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Occurrence of confounding

disease, exposure and stratum

exposed non-exposed
stratum case non-case case non-case RR

1 50 100 1500 3000 1

2 10 1000 1 100 1

total 60 1100 1501 3100 0.1585

explanation?
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Occurrence of confounding

explanation

exposed non-exposed
stratum case non-case case non-case RR

1 50 100 1500 3000 1

2 10 1000 1 100 1

total 60 1100 1 3 0.1585

exposed non-exposed
stratum risk risk RR

1 1/3 1/3 1

2 1/10 1/10 1

total 1/20 1/3 0.1585
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Occurrence of confounding
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Occurrence of confounding

conditions for confounding

I different amount of disease occurrence in the strata

I different exposure distributions in the strata
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Occurrence of confounding

coffee consumption, smoking and coronary heart disease

in a cohort study 1, 000 coffee drinkers and 1, 000 non-drinkers
were observed with respect to the development of coronary heart
disease

exposed (coffee) non-exposed
stratum case non-case case non-case RR

smoking 195 705 21 79 1.03

non-smoking 5 95 29 871 1.55

total 200 800 50 950 4
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Occurrence of confounding

forms of confounding

I inflation: crude RR is larger (in an absolute sense) than the
stratified RR

I masking: crude RR is smaller than stratified RR

I effect modification: crude RR is between stratified RR
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Dealing with confounding

dealing with confounding

stratify:

exposed non-exposed
stratum case non-case case non-case RR
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Dealing with confounding

dealing with confounding

evidently a solution could be a weighted estimator of the stratified
relative risk estimators:

R̂R =

∑
j wj R̂R

(j)∑
j wj

but which weights wj > 0 to choose?

11 / 23



Lecture 4: Confounding and Effect Modification

Dealing with confounding

the Mantel-Haenszel estimator
note that
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now consider the Mantel-Haenszel estimator:
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Dealing with confounding

advantages of the Mantel-Haenszel estimator

I principle of MH-estimation: sums before ratios

I MHE is not affected by zero-counts in the strata

I suitable for refined stratification and sparse data

13 / 23



Lecture 4: Confounding and Effect Modification

Dealing with confounding

Mantel-Haenszel estimator as weighted estimator

we have

R̂R
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use the Mantel-Haenszel weights wj = Y
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Dealing with confounding
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Effect modification

effect modification

I we need to distinguish confounding from effect
modification !

I confounding occurs when the stratified relative risk
estimators are homogeneous but different from the crude
relative risk estimator

I effect modification occurs when the stratified relative risk
estimators are not homogeneous (the MH-estimator may or
may not be similar to the crude estimator)
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Effect modification

diagnosis of effect modification

hypothesis of homogeneity:

H0 : RR(1) = ... = RR(k)

H1 : H0 is wrong

test statistics

χ2
k−1 =

k∑
j=1

(log R̂R
(j)
− log R̂RMH)2

Var(log R̂R
(j)

)

if this test statistic is significant we reject H0

17 / 23



Lecture 4: Confounding and Effect Modification

Effect modification
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Effect modification

coffee consumption, smoking and coronary heart disease

in a cohort study 1, 000 coffee drinkers and 1, 000 non-drinkers
were observed with respect to the development of coronary heart
disease

exposed (coffee) non-exposed
stratum case non-case case non-case χ2

smoking 195 705 21 79 0.101

non-smoking 5 95 29 871 0.527

total 200 800 50 950 0.629
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extensions

Mantel-Haenszel estimation for other effect measures
Mantel-Haenszel estimation can easily be extended to other effect
measure such as if we have person-time data
for stratum j :
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0 is the total person-time of the stratum j
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extensions

Mantel-Haenszel estimation for other effect measures
Mantel-Haenszel estimation for odds ratio
in stratum j :

ÔR
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extensions

case-control study on lip cancer and sun exposure

a case-control study investigated the effect of sun exposure on lip
cancer treating smoking as a confounder

smoking non smoking

disease status sun no sun sun no sun size

case 51 24 15 3 29

control 6 10 8 5 93
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extensions
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