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Text S1: Equivalent Measures of Effect Modification

For simplicity and clarity of presentation, the following refers to the effect modification
between two dichotomous exposure variables, A and B, and the risk of a dichotomous

outcome (DIS). Extension to continuous variables is straightforward.
A) Measuring Effect Modification in a Generalized Linear Model

For the following generalized linear model (logistic regression model) containing an

interaction term:
Ln(Oddspis) = constant + 3;(A) + 3x(B) + R3(A*B)
The interpretation of each term in the model is straightforward:

e e® = OR (A-DIS)s-; is the Odds Ratio (OR) measuring the association between
exposure A and the risk of disease (DIS), among persons not exposed to B (B=0)

e e =0OR (B-DIS)a; is the OR measuring the association between exposure B
and the risk of disease, among persons not exposed to A (A=0)

e e®=0R (A-B interaction); is the OR for the interaction, or effect modification,

between exposures A and B



To obtain the OR for the association between exposure A and the risk of disease among
persons exposed to B (OR (a.nis)8-1), the OR for the association between exposure A
and the risk of disease among persons not exposed to B (OR (a.ois) 8=0) IS multiplied by

the interaction OR;

ORapisyB=1 = OR(a-pis)8=0 X OR(a-8 interaction)

With re-arrangement:

[1] OR(A—B interaction) — OR(A-Dls) B=1

OR(a-pis) B=0

The interaction OR is thus the ratio of the OR’s for the association between exposure A

and the risk of disease among persons exposed to B and not exposed to B, respectively.
Similarly, to obtain the OR for the association between exposure B and the risk of
disease among persons exposed to A (OR g.ois) a-1), the OR for the association between

exposure B and the risk of disease among persons not exposed to A (OR g.pis) a=0) IS

multiplied by the interaction OR:
OR(B-DIS) A=1 = OR(B-DIS) A=0 X OR(A-B interaction)
With re-arrangement:

[2] OI:z(A—B interaction) — OR(AD'S) B=1

OR(a-pis) B=0

The interaction OR is thus also the ratio of the OR’s for the association between
exposure B and the risk of disease among persons exposed to A and not exposed to A,

respectively.

Therefore, in a generalized linear model, a single interaction term defines the effect
modification between any two exposure variables. As a result, the effect modification of

exposure B on the association between exposure A and the risk of disease is exactly



equal to the effect modification of exposure A on the association between exposure B
and the risk of disease, because these two estimates of effect modification are defined

by the same interaction term as shown below:

[3] OR(a-Dis) B=1 OR.pis) A=1

= oR(A-B interaction) =

ORa-pis) B=0 OR@-pis) A=0

B) Measuring Effect Modification in a Meta-Regression Equation

The regression term in a meta-regression equation is also a measure of effect

modification, and it is equivalent to an interaction term in a generalized linear model.
The following meta-regression equation estimates the effect modification of exposure B
on the association between exposure A and the risk of disease (using study level values
for the included variables):

IN(ORa-pis)) = constant + 3,(B)

When B=0, that is in studies conducted among persons not exposed to B:

constant + 3, *(0), or

Ln(ORa-pis) 8=0)

constant

LN(ORa-pis) 8=0)

Taking the inverse natural log of both sides

constant

OR-pis)B=0 = €

Therefore, the inverse natural logarithm of the constant term in this meta-regression
equation is the OR measuring the association between exposure A and the risk of

disease, among persons not exposed to B (B=0).



When B=1, that is in studies conducted among persons exposed to B:

constant + 3;*(1), or

LN(ORa-pis) 8=1)

constant + 3,

LN(ORa-pis) 8=1)

Taking the inverse natural log of both sides (and recalling that the inverse natural log of
the constant term is the OR for the association between exposure A and the risk of
disease when B=0),

OR(A—DIS) B=1 — OR(A—DIS) B=0 X OR(EﬁectModificationofB)

Thus the OR for the association between exposure A and the risk of disease among
persons exposed to B (OR (a.nis)5-1) IS equal to the OR for the association between
exposure A and the risk of disease among persons not exposed to B (OR (a-pis) 8=0)
multiplied by the OR for the meta-regression term estimating the effect modification of

exposure B on the association between exposure A and the risk of disease.

With re-arrangement,

[4] OR (Effect Modification ofB) = OR@apis) B=1

OR(a-pIs) B=0

Therefore, the inverse natural logarithm of the regression term in this meta-regression
equation is the ratio of the OR’s for the association between exposure A and the risk of
disease among persons exposed to B and not exposed to B, respectively. This is
exactly the same interpretation as for the interaction term in the logistic model evaluating

the interaction between exposures A and B as shown in equation [1].

Combining equations [1] through [4], we see that:

OR(a-pis) B=1
[5] OR(Effect Modification of B) = = OR(A—B interaction)
OR(A-DIS) B=0




Thus a regression term in a meta-regression equation and an interaction term in a
generalized linear model are merely different methods of estimating the same effect
modification between any two exposures, and these two measures of effect modification

are conceptually and numerically equivalent.

C) Equivalent Measures Effect Modification

We have shown that a single interaction term in a generalized linear model defines the
effect modification between any two exposure variables, and as a result the estimate of
the effect modification of exposure B on the association between exposure A and the
risk of disease is exactly equal to the estimate of the effect modification of exposure A
on the association between exposure B and the risk of disease, as shown in equation
[3]. We have also shown that a regression term in a meta-regression equation and an
interaction term involving the same two variables in a generalized linear model are
equivalent measures of effect modification, as shown in equation [5]. Therefore, like the
interaction term in generalized linear model, the regression term in a meta-regression
equation must also provide a simultaneous estimate of BOTH the effect modification of
exposure B on the association between exposure A and the risk of disease AND an
estimate of the effect modification of exposure A on the association between exposure B
and the risk of disease, because these two estimates of effect modification are equal as

shown below:

OR(A_D|s) B=1 OR(B—DIS) A=1

[6] OR(Effect Modification of B) = = OR(A—B interaction) =

OR(a-pis) B=0 ORe.-pis) A=0



