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Abstract

Purpose
Psychosis is associated with changes in social participation (SP) and occupational function (OF). These
outcomes are influenced by a substantial number of environmental factors. Here, we aim to model the
relationship between material deprivation and SP/OF outcomes in the UK Biobank and investigate the
mediating role of the social brain network (SBN) and general intelligence.

Methods
SP was defined by frequency of friend/family visits and leisure/social activities, while OF was based on
employment status. Material deprivation was measured using the Townsend Deprivation Index (TDI).
The mediating effects of SBN measures and general intelligence were investigated using structural
equation modelling, while the moderating effects of psychosis were also investigated.

Results
TDI was negatively associated with SP (Std.β=-0.05; p < 0.001) and OF (Std.β=-0.066; p < 0.001). SBN
cortical volume, subcortical volume and general intelligence significantly mediated this relationship.
Psychosis moderated the relationship between mediating factors and SP and OF outcomes.

Conclusion
This suggests that region-based environmental resources play a direct and indirect role in psychosocial
outcomes in older adults. In this relationship, there may be fundamental differences in the role of
structural brain measures and cognition in individuals with psychosis. This highlights the potential for
future economic and policy interventions aimed at improving social and occupational outcomes.

Introduction
Psychosis is a key feature of schizophrenia and is present in other psychiatric disorders including bipolar
disorder [1] and major depressive disorder [2]. Experience of psychosis is associated with changes in
social and occupational functioning [3,4], which leads to a decrease in quality of life for the individual
and loss of economic productivity for society [1,2,5]. The ability to predict individuals who are most at
risk of developing a diminished social and occupational capacity would facilitate the prioritisation of
established interventional resources [6] and promote targeting of at-risk individuals earlier in their illness
trajectory. 

Environmental factors and social and occupational outcomes
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An individual’s social participation (SP) is highly dependent on personal and community circumstances
[7]. The degree to which an individual may be capable and willing to participate in social activities is
dependent on many factors, including access to commercial [8] and recreational [9,10] resources, degree
of support from family or friends [11,12], access to independent [13] and public [13,10,12] transportation
options, neighbourhood security [14,9] and neighbourhood user-friendliness [13,15]. Environmental
predictors of occupational outcomes are rarely studied in healthy individuals and many studies focus on
the employment of individuals with disorders or disabilities that act as a barrier to maintaining healthy
occupational engagement [16]. Although studying employment characteristics in a clinical sample can
be meaningful, it has shortcomings: 1) it may not be informative for nominally healthy, prodromal or
subclinical populations and 2) it does not consider factors that could indicate good occupational
functioning (OF) outside of paid employment including volunteering, enrolment in   educational
programmes or  the ability to look after the home or family members. Accordingly, many factors
associated with SP are related to deprivation, particularly those related to nearby resources,
infrastructure and security within a community. Townsend [17] proposed the Townsend deprivation index
(TDI) to index region-specific material deprivation. The TDI can be calculated from census data and
assigned to individuals based on postcode. Measures of area-based deprivation play an important role in
allocating government funding [18] making measures such as the TDI modifiable targets via changes in
economic and public health-related policy.

Brain imaging factors and social and occupational outcomes

Another important consideration is whether the deprivation-based factors found to be associated with
SP [7] or OF are related directly to the abundance of resources. It is likely the case that the deficit of
resources directly prohibits individuals from taking part in social scenarios. However, the outcome of
long-term exposure to deprivation on the brain, whether it is impacting social and occupational
outcomes, is unclear. Johnson et al. [19] discuss the effect of deprivation on the developing brain and
resultant cognitive processes. They argue that areas of the brain with defined roles in stress response,
language skills and executive function including in the temporal lobe, the amygdala, hippocampus and
prefrontal cortex are particularly vulnerable to deprivation stressors in the environment. If these
structures and processes also determine an individual’s social and occupational outcomes, indirect
effects may be present. Structural variation in subcortical regions such as the amygdala [20,21] as well
as cortical structures such as the orbitofrontal cortex [22] has been identified as associated with
measures of social participation. Furthermore, white matter microstructure in frontotemporal tracts [23],
inferior longitudinal fasciculus [21] and the corpus callosum [24] are implicated in social functioning.
Several resting state networks have also been linked with social outcomes including the default mode,
limbic, and frontoparietal networks [25,26]. Much like with community or environmental factors, brain
MRI-derived determinants of occupational functioning are not well understood in healthy individuals.
Rather, focus is often on the neuroplastic changes associated the demands or expertise associated with
specific occupations [27]. 
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However, even in social outcomes where there is a substantial body of evidence studying brain-based
determinants of social outcomes, results can be inconsistent in both findings and methodologies [28]
and studies are largely based on predefined region-of-interest (ROI) approaches, which may compound
biases over time – especially if ROIs are not made explicitly clear before analysis [29]. Recent work by
our group [30] has addressed this shortcoming by defining the multimodal structural and functional
social brain network using a data-driven unbiased feature selection approach. Herein, we made use of
this predefined social brain network (SBN).

