risk Ratio

No. (95% CI) No. (95% CI) No. (95% CI) No.
Risk Ratio
(95% CI)

Magnesium in acute myocardial
infarction1

Mortality 9 0.44(0.27-0.72) 2 0.92(0.67-1.26) 9 0.44(0.27-0.72) 2 0.92(0.67-1.26)

Nitrates In acute myocardial
infarction1

Mortality 13 0.68(0.49-0.95) 2 0.97(0.92-1.02) 12 0.59(0.44-0.80) 3 0.97(0.92-1.02)

Antiplatelet agents in pregnancy
(4000t)

Preeclampsia 14 0.35(0.23-0.53) 3 0.86(0.76-0.! 13 0.37(0.23-0.58) 4 0.78(0.59-1.04)

BCG vaccination53 Tuberculosis 3 0.26(0.14-0.48) 10 0.58(0.42-0.82) 3 0.26(0.14-0.48) 10 0.58(0.42-0.82)
Calcium supplementation in

pregnancy (5938t)
Hypertension 5 0.25(0.14-0.42) 1 0.67(0.49-0.92) NA NA NA NA

Diethylstilbestrol in pregnancy
(28911)

Miscarriage 5 1.03(0.82-1.29) 1 1.92(1.08-3.41) NA NA NA NA

Warfarin vs aspirin in nonvalvular
atrial fibrillation40

Stroke 3 0.43(0.30-0.61) 1 0.92(0.61-1.38) NA NA NA NA

Anti-Rh-D prophylaxis post
partum (3314f)

Immunization after 6 mo 8 0.09 (0.04-0.20) 2 0.01 (0.00-0.05) NA NA NA NA

Free bleeding from placental end
of umbilical cord (4004t)

Placentomatemal infusion NA NA NA 2 0.61 (0.49-0.75) 1 1.01 (0.66-1.52)

Advice as a strategy for reducing
smoking in pregnancy (3394t)

Continued smoking NA NA 4 0.94(0.90-0.98) 1 0.99(0.98-1.01)

Continuous vs interrupted sutures
for perineal repair (3252t)

Dyspareunia NA NA NA 2 0.65 (0.50-0.84) 1 1.19(0.94-1.51)

Transabdominal vs transcervical
sampling (6005t)

Adequate sample NA NA NA NA 5 0.51(0.33-0.78) 1 0.85(0.66-1.12)

Amnioinfusion for meconium-
stained liquor (5379t)

Meconium below vocal cords NA NA NA NA 4 0.32(0.17-0.59) 2 0.10(0.04-0.22)

Prophylactic oxytocin in third
stage of labor (2974t/)

Postpartum hemorrhage NA NA NA NA 5 0.64(0.37-1.12) 3 0.33(0.25-0.45)

Ergonovlne maléate vs oxytocin
in third stage of labor (2999f)

Blood loss >500 mL NA NA 3 0.51(0.37-0.69) 1 0.90(0.77-1.05)

*Risk ratios for multiple trials were pooled with the random effects model18; No. indicates number of trials; CI, 95% confidence interval; and NA, not applicable.
fReview number from the Cochrane database.14

in most (82%-90%) of the meta-analyses
with the random effects model, whereas
about twice as many disagreements were
observed with the fixed effects model.
For most of the statistical disagreements
between large and smaller studies, a
smaller treatment benefit was estimated
in large studies than in smaller studies
(Table 2). As shown in Table 2, of the 15
discrepancies identified with the power
approach, in 9 cases large trials failed to
confirm the benefit shown by the meta-
analysis of smaller trials; in 2 cases large
trials showed a significant treatment ef¬
fect that was not evident in the meta-
analyses of smaller trials; and in 4 cases
both large trials and smaller trials indi¬
cated a statistically significant benefit.

