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Supplementary material 

Machine learning meta-analysis identifies individual characteristics moderating 

cognitive intervention efficacy for anxiety and depression symptoms 

 

Supplementary Information 1: Missing data 

Participants assigned to a passive control condition (e.g., waiting list) were excluded 

from the full data set analysis to allow for the investigation of study-level moderators. This 

led to the removal of 78 participants. Additionally, 125 participants were missing a post-

training main score, and 8 lacked demographic information, leaving a total of 1,333 

participants for the analysis of Aim 1 main outcome and 1,116 participants for the secondary 

outcome analysis. 

For Aim 2, the analysis focused on participants assigned to one of the training 

conditions, totaling 771 individuals. After excluding those with missing data, 694 participants 

remained for the main outcome analysis and 588 for the secondary outcome. 

The clinical data set analysis included 190 participants across three studies. After 

accounting for missing data, 171 participants were included in the analysis of Aim 1 main 

outcome, 144 in the secondary outcome analysis, and 86 in the Aim 2 main and secondary 

outcome analyses. 

Supplementary Figure 1: Missing data analysis of the complete data set 
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Supplementary Figure 1. Missing data analysis of the complete data set. The figure 

shows the proportion of missing data for each predictor variable across the included studies. 

The color intensity indicates the proportion of missing values, with darker shades 

representing a higher proportion of missing data. 

Supplementary Figure 2: Missing data analysis of the clinical data set 
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Supplementary Figure 2. Missing data analysis of the clinical data set. The figure 

shows the proportion of missing data for each predictor variable across the included studies. 

The color intensity indicates the proportion of missing values, with darker shades 

representing a higher proportion of missing data 

Supplementary Table 1, 2, & 3: Results of the LME analysis of the complete data set 

Table 1 presents MSE values of the training and validation sets for the main and 

secondary outcomes. 

Supplementary Table 1. MSE values for the main and secondary outcomes prediction of Aim 

1.  

Validation MSE Training MSE  

0.99 1.23 Main outcome 

0.44 0.46 Secondary outcome 
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Similarly to the MSE values of the RF model, the MSE values for the LME model 

demonstrate relatively high accuracy, with values falling within less than one standard 

deviation of the standardized outcome scale.  

Tables 2 and 3 present the individual and study-level moderators selected for the 

model through backward-stepwise regression based on AIC, along with their Beta 

coefficients and the Beta coefficients of the interactions between the moderators. 

Supplementary Table 2. Beta coefficients of Aim 1: Main outcome  
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  Gain main   

Predictors Estimates 

(Lower Values) 

CI 

(Higher V-alues) 

 p 
(Intercept) -0.25 -0.88– 0.38  0.438 

is training [2] -0.15 -0.66 – 0.35  0.552 

nsessions 0.01 0.01 – 0.02  0.001 

days between sessions 0.11 -0.03 – 0.25  0.115 

session duration -0.02 -0.03 – -0.00  0.030 

at home [2] 0.42 0.03 – 0.81  0.033 

has emotional stimuli [2] 0.52 0.20 – 0.83  0.001 

country [2] -0.11 -0.50 – 0.28  0.587 

diagnosis [2] -0.02 -0.48 – 0.44  0.942 

pre main 0.35 0.20 – 0.49  <0.001 

is training [2] X days 

between sessions 

-0.18 -0.35 – -0.01  0.042 

is training [2] X at home 

[2] 

-0.41 -0.77 – -0.05  0.024 

is training [2] X 

diagnosis [2] 

0.45 0.03 – 0.87  0.035 

is training [2] X pre main -0.12 -0.21 – -0.03  0.008 

days between sessions  X 

pre main 

-0.10 -0.14 – -0.07  <0.001 

at home [2]  X pre main 0.27 0.18 – 0.37  <0.001 

has emotional stimuli [2]  

X pre main 

0.18 0.06 – 0.29  0.002 

country [2]  X pre main 0.14 0.03 – 0.26  0.015 

diagnosis [2]  X pre main -0.30 -0.43 – -0.17  <0.001 

(is training [2] X days 

between sessions) X pre 

main 

0.14 0.09 – 0.19  <0.001 

Random Effects 

σ²                                               1.26 

τ00 study                                    0.00 

N study                                        22 

 

 

   

Observations                              928 

Marginal  R2 / Conditional R2     0.367 / NA 
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Supplementary Table 3. Beta coefficients of Aim 1: Secondary outcome.  

 

 

 

 

 

  Gain secondary   

Predictors Estimates 

(Lower Values) 

CI 

(Higher V-alues) 

 p 

(Intercept) 0.46 -0.55– 1.48  0.370 

is training [2] -0.50 -0.78 – -0.21  0.001 

nsessions 0.00 -0.01 – 0.01  0.991 

days between sessions 0.02 -0.16 – 0.19  0.853 

session duration -0.02 -0.05 – 0.00  0.053 

population [2] -0.20 -0.60 – 0.19  0.314 

population [3] 0.30 -0.16 – 0.76  0.203 

age -0.00 -0.01 – 0.00  0.208 

gender [1] -0.91 -1.53 – -0.28  0.004 

pre secondary 0.26 0.15 – 0.38  <0.001 

is training [2] X age 0.02 0.01 – 0.03  0.001 

is training [2] X pre 

secondary 

-0.11 -0.19 – -0.02  0.011 

nsessions X gender [1] 0.01 0.00 – 0.02  0.009 

days between sessions X 

gender [1] 

0.15 0.04 – 0.27  0.010 

Session duration X 

gender [1] 

0.03 0.01 – 0.04  0.007 

population [2]  X pre 

secondary 

0.27 0.13 – 0.41  <0.001 

population [3]  X pre 

secondary 

0.09 -0.06 – 0.23  0.251 

Random Effects 

σ²                                               0.47 

τ00 study                                    0.06 

ICC                                            0.11 

N study                                        19 

 

 

   

Observations                              778 

Marginal  R2 / Conditional R2   0.341/ 0.415 
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