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When One Depends on the Other
Reporting of Interaction in Case-Control and Cohort Studies

Mirjam J. Knol,a,b,c Matthias Egger,c,d Pippa Scott,c Mirjam I. Geerlings,a and Jan P. Vandenbrouckee

Background: Interaction refers to the situation in which the effect of
1 exposure on an outcome differs across strata of another exposure. We
did a survey of epidemiologic studies published in leading journals to
examine how interaction is assessed and reported.
Methods: We selected 150 case-control and 75 cohort studies
published between May 2001 and May 2007 in leading general
medicine, epidemiology, and clinical specialist journals. Two re-
viewers independently extracted data on study characteristics.
Results: Of the 225 studies, 138 (61%) addressed interaction.
Among these, 25 (18%) presented no data or only a P value or a
statement of statistical significance; 40 (29%) presented stratum-
specific effect estimates but no meaningful comparison of these
estimates; and 58 (42%) presented stratum-specific estimates and
appropriate tests for interaction. Fifteen articles (11%) presented the
individual effects of both exposures and also their joint effect or a
product term, providing sufficient information to interpret interac-
tion on an additive and multiplicative scale. Reporting was poorest
in articles published in clinical specialist articles and most adequate
in articles published in general medicine journals, with epidemiol-
ogy journals in an intermediate position.
Conclusions: A majority of articles reporting cohort and case-
control studies address possible interactions between exposures.
However, in about half of these, the information provided was
unsatisfactory, and only 1 in 10 studies reported data that allowed

readers to interpret interaction effects on an additive and multipli-
cative scale.

(Epidemiology 2009;20: 161–166)

Interaction refers to the situation in which the effect of 1
exposure on an outcome differs across strata of another

exposure. Other terms that have been used to describe inter-
action include “effect modification,” “effect measure modi-
fication,” or “synergism” and “antagonism.”

From a statistical point of view, interaction refers to the
necessity of a product term in a statistical model.1 Depending
on the form of the statistical model, interaction is examined
on an additive scale (for example in linear regression) or on
a multiplicative scale (for example in logistic regression). In
epidemiology, there has been a long-standing debate on
whether the scale should be determined by the statistical
model that fits best or whether interaction should be assessed
on an additive scale irrespective of the underlying statistical
model.2–8 It has been argued that the additive scale is more
appropriate to assess “biologic interaction,” which is implied
by terms such as synergism and antagonism.6,7

An important argument for using the additive scale is that
it fits with the sufficient-component concept of causality.7,8 The
presence or absence of interaction on an additive scale does
not, however, indicate a particular disease mechanism. The
sufficient-component theory of causation is a deliberate ab-
straction, independent of an underlying disease mecha-
nism.7,9,10 This may be one reason why not all researchers
subscribe to the notion that interaction should always be
presented on an additive scale. It has been recommended that
reports on interaction should provide sufficient information
so that readers can interpret interaction on an additive and on
a multiplicative scale.2,11 Such reporting would allow readers
to interpret interaction additively (ie, in a sufficient compo-
nent-cause framework) whatever the opinion of the authors.
This can be done by presenting the individual effects of both
exposures and their joint effect, each relative to the group not
exposed to either risk factor.2 It can also be done by present-
ing the full statistical model: the individual effects of both
exposures and their product term, which allows readers to
recalculate the joint effect.7,12,13 Although much has been
written about interaction in methodologic papers, little is
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known about epidemiologic practice. How frequently is in-
teraction examined in epidemiological studies? What ap-
proach do authors take when investigating and reporting
interaction between exposures? We conducted a survey of
case-control and cohort studies published in leading journals
to examine how interaction is currently assessed and reported
in cohort and case-control studies.

METHODS

Selection of Articles
We examined case-control and cohort studies published

in 5 leading general medicine journals (Annals of Internal
Medicine, British Medical Journal, Journal of the American
Medical Association, Lancet, New England Journal of Med-
icine), 5 leading epidemiology journals (American Journal of
Epidemiology, EPIDEMIOLOGY, International Journal of Epide-
miology, Journal of Clinical Epidemiology, and Journal of
Epidemiology and Community Health), and 10 leading clin-
ical specialist journals (American Journal of Respiratory and
Critical Care Medicine, Archives of General Psychiatry,
Arthritis and Rheumatism, Blood, Circulation, Clinical Infec-
tious Diseases, Diabetes Care, Journal of American Geriat-
rics Society, Journal of the National Cancer Institute, and
Pediatrics). We selected studies in a literature search per-
formed at the end of March 2007 combining the journal
names with the MESH term “case-control studies” and the
MESH term “cohort studies.” Subsequently, we identified
eligible studies starting with the issues published in March
2007 and went backward in time until we identified 150
eligible case-control studies and 75 eligible cohort studies: 10
case-control studies from each general medicine and each
epidemiology journal, and 5 case-control studies from each
clinical specialist journal; 5 cohort studies from each general
medicine and each epidemiology journal, and 2 or 3 cohort
studies from each clinical specialist journal. Articles that
were published electronically ahead of print were included.

