


















 

 

Supplementary Figure 2A. Downsampling results for lesion atom 1.  
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Supplementary Figure 2B. Downsampling results for lesion atom 10. 
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Ancillary analyses: Stratifying for age at median menopause
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Supplementary Figure 3. Posterior parameter distributions for lesion atoms 1 and 10 that 

featured substantial sex-differences in the main analysis. These differences were pronounced 

in the sample of older subjects (above median age of menopause, A), yet not visible in the 

sample of younger subjects (B) and women only (C). 

 

Replication: MRI-GENIE 

AIS patients in the replication dataset originated the MRI-GENIE study (Giese et al., 

2017). Out of 2,765 automatically segmented lesions (Wu et al., 2019), 1,920 (70.1%) passed 

internal quality control by two raters (M.B., A.K.B.). Included and excluded patients did not 

differ with respect to age, sex, NIHSS stroke severity and Rankin Scale-based functional 

outcome (p>0.05, Bonferroni-corrected for four comparisons). Lesions were spatially normalized 

to MNI-space (Wu, 2019). 

Initial NIHSS-based stroke severity was available for 942 MRI-Genie patients from six 

international centers. We excluded those subjects that were enrolled in the GASROS study to 

prevent an overlap of data between the development and replication cohort (n=150). 

Automatically segmented lesion outlines were available for 503 out of the remaining 792 

patients with information on stroke severity. Thus, these 503 patients (age: 65.0 (14.6), sex: 

40.6% female, NIHSS: 5.48 (5.35)) originating from five centers constituted the finally included 

sample. Subject gave written informed consent in accordance with the Declaration of Helsinki. 

The study protocol was approved by the local Institutional Review Board.  

 

Low-dimensional lesion embedding via non-negative matrix factorization 
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We once again estimated ten lesion atoms that represented typical voxel-wise lesion

pattern. The derived lesion atoms could be matched with those atoms estimated for the data in

the development cohort, which facilitated the comparison of results further (Supplementary

Table 3).

Supplementary Figure 4. Low-dimensional lesion representation in MRIGenie.  

Supplementary Figure 5. Predictive relevances of individual brain regions for all (A), male 

(B) and female patients (C). Once again, female patients featured a more wide-spread pattern, 

particularly comprising brain areas in the posterior circulation. 
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Supplementary Table 1. GASROS: Region-wise lesion load: Women versus Men 
 
Region p-value 

(uncorrected) 
Left Frontal Pole 0.477797  
Right Frontal Pole 0.263196  
Left Insular Cortex 0.623683  
Right Insular Cortex 0.668166  
Left Superior Frontal 

Gyrus 
0.259522  

Right Superior 

Frontal Gyrus 
0.350696  

Left Middle Frontal 

Gyrus 
0.593531  

Right Middle Frontal 

Gyrus 
0.655923  

Left Inferior Frontal 

Gyrus, pars 

triangularis 

0.635593  

Right Inferior Frontal 

Gyrus, pars 

triangularis 

0.998832  

Left Inferior Frontal 

Gyrus, pars 

opercularis 

0.313860  

Right Inferior Frontal 

Gyrus, pars 

opercularis 

0.352246  

Left Precentral Gyrus 0.595556  
Right Precentral 

Gyrus 
0.632829  

Left Temporal Pole 0.439277  
Right Temporal Pole 0.247065  
Left Superior 

Temporal Gyrus, 

anterior division 

0.885566  

Right Superior 

Temporal Gyrus, 

anterior division 

0.052039  

Left Superior 

Temporal Gyrus, 

posterior division 

0.695050  
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Right Superior 

Temporal Gyrus, 

posterior division 

0.083229  

Left Middle Temporal 

Gyrus, anterior 

division 

0.374946  

Right Middle 

Temporal Gyrus, 

anterior division 

0.224931  

Left Middle Temporal 

Gyrus, posterior 

division 

0.747529  

Right Middle 

Temporal Gyrus, 

posterior division 

0.035304  

Left Middle Temporal 

Gyrus, 

temporooccipital 

part 

0.836148  

Right Middle 

Temporal Gyrus, 

temporooccipital 

part 

0.192435  

Left Inferior 

Temporal Gyrus, 

anterior division 

0.234397  

Right Inferior 

Temporal Gyrus, 

anterior division 

0.439294  

Left Inferior 

Temporal Gyrus, 

posterior division 

0.321735  

Right Inferior 

Temporal Gyrus, 

posterior division 

0.116188  

Left Inferior 

Temporal Gyrus, 

temporooccipital 

part 

0.359574  

Right Inferior 

Temporal Gyrus, 

temporooccipital 

part 

0.423237  
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Left Postcentral 

Gyrus 
0.466984  

Right Postcentral 

Gyrus 
0.533380  

Left Superior Parietal 

Lobule 
0.596876  

Right Superior 

Parietal Lobule 
0.953112  

Left Supramarginal 

Gyrus, anterior 

division 

0.318368  

Right Supramarginal 

Gyrus, anterior 

division 

0.349039  

Left Supramarginal 

Gyrus, posterior 

division 

0.222934  

Right Supramarginal 

Gyrus, posterior 

division 

0.690429  

Left Angular Gyrus 0.913403  
Right Angular Gyrus 0.872942  
Left Lateral Occipital 

