Molecular Psychiatry
https://doi.org/10.1038/541380-020-00969-z

ARTICLE
q

hecl

Check for
updates

Cognitive functioning throughout adulthood and illness stages in
individuals with psychotic disorders and their unaffected siblings

Eva Velthorst " - Josephine Mollon®* - Robin M. Murray (»° - Lieuwe de Haan3® - Inez Myin Germeys’ -
David C. Glahn® - Celso Arango® - Els van der Ven®' - Marta Di Forti'"'? - Miguel Bernardo'® - Sinan Guloksuz
Philippe Delespaul'®'® - Gisela Mezquida'® - Silvia Amoretti®'® - Julio Bobes ' - Pilar A. Saiz'® -

Maria Paz Garcia-Portilla'® - José Luis Santos'®'”"® - Estela Jiménez-Lépez'®"® - Julio Sanjuan?® - Eduardo J. Aguilar? -
Manuel Arrojo®' - Angel Carracedo®*?® - Gonzalo Lopez'® - Javier Gonzalez-Pefas'® - Mara Parellada® -

Cem Atbasoglu®?* - Meram Can Saka?* - Alp Ucok?* - Koksal Alptekin?®%” - Berna Akdede?® - Tolga Binbay?® -

Vesile Altinyazar®® - Halis Ulag?® - Berna Yalingetin?’ - Giivem Giimiis-Akay?*> - Burgin Cihan Beyaz®' - Haldun Soygiir®?
Eylem Sahin Cankurtaran®® - Semra Ulusoy Kaymak3* - Nadja P. Maric®® - Marina M. Mihaljevic®”® -

Sanja Andric Petrovic®® - Tijana Mirjanic®’ - Cristina Marta Del-Ben (»*® - Laura Ferraro® - Charlotte Gayer-Anderson® -
Peter B. Jones(®" - Hannah E. Jongsma®®*! - James B. Kirkbride "' - Caterina La Cascia* - Antonio Lasalvia®® -

Sarah Tosato ®* - Pierre-Michel Llorca®** - Paulo Rossi Menezes ®* - Craig Morgan394® - Diego Quattrone'’ -

Marco Menchetti*’ - Jean-Paul Selten'®*® - Andrei Szoke*® - llaria Tarricone®® - Andrea Tortelli®' - Philip McGuire® -
Lucia Valmaggia®? - Matthew J. Kempton® - Mark van der Gaag®® - Anita Riecher-Rossler’* - Rodrigo A. Bressan (" -
Neus Barrantes-Vidal®®>” - Barnaby Nelson®? - Patrick McGorry>®%° - Chris Pantelis (®° - Marie-Odile Krebs®' -

Stephan Ruhrmann® - Gabriele Sachs®? - Bart P. F. Rutten®'? - Jim van Os>'%%% . Behrooz Z. Alizadeh %% -

Therese van Amelsvoort'® - Agna A. Bartels-Velthuis®® - Richard Bruggeman®®” - Nico J. van Beveren®°%70 .

Jurjen J. Luykx®47172 . Wiepke Cahn®*73 - Claudia J. P. Simons®'%’# - Rene S. Kahn®"”* - Frederike Schirmbeck®* -
Ruud van Winkel'®”¢ - EU-GEI High Risk Study - Abraham Reichenberg'~

10,14 ,

4

Received: 19 August 2020 / Revised: 3 November 2020 / Accepted: 18 November 2020
© The Author(s), under exclusive licence to Springer Nature Limited 2021

Abstract

Important questions remain about the profile of cognitive impairment in psychotic disorders across adulthood and illness
stages. The age-associated profile of familial impairments also remains unclear, as well as the effect of factors, such as
symptoms, functioning, and medication. Using cross-sectional data from the EU-GEI and GROUP studies, comprising 8455
participants aged 18 to 65, we examined cognitive functioning across adulthood in patients with psychotic disorders (n =
2883), and their unaffected siblings (n = 2271), compared to controls (n = 3301). An abbreviated WAIS-III measured verbal
knowledge, working memory, visuospatial processing, processing speed, and 1Q. Patients showed medium to large deficits
across all functions (ES range =-0.45 to —0.73, p <0.001), while siblings showed small deficits on IQ, verbal knowledge,
and working memory (ES =-0.14 to —-0.33, p <0.001). Magnitude of impairment was not associated with participant age,
such that the size of impairment in older and younger patients did not significantly differ. However, first-episode patients
performed worse than prodromal patients (ES range =-0.88 to —0.60, p <0.001). Adjusting for cannabis use, symptom
severity, and global functioning attenuated impairments in siblings, while deficits in patients remained statistically
significant, albeit reduced by half (ES range =-0.13 to —0.38, p <0.01). Antipsychotic medication also accounted for around
half of the impairment in patients (ES range =-0.21 to —0.43, p <0.01). Deficits in verbal knowledge, and working memory
may specifically index familial, i.e., shared genetic and/or shared environmental, liability for psychotic disorders.
Nevertheless, potentially modifiable illness-related factors account for a significant portion of the cognitive impairment in
psychotic disorders.
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Introduction

