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Abstract: 245/250 words; Word count: 3998/4000 words

Abstract

Background

Social cognitive impairment is a recognized feature of psychotic disorders. However, potential age-related

differences in social cognitive impairment have rarely been studied.

Study Design

Data came from 905 individuals with a psychotic disorder, 966 unaffected siblings, and 544 never-
psychotic controls aged 18-55 who participated in the Genetic Risk and Outcome of Psychosis (GROUP)
study. Multilevel linear models were fitted to study group main effects and the interaction between group
and age on emotion perception and processing (EPP; Degraded Facial Affect Recognition) and theory of
mind (ToM; Hinting Task) performance. Age-related differences in the association between

sociodemographic and clinical factors, and EPP and ToM were also explored.

Study Results

Across groups, EPP performance was associated with age (p =-.02, z =-7.60, C195%: -.02, -.01, p <
.001), with older participants performing worse than younger ones. A significant group-by-age interaction
on ToM (group-by-age interaction: (X?(2) = 13.15, p =.001)) indicated that older patients performed
better than younger ones, while no age-related difference in performance was apparent among siblings
and controls. In patients, the association between negative symptoms and ToM was stronger for younger

than older patients (z =2.16, p = .03).

Conclusions

The findings point to different age-related performance patterns on tests of two key social cognitive
domains. ToM performance was better in older individuals, although this effect was only observed for
patients. EPP was less accurate in older compared with younger individuals. These findings have

implications for when social cognitive training in patients should be offered.

Keywords: aging, schizophrenia, siblings, psychosis, cognition, functional impairment
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Introduction

Individuals with schizophrenia and related psychotic disorders often experience impairments in social
cognition. 2 Social cognition may impact functional outcomes more strongly than non-social cognition
and psychotic symptoms 3. While social cognition, referring to the psychological processes that enable
people to understand social contexts, spans multiple domains (e.g., mentalization or theory of mind
[ToM]), emotion perception and processing (EPP), and social perception, the vast amount of existing
psychosis research has focused on ToM and EPP. However, even within these domains, there are

knowledge gaps.

One concerns the age-related development of ToM and EPP impairment. Some studies suggest that
impairments in EPP and ToM are already present prior to the first psychotic episode %, and that social
cognitive performance in individuals with a psychotic disorder is relatively stable over time ¢ and across
illness phases. > 1% 1! However, the effect of age on social cognitive performance remains largely
unexplored and it is unclear whether potential age-related differences in patients with a psychotic disorder
are comparable to those of never-psychotic individuals. ' One study showed comparable ToM
impairment in young individuals in the early phase and older individuals in more chronic phase of the
illness. '® However, the study did not include a control group, which limits conclusions relating to

‘typical’ age-related functioning.

Further, most, but not all '3, studies suggest that the social cognitive performance of unaffected siblings of
patients lies in between never-psychotic individuals and those diagnosed with a psychotic disorder (for a
review see '4). As siblings share genetic and/or environmental factors that might be related to an increased
risk for psychosis but are not exposed to the effects that are related to having a psychotic disorder (e.g.,
medication, stigma), investigations of social cognition in siblings can help to understand the impact of
risk versus disorder-related mechanisms. Similar social cognitive performance in siblings and controls
while patients diverge as they age, would suggest age-related processes specific to the disorder. Similar
social cognitive performance in siblings and patients, would suggest familial rather than disorder-related

mechanisms.

It remains unknown whether illness-related factors, such as symptom severity, illness duration, and non-
social cognitive impairment relate differentially to social cognition throughout adulthood '3, or whether
possible age-related cognitive processes in psychotic disorders differ by sex. While previous psychosis

studies found only small sex differences (e.g., '®!7), or no sex difference!'®, the potential interaction

http://www.schizophreniabulletin.oupjournals.org
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between age and sex on social cognitive performance in adults with psychotic disorders has not yet been
studied. Finally, social cognition has been related to functional outcomes, but this relationship may vary
with age. Identifying age-related patterns can inform interventions that aim to improve or retain patients

independent functioning, social connections, and a better quality of life as they age.

We investigated these knowledge gaps in a large sample of patients with a non-affective psychotic
disorder, unaffected siblings, and controls from the Genetic Risk and Outcome of Psychosis (GROUP)
study. The cross-sectional data on ToM and EPP comprised 2,415 individuals aged 18 to 55. Specifically,
we examined (1) whether possible group differences in EPP and ToM varied by age, (2) age-related
differences in the cross-sectional associations between EPP, ToM and sociodemographic, and illness
related factors, and (3) explored associations between age related patterns of EPP, ToM at baseline and
everyday functioning of the patient group three years later. Based on previous cross-sectional and

longitudinal work, we expected to find relatively similar ToM and EPP scores by age.

