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Empirical Evidence of Bias

Dimensions of Methodological Quality Associated
With Estimates of Treatment Effects in Controlled Trials

Kenneth F. Schulz, PhD, MBA; lain Chalmers, MBBS, MSc; Richard J. Hayes, MSc; Douglas G. Altman

Objective.—To determine if inadequate approaches to randomized controlled
trial design and execution are associated with evidence of bias in estimating treat-
ment effects.

Design.—An observational study in which we assessed the methodological
quality of 250 controlled trials from 33 meta-analyses and then analyzed, using
multiple logistic regression models, the associations between those assessments
and estimated treatment effects.

Data Sources.—Meta-analyses from the Cochrane Pregnancy and Childbirth
Database.

Main Qutcome Measures.—The associations between estimates of treatment
effects and inadequate allocation concealment, exclusions after randomization, and
lack of double-blinding.

Results.—Compared with trials in which authors reported adequately concealed
treatment allocation, trials in which concealment was either inadequate or unclear
(did not report or incompletely reported a conceaiment approach) yielded larger
estimates of treatment effects (P<.001). Odds ratios were exaggerated by 41% for
inadequately concealed trials and by 30% for unclearly concealed trials (adjusted
for other aspects of quality). Trials in which participants had been excluded after
randomization did not yield larger estimates of effects, but that lack of association
may be due to incomplete reporting. Trials that were not double-blind also yielded
larger estimates of effects (P=.01), with odds ratios being exaggerated by 17%.

Conclusions.—This study provides empirical evidence that inadequate meth-
odological approaches in controlled trials, particularly those representing poor al-
location concealment, are associated with bias. Readers of trial reports should be
wary of these pitfalls, and investigators must improve their design, execution, and

reporting of trials.

IN 1977, CHALMERS and colleagues!
showed that nonrandomized studies
yielded larger estimates of treatment ef-
fects than studies using random alloca-
tion. Others have found similar associa-
tions.2® All those findings likely reflect
the effects of inadequately controlled bi-
ases in nonrandomized studies.
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Bias even appears to arise in trials
labeled as “randomized” if investigators
fail to prevent foreknowledge of treat-
ment allocation. In 1983, Chalmers and
colleagues? found that trials in which
the allocation schedule had been inad-
equately concealed yielded larger esti-
mates of treatment effects than trials in
which alloeation had been adequately
concealed. Again, these results likely re-
flect bias but could have been due partly
to confounding.?

A later study addressed that con-
founding issue by restricting analysis to
trials from meta-analyses with compa-
rable treatments. Rather than concen-
trating on the adequacy of allocation con-
cealment, however, Emerson et al'
sought a relationship between “quality
scores” intended to characterize the over-
all methodological quality of each trial'
and estimates of treatment effects. Ad-

ditionally, they suspected that method-
ologically inferior trials might produce
bias in both directions, thereby causing
greater variability in estimates of treat-
ment effects. In neither analysis, how-
ever, did they detect a relationship.

Using a database of systematic reviews
of controlled trials in pregnancy and child-
birth,”? we sought evidence of bias re-
lated to use of inadequate methodological
approaches to trial design and execution.
Rather than using quality scores, we in-
vestigated specific aspects that we be-
lieved might be influential.’® We hypoth-
esized that estimates of treatment effects
would be larger in trials in which (1) ad-
equate measures had not been taken to
conceal treatment allocation; (2) adequate
measures had not been taken to generate
the allocation schedule; (3) some allocated
participants had been excluded from the
analysis; and (4) measures had not been
taken to implement double-blinding. Fur-
thermore, we examined whether treat-
ment effects varied more in trials in which
allocation schedules had not been ad-
equately concealed.

MATERIALS AND METHODS

Derivation of Study Material

The systematic reviews of controlled
trials used in this analysis have been
published by the Pregnancy and Child-
birth Group of the Cochrane Collabora-
tion.!21415 Published and unpublished pri-
mary trials potentially relevant for in-
clusion in the reviews were entered in a
register.!® Trials were eligible if some
attempt to create unbiased comparison
groups had been reported, either by ran-
domization or by using a method such as
alternation in a consecutive series, case
record number, or date of birth. The
register formed the basis for preparing
systematic reviews.”

