

































































Figure 1 Study flowchart.
Overview of the study population and analyses conducted in this study. Sl=social
isolation. LO=loneliness. GMV=gray matter volume. AD=Alzheimer’s disease.

GO=gene ontology. KEGG= Kyoto Encyclopedia of Genes and Genomes.
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Figure 2 Associations of social isolation and loneliness with incident all-cause
dementia, and proportions attributable to different risk factors (n = 462,619).
Minimally adjusted for age, sex and ethnicity. HR=hazard ratio. PERM=percentage of

excess risk mediated.

Adjustment HR (95% CI) PERM (%)

Social isolation

|
Minimally : — . 1.64 (1.51, 1.78)
Socioeconomic factors : —_— 1.45(1.33,1.57) 30
Health behavior : —. 1.49 (1.37, 1.62) 23
Biological factors : —_—— 1.55(1.43, 1.68) 14
Psychologic factors : —— 1.46 (1.35, 1.59) 28
Cognitive factors : —_—— 1.61(1.48, 1.74) 5
Loneliness : —_— 1.57 (1.44,1.71) 1
All I —i— 1.26 (1.15, 1.37) 59
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Minimally : —— 1.55(1.40, 1.71)
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All _i. — 1.04 (0.94, 1.16) 93
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Figure 3 Neuroanatomical correlates of social isolation at the imaging visit.

A. Results of whole-brain voxel-wise analysis of social isolation (n = 32,263).
Significant GMVs in cortical and subcortical regions are presented separately. The
color bar presents t-value. B. Word-cloud plot of cognitive terms associated with
social isolation related GMVs. The size of cognitive terms corresponds to the
Spearman’s correlation of corresponding meta-analytic maps in Neurosynth with the
significant social isolation t-statistic map. C. Cross-sectional association between
social isolation related GMVs and cognitive function in the UK Biobank (n = 30,480).
Cognitive function was assessed by the composite score of pairs matching and

reaction time tests. The color bar presents the estimated probability density.
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Figure 4 Associations of social isolation, gray matter volume and cognitive
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function.

Mediation analysis implemented by significant GMVs (mediator) from social

isolation at baseline (predictor) on cognitive function at the imaging visit (dependent

variable). Path a measures the association between the predictor and the mediator;

path b represents the effect of the mediator on the dependent variable while

controlling for the predictor; path ¢ measures the total relationship between the

predictor and the dependent variable; path ¢’ measures the direct effect; the mediation

effect is the product of path a and path b (a*b). n = 30,612; **p < 0.01, ***p < 0.001.

a=-0.057 (0.01)** | gy related GMV

Social isolation
(baseline)

b = -0.061 (0.01)***

(follow-up)

a*b = 0.003 (9.9x10-%)***

¢ = 0.068 (0.02)**

¥
_|Cognitive performance

¢=0.071(0.02)**

(follow-up)

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited



Figure 5 Relationship between social isolation-related brain differences and gene
expression.

A. Functional enrichment results of PLS1- genes in cortical regions. GO biological
processes and KEGG pathways with a Pepr < 0.005 are presented. The size of the
circle represents the number of genes involved in a given ontology term. B.
Association between social isolation t-value and the average expression level of
down-regulated AD-related genes in cortical regions. C. Association between social
isolation t-value and the average expression level of up-regulated AD-related genes in
cortical regions. The significance was tested by 5,000 times permutation, in which the
null distribution was defined by 5,000 random t-statistic maps obtained by label

shuffling for social isolation.
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