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Objective.—To assess the methodclogic quality of approaches used to allocate
participants to compariscn groups in randomized controlled trials from one medical
specialty.

Design.—Survey of published, parallel group randomized controlled trials.

Data Sources.—All 206 reports with allccation described as randomized from
the 1990 and 1991 volumes of four journals of obstetrics and gynecology.

Main Outcome Measures.—Direct and indirect measures of the adequacy of
randomization and baseline comparisons.

Results.—Only 32% of the reports described an adequate method for generat-
ing a sequence of random numbers, and only 23% contained information showing
that steps had been taken to conceal assignment until the point of treatment ailo-
cation. A mere 9% described. both sequence generation and ailocation conceal-
ment. In reports of trials that had apparently used unrestricted randomization, the
differences in sample sizes between treatment and control groups were much
smaller than would be expected due to chance. In reports of trials in which hypoth-
asis tests had been used to compare baseline characteristics, only 2% of reported
test results were statistically significant, lower than the expected rate of 5%.

Conclusions.—Proper randomization is required to generate unbiased com-
parison groups in controlled trials, yet the reports in these journals usually provided
inadequate or unacceptable information on treatment allocation. Additional analy-
ses suggest that nonrandom manipulation of comparison groups and selective re-

porting of baseline comparisons may have occurred.

RANDOMIZATION eliminates selec-
tion biases in controlled trials. Unfor-
tunately, investigators often address
randomization improperly in the design
and implementation phases of trials and
neglect it in published reports.'® More-
over, an analysis of prominent general
journals revealed that among trials in
which unrestricted randomization was
used, the sample sizes in the two com-
parison groups were more similar than
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would be expected by chance.® Further-
more, results of only 4% of hypothesis
tests comparing baseline characteristics
were significant at the 5% level.

We conducted a systematic evalua-
tion of reports of randomized controlled
trials (RCTs) published in the two main
US and the two main British journals of
obstetrics and gynecology. The Ameri-
can Journal of Obstetrics and Gynecol-

ogy (AJOG) and Obstetrics and Gyne-’

cology (OG) are published in the United
States, and the British Journal of Ob-
stetrics and Gynaecology (BJOG) and
the Journal of Obstetrics and Gynae-
cology (JOG) are published in the United
Kingdom.

Earlier research has suggested that
the methodologic quality of RCTsin this
specialty may be inadequate*’; we an-
ticipated that descriptions of adequate
approaches to treatment assignment
would be rarer in these journals than in
general journals. We also hypothesized
that (1) the reports published in the

BJOG would be of better quality than
those published in the other three jour-
nals because a concerted editorial effort
had been made to improve the quality of
reporting in the BJOG#¥ (2) the num-
bers of patients in the comparison groups
of trials in which unrestricted random-
ization was used would be more similar
than would be expected by chance, and
(3) the percentage of reported statisti-
cally significant differences in baseline
characteristics would be less than the
expected 5%.

METHODS

We collected data from all reports
(N=206) of trials published in the 1990
and 1991 volumes of the AJOG, the
BJOG, the JOG, and OG. To identify
eligible reports, we handsearched the
journals and then cross-checked that
search using the Oxford Database of
Perinatal Trials (issue 8) and MED-
LINE. We included articles in which
authors reported that individuals had
been randomly allocated to parallel (un-
crossed) groups. A report was included
as long as it purported to refer to a
randomized trial, even if the actual
method deseribed nonrandom allocation.
We included only the first publications
relating to particular trials.

We examined reports and collected
data using methods similar to those used
in the analysis of general journals.® For
consistency of measurement across jour-
nals, one of us (K.F.S.) performed all of
the assessments. To examine the repro-
ducibility of items on the questionnaire,
another of us (D.A.G.) assessed a sample
(random number table) of 15 trials while
blinded to the initial assessments. We
found no notable differences on our main
outcome measures. We entered data into
an Epi-Info questionnaire.?