Cognitive ability, the brain and social and occupational outcomes

Measures of cognitive ability, which are known to be directly derived from brain properties [31-33] also
play a role in a social relationship [34]. The cognitive demands of social relationships may be a key
aspect of why humans have such large [35] and metabolically costly [36] brains. Although little work has
detailed the impact of cognitive ability on OF in healthy individuals, general cognitive ability, processing
speed and memory are all associated with several aspects of job complexity [37], which could indicate a
generally higher degree of function. There is evidence that both social cognition as well as general
cognition may predict social network size in healthy individuals and those at clinical high-risk for
psychosis [38]. Further, in early psychosis, general cognitive ability and social cognition are predictors of
both social and occupational outcomes [3]. 

Here, we build on previous work by this group [30,39] aiming to gain a better understanding of social and
occupational outcomes in the population. We investigate several hypotheses based on previously
published work. First, that a region-based measure of material deprivation negatively affects social
participation – a question we further extend to occupational function. Second, based on the
relationships between deprivation and brain development and the relationship between brain signatures
and social outcomes, we test the hypothesis that brain measures and cognitive ability may mediate this
effect. Finally, based on the underlying social and occupational changes found in psychosis, we test the
hypothesis that measures of psychosis moderate these relationships.

Methods

Participants
Participants used in this study are from the UK Biobank (UKB; https://www.ukbiobank.ac.uk/) cohort. We
defined an overall healthy control cohort as individuals who have no diagnoses of neurodegenerative,
demyelinating or neoplastic brain diseases, are not part of the psychosis cohort (defined next), and have
valid social and occupational data after recoding (see section on Social and occupational outcome
phenotypes) at baseline (instance 0). The full cohort was further refined for imaging analyses by
removing individuals without at least one imaging subtype, without social or occupational data at
imaging (instance 2), missing valid T2-weighted MR preprocessing data and individuals without White
British ancestry (p22006). Finally, this cohort was split into a 25:75 ratio with 25% being used to
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determine the social brain network as described in Casburn et al. [30] and 75% referred to hereafter as
the “Test cohort” in which the models were tested.

We defined our psychosis cohort as any individual meeting one or more of the following criteria: An ICD
summary diagnosis (p41270) in “F20-F29 Schizophrenia, schizotypal and delusional disorders”; “F30.2
Mania with psychotic symptoms”; “F31.2 Bipolar affective disorder, current episode manic with psychotic
symptoms”; “F31.5 Bipolar affective disorder, current episode severe depression with psychotic
symptoms”; “F32.3 Severe depressive episode with psychotic symptoms”; “F33.3 Recurrent depressive
disorder, current episode severe with psychotic symptoms”. “Mental health conditions ever diagnosed by
a professional” (p29000) responses “Schizophrenia” or “Any other type of psychosis or psychotic
illness”.