Methods

Study population

Data on 2,415 study participants, including 905 individuals with a non-affective psychotic disorder, 966
unaffected siblings, and 544 never-psychotic controls aged 18-55 were collected in 35 mental health care
institutes across the Netherlands and Belgium. The control group was selected through a random system
of mailings to addresses in the catchment area and were excluded if they had a (history of a) psychotic
disorder, of a first-degree family member with a lifetime psychotic disorder. The GROUP study, a
multisite longitudinal observational study was carried out between April 2004 and December 2013, with
the overall goal to identify vulnerability and protective factors that influence the onset and course of
psychotic disorders.!” The study was approved by the Medical Ethics Committee of the University

Medical Center Utrecht and subsequently by local review boards of each participating institute.

Procedure

Non-social and social cognitive tests were administered first to make sure participants were focused and

fully concentrated. These tests were followed by the PANSS interview and social functioning scale.!®

Materials
Demographic information (i.e., sex, age, ethnicity, study site) and information on illness duration was

captured by means of a general demographic questionnaire at baseline assessment.

http://www.schizophreniabulletin.oupjournals.org
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Assessments of social cognitive functioning

All participants completed at least one social cognition measure in the domain of (i) EPP (i.e., the ability
to infer emotional information from facial expressions), and/or (ii) ToM (i.e., the ability to comprehend
the mental states of others) at baseline assessment:

(i) Emotion perception and processing (EPP)

The computerized Degraded Facial Affect Recognition (DFAR) task, presented participants with 64
photographs of four individuals (two males/two females) expressing happy, angry, fearful and neutral
emotions (16 images for each).?’ To increase difficulty and enhance the contribution of perceptual
expectancies and interpretation, photographs of the faces were passed through a filter resulting in a
reduced visual contrast by 30%. The total scores were calculated by the percentage of total correct

answers per domain, and across domains (DFAR).

(ii) Theory of Mind (ToM)
The Hinting Task 2! measures the ability to infer real intentions behind indirect speech. Ten short
passages read aloud by the interviewer, present an interaction between two characters that included
dropping a hint. Participants had to indicate what the hint meant. If the first response was inaccurate, a
second hint was given, allowing participants to earn partial credit. An example question from the task is:
Rebecca’s birthday is approaching. She says to her Dad, ‘I love animals, specially dogs.’” Question 1:
What does Rebecca really mean when she says this? Answer: She wants her dad to get her a dog for her
birthday. If an incorrect answer given to question 1: Rebecca goes on to say, ‘Will the pet shop be open
on my birthday, Dad?’ Question 2: What does Rebecca want her dad to do? Answer: She wants her dad
to get her a dog for her birthday. Total scores range from O to 20. The Hinting Task has adequate test-
retest reliability, small practice effects, and limited potential for floor effects, although ceiling effects

have been noted. 2233

Face recognition
A measure of the ability to match unfamiliar faces, the short version of the Benton Facial Recognition
Test 2* was used at baseline to assess whether potential deficits in facial affect recognition are accounted

for by general facial-recognition ability.

Non-social cognitive functioning
An abbreviated WAIS-III 2%, comprising the information, arithmetic, block design, and digit symbol
coding subtests, was used to measure performance in the domains of verbal knowledge, working memory,

visuospatial processing, and processing speed, respectively. Here we used baseline IQ estimates.

http://www.schizophreniabulletin.oupjournals.org



oNOYTULT D WN =

Schizophrenia Bulletin. For Peer Review Only

http://www.schizophreniabulletin.oupjournals.org

Page 6 of 26



Page 7 of 26 Schizophrenia Bulletin. For Peer Review Only

1

2

2 Symptom severity

5 For patients, clinical psychotic symptoms at baseline were assessed with the Positive And Negative

g Syndrome Scale (PANSS) 26, consisting of three subscales: positive syndrome scale (item P1-P7), a

8 negative syndrome scale (items N1-N7) and general psychopathology scale (item G1-G16).

9

10

11

12

13 Social functioning

12 The Social Functioning Scale (SFS) 27 measures social functioning in people diagnosed with a psychotic
16 disorder and includes scales for. Here, we focused on interpersonal behavior and prosocial activities

1; subscale only (interpersonal behavior (e.g., number of friends), pro-social activities (e.g., sports, visiting
19 friends). The SFS was assessed at the three-year follow-up.

