
Journal of Clinical Epidemiology 113 (2019) 159e167
ORIGINAL ARTICLE

A systematic survey identified 36 criteria for assessing effect modification
claims in randomized trials or meta-analyses

Stefan Schandelmaiera,b,*, Yaping Changa, Niveditha Devasenapathyc, Tahira Devjia, Joey
S.W. Kwongd, Luis E. Colunga Lozanoa, Yung Leea,e, Arnav Agarwalf, Neera Bhatnagara,

Hannah Ewaldb, Ying Zhanga,g, Xin Sunh, Lehana Thabanea,i, Michael Walsha,j,
Matthias Briela,b, Gordon H. Guyatta,j

aHealth Research Methods, Evidence, and Impact, McMaster University, 1280 Main Street West, Hamilton, Ontario L8S 4K1, Canada
bDepartment of Clinical Research, Basel Institute for Clinical Epidemiology and Biostatistics, University of Basel and University Hospital Basel,

Spitalstrasse 12, 4056 Basel, Switzerland
cIndian Institute of Public Health-Delhi, Public Health Foundation of India, Plot 47, Sector 44, Institutional Area, Gurgaon, 122002 Haryana, India

dJC School of Public Health and Primary Care, Faculty of Medicine, The Chinese University of Hong Kong, Hong Kong
eMichael G. DeGroote School of Medicine, 1280 Main Street West, Hamilton, Ontario L8S 4K1, Canada

fDepartment of Medicine, University of Toronto, 190 Elizabeth Street, R. Fraser Elliott Building, 3-805, Toronto, Ontario M5G 2C4, Canada
gCenter for Evidence-based Chinese Medicine, Beijing University of Chinese Medicine, 11 Bei San Huan Dong Lu, Chaoyang, Beijing 100029, China

hChinese Evidence-Based Medicine Center, West China Hospital, Sichuan University, Chengdu 610041, China
iBiostatistics Unit, St Joseph’s Healthcare - Hamilton, 50 Charlton Street East, Hamilton, Ontario L8N 4A6, Canada

jDepartment of Medicine, McMaster University, 1200 Main Street West, Hamilton, Ontario L8S 4L8, Canada

Accepted 20 May 2019; Published online 24 May 2019
Abstract
Objective: The objective of the study was to systematically survey the methodological literature and collect suggested criteria for as-
sessing the credibility of effect modification and associated rationales.

Study Design and Setting: We searched MEDLINE, Embase, and WorldCat up to March 2018 for publications providing guidance for
assessing the credibility of effect modification identified in randomized trials or meta-analyses. Teams of two investigators independently
identified eligible publications and extracted credibility criteria and authors’ rationale, reaching consensus through discussion. We created a
taxonomy of criteria that we iteratively refined during data abstraction.

Results: We identified 150 eligible publications that provided 36 criteria and associated rationales. Frequent criteria included signifi-
cant test for interaction (n 5 54), a priori hypothesis (n 5 49), providing a causal explanation (n 5 47), accounting for multiplicity
(n 5 45), testing a small number of effect modifiers (n 5 38), and prespecification of analytic details (n 5 39). For some criteria, we found
more than one rationale; some criteria were connected through a common rationale. For some criteria, experts disagreed regarding their
suitability (e.g., added value of stratified randomization; trustworthiness of biologic rationales).

Conclusion: Methodologists have expended substantial intellectual energy providing criteria for critical appraisal of apparent effect
modification. Our survey highlights popular criteria, expert agreement and disagreement, and where more work is needed, including testing
criteria in practice. � 2019 Published by Elsevier Inc.

Keywords: Epidemiologic methods (MeSH); Meta-analysis as topic (MeSH); Clinical trials as topic (MeSH); Health care evaluation mechanisms (MeSH);

Precision medicine (MeSH); Subgroup analysis
1. Introduction

Most large randomized controlled trials (RCTs) and many
meta-analyses include analysis of effect modification (i.e.,
investigation of whether the effect of an intervention varies
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dependingonpatient characteristics such as ageor intervention
characteristics such as dose). Identification of true effect
modificationdoften referred to as subgroup effect or
interactiondis important for optimizing treatment for individ-
ual patients. Apparent effect modification may, however, be
spurious, and if acted on may be to the patient’s detriment [1].

The methodological literature has widely acknowledged
the challenges of dealing with putative effect modification.
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What is new?

