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(r rb = -0.57) compared to SZ (  

nostically associated with the S  

p < 0.05). DSST, but not FERT, re  

formance, however the associat  

FERT performances did not chan
Taken together, ToM deficits are
is partly related to reduced info
© 2022 The 
This is an open 
( http://creativecommons.org/li

1

S
i
t
q
i
(
a
d
(
S
f
i
a
c
2
o
t
c

t
t
m
f
(  

t
t
o
m  

s

p
n
m  

i
b  

t
d
s
t
m
t

i
s
t
2
a
m  

M  

2
f  

2  

F  

d
d
a
o
a

. Introduction 

ocial dysfunction is broadly defined as a reduced capac- 
ty of integrating behavioural, cognitive and affective skills 
hat are important for social interactions, which subse- 
uently lead to behaviour that within the social context 
s judged by others as inflexible, rude or inappropriate 
 Porcelli et al., 2019 ). Social dysfunction is often observed 
s an early common symptom in various neuropsychiatric 
isorders, including – but not limited to - schizophrenia 
SZ) and Alzheimer’s disease (AD) ( Porcelli et al., 2019 ; 
aris et al., 2022 ). From a clinical point of view, identi- 
ying individuals with social dysfunction is of paramount 
mportance since it greatly influences their quality of life 
nd mortality risk, and it also places a large burden on 
aregivers ( Hawkley & Cacioppo, 2010 ; Holt-Lunstad et al., 
010 ; Dickerson, 2015 ). However, despite the large burden 
f social dysfunction on patients and their caregivers, po- 
ential driving forces behind social dysfunction in neuropsy- 
hiatric disorders have not been examined extensively. 
While SZ and AD patients differ in clinical symptoms, 

here may be groups of patients with similar social dysfunc- 
ion across SZ and AD ( Saris et al., 2022 ). Examining which 
echanisms contribute to or increase the risk of social dys- 
unction may result in useful new transdiagnostic insights 
 Kas et al., 2019 ). In recent years, it has become clear that
he diagnostic categories based on clinical consensus fail 
o cover the clinical heterogeneity within and across dis- 
rders and in most cases do not reflect underlying disease 
echanisms ( Insel et al., 2010 ; Kas et al., 2019 ). The Re-
earch Domain criteria (RDoC) framework presents a new 
20 
present in neuropsychiatric disorders of schizophrenia (SZ) and 
ry of Mind (ToM) deficits have been linked to social dysfunc-
 Nevertheless, it remains unclear how ToM is related to social
rs, and which factors contribute to this relationship. We inves- 
ons between ToM and social functioning among SZ/AD patients 
ored to what extent these associations relate to information 
ion recognition capacity. A total of 163 participants were in-
 age-matched controls: n = 57). Social functioning was assessed
le (SFS) and the De Jong-Gierveld Loneliness Scale (LON). ToM
Task. Information processing speed was measured by the Digit
 and facial emotion recognition capacity by the facial emotion 
ontrol deficits in Hinting Task performance were larger in AD 
r rb = -0.35). Poorer Hinting Task performance was transdiag-
FS ( βHinting-Task = 1.20, p < 0.01) and LON ( βHinting-Task = -0.27,
duced the association between the SFS and Hinting Task per-
ion remained significant ( βHinting-Task = 0.95, p < 0.05). DSST and
ge the association between LON and Hinting Task performance. 
 transdiagnostically associated with social dysfunction and this 
rmation processing speed. 
Author(s). Published by Elsevier B.V. 
access article under the CC BY license 
censes/by/4.0/ ) 

aradigm which advocates an understanding of clinical phe- 
omena and their neurobiobehavioural basis that may span 
ultiple disorders ( Insel et al., 2010 ). In the end, this may

mprove precision medicine by classifying mental disorders 
ased on the pathophysiology ( Insel et al., 2010 ). In view of
he RDoC framework, the Psychiatric Ratings using Interme- 
iate Stratified Markers (PRISM) consortium focuses on the 
hared and unique biological basis of social dysfunction in 
wo diverse neuropsychiatric disorders - SZ and AD - to ulti- 
ately accelerate the discovery and development of novel 
reatments for these disorders ( Kas et al., 2019 ). 
One of the driving forces behind social dysfunction are 