Social and occupational outcome phenotypes
Initial attempts to construct social participation (SP) and occupational function (OF) latent variables
were unsuccessful based on unacceptable fit indices and poor factor loadings. Thus, SP was indexed
using measures present at the imaging visit (instance 2) of two social support variables: Frequency of
friend/family visits (p1031) and Leisure/social activities (p6160). Frequency of friend/family visits was
recoded from 0-5 based on the following key: No friends/family outside household = 0; Never or almost
never = 0; Once every few months = 1; About once a month = 2; About once a week = 3; 2-4 times a week
= 4; Almost daily = 5. Leisure/social activities was recoded 0-5 based on the number of social activities
from “Sports club or gym”; “Pub or social club”; “Religious group”; “Adult education class”; “Other group
activity” attended once a week or more often. Both scores were added together resulting in a numerical
scale ranging from 0 (lowest SP) to 10 (highest SP). OF was derived from employment status (p6142) at
the imaging visit (instance 2) variable where individuals were free to select multiple options. Individuals
would receive +1 for each of the following selections: “In paid employment or self-employed”; “Looking
after home and/or family”; “Doing unpaid or voluntary work” and “Full or part-time student”. Individuals
would receive -1 for each of the following selections: “Unable to work because of sickness or disability”
and “Unemployed”. Individuals selecting the “retired” option were excluded from the analysis of OF. This
formed a scale ranging from -2 (lowest OF) to +4 (highest OF). Finally, not in education, employment or
training (NEET) status was coded from the same employment status variable as OF (p6142) where
individuals meeting any of the following criteria were non-NEET: “In paid employment or self-employed”;
“Doing unpaid or voluntary work” or “Full or part-time student” while individuals not meeting any of these
criteria were classified as NEET.

Brain imaging data
We used pre-processed brain imaging-derived phenotypes (IDP) from a workflow developed and run on
behalf of UKB [40] from the September 2022 (v1.9) data release in this study. We used pre-processed T1-
weighted structural measures indexing volume of subcortical structures (FreeSurfer subcortical
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volumetric segmentation; p190); volume of cortical structures (Freesurfer Destrieux (a2009s)
parcellation; p197); Tract-Based Spatial Statistics (TBSS)-derived mean fractional anisotropy (FA) values
from diffusion-weighted MRI  (p134), functional connectivity measures from 25-dimension partial
correlations of ICA-derived resting-state functional MRI networks (p111). 

Definition of social brain network (SBN)
The SBN was previously defined in Casburn et al. [30] using data-driven feature selection involving
recursive feature elimination (RFE). For each set of IDPs (cortical volume, subcortical volume, diffusion-
derived FA and functional connectivity (FC) measures), scaled IDP values were assessed for
multicollinearity and highly correlated (R2>0.8) sets of IDPs were represented using an arithmetic mean.
RFE feature selection was performed on each brain measure-type set in a 25% subset of individuals with
imaging data and using 10-fold cross-validation and 5 repeats to control for overfitting. Each feature
selection process was performed 100 times and IDPs retained as predictors in ≥ 50% of iterations were
considered stable components of the SBN. Mean scaled values of selected IDPs within each sub
modality were calculated to establish a single value from each: SBN mean cortical volume; SBN mean
subcortical volume; SBN mean FA and SBN mean FC. The set of SBN IDPs generated by Casburn et al.
[30] comprised 29 cortical volumes, 11 subcortical volumes, 9 diffusion FAs and 49 resting state
functional MRI (rfMRI) FC measures in total.

Generating general intelligence factor
A general intelligence latent factor, “g”, was established based on the method of Cox et al. [31], in which
four cognitive factors were used: fluid intelligence (FL; p20016); matrix pattern completion (MAT; p6373);
symbol-digit substitution (SDS; p23324); and alphanumeric trail making (TMT; p6350). Confirmatory
factor analysis (CFA) was used to estimate and predict a latent factor of general intelligence in the
individuals in the test cohort. Only individuals with complete data for the 4 cognitive measures above
were included in the CFA. Fit indices thresholds of confirmatory fit index >0.9, Tucker-Lewis index >0.9,
standardized root mean square residual <0.06 and root mean square error of approximation <0.06 were
considered acceptable.

Statistical analyses
Baseline differences in SP, OF and NEET status between psychosis and healthy control populations were
assessed using t-test and chi-squared tests as appropriate. The relationship between TDI and social and
occupational outcomes was assessed using linear regression for quantitative outcomes (SP/OF) and
logistic regression for binary outcomes (NEET) including age and sex as covariates. Regression
coefficients were standardised and reported as std.β. Pearson correlation coefficient and corresponding
test statistic p-value were used to assess correlation. Structural equation modelling (SEM) and CFA were
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performed using the lavaan [41] R package. The robust diagonally weighed least squares (WLSMV)
estimator was used for SP and OF outcomes in SEM. Statistical analysis was performed using R version
4.4 [42].