The reduction of bias in trials depends
crucially on preventing foreknowledge
of treatment assignment. Concealing as-
signments until the point of allocation
prevents foreknowledge, but that pro-
cess has sometimes been confusingly re-
ferred to as randomization blinding.”
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- This term, if used at ail, has seldom been
distinguished clearly from other forms
of blinding (masking) and is unsatisfac-
tory for at least three reasons. First, the
rationale for generating comparison
groups at random, including the steps
taken to conceal the assignment sched-
ule, is to eliminate selection bias. By
contrast, other forms of blinding, used
after the assignment of treatments,
serve primarily to reduce ascertainment
bias. Second, froma practical standpoint,
concealing treatment assignment up to
the point of allocation is always pos-
sible, regardless of the study topic,
whereas blinding after allocation is not
attainable in many instances, such as in
trials conducted to compare surgical and
medieal treatments, Third, control of se-
lection bias pertains to the trial as a
whole, and thus to all outcomes being
compared, whereas control of ascertain-
ment bias may be accomplished success-
fully for some outcomes but not for oth-
ers. Thus, concealment up to the point of
allocation of treatment and blinding af-
ter that point address different sources
of bias and differ in their practicability.
In light of those considerations, we re-
fer to the former as allocation conceal-
ment and reserve the term blinding for
measures taken to conceal group iden-
tity after allocation.

We considered the following ap-
proaches to the generation of an alloca-
tion sequence as adequate: computer,
random number table, shuffled cards or
tossed coins, and minimization, We con-
sidered the following approaches to al-
location concealment as adequate: cen-
tral randomization (eg, by telephone to
a trials office), a pharmacy, numbered
or coded containers, and sequentially
numbered, opaque, sealed envelopes.
Nonrandom (often called systematic) ap-
proaches included alternate assignment
and assignment by odd/even birth date
or hospital number, Other terms are de-
scribed elsewhere, 1415

Restriction forces sample sizes in com-
parison groups to be more similar than
would occur by simple randomization.”
Blocking is the most commonly used
form. Our analyses of the differences in
reported sample sizes of comparison
groups has been limited to two-group,
unrestricted trials. We categorized
trials as “unrestricted” if the trial had
not been reported as restricted or strati-
fied (which are more likely to be re-
stricted).

To assess whether authors reported
appropriate measures of variability for
means or medians when reporting base-
line comparisons, we looked for the SD,
range, or raw data. Unless otherwise
indicated, we used > tests to compare
nominally scaled variables. The Green-
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Adequacy of Reported Methodologic Companents of Randomization in 208 Randomized Controlled Trials

From Four Joumals
% of Triais

( o
Am J Obstet 8r J Obsatet J Obstet Obstst
Randomizatien Gynecol Gynaecal Gynaecol Gynecol Total
Companent (n=64) {n=48) (na20) (n=74) {N=208)
Use of adequate sequence
genoration 38 38 15 30 2
Use of adequato allocation
conceaiment 19 43 5 19 23
Both generation and’
concaaiment adequate 9 15 5 7 9

land and Robins approach was used to

obtain confidence intervals for relative

risks.!?
RESULTS

We found 206 reports of trials in four
journals. More than three quarters (78%)
failed to provide information about the
type of randomization. Despite purport-
ing to be randomized trials, 11 reports
(6%) described the use of a nonrandom
method of assignment. Only 29 (14%) of
the reports described the use of restric-
tion (23 of the 29 descibed blocking).
None reported the use of replacement
randomization. Reports published in the
BJOG stated the type of randomization
more frequently than reports published
in the other journals (48% vs 14%,
P<.001, 1 df).

Only 32% of the reports specified an
adequate method for generating random
numbers, and the rates were similar
among the four journals (P=.27, 3 df
Table). A computer random number gen-
erator was the most frequently speci-
fied method (18%), followed by a ran-
dom number table (11%).

Almost half (48%) of the reports did
not describe the mechanism used to al-
locate treatments. Authors specified use
of envelopes most frequently (25%), but
only one quarter of those (6% of all)
stated that the envelopes had been se-
quentially numbered, opaque, and sealed.
Fifteen reports (7%) specified the phar-
macy, another 15 (7%) specified num-
bered bottles or containers, and five (2%)
described central randomization. Ten
(6%) stated that a list, table, or schedule
had been used for allocation, and the
other 11 used nonrandom, unconcealed
assignment. Overall, only 23% stated an
adequate approach to allocation conceal-
ment (Table). The proportion of reports
deseribing adequate concealment var-
ied markedly among the four journals
(P<.001, 3 df). The BJOG had a rate 2.6
times higher than the other three jour-
nals combined (95% confidence interval,
1.6 to4.1; P<.001). Only 9% described an
adequate method for both sequence gen-
eration and allocation concealment
(Table).