Cortex, superior 

division 

0.928957  

Right Lateral 

Occipital Cortex, 

superior division 

0.147406  

Left Lateral Occipital 

Cortex, inferior 

division 

0.908688  

Right Lateral 

Occipital Cortex, 

inferior division 

0.497017  

Left Intracalcarine 

Cortex 
0.585950  

Right Intracalcarine 

Cortex 
0.734185  

Left Frontal Medial 

Cortex 
0.435434  

Right Frontal Medial 

Cortex 
0.255211  

Left Supplementary 0.295065  
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Motor Cortex 
Right Supplementary 

Motor Cortex 
0.432800  

Left Subcallosal 

Cortex 
0.936340  

Right Subcallosal 

Cortex 
0.184688  

Left Paracingulate 

Gyrus 
0.119655  

Right Paracingulate 

Gyrus 
0.366302  

Left Cingulate Gyrus, 

anterior division 
0.131270  

Right Cingulate 

Gyrus, anterior 

division 

0.227723  

Left Cingulate Gyrus, 

posterior division 
0.234907  

Right Cingulate 

Gyrus, posterior 

division 

0.076956  

Left Precuneous 

Cortex 
0.298808  

Right Precuneous 

Cortex 
0.061540  

Left Cuneal Cortex 0.439996  
Right Cuneal Cortex 0.419243  
Left Frontal Orbital 

Cortex 
0.956730  

Right Frontal Orbital 

Cortex 
0.204938  

Left 

Parahippocampal 

Gyrus, anterior 

division 

0.170628  

Right 

Parahippocampal 

Gyrus, anterior 

division 

0.504188  

Left 

Parahippocampal 

Gyrus, posterior 

division 

0.738172  
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Right 

Parahippocampal 

Gyrus, posterior 

division 

0.125294  

Left Lingual Gyrus 0.868898  
Right Lingual Gyrus 0.477157  
Left Temporal 

Fusiform Cortex, 

anterior division 

0.346220  

Right Temporal 

Fusiform Cortex, 

anterior division 

0.333411  

Left Temporal 

Fusiform Cortex, 

posterior division 

0.696451  

Right Temporal 

Fusiform Cortex, 

posterior division 

0.112155  

Left Temporal 

Occipital Fusiform 

Cortex 

0.972054  

Right Temporal 

Occipital Fusiform 

Cortex 

0.337810  

Left Occipital 

Fusiform Gyrus 
0.920538  

Right Occipital 

Fusiform Gyrus 
0.782067  

Left Frontal 

Operculum Cortex 
0.512516  

Right Frontal 

Operculum Cortex 
0.553160  

Left Central 

Opercular Cortex 
0.546674  

Right Central 

Opercular Cortex 
0.990687  

Left Parietal 

Operculum Cortex 
0.994660  

Right Parietal 

Operculum Cortex 
0.899730  

Left Planum Polare 0.899961  
Right Planum Polare 0.344581  
Left Heschl's Gyrus 0.978979  
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Right Heschl's Gyrus 0.870910  
Left Planum 

Temporale 
0.512938  

Right Planum 

Temporale 
0.843906  

Left Occipital Pole 0.906986  
Right Occipital Pole 0.672426  
Left Thalamus 0.735479  
Left Caudate 0.777656  
Left Putamen 0.844976  
Left Pallidum 0.457279  
Brain-Stem 0.710584  
Left Hippocampus 0.929137  
Left Amygdala 0.174550  
Left Accumbens 0.662623  
Right Thalamus 0.339350  
Right Caudate 0.526285  
Right Putamen 0.454647  
Right Pallidum 0.422775  
Right Hippocampus 0.884551  
Right Amygdala 0.404086  
Right Accumbens 0.090341  
anterior thalamic 

radiation l 
0.796381  

anterior thalamic 

radiation r 
0.246850  

corticospinal tract l 0.326721  
corticospinal tract r 0.342797  
cingulum 1 0.277307  
cingulum 2 0.457179  
cingulum 3 0.487403  
cingulum 4 0.206520  
forceps major 0.985519  
forceps minor 0.015499  
inferior fronto 

occipital fasciculus l 
0.731981  

inferior fronto 

occipital fasciculus r 
0.397616  

inferior longitudinal 

fasciculus l 
0.210069  

inferior longitudinal 

fasciculus r 
0.646654  

superior longitudinal 0.519947  
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fasciculus l 
superior longitudinal 

fasciculus r 
0.560994  

uncinate fasciculus l 0.524774  
uncinate fasciculus r 0.909213  
superior longitudinal 

fasciculus (temp) l 
0.798199  

superior longitudinal 

fasciculus (temp) r 
0.271656  

 