Results

Descriptive statistics and cohort summary
Our test cohort comprised of 28,317 individuals, of whom, 140 had psychosis. Statistical comparisons of
the social and occupational outcomes between psychosis and the general population in the test cohort
are shown in Table 1 below (See: Experience of psychosis is associated with changes in social and
occupational function and higher material deprivation). 

  General population

mean (SD)

Psychosis

mean (SD)

N Overall Cohort 474,795 3,103

Test Cohort 28,317 140

Age Overall Cohort 56.5 (8.1) 55.4 (8.3)

Test Cohort 64.5 (7.7) 63.9 (8.2)

% Female Overall Cohort 54.5 52.3

Test Cohort 51.7 52.9

Mean SP Overall Cohort 4.23 (1.48) 4.10 (1.73)

Test Cohort 4.48 (1.50) 4.21 (1.77)

Mean OF Overall Cohort 0.90 (0.58) 0.15 (1.06)

Test Cohort 0.58 (0.58) 0.51 (0.84)

% NEET Overall Cohort 12.1 50.1

Test Cohort 49.5 32.7

TDI Overall Cohort -1.34 (3.07) 0.51 (3.72)

Test Cohort -2.03 (2.64) -1.13 (2.83)

< Table 1: MS_Table1.docx > 

Higher material deprivation is associated with decreased
social and occupational function
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Linear regression with age and sex as covariates showed that increased TDI was associated with
decreased SP (Std.β=-0.051, p<2.2e-16) and decreased OF (Std.β=-0.066, p=1.11e-11), but was not
significantly associated with NEET status as assessed by logistic regression (β=0.014, p=0.285). The
mean SP (Fig. 1A) and OF (Fig. 1B) per decile of TDI is shown below. Full regression results can be found
in Supplementary Table 1. 

< Fig. 1: MS_Fig1.TIFF> 

Predicted general intelligence is correlated with mean
brain MRI measures
Scores in the Matrix pattern completion (MAT; 0.56), Symbol-digit substitution (SDS; 0.61), Fluid
intelligence/Verbal numerical reasoning (FL; 0.52) assessments had significant positive loadings on g,
while alphanumeric trail making time (TMT-B; -0.55) had a negative loading. Loadings are visualised in
Supplementary Fig. 1. Full CFA results can be found in Supplementary Table 2. 

All measures of SBN mean volume and SBN mean FA were significantly positively correlated with
predicted intelligence while accounting for the effects of age and sex (Supplementary Fig. 2). The
strongest correlation was between the volumetric measures of SBN mean cortical and SBN subcortical
volume (Pearson R=0.66). The SBN mean FC measure was significantly negatively correlated with all
other measures, however, was not significantly correlated with general intelligence (Supplementary Fig.
2). 

Volumetric measures in the social brain network partially
mediate the relationship between material deprivation and
social and occupational outcomes
Brain MRI factors mediate the relationship between TDI and SP/OF outcomes (Fig. 2). Only SBN mean
cortical and SBN mean subcortical volume had significant relationships with both TDI and SP in the SEM
model. SBN mean cortical volume was negatively associated with TDI (Fig. 2A; Std.β=-0.022; p<0.001)
and positively associated with SP (Fig. 2A; Std.β=0.038; p<0.001). Similarly, SBN mean subcortical
volume was negatively associated with TDI (Fig. 2C; Std.β=-0.029; p<0.001) and positively associated
with SP (Fig. 2C; Std.β=0.035; p<0.001). In the mediation analyses, both SBN mean cortical volume (Fig.
2B; Std.β=0.00083; p<0.001) and SBN mean subcortical volume (Fig. 2C; Std.β=-0.001; p<0.001), but
neither mean SBN FA (Fig. 2E; Std.β=0; p=NA) nor SBN mean FC (Fig 2G; Std.β=0; p=NA) had a
significant mediating effect on the relationship between TDI and SP. SBN mean cortical volume (Fig. 2B;
Std.β=0.08; p<0.001), SBN mean subcortical volume (Fig. 2D; Std.β=0.08; p<0.001) and SBN mean FA
(Fig. 2F; Std.β=0.06; p<0.001) were all positively associated with OF, while only SBN mean cortical
volume (Fig. 2B; Std.β=-0.0017; p=0.026) and SBN mean subcortical volume (Fig. 2D; Std.β=-0.0022;
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p=0.0093) had a significant mediating effect between TDI and OF. Full brain MRI mediation results can
be found in Supplementary Table 3. 

