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Assessing Heterogeneity of Treatment
Effects: Are Authors Misinterpreting
Their Results?
Erik Fernandez y Garcia, Hien Nguyen, Naihua Duan,
Nicole B. Gabler, and Richard L. Kravitz

Objective. To determine whether investigations of heterogeneity of treatment effects
(HTE) in randomized-controlled trials (RCTs) are prespecified and whether authors’
interpretations of their analyses are consistent with the objective evidence.
Data Sources/Study Setting. Trials published in Annals of Internal Medicine, British
Medical Journal, Journal of the American Medical Association, Lancet, and New England Journal
of Medicine in 1994, 1999, and 2004.
Study Design. We reviewed 87 RCTs that reported formal tests for statistical inter-
action or heterogeneity (HTE analyses), derived from a probability sample of 541 articles.
Data Collection/Extraction. We recorded reasons for performing HTE analysis; an
objective classification of evidence for HTE (termed ‘‘clinicostatistical divergence’’
[CSD]); and authors’ interpretations of findings. Authors’ interpretations, compared
with CSD, were coded as understated, overstated, or adequately stated.
Principle Findings. Fifty-three RCTs (61 percent) claimed prespecified covariates for
HTE analyses. Trials showed strong (6), moderate (11), weak (25), or negligible (16) ev-
idence for CSD (29 could not be classified due to inadequate information). Authors stated
that evidence for HTE was sufficient to support differential treatment in subgroups (10);
warranted more research (31); was absent (21); or provided no interpretation (25). HTE
was overstated in 22 trials, adequately stated in 57 trials, and understated in 8 trials.
Conclusions. Inconsistencies in performance and reporting may limit the potential
of HTE analysis as a tool for identifying HTE and individualizing care in diverse
populations. Recommendations for future studies on the reporting and interpretation of
HTE analyses are provided.

Key Words. Heterogeneity of treatment effects, HTE analysis, subgroup analysis,
individualized care, interaction analysis

Randomized-controlled clinical trials (RCTs), the cornerstone of evidence-
based medicine, are designed to estimate average treatment effects. Such
estimates provide a good sense of whether treatment is likely to deliver more
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benefit than the control in a population but say little about the effects of treat-
ment in individuals who depart from the average. The term heterogeneity of
treatment effects (HTE) refers to variation in the effects of treatment across in-
dividuals, within and outside of clinical trials (Longford 1999; Kravitz, Duan,
and Braslow 2004; Kraemer, Frank, and Kupfer 2006; Greenfield et al. 2007).

Subgroup analysis (SGA) is a term loosely applied to mean the practice of
investigating differences in treatment outcomes within and/or between sub-
groups of patients. In a narrow sense, the term SGA is used to refer to the
assessment of treatment effects within each subgroup and without a formal test
of the difference of treatment effects across subgroups. Gabler et al. (2009)
referred to this type of SGA as subgroup-only analysis. In a broader sense, the
term SGA is sometimes used to refer to the comparison of treatment effects
across subgroups, with or without a formal test for the difference. In order to
avoid this ambiguity, we use the term HTE analysis (sometimes called mod-
erator or modifier analysis) to refer to the assessment of variations in treatment
effects across subgroups using formal tests for interaction or heterogeneity
(Kravitz, Duan, and Braslow 2004; Gabler et al. 2009). The focus of this study
is on trials that reported HTE analyses, irrespective of the term(s) used for
these analyses in the trials themselves.

The utility of HTE analysis is hampered by the problems of multiple
testing (which may result in false positives) and insufficient power (which may
result in false negatives) (Stallones 1987; Yusuf et al. 1991; Cui et al. 2002;
Cook, Gebski, and Keech 2004). Although recommendations for the de-
sign, reporting, and interpretation of analyses for HTE have been published
(Yusuf et al. 1991; Altman et al. 2001; Lu et al. 2005; Rothwell 2005, 2007;
Wang et al. 2007), actual practice does not reflect the recommendations
(Assmann et al. 2000; Parker and Naylor 2000; Moreira, Stein, and Susser
2001; Pocock et al. 2002; Hernandez et al. 2006; Wang et al. 2007; Gabler
et al. 2009). Deviating from appropriate design and reporting of HTE analyses
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increases the possibility of misinterpretation. Such misinterpretation is con-
cerning because overstating or understating HTE can lead to inappropriately
broad or narrow treatment recommendations and confuse future research
priorities.