mpairments in social cognition. This could be defined as the 
et of cognitive processes, such as Theory of Mind (ToM), 
hat are essential for social interactions ( Porcelli et al., 
019 ). ToM is the ability to notice and interpret one’s own, 
s well as other’s intentions, emotions and beliefs, and 
ay be impaired in both SZ and AD ( Green et al., 2015 ;
oreau et al., 2016 ; Lucena et al., 2020 ; Kessels et al.,
021 ). Some studies have linked ToM deficits to social dys- 
unction in either SZ or AD ( Roncone et al., 2002 ; Bora et al.,
006 ; Brown et al., 2014 ; Dodell-Feder et al., 2014a ; Dodell-
eder et al., 2014b ; El Haj et al., 2015 ). However, how ToM
eficits are related to social dysfunction across these disor- 
ers has not been investigated. ToM can be measured with 
 large variety of instruments that assesses different parts 
f the concept. One of the most widely used instruments to 
ssess ToM is the Hinting Task, which has been linked to so- 

http://creativecommons.org/licenses/by/4.0/
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ial functioning in SZ ( Corcoran et al., 1995 ; Bora et al., 
006 ; Brown et al., 2014 ; Eddy, 2019 ). The Hinting Task 
easures the ability to infer intent from indirect speech re- 
uests and, therefore, assesses the more cognitive aspects 
f ToM (‘reading between the lines’) ( Corcoran et al., 1995 ). 
How could ToM impact social functioning? There are at 

east two important processes involved: information pro- 
essing speed and facial emotion recognition capacity. Ad- 
quate social functioning requires real time perception of 
ocial information from speech, body language or facial ex- 
ressions, for which basic general cognitive functioning in- 
luding information processing speed must be intact and, 
ore particularly, visual recognition of facial emotions must 
e adequate ( Adolphs, 2009 ; Charlton et al., 2009 ; Ayesa- 
rriola et al., 2016 ). Information processing speed, which 
s reduced in both SZ and AD, has a tight association with 
igher order cognitive processes such as social function- 
ng ( Nestor et al., 1991 ; van Hooren et al., 2008 ; Ayesa-
rriola et al., 2016 ; Haworth et al., 2016 ; Deckler et al., 
018 ; Lindgren et al., 2018 ; Sjolie et al., 2020 ). Addition- 
lly, facial emotion recognition capacity is often observed 
o be reduced in both SZ and AD ( Green et al., 2015 ; Jani
 Kasparek, 2018 ; Torres Mendonca De Melo Fadel et al., 
019 ; Lee et al., 2020 ; de la Torre-Luque et al., 2021 ). Pre-
iously, our consortium showed that facial emotion recogni- 
ion capacity was associated with social dysfunction across 
Z and AD ( de la Torre-Luque et al., 2021 ). As facial emotion
ecognition capacity is important for the perception of so- 
ial information, it is possible that it may also play a role in 
otential associations between ToM and social functioning 
 Adolphs, 2009 ). 
The current study aimed to investigate the transdiagnos- 

ic relationship between ToM and social functioning among 
Z/AD patients and healthy controls. We set out to ex- 
lore to what extent these potential associations between 
oM and social functioning relate to information processing 
peed or facial emotion recognition capacity. We hypoth- 
size that ToM is transdiagnostically associated with social 
unctioning and that these associations are partly depen- 
ent on information processing speed and facial emotion 
ecognition capacity. This study will contribute to the un- 
erstanding of the factors that are related to social dys- 
unction across neuropsychiatric disorders. 

. Experimental procedures 

.1. Participants 

ata for the current study were derived from the EU-funded 
RISM Project, which examines the transdiagnostic value of social 
ysfunction and its biological and behavioural correlates among 
ndividuals with SZ (n = 56), probable AD (n = 52), and two age-
atched healthy control groups (SZ controls : n = 29, AD controls : n = 28)

 Kas et al., 2019 ). All data used were collected at Assessment visit
 of the PRISM study. Two participants (AD patients) did not com- 
lete social functioning questionnaires, leaving 163 participants for 
nalyses. 
Participants were recruited between July 2017 and March 2019 

rom five different recruiting sites in Spain (Hospital General 
niversitario Gregorio Marañón and Hospital Universitario de La 
rincesa) and the Netherlands (University Medical Center Utrecht, 
21 
U University Medical Center Amsterdam and Leiden University 
edical Center). The study was approved by the Ethics Review 

oard of corresponding countries and by local review boards of 
ll participating centers. All participants provided verbal and writ- 
en informed consent. Rationale and implementation for the PRISM 

tudy is described in depth elsewhere ( Bilderbeck et al., 2019 ; 
as et al., 2019 ; van der Wee et al., 2019 ). 