In 96 reports of apparently unre-
stricted trials, sample sizes of the treat-
ment and control groups differed by less
than would be expected due to chance
alone. The Figure illustrates those dif-
ferences in relation to total trial size.
About five triais should fall outside the
outer pair of straight lines—none did:
about 48 should fall outside the inner
pair of lines—only eight did (P<.001; y
goodness of fit, 2 df). That 54% of the
unrestricted trials had differences in
group sizes of zero or one further indi-
cates the similarity of group sizes. Sur-
prisingly, only 36% of the blocked trials
had differences in group sizes of zero or
one.

Authors presented comparisons of
baseline characteristics in 84% of the
reports. Comparisons presented as con-
tinuous variables were reported in 78%
of the trials, and among those only 68%
were accompanied by appropriate mea-
sures of variability. Reports in the BJOG
were more likely than those in the other
three specialty journals to present ap-
propriate measures of variability, but
the differences among the four journals
were not statistically significant (P=.22,
3 df). In 41% of the 206 reports, either
authors did not present baseline char-
acteristics or did not report appropriate
measures of variability,

Authors used hypothesis tests for
baseline comparisons in 125 reports
(61%) and presented results of 1076 tests.
Of those results, only 2% were statisti-
cally significant at the 5% level, a de-
parture from expectation (P<.001, = test).

In 50 (24%) of the reports, authors
reported sample sizes to be based on
prior statistical power calculations. The
rates were 0% for the JOG, 18% for OG,
19% for the AJOG, and 32% for the
BJOG. Trials published in the BJOG
reported power calculations 3.3 times
more frequently than those from the
other three journals combined (95% con-
fidence interval, 2.1 to 5.2; P<.001).

COMMENT

Randomized controlled trials provide
the most valid basis for the comparison
of interventions in health care. If im-
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properly conducted, however, trials pur-
porting to be “randomized” can yield
biased resuits. Indeed, bias has been
detected in trials not reporting adequate
allocation concealment.* Thus, for read-
ers to have justifiable confidence in the
internal validity of a trial, the report
should demonstrate adequate random-
ization. Considering its central impor-
tance, we are surprised that authors
have not been more meticulous in pub-
lishing clear reports of the randomiza-
tion process.

Our estimate of 32% for adequate se-
quence generation may be generous, as
it includes processes such as shuffled
cards and tossed coins as “adequate.” Be-
cause those methods open the produc-
tion of assignment schedules to human
perturbations and result in unreproduc-
ible results, we consider them less than
optimal; others consider them unaccept-
able.”® We recommend tables and com-
puters not only because of reproducibil-
ity but also because of ease and speed.

Allocation concealment generally out-
weighs the importance of generating as-
signments per se,'®!” yet only about half
of the reports provided information ad-
equate to assess that aspect of trial de-
sign and conduct. We judged that less
than one quarter of the reports deseribed
adequate allocation concealment, but,
even with many of those, further clari-
fying information should have been pro-
vided. Few reports stated who had pre-
pared the randomization scheme; those
who prepared the scheme should not
have been involved in determining eli-
gibility, administering treatment, or as-
sessing outcome,

Reports of trials published in the
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BJOG provided more information than
those in the other three journals. They
more frequently included information
about the type of randomization,
reported an adequate approach to ran-
domization concealment, and reported
statistical power calcuiations. Also, the
quality of reports in the BJOG matched
or exceeded that found in the four gen-
eral journals.? Even so, those of us (L.C.
and D.G.A.) who had been involved in
editorial efforts to improve the quality
of reports in the BJOG were disap-
pointed at how much room for improve-
ment remains. The reports from the two
US journals were comparable with each
other but superior to those in the JOG.
Editorial efforts similar to those made
at the BJOG in the mid-1980s are now
occurring at OG,"™ and those, too, may
result in improved quality.