Key findings
� We identified 36 criteria for assessing the credi-

bility of apparent effect modifiers and associated
rationales.

What this adds to what was known?
� Keydifferences toprevious systematic surveys include

explicit definitions and eligibility criteria, a compre-
hensive search, rigorous methods for data collection
and qualitative synthesis, and inclusion of reported ra-
tionales for suggested credibility criteria.

What is the implication and what should change
now?
� The systematic survey informs those considering

making subgroup claims, or evaluating subgroup
claims made by others, of the most important
criteria and their rationale. Further work should
determine the most useful criteria and how they
should be structured and implemented to develop
and review subgroup claims.

In response, many methodologists have provided criteria
for judging the credibility of effect modification, in partic-
ular for RCT and meta-analyses of RCTs. Examples include
presence of an a priori hypothesis, use of an interaction test,
and adjustment for multiplicity.

Previous groups have systematically surveyed themethodo-
logical literature addressing effect modification [2e6]. Two
groups focused on credibility criteria but had important limita-
tions in their search strategy (identifying 18 or fewer relevant
publications) and methods for data abstraction [2,6]. Three
other groups used more rigorous methods to survey the litera-
ture but did not explicitly focus on credibility criteria [4,5,7];
one of these had a selective focus on systematic reviews [3,4].
Moreover, these previous surveys failed to systematically
collect authors’ rationales for their suggested criteria.

We therefore performed a new systematic survey of the
methodological literature addressing effect modification in
RCTs and meta-analyses to identify credibility criteria and
their associated rationales.
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2. Methods

2.1. Eligibility criteria

We included publications (journal articles, reports, text-
book chapters) that met the following criteria:

1 The publication devoted at least one paragraph to the
interpretation of apparent effect modification
(synonyms included interaction, subgroup effect,
subset effect, moderation, heterogeneity of treatment
effect, and predictive factor). We considered any
definition of effect modification, that is, independent
of the statistical approach, effect measure, or
causality.

2 The publication reported one or more criteria for the
credibility of apparent effect modification. We defined
a criterion as a statement that links a characteristic of
an apparent effect modification with an increase or
decrease in credibility. We defined credibility as the
extent to which an apparent effect modification repre-
sents an accurate characterization of a true underlying
effectmodification rather than being the result of chance
or bias. We considered any paraphrase or synonym for
credible including valid, true, proper, or reliable.

3 The publications addressed effect modification
observed in RCTs or meta-analyses of RCTs.

4 The criteria reflect the authors’ own views. We did
not consider a publication if there were explicit state-
ments that the study was a ‘‘review’’ of other studies,
or if without that statement it obviously summarized
other literature (e.g., teaching material).
2.2. Search strategy

In collaboration with an experienced medical librarian
(N.B.), we developed a search strategy (Appendix A) for
MEDLINE and Embase designed to capture 10 key publi-
cations of which we were already aware and which would
cover a wide range of synonyms for effect medication. In
addition, we applied an adapted search strategy to the
WorldCat library to identify potentially eligible textbook
chapters by searching their table of contents. We performed
the last update in March 2018.

Teams of two methodologically trained reviewers inde-
pendently screened abstracts and acquired full texts for arti-
cles that at least one reviewer deemed potentially eligible.
Teams of two investigators independently assessed full texts
and textbook chapters for final eligibility, resolving disagree-
ments by discussion. One reviewer (St.S.) screened the refer-
ence lists of all eligible publications and other
methodological surveys for additional potentially relevant
articles and included them in the full text assessment process.

2.3. Data abstraction

We designed and pretested an online spreadsheet offering
detailed instructions for data abstraction that we updated to
capture issues requiring clarification as they arose. We devel-
oped a taxonomy summarizing the criteria and associated ra-
tionales as they emerged (the taxonomy provided the basis for
the qualitative synthesis, see in the following). After partici-
pating in an initial calibration exercise, pairs of reviewers
independently abstracted data, resolving disagreements
through discussion. To ensure consistency of judgments,



Fig. 1. Study selection flow chart.

