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SYSTEMATIC REVIEWS
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Abstract
Objective: Statisticians have criticized the use of significance testing to compare the distribution of baseline covariates between treat-
ment groups in randomized controlled trials (RCTs). Furthermore, some have advocated for the use of regression adjustment to estimate the
effect of treatment after adjusting for potential imbalances in prognostically important baseline covariates between treatment groups.

Study Design and Setting: We examined 114 RCTs published in the New England Journal of Medicine, the Journal of the American
Medical Association, The Lancet, and the British Medical Journal between January 1, 2007 and June 30, 2007.

Results: Significance testing was used to compare baseline characteristics between treatment arms in 38% of the studies. The practice
was very rare in British journals and more common in the U.S. journals. In 29% of the studies, the primary outcome was continuous,
whereas in 65% of the studies, the primary outcome was either dichotomous or time-to-event in nature. Adjustment for baseline covariates
was reported when estimating the treatment effect in 34% of the studies.

Conclusions: Our findings suggest the need for greater editorial consistency across journals in the reporting of RCTs. Furthermore,
there is a need for greater debate about the relative merits of unadjusted vs. adjusted estimates of treatment effect. � 2010 Elsevier
Inc. All rights reserved.
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1. Introduction

In randomized controlled trials (RCTs), randomization
ensures that, on average, the distribution of baseline
covariates will be similar between the different treatment
arms. However, in any given RCT, there is likely to be
residual differences in baseline characteristics between the
treatment arms [1]. Adherence to the CONSORT guidelines
on the reporting of RCTs requires that baseline demographic
and clinical characteristics be described in each treatment
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group [2]. With few exceptions, the statistical literature is
uniform in its agreement on the inappropriateness of using
hypothesis testing to compare the distribution of baseline
covariates between treated and untreated subjects in RCTs
[1,3e6]. Senn writes that, in an RCT, ‘‘over all the random-
izations the groups are balanced; and that for a particular
randomization they are unbalanced’’ [1]. Thus, in an RCT,
the only reason to use a significance test would be to exam-
ine the process of randomization itself. As Begg suggests, ‘‘a
significance test of the association between the covariate and
the treatment assignment is a test of the hypothesis that the
treatments are randomly distributed. In other words, it is
a test of a null hypothesis that is known to be true’’ [3]. Sim-
ilarly, Altman writes that ‘‘performing a significance test to
compare baseline variables is to assess the probability of
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What is new?

Key findings
� Substantial variation exists among leading medical

journals in the use of statistical significance testing
to compare baseline covariates between treatment
groups in randomized controlled trials (RCTs).

� Unadjusted estimates of treatment effect were
reported more frequently than adjusted analyses.

� Primary outcomes were more frequently either
binary or time-to-event in nature than continuous
in published RCTs.

What this adds to what was known?
� In the current era, there remain inconsistencies

between the reporting of analyses in RCTs and what
is considered the best statistical practice.

What is the implication and what should change now?
� There is a need for greater editorial consistency in en-

forcing the statistical proscription against the use of
statistical significance testing for comparing baseline
covariates between treatment groups in RCTs.

� There is a need for an informed debate about the
relative interpretability and utility for clinical and
policy decision making of unadjusted vs. adjusted
measures of treatment effect for binary and
time-to-event outcomes.

something having occurred by chance when we know that it
did occur by chance. Such a procedure is clearly absurd’’
[4]. Although randomization will, on average, balance
covariates between treated and untreated subjects, it need
not do so in any particular randomization.

A related issue when estimating the effect of treatment on
outcomes in RCTs is adjusting for baseline covariates.
Different authors have argued that regression analysis should
be used when estimating the effect of the treatment on the
outcome [1,7e9]. This allows one to adjust for chance imbal-
ance in prognostically important baseline covariates. Fur-
thermore, the use of regression analysis can result in
increased precision when estimating the treatment effect
[8,9]. Importantly, both Senn and Lavori et al. argue that
the covariates should be selected a priori, and that the
selected covariates should be strongly prognostic of the
outcome [1,9]. The selection of covariates for inclusion in
the regression model should not be based on significance tests
comparing their distribution across arms of the trial.