.2. In- and exclusion criteria 

Z patients were eligible if they had a) a diagnosis of SZ (confirmed
sing the Mini-International Neuropsychiatric Interview (MINI)), b) 
 maximum of 15-year disease duration since diagnosis, c) an age 
etween 18-45 years, and d) a score of ≤22 on the 7-item posi-
ive subscale of the positive and negative syndrome scale (PANSS) 
o rule out an active psychotic episode hampering adequate study 
articipation ( Kay et al., 1987 ; Bilderbeck et al., 2019 ). SZ patients
ere excluded when they were a danger to themselves or others, 
s judged by the clinician. 
AD patients were eligible if they had: a) a diagnosis of probable 

D (meeting the National Institute on Aging and the Alzheimer’s As- 
ociation criteria), b) a Mini-Mental State Examination (MMSE) score 
etween 20-26 (indicating mild AD), and c) an age between 50-80 
ears ( Folstein et al., 1975 ; Tombaugh & McIntyre, 1992 ; Jack et al.,
018 ). Multiple strokes, either based on clinical judgement, med- 
cal history or imaging results were exclusion criteria for the AD 
atient group. 
For both the SZ and AD patient groups, additional exclusion crite- 

ia were: a) a diagnosis of a current severe Major Depressive Disor-
er DSM-IV diagnosis (as assessed with the MINI and with a Quick In-
entory of Depressive Symptomatology, Self-Rated (QIDS-SR) ≥16), 
) a diagnosis of any other primary psychiatric diagnosis that re- 
uired intervention, c) alcohol or drug abuse/dependence within 
he previous 3 years (as assessed with the MINI), d) severe Parkin- 
onism as a consequence of antipsychotic medication (as assessed 
ith a score ≥4 on the Extrapyramidal Symptom Rating Scale), e) 
nstable comorbid somatic disorders potentially affecting the cen- 
ral nervous system (CNS), and f) unstable use of medication that 
ould affect the CNS (e.g. started or changed dosage within last 8
eeks) ( Sheehan et al., 1998 ; Rush et al., 2003 ). 
The SZ controls and AD controls were matched on sex and age with 

he SZ (between 18-45 years) and AD (between 50-80 years) groups, 
espectively. Exclusion criteria for the control groups were: a) a 
istory of psychiatric Axis-I disorder (as confirmed by the MINI) or 
eurological disease associated with cognitive impairment, b) mild 
r more severe depression (score > 5 on the QIDS-SR), and c) current
r prior use of antidepressant or anxiolytic medication including 
enzodiazepines, or other prescribed medication in the last 6 weeks 
hat may affect the CNS. 

.3. Demographics and clinical characteristics 

 semi-structured interview on sociodemographic and medical data 
as conducted (i.e., age, sex, years of education). Cognitive dys- 
unction was estimated in AD patients using the Alzheimer’s Disease 
ssessment Scale – Cognitive subscale (ADAS-cog) which includes 
3 tasks involving both subject-completed test and observer-based 
ssessments such as word recall, naming objects, and orientation 
 Rosen et al., 1984 ). Current states of positive and negative symp-
oms in SZ patients were measured using the PANSS ( Kay et al.,
987 ). 
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.4. Social dysfunction indicators 

ifferent instruments were used to measure social dysfunction. 
he Social Functioning Scale (SFS) ( Birchwood et al., 1990 ) is 
 self-rated questionnaire consisting of seven subscales; social 
ithdrawal, interpersonal functioning, independence-competence, 
ndependence-performance, recreational activities, prosocial ac- 
ivities, and employment. The subscale ‘employment’ was ex- 
luded, since most participants were retired in the AD and AD controls 
roup introducing a bias as confirmed by the significant association 
ith age and in line with reporting in a previous study ( Morejon 
 G-Boveda, 2000 ). The total SFS score was used as the outcome
easure in the analyses. A lower SFS score indicates more so- 
ial dysfunction. Additionally, perceived loneliness was assessed 
ith the 11-item de Jong-Gierveld Loneliness Scale (LON) ( de Jong- 
ierveld, 1987 ). A higher score indicates more perceived loneli- 
ess. 

.5. Theory of mind (ToM) 

oM was measured using the Hinting Task, a pen-and-paper dia- 
ogue based interview that measures higher-order social cognition 
 Corcoran et al., 1995 ). Ten short stories were told in which one
ubtle and implicit message (a ‘hint’) is expressed by one person 
o another in each story. The subject had to identify the indirect 
essage when first asked. If the answer was correct, 2 points were 
iven. However, if the answer was wrong, a cue was given and the
ubject was asked a second question for half the points compared 
o the unaided question. Therefore, a total score can range from 0 
o 20. A lower score implicates a decreased capability in mentalis- 
ng and thus a lower ToM. The Hinting Task has strong psychometric 
roperties and links to functional outcomes in SZ, but has not been 
nvestigated in AD ( Pinkham et al., 2016 ). 