We selected more case-control studies than cohort stud-
ies because we included the case-control studies also in a
separate study on the interpretation of the odds ratio in
case-control research.14 Case-crossover studies and studies
that did not report any measure of association were excluded.
Finally, we considered only original articles and short reports.

Data Extraction
We developed a standardized data extraction form. The

extraction form was piloted on 6 articles not included in the
study and subsequently revised. We extracted general items
including the number of study participants, main exposure
and condition studied, and 4 interaction-specific items. First,
we assessed whether interaction was addressed. Second, we
extracted what terms the authors used to describe interaction.
Third, we assessed how the interaction was presented, for
example in stratified analyses or by reporting a P value. We

distinguished 2 types of stratification: (1) the presentation of
effect estimates of exposure and outcome in strata of the
suspected effect-modifying exposure; (2) the presentation of
individual effects of both exposures and their joint effect,
each relative to no exposure. Table 1 illustrates the 2 types of
stratification with a hypothetical example. Fourth, we as-
sessed what statistical tests for interaction were reported, for
example a Wald test or likelihood ratio test. The Wald test
assesses whether the regression coefficient of the product
term is statistically different from zero. The likelihood ratio
test assesses whether the model with the product term pro-
vides a better fit than the model without the product term.

Two reviewers (M.J.K. and P.S.) independently as-
sessed all articles. Discrepancies were discussed by the 2
reviewers; if necessary, a third person (J.P.V. or M.E.) was
consulted to reach consensus.

Levels of Reporting Interaction
We defined 4 levels of reporting interaction, where

each level gave more information about the degree and
direction of the interaction. Level 1 consists of only a P value
or statement of statistical significance, or only a quantitative
description that there was no interaction. In level 2, separate
effect estimates and confidence intervals are provided across
strata of the suspected effect modifying exposure but without
meaningful comparison of stratum-specific effect estimates.
In level 3, there are effect estimates and confidence intervals
across strata of the other factor and a P value or statement of
statistical significance based on an appropriate test for inter-
action. Finally, in level 4, there is sufficient information to
interpret interaction on an additive and on a multiplicative
scale. This could be done either by the presentation of the
individual effect estimates and the joint effect estimate using
1 reference category or by the presentation of the full model,
that is, the individual effect estimates and the effect estimate
of the product term. Additional measures of interaction may
be presented, including the synergy index of multiplicativity

TABLE 1. Two Types of Stratification: (1) the Presentation
of Effect Estimates of Exposure and Outcome in Strata of the
Suspected Effect-Modifying Exposure; (2) the Presentation of
Individual Effects of Both Exposures and Their Joint Effect,
Each Relative to No Exposure

Exposure
Example 1 Example 2

RR (95% CI) RR (95% CI)

No smoking

No obesity 1.0 (reference) 1.0 (reference)

Obesity 1.8 (1.4–2.4) 1.8 (1.4–2.4)

Smoking

No obesity 1.0 (reference) 1.3 (1.0–1.8)

Obesity 1.7 (1.2–2.3) 2.2 (1.6–3.0)

In this hypothetical example, obesity is the risk factor of interest, and smoking, the
suspected effect modifier.
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or additivity, or the relative excess risk due to interaction.6,12

Published examples of the various levels of reporting are
shown in eTable 1 (http://links.lww.com/A716).

Data Analysis
Frequencies and summary statistics were calculated

stratified by journal type (general medicine, epidemiology,
and clinical specialist journals) and study type (case-control
or cohort studies).

RESULTS
Our literature search for case-control studies produced

4647, 3351, and 6508 hits in the general medicine, epidemi-
ology, and clinical specialist journals, respectively. Based on
this search, we identified the 50 most recent eligible case-
control studies for each journal type. The literature search for
cohort studies resulted in 13,856, 4986, and 15,348 hits, respec-
tively. Again, we selected the 25 most recent eligible cohort
studies for each journal type. The publication date of the selected
articles ranged from May 2001 to April 2007 in the general
medicine journals (median: June 2006), from October 2002 to
May 2007 in the general epidemiology journals (median: Octo-
ber 2006), and from August 2004 to April 2007 in the clinical
specialist journals (median: January 2007). Fourteen of the 225
articles (6%) were short reports; 6 in general medicine journals,

4 in general epidemiology journals, and 4 in clinical specialist
journals. The citations for these 225 articles are presented in
eTable 2 (http://links.lww.com/A715).