It is not known to what extent the prohibition against
using significance testing to compare baseline covariates
between treatment arms and the prescription of the use of
regression adjustment are adhered to in the current medical
literature. The objective of the current study was to conduct
a review of the treatment of baseline covariates in published
RCTs in the general medical literature.
2. Methods for the systematic review

We conducted a systematic review of RCTs published in
four leading general medical journals: the New England
Journal of Medicine (NEJM ), the Journal of the American
Medical Association (JAMA), The Lancet, and the British
Medical Journal (BMJ ). We searched PubMed for articles
published in these four journals between January 1, 2007
and June 30, 2007. We limited our search to reports of
RCTs in humans. We excluded cluster randomization trials,
reports of subgroup analyses of prior RCTs, secondary
analyses of prior RCTs, studies in which no primary
outcome was identified, and cost-effectiveness analyses
conducted alongside RCTs.

The CONSORT statement requires that authors describe
the baseline demographic and clinical characteristics of
each group (item 15) [2]. In an explanation and elaboration
of the CONSORT statement, it is suggested that baseline
information is ‘‘efficiently presented in a table’’ [10]. We
examined whether each published report of an RCT
included a table describing baseline demographic and
clinical characteristics of each arm. When such a table
was not reported, we examined whether a comparison of
baseline characteristics was described in the text.

Many RCTs use stratified randomization. Because it is
commonly agreed that stratification factors should be
accounted for in the analysis estimating treatment efficacy
[11], an analysis was not considered an adjusted analysis if
it adjusted only for stratification factors. Similarly, many
studies adjust the effect of treatment on outcome for the
baseline value of the response variable. An analysis that
adjusted for the value of the response at baseline was not
considered an adjusted analysis. Thus, an adjusted analysis
had to adjust for at least one baseline covariate that was not
a stratification factor and that was not the value of the
response variable at baseline.

For each identified study, we abstracted the following
information: (1) the primary outcome; (2) the nature of the
primary outcome; (3) whether a table was published compar-
ing baseline characteristics between treatment arms. When
such a table was not published, we examined whether
between-group comparisons of baseline characteristics were
described in the text; (4) when such a table was published, we
examined whether it was reported that significance testing
had been used to compare the distribution of baseline covari-
ates across treatment arms; (5) whether an unadjusted analy-
sis of the effect of treatment on the primary outcome was
reported. If an unadjusted analysis was reported for a contin-
uous outcome, we examined whether the analysis had
adjusted for the baseline value of the response variable; (6)
whether an adjusted analysis of the effect of treatment on
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the primary outcome was reported; and (7) how authors
reported selecting the covariates for adjustment when an
adjusted analysis was reported.

When multiple primary outcomes were listed, we
selected the primary outcome that was described as the
‘‘first’’ primary outcome. If none of the primary outcomes
was described as the ‘‘first’’ primary outcome, we selected
the primary outcome that was used in the sample-size cal-
culation. If multiple primary outcomes were listed and each
was used in a sample-size calculation, then we used all
identified primary outcomes.

When recording the method used for selecting baseline
covariates for use in an adjusted analysis, we allowed for
three possible options. First, we noted whether the authors
explicitly reported that covariates for adjustment were
selected before the analysis. Second, we noted whether
the selection of covariates was reported to be based on
a post hoc analysis (e.g., observed imbalance in baseline
covariates, statistical significant differences in baseline
covariates between arms of the study, or by the use of an
automated variable-selection method, such as backward
variable elimination). Third, in the absence of the reported
use of one of the first two methods for covariate selection,
we described the method of covariate selections as unclear.

Each identified article was read independently by two
study authors. One study author (P.C.A.) read all the iden-
tified articles. Two of the authors (A.M. and M.B.S.) each
read one-third of the identified articles. A fourth study
author (M.Z.) abstracted some items from the remaining
third, whereas the fifth study author (D.N.J.) abstracted
additional items from these articles. Disagreements
between abstractors were resolved by the two abstractors
reviewing the disputed study and arriving at a consensus.

