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交互作⽤(Interaction)とは
・交互作⽤(Interaction)とは？
基準となる⾮曝露状態と⽐較した曝露要因の効果は、1つもし
くはそれ以上の状態(要因)に依存しているであろう、という
考え。
→交互作⽤(Interaction)は通常は上記の意味で使⽤される｡
→しかし､上記の定義は単純なため多少間違いを含んでいる｡

→本スライドでは、交互作⽤(Interaction)の
1. コンセプトの違いによる種類
と
2. 統計学的モデル上の種類
を説明していく。

2Rothman, Kenneth J., Sander Greenland, and Timothy L. Lash, eds. Modern epidemiology. Lippincott Williams & Wilkins, 2008.



1.コンセプトの違い
による交互作⽤

(Interaction)の種類

3

効果修飾(Effect modification)
と

交互作⽤(Interaction)



1. コンセプトの違いによる種類
1-1. 効果修飾(effect modification, effect heterogeneity)
対象となるメインの曝露要因の因果効果が第2の要因のレベル
によって異なるかどうか。
→つまり、第2の要因に基づくサブグループ間での、メインの

曝露要因の因果効果の変動に焦点を当てている。
＋この第2の要因(すなわち、効果修飾要因 effect modifier)

⾃体がアウトカムに影響を与えるかどうかは関係がない。
＝⽬的とする曝露要因の効果が､異なるサブグループ間で異質

であるかどうかを評価することが⽬的である。

このため、効果修飾要因は、ほとんどの場合、介⼊の対象と
ならないものが対象となる(例えば、性別や遺伝⼦型などの個
⼈的特性)。

4Bours, Martijn JL. "Tutorial: A nontechnical explanation of the counterfactual definition of effect modification and interaction." Journal of Clinical Epidemiology 134 (2021): 113-124.



1-1. 効果修飾(Effect modification)の例

曝露要因E1のアウトカム発⽣リスクに与える影響は、曝露
(E1 = 1)と⾮曝露(E1 = 0)という2つの対照的な曝露状態で⽰
される。
図では､ある第2の曝露変数E2が存在しない(E2 = 0)か存在す
る(E2 = 1)かの､いわゆる曝露要因E2のレベルに基づいて、2
つの対照的な状況AとBに分けて描かれている｡
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Fig. 1. The counterfactual de!nition of effect modi!cation. The effect of an exposure E1 on the risk of an outcome in a single target population 
is shown in two contrasting exposure conditions: exposed (E1 = 1) and unexposed (E1 = 0). These conditions are depicted in two contrasting 
situations A and B based on the level of a second exposure variable E2, which is either absent (E2 = 0) or present (E2 = 1). In each situation, the 
absolute or relative difference in risks of the outcome between the exposed and unexposed conditions indicates the causal effect of exposure E1. 
The measures of effect (RD: risk difference, RR: risk ratio) are unconfounded due to exchangeability of background risks [27] . Effect modi!cation 
by E2 is indicated by the different magnitudes of the extra risk of the outcome caused by E1, being smaller in situation A as compared to situation 
B. There are actually two causal effects of E1 that depend on the level of E2 and come to expression as heterogeneous measures of effects. Of 
note, the !gure assumes that E2 has no causal effect on the outcome because the magnitude of the background risks is identical in situations A 
and B. When E2 would have a causal effect on the outcome, this effect would need to be incorporated in the background risk which would then 
be different (say 0.1 higher) in situation B than in situation A. Effect modi!cation by E2 would still be present in case the absolute magnitude of 
the extra risk of the outcome caused by E1 remains different between situation A and B, which would then be re"ected by heterogeneity of the 
RD but not necessarily of the RR. 
in combination (joint effect). Translated into risk differ- 
ences, the separate effects of two exposures are expressed 
as RD 10 = R 10 – R 00 and RD 01 = R 01 – R 00 for the first 
and second exposure, respectively. The joint effect of the 
combination of both exposures equals RD 11 = R 11 – R 00 . 
To define interaction between exposures, one common ref- 
erence condition is used for comparing separate with joint 
effects; the condition reflecting the background risk when 
both exposures are absent (R 00 ) [39] . There is no addi- 
tive interaction if RD 11 = RD 10 + RD 01 . Put differently, 
if two exposures affecting the occurrence of one and the 
same outcome do not interact, then the occurrence of the 
outcome in the presence of both exposures is merely the 
sum of their separate effects (e.g., effect of one risk fac- 
tor plus effect of another risk factor). If this is not the 
case, however, then the absolute causal effects of the ex- 
posures depend on each other, that is, they interact (RD 11 
! = RD 10 + RD 01 ). The whole is then different from the sum 
of its parts. Additive interaction can be either superadditive 
(synergism) or subadditive (antagonism) in case the sum 
of the separate exposure effects is smaller or larger, re- 
spectively, than the joint effect of both exposures [39 , 44] . 
Fig. 2 visualizes the counterfactual definition of additive 
interaction. 

Defining interaction on a multiplicative scale follows a 
similar logic as additive interaction, except that risk ratios 
are used instead of risk differences. Accordingly, multi- 
plicative interaction between two exposures is present if 

the product of the relative causal effects of each exposure 
in isolation (separate effects) is different from the relative 
causal effect of both exposures in combination (joint ef- 
fect). The separate exposure effects are now expressed as 
RR 10 = R 10 / R 00 and RR 01 = R 01 / R 00 for the first 
and second exposure, respectively, while their joint effect 
equals RR 11 = R 11 / R 00 . Again, separate and joint ef- 
fects are compared relative to a common reference con- 
dition (R 00 , the background risk). There is no multiplica- 
tive interaction if RR 11 = RR 10 " RR 01 . In other words, 
if two exposures affecting the occurrence of one and the 
same outcome do not interact, then the occurrence of the 
outcome in the presence of both exposures is merely the 
product of their separate effects (e.g., effect of one risk 
factor multiplied by effect of another risk factor). If this 
is not the case, then the relative causal effects of the ex- 
posures are interdependent (RR 11 ! = RR 10 " RR 01 ). Like 
additive interaction, interaction on a multiplicative scale 
can be supermultiplicative (synergism) or submultiplicative 
(antagonism) in case the product of the separate exposure 
effects is smaller or larger, respectively, than their joint 
effect ( Fig. 3 ) [39 , 44] . 

Unlike effect modification, a requirement for the coun- 
terfactual notion of causal interaction is that two inter- 
acting exposures both have causal effects on an outcome 
[13 , 26 , 35 , 39] . The nature of the causal effect of one expo- 
sure on some outcome thus depends on the causal effect of 
a second exposure on the same outcome. For instance, the 