Table 2 presents the characteristics of the 225 studies,
stratified by journal type. Most authors and study participants
came from the United States or Europe. The largest studies
were published in general medicine journals, closely fol-
lowed by studies published in epidemiology journals. Studies
published in clinical specialist journals were smaller. As
expected, cohort studies included more individuals than case-
control studies (data not shown). The most frequent exposures
were treatments, followed by prevalent medical conditions and
lifestyle factors. Cardiovascular disease, cancer, and all-cause
mortality were the most frequently studied outcomes.

Table 3 describes details on the reporting of interaction.
About two third of the studies (138 articles, 61%) examined
interaction between exposures. In 12 of these studies (9%),
mainly published in epidemiology journals, this was stated as
1 of the objectives of the study. An additional 5 studies (4%),
of which 4 were published in general medicine journals,
explicitly stated that the interaction analyses were prespeci-
fied. In all journals, the most frequently used terms were
“interaction” and “effect (measure) modification” (101 of 138
articles, 73%). The term “subgroup analysis” was used in 18

TABLE 2. Study Characteristics of 225 Case-Control and Cohort Studies by Type of Journal

General Medicine
Articles (n � 75)

No. (%)

General Epidemiology
Articles (n � 75)

No. (%)

Clinical Specialist
Articles (n � 75)

No. (%)

Country of authorsa

United States 42 (56) 32 (43) 44 (59)

Europe except UK 27 (36) 30 (40) 26 (35)

United Kingdom 17 (23) 13 (17) 13 (17)

Other 22 (29) 18 (24) 17 (23)

Country of study participantsa

United States 33 (44) 23 (31) 32 (43)

Europe except UK 20 (27) 30 (40) 25 (33)

United Kingdom 15 (20) 13 (17) 10 (13)

Other 20 (27) 13 (17) 16 (21)

No. subjectsb 3570 (57–383,862) 3078 (100–10,766,971) 1206 (33–1,380,000)

Exposure categorya

Treatment 29 (39) 9 (12) 15 (20)

Prevalent medical conditions 9 (12) 9 (12) 19 (25)

Lifestyle factors 9 (12) 15 (20) 10 (13)

Other 32 (40) 46 (57) 39 (51)

Outcome categorya

Cardiovascular disease 26 (35) 12 (16) 20 (27)

Cancer 6 (8) 23 (31) 14 (19)

All-cause mortality 12 (16) 11 (15) 6 (8)

Infectious disease 12 (16) 4 (5) 13 (17)

Other 20 (27) 26 (35) 23 (31)

aMore than 1 possible in 1 article.
bMedian (range) presented.
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studies (13%), and “stratification” or “stratified analysis” in
11 studies (8%). “Synergy,” “combined effect,” or “joint
effect” was mentioned in 6 studies (4%). Seventeen studies
(12%) did not use an explicit term.

The most frequent approach to reporting interactions
(98 of 138 articles, 71%) involved the presentation of stra-
tum-specific effect estimates (Table 1, example 1). Only 14
studies (10%) reported individual effects of both exposures
and their joint effect (Table 1 example 2), and few studies
reported product terms or a synergy index. No study pre-
sented the relative excess risk due to interaction or the
attributable proportion due to interaction. P values or state-
ments on statistical significance were reported in 82 (59%)

articles, but the statistical test was often unclear. One study
incorrectly examined interaction by assessing overlap of the
confidence intervals around the effect estimates in the strata.
Another possible invalid interpretation is to conclude that
interaction is present because the P value in 1 stratum is
statistically significant but the P value in the other stratum is
not. None of the studies explicitly reported this method,
although 3 of the studies in which the statistical test was
unclear may have used this approach.