As a prespecified analysis, we used a chi-square test to
test whether there were differences among the four journals
in the proportion of articles that reported using statistical
hypothesis testing to compare baseline characteristics
between randomization arms.
3. Results of the systematic review

Results of the review are summarized in Table 1 and are
described in the following subsections.
3.1. Included studies

The initial search strategy identified 135 published
reports of RCTs [12e146]. Of these, 21 were excluded
for the following reasons: ancillary study of prior RCT
(one study) [75], cluster randomization trials (seven stud-
ies) [37,50,60,125,130,135,144], cost-effectiveness studies
(one study) [133], no primary outcome identified (three
studies) [26,116,142], pooled subgroup analysis of two
RCTs (one study) [55], secondary analysis of an RCT
(six studies) [25,31,71,88,112,128], subgroup analysis of
an RCT (one study) [61], and substudy of an RCT (one
study) [131]. This resulted in the inclusion of 114 published
reports of RCTs. Of these, 42 (36.8%) were published in
the NEJM, 25 (21.9%) in the JAMA, 28 (24.6%) in The
Lancet, and 19 (16.7%) in the BMJ.

3.2. Comparison of baseline characteristics between
treatment arms

Of the included 114 randomized trials, 110 (96.5%)
reported a table in which baseline demographic and clinical
characteristics were compared between treatment arms. Of
the 110 randomized trials reporting such a table, signifi-
cance testing was used in 42 (38.2%) to compare the distri-
bution of baseline covariates across treatment arms. When
we examined the prevalence of significance testing to com-
pare baseline covariates in each journal separately, the
results were as follows: 29 of 40 (72.5%) articles in the
NEJM, 11 of 24 (45.8%) articles in the JAMA, 2 of 28
(7.1%) articles in The Lancet, and 0 of 18 (0%) articles
in the BMJ reported using statistical hypothesis testing to
compare baseline covariates between randomization
groups. A chi-square test was used to compare the propor-
tion of studies in which significance was used to compare
baseline covariates between the four journals. The signifi-
cance level of the chi-square test was less than 0.0001,
indicating that there were differences in the probability of
using significance testing to compare baseline covariates
across these four journals. In inspecting the aforementioned
results, one notes that only two of the 46 studies (4.4%)
published in the two British journals (The Lancet and the
BMJ ) used significance testing to compare baseline covari-
ates across treatment arms. In contrast, 40 of the 64
(62.5%) studies published in the two American journals
(NEJM and JAMA) used significance testing (P ! 0.0001
for the comparison between the two British journals and
the two American journals). Of the four studies that did
not report a table comparing baseline characteristics
between treatment groups, three provided brief qualitative
or quantitative comparisons of the baseline characteristics
between study groups. Of these three studies, one study
reported the result of a significance test comparing a base-
line characteristic between the study groups. One study did
not report any comparison of baseline characteristics
between randomization arms.

3.3. Nature of the primary outcome

In the 114 included studies, the nature of primary outcome
was as follows: continuous (29.0%), binary (28.1%), time-to-
event (28.1%), binary/time-to-event (8.8%), count (2.6%),
continuous/binary (0.9%), continuous/time-to-event (0.9%),
and ordinal (1.8%). In several studies, the primary outcome
was analyzed as both a binary and as a time-to-event outcome
[14,36,66,79,90,93,106,110,134,137]. Journal-specific preva-
lences of the different types of outcomes are reported in
Table 1.



Table 1

Overall and journal-specific results of review of handling of baseline covariates in reports of RCTs

Item BMJ JAMA Lancet NEJM Overall

Comparison of baseline characteristics

Table comparing baseline

characteristics

18/19 24/25 28/28 40/42 110/114

Reported significance testing

to compare characteristics in

published table

0/18 11/24 2/28 29/40 42/110

Nature of primary outcome

Continuous 8/19 10/25 3/28 12/42 33/114

Binary 4/19 5/25 10/28 13/42 32/114

Time-to-event 2/19 8/25 12/28 10/42 32/114

Binary/time-to-event 2/19 2/25 1/28 5/42 10/114

Count 2/19 0/25 0/28 1/42 3/114

Continuous/binary 1/19 0/25 0/28 0/42 1/114

Continuous/time-to-event 0/19 0/25 0/28 1/42 1/114

Ordinal 0/19 0/25 2/28 0/42 2/114

Estimates of treatment effect

Unadjusted analysis reported 17/19 21/25 28/28 41/42 107/114

Adjusted analysis reported 7/19 10/25 12/28 10/42 39/114

Reported method for the selection of covariates for adjusted analyses

A priori selection 2/7 1/10 2/12 1/10 6/39

Post hoc selection 2/7 2/10 3/12 0/10 7/39

Unclear 3/7 7/10 7/12 9/10 26/39

Abbreviations: RCTs, randomized controlled trials; BMJ, British Medical Journal; JAMA, Journal of the American Medical Association; NEJM, New