20

21

;g Data analyses

24 Data release 8.0 was used for the analyses. Group differences in sample characteristics were examined
;2 using x2, t- and Mann—Whitney-U-tests. Raw scores on the social cognitive tests were z transformed

27 against the average scores of the entire study sample (i.e., combining patients, siblings, and controls).

28 . . . T
29 Thus, B values throughout represent standardized effect sizes (ES), with values 0.2, 0.5, and 0.8 indicating
30 small, medium, and large ES, respectively. These z scores were used in all statistical analyses. To account
31

32 for multiple comparisons, a p-value of (0.05 / 3 (number of groups) <) 0.017 was considered statistically
33 significant.

34

35

36

37

38 (1) To examine whether group-differences in EPP and ToM varied by age, multilevel linear models

39

40 (MLMs) were fitted to account for the hierarchical structure of the data (i.e., with random intercepts
41 for family and study site). We examined age-by-group interactions, group, and age as predictors if
42

43 interactions were non-significant. Statistically significant age-by-EPP or ToM interactions were

jg followed up with simple effects analyses. Non-significant age-by-group interactions were removed
46 from the models before interpretation of any main effects. Sex was entered as a covariate in all

47 . . . . .. .
48 models that investigated between group effects. Separate models including IQ as additional covariate
49 (for both EPP and ToM analyses) and including face recognition ability scores (for EPP analyses)
50

51 were also conducted.

52

53

54 (2) To explore whether the association between symptom severity (PANSS positive, negative, and

gg general), illness duration, non-social cognitive impairment (IQ), and socio demographic

57

58

59 7

60 http://www.schizophreniabulletin.oupjournals.org
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characteristics (sex, ethnicity (white/non-white)), in the patient group differed by age, the predictors
were added as interaction (with age) and main effects to the MLM’s separately. Statistically
significant age-by-factor of interest interactions were followed up with simple effects analyses. Non-

significant interactions were removed from the models before interpretation of any main effects.

(3) To explore whether the association between social cognition and social functional outcome varied by
age similar MLM models were run, this time with the social functioning score at three-year follow-up
as dependent variable, and social cognition at baseline, age, and their interaction as predictors. In
sensitivity analyses we separately explored age-related patterns in social functioning. In this MLM
model age-by-group interactions on social functioning were run without adding the social cognition

scores as predictor to the model.

For visualization purposes and ease of interpretation, figures in the main text are presented based on age
categorizations (very early adulthood: 18-25; early adulthood: 26-30; mid-adulthood: 31-40; later-
adulthood: 41-55). The distribution of age categorizations for each group can be found in Supplementary

Table 1.

Results

Group differences in social cognitive performance

EPP: DFAR performance (X?(2) = 91.45, p < .001) and performance in subcategories neutral (X*(2) =
25.49, p <.001), angry (X*(2) =42.62, p < .001), fearful (X?(2) =49.33, p <.001), and happy (X*(2) =
11.01, p < .01) differed significantly between patients, siblings, and controls. Patients showed medium-
sized deficits in the recognition of most emotions in comparison to controls and siblings (DFAR: z = -
8.29 and -8.11, respectively, p <.001; neutral z=-4.51 and -3.95, p <.001; angry: z=-6.03 and -4.91, p
<.001; fearful: z=-6.23 and -5.95, p <.001), except for the recognition of happy faces, where patients
only differed from siblings (z = -3.29, p <.01) but not controls (z =-1.19, p = .23). Siblings performed
marginally worse than controls on the total DFAR (z =-2.55, p = .011). Specifically, they were less
accurate in recognizing fearful emotions (z =-2.35, p <.01), but performed similar to controls for neutral

(z=-1.19, p = .32), angry (z =-2.07, p =.04), and happy emotions (z= 1.7, p = .08).
ToM: The groups differed significantly on the Hinting Task (X?(2) = 240.85, p < .001). Patients

performed worse than controls (z=-13.16, p <.001) and siblings (z =-13.32, p < .001). Siblings
performed in between patients (z=-14.64, p<.001) and controls \ controls (z =-2.41, p = .016).

http://www.schizophreniabulletin.oupjournals.org
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See supplementary table 2 for an EPP and TOM score distribution by group.