1-1. 効果修飾(Effect modification)の例

Situation AとB (ある第2の曝露要因E2が存在しない(E2 = 0)
か存在する(E2 = 1)か)において、E1が曝露と⾮曝露の間のア
ウトカム発⽣リスクの絶対的または相対的な差が曝露E1の因
果効果を⽰している。
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Fig. 1. The counterfactual de!nition of effect modi!cation. The effect of an exposure E1 on the risk of an outcome in a single target population 
is shown in two contrasting exposure conditions: exposed (E1 = 1) and unexposed (E1 = 0). These conditions are depicted in two contrasting 
situations A and B based on the level of a second exposure variable E2, which is either absent (E2 = 0) or present (E2 = 1). In each situation, the 
absolute or relative difference in risks of the outcome between the exposed and unexposed conditions indicates the causal effect of exposure E1. 
The measures of effect (RD: risk difference, RR: risk ratio) are unconfounded due to exchangeability of background risks [27] . Effect modi!cation 
by E2 is indicated by the different magnitudes of the extra risk of the outcome caused by E1, being smaller in situation A as compared to situation 
B. There are actually two causal effects of E1 that depend on the level of E2 and come to expression as heterogeneous measures of effects. Of 
note, the !gure assumes that E2 has no causal effect on the outcome because the magnitude of the background risks is identical in situations A 
and B. When E2 would have a causal effect on the outcome, this effect would need to be incorporated in the background risk which would then 
be different (say 0.1 higher) in situation B than in situation A. Effect modi!cation by E2 would still be present in case the absolute magnitude of 
the extra risk of the outcome caused by E1 remains different between situation A and B, which would then be re"ected by heterogeneity of the 
RD but not necessarily of the RR. 
in combination (joint effect). Translated into risk differ- 
ences, the separate effects of two exposures are expressed 
as RD 10 = R 10 – R 00 and RD 01 = R 01 – R 00 for the first 
and second exposure, respectively. The joint effect of the 
combination of both exposures equals RD 11 = R 11 – R 00 . 
To define interaction between exposures, one common ref- 
erence condition is used for comparing separate with joint 
effects; the condition reflecting the background risk when 
both exposures are absent (R 00 ) [39] . There is no addi- 
tive interaction if RD 11 = RD 10 + RD 01 . Put differently, 
if two exposures affecting the occurrence of one and the 
same outcome do not interact, then the occurrence of the 
outcome in the presence of both exposures is merely the 
sum of their separate effects (e.g., effect of one risk fac- 
tor plus effect of another risk factor). If this is not the 
case, however, then the absolute causal effects of the ex- 
posures depend on each other, that is, they interact (RD 11 
! = RD 10 + RD 01 ). The whole is then different from the sum 
of its parts. Additive interaction can be either superadditive 
(synergism) or subadditive (antagonism) in case the sum 
of the separate exposure effects is smaller or larger, re- 
spectively, than the joint effect of both exposures [39 , 44] . 
Fig. 2 visualizes the counterfactual definition of additive 
interaction. 

Defining interaction on a multiplicative scale follows a 
similar logic as additive interaction, except that risk ratios 
are used instead of risk differences. Accordingly, multi- 
plicative interaction between two exposures is present if 

the product of the relative causal effects of each exposure 
in isolation (separate effects) is different from the relative 
causal effect of both exposures in combination (joint ef- 
fect). The separate exposure effects are now expressed as 
RR 10 = R 10 / R 00 and RR 01 = R 01 / R 00 for the first 
and second exposure, respectively, while their joint effect 
equals RR 11 = R 11 / R 00 . Again, separate and joint ef- 
fects are compared relative to a common reference con- 
dition (R 00 , the background risk). There is no multiplica- 
tive interaction if RR 11 = RR 10 " RR 01 . In other words, 
if two exposures affecting the occurrence of one and the 
same outcome do not interact, then the occurrence of the 
outcome in the presence of both exposures is merely the 
product of their separate effects (e.g., effect of one risk 
factor multiplied by effect of another risk factor). If this 
is not the case, then the relative causal effects of the ex- 
posures are interdependent (RR 11 ! = RR 10 " RR 01 ). Like 
additive interaction, interaction on a multiplicative scale 
can be supermultiplicative (synergism) or submultiplicative 
(antagonism) in case the product of the separate exposure 
effects is smaller or larger, respectively, than their joint 
effect ( Fig. 3 ) [39 , 44] . 

Unlike effect modification, a requirement for the coun- 
terfactual notion of causal interaction is that two inter- 
acting exposures both have causal effects on an outcome 
[13 , 26 , 35 , 39] . The nature of the causal effect of one expo- 
sure on some outcome thus depends on the causal effect of 
a second exposure on the same outcome. For instance, the 

曝露E1の因果効果

曝露E1の因果効果



1-1. 効果修飾(Effect modification)の例

E1によって引き起こされるアウトカム発⽣リスクの⼤きさが、
状況Aでは状況Bに⽐べて⼩さいという違いによって､E2によ
る効果修飾(Effect modification)は⽰される。
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Fig. 1. The counterfactual de!nition of effect modi!cation. The effect of an exposure E1 on the risk of an outcome in a single target population 
is shown in two contrasting exposure conditions: exposed (E1 = 1) and unexposed (E1 = 0). These conditions are depicted in two contrasting 
situations A and B based on the level of a second exposure variable E2, which is either absent (E2 = 0) or present (E2 = 1). In each situation, the 
absolute or relative difference in risks of the outcome between the exposed and unexposed conditions indicates the causal effect of exposure E1. 
The measures of effect (RD: risk difference, RR: risk ratio) are unconfounded due to exchangeability of background risks [27] . Effect modi!cation 
by E2 is indicated by the different magnitudes of the extra risk of the outcome caused by E1, being smaller in situation A as compared to situation 
B. There are actually two causal effects of E1 that depend on the level of E2 and come to expression as heterogeneous measures of effects. Of 
note, the !gure assumes that E2 has no causal effect on the outcome because the magnitude of the background risks is identical in situations A 
and B. When E2 would have a causal effect on the outcome, this effect would need to be incorporated in the background risk which would then 
be different (say 0.1 higher) in situation B than in situation A. Effect modi!cation by E2 would still be present in case the absolute magnitude of 
the extra risk of the outcome caused by E1 remains different between situation A and B, which would then be re"ected by heterogeneity of the 
RD but not necessarily of the RR. 
in combination (joint effect). Translated into risk differ- 
ences, the separate effects of two exposures are expressed 
as RD 10 = R 10 – R 00 and RD 01 = R 01 – R 00 for the first 
and second exposure, respectively. The joint effect of the 
combination of both exposures equals RD 11 = R 11 – R 00 . 
To define interaction between exposures, one common ref- 
erence condition is used for comparing separate with joint 
effects; the condition reflecting the background risk when 
both exposures are absent (R 00 ) [39] . There is no addi- 
tive interaction if RD 11 = RD 10 + RD 01 . Put differently, 
if two exposures affecting the occurrence of one and the 
same outcome do not interact, then the occurrence of the 
outcome in the presence of both exposures is merely the 
sum of their separate effects (e.g., effect of one risk fac- 
tor plus effect of another risk factor). If this is not the 
case, however, then the absolute causal effects of the ex- 
posures depend on each other, that is, they interact (RD 11 
! = RD 10 + RD 01 ). The whole is then different from the sum 
of its parts. Additive interaction can be either superadditive 
(synergism) or subadditive (antagonism) in case the sum 
of the separate exposure effects is smaller or larger, re- 
spectively, than the joint effect of both exposures [39 , 44] . 
Fig. 2 visualizes the counterfactual definition of additive 
interaction. 

Defining interaction on a multiplicative scale follows a 
similar logic as additive interaction, except that risk ratios 
are used instead of risk differences. Accordingly, multi- 
plicative interaction between two exposures is present if 

the product of the relative causal effects of each exposure 
in isolation (separate effects) is different from the relative 
causal effect of both exposures in combination (joint ef- 
fect). The separate exposure effects are now expressed as 
RR 10 = R 10 / R 00 and RR 01 = R 01 / R 00 for the first 
and second exposure, respectively, while their joint effect 
equals RR 11 = R 11 / R 00 . Again, separate and joint ef- 
fects are compared relative to a common reference con- 
dition (R 00 , the background risk). There is no multiplica- 
tive interaction if RR 11 = RR 10 " RR 01 . In other words, 
if two exposures affecting the occurrence of one and the 
same outcome do not interact, then the occurrence of the 
outcome in the presence of both exposures is merely the 
product of their separate effects (e.g., effect of one risk 
factor multiplied by effect of another risk factor). If this 
is not the case, then the relative causal effects of the ex- 
posures are interdependent (RR 11 ! = RR 10 " RR 01 ). Like 
additive interaction, interaction on a multiplicative scale 
can be supermultiplicative (synergism) or submultiplicative 
(antagonism) in case the product of the separate exposure 
effects is smaller or larger, respectively, than their joint 
effect ( Fig. 3 ) [39 , 44] . 