When analyzing the data across “levels of reporting
interaction” defined in the methods section, 25 articles (18%)
were categorized as level 1 and 40 articles (29%) met criteria
for level 2 (Table 4). Fifty-eight articles (42%) presented

TABLE 3. Reporting on Interaction in 225 Case-Control and Cohort Studies by Type of Journal

General Medicine
Articles (n � 75)

No. (%)

General Epidemiology
Articles (n � 75)

No. (%)

Clinical Specialist
Articles (n � 75)

No. (%)

Interaction examined 46 (61) 50 (67) 42 (56)

Terms useda

Interaction 29 (63) 19 (38) 24 (57)

Effect (measure) modification 10 (22) 12 (24) 7 (17)

Subgroup analysis 9 (20) 5 (1) 4 (10)

Stratification 3 (7) 4 (8) 4 (10)

Synergy 2 (4) 3 (6) 1 (2)

No specific term used 3 (7) 9 (18) 5 (12)

Presentation of interactiona

Stratum-specific effect estimatesb 33 (72) 36 (72) 29 (69)

Individual and joint effect estimatesb 4 (9) 6 (12) 4 (10)

P 22 (48) 13 (26) 16 (38)

Statement on statistical significance 8 (17) 13 (26) 10 (24)

Product term 2 (4) 0 (0) 1 (2)

Synergy index 2 (4) 0 (0) 1 (2)

No data presented 4 (9) 3 (6) 1 (2)

Statistical tests used

Wald test for product term 11 (24) 11 (22) 6 (14)

Likelihood ratio test 6 (13) 8 (16) 9 (21)

Heterogeneity test 1 (2) 1 (2) 0 (0)

Unclear 14 (30) 7 (14) 13 (31)

aMore than 1 possible in 1 article, percentages relate to studies that examined interaction.
bSee Table 1 for example.

TABLE 4. Different Levels of Reporting on Interaction in 225 Case-Control and Cohort Studies
by Type of Journal

Level of
Reportinga

Total (n � 138)
No. (%)

General Medicine
Articles (n � 46)

No. (%)

General Epidemiology
Articles (n � 50)

No. (%)

Clinical Specialist
Articles (n � 42)

No. (%)

Level 1 25 (18) 8 (17) 8 (16) 9 (21)

Level 2 40 (29) 10 (22) 16 (32) 14 (33)

Level 3 58 (42) 23 (50) 20 (40) 15 (36)

Level 4b 15 (11) 5 (11) 6 (12) 4 (10)

aSee eTable 1 (http://links.lww.com/A716) and main text for definitions and examples of levels of reporting.
bThree of studies of level 4 mentioned the additive scale when discussing the examined interaction.
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effect estimates in strata of the suspected effect modifier and
provided a P value or statement of statistical significance
(level 3). Only a few articles (15, 11%) presented individual
effect estimates of both exposures and their joint effect, or a
product term from a statistical model (level 4). Three of these
studies mentioned the additive scale when discussing inter-
action. The first study presented the synergy index for addi-
tive interaction in their results.15 A second study mentioned in
the discussion that the observed interaction was more than could
be expected under an additive or multiplicative model.16 The
third study stated (also in the discussion) that some of the
interactions were consistent with an additive model and some
were consistent with a multiplicative model.17 Two other
studies, which were both case-control studies, presented a
synergy index of multiplicativity.18,19 Of note, among the
studies in level 4, 6 did not provide a confidence interval
around the synergy index or a P value for interaction.

Few differences were evident between groups of jour-
nals. Interestingly, the term interaction was used somewhat
less frequently in epidemiology journals than in general
medicine and clinical specialist journals (Table 3). Papers in
epidemiology journals provided more complete descriptions
of the statistical test used to assess interaction. Poorer report-
ing (levels 1 and 2) was most prevalent in articles published
in clinical specialist articles (23 of 42 articles, 54%), whereas
better reporting (levels 3 and 4) was most common in articles
published in general medicine journals (28 of 46 articles,
61%). Studies published in epidemiology journals were in-
termediate (Table 4).

DISCUSSION
This survey of current practice regarding how interac-

tion is assessed and reported in epidemiologic studies found
that interaction between exposures is addressed in a majority
of studies published in leading journals. However, in about
half of the studies, the approach used or information reported
was inadequate. In particular, brief descriptive statements or
the presentation of stratum-specific estimates with no mean-
ingful comparison across the strata were common. Only 1 in
10 studies reported individual effects of the 2 exposures and
their joint effect or product term, thus providing sufficient
information to interpret interaction on an additive as well as
a multiplicative scale. Reporting on interaction was not more
comprehensive in epidemiology journals compared with gen-
eral medicine or clinical specialist journals.