Cognitive impairment is a common feature of schizophrenia
and related psychotic disorders. Some even argue that schi-
zophrenia should be conceptualized as a cognitive rather than
psychotic illness, with cognitive dysfunction representing the
core component of the disorder [1, 2]. Indeed, the DSM-V
emphasizes the importance of assessing cognitive functioning
alongside the five symptom domains (delusions, hallucina-
tions, disorganized speech, disorganized, behavior, negative
symptoms) [3], and in ICD-11, cognitive symptoms are listed
alongside positive, negative, depressive, manic, and psycho-
motor symptoms [4]. However, despite more than a century
of research on cognitive functioning in schizophrenia-related
disorders, important knowledge gaps remain.

First, the profile of cognitive impairment across the life-
span remains poorly characterized, and its relationship with
illness stages is unclear. Evidence suggests that patients with
schizophrenia-related disorders experience some degree of
cognitive decline over their lifetime, with the largest decline
occurring during the years prior and up to the first few years
after onset [5]. After illness onset, both cross-sectional [6] and
longitudinal [7] evidence suggests at least some stabilization
of impairment. However, there is also evidence for decline
after onset [8], a second ‘peak’ in decline during later, chronic
illness stages [9], and increased risk of dementia in very-late
onset schizophrenia [10]. Efforts to examine the profile of
specific cognitive functions across adulthood have also yiel-
ded mixed findings [6, 8]. Delineating the profile of these
functions across adulthood and illness stages may reveal cri-
tical functions and periods for detection and intervention.

Second, cognitive decline has not been fully considered as
an age-associated process, rather than in relation to stage of
illness (i.e., premorbid, first-episode, chronic) [5]. Similarly,
most studies have examined early [7] or late adulthood [9],
without being able to trace cognitive functioning across the
entirety of adulthood. While evidence suggests that cognitive
decline during the first two decades of life reflects a failure to
keep up with developmental norms rather than loss of cog-
nitive capacity [11, 12], studies have not yet delineated the
nature of age-associated processes throughout adulthood. The
importance of considering cognitive functioning beyond
adolescence is highlighted by the fact that brain and cognitive
development continue well into the third decade of life [13].

Third, studies have yet to examine the full age-associated
profile of familial deficits. Substantial evidence suggests
that relatives of patients with schizophrenia-related dis-
orders also show some degree of cognitive impairment
[14, 15], at least in part due to shared heritable genetic
mechanisms. The genetic underpinnings of cognitive
impairments in schizophrenia-related disorders have been
demonstrated by studies showing overlap between schizo-
phrenia polygenic risk scores (PRS) and cognitive
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performance [16], as well as educational attainment [17].
However, despite continued evidence for familial cognitive
impairments, it remains unclear whether siblings show
greater impairments in certain domains and whether the
age-associated pattern of cognitive impairments resembles
that of patients. A detailed evaluation of the familiality of
cognitive deficits across adulthood and cognitive domains
may provide important additional etiological clues about the
genetic and neurobiological underpinnings of cognitive
impairments in schizophrenia-related disorders.

Lastly, it remains unknown whether illness-related factors
such as symptom severity, global functioning, and anti-
psychotic medication influence cognitive impairments differ-
entially throughout adulthood. The age-associated influence
of cannabis use on cognitive impairments is similarly unclear,
despite the role cannabis may play in the emergence of psy-
chotic symptoms [18]. The potentially moderating effect of
sex on age-associated cognitive processes in psychotic dis-
orders also remains largely unexplored. Examining these
factors across adulthood may advance understanding of the
etiology of cognitive impairment, as well as its clinical
significance.

Using the largest sample of patients with schizophrenia-
related disorders, non-psychotic siblings, and controls to date,
we examined cognitive impairments across adulthood. We
used cross-sectional data on general and specific functions
from 8,455 individuals aged 18 to 65 from the Genetic
Risk and Outcome of Psychosis (GROUP) and EUropean
network of national schizophrenia networks studying Gene-
Environment Interactions (EU-GEI) studies, which comprise
prodromal (i.e., converted to a schizophrenia-related disorder
during the study), first-episode and established illness stages.
We examined whether: (1) cognitive impairments in patients
differ by age category (i.e., very early-, early- and mid-
adulthood) and/or stage of illness (i.e., prodromal stage, first-
episode, established stage), (2) siblings of these patients show
a similar pattern of impairment, and (3) this impairment is
influenced by socioeconomic status, education, sex, symptom
severity, global functioning, antipsychotic medication, and
cannabis use.