Unlike effect modification, a requirement for the coun- 
terfactual notion of causal interaction is that two inter- 
acting exposures both have causal effects on an outcome 
[13 , 26 , 35 , 39] . The nature of the causal effect of one expo- 
sure on some outcome thus depends on the causal effect of 
a second exposure on the same outcome. For instance, the 

Situation B､つまり第2の曝露要因
が存在していると､メインの曝露
要因の効果が⼤きくなっている｡
=E2は効果修飾要因である｡



1-1. 効果修飾(Effect modification)の例

なお、この図では、E2がアウトカム発⽣に対する因果効果を
持たないと仮定しているが､E2がアウトカム発⽣に対する因果
効果を持っていたとしても良い。
→効果修飾(Effect modification)では､この第2の曝露要因が

アウトカム発⽣に対して因果効果を持つのか､持たないのか
は関係がない｡
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Fig. 1. The counterfactual de!nition of effect modi!cation. The effect of an exposure E1 on the risk of an outcome in a single target population 
is shown in two contrasting exposure conditions: exposed (E1 = 1) and unexposed (E1 = 0). These conditions are depicted in two contrasting 
situations A and B based on the level of a second exposure variable E2, which is either absent (E2 = 0) or present (E2 = 1). In each situation, the 
absolute or relative difference in risks of the outcome between the exposed and unexposed conditions indicates the causal effect of exposure E1. 
The measures of effect (RD: risk difference, RR: risk ratio) are unconfounded due to exchangeability of background risks [27] . Effect modi!cation 
by E2 is indicated by the different magnitudes of the extra risk of the outcome caused by E1, being smaller in situation A as compared to situation 
B. There are actually two causal effects of E1 that depend on the level of E2 and come to expression as heterogeneous measures of effects. Of 
note, the !gure assumes that E2 has no causal effect on the outcome because the magnitude of the background risks is identical in situations A 
and B. When E2 would have a causal effect on the outcome, this effect would need to be incorporated in the background risk which would then 
be different (say 0.1 higher) in situation B than in situation A. Effect modi!cation by E2 would still be present in case the absolute magnitude of 
the extra risk of the outcome caused by E1 remains different between situation A and B, which would then be re"ected by heterogeneity of the 
RD but not necessarily of the RR. 
in combination (joint effect). Translated into risk differ- 
ences, the separate effects of two exposures are expressed 
as RD 10 = R 10 – R 00 and RD 01 = R 01 – R 00 for the first 
and second exposure, respectively. The joint effect of the 
combination of both exposures equals RD 11 = R 11 – R 00 . 
To define interaction between exposures, one common ref- 
erence condition is used for comparing separate with joint 
effects; the condition reflecting the background risk when 
both exposures are absent (R 00 ) [39] . There is no addi- 
tive interaction if RD 11 = RD 10 + RD 01 . Put differently, 
if two exposures affecting the occurrence of one and the 
same outcome do not interact, then the occurrence of the 
outcome in the presence of both exposures is merely the 
sum of their separate effects (e.g., effect of one risk fac- 
tor plus effect of another risk factor). If this is not the 
case, however, then the absolute causal effects of the ex- 
posures depend on each other, that is, they interact (RD 11 
! = RD 10 + RD 01 ). The whole is then different from the sum 
of its parts. Additive interaction can be either superadditive 
(synergism) or subadditive (antagonism) in case the sum 
of the separate exposure effects is smaller or larger, re- 
spectively, than the joint effect of both exposures [39 , 44] . 
Fig. 2 visualizes the counterfactual definition of additive 
interaction. 

Defining interaction on a multiplicative scale follows a 
similar logic as additive interaction, except that risk ratios 
are used instead of risk differences. Accordingly, multi- 
plicative interaction between two exposures is present if 

the product of the relative causal effects of each exposure 
in isolation (separate effects) is different from the relative 
causal effect of both exposures in combination (joint ef- 
fect). The separate exposure effects are now expressed as 
RR 10 = R 10 / R 00 and RR 01 = R 01 / R 00 for the first 
and second exposure, respectively, while their joint effect 
equals RR 11 = R 11 / R 00 . Again, separate and joint ef- 
fects are compared relative to a common reference con- 
dition (R 00 , the background risk). There is no multiplica- 
tive interaction if RR 11 = RR 10 " RR 01 . In other words, 
if two exposures affecting the occurrence of one and the 
same outcome do not interact, then the occurrence of the 
outcome in the presence of both exposures is merely the 
product of their separate effects (e.g., effect of one risk 
factor multiplied by effect of another risk factor). If this 
is not the case, then the relative causal effects of the ex- 
posures are interdependent (RR 11 ! = RR 10 " RR 01 ). Like 
additive interaction, interaction on a multiplicative scale 
can be supermultiplicative (synergism) or submultiplicative 
(antagonism) in case the product of the separate exposure 
effects is smaller or larger, respectively, than their joint 
effect ( Fig. 3 ) [39 , 44] . 

Unlike effect modification, a requirement for the coun- 
terfactual notion of causal interaction is that two inter- 
acting exposures both have causal effects on an outcome 
[13 , 26 , 35 , 39] . The nature of the causal effect of one expo- 
sure on some outcome thus depends on the causal effect of 
a second exposure on the same outcome. For instance, the 



1. コンセプトの違いによる種類
1-2. 交互作⽤(Interaction)
2つのメインの曝露要因が共に作⽤することで、特定のアウト
カムに対する因果効果がどのように変化するのかに注⽬して
いる。
→つまり､メインの曝露要因の因果効果に加えて、第⼆の曝露

要因もアウトカムに対して因果効果を持つ､と仮定している。

2つの曝露要因の交互作⽤(Interaction)は、各曝露要因の因果
効果の合計(separate effects)が、両曝露要因の組み合わせ
による因果効果(joint effect)と異なる場合に存在する。

交互作⽤では、第2の曝露要因が通常、メインの曝露要因の因
果効果に介⼊できる可能性のある修正可能な因⼦(例: 治療や
ライフスタイル)であることが挙げられる。

9Bours, Martijn JL. "Tutorial: A nontechnical explanation of the counterfactual definition of effect modification and interaction." Journal of Clinical Epidemiology 134 (2021): 113-124.



1-2. 交互作⽤(Interaction)の例
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Fig. 2. The counterfactual de!nition of additive interaction. The absolute causal effects of two exposures E1 and E2 on the risk of an outcome 
in a single target population are shown in four contrasting conditions: exposed to neither (E1 = 0 & E2 = 0), either (E1 = 1 or E2 = 1), or 
both exposures (E1 = 1 & E2 = 1). The separate effects of each exposure in isolation and the joint effect of both exposures in combination 
are expressed by three risk differences (RD). All effects are unconfounded, and therefore causal, because the four conditions have exchangeable 
background risks equaling the risk of the outcome in the doubly unexposed condition [27] . A comparison of the sum of the risk differences for 
the singly exposed conditions (RD 10 and RD 01 ) with the risk difference for the doubly exposed condition (RD 11 ) indicates whether interaction is 
absent (A), subadditive (B), or superadditive (C). 
causal effect of one exposure can be enhanced, inhibited, 
or nullified by the effect of another exposure. A further 
difference between interaction and effect modification is 
that the secondary exposure usually is a modifiable factor 
(e.g., a treatment or lifestyle factor) that can potentially be 
intervened upon to influence the causal effect of the pri- 
mary exposure [21 , 23 , 26 , 35 , 39 , 40 , 42 , 43] . Two exposures 
can interact in a variety of ways and, usually but not al- 
ways, causal interaction will be present on both additive 
and multiplicative scales. Recently, an insightful overview 
of various types of interaction in the form of an interac- 
tion continuum was presented elsewhere [44] . A graphi- 
cal presentation expressing interplay between two expo- 
sures on this continuum is included in Appendix A (see 
Supplementary material ). 
3. Evaluation, interpretation, and implication of effect 
modification and interaction 