While previous studies have focused on investigating the design and
reporting of subgroup-only analyses and/or HTE analyses (Assmann et al.
2000; Parker and Naylor 2000; Moreira, Stein, and Susser 2001; Pocock et al.
2002; Hernandez et al. 2006; Wang et al. 2007; Gabler et al. 2009), few have
investigated interpretation (Assmann et al. 2000; Brookes et al. 2004; Her-
nandez et al. 2005, 2006; Parker and Naylor 2006), and none has investigated
interpretation as the main focus of the study. We sought to evaluate recent
practices with respect to the analysis and interpretation of HTE, ranging from
one covariate and one interaction to multiple covariates and interaction terms,
in RCTs published in prominent general medical journals, where formal tests
for interaction or heterogeneity were performed. In so doing, we focused on
two research questions. First, what is the prevalence of prespecified (versus ad
hoc) HTE analyses and what were the reasons (if any) given for the inclusion of
specific covariates? Second, to what extent did authors’ interpretation of their
HTE-related findings and the recommendations that flow from them match
the objective evidence provided for or against the presence of statistically and
clinically significant HTE.

METHODS

Data Sources and Searches

We used PubMed to identify articles reporting RCTs published in the New
England Journal of Medicine, Journal of the American Medical Association, Annals of
Internal Medicine, Lancet, and British Medical Journal during odd-numbered
months in 1994, 1999, and 2004. A 10-year timeframe was chosen to reflect
current practices and to assess for possible trends over time. This initial search
produced 4,863 articles. Of these articles, 2,722 were excluded for not having
a research abstract. A 5 percent random sample of the 2,722 excluded articles
was reviewed by one investigator for inappropriate exclusion and no reports
of clinical trials were found. Of the remaining 2,141 articles, a further 1,600
articles without ‘‘clinical trial’’ as a publication type were reviewed by one
investigator and excluded for not being clinical trial reports. A second inves-
tigator additionally examined a 10 percent random sample of the 1,600 articles
and no clinical trial reports were found. The remaining 541 articles on clinical
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trials were randomly sorted into nine batches of 54 articles and one batch of
55. To conserve study resources, seven of these batches containing 379 articles
were randomly selected. We then examined the trials within these articles,
allowing for multiple trials reported within the same article (i.e., related trials
with different protocols reported in the same article or reports of trials with
factorial designs where each treatment arm’s outcomes were compared sep-
arately with the author-designated control group’s outcomes) to determine
final inclusion status for these trials. All trials were reviewed for inclusion and
exclusion criteria by two investigators with any disagreement resolved by a
third. To be included, a trial had to have the following: (1) a human study
population; (2) either a parallel group (including matched pair trials) or cross-
over (excluding n-of-1 trials) RCT design; and (3) the unit of randomization as
the individual patient or as the treatment episode within a patient (for cross-
over trials). We excluded trials that used cluster randomization because these
trials frequently focus on organizational-level treatment effects. After trial-
level inclusion and exclusion criteria were applied, we identified 319 eligible
RCTs reported in 303 articles among the initial random sample of 379 articles.
To properly investigate HTE it is necessary to use a formal test for interaction
or heterogeneity (Altman et al. 2001; Brookes et al. 2001; Cui et al. 2002;
Pocock et al. 2002). Given previous documented evidence of low rates of use
and in an effort to maximize the possibility of appropriate interpretation
(Assmann et al. 2000; Parker and Naylor 2000; Altman et al. 2001; Brookes et
al. 2001; Moreira, Stein, and Susser 2001; Cui et al. 2002; Pocock et al. 2002;
Hernandez et al. 2006; Wang et al. 2007; Gabler et al. 2009), we restricted our
study to those trials which used such formal tests. Therefore, of these 319 trials,
87 (27 percent) reported using a formal test for interaction or heterogeneity
and this is consistent with previous reports (Assmann et al. 2000; Hernandez
et al. 2006; Wang et al. 2007; Gabler et al. 2009). These 87 trials formed our
final sample (Figure 1).