(1) Age-related patterns for EPP and ToM skills differ by group

EPP: The group-by-age interactions for DFAR, neutral, happy, and angry were not significant (all p >
.16), suggesting that age differences in EPP followed a similar pattern in all groups (see Figure 1). Across
groups, age was associated with the DFAR (B =-.02, z=-7.60, C195%: -.02, -.01, p <.001), and with the
recognition of happy ( =-.01, z=-4.05, CI95%: -.02, -.005, p <.001), and angry faces (p =-.006, z = -
2.60, CI195%: -.01, -.002, p < .01), such that older participants performed worse than younger ones. The
age effects for DFAR and happy were comparable after controlling for IQ (DFAR:  =-.02, z=-6.92,
CI95%: -.02, -.01, p <.001; happy: B =-.009, z =-3.38, CI95%: -.01, -.004, p = .001), but only
marginally reduced for the recognition of angry faces (B =-.005, z=-2.10, CI95%: -.01, -.0004, p = .04).
No age effect was observed for the recognition of neutral faces (f =-.003, z=-1.16, C195%: -.01, .002, p
=.25). For fearful faces a group-by-age interaction was observed (X*(2) = 7.63, p = 0.02), which
remained after controlling for IQ (X?(2) = 8.58, .01); age effects were significant in all groups, although
effects were stronger in siblings (B = -.03, z =-7.25, CI195%: -.04, -.02, p <.001) than controls (f =-.02, z
=-3.83, CI195%: -.04, -.001, p <.001) and patients (f =-.02, z=-3.87, C195%: -.03, -.01, p <.001).

No age-related differences in face recognition ability, i.e., Benton Facial Recognition Test scores were
observed (f =-.003, z=-1.44, C195%: -.009, .001, p = .15), and all observed DFAR effects were
comparable after controlling for Benton scores. Supplementary Figure 1 shows the individuals graphs

by emotion.

ToM: There was a significant group-by-age interaction on Hinting Task performance (X*(2) = 13.15,p =
.001), where older patients performed better than younger ones (f =.02, z=4.13, CI95% .01, .03, p <
.001) while no such age-related pattern emerged for controls (see Figure 2; f =-.003, z = -.89, C195%: -
.01, .004, p = .38) or siblings (B = .01, z=1.78, CI95% -.001, .01, p = .08). These findings were not
accounted for by IQ differences (group-by-age interaction after controlling for IQ: X?(2) = 10.35,p =
.006).

http://www.schizophreniabulletin.oupjournals.org
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(2) The effect of age on the association between illness factors and EPP and ToM performance in
patients

We conducted exploratory analyses to investigate whether the effect of predictors of social cognitive
performance differed by age. Sociodemographic and clinical correlates (7) of performance on DFAR and

Hinting Task in the patient group are displayed in Supplementary Figure 2.

Patient characteristics

There were no age-by-sex interactions for DFAR (f =-.007, z = -.66, CI195%: -.03, .01, p =.51), and
Hinting Task performance ( = -.003, z = -0.28, CI195%: -.03, .02, p = .78). Removing the interaction
from the models, females outperformed males on the DFAR task (DFAR: B =.24, z=2.63, CI95%: .06,
41, p=.009).

Similarly, no age-by-ethnicity interactions were found (DFAR: f=.02, z=1.21, CI95%: -.001, .04, p =
.23; Hinting Task: = .01, z=0.97, CI195%: -.01, .04, p = .33). Non-white did not differ from white
participants on the DFAR (B =-.02, z=-.27, C195%: -.20, .14, p = .79), but had lower scores on the
Hinting Task (B =-.32, z=-3.14, CI195%: -.52, -.26, p = .002).

Finally, there were no age-by-illness duration interactions (DFAR:  =.0005, z = -.64, CI195%: -.002,
.001, p =.53; Hinting: B =.0007, z=0.76, CI95%: -.001, .002, p = .44). No main effect of illness
duration was detected for DFAR or Hinting Task performance (DFAR: B =.005, z = .55, C195%: -.01,
.02, p = .58; Hinting: f = -.006, z = -.63, CI195%: -.03, .01, p = .53).

Symptom severity

We observed a marginal age-by-negative symptom interaction for the Hinting Task, suggesting a slightly
stronger association between negative symptoms and ToM performance in younger participants (f = .01,
z=2.16, CI95% .001, .03, p = .031). There was no interaction for the DFAR ( =.004, z = .68, C195% -
.007, .02, p = .50). Regardless of age, higher negative symptom severity was associated with poorer

DFAR performance (DFAR: B =-.18, z=-4.24, C195%: -.26, -.10, p = .009).

http://www.schizophreniabulletin.oupjournals.org

Page 10 of 26



Page 11 of 26

oNOYTULT D WN =

Schizophrenia Bulletin. For Peer Review Only

There were no significant age-by-positive symptom interactions on social cognitive performance (DFAR:
B =.006, z= .88, CI95%: -.007, .02, p = .38; Hinting: § =.005, z = .62, CI95%: -.01, .02, p = .54).
Participants with higher positive symptoms performed worse on DFAR and Hinting task (DFAR: = -
13,z=-2.72, C195%: -.23, -.04, p = .007; Hinting: B = -.23, z = -4.14, CI195%: -.35, -.12, p < .001).