Methods
Sample

Data were collected in 30 centers across 13 countries (UK,
Netherlands, Spain, France, Italy, Serbia, Turkey, Austria,
Switzerland, Germany, Australia, Denmark, Brazil), and were
part of the baseline assessment for the EU-GEI study, which
ran from May 1st 2010 to April 30th 2015 [19, 20], or the
GROUP study, which ran from April 2004 to December 2013
[21]. Ethical approval was granted in each center and all
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participants provided written informed consent. Of the com-
bined dataset of 10,136 individuals, 685 (21.6%) patients, 259
(11.0%) siblings and 334 (10.0%) controls did not complete
cognitive testing, leaving a total of 8858 individuals (3341
controls, 2347 siblings, 3,170 patients). Patients were either in
the prodromal (i.e., had converted to a schizophrenia-related
disorder during the study period), first-episode or established
stage of illness, and were excluded if an organic cause was the
primary reason for their psychotic symptoms. Control parti-
cipants were excluded if they had a past or current diagnosis
of any schizophrenia-related disorder. All participants had to
have adequate language skills local to each center in order to
undergo cognitive testing. Other exclusion and inclusion cri-
teria for individual studies/work packages covering the dif-
ferent illness stages are described in the supplement.

Measures
Cognition

An abbreviated WAIS-III [22], 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. Each WAIS subtest taps into
many different abilities and the domains mentioned herein
are simplified. In GROUP, all items of each subtest were
administered. In EU-GEI, the digit symbol coding was
administered for the standard time, along with every second
item of the block design and arithmetic subtests, and every
third item of the information subtest [23]. Raw scores were
then multiplied by two (arithmetic and block design) or
three (information). This abbreviated WAIS-III version was
developed for EU-GEI and provides a reliable approxima-
tion of IQ and the four subtests [23].

Sociodemographic characteristics

Age, sex, ethnicity, years of education, and parental
socioeconomic status (SES) were obtained (Table 1). In
EU-GEI, parental SES (i.e., occupation level) was obtained
using an amended version of the Medical Research Council
Socioeconomic Schedule (MRC SDS) [24], and in GROUP
using a comparable scale. Current cannabis use was ascer-
tained in GROUP using the Composite International Diag-
nostic Interview (CIDI) [25] and in EUGEI using the
Cannabis Experiences Questionnaire (CEQ) [26].

Clinical characteristics
Diagnoses were obtained using the Operational Criteria

Checklist algorithm (OPCRIT) [27]. OPCRIT shows high
interrater reliability generally [28] and in our study, after

training (k = 0.7). Illness duration and current antipsychotic
medication use (yes/no) were assessed using the abbreviated
Nottingham Onset Schedule (NOS) [29]. Symptom severity
and general functioning were measured using the Global
Assessment of Functioning (GAF) symptom and disability
scales [30], respectively.

Statistical analyses

Group differences in sample characteristics were examined
using x2, t- and Mann—Whitney-U-tests. Raw scores on the
digit symbol coding, block design, information and arith-
metic subtests, and the sum of these subtests (i.e., raw 1Q)
were z transformed. Thus, f values throughout represent
standardized effect sizes (ES), with values 0.2, 0.5, and 0.8
indicating small, medium, and large ESs, respectively.
These z scores were used in all statistical analyses, and are
plotted by age separately for each country in sFigs. 1-5.

Age-associated group differences in cognitive functioning

Multilevel linear models (MLMs) were fitted to account for the
hierarchical structure of the data (i.e., with random intercepts
for country, center, and family). Based on age distributions
(sFig. 6) and nonlinear relationships between age and cognitive
functioning (Fig. 1), we categorized individuals into approxi-
mately equal-sized age groups: 18-25, 26-39, and 40-65
years, representing very early-, early- and mid-adulthood,
respectively (Table 1). Effects of interest were group main
effects and the interaction between group and age category. A
statistically significant group main effect would indicate a
difference in cognitive performance between patients and/or
siblings compared to controls. A statistically significant group-
by-age interaction would indicate that group differences in
cognitive performance differ by participants’ age. Sex and
ethnicity were entered as covariates in all models.

lliness stage and duration

The effect of illness stage was examined using MLMs as
described above, but with prodromal patients set as the
reference. Illness stage was based on study (i.e., prodrome
study = prodromal stage, first-episode study = first-episode,
course studies = established stage), except for individuals in
the course studies with an illness duration of less than 2
years (n=314), who were considered first-episode. Illness
duration (measured in years from illness onset) was entered
into MLMs as a continuous effect of interest.

