
A hierarchical multi-site ICA model for 
investigating brain network differences in PTSD

Ying Guo, PhD
www.YingGuo.us

Department of Biostatistics and Bioinformatics
Center for Biomedical Imaging Statistics

Emory University

Jennifer Stevens, PhD
Department of Psychiatry and Behavioral Sciences

Emory University  

http://www.yingguo.us/


Background 
Advantages of multi-site studies such as ENIGMA-PTSD
• provide larger sample sizes and hence more statistical power 
• increase the generalizability of research conclusions

Challenges in multi-site studies
• Various factors contributing to site-differences, including known factors e.g. 

scanners, sequences used in imaging requisitions, cohort effects as well as 
potential unknown factors.

• ICA is one of the most popular data-driven methods for estimating resting 
state networks(RSN).  

• To analyze multi-site imaging data from ENIGMA-PTSD, we propose a 
hierarchical multi-site ICA model for decomposing fMRI data collected from 
multiple study sites.
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Goal: Decompose observed fMRI data as a linear combination of spatio-temporal 
processes of underlying source signals.
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Background on ICA
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Multi-site ICA
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Observed fMRI BOLD series at voxel v from subject i in center g

The first-level model:      individual-level ICA decomposition

The second-level model:    modeling of the individual-level networks

• Population-level network   

site-level random effects  

• Factors contributing to site differences, e.g. scanner/sequences/cohort effects

• Individual-level factors, e.g.  PTSD status, trauma types

individual-level random variability



Hierarchical ICA
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Advantages of hierarchical 
ICA
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• Increased statistical power for detecting group differences in brain networks
(hc-ICA model, Shi and Guo, 2016)

P-values for group differences 



Advantages of hierarchical 
ICA
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The default mode network

The attention network

• Improve accuracy in
individual-level estimation 
of brain networks by 
leveraging empirical “big 
data” population-level 
priors  (Template ICA 
model, Meija et al, 2019)



L-ICA
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The proposed L-ICAThe existing approach

• Increased statistical power in detecting longitudinal changes among 
patients with brain diseases  (L-ICA model, Wang and Guo, 2019)

P-values for longitudinal changes in DMN
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Software Development



HINT
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Lukemire, J., Wang, Y., Verma, A. and Guo, Y, (2020).  HINT: A Hierarchical Independent Component Analysis 
Toolbox for Investigating Brain Functional Networks using Neuroimaging Data. Journal of Neuroscience 
Methods. Accepted.



HINT
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HINT
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HINT
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HINT
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Research plans
• Develop a hierarchical multi-site ICA model for investigating PTSD-related 

differences in various brain functional networks while modeling and 
controlling the effects that may contribute to variations across study sites 
such as scanners, sequences used in imaging requisitions, cohort effects,  
as well as potential unknown factors (captured by site-level random effects).

• The primary analyses: include a group comparison of PTSD versus trauma 
exposed control participants, comparing the effect size for PTSD-related 
differences in models with and without site-related covariates

• A secondary analysis: assess associations with PTSD symptom severity.

• Exploratory analysis: use the multi-site ICA to remove site-effects from the 
various brain networks and reconstruct site-effect corrected rs-fMRI data.

• Incorporate multi-site ICA into the HINT toolbox. 
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Comparison with existing 
methods

Comparison with existing data harmonization methods, e.g. ComBat.  

• Key distinctions: 
- ComBat is applied to specific imaging features (e.g. connectivity
correlations, DTI FA) to adjust for center effects. 

- Multi-site ICA decomposes fMRI data to extract various brain networks and
investigate differences on functional networks while adjusting site variations and
other confounding factors. 

• Similarity:  
- ComBat is essentially a mixed effects model.  
- The second-level of multi-site ICA is also formulated as a mixed effects model. 
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