Data Extraction

Two investigators independently reviewed each trial with any disagreement
resolved by consensus with a third investigator. (Disagreements were noted
[and resolved] in 14/87 trials and involved identification of the given trial’s
primary outcome or covariates used for HTE analyses). We used a standard
protocol, form, and database to collect the following general information:
article identification number; trial identification number (if more than one trial
was reported per article); and first author name. Our primary outcome was
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whether authors’ interpretations of HTE analyses, and the recommendations
based on them, were supported by objective evidence. To do this, we started
by recording the number, general type (e.g., morbidity, mortality, composite,
etc.), and verbatim description of the primary trial outcomes. Next, we

All articles from Annals, BMJ, JAMA, Lancet, and
NEJM during odd months of 1994, 1999, and 2004.

N = 4,863   

Exclude those with publication type of
biography, case report, editorial, news,

letters, comments, and patient
education handout and without a

research abstract.
N = 2,722     

N = 2,141

Exclude those without publication type
of clinical trial (status confirmed by

individual examination of all articles)
N = 1,600     

N = 541

N = 379

Excluded by random sampling,
N = 162 articles not reviewed 

87 trials
(final sample) 

Formal Test for interaction
or heterogeneity  used 

86 trials excluded [61 trials not an
RCT; 25 trials unit of randomization
not individual patient (clinic or cluster)]

 319 trials
included 

Trial level review 

232 trials excluded for not
reporting use of a formal test

for interaction or heterogeneity

5 percent reviewed to confirm
exclusion (All articles excluded
were confirmed)   

10 percent reviewed to confirm
exclusion (All articles excluded
were confirmed)   

Figure 1: Article Selection for Systematic Review of Heterogeneity of
Treatment Effect in Randomized-Controlled Trial (RCTs) Published in Five
General Medical Journals
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recorded the effect measures (i.e., event rates, absolute difference in event
rates, relative risk, odds ratio, hazard ratio, p-value, and 95 percent confidence
intervals) of the primary outcomes and whether they were declared significant,
not significant, or not reported. We made special note of cases where the
authors only reported effect measures different than those explicitly stated as
the primary outcome (e.g., primary outcome stated as mortality but effect
measures only given for survival). We then examined which covariates were
examined in the HTE analyses and coded whether specific reasons were given
for the inclusion of all, some, or no covariates. We recorded if the inclusion of a
given covariate was explicitly described by the authors as prespecified but
without other more specific reasons for the inclusion; whether the reasons
given for the inclusion of covariates were a priori hypotheses based on theory
or prior data; or whether the inclusion was based on formal statistical model
selection or variable selection, guided exploration (where a nonarbitrary
guiding principle for covariate selection was provided but the guiding prin-
ciple was not a statistical model selection or variable selection procedure), or
exploratory and without guiding principles.

Our next step was to examine the analyses of effect measures in sub-
groups defined by the covariates identified. We recorded the primary out-
come associated with these analyses, the covariates examined, whether the
ratio measure of effect in any subgroup was at least 25 percent greater or
smaller than the main effect reported in the primary analyses (clinically di-
vergent), and whether the test for interaction or heterogeneity used in the
analyses was associated with a p-value of .10 or less (statistically significant).
While imposing specialty-specific standards for clinically important relative
differences in effect for each trial would be ideal, such specificity was beyond
the scope of this review; 25 percent was chosen as a clinically relevant differ-
ence across specialties and conditions. We chose p � .10 as the cutoff for
statistical significance of the interaction because this value is commonly ac-
cepted in the literature (Lu et al. 2005) for detecting interactions and because
sample size requirements for achieving adequate power to detect important
effects under more stringent significance levels are seldom met. We also noted
the significance level that authors used for hypothesis testing. A special cir-
cumstance occurred if the result of the test for interaction or heterogeneity was
declared ‘‘not significant,’’ but the actual test result was not provided and the
level of significance used by the authors was not reported or reported as .05
(in which case a p-value between 0.51 and .10 could not be detected). These
cases were deemed ‘‘unclassifiable.’’ We used these data to classify studies as
demonstrating no, weak, moderate, or strong evidence for clinicostatistical
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divergence (CSD). In the primary analysis, a trial was declared as showing
strong evidence for CSD if the analysis was prespecified, the p-value for
interaction or heterogeneity that was � .10, and the relative effect measure in
any subgroup was 25 percent higher or lower than the average effect for the
sample as a whole (Table 1). Such evidence was thought to be sufficient to
sway most clinicians (and most guidelines committees) to consider treating
patients with the identified characteristic(s) differently than the average
patient. Graded departures from this standard of prespecification, statistical
significance, and clinical divergence were coded as moderate, weak, or no
evidence for CSD (Table 1).