The database contained more than 500
systematic reviews,'2 but almost 60% of
the reviews included just one or two
trials. We derived a defined universe
from all the reviews in three steps. First,
weidentified an initial subset of 82 meta-
analyses, each of which included at least
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five trials with a total of at least 25
outcome events among the control
groups. Second, to ensure that data from
each trial would contribute only once to
the main analysis, we identified all meta-
analyses to which component trials had
contributed and retained only the meta-
analysis with the most homogeneous
grouping of interventions for inclusion
in the analysis. Thus, we strove for simi-
larity among trials within a meta-analy-
sis to isolate more effectively those dif-
ferences in treatment effects due to
methodological quality. For example, a
meta-analysis incorporating a specific
class of antibiotics given for prophylaxis
with cesarean delivery was included in
preference to a meta-analysis that had
included trials of any antibiotic used in
that way. With only minor levels of over-
lap between two meta-analyses, we de-
leted an overlapping trial from one of
them. That happened in only six instances;
a random-number table determined the
deletions. Third, the meta-analyses we
included in our analysis had to comprise
atleast one component trial with adequate
concealment (described herein) of the
treatment allocation schedule and at least
one trial without. We dropped from analy-
sis 21 unpublished and 13 non-English-
language trials due to difficulty in evalu-
ating methodological quality.

Of the remaining 33 meta-analyses, two
related to care during pregnancy, four to
preterm labor and delivery, seven to in-
duction of labor, six to labor and deliv-
ery, seven to prophylactic antibiotics for
cesarean delivery, three to the puerpe-
rium, and four to the very early neonatal
period. Each investigated similar com-
parison groups with the same binary out-
come measure. The 33 meta-analyses in-
cluded data from 250 primary trials in-
volving a total of 62 091 participants and
12 030 outecome events. Of the 250 trials,
10% were published from 1955 to 1969,
18% from 1970 to 1979, 61% from 1980 to
1989, and 11% from 1990 to 1992.

Assessment of Trial Quality

Randomization, avoidance of exclu-
sions after trial entry, and blinding have
been proposed as the most important
methodological components of controlled
trials."” Randomization in a trial should
involve both generating an unpredict-
able assignment sequence and conceal-
ing that sequence until allocation occurs.
Allocation concealment appears the more
important of those two aspects. It seeks
to prevent selection bias, protects the
assignment sequence before and until
allocation, and can always be imple-
mented.”® A double-blind trial shields
participants, care givers, and outcome
evaluators from knowledge of treatment
assignments. In contrast to allocation
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concealment, double-blinding seeks to
prevent ascertainment bias, protects the
sequence after allocation, and cannot al-
ways be implemented.!®

One of us (K.F.S.) assessed the meth-
odological quality of the 250 trial re-
ports on the following four dimensions:

1. Concealment of Treatment Allo-
cation Schedule.—Trials were divided
into three groups: (1) Adequately con-
cealed trials, the referent group, that
were deemed to have taken adequate
measures to conceal allocation (ie, cen-
tral randomization; numbered or coded
bottles or containers; drugs prepared
by the pharmacy; serially numbered,
opaque, sealed envelopes; or other de-
seription that contained elements con-
vincing of concealment). (2) Inadequately
concealed trials, in which concealment
was inadequate (such as alternation or
reference to case record numbers or to
dates of birth). (3) Unclearly concealed
trials, in which the authors either did
not report an allocation concealment ap-
proach at all or reported an approach
that did not fall into one of the catego-
ries just named. This group undoubt-
edly contained a mixture of inadequately
and adequately concealed trials, but with
the latter probably in the minority."*

2. Generation of Allocation Se-
quences.—Trials were divided into two
groups: a referent group of trials with
adequate sequence generation (reported
using random-number table, computer
random-number generator, coin tossing,
or shuffling) and a second group that did
not report one of the adequate approaches,
those with inadequate sequence genera-
tion. We also analyzed this dimension in
the subset of 79 trials that had reported
adequate allocation concealment, because
having a randomized (unpredictable) se-
quence should make little difference with-
out adequate concealment. In trials with
adequate concealment, particularly those
in which group assignment becomes
known after allocation (such as in un-
blinded trials), a randomized sequence
may become important.