Accounting for Disagreements
Table 2 contains the results of 15 spe¬

cific meta-analyses in which large and
smaller studies disagreed by random ef¬
fects calculations. Fourdisagreedbyboth
ways of defining a large study, and each
of those 4 involved megatrials. What fol¬
lows are possible explanations for the set
of 15 disagreements (Table 3).
Control Rate

In 5 of the 15 disagreements, the RRs
were significantly related to the control
rate of events across studies (Table 3),

and in 1 additional case a suggestion of a

relationship was found (P=.09). There¬
fore, when a higher proportion of pa¬
tients in the control arm suffered ad¬
verse events, magnesium and nitrates in
acute myocardial infarction became more
efficacious in lowering rates ofmortality;
antiplatelet agents became more effica¬
cious in lowering rates of preeclampsia;
free bleeding from the placental end of
the umbilical cord became more effica¬
cious in lowering rates of placento-
maternal infusion; continuous sutures
for permeai repair became more effica¬
cious than interrupted sutures in lower¬
ing rates of dyspareunia; and oxytocin
became more efficacious than ergonovine
maléate (Syntometrine) in the third stage
of labor in lowering rates ofblood loss in
excess of 500 mL.

For 4 of these 6 meta-analyses, both
the control rate in the largest study and
the pooled control rate of multiple large
studies (when more than 1 large study
was available) were significantly differ¬
ent from the corresponding pooled con¬
trol rate of smaller studies (Table 4). In
the meta-analysis on magnesium in acute
myocardial infarction, only the control rate
of the largest study was significantly dif¬
ferent from the pooled control rate of the
smaller studies (Table 4). The pooled con¬
trol rate of the smaller studies was sig-

nificantly higher than the pooled control
rate ofmultiple large studies and the con¬
trol rate of the largest study for those
meta-analyses with significant differences,
with the exception of the meta-analysis
on ergonovine maléate vs oxytocin in the
third stage of labor. In the meta-analysis
on permeai repair, the control rate of the
large study was less than half the control
rate of the 2 smaller studies, but the dif¬
ference did not reach formal statistical
significance (P=.26).
Publication Bias

Evidence of a relationship between
the treatment effect and its variance
was found in the meta-analysis on ad¬
vice as a strategy for reducing smoking
in pregnancy (Table 3). This raises
the concern of potential publication bias
against small studies with negative
results. Two other meta-analyses were
also suggestive of such a relationship,
although the finding did not reach
formal statistical significance (P<.10
level).
Protocol or Study Differences

Authors ofpublished meta-analyses for
4 treatments have mentioned specific pro¬
tocol or study differences that are likely
to explain, at least in part, the statistically
significant difference in RRs between
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Table 3.—Potential Reasons for Explaining Discrepancies Between Large and Smaller Studies*

Meta-analysis
Definition of

a Large Study
Change in Risk Ratio (%)

With Control Ratet

Publication
Bias Rank

Correlation4;

Specific
Protocol

Reason?t
Magnesium in acute myocardial infarction1 Size, power -10.0 (-14.0, -6.0)§ 0.16 No No
Nitrates in acute myocardial infarction1 Size, power -2.8 (-5.2, -0.3)§ -0.06 No No

Antiplatelet agents in pregnancy (4000[|) Size, power -9.0 (-18.4, 1.3)H No
BCG vaccination53 Size, power -2.5 (-6.8, 1.9) -0.02 Yes No

Calcium supplementation in pregnancy (5938||) Size -2.0 (-4.8, 6.7) -0.06 No Yes

Diethylstilbestrol in pregnancy (28911| Size -0.8 (-2.0, 0.4) Yes
Warfarin vs aspirin in nonvalvular atrlal fibrillation4' Size -2.8 (-7.6, 2.3) -0.33 No Yes
Anti-Rh-D prophylaxis post partum (3314||) Size -6.4 (-23.0, 14.4) No Yes
Free bleeding from placental end of umbilical cord (4004||) Power -1.1 (-1.9,-0.3)§ 1# No No
Advice as a strategy for reducing smoking in pregnancy (3394|¡) Power 3.2 (-3.3, 10.1) -0.73H No

Continuous vs interrupted sutures for perineal repair (3252||) Power -1.2 (-3.0, -0.01)§ Yes No

Transabdominal vs transcervical sampling (6005||) Power 13.4 (-9.8, 42.5) 0.33 Yes No

Amnioinfusion for meconium-stained liquor (5379||) Power -1.9 (-13.6, 11.2) 0.2 No Yes

Prophylactic oxytocin in third stage of labor (2974||) Power -1.6 (-9.4, 6.8) No Yes

Ergonovine maléate vs oxytocin in third stage of labor (2999||) Power 6.0(1.2, 11.1)§ No No

*Outcomes listed in Table 1.
tRepresents the percentage of change in the risk ratio for every 1% absolute increase in the control rate. Values in parentheses represent 95% confidence limits.
tSee text for details.
§P<.05.
HReview number from the Cochrane database.14
H.05<P<.10.
#P=.12.

