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PRACTICAL INFORMATION

Major news:

e home assignment 3 posted on webpage,

e course evaluations to be done in class,
next Friday at 10:30am (approx.),

e final exam moved to Dean’s Boardroom (Friday 7 Dec),

e no homework for Tuesday (!).

Today’s session will be split in two parts

e first part, here and probably about 1.5h:

x some lecturing, mostly on interaction,
x questions for material from Tuesday?,

x review of homework: Problem 13.7,

e second part, in the computer lab (225N):

x individual work on problems,

* more time for questions and discussion.
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CONFOUNDING — OTHER SITUATIONS

Confounding is for binary outcomes and predictors only?
Absolutely not! — some examples:

e categorical confounder: no problem, just split into more
strata (Mantel-Haenszel procedure still applies),

e continuous outcome: two-sample comparison confounded
by a third variable,

Individual Value Plot of Y vs X Individual Value Plot of Y
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overall, largest mean for X = 0, but opposite order
within levels of Z (all associations significant),

e continuous outcome, continuous predictor: comparison
of linear regressions,

Scatterplot of Y vs X Scatterplot of Y vs X
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steeper slope for regression within Z levels — confounding?
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STATISTICAL INTERACTION

[nteraction — a pattern in the effects of two variables (fac-
tors) possible in most multivariable statistical models:

e the combined effect of two factorsis not predictable from
the isolated effect of each of them when examined sep-
arately,

o cffect measure modification®: the effect of the first factor
depends on the level of the second factor, (or vice versa),

e common notation: AxB ~ interaction between A and B,

e non-additive effect of two factors,

e non-parallel curves in an interaction plot:
(simulated data, 10 replications per group)

Interaction Plot for Y Interaction Plot for In(Y)
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Statistical interaction depends on:

e the scale of analysis (compare left /right figures above),

e the type of statistical model.

! Rothman & Greenland (1998) argue that this term is preferable to interaction
when referring to statistical interaction, in order to distinguish it from other types
of interaction.
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ASSESSING INTERACTION FOR RISK

Stratification approach includes statistical testing for ho-
mogeneity of risk measures across strata ~ interaction £ % 2.
e.g. a “Wald-type” test for the odds-ratio:

~  [In(OR;) — In(ORyw)]?
N Z @r(ln(ORj))

X2

hom

~ Y -distribution(J—1)
J
under the null hypothesis of same (population) OR’s in all

J strata, and where Var(In(OR,)) is computed as the sum
of inverse cell counts in the table for stratum j.2

Key message: in evidence of interaction/heterogeneity, re-
port stratum-specific measures instead of M-H estimate!

Stata homogeneity tests, depending on risk measure:

e OR: Wald-type test (default), Breslow-Day test (bd),
Tarone test (tarone, modification of B-D test),’

e RR: Wald-type test,

e RD: no test available; for two strata, a test may be
constructed from RD estimates and standard errors,

e tests may suffer from low power if the tables for each
stratum are sparse = some authors recommend increas-
ing the significance level (e.g. to 0.10).

2 In formulae, the estimated variance is: (1/a1;) + (1/ag;) + (1/b15) + (1/bo;).
3 By a multivariable approach, one may also use the Wald or likelihood-ratio test
for the interaction term in a logistic regression model; all tests are fairly similar.

L12a-4



INTERACTION FOR RISK — NOCARDIA EXAMPLE

Nocardia data (for VER):

e subset of real dataset on Nocardia mastitis in Nova Sco-
tia dairy herds collected in 1989,

e case-control study design with 54 case and control herds,

e purpose of study: evaluate the association between ex-
posure variables and case-control status of the herds,

e information collected by herd questionnaires:

Variable | Description Values

casecont | herd status for Nocardia mastitis 0/1 (control/case)
depct percent of dry cows treated 0-100 %

dneo use of dry-cow tx product w. Neomycin | 0/1 (no/yes)
dclox use of dry-cow tx product w. Cloxacillin | 0/1 (no/yes)

Results for Neomycin and Cloxacillin: (£ & Z)

Cloxa- Case- Neomycin OR for | Homogen.
cillin control 1 0 dneo for dneo
1 1 5! 3
1 0 10 9 1.50 | X2, =6.44
0 [ 44 2 (P =0.011)
0 0 15 20 29.3
OR for dclox 0.17 3.33
Homogen. for dclox | X2, = 6.41 (P = 0.011)

e clear interaction = M-H estimates should not be used!