< Fig. 2: MS_Fig2.TIFF > 

General intelligence partially mediates the relationship
between material deprivation and social and occupational
outcomes
The predicted general intelligence factor (g) was negatively associated with TDI in both SP
(Std.β=-0.061; p<2.2e-16, Fig. 3A) and OF (Std.β=-0.077; p=1.89e-13, Fig. 3B) models, while predicted g
was positively associated with both SP (Std.β=0.028; p=3.63e-4) and OF (Std.β=0.12; p=1.94e-9)
outcomes. General intelligence partially mediated the relationship between TDI and SP (Fig. 3A;
Std.β=-0.0017; p<0.001) and between TDI and OF (Fig. 3B Std.β=-0.0093; p<0.001) indicating
approximately 3% and 10% of the total relationship was mediated respectively. Full general intelligence
mediation results can be found in Supplementary Table 4. 

< Fig. 3: MS_Fig3.TIFF > 

Experience of psychosis is associated with changes in
social and occupational function and higher material
deprivation
At baseline, individuals with psychosis had lower SP t(477896)=4.91, p=8.992e-07, lower OF
t(309190)=57.707, p<2.2e-16; a higher proportion of NEET status X2 (1, 309192) = 2858.8, p<2.2e-16 and
higher TDI t(477303)=-34.25, p<2.2e-16 than the general population. Lower SP t(28455)=2.117, p<0.05;
lower OF t(10613)=9.644, p<2.2e-16 and higher TDI t(28431)=-3.99, p=6.67e-05 were also seen in the
test cohort. However, unlike in the overall cohort, individuals experiencing psychosis were less likely to
be of NEET status X2 (1, 10613)=44.852, p<2.1e-11 than healthy controls. 

Moderating effects of psychosis experience
Models with significant mediation effects were brought forward for investigation of moderation by
psychosis. Psychosis status did not have a significant moderating effect on the relationship between TDI
and SBN mean cortical (F(1,27916)=0.47; p=0.494) or SBN mean subcortical (F(1,27921)=0.21; p=0.648)
volume (Supplementary Fig.3).

Conversely, psychosis experience significantly moderated the relationship between SBN mean cortical
volume and SP (F(1,27877)=2.03; p=0.046) and OF (F(1,10455)=21.67; p<0.001) outcomes as well as
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between SBN mean subcortical volume and SP (F(1,27876)=6.30; p=0.012) and OF (F(1,10455)=7.42;
p=0.006) outcomes. For SP, the moderating effect was apparent at higher SBN brain volumes (Fig. 4A
and 4C), while for OF this was primarily at lower SBN brain volumes (Fig. 4B and 4D). 

< Fig. 4: SCAN_MS_Fig4.TIFF > 

Psychosis did not moderate the relationship between material deprivation and predicted g. However,
psychosis had a moderating role in the relationship between predicted intelligence and SP
(F(1,19909)=6.20; p=0.013) as well as OF (F(1,7308)=6.85; p=0.009). The effect of psychosis as a
moderator was more evident at higher predicted g values for SP (Supplementary Fig. 4B) and lower
predicted g values for OF (Supplementary Fig. 4C) outcomes.

Polygenic liability for schizophrenia moderates the
relationship between TDI and SBN mean volume measures
As an alternative to psychosis experience available in all individuals in the test cohort, polygenic liability
for schizophrenia (SCZ PGS), which explains variance in SCZ case/control status [43] was investigated
as a moderating variable. Logistic regression using sex and age as covariates showed that polygenic
liability for SCZ significantly predicted psychosis experience in the test cohort (n =28457;  β=0.354;
p=3.72e-05). Explained variance (Nagelkerke Pseudo R2) was 1.0% in the test cohort. When decile 10
(Highest genetic liability) was compared to decile 1 (lowest genetic liability), there was a 4.9-fold higher
proportion of psychosis (Supplementary Fig. 5B).