As an example of this classification scheme, consider the trial reported
by Drakulovic et al. (1999), a comparison of semirecumbent (intervention
group) versus supine (control or usual care group) body position for preven-
tion of clinically suspected nosocomial pneumonia (primary outcome) in
ventilated intensive care unit patients. The primary analysis in the overall
study sample was reported by the authors as significantly in favor of the
semirecumbent position for the prevention of clinically suspected pneumonia
(8 percent in the semirecumbent group versus 34 percent in the supine group,
95 percent CI for difference 10–42, p 5 .003). In regard to the HTE analysis,
the authors clearly stated that the HTE analysis was preplanned and that
‘‘all risk factors (covariates used to define subgroups) tested in this analysis

Table 1: Scheme Used to Code the Combination of Clinical Divergence and
Statistical Significance in Determining Strength of Evidence for Clinicostatis-
tical Divergence (CSD) as an Objective Measure of the Presence or Absence
of Heterogeneity of Treatment Effects (HTE)

Clinical Divergence
Present? Statistical Significance Present?

Strength of Evidence for
Clinicostatistical Divergence

No No None
No n None
n No None
Yes No Weak
Yes n Weak
No Yes Weak
n Yes Weak
Yes Yes (without any prespecified covariates) Moderate
Yes Yes (with at least one prespecified covariate) Strong
n n Unable to classify

nData were not provided in the article.
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had been previously described in ICU patients,’’ and as such were classified
as being based on a priori hypotheses. The authors reported statistically
significant interaction between enteral feeding (the subgroup-defining covari-
ate) and body position (intervention) in the frequency of clinically suspected
pneumonia (po.001). Clinical divergence between the enteral feeding group’s
intervention effect (41 percent: semirecumbent position 9 percent versus
supine position 50 percent) and the nonenteral feeding group’s intervention
effect (4.6 percent: semirecumbent position 5.9 percent versus supine position
10.5 percent) in the development of clinically suspected pneumonia was also
evident, with at least 25 percent difference on a relative scale from the overall
intervention effect (26 percent). Therefore, the trial was classified as showing
strong evidence for CSD as there was both statistical significance (po.10)
and clinical divergence in the presence of a prespecified HTE analysis with
subgroups defined by a covariate with a priori rationale for an expected
moderation of intervention effect.

Lastly, we examined the authors’ interpretations of their HTE analyses
and recorded verbatim descriptions of these interpretations, and any treat-
ment recommendations that flowed from them. Two investigators coded these
interpretations as showing the following: (1) evidence for HTE sufficient to
support different treatment recommendations in one or more subgroups;
(2) evidence for HTE insufficient to support differential treatment recom-
mendations but sufficient to warrant further systematic research; (3) some
evidence for HTE but not enough to warrant differential treatment recom-
mendations or further systematic research; (4) evidence that HTE was absent;
or (5) no interpretation of HTE-related results. Interrater agreement on this
categorization was 100 percent. The most straightforward and clear statements
were coded. If more than one covariate was investigated for HTE and different
interpretations were given for each separate analysis, we chose to code
that interpretation–covariate pair with the least discordance between inter-
pretation and objective evidence for CSD; this would tend to bias the analysis
in favor of investigators.

