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… But what if we found that the 
lines in the figure to the right were 
actually NOT parallel?

This is what we call interation!

No  Exercise: FVC = -3.79 + 0.044*Height
Yes Exercise: FVC = -4.14 + 0.044*Height
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Let’s recap: COMPARISON OF MEAN FVC
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Example 1 COMPARING MEAN FVC IN TWO EXERCISE GROUPS DATASET CONSISTS OF 20 
DIFFERENT PATIENTS

DATA UNPAIRED_I ; INPUT ID $  EXER  HGT  FVC  @@ ; 
EXERCISE = "YES" ; 
IF EXER=0 THEN EXERCISE=" NO"; DATALINES ;            
1 0 120 1.00   2 0 130 1.40   3 0 135 2.04  
4 0 145 2.00   5 0 140 2.70   6 0 150 2.00  
7 0 155 3.25   8 0 160 2.50   9 0 170 3.20  

10 0 190 4.45  
11 1 140 2.12  12 1 150 3.10  13 1 154 3.10  
14 1 143 2.22  15 1 164 3.65  16 1 170 4.40  
17 1 174 4.01  18 1 172 3.98  19 1 174 4.80  
20 1 183 5.28
RUN ; 

Notice the _I which indicates the data has changed
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PROC TTEST DATA = UNPAIRED_I  CL = NONE ;  
CLASS EXERCISE ;
VAR FVC  ;   
RUN ; 

PROC GLM DATA = UNPAIRED_I ;   
CLASS EXERCISE ; 
MODEL FVC  =  EXERCISE  /  SOLUTION SS3 ;
LSMEANS EXERCISE / TDIFF PDIFF STDERR CL ; 
RUN ; 

TWO PROCEDURES FOR COMPARING UNPAIRED MEANS
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But height is still positively correlated with FVC and there still exists a small but
not statistically significant difference in height between groups
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Interaction term is significant!

No  Exercise: FVC = -4.28 + 0.045*Height
Yes Exercise: FVC = -7.45 + 0.068*Height

PROC GLM DATA = UNPAIRED_I ; 
CLASS EXER ;
MODEL FVC = EXER HGT EXER*HGT/ SOLUTION SS3 ;
RUN ; 
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So in summary:

 Because the interaction term is significant, we must leave 
it in the model

 The difference in mean FVC between those who exercise 
and those who do not remains NOT statistically significant 
(for this sample)

 The interesting finding is that as height increase its 
positive association with FVC differs significantly if you 
exercise or not with a much stronger association with the 
former (see slopes).
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Most important problem in observational studies

Results from the complex inter-relationships between 
exposure and outcome

Can lead to overestimate or underestimate of the true 
association
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Occurs when two factors are associated (travel 
together) and the effect of one is confused with or 
distorted by the effect of the other

e.g. age and many age-related medical conditions
e.g. smoking and other adverse lifestyle factors
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 Selection of potential confounders must occur at the design 
stage

Based on:
 Clinical experience 

 Biological plausibility

 Literature review of previous studies

Controlling for factors that are not confounders may 
introduce bias (intermediate variable)
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 Also called “Effect Modification”

 Two or more risk factors modify the effect of each other on 
the outcome
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NOT the same as confounding
 Confounding - when one variable partly or wholly explains the 
relationship between the exposure and outcome

 Interaction – the association between the exposure and outcome 
varies by levels of a third variable
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Age

Incidence 
rate
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Effect modification should be stated a priori (as a 
research hypothesis) and be biologically plausible

Results should be reported separately for each level 
of the effect modifier (group variable involved in the 
interaction)
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Next up in Part 3 Lecture 3: Recap on confounding
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