3. Inclusion in the Analysis of All
Randomized Participants.—Trials were
divided into two groups: a referent group
of trials that reported, or gave the im-
pression, that no exclusions had taken
place (vast majority were not explicit)
and a second group of trials that reported
having made exclusions. The reasons for
exclusions (when given) included proto-
col deviations, withdrawals, dropouts, and
losses to follow-up.

4. Double-blinding.—Trials were di-
vided into two groups: a referent group
of trials that reported having been
double-blinded and a second group that
did not report as such, deemed not
double-blinded. Authors provided mea-

ger information on the approaches used
for double-blinding, so our classification
was based necessarily on whether the
reports purported to be accounts of
double-blind trials.

We made special efforts to ensure con-
sistency of quality assessments by using
a single assessor with a detailed classi-
fication scheme and data abstraction in-
strument and by preventing the asses-
sor from being aware of the results of the
trials. That was achieved in assessing
the descriptions of randomization and
double-blinding in the articles, because
authors embedded those descriptions in
the methods sections. Preventing aware-
ness was not always possible in assess-
ing exclusions after trial entry, however,
because authors frequently addressed
those descriptions in the results sections.

The data were entered interactively
into an Epi Info questionnaire.® To ex-
amine the reproducibility of items on the
questionnaire, one of us (D.G.A.) reas-
sessed a sample (computer random-num-
ber generator) of 10 trials unaware of the
assessments made by the principal in-
vestigator (K.F.S.). Information on se-
quence generation, allocation conceal-
ment, blinding, and numbers of partici-
pants randomized and analyzed revealed
no notable inconsistencies with the initial
assessments. Information on whether a
trial used intent-to-treat principles, how-
ever, revealed inconsistencies on two tri-
als, largely because the reports forced
that assessment to be made subjectively
by not providing explicit information.
Therefore, we did not analyze our assess-
ments of intent to treat.

Statistical Methods

We used the GLIM 4 statistical sys-
tem for modeling.? Simply, our model-
ing compared treatment effects (odds
ratios [ORs]) yielded by subgroups of
trials within each meta-analysis, and
then those results were aggregated over
all 33 sets of trials. Our multiple logistic
regression models used data on the bi-
nary outcomes from the 250 trials and
accounted for the effects of treatment,
trials, and the different treatment ef-
fects in the 33 meta-analyses. In our
first model, we added interaction terms®
to address the question: “On average,
do trials with inadequate or unclear al-
location concealment yield different ORs
relative to the referent group of ad-
equately concealed trials?” In our next
model, we added four interaction terms,?
each addressing the question (control-
ling for the others): “On average, do
trials judged to have been methodologi-
cally inferior yield different ORs from
trials assigned to the referent category?”
Interpretation of these interaction terms
was simplified because in each of the

Empirical Evidence of Bias—Schulz et al 409

Downloaded from jama.ama-assn.org at Capes Consortia on March 12, 2011


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

Table 1.—Reporting of Exclusions, Double-blinding, and Allocation Scheduie Generation Related to the
Level of Aflocation Concealment for 250 Controlled Trials

Adequately Unclearly Inadequately
Concealed, % Concealed, % Concealed, % All Trials
(n=79) (n=150) (n=21) (n=250)
Authors reported
No apparent exclusions 53 67 76 63
Double-blinding 73 39 14 48
Adequate generation of

atlocation schedule 29 15 0 18

individual 33 meta-analyses the treat-
ment intervention was more effective
than the control in preventing an ad-
verse outcome (a summary OR in each
of less than 1.0). A ratio of ORs (ROR)
of less than 1.0 for an interaction term
indicated that trials that were method-
ologically inferior had yielded larger (ex-
aggerated) estimates of treatment ef-
fects, on average, compared with the
referent group. Conversely, an ROR
greater than 1.0 indicated association
with smaller treatment effects.