Data Analysis

We entered and stored data in a Microsoft Access (2000) database and pro-
duced descriptive statistics using SAS version 9 (SAS Institute Inc.). We com-
pared our study outcomes by year of trial publication using Pearson
Chi-square in Stata version 10 (StataCorp LP).
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We performed two sensitivity analyses. First, we redefined statistical
significance using a p-value of � .05 instead of � .10. Second, acknowledg-
ing the possible need for a clinically relevant and standardized measure of
effect size when comparing different RCTs (Cook and Sackett 1995; Altman
and Andersen 1999; Kraemer and Kupfer 2006), we attempted to calculate
number needed to treat (NNT) for each trial based on reported data. We then
redefined clinical divergence by whether the NNT in any subgroup was at
least 25 percent greater or smaller than the NNT calculated for the entire
sample. If we were unable to calculate NNT based on the information pro-
vided, these trials were deemed ‘‘unclassifiable’’ in terms of clinical diver-
gence. The modified definitions of statistical significance and clinical
divergence were then used to reclassify the trials’ strength of evidence for
CSD. We then compared the authors’ interpretations with the modified defi-
nitions of CSD.

RESULTS

Prespecification of and Rationale for Covariates

Fifty-three of the 87 trials (61 percent) reported that HTE analyses were
prespecified. Of the 53 trials reporting prespecified HTE analyses, 17 gave
specific reasons for the inclusion of all covariates in the HTE analyses, 12
gave specific reasons for some covariates, and 24 gave no reason for the
inclusion of any covariates. Therefore, overall only 29 of 87 trials (33 percent)
provided prespecified covariates with at least some rationale. Of the 29 trials,
which gave specific reasons for the inclusion of all or some of the covariates, 22
provided a priori hypotheses while 7 provided statistical reasons. Of the seven
trials that provided statistical reasons, statistical model selection was reported
in four trials while guided exploration was reported in five (multiple reasons
could be given within the same trial).

Objective Evidence for HTE (Clinicostatistical Divergence)

Twenty-nine of the 87 trials (33 percent) provided insufficient data (clinical
divergence and statistical significance) for us to evaluate the strength of ev-
idence for CSD. Of the 58 remaining trials, 6 (10 percent) reported strong
evidence for CSD, while 11 (19 percent) reported moderate evidence, 25
(43 percent) reported weak evidence, and 16 (28 percent) reported no evi-
dence for CSD (Table 2).
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Authors’ Interpretations and Comparison with Objective Evidence

Twenty-five of the 87 trials (29 percent) provided neither an interpretation
of HTE results nor recommendations based on the HTE analyses. Of the
remaining 62 trials, 10 (16 percent) indicated that evidence for HTE
was sufficient to support different treatment recommendations in one or
more subgroups; 31 (50 percent) that evidence for HTE was insufficient
to support differential treatment recommendations but sufficient to warrant
further systematic research; 1 (2 percent) that there was some evidence
for HTE but not enough to warrant differential treatment recommendations
or further systematic research; and 20 (32 percent) that evidence for HTE
was absent.

When comparing the authors’ interpretations of their own HTE-related
results to the reported evidence for CSD, we found that of the 70 trials where
evidence for CSD was classified as none or weak or insufficient for coding, 6
(9 percent) overstated the HTE results by suggesting a role for different treat-
ment recommendations in one or more subgroups. Of the 45 trials where CSD
was classified as none or insufficient for coding, 16 (36 percent) claimed that
evidence for HTE was insufficient to support differential treatment recom-

Table 2: Comparison of Author’s Interpretations of Their Heterogeneity
of Treatment Effects (HTE) Analysis and the Strength of Evidence for
Clinicostatistical Divergence (CSD)

Authors’ Interpretation of Their HTE Analysis Results

Strength of Evidence for Clinicostatistical
Divergence

Total
Unable to
Classify None Weak Moderate Strong

Evidence for HTE was sufficient to support
different treatment recommendations in
one or more subgroups

0 2 4 1 3 10

Evidence for HTE was insufficient to support
differential treatment recommendations but
sufficient to warrant further systematic research

10 6 10 5 0 31

Evidence for HTE was present but not enough
to warrant differential treatment
recommendations or further systematic research