No age-by-general symptom interactions were observed (DFAR: f =.003, z=0.35, CI95%: -.01, .02, p =
.72; Hinting: B =.009, z = .93, CI95%: -.01, .03, p = .35), but general symptoms had a negative
association with performance of both social cognitive tests (DFAR: B =-.21, z=-2.95, C195%: -.35, -.07,
p =.003; Hinting: B =-.46, z=-5.60, CI195%: -.61, -.30, p <.001).

Non-social cognition

There were no age-by-I1Q interactions for DFAR (B <.0001, z = -.05, CI95%: -.0006, .0005, p = .96) or
Hinting Task (B =-.0002, z=-.91, C195%: -.0009, .0003, p = .36). 1Q predicted DFAR (B =.01,z=5.97,
CI95%: .009, .02, p <.0001) and Hinting Task performance (f =.02, z=10.95, C195%: .02, .03, p <
.0001), regardless of age.

(3) EPP and ToM as a predictor of social functioning across ages

We explored the association between DFAR and Hinting Task performance, age and two indices of social
functioning three years later (see Supplementary Table 3 for a partial correlation matrix). There was no
interaction between DFAR and age at baseline on interpersonal functioning or prosocial activities at
follow-up (both p > .15). Regardless of age, DFAR performance was significantly associated with
interpersonal functioning (f = 1.91, z=2.51, CI95%: .42, 3.40, p <.01), but not with pro-social activities
(p = .30). There was no interaction between Hinting Task performance and age at baseline on
interpersonal functioning or prosocial activities at follow-up (both p > .22). Regardless of age, Hinting
Task performance was marginally associated with interpersonal functioning ( = 1.59, z = 2.35, C195%:

.26,2.91, p =.02), but not with pro-social activities (p =.76).

Sensitivity analyses: age-related patterns in social functioning among the patient group

MLM models exploring age-related differences in social functioning revealed an age effect for prosocial
activities. In this model, participation in pro-social activities was significantly lower among older patients
(B=-.23,z=-2.96, CI95%: -.39, -0.08, p = .003). No age-related differences were observed for
interpersonal functioning (f =-.19, z=-.12, C195%: -.41, .03, p = .09).

http://www.schizophreniabulletin.oupjournals.org
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Discussion

This large cross-sectional study provides the first comprehensive analysis of age-related differences in
EPP and ToM impairment in individuals with a non-affective psychotic disorder, unaffected siblings, and
never-psychotic controls. Group differences in EPP were unrelated to age. Across groups, EPP was worse
in older compared with younger individuals. In contrast, in patients ToM was better in older than in
younger individuals, while ToM was not significantly related to age in never-psychotic controls or
siblings. In patients, associations between EPP and ToM and most sociodemographic and clinical factors
of interest did not vary with age. Interestingly, however, the association between negative symptoms and
ToM appeared somewhat stronger for younger than for older patients. Finally, both ToM and EPP were
positively associated with interpersonal functioning, but not with prosocial activities across all ages.

Findings from this study add to the literature in several important ways.

First, our results suggest that EPP impairment in patients diagnosed with a non-affective psychotic
disorder is stable across ages. Regardless of group, EPP was worse in older individuals, with group
differences between patients, unaffected siblings, and never-psychotic controls that were of similar
magnitude across the adult lifespan. The observed age-related worsening of EPP is in congruence with
studies of normative aging that show declining EPP from mid adulthood 2%, and previous work in samples
with schizophrenia.!” Several, non-exclusive, theories have been proposed to explain this decline. From
an evolutionary perspective it might be more important for younger people to accurately recognize others’
emotions to enable learning from others, to promote partner selection, or to avoid risk in social
situations.? This ‘survival’ theory is also supported by neuroimaging research, which showed that
viewing negative emotional expressions is associated with less amygdala activation in older than younger
adults. 393! Other work suggests that age-related changes in EPP might be due to changes in the visual
scan paths of faces; changes that may be related to normative age-related changes in executive
functioning.’ We also cannot rule out that task characteristics contributed to the age-related differences in
EPP, as suggested previously3?, for example, bias may arise due to participants being presented with
mostly young faces in the DFAR. However, studies that test whether own-age faces are recognized more

accurately than other-age faces are limited in number and report inconsistent results.3