England Journal of Medicine.
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3.4. Unadjusted and adjusted estimates of treatment
effect

Of the 114 included articles, 107 (93.9%) presented
unadjusted analyses of treatment effect, six (5.3%) did
not report unadjusted analysis, and for one study (0.9%),
it was unclear whether an unadjusted analysis had been
conducted. Similarly, 39 (34.2%) presented adjusted analy-
ses of treatment effect, 72 (63.2%) did not report adjusted
analysis, and for three studies (2.6%), it was unclear
whether an adjusted analysis had been conducted.
Journal-specific frequencies of unadjusted and adjusted
analyses are reported in Table 1. Of the reviewed articles,
34 (31.8%) explicitly presented both unadjusted and
adjusted estimates of treatment effect.

In 33 (29.0%) studies, the nature of the primary outcome
was only continuous. We excluded one study in which it
was unclear whether an unadjusted analysis had been
conducted. In the remaining 32 studies, 27 (84.4%)
reported using an unadjusted analysis, 11 (34.4%) reported
an adjusted analysis, and six (18.8%) reported both unad-
justed and adjusted analysis. In 74 (64.9%) studies, the
nature of the primary outcome was either binary, time-
to-event, or binary/time-to-event. We excluded the two
studies in which it was unclear whether unadjusted or
adjusted analyses had been conducted. In the 72 remaining
studies, 71 (98.6%) reported using an unadjusted analysis,
25 (34.7%) reported an adjusted analysis, and 25 (34.7%)
reported both unadjusted and adjusted analyses. In 32 of
these 74 studies, the primary outcome was binary. Among
these 32 studies, 31 (96.9%) reported an unadjusted analy-
sis, 11 (34.4%) reported an adjusted analysis, and 11
(34.4%) reported both unadjusted and adjusted analyses.
In 32 of the aforementioned 74 studies, the primary
outcome was time-to-event in nature. Among these 32 stud-
ies, 32 (100%) reported an unadjusted analysis, 12 (37.5%)
reported an adjusted analysis, and 12 (37.5%) reported both
unadjusted and adjusted analyses. Finally, in eight of the
aforementioned studies, the primary outcome was both
binary and time-to-event in nature. In these eight studies,
eight (100%) reported an unadjusted analysis, two
(25.0%) reported an adjusted analysis, and two (25.0%)
reported both unadjusted and adjusted analyses.

There were 28 studies that reported an unadjusted
estimate for the effect of treatment on a primary outcome
that was only a continuous variable. Of these, 15 (53.6%)
reported adjusting for the baseline value of the response
variable (in one of these 15 studies, the continuous outcome
was also the change from baseline). Twelve (42.9%) studies
did not adjust for the baseline value of the response vari-
able. In these 12 studies, the outcome variable was the
change from baseline in four studies and the percent change
from baseline in one study. In one of the 28 studies, it was
unclear whether the analysis had adjusted for the baseline
value of the response variable.

3.5. Selection of covariates for use in adjusted analyses

Thirty-nine studies reported the results of an adjusted
analysis. Of these, six (15.4%) clearly reported that the
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variables used for adjustment had been selected a priori. In
two (5.1%) studies, it was reported that stepwise regression
was used to select the baseline characteristics for inclusion
in the adjusted model. In three studies (7.7%), the selection
of covariates was reported to be based on significance test-
ing, whereas in two (5.1%) studies, the selection of covari-
ates was based on a post hoc observation or decision.
Finally, in 26 (66.7%) of the studies, it was unclear how
the covariates for inclusion in the regression model were
selected. Journal-specific prevalences of the different
methods for selection covariates for adjustment are
reported in Table 1. One notes that the proportion of studies
in which it was reported that covariates were selected
before the analysis varied across the four journals.
4. Discussion

The objective of the current study was to examine the
treatment of baseline covariates in RCTs published in leading
general medical journals. The CONSORT statement requires
that authors describe the baseline demographic and clinical
characteristics of each group (item 15) [2]. In an explanation
and elaboration of the CONSORT statement, it is sugg-
ested that baseline information is ‘‘efficiently presented in
a table’’ [10]. We found that all but four (3.5%) of the 114 tri-
als reported a table comparing baseline characteristics be-
tween the treatment arms. Brief quantitative or qualitative
comparisons of the similarity of baseline characteristics be-
tween treatment groups were reported in the text in three of
the four articles in which a table was not published. Several
authors have criticized the use of significance testing to com-
pare the distribution of baseline covariates in RCTs [1,3e6].
We found that 38.2% of studies reported using significance
testing to compare baseline covariates between treatment
arms. The use of significance testing varied across journals.
In general, the practice was rare in the two British journals
(BMJ and The Lancet), whereas it occurred in most of the
studies published in the two U.S. journals (NEJM and JAMA).
We speculate that the observed differences between journals
may reflect editorial preferences, with the two British
journals having an editorial proscription against the use of
significance testing, whereas the two U.S. journals may leave
the decision to individual authors or associate editors.