Our study was based on articles published in leading
journals and our results may therefore not be applicable to
cohort or case-control studies published in less prominent
journals. We did not assess whether the reported interaction
would have been important from a clinical or public health
perspective, and we did not assess whether the authors dis-
tinguished important from unimportant interactions. Many
authors may feel that if little evidence for an interaction was

found, it is unnecessary to report greater detail. Furthermore,
material may have been removed due to space constraints,
word limits, or editorial intervention. A study of reports of
clinical trials submitted to the British Medical Journal and
later published either in the British Medical Journal or
another journal does not, however, support this hypothesis:
the number of tables and figures did not change markedly
between submission and publication.20

Pocock et al21 recently reviewed the analysis and re-
porting of epidemiologic research published in epidemiology
journals or general and specialist medical journals. In line
with our findings, a large proportion of articles (43 of 73,
59%) included subgroup analyses; the majority of these
claimed differences across groups. Two surveys on reporting
of clinical trials found that authors frequently made the
invalid interpretation that interaction is present when effect
estimates reach conventional levels of statistical significance
(ie, P � 0.05) in 1 subgroup but not another (9 of 17
studies22; 13 of 35 studies23). Surprisingly, in our survey,
only 3 studies may have used this method. Apparently,
researchers in observational epidemiology are more aware of
the shortcomings of this method of than researchers in the
field of clinical trials.

In this survey, 17 of the 138 articles that reported
interaction (12%) explicitly stated that the examination of
interaction was an objective of the study or that the inter-
action analyses were prespecified. Some studies mentioned
the assessment of interaction in the introduction, others in the
methods, or only in the results. Analyses that were not the
original aim of the study but arose during data analysis (eg,
because of additional subject matter knowledge or new liter-
ature) may often be useful and provide important insights.
However, it has been advised that such analyses should be
described accordingly.11,23 The description may give infor-
mation whether the original data collection (assessment of
exposure and confounders relevant to the exposure) was
adequate for a particular new hypothesis, and it allows the
reader to assess the implications of multiple comparisons in
the analysis.11 To some readers, this is important information
because they believe that data on a hypothesis that was
specified beforehand is more credible, a view commonly held
for randomized trials.24 Readers with other views about
inference, mainly in etiologic research, will pay less attention
to whether the hypothesis was prespecified because they will
argue that the prior probability of the hypothesis (whether
known before or after looking at the data) is more important,
and that replications will tease out which findings stand the
test of time.25,26

The reporting of interaction on an additive scale is
very uncommon. Only 3 of the 138 studies mentioned the
additive scale for the interpretation of interaction, and one
of these calculated a synergy index for additivity. No study
used the relative excess risk due to interaction or the attrib-
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utable proportion due to interaction. In general, the presence
of similar odds ratios across strata of a strong risk factor
suggests strong interaction on an additive scale. We noticed
that authors often do not consider this possibility and its
potential public health impact. Interaction on the additive
scale may reflect more appropriately the causal structure of
interactions.3–5,7,8,11 Also, the additive scale, which uses
absolute risks, may also be more appropriate for public health
and clinical decision making.11,27These concerns do not seem
to have affected the practice of applied epidemiology.

One little-known drawback of calculating indices for
additive interaction from multiplicative models is that for
case-control studies, this calculation is exact only for tables
or models that do not include other variables (eg, confound-
ers) over which the index might vary.28,29 If the relative
excess risk due to interaction is different among, say, men
and women, the calculation from a logistic model that in-
cludes sex as an additional covariate will yield only an
approximation of the sex-specific relative excess risks due to
interaction. The synergy index for additivity seems to be
more resistant to this problem: a simulation study showed it
was stable in most situations and more often stable than the
relative excess risk due to interaction.29 In cohort studies, the
problem does not arise if additive risk models are fitted,28

which was not done in any paper in our survey.
Our study demonstrates that the reporting in epidemi-

ological studies on interaction is often inadequate for a full
assessment of additive or multiplicative interaction. Recom-
mendations put forward by the STROBE initiative11,30 ad-
dress several aspects relevant to interaction and subgroup
analyses. STROBE asks authors to describe any methods
used to examine subgroups and interactions and to report
which analyses were planned in advance to allow readers to
judge the implications of multiplicity. Botto and Khoury2

proposed that authors should present individual effects of
exposures and joint effects, each relative to no exposure, as
the most informative approach to presenting the data. A less
intuitive alternative is the presentation of the full model,
including the interaction term. Only 1 in 10 articles (15 of
138) in our survey had either of these 2 presentations. Greater
awareness among epidemiologists of the utility of more
complete presentation of interaction results, such as advo-
cated by publication guideline like STROBE,30 may encour-
age a change in this practice.
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