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Objective

• To understand how the ComBat adjust the data
• on different batch (site).
• if/not including biological covariates.

• To understand how the the effect of small outlier batch when 
performing ComBat.



Data

• Data:
• Mayo_Aparc: 

• unit: mm
• definition: thickness

• Mayo_Aseg:
• unit: mm3
• definition: volume

• Mayo_Aseg_Norm:
• unit: % (mm3/mm3*100%)
• definition: percentage of volumn based on 

EstimatedTotalIntraCranialVol

• Sample size:
• Aparc and Aseg have the same sample size total 

198. 
• Because 18 sample has missing the AgeAtScan and 

diagnosis, only 180 are used, 
• By removing the control, 138 remain. 
• By removing the WashU datapoint, 134 remained.

• Level: dataset
• wControl:

• with control datapoint and include WashU's data
• woCotrol

• without control datapoint and include WashU's data
• woCotrol_rmwa

• without control datapoint and exclude WashU's data

• Level: adjust
• Original:

• the raw data
• ComBat: 

• without considering other biological covariance
• ComBat_mod:

• with considering other biological covariance



Demographic information

Sample size by gender

Sample size by site

Sample size by gender and site

Age distribution by site and gender (F: Orange, M: Blue)



Method: ComBat Model

• The ComBat reconstructs the data by separating:
• mean biological effect, 
• non-biological effect (batch), 
• Other biological effect (mod). 

• input:
• data: VOI measurement
• mod: with/without age and gender and diagnosis
• batch effect: site

• setup argument :
• `mean.only=FALSE`: change mean and adjust scale.
• `par.prior=FALSE`: nonparametric estimation



Method: Cluster analysis

• By considering data from one site as one cluster, evaluate the batch 
(site) effect using separation metric, which commonly used in 
clustering analysis. 
• The following statistics are evaluated to compare the dataset before 

and after the ComBat Adjustment



Grand comparison: Aparc
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f
wi

uk



Grand comparison: Aseg_Norm



Grand comparison

• The ComBat largely adjusted the Mayo_Aparc subset, but not so much on the 
Mayo_Aseg/Mayo_Aseg_Norm.

• ComBat decreases separation (BSS) between batch (site), while increases compactness (WSS). 
• Note:  K-Means algorithm tries to get the optimized points of the centroid, which minimize the value of WSS and maximize 

the value of BSS. 

• Additionally, excluding WashU's data only have small effect on the cluster analysis statistics compare to 
that of including WashU's data.

• In the following detail analysis, only Mayo_Aparc and Mayo_Aseg_Norm will be comparing between 
the level of Original vs ComBat_mod, and between the level of include vs exclude WashU 's samples. 
The reason are:
• Drop Control: Control should be excluded from this scope of study. Note: By removing the control subject, the 

total sum of squred reduce as expected.
• Drop Mayo_Aseg: There is no different between Mayo_Aseg and Mayo_Aseg_Norm as expected, because 

their difference are only re-scaling.
• Drop ComBat: the ComBat without counting other biological covariance are not reflecting the reality.



Method: Statistical analysis

• To understand the Combat in detail of effect on biological covariance 
and each individual VOI, the following statistics are evaluated:
• Mean
• standard deviation (std)
• coefficient of variation (cv = std/mean)

• Notation:
• increase (+), 
• decrease (-), 
• mix of increase and decrease (+-), 
• undistinguisable change (~)



Statistics of VOI variables
• As expected, ComBat models 

consistently reduce the std and CV 
of each VOI (with some pull back 
compared to ComBat model 
without considering biological, 
which is not shown here)

• Mayo_Aparc and 
Mayo_Aseg_Norm both have the 
same pattern as the following 
(Adjust - Original):



Statistics of VOI variables by site

• As expected, The ComBat location/scale adjustment vary by batches (site).  
• The result for two data are summarized at the following (Adjust - Original): :

• No Need to exclude WashU' data.
• Removing WashU' small data slightly change the mean effect in the model, slightly reduce the variance of the 

total sum of square in the adjusted data. 
• The other batch were not so different after ComBat when excluding WashU's data.

Mayo_Aparc_woControl Mayo_Aseg_Norm_woControl



Statistics of VOI variables by Gender

• For both male and female, ComBat adjusts the data by both up and 
down to reduce the std and cv of each VOI within each gender group.

• Mayo_Aparc and Mayo_Aseg_Norm both have the same pattern as 
the following (Adjust - Original):



Statistics of VOI variables by Age

• across age, ComBat adjusts the data by both up and down to reduce 
the std and cv of each VOI within each age group.
• Mayo_Aparc and Mayo_Aseg_Norm Both has the same pattern as the 

following:

Mayo_Aparc Mayo_Aseg_Norm