To analyze the variability (heteroge-
neity) of the three allocation concealment
groups, we fitted a separate model to each.
The models accounted for the effects of
treatment, trials, meta-analyses, and the
different summary ORs in the meta-analy-
ses. The deviance divided by its degrees
of freedom was regarded as an approxi-
mate measure of overdispersion, reflect-
ing the degree of heterogeneity between
trials. We used approximate F ratio tests
to compare the heterogeneity of unclearly
and inadequately concealed trials with
the adequately concealed trials.® Al-
though approximate, these tests appear
appropriate for these data.?

In separate models not shown, we used
an adjustment to the scale parameter to
take rough account of overdispersion (ex-
trabinomial variation)in estimating SEs*
for the effects of inadequately and un-
clearly concealed trials. While yielding
wider confidence intervals (CIs), our ba-
sic conclusions remained unchanged.

RESULTS

Steps taken to conceal treatment al-
location schedules were adequate in 79
trials, unclear in 150, and inadequate in
21 (Table 1). The trials reporting ad-
equately concealed allocation were the
most likely to have reported excluding
participants after allocation whereas the
trials reporting inadequately concealed
allocation were the least likely. The un-
clearly concealed trials reported at an
intermediate level. Double-blinding and
having used adequate sequence genera-
tion, however, were much more com-
mon in the adequately concealed trials
than in the other groups.

Trials with inadequate or unclear al-
location concealment yielded exaggerated
estimates of treatment effects, on aver-
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age, compared with trials that had taken
adequate measures to conceal allocation
(Table 2). Furthermore, ORs derived from
trials that had reported inadequately con-
cealed allocation were more variable (het-
erogeneous) than those from adequately
concealed trials (P=.001; F=4.27; df,=7,
df;=46), whereas ORs derived from un-
clearly concealed trials were not (P=.19;
F=1.26; df,;=117, df.=48).

We excluded inadequately concealed
trials from further analyses for three
main reasons. First, they had more het-
erogeneous estimates of treatment ef-
fects. Second, including them in further
analyses makes little theoretical sense.
For example, analyzing the effect of
double-blinding in inadequately con-
cealed trials would be unjustified be-
cause double-blinding would likely be
impossible under such circumstances.
Third, they are not randomized trials.

Trials with unclear allocation conceal-
ment still yielded exaggerated estimates
of treatment effects after accounting for
sequence generation, postallocation ex-
clusions, and double-blinding (Table 3).
The ROR was 0.70, which means that
the ORs in the unclearly concealed tri-
als were, on average, 30% lower than in
the adequately concealed trials, ie, es-
timating larger treatment effects.

That 30% lower result for unclearly
concealed trials represents a weighting
and combining of the results from the 33
meta-analyses. To put that overall result
in context, we present two individual ex-
amples. The first, a meta-analysis of
polyglycolic acid vs catgut for perineal
repair on short-term pain, had five trials.
One adequately concealed trial yielded
an OR of 0.89, a protective effect of
polyglycolic acid, whereas the four un-
clearly concealed trials yielded an aggre-
gated OR 0f 0.44. That OR was 51% lower
than in the adequately concealed trial
(ROR, 0.49; 95% CI, 0.35 to 0.69), appar-
ently exaggerating the protective effect
of polyglycolic acid. The second meta-
analysis compared the effect of cortico-
steroids with no corticosteroids, after pre-
term rupture of membranes, on respira-
tory distress syndrome. Three adequately
concealed trials yielded an aggregated
OR of 0.72, a protective effect of corti-
costeroids, whereas the four unclearly
concealed trials yielded an aggregated

OR 0f 0.53. That OR was 27% lower than
in the adequately concealed trials (ROR,
0.73; 95% CI, 0.35 to 1.5). That exaggera-
tion of the protective effect closely re-

~sembles the overall average effect for

unclearly concealed trials of 30%.