.6. Information processing speed and facial emotion 

ecognition 

nformation processing speed was measured using the digital 
ersion of the Digit Symbol Substitution Test (DSST) which in- 
olves matching symbols to numbers according to a certain key 
 Jaeger, 2018 ). The used outcome score is constructed by adding 
he number of correctly coded symbols within 90 seconds. DSST 
erformance links to the ability to perform activities of daily living 
 Jaeger, 2018 ). 
The facial emotion recognition task (FERT) is a computer- 

enerated task that requires participants to interpret and cate- 
orise briefly displayed (500 ms) emotional expressions (happiness, 
adness, fear, disgust, surprise, anger, or neutral) ( Montagne et al., 
007 ). The emotions are displayed at 10 different intensities (10% 
o 100% in steps of 10%). The endpoint of the FERT task was the
ccuracy rate (expressed as a percentage) for all emotions. The 
ERT task has effectively been administered in various clinical sam- 
les, including SZ and AD, and is able to detect subtle differ- 
nces between healthy subjects, showing the robustness of this task 
 Montagne et al., 2005 ; Montagne et al., 2007 ; Catalan et al., 2016 ;
hlmann et al., 2018 ; Kessels et al., 2021 ). 

.7. Statistical analyses 

eneral demographic and clinical characteristics of the four study 
roups (SZ, AD, SZ controls , AD controls ) were described using χ2 for di- 
hotomous variables and Student’s t-tests for continuous variables, 
22 
r in case of violating assumptions of parametric testing, the Mann- 
hitney U test. Effect sizes were estimated by calculation rank- 
iserial correlation coefficients (r rb ), comparing Hinting Task per- 
ormance in patient groups to their matched controls. 
Linear regression analyses were conducted to study the trans- 

iagnostic relationship between Hinting Task performance (the in- 
ependent variable) and SFS or LON scores (the dependent vari- 
bles) among SZ/AD patients and healthy controls, while adjust- 
ng for age, sex, years of education and country. Here a model
ationale was followed by first assessing whether the potential 
ssociations between Hinting Task performance and SFS or LON 
cores were dependent on disease status or patient status. Dis- 
ase status and patient status were dummy variables (coded: 
isease status: SZ/AD = 0, SZ controls /AD controls = 1 & patient status:
Z = 0, AD = 1) that were included as interaction-effect terms with
inting Task performance. These dummy variables were excluded 
rom the models if associations between Hinting Task perfor- 
ance and SFS or LON scores did not depend on disease status
nd patient status. A post hoc sensitivity analysis was performed 
o examine whether the potential association between Hinting 
ask performance and SFS score was not driven by a specific SFS
ubscale. 
We further explored to what extent the potential associations 

etween Hinting Task performance and SFS or LON scores were 
ndependent of DSST or FERT. Firstly, Spearman correlations de- 
cribed associations between these measures in the overall sample. 
ubsequently, we included DSST and FERT as independent variables 
n the models that described the transdiagnostic relationship be- 
ween Hinting Task performance and the total SFS score and LON. 
All analyses were conducted using RStudio 1.1.463, and a two- 

ailed significance level of p < 0.05 was considered statistically 
ignificant. 

. Results 

able 1 shows the demographics and clinical characteris- 
ics of the study participants. The patient groups were age- 
nd sex matched to their respective controls. The major- 
ty of SZ patients used antipsychotics (89.3%), with some 
lso using an antidepressant (19.6%). Nearly half (46%) of 
he AD patients used AD-specific medication (e.g. acetyl- 
holinesterase and/or NMDA receptor antagonist), while 
ome also used an antidepressant (16.0%). SZ and AD pa- 
ients had less years of education compared to SZ controls . In 
Z, the mean current positive and negative symptoms mea- 
ured with the PANSS were, respectively, 11.0 (SD ± 3.4) and 
4.6 (SD ± 6.2), indicating mild clinical symptoms. More- 
ver, the AD group had a mean ADAS-cog of 26.9 (SD ±7.2),
hich indicates mild dementia symptomatology. SZ patients 
ad lower total SFS scores and higher LON scores compared 
o all other groups. Furthermore, AD patients had lower to- 
al SFS scores compared to the control groups, while their 
ON scores were similar to AD controls . Performance on the 
inting Task, DSST and FERT was lower in the patient groups 
ompared to their controls and lower in AD compared to SZ. 
ig. 1 shows the distribution of Hinting Task performance in 
ach study group and the effect sizes for the differences be- 
ween patient groups and controls. The effect size compar- 
ng patient groups and controls was larger in AD (r rb = -0.57)
ompared to SZ (r rb = -0.35). 
To investigate whether Hinting Task performance was 

ransdiagnostically associated with SFS and LON scores in 
ur sample, we first investigated whether these associations 
iffered by disease or patient status. Table 2 shows the as- 
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Table 1 Baseline characteristics by study group. 