Roberts and Torgerson suggest that carrying out statistical
tests comparing baseline characteristics between study arms
is the result of confusion between three different questions:
(1) Has the randomization been properly conducted? (2)
Could imbalance in baseline characteristics cause chance
bias? (3) Should the analysis be adjusted for baseline vari-
ables? [147]. The European Agency for the Evaluation of
Medical Products states: ‘‘Statistical testing for baseline
imbalance has no role in a trial where the handling of the
randomisation and blinding has been fully satisfactory. Base-
line summaries with respect to the main covariates should be
presented and discussed from a clinical point of view,
irrespective of whether a statistical test indicated a ‘‘statisti-
cally significant’’ difference between treatment groups. If the
process of allocating patients to treatment has, in fact, not
been random then any resulting bias cannot be corrected by
any statistical adjustment’’ [148]. Fayers and King provide
a brief summary of methods for handling baseline character-
istics in RCTs [149].

Given the strong condemnation in the statistical and
methodological literature of the use of significance testing
to compare baseline characteristics between treatment
arms, our study suggests the need for greater consistency
in editorial policies across journals concerning the report-
ing of RCTs. We suggest that journal editors adopt a policy
against the use of significance testing to compare baseline
covariates between treatment arms. As Roberts and Torger-
son suggest, authors may be incorrectly selecting covari-
ates for inclusion in a regression model to estimate an
adjusted treatment effect based on the results of statistical
tests comparing baseline characteristics between treatment
groups [147]. Senn argues that the selection of covariates
for inclusion in a regression model should be based on
an a priori judgment of which variables are strongly
prognostic of the outcome [1]. An inappropriate selection
of covariates for adjustment may result in biased estimates
of treatment effect. Pocock et al. suggest that there is often
inadequate prior knowledge as to which baseline character-
istics are related to prognosis, and that further research is
needed in variable selection algorithms [150]. Furthermore,
there is the danger that ad hoc variable-selection methods
can lead to biased inferences [150]. In a specific setting,
Pocock et al. suggest that if the correlation between a single
covariate and a continuous outcome is weak, then even
statistically significant covariate imbalance is unimportant,
whereas if a covariate is strongly correlated with the
outcome, then it is important to adjust for that cova-
riate, regardless of the statistical significance of the
imbalance [150].

Several authors have suggested that, rather than present-
ing unadjusted estimates, regression adjustment be used to
estimate treatment effects [1,7e9,150]. Advantages to this
approach include the ability to adjust for chance imbalance
in prognostically important baseline covariates between
treatment arms, and greater precision in estimating the
treatment effect. We found that approximately one-third
of studies reported an adjusted estimate of treatment effect.
In most of the studies, only unadjusted estimates of treat-
ment effect were reported.