Table 1. Characteristics of the 150 included publications

Characteristics Frequency (total [ 150)

Decade of publication

2010s (up to 2017) 62

2000s 57

1990s 20

1980s 9

Type of publication

Journal article 130

Textbook 16

Guidance from organizationa 4a

Focus regarding study design

RCT 97

Meta-analysis of RCTsb 30b

Both RCT and meta-analysis of RCTs 5

Explicitly any design 3

No explicit focus 15

Number of credibility criteria
(according to our definition)

1e3 77

4e6 34

7e9 18

10e12 14

13e15 7

Provides explicit checklist or instrument 29
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St.S. was a member of all reviewer pairs (i.e., St.S. and one of
Y.C., N.D., J.K., L.E.C., Y.L., A.A., T.D., and Y.Z.)

In teams of two, reviewers abstracted reported credi-
bility and rationales offered as explanations why a criterion
would increase or decrease credibility. By copying state-
ments from the eligible articles into our data extraction
forms, we captured the views of the authors verbatim. In
addition to criteria and rationales, we recorded the type
of publication, focus on a specific study design if any,
and whether the article included a supporting simulation.
When a publication provided an explicit checklist with
key considerations for analysis of effect modification, we
abstracted characteristics of this checklist: Number of items
(not necessarily fulfilling our definition of criteria), in-
tended audience (i.e., for users who are interpreting an
apparent effect modificationdwhich is the perspective we
are taking heredor investigators who are planning an anal-
ysis of effect modification), intended study design (RCT or
meta-analysis or both), presence or absence of explicit
response options for item, provision of an overall judgment,
and whether the development of the checklists was
informed by 1) a systematic survey of the literature, 2) a
formal consensus study among experts, 3) user testing
(i.e., a study to find out whether users find the checklist use-
ful and easy-to-use), 4) a reliability study (i.e., a study to
find out whether users consistently rate studies in a similar
way with respect to adherence to criteria), or 5) other
formal methods for instrument development or testing.

2.4. Qualitative synthesis

In parallel to the data abstraction process, we developed a
separate list of criteria and rationales using our own language
(a taxonomy). We created new categories as they emerged.
For each criterion, the taxonomy provided a keyword (e.g.,
a priori hypothesis), and a collection of common terms used
to convey the same or related ideas (e.g., pre hoc, post hoc,
exploratory, confirmatory). Reviewers used the taxonomy
to organize the quotations they extracted by assigning the
most closely related keywords. The taxonomy evolved in par-
allel with the data extraction in that reviewers could suggest
new keywords when a quotation did not fit existing ones. The
continuous updating of the taxonomy provided a method to
involve all reviewers in the qualitative synthesis process
while they were reading the publications. After completion
of the data extraction, reviewers reviewed the taxonomy
and suggested improvements to the wording. For each crite-
rion and rationale, we referenced the publications from
which they were extracted.
(see Table 3 for details)

Abbreviations: RCT, randomized controlled.
a Cochrane collaboration (REF), Center for Reviews and Dissemi-

nation (REF), European Medicines Agency (REF), The National Insti-
tute for Health and Care Excellence (REF).

b Includes 18 publications focusing on aggregate data meta-
analysis, 4 on individual patient data meta-analysis IPD, and 8 explic-
itly on both.
3. Results

3.1. Search results

We screened 2,117 records or journal publications and ta-
bles of contents of 151 textbooks, assessed 557 publications
in full text, and finally included 150 publications (Fig. 1).
The dates of publication spanned 4 decades. Publications
were mostly journal articles (n 5 130), focused on individ-
ual RCTs (n 5 97), and provided up to 15 criteria (Table 1).



Table 2. List of identified criteria (according to our definition; see Appendix B for reported rationales, caveats, supporting simulation studies, and
references)

Category Criterion n

Design characteristics 1. Prespecification of analytic detailsa: Credibility is higher if analytic details such as cut points, time
points, or statistical methods have been prespecified prior to the analysis

39

2. Small number of candidate effect modifiers: Credibility is higher if only a small number of effect
modifiers have been tested

38

3. Within vs. between-study comparison:b Credibility is higher if inferences regarding effect modification
are based on within-study analyses rather than a comparison of main effects across studies (individual
vs. study level, individual patient data vs. aggregate data)

25

4. Baseline characteristic vs. characteristic measured after randomization: Credibility is higher if the
effect modifier is a characteristic measured at randomization, lower if the effect modifier was
measured after randomization and could have been influenced by the intervention