Second, our results suggest that differences in ToM between patients, unaffected siblings and never-
psychotic controls are smaller in individuals in their early to mid-50’s, in line with previous work.’> Age-
related improvements on the Hinting Task in patients with schizophrenia, but not controls have previously
been reported.!” There are various potential explanations. First, the smaller difference may suggest that

patients ‘regain some function’ during the later phase of the illness when they might have adjusted to
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some of the negative consequences, such as negative symptoms. The weaker association between Hinting
Task performance and negative symptoms in older individuals supports this idea. In addition, initial
ceiling effects in controls and siblings may have prevented us from noticing any further age-related
improvement. Ceiling effects on the Hinting Task have been reported previously. 3¢ Studies making use of
different ToM tasks could shed light on this. However, possibly patients may be catching up with controls
in ToM performance as they age because of gained experience and/or practice with social situations.
Alternatively, around the age of 50 controls and siblings (to a lesser degree) may start to show decline
that already occurred earlier in patients. Supportive of this hypothesis are studies which show age-related
declines in ToM in healthy individuals that are associated with declines in other cognitive function, such
as attention and working memory. 2537 It is also possible that the larger deficits in our younger patient
group are due to their earlier onset of the disorder. An early illness onset may disrupt the development of
ToM and/or may be related to a distinct neural pathology where disease mechanisms interact with neural
development.’® As recently suggested by Armando, Hutsebaut, Debbané *°the arrested development in the
specialization of social cognition during adolescence and early adulthood may account for residual social
functioning impairment in psychosis. Thus, individuals with an earlier illness onset may follow different
cognitive and social functioning trajectories over time. While meta-analyses suggest that age of onset
might not relate to the magnitude of ToM difficulties, whereas illness duration does #°, longitudinal
studies including large social cognitive test batteries are needed to formally investigate this. If our
findings were corroborated in such studies, this would suggest that young adulthood may offer a very
good window of opportunity for social cognitive interventions that can promote the development of social
cognitive skills*' and that may positively impact on patients social functioning further down the line.> 4
Vice versa, a potential beneficial downstream effect on social functioning and the additional early

application of interventions that address social skills and deficits may foster ToM across the life span.

Finally, associations between EPP and ToM and most sociodemographic and clinical factors of interest
did not vary with age and ToM and EPP significantly predicted interpersonal functioning, but not
prosocial activities across all ages. These results tentatively suggest that interventions that aim to improve

or retain patients interpersonal functioning are useful across the entire adult lifespan.

Our results need to be interpreted considering several limitations. First, we cannot rule out age-associated
effects in EPP or ToM in early life or late adulthood since our youngest and oldest participants were 18
and 55, respectively. For instance, non-social cognition and functional outcome psychosis studies, a
second period of decline beyond the age of 65 has been suggested. 4>4* Future research is needed to

further explore whether cognitive processes show different patterns in individuals with a psychotic
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disorder from healthy controls after the age of 55.

Second, individuals with better EPP/ToM may have been more likely to participate in this study,
particularly in certain age groups. For example, the older age group, which was substantially smaller may
have presented individuals with overall better functioning in various domains. In a similar vein, it is
possible that young patients with more severe EPP/ToM impairments may have been overrepresented in
the study because they were more likely to be pushed to participate by family members or staff, in
comparison to older patients.

Third, our findings regarding the two social cognitive domains require replication using larger
test batteries that cover each domain in greater detail and that tap into other domains as well. Future
studies should consider the reliability of tests in older age groups. For example, DFAR faces are all young
to mid adulthood and it may be that participants are particularly skilled in recognizing emotions of similar
aged peers. Relatedly, and regarding social cognition, ceiling effects, cultural differences and cultural
sensitivity of the stimulus and test materials should be considered.

Fourth, it is important to note that some individuals in the control and sibling group had
diagnoses that might have impacted on their social cognitive functioning. As such the current findings
represent a conservative estimate of differences between the included participant groups.

Finally, any age-related differences in EPP and ToM need to be investigated longitudinally; the
cross-sectional nature of our study cannot speak to life-time trajectories of ToM and EPP within person

and may be subject to cohort effects.