L12a-5



INTERACTION IN BIOLOGY AND EPIDEMIOLOGY

Biological interaction:

e interdependent operation of factors to produce (or pre-
vent) an effect,

e sufficient cause model offers framework for interpreting
interaction, e.g..*

x effect occurs in the presence of both factors but not
with only one factor present (synergism®),

x effect occurs in the presence of one factor and the
absence of another factor, but not when both factors
are present (antagonism?®).

Interactions for risk — different concepts arise for different
risk measures: (see Appendix for details)

additive interaction . RDj1 # RDjyg + RDyq,
multiplicative interaction I :  RRy; # RRig - RRo1,
multiplicative interaction Il :  ORj; # ORjg - ORgq,

and “no interaction” can exist only at one scale at a time.

x additive scale: used for public-health impact assessment,

x multiplicative scale: used for multivariable modelling.

4 For an alternative, counterfactual framework, see Rothman & Greenland

(1998), Chapter 18.
5 According to Michael Thrusfield, the terms synergism and antagonism are best

reserved for biological interactions, or interactions with a causal interpretation;

Thrusfield (2005), Veterinary Epidemiology, 3rd ed.
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SCALES FOR INTERACTION — EXAMPLE 13.8

Demonstration example for interactions at different scales:

e assume two dichotomous predictors (Mh and BRSV) for
disease (BRD),

e assume set effects of each predictor separately, and con-

sider different scenarios for their combined effect:

Mh BRSV |BRD® Risk| RD Type’ | RR Type’| OR Type®
0 0 1 .001| - — — — — —
0 1 20 .020].019 - 20 — 1204 -
1 0 10 .010|.009  — 0 - 101 -
1 1 100

1 1 29

1 1 200

1 1 171

“ BRD measured in cases per 1000 animals

" Type of combined effect:
S=synergistic, A=antigonistic, 0=no interaction

e as expected, “no interaction” does not happen simulta-

neously at different scales.
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STATA DO-FILE

* Example 13.1
insheet using "egl3_01.csv"
cs brd mh [fw=n], or by(brsv)

* Diabetes trial
use http://www.stata-press.com/data/r10/ugdp, clear
cs case exposed [fw=pop], by(age)

* feedlot data, Example 13.6
use feedlot.dta, clear

rename phcysc mh

cc brd mh, by(ibrsc) bd tarone

* Nocardia data, Example 13.9
use nocardia, clear

label values dclox

cc casecont dneo, by(dclox)
label values dneo

cc casecont dclox, by(dneo)

Note: label values commands for Nocardia dataset,

e used to remove unnecessary (disturbing) labels for val-
ues of the variables dneo and dclox,

e necessary if you use the Nocardia dataset from the
VER website.
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APPENDIX: CALCULATIONS FOR RISK INTERACTIONS

Notation for two dichotomous predictors

e denote by p;; the risk for predictor set (¢,j), where
,,)=0,1,

e denote by RD;; = p;; — poo the risk difference relative
to baseline (0, 0),

e denote by RR;; = pi;/poo the relative risk relative to
baseline (0, 0),

e denote by OR;; the odds-ratio relative to baseline (0, 0).

An additive model for risk assumes

P11 — P10 = Po1 — Poo, Or

P11 — Poo = P10 — Poo + Po1 — Poo, Or
RDy; = RDyg + RDpy.

A multiplicative model for risk assumes

p11/p10 = p01/p00, or
pn/poo = plo/poo 'p01/p00> or
RRy1 = RRlO . RROl, or

In(p11) —In(peo) = In(p10) —In(poo) + n(po1) —In(poo),
which is an additive model for In(p).

Finally, a multiplicative model for odds of risk (p/(1—p)),
or an additive model for log-odds of risk, is equivalent to

OR11 = ORq9 - ORpg.
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