24

5. Power: Credibility increases with the power to detect the effect modifier 23

6. Stratified randomization: Credibility is higher if the effect modifier was a stratification variable at
randomization

15

7. Effect modifier defined by outcome in control group:b Credibility is lower if, in a meta-analysis, the
effect modifier is defined by outcome in the control group (e.g., ‘‘baseline risk’’ defined by mortality in
control group)

6

8. Primary outcome: Credibility is higher for effect modifiers claimed for primary rather than secondary
outcomes

4

Sample characteristics 9. Sample size per subgroup: Credibility increases with sample size per subgroup and balance of sample
size across subgroups

13

10. Prognostic balance within subgroups: Credibility is higher if, within each subgroup, prognostic
factors are balanced

7

11. Measurement error: Credibility is higher if the effect modifier is measured without error, for example,
no misclassification

12

Analysis characteristics 12. Interaction test: Credibility is higher if an interaction test suggests a small likelihood for a chance
finding (rather than compatibility with chance or not interaction test at all) (test of homogeneity, test of
heterogeneity)

54

13. Multiplicity addressed: Credibility is higher if investigators accounted formally or informally for
multiplicity (data-dredging, data-mining)

45

14. Effect modification persists after adjusting for other effect modifiers: Credibility is higher if a
multivariable analysis suggests that the apparent effect modifier is independent of other effect
modifiers (confounding addressed, adjusted, joint effect vs. marginal effect, marker, proxy, surrogate)

17

15. Assumed relationship between modifier and effect justified:c Credibility is higher if, for continuous
effect modifiers, the researchers justified the type of relationship between effect modifier and effect,
for example, linear or logarithmic

12

16. Continuous rather than categorized:c Credibility is higher if continuous effect modifiers are not
categorized but analyzed as a continuum

10

17. Justified cut point:c If continuous effect modifiers are categorized, credibility is higher if the
researchers justify the threshold, ideally a priori

1

18. Random effects model:b Credibility is higher if the analysis accounts for true variation between
studies (within subgroups) by applying a random effects model

9

19. Appropriate scale: Credibility is higher if the effect modification was analyzed on an ‘‘appropriate’’
scale (with differing definitions of appropriate)

7

20. Sensitivity analysis: Credibility is higher if a sensitivity analysis suggests robustness to relevant
assumptions such as cut points or type of model

5

21. Bayesian analysis: Credibility is higher if priors were explicitly specified and incorporated using
Bayesian methods (vs. informal account of prior knowledge)

3

22. Shrinkage applied: Credibility is higher if investigators applied shrinkage methods (weighted average
of overall effect and subgroup-specific effect)

2

Numerical results 23. Quantitative vs. qualitative: Credibility is higher if the effect modification is quantitative (direction of
effect consistent across levels of effect modifier) rather than qualitative (direction varies by levels of
effect modifier)

12

24. Large effect: Credibility is higher if the effect modification is large 6

(Continued )
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Table 2. Continued

Category Criterion n

25. Dose-response:c Credibility is higher if there is a dose-response relationship across ordered levels of
an effect modifier

2

Contextual considerations 26. A priori hypothesis: Credibility is higher if investigators stated a hypothesis prior to performing the
study, lower if an explanation arose post hoc (confirmatory vs. exploratory; hypothesis testing vs.
hypothesis generating)

49

27. Causal rationale: Credibility is higher if there is a compelling causal rationale explaining the effect
modification, ideally specified a priori, and lower if not (biologic rationale, clinical rationale, other
mechanism)

47

28. Prior probability: Credibility increases with the prior probability of the effect modification being true
(prior knowledge, strength of hypothesis)

16

29. Prespecified direction: Credibility is higher if investigators correctly anticipated the direction of the
subgroup effect, lower if they failed to anticipate a direction or anticipated the other direction (specific
vs. vague hypothesis)

14

30. Expert input:Credibility ishigher if contentexpertwere involved in theselectionofcandidateeffectmodifiers 5

31. Consistent across studies: Credibility is higher if the effect modification is consistent across
independent studies (reproducibility, replicability)

30

32. Indirect evidence: Credibility is higher if indirect evidence supports the effect modifier, for example,
evidence from animal studies, observational studies, related populations, or related interventions (as
opposed to theory only or replication in same type of study)

20

33. Consistent across outcomes: Credibility is higher if the effect modification is consistent across
related outcomes

7

34. Overall effect is significant: Credibility is higher if the overall effect is statistically significant
(‘‘positive’’ vs. ‘‘negative’’ trial)