Table 4.—Comparison of Control Rates for Selected Meta-analyses*

Meta-analysis
Magnesium in acute myocardial infarction1

Definition of
a Large Study

Pooled Control
Rate of Smaller

Studies (95% CI)

Pooled Control Rate
of Multiple Large
Studies (95% CI)

Pooled Control Rate
of All Studies Except
the Largest (95% CI)

Control Rate of
Largest Study

(95% CI)
Size, power 0.097(0,062-0.149) 0.085(0.061-0.118) 0.101 (0.073-0.139) 0.072 (0.069-0.075) 

Nitrates in acute myocardial Infarction1 Size
Power

0.139(0.103-0.183)
0.145(0.107-0.194)

0.069 (0.061-0.078)t
0.073 (0.064-0.085)t

0.123(0.084-0.176)
0.123(0.084-0.176)

0.073 (0.070-0.076)t
0.073 (0.070-0.076) 

Antiplatelet agents in pregnancy (4000§) Size
Power

0.155(0.106-0.223)
0.173(0.126-0.233)

0.052 (0.034-0.078)t
0.053 (0.037-0.075)t

0.124(0.081-0.185)
0.124(0.081-0.185)

0.076 (0.068-0.084) 
0.076 (0.068-0.084)t

Free bleeding from placental end of
umbilical cord (4004§)

Power 0.777(0.540-0.912) NA 0.770(0.540-0.912) 0.309 (0.230-0.401 )t

Continuous vs interrupted sutures for
perineal repair (3252§)

Power 0.440 (0.105-0.840) NA 0.440(0.105-0.840) 0.212(0.177-0.253)

Ergonovine maléate vs oxytocin in third stage
of labor (2999§)

Power 0.048(0.017-0.129) 0.048(0.017-0.129) 0.166 (0.149-0.184)t

'Outcomes are listed in Table 1. CI indicates 95% confidence interval; and NA, not applicable.
tP<-05 compared with pooled control rate of smaller studies.
  <.05 compared with pooled control rate of all studies except the largest.
§Review number from the Cochrane database.14

large and smaller studies (Table 3). These
include the meta-analyses on BCG vacci¬
nation for prevention of tuberculosis,53
where distance from the equator (degrees
of latitude) corresponded to greater vac¬
cine efficacy (mean latitude of 10 large
studies = 29.4°; mean latitude of3 smaller
studies = 47.0°; P=.06 for test of differ¬
ence in means); diethylstilbestrol in preg¬
nancy,14 where only the largest study ap¬
peared to have used methods ofallocation
likely to preclude foreknowledge of the
assigned treatment; continuous vs inter¬
rupted sutures for permeai repair,14 where
the increased risk of dyspareunia in the
single large study may have resulted from
too early resumption ofsexual intercourse;
and transabdominal vs transcervical vil-
lous sampling for perinatal diagnosis,14
where the operators in a large study had
greater prior experience with the trans-
abdominal method.

No Specific Reason

There was no apparent specific reason
for the statistical differences between the
results of large and smaller studies for
the remaining 5 meta-analyses (Table 3).
In 2 of them (anti-Rh-D prophylaxis post
partum and amnioinfusion for meconium-
stained liquor) the differences were not
clinically important: both large and
smaller studies showed a very large and
statistically significant benefit from treat¬
ment (Table 2).

The meta-analysis on routine calcium
supplementation in pregnancy14 included
studies conducted in very different popu¬
lations,55 which might have led to dis¬
agreement. The meta-analysis on prophy¬
lactic oxytocin in the third stage of labor14
included studies of variable quality, as
stated in the Cochrane report,14 and no
statistical difference existed when the RR

of 1 of the largest trials taken to have the
least bias was compared with the pooled
RR of the 5 smaller studies (P=.39). Fi¬
nally, there was no obvious reason for the
statistical discrepancy between large and
smaller trials for the meta-analysis of
warfarin vs aspirin in nonvalvular atrial
fibrillation.40 However, all 4 studies in¬
cluded in this meta-analysis were of com¬

parable size, even though only 1 had a
little more than 1000 patients.
COMMENT

Our investigation shows that the re¬
sults of smaller trials are usually com¬

patible with the results of larger trials.
This is true when studies are deemed
large by their sample size or power, al¬
though the 2 approaches tend to select
substantially different sets of studies.
While smaller and large studies are likely
to agree in their results, clear-cut dis-
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crepancies do occur and their frequency
is more substantial when the results are

analyzed without considering the vari¬
ability of treatment effect among differ¬
ent large trials and among different
smaller trials (ie, with a fixed effects
model). Potential explanations for most
of the genuine disagreements may be
identified in control rate differences, spe¬
cific protocol or study differences, and
publication bias, as well as methodologi¬
cal factors such as the quality of primary
studies.56 Clinically important disagree¬
ments without identifiable explanations
are uncommon.

