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Supplementary information 

 

Supplementary Table 1: Sociodemographic characteristics 

 Lonely Non-Lonely 

Overall participants 13.10% 86.90% 

Age (years) 53.62 (+/- 7.35 SD) 55.03 (+/- 7.47 SD) 

Sex (men : women) 38.63% : 61.37% 48.61% : 51.39% 

Fluid IQ (0=low, 13=high) 6.49 (+/- 2.04 SD) 6.74 (+/- 2.03 SD) 

Amount of social support / ability to confide to someone 

close (0=almost never, 5=almost daily) 

2.77 (+/- 1.95 SD) 3.86 (+/- 1.73 SD) 

Number of people living in household 2.34 (+/- 1.31 SD) 2.60 (+/- 1.23 SD) 

Age completed education (years) 16.94 (+/- 2.96 SD) 17.09 (+/- 2.75 SD) 

Adiposity (waist circumference in cm) 88.15 (+/- 13.23 SD) 87.81 (+/- 12.38 SD) 

Alcohol intake (1=almost daily, 6=never) 2.91 (+/- 1.45 SD) 2.65 (+/- 1.38 SD) 

Neuroticism (12=high, 0=low) 7.58 (+/- 2.88 SD) 3.21 (+/- 2.78 SD) 

Number of depression episodes 9.91 (+/- 40.81 SD) 4.91 (+/- 27.97 SD) 

Recent feelings or nervousness or anxiety (1=not at all, 

4=nearly every day) 

1.61 (+/- 0.80 SD) 1.28 (+/- 0.56 SD) 

Dissatisfaction with friendships (1=extremely happy, 

6=extremely unhappy) 

2.70 (+/- 1.02 SD) 2.21 (+/- 0.74 SD) 

Dissatisfaction with family relationships (1=extremely 

happy, 6=extremely unhappy) 

2.76 (+/- 1.00 SD) 2.14 (+/- 0.82 SD) 
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Supplementary Table 2a: Genetic correlations between loneliness and other phenotypes (pvalue_bonf, 

corrected for multiple comparisons using Bonferroni’s method). 
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Supplementary Table 2b: Genetic correlations between loneliness and other phenotypes (pvalue_bonf, 

corrected for multiple comparisons using Bonferroni’s method). 
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Supplementary Table 2c: Genetic correlations between loneliness and other phenotypes (pvalue_bonf, 

corrected for multiple comparisons using Bonferroni’s method). 
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Supplementary Table 2d: Genetic correlations between loneliness and other phenotypes (pvalue_bonf, 

corrected for multiple comparisons using Bonferroni’s method). 
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Supplementary Table 2e: Genetic correlations between loneliness and other phenotypes (pvalue_bonf, 

corrected for multiple comparisons using Bonferroni’s method). 
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Supplementary Table 2f: Genetic correlations between loneliness and other phenotypes (pvalue_bonf, 

corrected for multiple comparisons using Bonferroni’s method). 
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Supplementary Table 3: Impact of biological sex on the association between grey matter volumes and 

loneliness. Network-level posterior parameters for women (0) and men (1) 

 

 

Supplementary Table 3 Note: Cont: frontoparietal control network, Default: default network, DorsAttn: 

dorsal attention network, Limbic: limbic network, SalVentAttn: salience network, SomMot: somatomotor 

network, Vis: visual network. 
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Supplementary Figure 1: Loneliness-related structural associations (A) and means of posterior parameter 

by network (B) in women and men. One Bayesian hierarchical model was carried out in our UK Biobank 

sample (n=38,701). Boxplots bounds are based on interquartile range from 25%-75% (IQR), centre shows 

mean, and whiskers show distance indicating 1.5 of IQR in both directions. 
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Supplementary Figure 2: Functional connectivity modes in men and women indicating deviation in 

loneliness 
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Supplementary Table 4: White matter tract associations with loneliness 
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Supplementary Table 5: White matter tract associations with loneliness in men 
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Supplementary Table 6: White matter tract associations with loneliness in women 
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Supplementary Table 7: Sub-analysis accounting for depression and anxiety diagnoses: Network-level 

posterior parameters 

 

 
 

 

Supplementary Table 8: Sub-analysis accounting for depression and anxiety diagnoses: Region-level 

posterior parameters 
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Supplementary Figure 3: Sub-analysis accounting for depression and anxiety diagnoses: 

Dominant functional connectivity mode  
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Supplementary Table 9: Sub-analysis accounting for depression and anxiety diagnoses: 

White matter tract associations with loneliness 
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Supplementary Table 10: Sub-analysis accounting for neuroticism: 

Network-level posterior parameters 

 

 
 

 

Supplementary Table 11: Sub-analysis accounting for neuroticism:  