Sociodemographic and illness-related factors

We entered sociodemographic and illness-related factors
(current cannabis use; symptom severity i.e., GAF

SPRINGER NATURE
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Table 1 Sample characteristics.

Prodrome® First-episode” Established-stage® Siblings* Controls® Group differences
N=156 N =865 N=1962 N=2271 N=3301
n/mean %/SD n/mean 9%/SD n/mean %/SD n/mean %/SD n/mean %/SD
Male 32 57.1 530 61.3 1406 71.7 996 43.7 1609 48.7 azc,d; b=c,d,e;
Missing - - - - - - 1 0.0 - - cxd.e; dze
Age 22.80 4.33 30.72 10.46 30.46 8.57 31.60 9.14 34.23 11.68 azb,c,d,e; bzd,e; c=d,
Missing - - - - - - 3 0.0 2 0.0 e; dze
Age category
18-25 46 82.1 350 40.5 660 33.6 701 30.9 921 27.9 azb,c,d.e; bzc,d,e;
26-39 10 17.9 346 40.0 953 48.6 1102 48.6 1327 40.2 cedye; dre
40-65 - - 169 19.5 349 17.9 465 20.5 1051 319
White ethnicity 36 64.3 556 64.3 1721 88.9 2036 89.9 2953 89.78 azc,d,e; bzc,d,e
Missing - - - - 27 1.4 6 0.3 12 04
Illness duration in - - 0.67 2.86 6.27 6.02 - - - - bzc
years
Missing - - 298 34.5 485 24.72 - - - -
Antipsychotics 9 25.0 816 96.3 1745 93.7 - - - - azb,c; bzc
Missing 20 357 18 2.1 99 5.0 - - - -
Paternal SES
Higher 16 35.6 193 25.2 52 24.3 59 26.0 412 28.1 azb,c,d,e; bzd,e
Intermediate 17 37.8 181 23.6 64 29.9 77 339 419 28.6
Lower 9 20.0 369 48.1 97 453 90 39.7 625 42.6
Unemployed 3 6.7 24 3.1 1 0.5 1 0.4 11 0.8
Missing 11 18.3 98 11.3 1748* 89.1* 2044* 90.0° 1834% 55.6*
Country
UK 22 39.3 155 17.9 - - 5 0.2 324 9.8 -
Netherlands 5 8.9 176 20.4 998 50.9 1012 44.6 755 229
Austria 3 54 - - - - - - - -
Switzerland 5 8.9 - - - - - - - -
Spain 2 3.6 185 21.4 385 19.6 538 23.7 637 19.3
Turkey - - - - 528 26.9 565 24.9 949 28.8
Serbia - - - - 51 2.6 50 2.2 36 1.1
Australia 3 54 - - - - - - 15 0.5
Germany 5 8.9 - - - - - - - -
France 7 12.5 87 10.1 - - 6 0.3 144 4.4
Brazil - 162 18.7 - - 88 39 280 8.5
Denmark 4 7.1 - - - - - - - -
Ttaly - 100 11.6 - - 7 0.3 161 4.9
Years of education 14.36 3.19 13.10 4.22 12.14 3.98 13.33 4.30 13.60 4.25 azc,d,e; bzc,d,e; c=d
Missing 9 13.8 18 2.1 98 5.0 62 2.7 44 1.3
Current cannabis use 15 27.8 189 22.1 205 14.7 203 12.5 304 10.5 azc,d,e; bzc,d,e;
Missing 2 3.3 9 1.0 566 28.8 642 28.3 414 12.5 cxe; dze
GAF symptoms 51.65 8.25 47.61 17.50 54.60 16.54 82.46 12.15 85.31 9.90 azd,e; bxc,d,e;
Missing 4 6.2 38 44 139 7.1 1097 468 609 18.4 cxde; dze
GAF disability 52.14 10.27 51.82 16.53 54.32 16.82 84.91 11.34 86.60 9.10 azd,e; bxc,d,e;
Missing - - 37 43 143 7.3 1037 457 608 18.4 cxde; dze
Scaled cognition scores
1Q 97.32 14.64 84.86 18.06 88.74 16.93 97.19 16.60 98.88 18.06 azb,c; bxc,d,e;
c#d,e; dze
Information 10.50 3.39 8.77 3.80 9.56 3.67 9.69 3.52 10.19 3.55 azb; bzc,d,e; cze; dze
Arithmetic 9.67 3.35 7.70 3.34 8.84 3.23 9.82 3.25 10.08 3.19 azb; bzc,de;
czd,e; d=e
Block design 9.64 3.27 7.82 3.64 8.72 3.36 9.89 3.06 9.84 3.29 azb; bzc,de;
czd,e; dze
Symbol coding 8.70 2.76 6.68 291 5.99 3.43 9.04 3.66 9.10 4.06 azb,c; bzc,d,e; czd,e

*Missingness due to comparable measures not being available in the GROUP study.