Previous investigations assessed agree¬
ments and disagreements descriptively,9,10
based on the concordance of the direction
and statistical significance of the treat¬
ment effect (whether or not P<.05).
However, the results of large and smaller
trials may not be statistically different
even if they disagree in terms of their
own statistical significance, and we en¬
countered several such examples in our

analysis. Conversely, studies may give
the same direction and agreement about
statistical significance for the treatment
effect but significantly differ both clini¬
cally and statistically. Our analysis has
addressed these concerns: clinically, by
evaluating the clinical significance and rea¬
sons for the discrepancies; and statisti¬
cally, by taking into account chance
fluctuations in the comparison between
large and smaller studies (with the  sta¬
tistic) and potential heterogeneity or di¬
versity among large studies and among
smaller studies (with the random effects
model).

At least 3 aspects of our statistical
methodology should be discussed. First,
we have defined a "large" trial in 2 ways—
by size and by power—and have found
more disagreements between large and
smaller trials when large was defined by
power. This discrepancy suggests that
the definition of a large trial affects the
comparison of large trials and smaller tri¬
als, and that further research is needed
to address this issue. Second, although it
may be worthwhile to analyze the whole
body of published meta-analyses by the
power rule in future research, we have no
a priori reason to believe that the results
and conclusions would be affected by such
a laborious undertaking. Third, our analy¬
sis used RRs as the measure of effect
because most treatment effects tend to
be multiplicative; therefore, this measure
is probably most appropriate for physi¬
cians.57 In some cases, though, the abso¬
lute magnitude of the treatment effect
may be at least as important and so fu¬
ture analyses may also need to address
risk differences.

There are obvious and unavoidable
differences between large and smaller

trials in their design, implementation,
and analysis such as the number ofsites,
different locations, and target popula¬
tions. The unavoidable diversity between
smaller and large trials is reflected in
the substantial number ofdisagreements
we found with the fixed effects method.
The disagreements between large and
smaller studies are reduced by half, how¬
ever, when this heterogeneity is taken
into account using random effects cal¬
culations. Depending on the situation, a
fixed or a random effects model can be
justified,58-59 but it is clear that assessing
and evaluating the diversity among stud¬
ies is at least as important as obtaining
their pooled results.

Our investigation is retrospective and
not designed to decide whether a meta-
analysis of smaller trials is sufficient or
a megatrial is warranted. Nonetheless,
some practical recommendations can be
made to help interpret future discor¬
dance. Clinicians and otherdecision mak¬
ers should realize that publication bias,
study protocol, and variability in the
control rate of events in different trials
may underlie discordant results. Itwould
be worthwhile to investigate by meta-
regression or analysis of individual pa¬
tient data whether analysis of these
factors may even predict potentially dis¬
cordant results in populations different
from those studied in the trials. Hy¬
potheses that emanate from this infor¬
mation can be formally investigated in
future trials.

Both large studies and meta-analyses
of smaller studies add value to clinical
decision making and should be inter¬
preted as offering a continuum of expe¬
rience. Each has its advantages and limi¬
tations.60,61 The results of many diverse
smaller studies may reflect the natural
heterogeneity oftreatment effectiveness
found in day-to-day clinical practice.9
Large studies may produce a more pre¬
cise answer to a particular question when
the treatment effect is not large but is
clinically important.62 In the absence
of megatrials, a well-conducted meta-
analysis may reflect the best synthesis
of available evidence. In many circum¬
stances, it is difficult to decide whether
a megatrial is needed or a meta-analysis
of relatively small trials is sufficient for
clinical decision making. In that regard,
further research in understanding the
sources of heterogeneity between large
and smaller trials should increase the
clinical relevance of both large and
smaller trials.
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