Examining 33 separate logistic regres-
sion analyses, the estimates of treatment
effects for the unclearly concealed trials
were larger (exaggerated) in 27 meta-
analyses and smaller in six than the ef-
fects derived from the referent group of
concealed trials. The effect of unclear al-
location concealment varied among the
33 sets of trials by more than would be
expected by chance (P=.01).

Trials with inadequate sequence gen-
eration yielded estimates of treatment
effects that were similar to those derived
from trials with adequate sequence gen-
eration, after adjusting for the other three
methodological dimensions (Table 3).
However, limiting analysis to just those
79 trials that had reported adequately
concealed allocation, trials with inad-
equate sequence generation yielded larger
estimates of effects, on average, than tri-
als with adequate sequence generation
(ROR, 0.75; 95% CI, 0.55 to 1.02; P=.07).

Adjusting for allocation concealment,
sequence generation, and double-blind-
ing (Table 3), trials known to have ex-
cluded participants yielded estimates of
treatment effects that were similar, on
average, to those derived from trials
that apparently had not excluded any
participants. However, trials that had
not been double-blinded yielded esti-
mates of treatment effects that were
larger, on average, than those derived
from trials that had been double-blinded,
adjusting for the other three method-
ological elements (Table 3). Odds ratios
were exaggerated by 17%, on average,
in those trials that were not double-
blinded.

COMMENT

Comparing interventions can be mis-
leading unless investigators take precau-
tions to ensure that their studies contain
unbiased comparison groups. Random al-
location remains the only way to elimi-
nate selection biases. That unique strength
is of crucial importance in the common
circumstances in which the treatment ef-
fects may be of comparable magnitude to
the biases that occur in most nonrandom-
ized comparisons of health care alterna-
tives.

Surprisingly, in view of the central im-
portance of randomization, authors often
provide inadequate details of the steps
taken to assign participants to compari-
son groups,®? including authors in the
medical specialty represented in this
analysis.'® Because randomization pre-
vents selection bias, trials that have failed
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Table 2.—Odds Ratios in the Unclearly and
Inadequately Concealed Trials Compared With
Those in Adequately Concealed Trials*

Ratio of
Level of Odds Ratios
Allocation  (95% Confidence
Concealment Interval) x2 (df) P
Adequate 1.00 (referent)
Unclear 0.67 (0.60-0.75) ]
Inadequate 0.59 (0.48-0.73) 57.9(2) <001

.|

*Multiple logistic regression model with the depen-
dent variable being binary outcome measures from each
meta-analysis. The independent variables included a
binary variable for treatment group (experimental vs
control); indicator variables to control for the effects of
each of the 250 trials; terms for the “meta-analysis by
treatment group” interaction to control for the different
summary odds ratios for the treatment effects in the 33
meta-analyses; and the “allocation concealment by treat-
ment” interaction terms displayed in this table to analyze
their associations with estimates of treatment effects.
Model deviance=434.2; df=215.

to ensure proper randomization should
yield systematically different estimates
of treatment effects than those estimates
derived from trials that have used ad-
equate approaches. Our analyses, using
the available information in reports of
controlled trials, support that hypothesis.
We also found that estimates of treat-
ment effects were larger in trials that
had not reported double-blinding.

Peto®has warned of potential biases of
30% with nonrandomized studies. His con-
cernalso pertains to poorly executed ran-
domized trials and, based on our study,
appears appropriate. Trials that reported
either inadequate or unclear concealment
methods yielded estimates of ORs that
were exaggerated by an average of 41%
or 30%, respectively, compared with es-
timates of ORs derived from trials that
apparently had taken adequate steps to
conceal treatment allocation. These as-
sociations probably reflect selection bi-
ases. Further evidence of bias comes from
the greater heterogeneity of treatment
effects displayed by the inadequately con-
cealed trials compared with the ad-
equately concealed trials. This variability
reflects biases that inconsistently bounce
in both directions, which is particularly
pernicious.