14

35. Overall effect is at low risk of bias: Credibility is lower if the overall treatment effect is at low risk of bias 7

Transparency 36. Complete reporting: Credibility is higher if all performed analyses and results are reported, ideally
verified in protocol (vs. incomplete or selective reporting)

28

a We did not count another 26 publications that reported prespecification as a credibility criterion but without further specification (prespeci-
fication could refer to the effect modifier, the outcome, the cut point, the model, the test, or the hypothesis).

b Applies to meta-analysis only.
c Applies to continuous or ordinal effect modifiers only.
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3.2. Credibility criteria

With respect to the taxonomy, we observed a saturation
effect after approximately 50 publications; that is, the tax-
onomy changed only slightly when we abstracted the re-
maining 100 abstractions. Our final taxonomy included a
total of 36 criteria suggested to inform the credibility of pu-
tative effect modification (Table 2). We grouped the criteria
into six categories: design characteristics (8 criteria), sam-
ple characteristics (3 criteria), analysis characteristics (11
criteria), numerical results (3 criteria), contextual consider-
ations (10 criteria), and transparency (1 criterion).

The four most frequently mentioned criteria were signif-
icant test of interaction rather than nonsignificant or no test
(n 5 54); hypothesized a priori rather than post hoc expla-
nation (n 5 49); strong causal (e.g., biologic) rationale
rather than weak rationale or no rationale (n 5 47); and ac-
count of multiplicity rather than ignoring multiplicity
(n 5 45). Most criteria applied to both individual RCTs
and meta-analyses of RCTs. Two criteria were specific to
meta-analysis: analysis of effect modification based on
within rather than between-study comparisons (n 5 25),
and random rather than fixed effects model for between-
study differences (n 5 9) (Table 2).
Appendix B provides reported rationales and caveats for
each criterion. For some criteria, we identified up to 4 ratio-
nales (e.g., explaining why within-study analyses are more
credible than between-study analyses). Some criteria were
connected through a common rationale (e.g., those address-
ing multiplicity). For some criteria, we did not identify an
explicit rationale (e.g., why a large effect modification
would be more credible than a small effect modification).

Some criteria were contentious, as suggested by conflict-
ing rationales and caveats. For instance, a strong causal
explanation (mostly framed as biologic rationale) is among
the most popular criteria. Some authors have, however,
argued that deducing a causal hypothesis is almost always
possible and the criterion may therefore add little credi-
bility. Some have argued that the causal explanation crite-
rion is useful only when a causal hypothesis is absent, in
which case, the credibility of the putative effect markedly
diminishes. Others have argued that considerations of cau-
sality are largely irrelevant if the aim of the analysis is to
identify target subgroups [8]. Other contentious criteria
include whether effect modifiers are more credible when
used as a stratification factor at randomization; whether
qualitative effect modification is more or less credible than
quantitative effect modification; or whether or not a
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significant main effect increases the plausibility of an
apparent effect modification (see Appendix B for details).

For 12 criteria, we found one or more supporting simu-
lation studies (e.g., demonstrating that a formal test of
interaction is more appropriate than subgroup-specific tests
[9]; Appendix B).

3.3. Checklists

Thirty publications provided key considerations for ana-
lyses of effect modification in the form of explicit check-
lists (Table 3). The number of items per list ranged from
3 to 21 (not all of the items met our definition of credibility
criteria). Fifteen checklists, varying from 3 to 16 items,
were explicitly designed for users of evidence (e.g., devel-
opers of clinical practice guidelines who are critically
appraising claims of effect modification). Of those, two
were based on a systematic survey of the literature followed
by a consensus study. None of the checklists have under-
gone user or reliability testing (Table 3).

4. Discussion

Many methodologists have suggested criteria for assess-
ing the credibility of effect modification: We identified a to-
tal of 36 criteria, most of which are relevant for both
individual RCTs and meta-analyses investigating effect
modification (Table 2). Authors suggested some criteriad
for instance tests of interaction, a priori hypotheses, or
causal rationaledmuch more frequently than othersdfor
example, expert input, consistency across outcomes, or
overall risk of bias. For most criteria, authors provided a
rationale for their choice, sometimes including caveats or
reservations (Appendix B). Fifteen publications provided
criteria in the form of a checklist explicitly designed for
critical appraisal of apparent effect modification.