Schizophrenia 
patients (SZ) n = 56 

Younger healthy 
controls (SZc) 
n = 29 

Alzheimer’s 
disease patients 
(AD) n = 50 

Older healthy 
controls (ADc) 
n = 28 

Pairwise 
differences 

Demographics 
Age, median years (Q1-Q3) 29.5 (26.0 - 36.0) 28.0 (22.0 - 33.0) 69.5 (64.0 - 73.0) 67.0 (63.0 - 73.0) 
Sex, (% female) 28.6% 41.4% 44.0% 46.4% 
Education, median years 
(Q1-Q3) 15.0 (12.8 - 16.3) 17.0 (16.0 -19.0) 15.5 (10.3 - 19.8) 16.5 (14.0 - 20.0) SZc > SZ & AD 
Country (% Spain) 39.3% 48.3% 42.0% 25.0% 
Psychotropic medication 

Antipsychotic (%) 89.3% 0.0% 4.0% 0.0% 
Antidepressant (%) 19.6% 0.0% 16.0% 0.0% 
Acetylcholinesterase 
inhibitor and/or NDMA 
receptor antagonist (%) 

0.0% 0.0% 46.0% 0.0% 

Disease characteristics 
Positive symptoms, mean 
PANSS (SD) 

11.0 (3.4) NA NA NA 

Negative symptoms, mean 
PANSS (SD) 

14.6 (6.2) NA NA NA 

AD severity, mean 
ADAS-cog (SD) 

NA NA 26.9 (7.2) NA 

Social functioning 
Total SFS score, median 
(Q1-Q3) 

110 (103 - 116) 126 (123 - 128) 118 (112 - 122) 126 (123 - 130) SZ < all other 
groups; 
AD < ADc & SZc 

LON, median (Q1-Q3) 4.50 (1.00 - 8.00) 0 (0 - 1.00) 1.00 (0 - 3.00) 0 (0 - 2.25) SZ > all other 
groups; 
AD > SZc 

Cognitive performance 

Theory of Mind, median 
Hinting Task (Q1-Q3) 

18.0 (17.0 - 20.0) 20.0 (19.0 - 20.0) 17.0 (15.0 - 18.0) 19.0 (18.0 - 20.0) SZc > SZ & ADc; 
SZ & ADc > AD 

Information processing 
speed, median DSST 
(Q1-Q3) 

34.0 (30.8 - 38.0) 42.0 (38.0 - 47.0) 14.5 (9.0 - 18.0) 24.0 (21.0 - 32.0) SZc > SZ > ADc > 

AD 

Facial emotion recognition 
accuracy, median FERT 
(Q1-Q3) 

56.8 (48.9 - 66.8) 66.5 (61.4 - 68.9) 35.9 (24.1 - 44.3) 51.5 (44.9 - 57.9) SZc > SZ > ADc > 

AD 

PANSS = Positive and Negative Syndrome Scale, ADAS-cog = Alzheimer’s Disease Assessment Scale – Cognitive subscale, SFS = Social 
Functioning Scale, LON = de Jong-Gierveld Loneliness Scale, DSST = Digit Symbol Substitution Test. Pairwise comparisons were performed 
using the Student’s t-test or Mann-Whitney U test for continuous variables or χ2 for binary outcomes. Group sample sizes of facial emotion 
recognition accuracy measured with the facial emotion recognition task were SZ: n = 55, SZc: n = 28, AD: n = 46 and ADc: n = 28. A two-tailed 
significance level of p < 0.05 was considered statistically significant. 

Table 2 Associations between Hinting Task performance and social functioning indicators with and without including disease status 
or patient status (n = 163). 

Total SFS score LON 

B SE B SE 

Overall model, not adjusting for disease or patient status 
Hinting Task 1.20 

∗∗ 0.38 -0.27 

∗ 0.13 
Including disease status 
Interaction effect (Hinting Task x disease status) 0.92 0.94 -0.28 0.37 
Including patient status 
Interaction effect (Hinting Task x patient status) 0.54 0.84 -0.16 0.32 

Adjusted for age, sex, years of education and country. Disease status was a dummy variable coded SZ/AD = 0 and SZ controls /AD controls = 1. 
Patient status was a dummy variable coded SZ = 0 and AD = 1. SFS = Social Functioning Scale, LON = de Jong-Gierveld Loneliness Scale. ∗
p-value < 0.05, ∗∗ p-value < 0.01. 

23 



S. Braak, T. Su, W. Krudop et al. 

Fig. 1 Boxplots of Hinting Task scores of the four study groups. 
Red line = Schizophrenia (SZ), Blue line = Schizophrenia healthy controls (SZc), Green line = Alzheimer’s disease (AD), Purple 
line = Alzheimer’s disease healthy controls (ADc). Effect sizes were calculated following rank-biserial correlation for estimated 
differences between patient groups and controls. 

s
L
t
g
s
s
L
s
d
p
a
t
w
f
p
c
a

c
S
T
i
r  

p
F
(
w
r

Table 3 Spearman correlations between social functioning 
indicators and cognitive performance in the overall sample. 