Region-level posterior parameters 
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Supplementary Figure 4: Sub-analysis accounting for neuroticism: 

Dominant functional connectivity mode 
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Supplementary Table 12: Sub-analysis accounting for neuroticism: 

White matter tract associations with loneliness 
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Supplementary Table 13: Sub-analysis accounting for alcohol intake: 

Network-level posterior parameters 

 

 
 

 

Supplementary Table 14: Sub-analysis accounting for alcohol intake:  

Region-level posterior parameters 
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Supplementary Figure 5: Sub-analysis accounting for alcohol intake: 

Dominant functional connectivity mode 
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Supplementary Table 15: Sub-analysis accounting for alcohol intake: 

White matter tract associations with loneliness 
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Supplementary Table 16: Sub-analysis accounting for age completed education: 

Network-level posterior parameters 

 

 
 

 

Supplementary Table 17: Sub-analysis accounting for age completed education:  

Region-level posterior parameters 
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Supplementary Figure 6: Sub-analysis accounting for age completed education: 

Dominant functional connectivity mode 
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Supplementary Table 18: Sub-analysis accounting for age completed education: 

White matter tract associations with loneliness 
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Supplementary Table 19: Sub-analysis accounting for higher-order age effects (age, age2, age3, age4, 

age5): Network-level posterior parameters 

 

 
 

Supplementary Table 20: Sub-analysis accounting for higher-order age effects (age, age2, age3, age4, 

age5): Region-level posterior parameters 
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Supplementary Figure 7: Sub-analysis accounting for higher-order age effects (age, age2, age3, age4, 

age5): Dominant functional connectivity mode 
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Supplementary Table 21: Sub-analysis accounting for higher-order age effects (age, age2, age3, age4, 

age5): White matter tract associations with loneliness 

 

 

 
  



29 

Supplementary Table 22: Sub-analysis accounting for adiposity (waist circumference): 

Network-level posterior parameters 

 

 
 

 

Supplementary Table 23: Sub-analysis accounting for adiposity (waist circumference):  

Region-level posterior parameters 
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Supplementary Figure 8: Sub-analysis accounting for adiposity (waist circumference): 

Dominant functional connectivity mode 
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Supplementary Table 24: Sub-analysis accounting for adiposity (waist circumference): 

White matter tract associations with loneliness 
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Supplementary Table 25: Sub-analysis accounting for non-white-British ancestry: 

Network-level posterior parameters 

 

 
 

 

Supplementary Table 26: Sub-analysis accounting for non-white-British ancestry:  

Region-level posterior parameters 
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Supplementary Figure 9: Sub-analysis accounting for non-white-British ancestry: 

Dominant functional connectivity mode 
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Supplementary Table 27: Sub-analysis accounting for non-white-British ancestry: 

White matter tract associations with loneliness 
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Supplementary Figure 10: 

 

 
 

Across-modality relationships between brain measures and trait loneliness. Structural brain 

features (sMRI; upper rows of each matrix), functional brain features (fMRI; middle rows of each 

matrix), and diffusion brain features (dMRI; lower rows of each matrix) are shown with their extent 

of mutual linear associations (Pearson’s correlation coefficient). We contrasted effect sizes 

(Pearson’s rho) from lonely and non-lonely UK Biobank participants for the purpose of visualization. 

Upper left panel: linear associations between the original measures of 100 sMRI region volumes, 

4950 fMRI connectivity strengths, and 48 dMRI fiber strengths in lonely versus non-lonely 

participants. Other panels: Shows the differential linear associations involving the same 100 sMRI 

and 48 dMRI features but subsetting the 4950 fMRI functional coupling links to the fMRI features 

that belong to one of the seven large-scale brain networks (default network, limbic network, etc.) to 

improve readability. 
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Supplementary Figure 11: 

 

 
 

Effect sizes, in-sample accuracy and out-of-sample prediction compared across structural, 

functional and diffusion MRI. We computed additional characteristics based on the original 100 

brain region volumes (first column), 4950 functional connectivity links (second column), and 48 fiber 

tract microstructure measurements (third column). A-C) Each individual brain feature (i.e., specific 

region volume, connectivity link, or fiber microstructure, respectively) was assessed for its univariate 

association with trait loneliness using Pearson’s correlation coefficient. Using one hundred iterations 

of Monte-Carlo cross-validation with 10 folds, multivariate partial least squares was applied to all 

features from a given brain-imaging modality to derive the dominant brain-behavior mode and 

compute D-F) the in-sample model performance on the training participants and G-I) out-of-sample 

prediction accuracy on the unseen testing participants. All panels show histograms pitting value 

range bins (x axis) against their occurrence (y axis). 

 

 