Key credibility criteria that were broadly acknowledged and
well justified included the presence of a strong a priori
hypothesis; analysis confined to a small number of effect
modifiers; putative effect modifier is a baseline characteristic
(as opposed to a characteristic observed after providing an inter-
vention); prespecified details of the analysis of effect modifica-
tion (e.g., variable definition, statistical model, time points);
effect modification supported by a test of interaction; potential
multiplicity taken into account; replication of the apparent
effect modification across independent studies; and transparent
reporting of all analyses of effect modification. A key criterion
specific to meta-analysis was increased credibility if the effect
modification was identified within studies (e.g., individual
participant data meta-analysis) rather than by comparing
summary effects between studies (e.g., meta-regression).

The identified criteria reflect two common themes in the
literature regarding effectmodification: one is providing safe-
guards against random error both on the design level (e.g.,
limiting number of effect modifiers and prespecifying ana-
lytic details) and on the analysis level (e.g., applying a formal
test of interaction, accounting for multiplicity, shrinking
estimates toward the overall, or performing a sensitivity anal-
ysis). Another common theme is consideration of external
knowledge when interpreting the results (e.g., presence of a
causal rationale, a priori hypothesis, indirect evidence, and
replication across studies). Many methodologists noted a
low confidence in claims of effect modification based on a
single, typically underpowered study, and stressed external
knowledge as a safeguard against spurious inferences.

Many criteria address general principles of observational
research that are not specific to effect modification. For
example, the most frequent criterion was whether the
apparent effect modification was supported by an appro-
priate statistical test. Other examples include whether in-
vestigators considered confounding, prespecified analytic
details, or reported all analyses. The limited attention to
credibility provided in most current reports of putative sub-
group effects in RCTs and meta-analyses may explain why
most criteria are rather general [10,21,23,25e28,34e49].

A strength of our systematic survey is the comprehensive
search. Previous systematic reviews abstracted credibility
criteria from a maximum of 18 publications [2,6]; we
abstracted criteria from 150 publications. We applied trans-
parent eligibility criteria and rigorous methods for systematic
data abstraction, developed a flexible taxonomy to synthesize
and calibrate the views of the involved reviewers while they
were abstracting the criteria, and observed a saturation effect
(i.e., very few new criteria) after abstraction of approximately
50 eligible publications. We are therefore confident that we
did not miss any key criteria. Another strength is that we sys-
tematically abstracted the rationales and caveats that authors
offered for their criteria (Appendix B).

Our survey has limitations. The process of synthesizing
verbatim quotes to characterize rationales introduced
subjectivity, as did the decisions regarding lumping and
splitting in the labeling of criteria. For example, a number
of criteria addressed corroboration through external knowl-
edge and we labeled these items as a priori hypothesis,
causal rationale, expert input, correct anticipation of direc-
tion, prior probability, Bayesian analysis, indirect evidence,
consistent across outcomes, and consistent across studies.
Others may have merged these into fewer items.

Our approach may have missed certain methodological
aspects that are not typically framed as credibility criteria.
For instance, different methods are available to adjust for
multiplicity [50], performing exploratory subgroup ana-
lyses [51], modeling continuous effect modifiers [52e54],
or addressing the correlation between subgrouping vari-
ables [55]. Those considerations, however, are complex,
require statistical expertise, and may therefore be impos-
sible to frame as universal criteria.

Our findings suggest a number of inferences. The plethora
of available articles addressing subgroup credibilitymay leave
both authors of RCTs and meta-analyses, and clinicians and
policy makers using their results, confused and uncertain.
Most of the 15 available checklists for critical appraisal have
not been developed as practical instruments. The two



Table 3. Characteristics of published checklists/instruments for effect modification

Study
Intended audience (users

or investigators)a
Number of
itemsc Target studies

Response options for
items

Informed by systematic
review/consensus

study?d

VanHoorn 2017 [6] users 11 observational, RCT,
and MA

yes, no, don’t know,
not applicablee

systematic survey and
consensus study

Donegan 2015 [10] users and investigatorsb 20 MA yes, no no

Burke 2015 [11] n.s. 3 RCT n.s. no

European Medicines
Agency 2014 [12]

users 4e5f RCT yes/noe,f no

Koch 2014 [13] n.s. 7 RCT n.s. no

Wang 2014a [14] users 11 RCT implicitly yes/no no

Desai 2014 [15] investigators 17 RCT n.s. no

Sun 2014 [16] users 5 RCT and MA implicitly yes/no no

Gagnier 2013 [7] investigators 13 MA n.s. systematic survey and
consensus study

Varadhan 2012 [5] investigators 9 ns n.s. systematic survey

Paget 2011 [17] investigators 7 RCT n.s. no

Pincus 2011 [2] users 5 RCT implicitly yes/no systematic survey and
consensus study