The suggestion for reporting adjusted estimates has typ-
ically been made in the context of a linear treatment effect
and a continuous outcome variable. In the current study, we
found that 34.4% of the studies in which the outcome was
continuous reported an adjusted estimate of treatment
effect. We found that adjustment for baseline covariates
was used in the medical literature for dichotomous out-
comes and for time-to-event (survival) outcomes as well
as for continuous outcomes. Of studies in which the
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primary outcome was binary or time-to-event in nature,
34.7% reported an adjusted analysis. However, there are
theoretical limitations to the use of regression adjustment
when estimating the effect of treatment on dichotomous
and time-to-event outcomes. Gail et al. found that the unad-
justed treatment effect in a randomized clinical trial can
lead to an attenuated estimate of treatment effect compared
with the adjusted treatment effect when the outcome is
dichotomous or time-to-event [151]. When estimating the
effect of treatment on a binary or time-to-event outcome,
the unadjusted estimate of the treatment effect will be
systematically closer to the null value compared with the
adjusted treatment effect, even in the presence of random-
ization. However, for linear treatment effects on continuous
outcomes, the adjusted and unadjusted treatment effects
will, on average, coincide. This phenomenon is related to
the issue of the collapsibility of an estimator that has been
discussed by Greenland et al. [152,153]. An estimator is
collapsible when the population average or marginal effect
is the same as the conditional, adjusted, or subject-specific
effect. Differences in means and risk differences are
collapsible. The unadjusted difference in means is equal
to the subject-specific difference in means. For binary out-
comes, regression adjustment would usually entail the use
of a logistic regression model. However, the odds ratio is
not a collapsible estimator. Thus, the marginal odds ratio
will differ from the conditional or subject-specific odds ra-
tio. For this and other reasons, the use of the odds ratio in
prospective studies is discouraged [152,154]. For binary
outcomes, risk differences and relative risks (assuming
a uniform relative risk) are collapsible estimators [152].
However, their use precludes the use of regression adjust-
ment (although an adjusted relative risk can be estimated
using a log-binomial generalized linear model, its use in
practice may be problematic owing to difficulties with esti-
mation and convergence). When outcomes are binary or
time-to-event, adjusted and unadjusted estimates can be
expected to differ. There is disagreement in the literature
as to which estimate (the marginal/unadjusted/crude esti-
mate vs. the conditional/adjusted) is more informative to
clinicians, policy makers, and health care funders. Hauck
et al. argue that the conditional estimate is more meaningful
from a clinical perspective [155]. In contrast, Martens et al.
suggest that the marginal treatment effect is better defined
and appears to be of greater interest [156]. This issue
requires further attention, because in most of the studies
examined, the primary outcome was either binary or
time-to-event in nature: settings in which the conditional
and marginal estimates do not coincide. In only a few stud-
ies (29.0%) was the primary outcome continuous in nature.

In two recent articles, methods for estimating absolute
risk reductions and numbers needed to treat from adjusted
logistic regression models and adjusted survival models
have been proposed [157,158]. These methods are applica-
ble both in the context of RCTs, in which one wants to
adjust for potential imbalance in prognostically important
baseline covariates, and in observational studies, in which
there may be systematic differences between treated and
untreated subjects. Increased use of these methods in RCTs
with binary or time-to-event outcomes would allow for the
reporting of risk differences, which are collapsible: the pop-
ulation-average risk difference is equivalent to the subject-
specific risk difference. Furthermore, absolute measures of
treatment effect may be more useful for clinical decision
making than relative measures, such as the odds ratio.

Our study suggests the need for an informed debate
about the relative merits of the interpretation of unadjusted
vs. adjusted estimates of treatment effect in settings with
binary or time-to-event outcomes. In particular, the relative
merits of adjusted vs. unadjusted estimates of treatment
effect for clinicians, policy makers, and health care funders
require further examination. If marginal or population-
average treatment effects are more meaningful from either
a clinical or a policy perspective, then solely reporting
adjusted estimates of treatment effect may result in a misun-
derstanding about the magnitude of the benefit of treatment
at the population level [151].

A second criticism of the advocacy of regression adjust-
ment in RCTs is that it only allows adjustment for measured
prognostic variables and not for unmeasured variables. Some
have argued that if measured prognostic variables are imbal-
anced, it is possible that prognostically important unmea-
sured variables are also imbalanced [159]. Regression
adjustment using measured baseline variables may result in
the unmeasured baseline variables remaining imbalanced
between the different arms of the trial. Regression adjustment
using measured baseline variables may provide false comfort
to investigators and readers.

We found that six of the 114 (5.3%) studies did not report
the results of an unadjusted analysis. There are meta-analytic
implications of presenting only adjusted estimates of treat-
ment effect. Meta-analyses pool estimates of treatment
effects across RCTs examining the same exposure and out-
come. The pooling of unadjusted treatment effects is rela-
tively simple from a conceptual perspective, because the
nature of the treatment effect is the same across all studies-
dan unadjusted or population-average treatment effect.
However, interpreting the results of a meta-analysis that
pooled adjusted treatment effects is more difficult. This is
because each study may have adjusted for different baseline
covariates. Thus, each study reports a different adjusted
treated effect. Martens et al. argue that, in a given study, there
exist multiple conditional treatment effects: adjusting for
a different set of covariates results in a different conditional
treatment effect [156]. From a conceptual perspective, it is
unclear how to interpret the pooling of adjusted treatment
effects, when different sets of covariates were controlled
for in each study. Additionally, pooling adjusted and unad-
justed treatment effects is problematic when outcomes are
binary or time-to-event in nature. This is because one is pool-
ing estimates of conditional and marginal treatment effects.
Because of the noncollapsibility of the odds ratio and the
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hazard ratio, these are estimating different quantities. For
these reasons, from a meta-analytic perspective, the reporting
of unadjusted estimates is strongly encouraged. These prob-
lems are exacerbated when the analysis of summary data
involves the use of multiparameter evidence synthesis or
mixed treatment-comparison models [160].