Reasons for evaluating effect modification and interac- 
tion are diverse [26 , 35 , 39] . Additionally, the proper way 
to present and interpret results of analyses of these con- 
cepts can be challenging [45–48] . Furthermore, it may be 
difficult to recognize what the implications of evidence re- 

garding effect modification and interaction are for medical 
practice and public health [13 , 15 , 18] . 
3.1. Evaluation of effect modification and interaction can 
provide evidence for targeted interventions and insight 
into mechanisms of causal effects 

Two cardinal reasons for studying effect modification 
and interaction are to identify targets for intervention and 
to elucidate mechanisms of causal effects. First, evidence 
for effect modification and interaction can provide impor- 
tant insights for targeting preventive, curative, or palliative 
interventions [23 , 26 , 35 , 39] . According to abovementioned 
counterfactual definitions, effect modification focuses on 
subgroup-specific causal effects of single exposures, while 
interaction focuses on joint causal effects of multiple ex- 
posures [13 , 23 , 35] . Hence, effect modification is relevant 
when one wants to target an intervention to specific pop- 
ulation subgroups, primarily to improve effectiveness but 
also in case of limited resources that prohibit treating the 
whole target population [21 , 23 , 26 , 35] . Evidence for ef- 
fect modification helps to identify groups of individuals 
with certain intrinsic characteristics rendering them to ex- 
perience stronger treatment effects than others, in whom 



1-2. 交互作⽤(Interaction)の例

11Bours, Martijn JL. "Tutorial: A nontechnical explanation of the counterfactual definition of effect modification and interaction." Journal of Clinical Epidemiology 134 (2021): 113-124.

M.J.L. Bours / Journal of Clinical Epidemiology 134 (2021) 113–124 117 

Fig. 2. The counterfactual de!nition of additive interaction. The absolute causal effects of two exposures E1 and E2 on the risk of an outcome 
in a single target population are shown in four contrasting conditions: exposed to neither (E1 = 0 & E2 = 0), either (E1 = 1 or E2 = 1), or 
both exposures (E1 = 1 & E2 = 1). The separate effects of each exposure in isolation and the joint effect of both exposures in combination 
are expressed by three risk differences (RD). All effects are unconfounded, and therefore causal, because the four conditions have exchangeable 
background risks equaling the risk of the outcome in the doubly unexposed condition [27] . A comparison of the sum of the risk differences for 
the singly exposed conditions (RD 10 and RD 01 ) with the risk difference for the doubly exposed condition (RD 11 ) indicates whether interaction is 
absent (A), subadditive (B), or superadditive (C). 
causal effect of one exposure can be enhanced, inhibited, 
or nullified by the effect of another exposure. A further 
difference between interaction and effect modification is 
that the secondary exposure usually is a modifiable factor 
(e.g., a treatment or lifestyle factor) that can potentially be 
intervened upon to influence the causal effect of the pri- 
mary exposure [21 , 23 , 26 , 35 , 39 , 40 , 42 , 43] . Two exposures 
can interact in a variety of ways and, usually but not al- 
ways, causal interaction will be present on both additive 
and multiplicative scales. Recently, an insightful overview 
of various types of interaction in the form of an interac- 
tion continuum was presented elsewhere [44] . A graphi- 
cal presentation expressing interplay between two expo- 
sures on this continuum is included in Appendix A (see 
Supplementary material ). 
3. Evaluation, interpretation, and implication of effect 
modification and interaction 

Reasons for evaluating effect modification and interac- 
tion are diverse [26 , 35 , 39] . Additionally, the proper way 
to present and interpret results of analyses of these con- 
cepts can be challenging [45–48] . Furthermore, it may be 
difficult to recognize what the implications of evidence re- 

garding effect modification and interaction are for medical 
practice and public health [13 , 15 , 18] . 
3.1. Evaluation of effect modification and interaction can 
provide evidence for targeted interventions and insight 
into mechanisms of causal effects 

Two cardinal reasons for studying effect modification 
and interaction are to identify targets for intervention and 
to elucidate mechanisms of causal effects. First, evidence 
for effect modification and interaction can provide impor- 
tant insights for targeting preventive, curative, or palliative 
interventions [23 , 26 , 35 , 39] . According to abovementioned 
counterfactual definitions, effect modification focuses on 
subgroup-specific causal effects of single exposures, while 
interaction focuses on joint causal effects of multiple ex- 
posures [13 , 23 , 35] . Hence, effect modification is relevant 
when one wants to target an intervention to specific pop- 
ulation subgroups, primarily to improve effectiveness but 
also in case of limited resources that prohibit treating the 
whole target population [21 , 23 , 26 , 35] . Evidence for ef- 
fect modification helps to identify groups of individuals 
with certain intrinsic characteristics rendering them to ex- 
perience stronger treatment effects than others, in whom 

2つの曝露要因E1とE2がアウトカム発⽣リスクに及ぼす因果
効果を、4つの対照的な条件で⽰している。
R00: どちらにも曝露されていない(E1=0 & E2=0)
R01 or R10: どちらかにしか曝露されていない(E1=1 or E2=1)
R11: 両⽅に曝露されている(E1=1 & E2=1)
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Fig. 2. The counterfactual de!nition of additive interaction. The absolute causal effects of two exposures E1 and E2 on the risk of an outcome 
in a single target population are shown in four contrasting conditions: exposed to neither (E1 = 0 & E2 = 0), either (E1 = 1 or E2 = 1), or 
both exposures (E1 = 1 & E2 = 1). The separate effects of each exposure in isolation and the joint effect of both exposures in combination 
are expressed by three risk differences (RD). All effects are unconfounded, and therefore causal, because the four conditions have exchangeable 
background risks equaling the risk of the outcome in the doubly unexposed condition [27] . A comparison of the sum of the risk differences for 
the singly exposed conditions (RD 10 and RD 01 ) with the risk difference for the doubly exposed condition (RD 11 ) indicates whether interaction is 
absent (A), subadditive (B), or superadditive (C). 
causal effect of one exposure can be enhanced, inhibited, 
or nullified by the effect of another exposure. A further 
difference between interaction and effect modification is 
that the secondary exposure usually is a modifiable factor 
(e.g., a treatment or lifestyle factor) that can potentially be 
intervened upon to influence the causal effect of the pri- 
mary exposure [21 , 23 , 26 , 35 , 39 , 40 , 42 , 43] . Two exposures 
can interact in a variety of ways and, usually but not al- 
ways, causal interaction will be present on both additive 
and multiplicative scales. Recently, an insightful overview 
of various types of interaction in the form of an interac- 
tion continuum was presented elsewhere [44] . A graphi- 
cal presentation expressing interplay between two expo- 
sures on this continuum is included in Appendix A (see 
Supplementary material ). 
3. Evaluation, interpretation, and implication of effect 
modification and interaction 

Reasons for evaluating effect modification and interac- 
tion are diverse [26 , 35 , 39] . Additionally, the proper way 
to present and interpret results of analyses of these con- 
cepts can be challenging [45–48] . Furthermore, it may be 
difficult to recognize what the implications of evidence re- 

garding effect modification and interaction are for medical 
practice and public health [13 , 15 , 18] . 
3.1. Evaluation of effect modification and interaction can 
provide evidence for targeted interventions and insight 
into mechanisms of causal effects 