Although psychosis did not moderate the relationship between TDI and SBN mean volumetric measures,
SCZ PGS in healthy controls significantly moderated the relationship between TDI and SBN mean cortical
(Supplementary Fig. 6A; F(1,27695)=6.22; p=0.013) and subcortical volume (Supplementary Fig. 6B;
F(1,27694)=5.43; p=0.020). In both cases, high SCZ PGS was associated with a weaker relationship
between TDI and SBN brain volume measures.

Discussion
Greater material deprivation was significantly associated with decreased SP and OF outcomes. Bowling
and Stafford [44] showed that better social functioning is linked to both objective and perceived
neighbourhood affluence, using similar outcomes and a sample with a comparable age profile to the
UKB cohort used here. In line with conventional theory, geographical areas with fewer resources have a
shortfall in social capital which lowers the capacity for social interactions [45]. As well as being an
important index of function and quality of life, some work has reinforced the direct importance of social
disconnection in health outcomes, namely an increased risk of all-cause mortality [46] comparable in
extent to known mortality factors such as smoking [47].
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In our mediation analysis, we saw a small but significant role of the SBN’s mean cortical and subcortical
volume, but not fractional anisotropic or functional connectivity in mediating the relationship between
TDI and the SP and OF outcomes. Neuroanatomically, the social brain cortical volume comprised
somatomotor, visual, orbitofrontal/inferior and limbic/paralimbic cortices while the subcortical volume
included amygdala, thalamus and basal ganglia as well as white matter volumes of the corpus callosum
and cerebellum. Although causality cannot be determined in these relationships, a potential lifelong
exposure to increased material deprivation could lead to changes in brain structure important in social
and occupational functioning. Thus, the mediating effects of the SBN mean cortical and subcortical
volumes suggest that pathways important in motor, sensory and limbic function may be involved in
translating material deprivation stressors to changes in behaviour. There is evidence that regions
important in visual and sensorimotor are particularly sensitive to material deprivation in adolescents
[48]. Deprivation during childhood is associated with cortical volume and thickness changes later in life
[49], specifically thickness in the precentral and lateral orbitofrontal cortical regions is related to SES
[50]. Although this relationship may not be as evident in studies of adult subcortical structures [49], the
hippocampus and amygdala may be sensitive to poverty-related stress exposure during childhood [51–
53]. Further, there is substantive evidence that brain structure may serve as a mediator between
deprivation and behavioural outcomes. Total brain volume may mediate the relationship between
deprivation and cognitive impairment and behavioural disorder outcomes [49]. In the context of social
disorder, Holz et al. [54] showed that the impact of poverty exposure on conduct disorder symptomology
was mediated by structural changes in the orbitofrontal cortex in a 25-year longitudinal study. When
looking at material deprivation and stress-induced cognitive and behavioural outcomes, Johnson et al.
[19] demonstrate a mediating role of prefrontal cortex structure.

General cognitive ability (g) also significantly mediated the relationship between TDI and the SP and OF
outcomes. Although this was a partial mediation, this was stronger than that found with SBN mean
cortical and subcortical volume. In a systematic review, [55] find moderate-to-strong evidence for the
association between neighbourhood SES and cognitive ability and moderate evidence for neighbourhood
design, accessibility and demographics. In a longitudinal cohort (Lothian Birth Cohort 1936), Baranyi et
al. [56] show that area deprivation in mid-late adulthood was associated with more severe cognitive
decline and that deprivation during childhood was associated with decreased late-life cognitive ability,
possibly mediated by education and residential mobility factors. Given the cognitive demands of social
activity [35] and employment in occupational functioning [57, 58], any cognitive decline resulting from a
long-term challenging environment or upbringing could impair an individual’s ability to maintain
psychosocial function. We found that predicted g correlated with all SBN mean structural measures,
which is consistent with intelligence being associated with variation in measurable structural or
neuroanatomical properties of the brain [31–33] and may contribute to the detected mediating
relationship.

Experience of psychosis was associated with lower social and occupational functioning in our cohorts.
This suggests individuals with psychosis, on average, are less likely to participate in objective social
scenarios and less likely to be occupationally engaged including employment, volunteering, studying or
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looking after the home or family. Individuals with psychosis are more likely to face social exclusion and
rejection [59] and employment discrimination [60], which could lead to being involuntarily inhibited from
participating. In addition, impaired general and social cognitive abilities are key in psychosis and given
the established role of these factors in psychosocial functioning [3] such individuals may be at a
disadvantage. Smaller numbers of social connections in psychosis associated with more severe overall-
and negative-symptom outcomes [61], which could in turn lead to more limited participation,
emphasising the particular importance of establishing correlates of social and occupational outcomes
in this subgroup of the population.