The relative sizes of comparison
groups in the unrestricted trials shouid
have reflected random variation. In other
words, some discrepancy between the
numbers in the comparison groups would
be expected. We found the contrary,
however, which supported an earlier
finding.®* The strong tendency for the
comparison groups to be of equal or simi-
lar sizes may be explained by unreported
use of (1) restriction, usually blocking;
(2) replacement randomization; (3) a non-
random method of assignment; or (4)
nonrandom manipulation of assignments
or data to balance sample sizes. Use of
restriction would be the most palatable
of these possible explanations, and it
likely explains some instances. [t prob-
ably does not explain most, however,
because few trials reported restriction
and because blocked trials yielded dif-

ferences more disparate than those found
in the unrestricted trials. We found no
evidence of replacement randomization,
We found evidence of nonrandom allo-
cation; thus, its unidentified use in other
trials may explain some of the similari-
ties. This is hardly reassuring, however,
given the risk of bias due to nonran-
domness and difficulties with conceal-
ment,

The fourth potential explanation, non-

. random manipulation, has serious im-

plications because it is the most likely to
introduce selection bias. Our findings
provide indirect evidence that it could
have happened. Some investigators may
have believed that they would increase
the credibility of their trial if they pre-
sented comparison groups of equal size,
Unfortunately for good science, but for-
tunately for those investigators, most
readers probably shared their miscon-
ception. Paradoxically, the results of
those possible manipulations have had
exactly the opposite effect when ana-
lyzed in aggregate in our study. While
our results indicate clearly that the set
of trials that had supposedly used un-
restricted randomization were not what
they purported to be, the identification
of any particular trial as suspect is im-
possible, as some trials would be ex-
pected to achieve similar numbers sim-
ply by chance.

While randomization assigns treat-
ments without bias, it does not neces-
sarily produce balanced groups with re-
spect to prognostic factors. On strictly
theoretical grounds, if randomization is
properly implemented, establishment of
comparability at baseline is unnecessary.
Random assignment eliminates bias,
even though, in a particular study, the
groups compared may never be perfectly
balanced for important prognostic
variables. The process of randomization
underlies significance testing, and that
process is independent of prognostic
factors, known or unknown.!®

Baseline characteristics in RCTs
should be addressed by authors, but the
common, inappropriate use of hypoth-
esis tests to compare characteristics con-
cerns us.®3! That process assesses the
probability that differences observed
could have occurred by chance. In prop-
erly randomized trials, however, any ob-
served differences have occurred by
chance. As noted elsewhere,® “Such a
procedure is clearly absurd.” Hypoth-
esis tests are superfluous, and their use
in comparisons of baseline characteris-
ties can mislead investigators and their
readers. Rather, comparisons should be
based on consideration of the prognostic
strength of the variables measured and
the magnitude of any chance imbalances
that have occurred.”
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Hypothesis tests in these reports re-
sulted in many fewer statistically sig-
nificant comparisons than expected, One
plausibie explanation for that discrep-
ancy is that a few investigators may
have decided not to report statistically
significant comparisons, believing that
by withholding that information they
would increase the credibility of their
reports. In fact, the opposite has
occurred in this aggregated analysis. In-
vestigators should report baseline
comparisons on important prognostic
variables, regardless of statistical sig-
nificance. Not only are hypothesis tests
superfluous and potentially misleading,
but they can be harmfui if they lead
investigators to suppress any baseline
imbalances.

None of our findings are particulariy
reassuring. As a whole, the trials from
this medical specialty fared somewhat
worse than the poor showing of the gen-
eral journals.® Furthermore, these re-
sults probably represent what would be
found in many other speciaities as well.
Although failure to report steps to re-
duce bias does not constitute direct evi-
dence that those steps have not been
taken, at least one study, in which clari-
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At a minimum, reports of RCT's should
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quence generation, (3) the methed of
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generating and executing the scheme,
and (5) the comparative baseline char-
acteristics, with proper interpretation.
Furthermore, tolerance for groups of
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should be cultivated in addition to in-
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line characteristics.
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