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A Note Regarding the Interpretation of 
Coefficients of Linear Models in the 
Presence of an Interaction 

Stephen Senn 
Consider a linear model of the form 𝑌 = 𝛽 +𝛽 𝑋 + 𝛽 𝑋 + 𝜖 and consider the interpretation of the 
coefficient 𝛽 . This coefficient represents the expected change in 𝑌 as 𝑋  changes by one unit if 𝑋  is 
held constant. It does not matter, however, what value 𝑋  is held constant at. We can choose any value 
of 𝑋  whatsoever and at this value the expected change in 𝑌 as 𝑋  changes by one unit is 𝛽 . An 
analogous interpretation can be given to 𝛽  . 

Now suppose, however, that we modify the linear model to contain an interaction, so that we write 𝑌 =

𝛽 +𝛽 𝑋 + 𝛽 𝑋 + 𝛽 𝑋 𝑋 + 𝜖. In that case the expected change in 𝑌 as we change 𝑋 by one unit is 
no longer 𝛽 whatever the value of 𝑋 . Instead the expected change is 𝛽 + 𝛽 𝑋 . This has a number of 
consequences. 

1. There no longer is a single effect of 𝑋 . Its effect is no longer constant but varies with 𝑋 . 
2. The ‘effect’ of 𝑋  is not 𝛽  but 𝛽 + 𝛽 𝑋 . 
3. One must be extremely careful in interpreting 𝛽 .  
4. 𝛽  is simply the ‘effect’ of 𝑋 when 𝑋 = 0. 
5. In an epidemiological study there may in fact be no single subject whose value of 𝑋  is 0. For 

example 𝑋  might be age and the subjects might be aged 60-80. In that case 𝛽  is the ‘effect’ of 
𝑋 for a newborn baby as estimated from a group of individuals who are at least 60 years older 
and for whom it is known that the effect of 𝑋  varies with age. Clearly this makes no sense! 

6. If you wish to report and interpret parameters of the sort represented by 𝛽 and 𝛽  then it is 
best to centre the variables concerned by subtracting the mean value. Thus we can write 𝑍 =

(𝑋 − 𝑋 ), 𝑍 = (𝑋 − 𝑋 )  and 𝑌 = 𝛽∗ + 𝛽∗𝑍 + 𝛽∗𝑍 + 𝛽 𝑍 𝑍 + 𝜀. (Here we use an asterisk 
with some of the coefficients to show that these will have changed from the previous model. 
Thus, for example 𝛽∗ ≠ 𝛽 .) When this is done then 𝛽∗represents the ‘effect’ of the first variable 
for the average subject when the second variable is held constant. If one wishes to report a 
single ‘effect’ of a given variable then this makes more sense than setting the other variables 
equal to zero. 

The attached sheets (see appendix) show some simulations, analyses and plots in GenStat®. 

The example shows the analysis of some data from a clinical trial. The outcome variable is Y (supposed 
to be low density lipid cholesterol), there is a binary treatment indicator and a single covariate X, which 
is, in fact, the LDL value at baseline. At first no interaction is fitted. What can be seen is that the model 
fits two parallel lines, one for each value of the treatment. The effect of treatment is the difference 
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between these two lines measured at any point because, since they are parallel, these two lines are 
always the same distance apart. The estimated effect of treatment is -1.14 and is highly significant. 

In the second analysis an interaction is allowed for. The lines are no longer parallel. If one does not 
centre the covariate then the coefficient in the model corresponds to the treatment effect when the 
covariate is zero. However note that the minimum value of the covariate is 3.1 and the average is 4.3 
and a patient with an LDL value of zero not only cannot exist but cannot have his or her cholesterol 
lowered so that reporting the effect when the value is zero makes little sense. Now this effect appears 
less impressive and is equal to -0.29 and is not significant. 

In the third analysis an interaction is allowed for but the value of the covariate has been centred by 
subtracting the overall mean. Now the effect is -1.15  and highly significant. The result is thus very 
similar to case 1. 