Two cardinal reasons for studying effect modification 
and interaction are to identify targets for intervention and 
to elucidate mechanisms of causal effects. First, evidence 
for effect modification and interaction can provide impor- 
tant insights for targeting preventive, curative, or palliative 
interventions [23 , 26 , 35 , 39] . According to abovementioned 
counterfactual definitions, effect modification focuses on 
subgroup-specific causal effects of single exposures, while 
interaction focuses on joint causal effects of multiple ex- 
posures [13 , 23 , 35] . Hence, effect modification is relevant 
when one wants to target an intervention to specific pop- 
ulation subgroups, primarily to improve effectiveness but 
also in case of limited resources that prohibit treating the 
whole target population [21 , 23 , 26 , 35] . Evidence for ef- 
fect modification helps to identify groups of individuals 
with certain intrinsic characteristics rendering them to ex- 
perience stronger treatment effects than others, in whom 

どちらかにしか曝露されていない条件のリスク差(RD)の合計
(RD10およびRD01)と､両⽅に曝露されている条件のリスク差
(RD11)を⽤いて⽐較すると､下記3つのいずれかになる。
A: 交互作⽤がない (RD10 + RD01 = RD11)
B: subadditive (RD10 + RD01 > RD11)
C: superadditive (RD10 + RD01 < RD11)



1-2. 交互作⽤(Interaction)の例

13Bours, Martijn JL. "Tutorial: A nontechnical explanation of the counterfactual definition of effect modification and interaction." Journal of Clinical Epidemiology 134 (2021): 113-124.

118 M.J.L. Bours / Journal of Clinical Epidemiology 134 (2021) 113–124 

Fig. 3. The counterfactual de!nition of multiplicative interaction. The relative causal effects of two exposures E1 and E2 on the risk of an outcome 
in a single target population are shown in four contrasting conditions: exposed to neither (E1 = 0 & E2 = 0), either (E1 = 1 or E2 = 1), or 
both exposures (E1 = 1 & E2 = 1). The separate effects of each exposure in isolation and the joint effect of both exposures in combination 
are expressed by three risk ratios (RR). All effects are unconfounded, and therefore causal, because the four conditions have exchangeable 
background risks equaling the risk of the outcome in the doubly unexposed condition [27] . A comparison of the product of the risk ratios for the 
singly exposed conditions (RR 10 and RR 01 ) with the risk ratio for the doubly exposed condition (RR 11 ) indicates whether interaction is absent (A), 
submultiplicative (B), or supermultiplicative (C). 
treatment is less effective, ineffective, or even harmful 
[13 , 17 , 21 , 26 , 35] . Contrary to effect modification, the pri- 
mary focus of interaction is on interventions and not on 
subpopulations. It provides insight into specific combina- 
tions of interventions that could be advantageous for a tar- 
get population as a whole, not only for specific subgroups 
within that population [21 , 23 , 35 , 39] . Interaction is relevant 
when one wants to simultaneously intervene on more than 
one exposure, for instance by combining two medical treat- 
ments to optimize their effectiveness for improving patient 
outcomes (treatment-by-treatment interaction). Importantly, 
the additive rather than the multiplicative scale is most rel- 
evant for identifying targets for intervention [13 , 39] . This 
scale indicates which subgroup of individuals or which 
combination of interventions will generate the largest abso- 
lute benefit with regard to some outcome of interest. As the 
multiplicative scale does not indicate this absolute benefit, 
it is less useful and may even lead to opposite decisions re- 
garding populations to target or interventions to combine 
[13 , 35 , 39 , 40] . Moreover, knowledge about effect modifi- 
cation and interaction allows for better judgment of how 
inferences about causal effects can be extrapolated beyond 

a target population under investigation [13 , 26 , 49 , 50] . If it 
is known that the effect of some intervention depends on 
the level or effect of another factor, then the average effect 
of the intervention will differ between populations with a 
different distribution of that other factor. Therefore, evi- 
dence for effect modification and interaction can provide 
relevant insights into (lack of) transportability [26 , 49 , 50] 
or transitivity [51 , 52] of intervention effects from one tar- 
get population to another. 

A second reason for evaluating effect modification and 
interaction is to help uncover mechanisms of causal ef- 
fects [35 , 39] , for instance biological or psychosocial mech- 
anisms underlying disease causation or treatment effec- 
tiveness. Especially interaction is relevant for elucidating 
causal mechanisms, because it provides mechanistic insight 
into how a particular outcome is produced by multiple 
interdependent causes, as described within the sufficient- 
cause model of causation [53 , 54] . This model empha- 
sizes multicausality by describing how individual factors 
(component causes) will inevitably produce an outcome 
when combined in the right way. A sufficient cause rep- 
resents a unique combination of component causes (i.e., 
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どちらかにしか曝露されていない条件のリスク⽐(RR)の合計
(RR10およびRR01)と､両⽅に曝露されている条件のリスク⽐
(RR11)を⽤いて⽐較すると､下記3つのいずれかになる。
A: 交互作⽤がない (RR10×RR01 = RR11)
B: submultiplicative (RR10×RR01 > RR11)
C: supermultiplicative (RR10×RR01 < RR11)
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Fig. 3. The counterfactual de!nition of multiplicative interaction. The relative causal effects of two exposures E1 and E2 on the risk of an outcome 
in a single target population are shown in four contrasting conditions: exposed to neither (E1 = 0 & E2 = 0), either (E1 = 1 or E2 = 1), or 
both exposures (E1 = 1 & E2 = 1). The separate effects of each exposure in isolation and the joint effect of both exposures in combination 
are expressed by three risk ratios (RR). All effects are unconfounded, and therefore causal, because the four conditions have exchangeable 
background risks equaling the risk of the outcome in the doubly unexposed condition [27] . A comparison of the product of the risk ratios for the 
singly exposed conditions (RR 10 and RR 01 ) with the risk ratio for the doubly exposed condition (RR 11 ) indicates whether interaction is absent (A), 
submultiplicative (B), or supermultiplicative (C). 
treatment is less effective, ineffective, or even harmful 
[13 , 17 , 21 , 26 , 35] . Contrary to effect modification, the pri- 
mary focus of interaction is on interventions and not on 
subpopulations. It provides insight into specific combina- 
tions of interventions that could be advantageous for a tar- 
get population as a whole, not only for specific subgroups 
within that population [21 , 23 , 35 , 39] . Interaction is relevant 
when one wants to simultaneously intervene on more than 
one exposure, for instance by combining two medical treat- 
ments to optimize their effectiveness for improving patient 
outcomes (treatment-by-treatment interaction). Importantly, 
the additive rather than the multiplicative scale is most rel- 
evant for identifying targets for intervention [13 , 39] . This 
scale indicates which subgroup of individuals or which 
combination of interventions will generate the largest abso- 
lute benefit with regard to some outcome of interest. As the 
multiplicative scale does not indicate this absolute benefit, 
it is less useful and may even lead to opposite decisions re- 
garding populations to target or interventions to combine 
[13 , 35 , 39 , 40] . Moreover, knowledge about effect modifi- 
cation and interaction allows for better judgment of how 
inferences about causal effects can be extrapolated beyond 

a target population under investigation [13 , 26 , 49 , 50] . If it 
is known that the effect of some intervention depends on 
the level or effect of another factor, then the average effect 
of the intervention will differ between populations with a 
different distribution of that other factor. Therefore, evi- 
dence for effect modification and interaction can provide 
relevant insights into (lack of) transportability [26 , 49 , 50] 
or transitivity [51 , 52] of intervention effects from one tar- 
get population to another. 