Supplementary Table 2. GASROS: Region-wise lesion load: Left versus Right hemisphere 
 
Region p-value 

(uncorrected) 
Frontal Pole 0.100289  

Insular Cortex 0.671948  

Superior Frontal 

Gyrus 
0.284874  

Middle Frontal Gyrus 0.097747  

Inferior Frontal 

Gyrus, pars 

triangularis 

0.488408  

Inferior Frontal 

Gyrus, pars 

opercularis 

0.322880  

Precentral Gyrus 0.492943  

Temporal Pole 0.972531  

Superior Temporal 

Gyrus, anterior 

division 

0.492798  

Superior Temporal 

Gyrus, posterior 

division 

0.737939  

Middle Temporal 

Gyrus, anterior 

division 

0.240025  

Middle Temporal 

Gyrus, posterior 

division 

0.216577  

Middle Temporal 

Gyrus, 

temporooccipital 

0.386096  
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part 
Inferior Temporal 

Gyrus, anterior 

division 

0.254205  

Inferior Temporal 

Gyrus, posterior 

division 

0.995351  

Inferior Temporal 

Gyrus, 

temporooccipital 

part 

0.805314  

Postcentral Gyrus 0.218225  

Superior Parietal 

Lobule 
0.941650  

Supramarginal Gyrus, 

anterior division 
0.854804  

Supramarginal Gyrus, 

posterior division 
0.435747  

Angular Gyrus 0.249257  

Lateral Occipital 

Cortex, superior 

division 

0.451869  

Lateral Occipital 

Cortex, inferior 

division 

0.837318  

Intracalcarine Cortex 0.211154  

Frontal Medial 

Cortex 
0.694675  

Supplementary 

Motor Cortex 
0.110900  

Subcallosal Cortex 0.403666  

Paracingulate Gyrus 0.350138  

Cingulate Gyrus, 

anterior division 
0.205851  

Cingulate Gyrus, 

posterior division 
0.399188  

Precuneous Cortex 0.558571  

Cuneal Cortex 0.343832  

Frontal Orbital 

Cortex 
0.908159  

Parahippocampal 

Gyrus, anterior 

division 

0.323093  
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Parahippocampal 

Gyrus, posterior 

division 

0.305976  

Lingual Gyrus 0.020182  

Temporal Fusiform 

Cortex, anterior 

division 

0.748740  

Temporal Fusiform 

Cortex, posterior 

division 

0.460176  

Temporal Occipital 

Fusiform Cortex 
0.110897  

Occipital Fusiform 

Gyrus 
0.107983  

Frontal Operculum 

Cortex 
0.866187  

Central Opercular 

Cortex 
0.549560  

Parietal Operculum 

Cortex 
0.423082  

Planum Polare 0.476743  

Heschl's Gyrus 0.540898  

Planum Temporale 0.714736  

Left Occipital Pole 0.139288 

Thalamus 0.451667  

Caudate 0.811544  

Putamen 0.614842  

Pallidum 0.127428  

Hippocampus 0.317666  

Amygdala 0.361732  

Accumbens 0.255285  

anterior thalamic 

radiation  
0.680600  

corticospinal tract  0.464777  

inferior fronto 

occipital fasciculus  
0.972171  

inferior longitudinal 

fasciculus  
0.162673  

superior longitudinal 

fasciculus  
0.002034  

uncinate fasciculus  0.382741  

superior longitudinal 

fasciculus (temp) 
0.274158  
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Supplementary Table 3. Matching of lesion atoms via correlations. 

Development cohort: 

Number of lesion atom 

Replication cohort: Number 

of lesion atom 

Pearson correlation of 

NMF-weights: p-value 

1 1 1.5e-26 

2 1 and 4 1: 1.8e-8 and 2: 6.1e-12 

3 3 1.4e-51 

4 8 4.6e-10 

5 4 1.8e-27 

6 5 8.2e-45 

7 6 (and 7) 3: 1.9e-24 (and 9: 3.4e-11) 

8 9 2.1e-21 

9 9 3.6e-19 

10 10 1.5e-33 
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