Inadequate concealment can lead to in-
troduction of bias in many ways, some-
times as the result of deliberate subver-
sions (usually well intentioned), sometimes
as the net result of subconscious actions.
For example, if those responsible for ad-
mitting participants have foreknowledge
of treatment allocations, they may chan-
nel participants with a better prognosis
to the experimental group and those with
a poorer prognosis to the control group,
or vice versa. That could easily be accom-
plished by delaying a participant’s entry
into the trial until the next desired allo-
cation appears or by excluding eligible
participants from the trial or encouraging
them to refuse entry. Without allocation
concealment, biases in either direction be-
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Table 3.—Association Between Four Dimensions of Methodological Quality and Estimates of Treatment
Effects in the 229 Adequately and Unclearly Concealed Trials™

Ratio of
Odds Ratios
(95% Confidence
Measure of Methodological Quality Interval) X2 (df) P
Allocation concealment
R f t
Adequate 1.00 {referent) 329 (1) <001
Unclear 0.70 (0.62-0.79)
Sequence generation
\ 1.00 (ref t
Adequate (referent) 0.31(1) 58
Inadequate 0.95 (0.81-1.12)
Exclusions
No 1.00 (referent
( ) 0.99(1) 32
Yes 1.07 (0.94-1.21)
Double-blinded
Y 1. fi t
es 00 (referent) 6.16 (1) o1
No 0.83 (0.71-0.96)

.|

*Multiple logistic regression model with the dependent variable being binary outcome measures from each
meta-analysis. The independent variables included a binary variable for treatment group {(experimental vs controi),
indicator variables to control for the effects of each of the 229 trials; terms for the “meta-analysis by treatment group”
interaction to control for the different summary odds ratios for the treatment effects in the 33 meta-analyses; and
the four “quality measure by treatment” interaction terms displayed in this table to analyze their associations with
estimates of treatment effects. Model deviance=325.3; df=192.

come possible, although we found a clear
tendency toward exaggerated estimates
of treatmient effects.

The effects yielded by unclearly con-
cealed trials varied by more than chance
among the meta-analyses. Therefore,
while an exaggeration of 30% in ORs for
the unclearly concealed trials appropri-
ately estimates the average association,
it should not be interpreted as represent-
ing each meta-analysis. Furthermore, dis-
tortions in ORs, in either direction, should
not be interpreted to mean that distor-
tions in relative risks would be of a simi-
lar magnitude. The proportion of outcome
events in the control groups of the trials
we studied was almost 20% overall and
ranged from less than 1% to more than
90%. An exaggeration of 30% in an OR
could translate to a much lower level of
exaggeration in a relative risk.

Inadequate allocation conceament also
may be a surrogate measure for the qual-
ity of other aspects of trial design and
execution. Thus, the magnitude of the
associations we have observed may re-
flect biases other than selection biases. In
any case, our results support the policy
decision taken by one journal not to pub-
lish reports of trials with inadequate
allocation concealment (not truly random-
ized).® Our findings emphasize the im-
portance of securing adequate allocation
concealment and of ensuring that authors
and journal editors publish reports that
make those aspects of trial design ex-
plicit.

That inadequate sequence generation
had little effect on estimation of treat-
ment effects augments the case for the
greater importance of allocation conceal-
ment. However, in the 79 trials that used
adequate allocation concealment, trials
that did not report an adequate approach
to sequence generation yielded larger es-

timates of treatment effects. That find-
ing implies that an unpredictable (ran-
dom) sequence helps to protect against
bias if steps are taken to conceal the al-
location sequence. We advise caution in
interpreting this result, however, because
of the wide CI that includes the possibil-
ity of no effect.

Contrary to our prior hypothesis, tri-
als that reported having excluded par-
ticipants after randomization did not
yield exaggerated estimates of treat-
ment effects compared with trials in
which the reports gave the impression
of no exclusions. That unexpected find-
ing could be because some authors in-
appropriately reported that they had
randomized the same number of par-
ticipants as they had analyzed, even
though some randomized participants
actually had been excluded. That inter-
pretation receives support from the
paradoxical finding that trials using ad-
equately concealed allocation were the
most likely to report excluding partici-
pants and that trials using inadequately
concealed allocation were the least likely
to report excluding participants (Table
1). Of those trial reports that gave the
impression that no exclusions had oc-
curred, few explicitly stated that no ex-
clusions had occurred. This all suggests
that published information on exclusions
may currently have little value in as-
sessing trial quality, and users of ran-
domized controlled trials should be wary
of the potentially misleading informa-
tion currently provided.