A second reason for evaluating effect modification and 
interaction is to help uncover mechanisms of causal ef- 
fects [35 , 39] , for instance biological or psychosocial mech- 
anisms underlying disease causation or treatment effec- 
tiveness. Especially interaction is relevant for elucidating 
causal mechanisms, because it provides mechanistic insight 
into how a particular outcome is produced by multiple 
interdependent causes, as described within the sufficient- 
cause model of causation [53 , 54] . This model empha- 
sizes multicausality by describing how individual factors 
(component causes) will inevitably produce an outcome 
when combined in the right way. A sufficient cause rep- 
resents a unique combination of component causes (i.e., 
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なぜ､効果修飾(Effect modification)と交互作⽤(Interaction)
は重要なのか｡
・2つの重要な理由
1.介⼊のターゲットを特定することと、2.因果関係のメカニズ
ムを解明することである。
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1.介⼊のターゲットを特定すること
→効果修飾は､主に影響効果を向上させるために、介⼊の対象

を特定集団のサブグループに絞りたい場合に有効である｡ま
た､資源が限られていて対象集団全体を治療することができ
ない場合にも有効である。

→交互作⽤は､対象集団全体に対して有効な介⼊の組み合わせ
についての洞察を提供する。例えば、患者のアウトカムを
改善するために2つの治療の効果を最適化するために､治療
の組み合わせを考えるときに有効である｡

=つまり、医療や公衆衛⽣への介⼊において、どの集団を
ターゲットにするか、またはどの介⼊の組み合わせを⽤いる
のかを決定するのに役に⽴つ。
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2. 因果関係のメカニズムを解明すること
→難しいのでここでは詳細は省略する｡勉強したい場合は最終

スライドの推薦図書を参考のこと｡
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加法的交互作⽤(additive interaction)
と

乗法的交互作⽤(multiplicative interaction)
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2-1. 加法的交互作⽤(additive interaction)とは
まず下記表(交互作⽤の説明に⽤いた図)を⽤いて､リスク差に
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Fig. 2. The counterfactual de!nition of additive interaction. The absolute causal effects of two exposures E1 and E2 on the risk of an outcome 
in a single target population are shown in four contrasting conditions: exposed to neither (E1 = 0 & E2 = 0), either (E1 = 1 or E2 = 1), or 
both exposures (E1 = 1 & E2 = 1). The separate effects of each exposure in isolation and the joint effect of both exposures in combination 
are expressed by three risk differences (RD). All effects are unconfounded, and therefore causal, because the four conditions have exchangeable 
background risks equaling the risk of the outcome in the doubly unexposed condition [27] . A comparison of the sum of the risk differences for 
the singly exposed conditions (RD 10 and RD 01 ) with the risk difference for the doubly exposed condition (RD 11 ) indicates whether interaction is 
absent (A), subadditive (B), or superadditive (C). 
causal effect of one exposure can be enhanced, inhibited, 
or nullified by the effect of another exposure. A further 
difference between interaction and effect modification is 
that the secondary exposure usually is a modifiable factor 
(e.g., a treatment or lifestyle factor) that can potentially be 
intervened upon to influence the causal effect of the pri- 
mary exposure [21 , 23 , 26 , 35 , 39 , 40 , 42 , 43] . Two exposures 
can interact in a variety of ways and, usually but not al- 
ways, causal interaction will be present on both additive 
and multiplicative scales. Recently, an insightful overview 
of various types of interaction in the form of an interac- 
tion continuum was presented elsewhere [44] . A graphi- 
cal presentation expressing interplay between two expo- 
sures on this continuum is included in Appendix A (see 
Supplementary material ). 
3. Evaluation, interpretation, and implication of effect 
modification and interaction 

Reasons for evaluating effect modification and interac- 
tion are diverse [26 , 35 , 39] . Additionally, the proper way 
to present and interpret results of analyses of these con- 
cepts can be challenging [45–48] . Furthermore, it may be 
difficult to recognize what the implications of evidence re- 

garding effect modification and interaction are for medical 
practice and public health [13 , 15 , 18] . 
3.1. Evaluation of effect modification and interaction can 
provide evidence for targeted interventions and insight 
into mechanisms of causal effects 

Two cardinal reasons for studying effect modification 
and interaction are to identify targets for intervention and 
to elucidate mechanisms of causal effects. First, evidence 
for effect modification and interaction can provide impor- 
tant insights for targeting preventive, curative, or palliative 
interventions [23 , 26 , 35 , 39] . According to abovementioned 
counterfactual definitions, effect modification focuses on 
subgroup-specific causal effects of single exposures, while 
interaction focuses on joint causal effects of multiple ex- 
posures [13 , 23 , 35] . Hence, effect modification is relevant 
when one wants to target an intervention to specific pop- 
ulation subgroups, primarily to improve effectiveness but 
also in case of limited resources that prohibit treating the 
whole target population [21 , 23 , 26 , 35] . Evidence for ef- 
fect modification helps to identify groups of individuals 
with certain intrinsic characteristics rendering them to ex- 
perience stronger treatment effects than others, in whom 

Bours, Martijn JL. "Tutorial: A nontechnical explanation of the counterfactual definition of effect modification and interaction." Journal of Clinical Epidemiology 134 (2021): 113-124.
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Fig. 2. The counterfactual de!nition of additive interaction. The absolute causal effects of two exposures E1 and E2 on the risk of an outcome 
in a single target population are shown in four contrasting conditions: exposed to neither (E1 = 0 & E2 = 0), either (E1 = 1 or E2 = 1), or 
both exposures (E1 = 1 & E2 = 1). The separate effects of each exposure in isolation and the joint effect of both exposures in combination 
are expressed by three risk differences (RD). All effects are unconfounded, and therefore causal, because the four conditions have exchangeable 
background risks equaling the risk of the outcome in the doubly unexposed condition [27] . A comparison of the sum of the risk differences for 
the singly exposed conditions (RD 10 and RD 01 ) with the risk difference for the doubly exposed condition (RD 11 ) indicates whether interaction is 
absent (A), subadditive (B), or superadditive (C). 
causal effect of one exposure can be enhanced, inhibited, 
or nullified by the effect of another exposure. A further 
difference between interaction and effect modification is 
that the secondary exposure usually is a modifiable factor 
(e.g., a treatment or lifestyle factor) that can potentially be 
intervened upon to influence the causal effect of the pri- 
mary exposure [21 , 23 , 26 , 35 , 39 , 40 , 42 , 43] . Two exposures 
can interact in a variety of ways and, usually but not al- 
ways, causal interaction will be present on both additive 
and multiplicative scales. Recently, an insightful overview 
of various types of interaction in the form of an interac- 
tion continuum was presented elsewhere [44] . A graphi- 
cal presentation expressing interplay between two expo- 
sures on this continuum is included in Appendix A (see 
Supplementary material ). 
3. Evaluation, interpretation, and implication of effect 
modification and interaction 

Reasons for evaluating effect modification and interac- 
tion are diverse [26 , 35 , 39] . Additionally, the proper way 
to present and interpret results of analyses of these con- 
cepts can be challenging [45–48] . Furthermore, it may be 
difficult to recognize what the implications of evidence re- 

garding effect modification and interaction are for medical 
practice and public health [13 , 15 , 18] . 
3.1. Evaluation of effect modification and interaction can 
provide evidence for targeted interventions and insight 
into mechanisms of causal effects 