#Significantly different at p <0.05.

SPRINGER NATURE
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Fig. 1 Loess curves of z scores against age for each groups. Lines
siblings (green) and patients (blue) by age (X-axis).

symptoms; global functioning i.e., GAF disability; illness
duration; parental SES; years of education; antipsychotic
medication) as covariates into separate MLMs to examine
whether each of these factors influenced group and group-
by-age effects.

represent the cognitive performance Z-scores (Y-axis) for controls (red),

Sex-related differences
We fitted MLMs separately in males and females to
examine potential sex differences in group and group-by-

age effects. In order to formally test for sex-related

SPRINGER NATURE
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differences, we also entered sex-by-group, and three-way
interactions between sex, group, and age into MLMs on the
whole sample.

Sensitivity analyses

Sensitivity analyses were conducted to determine whether
cognitive patterns were similar in patients with non-affective
and affective psychosis. To rule out any potential bias due to
the inclusion of patients without a participating sibling (37.4%
of sample), we repeated the main analyses including only
patients with a participating sibling. We also analyzed con-
trols and siblings with high GAF disability scores (804,
controls: n =2193; siblings: n = 834) and low GAF disability
scores (<80, controls: n=400; siblings: n =405) separately
to examine potential bias from missing GAF data.

An adjusted p-value threshold of 0.005 (0.05+10
(5 cognitive subtests x 2 statistical models for (1) main
effects and (2) interaction effects)) was used in all models to
account for multiple comparisons. Statistical analyses were
performed in Stata 15.1 [31]. The R [32] package ggplor2
[33] was used to create graphics.

Results
Sample characteristics

Table 1 shows sample characteristics. The small number of
participants below the age of 18 were excluded (n =179).
Thus, the final sample comprised 2883 patients, 2271 sib-
lings, and 3301 controls. Of this sample, 1805 (62.6%)
patients had at least one participating sibling (range = 1-5;
median = 1).

Older participants showed lower scores than
younger participants

Across all groups, 1Q (f=-0.42, z=-12.01, SE=0.04,
p <0.001), block design (f =-0.45, z=-11.39, SE = 0.04,
p <0.001), and digit symbol coding (f =-0.42, z =-12.15,
SE=0.04, p<0.001) was significantly associated with
participant age, such that participants in mid-adulthood
performed worse than participants in very-early-adulthood
(Fig. 2, Table 2).

Patients showed substantial cognitive impairments
that were not associated with participant age

Patients showed medium to large deficits across all cogni-
tive measures (Fig. 2, Table 2). Large deficits were seen
on IQ (B=-0.73, z=-20.39, SE=0.04, p<0.001),
and digit symbol coding (# =-0.71, z =-20.30, SE = 0.03,
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p <0.001). Medium deficits were observed on information
(f=-045, z=-11.05, SE=0.04, p<0.001), arithmetic
(f=-0.66, z=-15.87, SE=0.04, p<0.001), and block
design (f=-0.45, z=-11.05, SE=0.04, p<0.001). No
group-by-age interactions reached statistical significance,
suggesting no differential association between cognitive
performance and participant age in patients and controls.
Namely, older participants scored worse than younger par-
ticipants in both groups, and the magnitude of difference
between older and younger participants was not sig-
nificantly different between groups (Table 2).

First-episode patients performed worse than
patients in other illness-stages

First-episode patients performed worse than prodromal
patients on IQ ( =-0.88, z=-4.75, SE=0.19, p <0.001),
information (f=-0.60, z=-3.06, SE=0.19, p =0.002),
arithmetic (f=-0.61, z=-3.11, SE=0.20, p=0.002),
block design (f=-0.82, z=-4.07, SE=0.20, p <0.001),
and slightly worse than established stage patients on
information (f=-0.16, z=-3.72, SE=0.04, p<0.001).
Established stage patients performed worse than prodromal
patients on 1Q (# =-0.80, z=-4.26, SE=0.19, p <0.001),
arithmetic (f#=-0.58, z=-2.89, SE=0.20, p=0.004),
block design (f =-0.70, z=-3.42, SE=0.20, p =0.001),
and digit symbol coding (f =-0.66, z=3.65, SE=0.18,
p <0.001). All differences remained after adjusting for age.
Tllness duration showed no statistically significant effects on
cognition.