Total SFS LON Hinting task DSST FERT 

Total SFS 1 - - - - 
LON -0.55 ∗∗∗ 1 - - - 
Hinting Task 0.23 ∗∗∗ -0.10 ∗∗ 1 - - 
DSST 0.10 ∗∗ 0.05 0.38 ∗∗∗ 1 - 
FERT 0.11 ∗∗ -0.02 0.47 ∗∗∗ 0.64 ∗∗∗ 1 

Correlations are corrected for age, sex, years of education 
and country. SFS = Social Functioning Scale, LON = de Jong- 
Gierveld Loneliness Scale, DSST = Digit Symbol Substitution 
Test, FERT = facial emotion recognition task. ∗ p-value < 0.05, 
∗∗ p-value < 0.01, ∗∗∗ p-value < 0.001. Overall sample size is 
n = 163 and FERT sample size is n = 158. 

a
s
L
r
(
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ociations between Hinting Task performance and SFS and 
ON scores with and without including interaction-effect 
erms of disease status and patient status in the linear re- 
ression models. These interaction-effect terms were not 
ignificant in the models ( Table 2 ). Thus, the potential as- 
ociations between Hinting Task performance and SFS and 
ON scores did not depend on disease status or patient 
tatus. Therefore, we chose to further examine the trans- 
iagnostic associations in the overall sample. Hinting Task 
erformance was associated with SFS ( β = 1.20, p < 0.01) 
nd LON scores ( β = -0.27, p < 0.05). The association be- 
ween Hinting Task performance and the total SFS score 
as not driven by a specific subscale, as Hinting Task per- 
ormance showed a significant positive loading on multi- 
le SFS subscales (Interpersonal functioning, independence- 
ompetence, independence-performance and recreational 
ctivities) (sTable 1). 
We further explored whether the transdiagnostic asso- 

iations between Hinting Task performance and the total 
FS score and LON were independent of DSST and FERT. 
able 3 shows the intercorrelation matrix of these measures 
n the overall sample. The total SFS score was weakly cor- 
elated with DSST ( ρ = 0.10, p < 0.01) and FERT ( ρ = 0.11,
 < 0.01). LON was not correlated with either DSST or FERT. 
urthermore, DSST and FERT were strongly intercorrelated 
 ρ = 0.64, p < 0.001) and were both moderately correlated 
ith the Hinting Task ( ρ = 0.38 and ρ = 0.47, p < 0.001, 
espectively). 
w

24 
Finally, we included DSST and FERT as independent vari- 
bles in the models that described the transdiagnostic as- 
ociation between Hinting task performance and SFS and 
ON scores. In this multivariate model, DSST, but not FERT, 
emained to show a positive association with SFS score 
 β = 0.23, p < 0.01) and its inclusion reduced the coeffi- 
ient of Hinting Task performance from β = 1.20 (p < 0.01) 
o β = 0.95 (p < 0.05) ( Table 4 ). FERT and DSST were not sig-
ificantly associated with LON in the multivariate model and 
id not change the coefficient of Hinting Task performance 
ith LON ( Table 4 ). 
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Table 4 Association between social functioning indicators 
and Hinting Task performance after controlling for informa- 
tion processing speed or facial emotion recognition capacity. 

Total SFS LON 

B SE B SE 

Basic model 
Hinting Task 1.20 

∗∗ 0.38 -0.27 

∗ 0.13 
Additionally including DSST 

Hinting Task 0.95 

∗ 0.39 -0.27 

∗ 0.14 
DSST 0.23 

∗∗ 0.08 0.01 0.03 
Additionally including FERT 

Hinting Task 1.13 

∗ 0.44 -0.30 

∗ 0.15 
FERT 0.03 0.04 0.01 0.01 

Adjusted for age, sex, years of education and country. SFS = So- 
cial Functioning Scale, LON = de Jong-Gierveld Loneliness Scale, 
DSST = Digit Symbol Substitution Test, FERT = facial emotion 
recognition test. ∗ p-value < 0.05, ∗∗ p-value < 0.01. 
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. Discussion 

n the current study, we investigated whether ToM is transdi- 
gnostically associated with social functioning among SZ/AD 