Indeed, Ggtzsche® warned of that mis-
leading information when he detected
nonreporting of exclusions in two sepa-
rate published trials. Investigators must
report accurately the number of exclu-
sions and, if none took place, must state
so explicitly. They also must explicitly
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state their approach to the analysis, pri-
marily whether they performed an in-
tent-to-treat analysis.

Trials for which no double-blinding was
reported yielded estimates of ORs that
were exaggerated by 17%, on average,
compared with trials that reported hav-
ing used double-blinding. Trials that re-
ported double-blinding usually provided
little, if any, information on the methods
used. Consequently, some trials claiming
to be double-blind may not have been,
and so misclassification error could have
caused an underestimate of the indepen-
dent effect of not double-blinding. In any
case, blinding should be of greater im-
portance to minimizing bias for some out-
comes than for others.

The selection criteria for our subset
of meta-analyses could have affected our
results. For example, we selected only
published trials. We found those trials
with certain indications of inadequate
methodological quality tended to report
more extreme beneficial effects. Those
results potentially could have material-
ized, in part, because of publication bias
if trials of lower methodological quality
tended to be published more often if
their results were more extreme.

We sought primarily internal consis-
tency in our assessments of quality and
achieved that by using one assessor. We
examined interassessor reproducibility
in a small sample to identify any major
potential problems, not to precisely es-
timate reproducibility. To obtain pre-
cise estimates would require a larger
sample size. Our measures appeared rea-
sonable except for the one on intent to
treat. Moreover, our measures seemed
reliable in other studies.'®*

Thus, our study could not be com-
pletely shielded from biases. We doubt,
however, that those potential biases
could account fully for our findings.
Moreover, some of the trials with un-
clear concealment may have used an ac-
ceptable method of concealment but sim-
ply did not report it. Thus, the true bias
associated with lack of concealment could
be higher than we observed. Further-
more, we feel our results can be cau-
tiously generalized beyond the perina-
tal field. In medical specialties where
generalizing appears questionable, we
encourage replication of this study.

Our results for allocation concealment
are consistent with a previous finding*
but, unlike those,? cannot be attributable
to confounding by type of treatment. Our
analysis accounted for the effects of the
33 meta-analyses, each of which was com-
posed of trials that had investigated simi-
lar treatments. Our findings do not nec-
essarily conflict with the findings of Emer-
son et al' because those investigators
used a quality score!! that quantifies many
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aspects of trial design and analysis, some
of which were unlikely to be related to
bias.!® Also, their inclusion of both study
size and quality score as explanatory vari-
ables in their model could have obscured
the effects of quality relating to bias be-
cause study size correlated with quality
score.

CONCLUSIONS

Our findings not only highlight the
importance of adequate methodological
quality in controlled trials but also the
importance of complete and reliable re-
porting. Without adequate reporting, as-
sessing quality becomes impossible. Au-
thors should, as a minimum, explicitly
describe their approaches to sequence
generation, allocation concealment, blind-
ing, and handling of exclusions after al-
location. 133!

Preventing foreknowledge of treatment
allocation by effective concealment of al-
location schedules in controlled trials
emerges from our analyses as crucially
important to reducing bias. Without
proper application of measures to achieve
concealment, the whole point of random-
ization vanishes and bias is likely to dis-
tort results. Our results support the com-
ment of Mosteller and colleagues®: “When
the randomization leaks, the trial’s guar-
antee of lack of bias runs down the drain.”
Investigators, editors, and readers need
to be made aware of the importance of
allocation concealment. With greater
methodological vigilance, more random-
ized trials will actually fulfill their prom-
ise of minimizing bias.
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