Siblings showed small cognitive impairments that
were smaller in older than younger participants

Compared to controls, siblings showed small deficits on 1Q
(#=-0.14, z=-3.65, SE=0.04, p<0.001), information
(p=-0.33, z=-7.64, SE=0.04, p <0.001) and arithmetic
(f=-0.23, z=-4.97, SE=0.05, p<0.001) (Fig. 2,
Table 2). These deficits were smaller in mid-adulthood than
in early-adulthood, reflected by significant group-by-age
interactions on IQ (#=0.16, z=2.88, SE=0.06, p=
0.004), information (f=0.22, z=3.47, SE=0.06, p=
0.001) and block design (f=0.20, z=3.15, SE=0.06,
p =0.002) (Table 2). Thus, while older participants scored
worse than younger participants in both groups, the mag-
nitude of difference between older and younger participants
was smaller in siblings than controls.

Sociodemographic and illness-related factors
influenced cognitive impairments

Figure 3 shows differences in effect sizes of group main
effects for models adjusting for each covariate, compared to
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Fig. 2 Cognitive z scores at IQ

each age category by group.
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the unadjusted model. Adjusting for parental SES statisti-
cally attenuated deficits in verbal knowledge, and working
memory in siblings, but effect sizes remained small
(sTable 1, sFig. 7). Adjusting for current cannabis use
(sTables 2, sFig. 8) and years of education (sTables 3,
sFig. 9) attenuated the small IQ deficit in siblings. Adjusting
for symptom severity (GAF symptoms) (sTable 4, sFig. 10)
and global functioning (GAF disability) (sTable 5, sFig. 11)
attenuated the IQ and arithmetic deficits in siblings, and the

-0.4
I Controls g 06 M Controls
M Siblings & - M siblings
M Patients N B Patients

-0.8

1.0

1.2

40-65 18-25 26-39 40-65
Age category
Digit symbol coding

0.0

-0.2

-0.4
I Controls s 06 I Controls
M Siblings & - M siblings
M Patients N M Patients

-0.8

-1.0

1.2

40-65 18-25 26-39 40-65

Age category

block design impairment in patients. Information, arith-
metic, and symbol coding deficits in patients remained
statistically significant, but were reduced by more than half
when adjusting for these factors (sTables 4 and 5). Inter-
estingly, when entering both global functioning and symp-
tom severity into the same model, only functioning
remained statistically associated with cognition (z=9.84,
SE =0.001, p<0.001), while symptoms were not (z = 1.59,
SE=0.001, p=0.11). This finding suggests that the
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Since cognitive test scores were z transformed, f coefficients correspond to standardized ESs (values 0.2, 0.5 and 0.8 indicate small, medium and large ESs, respectively).

Bolded estimates signify a statistical significant difference between the cognitive score of patients or siblings with the control group (p <0.005).

association between functioning and cognition may account
for most of the association between symptoms and cogni-
tion. Finally, adjusting for antipsychotic medication atte-
nuated the information and block design impairments in
patients, and reduced the magnitude of deficits in IQ,
arithmetic, and digit symbol coding by about half (sTable 6,
sFig. 12). sTable 7 shows correlations between socio-
demographic and illness-related factors and all cognitive
measures.

Cognitive impairments were comparable in male
and female patients but not male and female
siblings

Compared to controls, both male and female patients
showed medium to large impairments across all cognitive
measures (sTables 8 and 9). Accordingly, sex-by-group
interactions did not reveal any sex-related differences in
patients on any cognitive measure, such that cognitive
impairments were comparable in male and female patients.
On the other hand, male siblings showed a smaller deficit on
information (f#=-0.21, z=-3.34, SE=0.06, p=0.001),
than female siblings (f =-0.40, z=-6.72, SE =0.06, p <
0.001), and the deficit on arithmetic did not reach sig-
nificance in male siblings (f =-0.12, z=-1.83, SE =0.07,
p =0.07), but did in female siblings (f =-0.30, z =-4.94,
SE =0.06, p <0.001) (sTables 8 and 9, sFigs. 13 and 14).
Accordingly, significant sex-by-group interactions on
information (f=-0.11, z=-2.46, SE=0.05, p=0.014)
and arithmetic (f=-0.13, z=-0.05, SE=2.66, p=
0.008), confirmed that female siblings showed greater def-
icits on these domains than male siblings.