atients and healthy controls, and to what extent these as- 
ociations related to information processing speed or facial 
motion recognition capacity. We found that higher ToM per- 
ormance is associated with better social functioning across 
roups. Information processing speed and facial emotion 
ecognition capacity were both weakly correlated with so- 
ial function and moderately correlated to ToM. The associ- 
tion between ToM performance and social functioning was 
artly dependent of information processing speed, but inde- 
endent of facial emotion recognition capacity. Our findings 
ndicate a role for cognitive aspects of ToM in social func- 
ioning independent of diagnostic status and facial emotion 
ecognition capacity, but partly dependent of information 
rocessing speed. 
Our study clearly shows that ToM deficits are associated 
ith social dysfunction. Interaction effects of disease status 
nd patient status with ToM were not observed, indicating 
hat these associations were generally present in our sample 
nd not specific for one disease group. To our knowledge, no 
rior study has examined transdiagnostic ToM associations 
ith social functioning within a sample of neuropsychiatric 
atients and healthy controls. Nevertheless, prior studies 
ave found associations between ToM and social function- 
ng in either SZ or AD ( Roncone et al., 2002 ; Bora et al.,
006 ; Brown et al., 2014 ; Dodell-Feder et al., 2014a ; Dodell- 
eder et al., 2014b ; El Haj et al., 2015 ). The instru- 
ents used to assess ToM and social functioning were, how- 
ver, different across these studies ( Roncone et al., 2002 ; 
ora et al., 2006 ; Brown et al., 2014 ; Dodell-Feder et al., 
014a ; Dodell-Feder et al., 2014b ; El Haj et al., 2015 ). In
ight of this, we show that ToM deficits, measured with the 
idely-used Hinting Task, is also related to social dysfunc- 
ion across these disorders by using two social functioning 
ndicators (SFS and LON). These social functioning indicators 
ere moderately correlated, suggesting that they assess 
artly different aspects of social functioning ( Saris et al., 
022 ). Therefore, ToM seems important both in the more 
25 
ehavioural aspects of social functioning (measured with 
he SFS) and the more subjective experience of social func- 
ioning (i.e. loneliness as measured with LON). Addition- 
lly, post-hoc sensitivity analyses showed that ToM associ- 
tions with social functioning were not driven by specific 
ubscales of the SFS, as ToM was found to be associated 
ith multiple SFS subscales. Besides, it is worth mentioning 
hat our consortium previously showed that disease sever- 
ty was not associated with the total SFS score in SZ and 
D patients, while LON scores were only weakly correlated 
ith positive SZ symptoms ( Saris et al., 2022 ). This indicates 
hat disease severity might not have impacted the associa- 
ion between ToM and social functioning. Furthermore, the 
ajority of the patients in the current study were on psy- 
hotropic drug treatment. A recent systematic review found 
hat compared to controls, SZ patients performed less well 
n social cognition tasks, whether or not they were on an- 
ipsychotics ( Haime et al., 2021 ). Moreover, their research 
howed inconclusive results on the effect of psychotropic 
edication on social cognition/functioning ( Haime et al., 
021 ). Therefore, it may be unlikely that medication could 
ave played an important role in the association found be- 
ween ToM deficits and social dysfunction within the current 
tudy. Future research is needed to confirm and generalize 
he initial cross-disorder findings by including other aspects 
f social functioning, such as social anhedonia and social 
nxiety, and including other disorders characterized by se- 
ere social dysfunction (e.g. major depressive disorder). 
We found that the relationship between ToM and social 

unctioning (measured with the SFS) across SZ/AD patients 
nd healthy controls partly depends on information process- 
ng speed. Information processing speed was also associated 
ith ToM in the overall sample. In line with this, a prior
tudy showed that age-related ToM deficits are fully medi- 
ted by cognitive functioning including information process- 
ng speed, which altogether may indicate that lower scores 
n the Hinting Task may be at least partly explained by the 
ask’s cognitive demands rather than mentalising impair- 
ents ( Charlton et al., 2009 ). Thus, it may be possible that

nformation processing speed mediated a part of the rela- 
ionship between ToM and social functioning in our study. 
owever, whether other aspects of cognitive function are 
lso relevant in this relationship remains unknown. Findings 
rom prior studies suggest that working memory may also 
e an important aspect ( Bowie et al., 2008 ; Charlton et al.,
009 ; Couture et al., 2011 ; McQuade et al., 2013 ; Spunt &
ieberman, 2013 ; Porcelli et al., 2019 ). Nevertheless, the 
entalising aspect of the Hinting Task still seems to be im- 
ortant in the relationship between ToM and social func- 
ioning, since information processing speed only explained 
 part of this relationship. Future research could examine 
hich brain networks are involved in this relationship to 
upport our results and to further clarify the role of men- 
alising capacity and cognitive function in social dysfunction 
cross neuropsychiatric disorders. 
Contrary to our expectations, we observed that facial 