0 0 0 0 1 1

Evidence for HTE was absent 6 2 8 2 2 20
No interpretation of HTE-related results 13 6 3 3 0 25
Total 29 16 25 11 6 87

Note. Numbers represent number of trials.
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mendations but sufficient to warrant further systematic research. In contrast,
the results of 8 (47 percent) of the 17 trials where evidence for HTE was
classified as moderate or strong were understated in authors’ interpretations.
The eight trials’ interpretations were classified as showing some evidence
for HTE but not enough to warrant differential treatment recommendations
or further systematic research, that evidence for HTE was absent, or not
providing any interpretation of the results despite reporting strong or
moderate evidence for CSD. Therefore, in 30 of 87 trial reports (34 percent)
authors potentially misinterpreted their HTE-related results, with 25 percent
overstating (22/87) and 9 percent understating (8/87) the strength of their
HTE-related results.

Trends over Time

Of the 87 trials, which reported using formal tests for interaction or heter-
ogeneity, 22 (25 percent), 25 (29 percent), and 40 (46 percent) were reported in
1994, 1999, and 2004, respectively. Prespecified covariates were found sig-
nificantly less frequently in trials published before 2004 as opposed to trials
published in 2004 (pre-2004, 21/47 trials [45 percent] versus 2004, 30/40
[80 percent]; p 5 .004). Studies which did not provide sufficient data for
classification of CSD were reported significantly more frequently in trials
published before 2004 than those published in 2004 (pre-2004, 22/47
[47 percent] versus 2004, 7/40 [18 percent]; p 5 .004). Authors’ possible mis-
interpretation of their HTE-related results occurred with equal frequency
when comparing pre-2004 trial reports to those from 2004 (pre-2004, 14/47
[30 percent] versus 2004, 16/40 [40 percent]; p 5 .32).

Sensitivity Analyses

Changing the definition for statistical significance to include only trials with a
p-value for interaction or heterogeneity of � .05 did not affect the number of
trials classified as overstating HTE-related results but did decrease the number
of trials classified as understating those results (8/87 trials [9 percent] when
using a p-value of � .10 versus 4/87 trials [5 percent] when using a p-value of
� .05). All four of these reclassified trials were found to also have clinically

divergent subgroup effects. Furthermore, there were no trials found with
p-values from .051 to .10 whose interpretation called for differential treatment.
Changing the definition of clinical divergence by using NNT as the standard
measure of effect size did not lead to a notable difference in the proportion of
trials potentially misinterpreted (30/87 trials [34 percent] when using the
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original clinical divergence definition versus 28/87 trials [32 percent] when
using NNT), overstated (22/87 trials [25 percent] versus 22/87 trials [25 per-
cent]), or understated (8/87 trials [9 percent] versus 6/87 trials [7 percent]).
Combining the effect of both sensitivity analyses yielded a small overall
decrease in the proportion of trials with potentially misinterpreted HTE-
related results (26/87 trials [30 percent] overall misinterpreted; 23/87 trials [26
percent] overstated, and 3/87 trials [4 percent] understated]).

DISCUSSION

Identifying and interpreting evidence for HTE is becoming more salient, for
clinicians as the populations they serve become more diverse, and for re-
searchers as they try to maximize the external validity of their trials (Green-
field et al. 2007; McGuire et al. 2008) and conform to regulatory and funding
agency mandates to increase the diversity of trial populations (Baird 1999).
The utility of HTE analysis depends on the appropriate selection of covariates
used to define subgroups (through prespecification and application of an ex-
plicit rationale); appropriate statistical analysis (through use of formal tests for
interaction or heterogeneity); and balanced interpretation of the evidence
(Bulpitt 1988; Yusuf et al. 1991; Altman et al. 2001; Lu et al. 2005; Rothwell
2005, 2007; Lagakos 2006; Wang et al. 2007). Previous studies have enumer-
ated the problems with statistical analysis (Assmann et al. 2000; Parker and
Naylor 2000; Moreira, Stein, and Susser 2001; Pocock et al. 2002; Hernandez
et al. 2006; Wang et al. 2007; Gabler et al. 2009). In this review of a sample of
RCTs published in leading medical journals over a 10-year period, we iden-
tified deficiencies in both the proximal (prespecification/rationale) and distal
(interpretation) portions of this important pathway. There is some suggestion,
however, that these deficiencies are improving over time.

