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Analysis of randomised controlled trials (RCT) with baseline and post 
treatment measurements. 
In an RCT with baseline and post treatment measurements, adjusting for the 
baseline will substantially improve the precision in the treatment estimate. Still, this 
is not done in many such RCTs. And there is some confusion on how to adjust. I will 
explain how this can be done, based on (Twisk et al., 2018). And I will show how we 
implemented this in some recent studies, including the Generation 100 study 
(Stensvold et al.,BMJ, 2020). 
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An eye-opener for me in 
July 2019!
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• Analysis of covariance (ANCOVA)
– Most relevant when only two time points

– Unbiased only if data are complete or missing completely at 
random (MCAR)

• Mixed models for longitudinal data (named repeated
measures analysis in Twisk 2018)
– Unbiased under the less restrictive missing at random 

assumption (MAR). For example, if participants with lower
scores at baseline have more missing at follow-up, data are not 
MCAR but possibly MAR.

Two main alternatives 

Mot MCAR but possibly MAR:
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“Another example is analysis of 
covariance in a randomised
controlled trial where the outcome 
variable is measured before 
treatment and at follow-up. The 
baseline value of the outcome 
variable is usually a very strong 
predictor and can increase the 
precision of the effect estimate.”

Lydersen (2020)

Vickers and Altman, BMJ (2001)

ANCOVA:
follow up score =
constant + a×baseline score + b×group

Idea: 
Compare individuals with equal
baseline scores 
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Twisk et al (2018)

Without adjusting for baseline:
Include main effects of treatment x (1 if treatment, 0 if control),
time (0 at baseline, 1 after), and their interaction.  

Recommended: Adjusting for baseline. 
Note that the term x is excluded, that is, assume no systematic treatment
effect at baseline. 
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Figure S1 in Stensvold et al (2020). Descriptive mean, SE.

Without adjusting for baseline of the outcome variable: 
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Effect of HIIT (compared to control) at time 1 year is 2 9  . 

Estimate, CI, p-value: 1.22 (0.43 to 2.01), p=0.002 
 
 
 
Effect of HIIT (compared to control) at time 5 years is 2 11  . 

Estimate, CI, p-value: 0.89 (0.05 to 1.72), p=0.038 

Effect of HIIT (compared to control) at time 1 year is 9 . 

Estimate, CI, p-value: 1.00 (0.51 to 1.50), p<0.001 

Effect of HIIT (compared to control) at time 5 years is 11 . 

Estimate, CI, p-value: 0.67 (0.10 to 1.23), p=0.021 
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Change from baseline to post test was significantly higher in the intervention group
(Linear mixed model adjusting for baseline, p=0.009)
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No baseline available: 
Effect at 4 m is main effect in a 
model with interaction

Could (should?) have adjusted for baseline 
and measure effect as interaction
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Systematic difference at baseline due to lack of blinding. 
Effect is the interaction term in a model not adjusting for baseline. 
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Submitted January 2021
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Linear mixed models were used with ISI, HADS and CFQ, one at a time, 
as dependent variables. The individual was included as a random effect. 
Time, group (dCBT-I versus PE), and rMEQ category were included as 
covariates as follows: Main effect of time and rMEQ, the two way 
interactions group x time and time x rMEQ, and the three way interaction 
group x time x rMEQ. In this way, by omitting a (systematic) main effect of 
group (at baseline) and the interaction group x rMEQ (at baseline), we 
adjust for baseline as recommended by Twisk et al (2018). All analyses 
were adjusted for age and sex. The three-way interaction terms are used 
to test if the estimated mean difference between dCBT-I and PE is 
different between the five different rMEQ subgroups. The effect of dCBT-I 
versus PE at 9-week follow-up for the outcome variables (ISI, CFQ, 
HADS) within each of the five rMEQ subgroups, is estimated as the 
difference in change from baseline for the two groups in terms of the 
coefficient of the corresponding interaction term group x time. 
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Delete one rMEQ subtype, for example DET (reference category)

Omit a (systematic) main effect of group (at baseline) and the interaction trt x rMEQ (at baseline) 

Hypothesis test: Does the effect differ between rMEQ groups? 

Effect of trt for DET (the reference rMEQ category)
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