motion recognition capacity did not change the association 
etween cognitive aspects of ToM and social functioning. 
evertheless, prior studies have implicated facial emotion 
ecognition capacity as a key factor for the perception of so- 
ial information ( Adolphs, 2009 ). Furthermore, our consor- 
ium previously showed that social withdrawal was associ- 
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ted with better facial emotion recognition capacity across 
Z and AD, indicating a hypervigilance to social threat in 
hese patients ( de la Torre-Luque et al., 2021 ). Taken to- 
ether, while facial emotion recognition capacity and cog- 
itive aspects of ToM are correlated and are both part of 
ocial cognition, they may potentially act differently on so- 
ial functioning. This assumption might be addressed in fu- 
ure studies by examining potential associations between 
acial emotion recognition/ ToM and social functioning us- 
ng a wider variety of instruments to assess these broad con- 
epts. Additionally, while investigating a potential hypervig- 
lance to social threat in neuropsychiatric patients was be- 
ond the scope of the current study, it would be interesting 
o examine whether higher ToM performance is associated 
ith more social withdrawal in these neuropsychiatric pa- 
ients specifically. These associations might then be medi- 
ted by insight of the negative social consequences of their 
llness, as higher clinical insight is linked to higher ToM in SZ 
 Bora, 2017 ). 
By focusing on the shared biological basis of social dys- 

unction in SZ and AD, it is possible to gain new insights into 
ocial dysfunction across these disorders, which may accel- 
rate the discovery and development of new treatments for 
hese disorders. Previously, our consortium showed that so- 
ial dysfunction represents a transdiagnostic domain of SZ 
nd AD ( Saris et al., 2022 ). By showing that this domain 
s associated with ToM deficits, we may provide directions 
or future personalized treatment irrespective of diagnostic 
tatus ( Kas et al., 2019 ). Some interventions to improve ToM 

erformance are already available, of which some might 
lso have an effect on social functioning outcomes, rang- 
ng from targeted ToM interventions (e.g. imitation treat- 
ent) to broad based non-ToM interventions (e.g. family–
ssisted Social Cognition Interaction Training) ( Mazza et al., 
010 ; Tas et al., 2012 ; Vass et al., 2018 ; d’Arma et al.,
021 ). However, despite our findings and their implications, 
ur study had some limitations that need to be discussed. 
irst, our analyses were cross-sectional, thereby not allow- 
ng causal inferences. Future studies should aim to examine 
hether decreased ToM results in social dysfunction over 
ime across neuropsychiatric disorders. Second, our con- 
ortium previously showed that AD patients may underre- 
ort their perceived social disability, as they self-reported 
heir social abilities equal to their matched controls, even 
hough their close-relatives rated the patients social abil- 
ties to be severely impaired ( Saris et al., 2022 ). To over- 
ome potential self-evaluation bias, more objective meth- 
ds to quantify social functioning may be used in the fu- 
ure. For example, BeHapp smartphone technology may ob- 
ectively measure social functioning by passively monitor- 
ng social explorations and communications ( Eskes et al., 
016 ; Jongs et al., 2020 ; Jongs et al., 2022 ). Third, while
he instruments to assess social functioning and ToM are eas- 
ly accessible, reliable and have proven importance in neu- 
opsychiatric disorders, they are simplifications of complex 
omains ( de Jong-Gierveld, 1987 ; Birchwood et al., 1990 ; 
orcoran et al., 1995 ; Bora et al., 2006 ; Brown et al., 2014 ;
inkham et al., 2016 ; Jaeger, 2018 ; Uhlmann et al., 2018 ; 
ddy, 2019 ; Kessels et al., 2021 ). Fourth, as the Hinting task 
easures the more cognitive aspects of ToM, it cannot be 
xcluded that facial emotion recognition could influence po- 
ential associations between perceptual emotional aspects 
26 
f ToM and social function ( Corcoran et al., 1995 ). Fifth,
he Hinting Task showed ceiling effects, especially in the 
ontrol groups, and variation in Hinting Task and SFS/LON 

cores was lower in subgroups compared to the overall sam- 
le. While this should not have affected our main findings, 
t might have resulted in less power to find interaction 
ffects of disease status and patient status. Finally, Hint- 
ng Task performance depends heavily on verbal cognition, 
ence potential deficits in verbal cognition may have con- 
ributed to the transdiagnostic association between ToM and 
ocial functioning ( Corcoran et al., 1995 ). Future research 
hould address the role of verbal skills in social functioning 
cross neuropsychiatric disorders, for example by the use of 
peech elicitation tasks ( Petti et al., 2020 ). 
In summary, the current study shows that ToM is transdi- 

gnostically associated with social functioning among SZ/AD 

atients and healthy controls and this partly depends on in- 
ormation processing speed. These findings could serve as a 
oint of departure for interventions that improve social dys- 
unction irrespective of diagnosis by targeting ToM abilities, 
hile taking cognitive deficits into account. 
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