Two cardinal reasons for studying effect modification 
and interaction are to identify targets for intervention and 
to elucidate mechanisms of causal effects. First, evidence 
for effect modification and interaction can provide impor- 
tant insights for targeting preventive, curative, or palliative 
interventions [23 , 26 , 35 , 39] . According to abovementioned 
counterfactual definitions, effect modification focuses on 
subgroup-specific causal effects of single exposures, while 
interaction focuses on joint causal effects of multiple ex- 
posures [13 , 23 , 35] . Hence, effect modification is relevant 
when one wants to target an intervention to specific pop- 
ulation subgroups, primarily to improve effectiveness but 
also in case of limited resources that prohibit treating the 
whole target population [21 , 23 , 26 , 35] . Evidence for ef- 
fect modification helps to identify groups of individuals 
with certain intrinsic characteristics rendering them to ex- 
perience stronger treatment effects than others, in whom 

どちらかにしか曝露されていない条件のリスク差(RD)の合計
(RD10およびRD01)と､両⽅に曝露されている条件のリスク差
(RD11)を⽤いて⽐較すると､下記3つのいずれかになる。
A: 加法的交互作⽤がない (RD10 + RD01 = RD11)
B: subadditive (RD10 + RD01 > RD11)
C: superadditive (RD10 + RD01 < RD11)
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RD10 = R10 ‒ R00
RD01 = R01 ‒ R00
RD11 = R11 ‒ R00
なので､
A: 加法的交互作⽤がない (RD10 + RD01 = RD11)
→R10 ‒ R00 + R01 ‒ R00 = R11 ‒ R00
→R11 - R10 - R01 + R00 = 0
B: subadditive (RD10 + RD01 > RD11)
→ R11 - R10 - R01 + R00 < 0
C: superadditive (RD10 + RD01 < RD11)
→ R11 - R10 - R01 + R00 > 0
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Fig. 2. The counterfactual de!nition of additive interaction. The absolute causal effects of two exposures E1 and E2 on the risk of an outcome 
in a single target population are shown in four contrasting conditions: exposed to neither (E1 = 0 & E2 = 0), either (E1 = 1 or E2 = 1), or 
both exposures (E1 = 1 & E2 = 1). The separate effects of each exposure in isolation and the joint effect of both exposures in combination 
are expressed by three risk differences (RD). All effects are unconfounded, and therefore causal, because the four conditions have exchangeable 
background risks equaling the risk of the outcome in the doubly unexposed condition [27] . A comparison of the sum of the risk differences for 
the singly exposed conditions (RD 10 and RD 01 ) with the risk difference for the doubly exposed condition (RD 11 ) indicates whether interaction is 
absent (A), subadditive (B), or superadditive (C). 
causal effect of one exposure can be enhanced, inhibited, 
or nullified by the effect of another exposure. A further 
difference between interaction and effect modification is 
that the secondary exposure usually is a modifiable factor 
(e.g., a treatment or lifestyle factor) that can potentially be 
intervened upon to influence the causal effect of the pri- 
mary exposure [21 , 23 , 26 , 35 , 39 , 40 , 42 , 43] . Two exposures 
can interact in a variety of ways and, usually but not al- 
ways, causal interaction will be present on both additive 
and multiplicative scales. Recently, an insightful overview 
of various types of interaction in the form of an interac- 
tion continuum was presented elsewhere [44] . A graphi- 
cal presentation expressing interplay between two expo- 
sures on this continuum is included in Appendix A (see 
Supplementary material ). 
3. Evaluation, interpretation, and implication of effect 
modification and interaction 

Reasons for evaluating effect modification and interac- 
tion are diverse [26 , 35 , 39] . Additionally, the proper way 
to present and interpret results of analyses of these con- 
cepts can be challenging [45–48] . Furthermore, it may be 
difficult to recognize what the implications of evidence re- 

garding effect modification and interaction are for medical 
practice and public health [13 , 15 , 18] . 
3.1. Evaluation of effect modification and interaction can 
provide evidence for targeted interventions and insight 
into mechanisms of causal effects 

Two cardinal reasons for studying effect modification 
and interaction are to identify targets for intervention and 
to elucidate mechanisms of causal effects. First, evidence 
for effect modification and interaction can provide impor- 
tant insights for targeting preventive, curative, or palliative 
interventions [23 , 26 , 35 , 39] . According to abovementioned 
counterfactual definitions, effect modification focuses on 
subgroup-specific causal effects of single exposures, while 
interaction focuses on joint causal effects of multiple ex- 
posures [13 , 23 , 35] . Hence, effect modification is relevant 
when one wants to target an intervention to specific pop- 
ulation subgroups, primarily to improve effectiveness but 
also in case of limited resources that prohibit treating the 
whole target population [21 , 23 , 26 , 35] . Evidence for ef- 
fect modification helps to identify groups of individuals 
with certain intrinsic characteristics rendering them to ex- 
perience stronger treatment effects than others, in whom 
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よって､下記式の値によって加法的交互作⽤を確認できる｡
R11 - R10 - R01 + R00

この加法的交互作⽤は､統計モデルのlinear regression 
modelに(第1曝露要因×第2曝露要因)の掛け算を含めた場合
に推定することができる｡

Y= β1×X1 + β2×X2 + β3(X1×X2) + intercept + ε

Y=アウトカム(連続変数)
X1=第1曝露要因
X2=第2曝露要因
ε=誤差項
β=係数
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2-2. 乗法的交互作⽤(multiplicative interaction)とは
まず下記表(交互作⽤の説明に⽤いた図)を⽤いて､リスク⽐に
ついて考える｡
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Fig. 3. The counterfactual de!nition of multiplicative interaction. The relative causal effects of two exposures E1 and E2 on the risk of an outcome 
in a single target population are shown in four contrasting conditions: exposed to neither (E1 = 0 & E2 = 0), either (E1 = 1 or E2 = 1), or 
both exposures (E1 = 1 & E2 = 1). The separate effects of each exposure in isolation and the joint effect of both exposures in combination 
are expressed by three risk ratios (RR). All effects are unconfounded, and therefore causal, because the four conditions have exchangeable 
background risks equaling the risk of the outcome in the doubly unexposed condition [27] . A comparison of the product of the risk ratios for the 
singly exposed conditions (RR 10 and RR 01 ) with the risk ratio for the doubly exposed condition (RR 11 ) indicates whether interaction is absent (A), 
submultiplicative (B), or supermultiplicative (C). 
treatment is less effective, ineffective, or even harmful 
[13 , 17 , 21 , 26 , 35] . Contrary to effect modification, the pri- 
mary focus of interaction is on interventions and not on 
subpopulations. It provides insight into specific combina- 
tions of interventions that could be advantageous for a tar- 
get population as a whole, not only for specific subgroups 
within that population [21 , 23 , 35 , 39] . Interaction is relevant 
when one wants to simultaneously intervene on more than 
one exposure, for instance by combining two medical treat- 
ments to optimize their effectiveness for improving patient 
outcomes (treatment-by-treatment interaction). Importantly, 
the additive rather than the multiplicative scale is most rel- 
evant for identifying targets for intervention [13 , 39] . This 
scale indicates which subgroup of individuals or which 
combination of interventions will generate the largest abso- 
lute benefit with regard to some outcome of interest. As the 
multiplicative scale does not indicate this absolute benefit, 
it is less useful and may even lead to opposite decisions re- 
garding populations to target or interventions to combine 
[13 , 35 , 39 , 40] . Moreover, knowledge about effect modifi- 
cation and interaction allows for better judgment of how 
inferences about causal effects can be extrapolated beyond 

a target population under investigation [13 , 26 , 49 , 50] . If it 
is known that the effect of some intervention depends on 
the level or effect of another factor, then the average effect 
of the intervention will differ between populations with a 
different distribution of that other factor. Therefore, evi- 
dence for effect modification and interaction can provide 
relevant insights into (lack of) transportability [26 , 49 , 50] 
or transitivity [51 , 52] of intervention effects from one tar- 
get population to another. 