In general, covariates examined as effect moderators in HTE analysis
may be prespecified, supported by a sound rationale, both, or neither. In the
ideal analysis, covariates are prespecified (thus limiting the problem of mul-
tiple testing) and accompanied by a sound rationale (thereby increasing the
prior probability that the covariate plays an important moderating role and
reducing the chance of false-positive associations). In the data presented here,
about two-fifths of trials performing HTE analysis failed to prespecify any
covariates; among trials that successfully prespecified at least some covariates,
most did not consistently provide an explicit rationale. While there is a role for
exploratory HTE analysis in which analyses are generated in an ad hoc or post
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hoc fashion (Gheorghiade et al. 1991; Yusuf et al. 1991; Kraemer et al. 2002),
authors need to clarify the status of such analyses so that readers may properly
interpret them. A significant interaction term (po.05 or .10) means one thing
if the covariate was prespecified based on theory and prior data, and quite
another if discovered adventitiously. Currently, readers must accept the
authors’ assertions of prespecification at face value. RCT registries offer
the possibility of direct verification of a priori design of HTE investigation in
the near future (Krleza-Jeric et al. 2005; De Angelis et al. 2005; Sim 2008).

In the absence of a standardized framework for interpreting the results of
HTE analyses, readers depend upon authors to place the findings in context.
However, our data suggest that authors may frequently misinterpret their
results. The consequences of overstating HTE-related findings are obvious:
clinicians may inappropriately reject good treatments or accept bad ones for
specific patient subsets, and researchers may initiate research programs based
on exaggerated evidence. The consequences of understating HTE-related find-
ings are more subtle but arguably just as pernicious: clinicians may accept
average effects as broadly applicable when they are not, and researchers
may not be motivated to pursue appropriate follow-up studies to obtain more
precise estimates of HTE in specific clinical situations.

Our study had four main limitations. First, we reviewed a limited num-
ber of journals, years, and trials. However, our sample comes from a group of
journals that disproportionately affect treatment recommendations and future
research (Garfield 1986; Chew, Villaneuva, and Van Der Weyden 2007).
Second, the appropriateness of the significance level of the criteria, which we
used to construct the measure of CSD, could be debated for different disease
entities or treatments. We chose levels of statistical significance and clinical
divergence that we felt were most appropriate for a review of general medical
topics. Our sensitivity analyses varying definitions of statistical significance
and clinical divergence showed similar results. Third, classification of authors’
interpretations of their HTE-related results required some investigator judg-
ment. However, all interpretations were coded individually by two investi-
gators with no disagreement noted. Fourth, it is possible that our analysis was
biased by inclusion of trials in which small sample size would make evaluation
of HTE inappropriate. However, in a companion report based on the same set
of trials (Gabler et al. 2009), the authors delineated the percentages of trials in
which HTE analyses, subgroup-only analyses, or no subgroup analyses were
performed. Limiting the examination to those trials in which sample size for
investigating HTE would be most appropriate (4250 participants with at least
100 participants in each treatment arm), Gabler and colleagues reported that
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low rates of HTE analysis and high rates of subgroup-only analysis persisted
when compared with the overall sample of trials.

Given the lack of a generally accepted algorithm for the evaluation
of HTE-related evidence and the nontrivial misinterpretation rate reported
here, we have developed a set of recommendations based on our coding
criteria for CSD that will aid readers in making their own evaluations of the
evidence for HTE. The recommendations provide readers with an approach
for identifying the objective evidence for HTE (i.e., presence of tests for
HTE and reporting of specialty-specific, clinically relevant absolute differ-
ences in outcome measures), assessing the likelihood of false-positive or
false-negative results (i.e., prespecification and number of HTE analyses per-
formed), and evaluating authors’ interpretations of subgroup differences
as evidence for or against HTE given the objective data. We have also
provided recommendations for authors and journal editors to improve the
design and publication of analyses for identifying HTE based on our findings
and on previous published recommendations (Yusuf et al. 1991; Altman et al.
2001; Carneiro 2002; Cui et al. 2002; Simes, Gebski, and Keech 2004; Lu et al.
2005; Rothwell 2005, 2007; Wang et al. 2007). These recommendations will
provide readers with a more systematic framework for identifying likely
HTE (Box 1).