Group-by-age interactions no longer reached significance
in male siblings, but female siblings showed a significant
group-by-age interaction on information between early- and
mid-adulthood (f=0.27, z=3.25, SE=0.08, p=0.001),
suggesting a differential association between cognitive
performance and participant age in female siblings and
controls (sTables 8 and 9). Namely, while older participants
scored worse than younger participants across groups,
the magnitude of difference between older and younger
participants was smaller in female siblings than controls.
However, none of the sex-by-group-by-age interactions
reached statistical significance, suggesting negligible sex-
related differences in age-associated effects on cognitive
functioning.

Sensitivity analyses

Sensitivity analyses comparing patients with non-affective
and affective psychosis, patients with and without partici-
pating siblings, and participants with high and low GAF
scores revealed similar patterns overall (sResults).
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Discussion cognitive scores in older participants compared to younger

In this large, cross-sectional patient-sibling-control study,
patients with psychotic disorders showed large, widespread
cognitive impairments, which were not associated with
participant age. However, first-episode patients showed
larger deficits than prodromal patients, and a slightly larger
verbal knowledge deficit compared to established stage
patients. Siblings showed small deficits on 1Q, and mea-
sures of verbal knowledge and working memory, which
were attenuated when adjusting for cannabis use, symptom
severity, global functioning, and education. These findings
add to current knowledge in several important ways.

First, effects of participant age on the magnitude of
cognitive impairments were minimal. Examining cognitive
raw scores throughout adulthood revealed that older patients
showed lower scores than younger patients, but also that the
same was true of controls, such that the magnitude of
impairment remained stable. However, magnitude of
impairment did differ by illness stage, with first-episode
patients showing much larger deficits than prodromal
patients. In line with previous evidence [34], impairments in
the oldest siblings were smaller than impairments in the
youngest siblings, which may be because older siblings
have passed the critical period for psychosis-onset, while
younger siblings have not and may still be at risk for psy-
chotic disorders. Alternatively, controls may experience
greater age-associated cognitive decline later in adulthood,
while siblings and patients, who already experienced
decline earlier in adulthood, may show relative stabilization
or even normalization [6]. Our results should also be con-
sidered in the context of the well-documented Flynn effect
[35], whereby cognitive performance and IQ in any fixed
age group improves over time due to improvements in
education, nutrition, etc. Thus, while our finding of lower

participants may reflect age-associated cognitive decline
[36, 37], the Flynn effect may also account for this finding.
Conversely, recent data suggest a reversal of the Flynn
effect [38—40], which may partly explain our finding of
smaller impairments in older siblings compared to younger
siblings. Moreover, while we made considerable efforts to
recruit a well-matched representative sample using quota
sampling methods, we cannot rule out selection bias. For
example, participation in research studies is associated with
better cognitive functioning and this bias may be more
pronounced in later adulthood. Similarly, since lower 1Q is
associated with earlier mortality [41], older individuals with
more pronounced cognitive impairment may be less likely
to participate. Future longitudinal studies that are able to
prospectively follow individuals throughout adulthood are
needed to determine the profile and underlying mechanisms
of age-associated cognitive processes in psychotic dis-
orders. Overall, our findings support previous evidence that
most of the cognitive deficit associated with psychotic
disorders is already apparent at illness onset [7].

Second, including a large sample of siblings with similar
genetic and environmental predispositions as patients, but
without the potentially confounding effects of illness-
related factors, provides important insights into the famili-
ality of cognitive impairments [14]. Specifically, while
patients showed medium to large deficits across all mea-
sures, siblings showed small deficits on 1Q, verbal knowl-
edge, and working memory, but not on processing speed
and visuospatial processing. This latter finding contrasts
with a meta-analytic finding of large processing speed
deficits in first-degree relatives [42], likely because most
studies in this meta-analysis combined data from parents
and siblings, while we only examined siblings, who are
younger. Nevertheless, our findings suggest that verbal

SPRINGER NATURE
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knowledge and working memory deficits may specifically
index familial, i.e., shared genetic and/or environmental,
liability for psychotic disorders. Accordingly, a recent meta-
analysis of cognition in first-degree relatives of patients
with schizophrenia also reported the largest deficits in 1Q
and verbal measures [15]. The notion of verbal impairments
as a familial marker for psychotic illness is in line with
evidence that verbal deficits emerge early [11, 12]. Non-
verbal impairments, on the other hand, emerge over time
[12], increase throughout the early illness stage [11], but
remain stable thereafter [8]. Thus, shared genetic and/or
environmental factors may lead to deficits in verbal abilities
in individuals at familial risk for psychosis, while additional
risk factors, possibly interacting with these verbal deficits,
may lead to emerging nonverbal deficits and psychotic ill-
ness. It is important to note that we examined only two
cognitive tests requiring verbal skills, and shared genetic
liability may depend on the subtest measured. For example,
genomic loci that jointly influence schizophrenia and
verbal-numerical reasoning have been identified [43], but a
recent study showed no association between schizophrenia
PRSs and a verbal reading test [44].