Cochrane Handbook
2011 [18]

n.s. 5 MA implicitly yes/no no

Sun 2010 [19] users 4 RCT and MA implicitly yes/no no

Kent 2010a [20] investigators 5 RCT n.s. no

Fernandez 2010 [21] users and investigatorsg 14g RCT n.s. no

Dijkman 2009 [22] users 16 RCT implicitly yes/no no

Wang 2007 [23] investigatorsh 6 RCT n.s. no

Fletcher 2007 [24] users 3 RCT implicitly yes/no no

Aulakh 2007 [25] users 6 RCT n.s. no

Koopman 2007 [26] investigators 6 individual participant
data MA

n.s. no

Hernandez 2006 [27] investigators 6 RCT n.s. no

Bhandari 2006 [28] users 11 RCT implicitly yes/no no

Rothwell 2005 [1] n.s. 21 RCT n.s. no

Grouin 2005 [29] n.s. 11 RCT n.s. no

Cook 2004 [30] users 12 RCT implicitly yes/no no

Moreira 2002 [31] users 8 RCT n.s. no

Brookes 2001 [9] users and investigatorsi 15i RCT n.s. no

Oxman 1992 [32] users 7 RCT and MA implicitly yes/no no

Yusuf 1991 [33] investigators 15 RCT n.s. no

Abbreviations: MA, meta-analysis; n.s., not specified; RCT, randomized controlled.
a Users refers to clinicians, systematic reviewers, guideline developers, journal editors, policy makers and other who are considering the cred-

ibility of claimed effect modification. Investigators refers to trialists or meta-analysts who are looking for guidance on how to design, carry out, or
interpret their own analysis of effect modification.

b Criteria proposed for reporting and conduct of analyses; wording seems most appropriate for critical appraisal.
c We counted the items as formatted (e.g., number of list icons or rows in a table) and irrespective of our own definition for credibility criteria.
d We considered the following categories: systematic survey of methodological literature; formal consensus study; user testing; and reliability

study. None of the studies performed user tests or test of reliability (if the purpose was critical appraisal).
e Includes overall judgment.
f Presents criteria as an algorithm with yes/no decision nodes and a final classification into credible, possibly credible, and not credible. The

number of criteria depends on the path chosen.
g 7 items for users, 5 for investigators, 2 for editors.
h Reporting guideline.
i 11 items for investigators, 4 for users.
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checklists that provide explicit response options and anoverall
rating have important limitations: One is a preliminary algo-
rithm suggested by the European Medical Agency that lacks
any explanation [12]. The other checklist, developed based
on a systematic survey and a Delphi consensus study, ad-
dresses both prognostic factors and effect modifiers and com-
bines credibility with applicability and clinical relevance [6].
Moreover, none of the existing checklists have been tested for
feasibility, acceptability, or reliability.

Our systematic survey of reported criteria may serve as a
starting point for further development of the criteria-based
approach credibility of effect modification. A formal instru-
ment that overcomes the limitations of previous credibility
checklists is urgently needed. About 20% of published tri-
als and meta-analyses include claims of effect modification
[10,23,27,39,40,42,43], and difficulty in determining their
credibility frequently compromises guideline development
and decision-making. Currently, those considering the cred-
ibility of subgroup analyses have a profusion of alternative
checklists from which to choose with, because of their lim-
itations, none that are clearly superior to the others.

Criteria that are widely acknowledged or strongly sup-
ported by simulation studies could provide the basis for a
new instrument. Criteria for which we identified conflicting
or missing rationales or caveats seem less suitable or would
require modification. Development of a new instrument
would require careful attention to the target audience (e.g.,
trial investigators or systematic review authors who are
considering to claim an effect modification, or clinicians,
guideline developers, journal editors, or policy makers
who are evaluating a claim of effect modification). Deter-
mining the feasibility, acceptability, and reliability of any in-
strument suggested for wide use would therefore be crucial.
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