In conclusion, there is significant opportunity for improvement of the
design, reporting, and interpretation of analyses used for the identification of
HTE. The need for such improvement is especially urgent as Congress en-
acted large increases in funding for comparative effectiveness analysis (Con-
way and Clancy 2009; Federal Coordinating Council for Comparative
Effectiveness Research 2009; Garber and Tunis 2009; Institute of Medicine,
Committee on Comparative Effectiveness Research Prioritization, Board on
Healthcare Services 2009). While potentially treacherous, the enterprise of
HTE analysis for identifying HTE can be fruitful. If recommendations for the
design and reporting of HTE analyses are utilized and authors’ interpreta-
tions are cautiously evaluated in light of the objective evidence for CSD, the
likelihood of under- or overstated HTE inappropriately influencing treat-
ment or future research is decreased. The existence of HTE within clinical
trials and the implications of HTE for real patient groups should be an
important motivator for improving the process by which it is accurately
identified. While possible improvements in reporting and interpretation of
HTE analyses over time provide cause for cautious optimism, continued
attention to this area is needed if the fruits of clinical research are to be
properly harvested.
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Box 1: Recommendations for the Interpretation (for Users) and Design
and Reporting (for Producers) of Heterogeneity of Treatment Effects (HTE)
Analysis

For Users For Producers and Disseminators

1. Start with examination of the data.
A. Are the HTE analyses prespecified?
B. Are the reasons for the inclusion of given

covariates presented as a priori rationales
with plausible reasons to anticipate HTE?
If not, are they labeled as exploratory?
This information will help place any
positive results in context.

C. How many HTE analyses were
performed? This information will place a
positive finding for heterogeneity into
context of possible false-positive results.

D. Was a formal test for heterogeneity or
interaction used? At what level of
significance given your discipline and
the subject matter would you feel
comfortable saying that a test indicates
plausible interaction or heterogeneity
(how important is missed opportunity of
identifying HTE)?

E.What is the difference between subgroup
and the main average treatment effect?
Given the subject matter, would you feel
comfortable stating that a given
difference is clinically meaningful?

2. Using a reasonable scheme for coding CSD,
determine the level of strength of evidence
for the presence of HTE.

3. Consider the authors’ interpretation of their
HTE-related results in light of your own
determination of CSD and base your future
research or treatment recommendations on
this comparison.

Researchers
1. Plan all HTE analyses with a priori

rationales for the inclusion of given
covariates, or clearly label the analyses as
exploratory.

2. Report the total number of HTE analyses
performed.

3. Use formal tests for interaction or
heterogeneity when inferring HTE rather
than comparing p-values between the two
groups. Clearly state the level of significance
used in the tests for HTE.

4. Present data from all HTE analyses
performed, including p-values, effect
measures, and confidence intervals. Forrest
plots provide a concise method for doing so.

5.Interpret the HTE analyses performed in the
discussion of the paper. Discuss the role of
multiplicity when discussing positive results.
Stress the exploratory nature of results if the
analyses were not prespecified and/or power
was insufficient. Refrain from
recommending differential treatment unless
confident that your HTE analyses were
hypothesis testing rather than hypothesis
generating and that objective evidence is
strong enough to support your
recommendations.

Editors
1. Ensure that authors reporting any HTE

analysis provide readers with enough
information to place the results into context.
This includes rationales for the HTE
analysis; whether the analyses were
primarily exploratory; the number of HTE
analyses performed; whether tests for
interaction or heterogeneity were used; level
of significance used for the tests; and all the
results from HTE analyses (Internet-only
appendices and/or forest plots
recommended)

2. Ensure that authors fully discuss any HTE
analyses reported, even if not significant.
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