Help with specifying the standard deviation for analyzing change in a continuous variable
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Continuous outcomes often provide more power and allow for smaller sample sizes. (See “Use Continuous Variables” on DCR-4 page 66 and Example 6.7.)   If you can measure the continuous outcome at baseline, then use the CHANGE from baseline as your outcome.  This eliminates much of the between-person variability in the measurement and usually increases precision, further reducing your sample size (see “Use Paired Measurements on DCR-4 page 67, and Example 6.8).
You may be starting with the feasible sample size and estimating the effect size that your study can detect (MAK’s recommendation).  Or you may be starting with the effect size that you wish to detect (the minimum clinically significant effect size) and calculating your sample size (standard recommendation).  Either way, you need to specify the standard deviation of your outcome.  So if your outcome is a change from baseline, you need to specify the standard deviation of that change, SD(∆).  Often, it’s harder to find SD(∆) in published results than it is to find the standard deviation of a single measurement, SDsingle  .
Here are some tips that can help you get through a sample size calculation when you want to use the change in a continuous measurement as the outcome for your study.
Tip 1. Sometimes you can find a study that has used the change in your measurement over time as the outcome, and it may have a standard deviation or a standard error you can get from the publication.  That’s the best-case scenario. 
Remember, you can estimate the standard error by dividing the width of the 95% confidence interval by 4.  Then multiply by the square root of the sample size, √N, to get the SD.  
SD = √N × (CI upper bound – CI lower bound)/4
Where:
CI  = 95% confidence interval
N  = sample size
(The Cochrane handbook for systematic reviews recommends using 2 × 1.96 = 3.92 instead of 4.  See this link. ) 
This works as if CI is a plain confidence interval for the mean change from baseline to follow-up.  If it is, for example, a confidence interval for the mean change adjusted for baseline covariates then the formula is too complicated to use. 
Tip 2. Remember that a sample size calculation is just a rough estimate that always uses imperfect assumptions.  At the end of the day, it’s OK to guess what the SD(∆) will be.   Justify as much as you can and do sensitivity analysis.  That means vary your assumption about the SD(∆) and see what happens to the answer.
Tip 3.  People who start out low on a continuous measurement tend to finish low and people who start out high tend to finish high.  This tendency is measured by the correlation coefficient between the baseline and follow-up measurements.  A correlation coefficient of 1 means that each person’s follow-up measurement is a fixed linear function of her/his baseline measurement.  A correlation coefficient of 0 means that where somebody ends up has nothing to do with where s/he started.  If your baseline and follow-up measurements are only weakly correlated with each other, don’t use the change; just use the follow-up measurement.  Use the change only when the correlation coefficient between baseline and follow-up is greater than 0.5, otherwise your change score analysis will be less precise than simply using the follow-up measurement.
Tip 4. There is some math here that can help you think about this:


Where:
SD(∆)   = standard deviation of the change in measurements between baseline and follow-up
SDsingle  =  standard deviation of a single measurement 
correlationbaseline-followup = the Pearson correlation coefficient between the two measurements at baseline and follow-up
ASSUMPTION: SDbaseline = SDfollowup.  More complex formulas are available if this is not true.  See reference.
You can see from the formula that if correlationbaseline-followup = 0.5, then SD(∆)  = SDsingle .  If > 0.5, then the SD(∆)  < SDsingle ; and that’s why power is better with paired measurements when the correlation is high (lower SD means less “noise”).  Of course, it’s hard to know exactly what the correlationbaseline-followup is!  But sometimes you can find this parameter.    A conservative approach is to simply use the SDsingle, since that’s what you would do if the correlation were low.  Here’s a reference if you want to learn more.