To conclude, our findings suggest that, at least without intervention, EPP and ToM impairments are
present in individuals with a non-affective psychosis across adulthood. Our results show that EPP and
ToM impairment is associated with poorer interpersonal functioning both in younger and older patient
groups but suggest that younger individuals might benefit particularly from support with ToM skills,
whereas older individuals might be more likely to benefit from support with EPP skills. Longitudinal

research is needed to gain much needed insights into age-related trajectories of social cognition.
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Table 1 displays the sociodemographic and clinical characteristics of the GROUP study sample.

Table 1. Study sample characteristics

Patients® Siblings® Controls® Statistics**
(n=905) (n=966) (n = 544)
Female (n, (%)) 198 (21.88) 526 (54.45) 301 (55.33) P<S,C
Age (mean, (sd)) 27.74 (7.47) 28.61 (7.77) 31.26 (10.21) P<S<C
IQ (mean, (sd)) 94.74 (16.26) 102.88 (15.60) 110.11 (15.14) P<S<C
White (n, (%)) 673 (78.81) 780 (83.60) 492 (92.83) P<S<C
Antipsychotics yes (n, %) 874 (99.5)
Benton face recognition (mean, (sd)) 22.75 (2.32) 23.22 (2.15) 23.19 (2.02) P<S,C
Social Functioning (mean, (sd))* 112.43 (9.42) 122.20 (6.70) 123.94 (5.63) P<S<C
Interpersonal Score 124.47 (19.53) 138.48 (12.69) 140.74 (10.38) P<S<C
Prosocial activities 113.1(13.88) 120.95 (11.58) 123.39 (10.12) P<S<C
DFAR (mean, (sd)) 68.30 (10.75) 72.47 (9.27) 73.35(9.18) P<S,C
DFAR neutral 77.92 (17.29) 81.71 (14.81) 82.41 (14.42) P<S,C
DFAR happy 86.85 (12.69) 88.11 (10.63) 87.45 (11.02) P<S
DFAR fearful 48.27 (20.24) 53.04 (19.20) 54.78 (18.38) P<S,C
DFAR angry 63.95 (21.02) 70.34 (19.27) 72.05 (18.48) P<S,C
Hinting Task (mean, (sd)) 17.54 (2.78) 18.87 (1.62) 19.13 (1.26) P<S<C
PANSS positive (weight. mean, (sd)) 1.81 (.76)
PANSS negative (weight. mean, (sd)) 2.03 (.87)
PANSS general (weight. mean, (sd)) 1.75 (.52)
Age of 15t psychosis (mean, (sd)) 23.31(6.95)
Illness duration in yrs. (mean, (sd)) 4.62 (4.50)

* measured at three-year follow-up, ** differences significant at 0.05. DFAR = Degraded Facial Affect Recognition; IQ =

Intelligence Quotient; PANSS = Positive and Negative Syndrome Scale
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Figure 1. Age-related performance on the Degraded Facial Affect Recognition (DFAR) task across groups,

adjusting for sex, family ID (in case multiple individuals from one family participated in the study) and study site.
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Figure 2. Age-related performance on the Hinting Task across groups, adjusting for sex, family ID (in case multiple

individuals from one family participated in the study) and study site.
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Supplementary Table 1. Age distribution by age categorizations

Patients » Siblings Controls ¢ Statistics
n (%), mean (SD) n (%), mean (SD) n (%), mean (SD)
Age 18-25 434 (47.96),21.89 (2.17) 408 (42.24),21.78 (2.28) 213 (39.15),20.93 (2.34) C#P, S
Age 26-30 206 (22.76),27.70 (1.38) 233 (24.12), 28.03 (1.37) 72 (13.24),27.76 (1.51)
Age 31-40 197 (21.77),34.57 (2.72) 238 (24.64), 34.76 (2.70) 120 (22.06), 35.45 (2.91)
Age 41-55 68 (7.51), 4547 (4.20) 87 (9.01), 45.40 (3.68) 139 (25.55), 45.27 (3.08)

Supplementary Table 2. Z-distribution of social cognition scores by group

Z score Patients » Siblings ¢
DFAR n (%) Hints n (%) DFAR n (%) Hints n (%) DFAR n (%) Hints n (%))

Z<-3 15 (1.8) 41 (4.7) 2(0.2) 5(0.5) 1(0.2)

=-3to-2 34 (4.1) 39 (4.5) 7(0.8) 7(0.7) 6(1.2) 3(0.6)
Z=-2to-1 123 (14.7) 168 (19.3) 81 (9.0) 59 (6.2) 35(6.8) 18 (3.4)
Z=-1t00 331 (39.7) 237 (27.3) 291 (32.4) 224 (23.6) 151 (29.5) 111 (10.8)
Z=0to1 244 (29.3) 384 (44.2) 343 (38.2) 654 (68.9) 199 (38.9) 403 (75.3)
Z=1t02 84 (10.1) - 160 (17.8) - 113 (22.1) -
7>2 3(0.4) - 15 (1.7) - 6(1.2) -
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Supplementary Table 3. Z-distribution of social cognition scores by age group