Lavori et al. examined the reports of 35 RCTs published in
the NEJM in 1978 and 1979 [9]. They found that a ubiquitous
error was the use of significance testing to compare baseline
balance in covariates. Altman and Dore reviewed the reports
of 80 RCTs published in 1987 and 1988 in four general
medical journals (including three that were considered in
our review) [6]. They found that hypothesis tests were used
to compare baseline variables in 58% of the trials (Altman
and Dore note that, of the 600 hypothesis tests conducted
in these 46 trials, 4% were significant at the 5% level). How-
ever, they did not report journal-specific results for the use of
significance testing to compare baseline characteristics.
Pocock et al. examined the reports of 50 RCTs published in
1997 in the same four general medical journals that were
examined in the current study [150]. They found that hypoth-
esis tests were used to compare baseline variables in 48% of
the trials. In comparison, we found that 38.2% of studies
reported using significance testing to compare baseline char-
acteristics. The study by Pocock et al. did not report journal-
specific results. Thus, journal-specific comparisons cannot
be made with our study. The use of significance testing to
compare baseline covariates between treatment arms appears
to have decreased substantially across the eras examined by
Lavori et al. (1978 and 1979), by Altman and Dore (1987
and 1988), by Pocock et al. (1997), and by the current
study (2007).

Altman and Dore found that when estimating treatment
effects, 64% of studies reported either unadjusted estimates
or estimates that accounted for change from baseline. Only
26% of the studies reported using statistical modeling that
adjusted for baseline covariates when estimating the treat-
ment effect. In the study by Altman and Dore, journal-
specific rates of reporting the use of an adjusted analyses
were 40%, 10%, 20%, and 35% for the Annals of Internal
Medicine, the BMJ, The Lancet, and the NEJM, respec-
tively. In the current review, it was found that 34.2% of
studies reported an analysis that adjusted for baseline cova-
riates. Thus, there was a modest increase in the use of
regression adjustment for estimating treatment effects
between 1987 and 2007. In the current review, journal-
specific rates of reporting an adjusted analysis were
36.8%, 40.0%, 42.9%, and 23.8% for the BMJ, the JAMA,
The Lancet, and the NEJM, respectively. Therefore, the
reported use of an adjusted analysis increased in both the
BMJ, and The Lancet between the era examined by Altman
and Dore (1987/1988) and that considered in the current
review (2007). However, the use of adjusted analyses
decreased in the NEJM between these two periods.

There are several limitations to the current study. First,
we only examined RCTs published in four leading general
medical journals over a 6-month period in 2007. We did not
examine RCTs published in other journals. Thus, we do not
know the extent to which our findings are generalizable to
other journals. However, despite restricting our review to
leading general medical journals, we did observe substan-
tial between-journal heterogeneity in some aspects of the
reporting of the results of RCTs. Second, we were only able
to examine what authors reported, and not what was
actually done. A prior study found that in a substantial
proportion of studies, there were unacknowledged discrep-
ancies between the published reports and the study
protocols [161]. It is conceivable that there were discrep-
ancies between what was done and what was reported in
the studies that we examined.

In summary, we found that the statistical treatment of
baseline covariates in leading general medical journals
differs from the guidance provided in the statistical litera-
ture. In the NEJM and in the JAMA, statistical hypothesis
testing was routinely used to compare baseline covariates
between treatment arms, whereas the practice was rare in
the BMJ and The Lancet. Adjustment for potential imbal-
ance in baseline covariates was only performed in a few
studies. In most of the RCTs examined, the primary
outcomes were either binary or time-to-event in nature.
Further examination of the relative merits of adjusted and
unadjusted estimates of treatment effects in this context is
warranted.
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