Third, adjusting for both symptom severity and global
functioning attenuated the IQ and working memory deficits
in siblings, and reduced cognitive deficits in patients by
half. Yet our findings also suggest that the association
between symptoms and cognition is confounded by func-
tioning. Thus, while the two GAF subscales are highly
correlated (r=0.69) and adjusting for each subscale
reduced deficits by similar magnitudes, it may be important
to disentangle the effects of these factors. These findings are
line with evidence of the significant impact of cognition on
functional outcomes [45], as well as the lack of a strong
association between cognition and symptom severity [46].
Interestingly, siblings outperformed controls in visuospatial
ability and processing speed after adjustment for symptoms
and functioning, suggesting a potentially protective
mechanism. Deficits in working memory, visuospatial, and
processing speed abilities may therefore be ameliorated by
improving functioning levels. Impairments in both patients
and siblings were also reduced, albeit to a lesser extent,
when adjusting for education. Interestingly, this reduction
was slightly more pronounced on the verbal knowledge and
working memory tests, suggesting that these deficits may
partly reflect an impairment in the ability to learn in stan-
dard educational settings. While the relationship between
cognitive impairment and factors such as educational
attainment and functioning are difficult to discern due to
reverse causality, future studies that are able to disentangle
whether they act as mediators, moderators, or lie on the
causal pathway between cognition and psychosis will pro-
vide important insights. The finding that female siblings
showed larger deficits than male siblings is also intriguing,
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and highlights the need for further examination of sex-
specific genetic risk factors [47]. Finally, adjusting for
current cannabis use had a negligible impact on patient
impairments, but attenuated IQ deficits in siblings. These
findings are in line with evidence of a minimal association
between cannabis use and cognitive functioning in psy-
chotic disorders [48], as well as more severe symptoma-
tology in sibling cannabis users [49].

This study has some limitations. First, our findings require
replication in longitudinal samples since we used cross-
sectional data. We also cannot rule out age-associated effects
on cognition in eatly life or late adulthood since our youngest
and oldest participants were 18 and 65, respectively. More-
over, while the large age range is a strength, cohort effects
should be considered. Nevertheless, the current findings are in
line with longitudinal results from the same sample [50].
Second, one limitation inherent to large cohorts is the tradeoff
between breadth and depth. While we examined a number of
covariates, future studies that are able to examine anti-
psychotic dosage, type and adherence, comorbidities, such as
anxiety and depression, and positive and negative psychotic
symptoms are needed. Comorbidity is the rule rather than the
exception in psychotic disorders [51], making it difficult to
disentangle the effects of psychotic versus other psychiatric
symptoms. The reduction in power due to missing data when
adjusting for covariates also warrants consideration, and effect
sizes should be considered alongside statistical significance.
Third, while our sensitivity analyses eliminate certain sources
of bias, others cannot be ruled out. Individuals with better
functioning may be more likely to participate in research
studies, although the reverse is also possible. Fourth, our
findings regarding specific cognitive domains require repli-
cation using larger test batteries that are able to cover each
domain in greater detail. Relatedly, abbreviated tests, such as
those administered in EUGEIL, may both over-estimate
(reduced fatigue) and underestimate (less attenuated learn-
ing) cognitive functioning, especially in individuals of low
ability [23]. However, our data show normal distribution of
1Q and subtest scaled scores across all groups (see sTable 10).

In conclusion, using a large, cross-sectional sample of
patients with psychotic disorders, their siblings and con-
trols, we found that patients showed substantial and wide-
spread cognitive impairments, while siblings showed
smaller verbal knowledge and working memory impair-
ments. Moreover, effects of age and illness stage (beyond
the first episode) on these impairments were minimal, while
illness-related factors accounted for much of the impairment
in siblings, and around half of the patient deficit. Thus, our
findings suggest that most of the cognitive impairment
associated with psychotic disorders is already apparent at
illness onset, highlighting the importance of early cognitive
remediation intervention efforts. Therapeutic efforts target-
ing illness-related factors, such as symptoms and
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functioning, which account for a significant portion of the
cognitive impairment, could also have substantial benefits.
Finally, deficits in verbal knowledge and working memory
may specifically index familial liability and could be useful
targets for studies aimed at elucidating the heritable neu-
robiological mechanisms underlying psychotic disorders.
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