Z score Age 18-25 Age 26-30 Age 31-40 Age 41-55

oNOYTULT D WN =

9 DFARn (%) Hintsn (%) DFARn (%) Hints n (%) DFAR n (%) Hints n (%)) DFAR n (%) Hints n (%))

11 7<3 9(0.9) 28(2.7) 4(0.8) 12 2.4) 1(0.2) 4(0.7) 4(15) 2(0.7)
Z=-2t0-3 18 (1.8) 23 (2.2) 11(2.3) 10 (2.0) 9(1.8) 13 (2.4) 9(3.3) 3(1.0)
14 Z=-2to-1 80 (8.1) 133(13.0)  58(12.3) 49 (9.9) 68 (13.2) 42(7.8) 33 (12.0) 21(7.2)
16 Z=-1100 336 (342)  259(252)  147(31.1)  121(24.3) 214 (41.6) 131 (24.3) 114 (41.5) 61 (21.0)
18 Z=0to1 346 (352)  583(56.8)  183(38.8)  305(61.4) 181 (35.2) 350 (64.8) 76 (27.6) 203 (70.0)
Z= 1102 180 (18.3) ! 66 (14.0) I 72 (14.0) - 39 (14.2) !

21 z>2 14 (1.4) | 3(0.6) | 7(1.4) - I |
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Supplementary Table 4. Correlations between study measures, unadjusted and adjusted for age

Page 24 of 26

DFAR total Hinting task SFES interpersonal ~ SFS prosocial Ethnicity Illness duration PANSS pos Panss neg
Unadj. Adj. Unadj Adj for Unadj Adj. Unadj Adj for Unadj. Adj for | Unadj Adj. Unadj Adj. Unadj Adj. Unadj Adj. Unadj Adj.
for age for age for age age for age forage | forage age for age age forage | forage for age for age for age for age for age for age | for age for
age
Hinting 0.23 0.24
task
SFS 0.18 0.19 0.24 0.24
interpers.
SES pros 0.14 0.13 0.13 0.13 0.50 0.49
Ethnicity -0.01 -0.02 -0.05 -0.04 -0.09 -0.08 -0.02 -0.02
Sex 0.16 0.18 0.19 0.18 0.22 0.21 0.11 0.12 -0.03 -0.02
IQ 0.20 0.21 0.35 0.35 0.27 0.27 0.16 0.17 -0.12 -0.12 0.006 | -0.003
Patient group only:
Illness -0.009 0.03 0.03 -0.02 -0.06 -0.05 -0.10 -0.06 0.02 0.04 0.05 -0.04 0.05 0.04
duration
Age of 1% -0.07 -0.01 0.11 0.03 -0.08 -0.06 -0.06 0.04 -0.04 -0.04 0.20 0.09 0.006 -0.04 -0.17 -
psychosis
PANSS -0.14 -0.15 -0.25 -0.24 -0.32 -0.32 -0.24 -0.25 0.07 0.07 -0.22 -0.21 -0.25 -0.24 0.09 0.13
positive
PANSS -0.19 -0.20 -0.38 -0.37 -0.42 -0.42 -0.34 -0.34 0.09 0.09 -0.27 -0.25 -0.37 -0.36 -0.07 -0.03 0.47 0.47
negative
PANSS -0.15 -0.16 -0.30 -0.29 -0.39 -0.39 -0.30 -0.31 0.06 0.06 -0.25 -0.23 -0.31 -0.30 -0.002 0.06 0.74 0.74 0.70 0.69
general

DFAR = Degraded Facial Affect Recognition, SFS = social functioning scale (measured at three-year follow up), PANSS = Positive and Negative Syndrome Scale
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Supplementary Figure 1. Age-related performance on the degraded facial affect recognition (DFAR) task by emotion type across groups, adjusting for sex and accounting
for family ID and recruitment centre.
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Supplementary Figure 2. Socio-demographic and clinical correlates of performance on the DFAR and Hinting Task in the patient group.
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DFAR = degraded facial affect recognition, PANSS_pos = Positive and Negative Syndrome Scale, positive symptoms subscale, PANSS neg = PANSS negative symptoms subscale,
PANSS_gen = general symptoms subscale SFS = Social Functioning Scale
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