Investigating the moderation effects of psychosis experience revealed several interesting phenomena.
First, the relationship between TDI and SBN volumetric brain measures appeared to be mediated by
schizophrenia genetic liability, but not psychosis experience. Unusually, in the case of this analysis, a
lower genetic liability for schizophrenia was associated with a stronger negative relationship between
deprivation and brain SBN mean volume measures. Structural brain IDPs are relatively heritable [62] and
this may suggest an underlying gene-by-environment effect in which a predefined genetic burden may
interact with environmental stressors such as material deprivation. Second, psychosis experience had
the opposite effect in its relationship with SP as it did with OF: psychosis status was associated with an
inverse relationship between brain measures and SP while for OF, a stronger positive relationship
compared to healthy controls was detected. This may indicate that measures of social brain network
volume play a more important role in determining occupational outcomes in those with psychosis
compared to controls. This was also true for the relationship between general cognitive ability and SP
and OF outcomes.

This study has several strengths including 1) the use of the large sample size available in the UK Biobank
2) the use of an independent test cohort withing the UK Biobank for running SEM and 3) The use of
multivariate statistics including several domains of factors (e.g. environmental, cognitive, brain MRI,
genetic) in order to study social and occupational outcomes. There are a number of limitations including
1) The cross-section nature of the data leaves causality and the presence of bidirectional effects
impossible to determine 2) The psychosis cohort is small, leading to a limited ability to detect
moderating effects and limited generalisability in detected effects 3) The UKB imaging cohort are biases
toward being older, healthier and more intelligent than the general population, limiting the generalisability
of our results and 4) The outcomes, although objective, may oversimplify the measurement of social and
occupational functioning.

In this work we highlight that material deprivation may be directly and indirectly linked to social and
occupational function outcomes. Although the mediating effect of social brain network volumetric
measures and cognitive ability is small in this older sample, it highlights that these factors may be
involved in the translation of increased deprivation to poorer psychosocial outcomes. However,
longitudinal analyses are crucial to understand the directionality and robustness of these relationships.
Furthermore, our results suggest that increased SBN volume may provide a more pronounced
occupational function advantage for those with psychosis compared to general population. Even small
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effects of deprivation may have substantial downstream consequences once spread over a large, aging
population. Material deprivation is a modifiable life factor, through targeted economic and policy shift
and this work, followed by extension of findings to a younger cohort, highlights a role for economic and
policy interventions aimed at improving psychosocial outcomes.
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Figure 1

Material deprivation is negatively associated with social and occupational functioning. Mean SP (A) and
OF (B) score per decile of TDI in test cohort. Retired individuals excluded from OF measurement. Data
presented as mean score ± SEM.
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Figure 2

Mediating effects of Social Brain Network (SBN) mean RFE-selected MRI features. Standardised beta
coefficients (β) and p-values reported above each path: *** = p < 0.001; ** = p < 0.01; * = p < 0.05. Overall
mediating β and p-value reported below each path diagram (A-H). SP = Social participation; OF =
Occupational function; TDI = Townsend deprivation index. SBN = Social brain network; FA = Fractional
Isotropy; FC = Functional Connectivity.
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Figure 3

Mediation effects of predicted intelligence (g) on the relationship between material deprivation and social
and occupational outcomes. Standardised beta coefficients (β) and p-values reported above each path: ***
= p < 0.001; ** = p < 0.01; * = p < 0.05. TDI = Townsend Deprivation index; g = predicted general intelligence;
SP = Social participation; OF = Occupational Function.
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Figure 4

Moderating effects  of psychosis experience between brain MRI volume measures and
social/occupational outcomes. Bootstrapped (1000-fold) standardised effect size with 95% confidence
interval for the conditional relationships between brain volumetric measures and SP and OF outcomes.
Panels represent (A) SBN mean cortical volume vs. SP, (B) SBN mean cortical volume vs. OF, (C) SBN mean
subcortical volume vs. SP, and (D) SBN mean subcortical volume vs. OF in healthy controls and individuals
with psychosis.
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