Of course this example raise the question as to whether some transformation of the data ought not to 
be considered. For instance a log-transformation at baseline and outcome. However, that is another 
matter and not the subject of this note. 

Further discussion is given in (Senn 2000). 
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Appendix 
GenStat Release 14.1 ( PC/Windows 7) 17 November 2011 11:16:20 
Copyright 2011, VSN International Ltd.   
Registered to: StatWise 
  
  ________________________________________ 
  
  GenStat Fourteenth Edition 
  GenStat Procedure Library Release PL22.1 
  ________________________________________ 
  
Message: Default seed for random number generator used with value 400821  
  

Simulated analysis of covariance example for LDL cholesterol 
  
  
 
  
  

Summary statistics for X 
  
 Number of values = 400 
 Mean = 4.300 
 Median = 4.286 
 Minimum = 3.132 
 Maximum = 5.899 
 Lower quartile = 3.965 
 Upper quartile = 4.646 
 Standard deviation = 0.502 
  
  
  

Summary statistics for Y 
  
 Number of values = 400 
 Mean = 3.504 
 Median = 3.492 
 Minimum = 2.221 
 Maximum = 4.935 
 Lower quartile = 2.996 
 Upper quartile = 4.010 
 Standard deviation = 0.598 
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Analysis of covariance of raw outcomes 
  

Regression analysis 
  
Response variate:  Y 
 Fitted terms: Constant + X + Treat 
  
  
 

Estimates of parameters 
  
Parameterestimate s.e. t(397) t pr. 
Constant  2.978  0.169  17.61<.001 
X  0.2553  0.0421  6.07<.001 
Treat 1  -1.1433  0.0422  -27.11<.001 
  
Parameters for factors are differences compared with the reference level: 
 Factor  Reference level 
 Treat  0 
  
  

Accumulated analysis of variance 
  
Change d.f. s.s. m.s. v.r. F pr. 
+ X  1  21.7165  21.7165 203.11 <.001 
+ Treat  1  78.5893  78.5893 735.03 <.001 
Residual  397  42.4473  0.1069     
  
Total  399 142.7530  0.3578     
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LDL at baseline and outcome
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Analysis of covariance of raw outcomes with interaction 
  
 

Estimates of parameters 
  
Parameterestimate s.e. t(396) t pr. 
Constant  2.546  0.247  10.31<.001 
X  0.3637  0.0618  5.89<.001 
Treat 1  -0.288  0.361  -0.80 0.426 
X.Treat 1  -0.2002  0.0839  -2.39 0.017 
  
Parameters for factors are differences compared with the reference level: 
 Factor  Reference level 
 Treat  0 
  
  

Accumulated analysis of variance 
  
Change d.f. s.s. m.s. v.r. F pr. 
+ X  1  21.7165  21.7165 205.51 <.001 
+ Treat  1  78.5893  78.5893 743.72 <.001 
+ X.Treat  1  0.6016  0.6016  5.69 0.017 
Residual  396  41.8457  0.1057     
  
Total  399 142.7530  0.3578     
  
  

LDL at baseline and outcome: Analysis of covariance of raw outcomes with interaction
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Analysis of covariance of raw outcomes with interaction 
  
  
 
  

Estimates of parameters 
  
Parameter estimate s.e. t(396) t pr. 
Constant  4.1104  0.0302  136.22<.001 
Xcentre  0.3637  0.0618  5.89<.001 
Treat 1  -1.1486  0.0420  -27.36<.001 
Xcentre.Treat 1 -0.2002  0.0839  -2.39 0.017 
  
Parameters for factors are differences compared with the reference level: 
 Factor  Reference level 
 Treat  0 
  
  

Accumulated analysis of variance 
  
Change d.f. s.s. m.s. v.r. F pr. 
+ Xcentre  1  21.7165  21.7165 205.51 <.001 
+ Treat  1  78.5893  78.5893 743.72 <.001 
+ Xcentre.Treat  1  0.6016  0.6016  5.69 0.017 
Residual  396  41.8457  0.1057     
  
Total  399 142.7530  0.3578     
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