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MOTIVATION 
• Meta-analysis can be performed on the basis of aggregate data or 

individual participant data (IPD).

• For continuous outcome, assume a linear mixed model (LMM).
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EXAMPLE (KAMBIC ET AL., 2024)
 • IPD MA on the safety and efficacy of exercise training on exercise capacity (e.g., 

six-minute walk test distance) and quality of life compared to standard care in left 

ventricular asssist device patients. 

• 4 studies, each ranges from 14 to 54 patients.

→  Test and confidence intervals for the treatment effect based on the asymptotic normal 

distribution might not well control the Type I error rate.

 …Satterthwaite’s approach and Kenward-Roger’s approach might be conservative.

→ Permutation tests might be useful.
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MODEL (RILEY ET AL., 2013) 
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outcome baseline 
value

group indicator 
(binary)

residual

stratified by study random effect

between-study heterogeneity

treatment effect residual variance
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MODEL (MATRIX NOTATION)
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ESTIMATION & INFERENCE
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STANDARD APPROACHES
 

degree of freedom
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PROS & CONS
• Normal-based approach and Pinheiro’s approach cannot control Type I error rate (Riley 

et al., 2021).

• Satterwaite’s approach and Kenward & Roger’s approach might be conservative in IPD 

MA (Legha et al., 2018).

• All the above approaches are with distributional assumption.

• Resampling approaches and permutation approaches are well-known for 

controlling Type I error, even for small data. → Might be useful.
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PROPOSED METHODS - IDEA
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center u 

separate fix effects from random effects 

define new residuals 
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PROPOSED METHODS – IDEA (CONT.)
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PROPOSED PERMUTATION TEST



13Thien Phuc Tran, Long-Hao Xu, Christian Röver, Tim Friede, TU Dortmund, 01. July 2025

PROPOSED CONFIDENCE INTERVALS
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PROPOSED CONFIDENCE INTERVALS
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PROPOSED CONFIDENCE INTERVALS
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SIMULATION SETTING
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SIMULATION SETTING
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SIMULATION RESULTS
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SIMULATION RESULTS (cont.)
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SIMULATION RESULTS (cont.)
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SUMMARY

• Proposed a studentized permutation test and two permutation-based confidence intervals for the 

treatment effect in IPD MA of continuous outcomes, assuming the exchangeability of the 

standardized residuals.

• Future work:

❖ Analytical proof due the lack of a closed-form expression for the effect estimator when 

variance components are unknown.

❖ Reduce the computational expense of the search-based confidence interval method.

❖ Straightforward to extend the proposed method to cases when there is more than one random 

effect. About extension of the proposed method to other types of outcomes.
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Preprint: 
http://arxiv.org/abs/2505.24774

THANK YOU 



23

References
T. P. A. Debray, K. G. M. Moons, G. van Valkenhoef, O. Efthimiou,N. Hummel, R. H. H. 

Groenwold, J. B. Reitsma, and on behalf of the GetReal methods review group. Get real in 

individual participant data(IPD) meta-analysis: a review of the methodology. Research 

Synthesis Methods, 6(4):293–309, 2015.

D. A. Follmann and M. A. Proschan. Valid inference in random effects meta-analysis. 

Biometrics, 55(3):732–737, 05 2004.

U. Halekoh and S. Højsgaard. A Kenward-Roger approximation and parametric bootstrap 

methods for tests in linear mixed models – The Rpackage pbkrtest. Journal of Statistical 

Software, 59(9):1–32, 2014.

J. Higgins and S. Green. Cochrane Handbook for Systematic Reviews of Interventions. 

Cochrane Collaboration, 2011.
Thien Phuc Tran, Long-Hao Xu, Christian Röver, Tim Friede, TU Dortmund, 01. July 2025



24

References
R. N. Kackar and D. A. Harville. Approximations for standard errors of estimators of fixed and 

random effect in mixed linear models. Journal of the American Statistical Association, 

79(388):853–862, 1984.

T. Kambiˇc, A. Feuerstein, P. T. Tran, T. Friede, F. Edelmann, M. Lainscak, and ExTraLVAD 

Collaborators. Exercise training in left ventricular assist device patients: Protocol of an 

individual participant data meta-analysis. ESC Heart Failure, 2024.

O. E. Lee and T. M. Braun. Permutation tests for random effects in linear mixed models. 

Biometrics, 68(2):486–493, 2011

J. C. Pinheiro. Theory and computational methods for linear mixed-effects models. In 

Mixed-Effects Models in S and S-PLUS, pages 57–96.Springer New York, New York, NY, 

2000.Thien Phuc Tran, Long-Hao Xu, Christian Röver, Tim Friede, TU Dortmund, 01. July 2025



25

References
F. E. Satterthwaite. Approximate distribution of estimates of variance components. Biometrics 

Bulletin, 2(6):110–114, 1946.

Thien Phuc Tran, Long-Hao Xu, Christian Röver, Tim Friede, TU Dortmund, 01. July 2025



26Thien Phuc Tran, Long-Hao Xu, Christian Röver, Tim Friede, TU Dortmund, 01. July 2025

SIMULATION RESULTS (cont.)



27Thien Phuc Tran, Long-Hao Xu, Christian Röver, Tim Friede, TU Dortmund, 01. July 2025

 

SIMULATION RESULTS (cont.)
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SIMULATION RESULTS (cont.)
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SIMULATION RESULTS (cont.)
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SIMULATION RESULTS (cont.)