A second reason for evaluating effect modification and 
interaction is to help uncover mechanisms of causal ef- 
fects [35 , 39] , for instance biological or psychosocial mech- 
anisms underlying disease causation or treatment effec- 
tiveness. Especially interaction is relevant for elucidating 
causal mechanisms, because it provides mechanistic insight 
into how a particular outcome is produced by multiple 
interdependent causes, as described within the sufficient- 
cause model of causation [53 , 54] . This model empha- 
sizes multicausality by describing how individual factors 
(component causes) will inevitably produce an outcome 
when combined in the right way. A sufficient cause rep- 
resents a unique combination of component causes (i.e., 
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どちらかにしか曝露されていない条件のリスク⽐(RR)の合計
(RR10およびRR01)と､両⽅に曝露されている条件のリスク差
(RR11)を⽤いて⽐較すると､下記3つのいずれかになる。
A: 乗法的交互作⽤がない (RR10×RR01 = RR11)
B: submultiplicative (RR10×RR01 > RR11)
C: supermultiplicative (RR10×RR01 < RR11)
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Fig. 3. The counterfactual de!nition of multiplicative interaction. The relative causal effects of two exposures E1 and E2 on the risk of an outcome 
in a single target population are shown in four contrasting conditions: exposed to neither (E1 = 0 & E2 = 0), either (E1 = 1 or E2 = 1), or 
both exposures (E1 = 1 & E2 = 1). The separate effects of each exposure in isolation and the joint effect of both exposures in combination 
are expressed by three risk ratios (RR). All effects are unconfounded, and therefore causal, because the four conditions have exchangeable 
background risks equaling the risk of the outcome in the doubly unexposed condition [27] . A comparison of the product of the risk ratios for the 
singly exposed conditions (RR 10 and RR 01 ) with the risk ratio for the doubly exposed condition (RR 11 ) indicates whether interaction is absent (A), 
submultiplicative (B), or supermultiplicative (C). 
treatment is less effective, ineffective, or even harmful 
[13 , 17 , 21 , 26 , 35] . Contrary to effect modification, the pri- 
mary focus of interaction is on interventions and not on 
subpopulations. It provides insight into specific combina- 
tions of interventions that could be advantageous for a tar- 
get population as a whole, not only for specific subgroups 
within that population [21 , 23 , 35 , 39] . Interaction is relevant 
when one wants to simultaneously intervene on more than 
one exposure, for instance by combining two medical treat- 
ments to optimize their effectiveness for improving patient 
outcomes (treatment-by-treatment interaction). Importantly, 
the additive rather than the multiplicative scale is most rel- 
evant for identifying targets for intervention [13 , 39] . This 
scale indicates which subgroup of individuals or which 
combination of interventions will generate the largest abso- 
lute benefit with regard to some outcome of interest. As the 
multiplicative scale does not indicate this absolute benefit, 
it is less useful and may even lead to opposite decisions re- 
garding populations to target or interventions to combine 
[13 , 35 , 39 , 40] . Moreover, knowledge about effect modifi- 
cation and interaction allows for better judgment of how 
inferences about causal effects can be extrapolated beyond 

a target population under investigation [13 , 26 , 49 , 50] . If it 
is known that the effect of some intervention depends on 
the level or effect of another factor, then the average effect 
of the intervention will differ between populations with a 
different distribution of that other factor. Therefore, evi- 
dence for effect modification and interaction can provide 
relevant insights into (lack of) transportability [26 , 49 , 50] 
or transitivity [51 , 52] of intervention effects from one tar- 
get population to another. 

A second reason for evaluating effect modification and 
interaction is to help uncover mechanisms of causal ef- 
fects [35 , 39] , for instance biological or psychosocial mech- 
anisms underlying disease causation or treatment effec- 
tiveness. Especially interaction is relevant for elucidating 
causal mechanisms, because it provides mechanistic insight 
into how a particular outcome is produced by multiple 
interdependent causes, as described within the sufficient- 
cause model of causation [53 , 54] . This model empha- 
sizes multicausality by describing how individual factors 
(component causes) will inevitably produce an outcome 
when combined in the right way. A sufficient cause rep- 
resents a unique combination of component causes (i.e., 
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乗法的交互作⽤は､統計モデルのlogistice regression model
に(第1曝露要因×第2曝露要因)の掛け算を含めた場合に推定
することができる｡

p
1 − p

= exp(β1×X1 + β2×X2 + β3 X1×X2 + intercept)

p=アウトカムが発⽣する確率(アウトカムは2値変数)
X1=第1曝露要因
X2=第2曝露要因
β=係数



交互作⽤と乗法的交互作⽤の実例
・実例
Ikeda, Takaaki, et al. "Association between social isolation and 
smoking in Japan and England." Journal of Epidemiology 
(2020): JE20200138.

This study investigated country-based differences in social isolation 
and smoking status.

Analytical approach
After testing for independent main effects between social isolation 
and smoking status, we added an interaction term between 
country and social isolation to evaluate the country-based 
differences in social isolation and smoking status.
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交互作⽤と乗法的交互作⽤の実例
In the final model, the interaction term between country (ie, 
reference: Japan) and social isolation was significant and 
positive in both men and women; the PRs were 1.32 (95% CrI, 
1.14–1.50) for men and 1.30 (95% CrI, 1.11–1.49) for women.

27models. Third, we could not directly compare the e!ects of
tobacco control policies between the two countries because there
is no comparative measurement to do so. In Europe, the
multidimensional Tobacco Control Scale is widely used to
quantify and measure the implementation of tobacco control
policies at the country level.36 So far, using this scale, several
cross-national comparative studies have been conducted to
monitor national policy development and implementation.9,37–39

In Japan, on the other hand, there are no valid scores on the
Tobacco Control Scale. Thus, it is expected that future studies
will determine which types of tobacco control policies are
correlated with the association between social isolation and
smoking status using validated scales. Moreover, we could not
take into account individual-level factors associated with smoking
cessation, such as dependency measures, the amount of tobacco
smoked per day, or the number of cigarettes smoked among ex-
smokers because these data were lacking in the JAGES survey.
Fourth, we could not consider changes in smoking status and
social isolation over time because this is a cross-sectional study. It
is possible that participants’ smoking status or degree of social
isolation changes over time. Besides, we did not assess the
duration of smoking cessation among ex-smokers. Thus, future
studies are expected to "nd out this.

In conclusion, we examined the association of social isolation
with smoking status in older adults in England and Japan,
determining that older people who were less socially isolated
were more likely to quit smoking in England than in Japan,
possibly explained by the strict tobacco control policies in
England. Policies to raise taxes and to enforce smoke-free areas
as well as the provision of support for socially isolated
individuals are essential to reduce the prevalence of smoking.
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・これまで説明された交互作⽤の定義を誰もが⽤いているわ
けではない｡

→通常､交互作⽤というとロジスティック回帰分析における乗
法的交互作⽤のことを指す｡

→交互作⽤(Interaction)という単語を⾒た際は､必ずどの定義
を使⽤しているのか確認すること｡

・また､本スライドでは説明していないが交互作⽤は他の重要
な性質を有している｡

例: 指標に依存している､因果関係があることを前提としてい
る､ロジスティック回帰分析でも加法的交互作⽤を推定で
きる､など｡
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・より正確に理解したい場合は下記図書を参考にすること｡

Kenneth J. Rothman, Tyler J. VanderWeele, Timothy L. 
Lash, Sebastien Haneuse. Modern epidemiology. 4th 
Edition. Lippincott Williams & Wilkins, 2021.

VanderWeele, Tyler. Explanation in causal inference: 
methods for mediation and interaction. Oxford 
University Press, 2015.


