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Abstract

Introduction Schizophrenia is characterized by weaker test-measured cognitive performance, which is partially
explained by disease-related secondary factors (after the onset of the disorder) such as side effects of antipsychotics,
stigma, or sedentary behavior. We examined whether polygenic risk for schizophrenia (PRSSCZ) is associated with (a)
test-measured or (b) self-reported cognitive performance in individuals who have not converted into non-affective
psychosis during follow-up to extending to middle age.

Methods The participants came from the population-based Young Finns Study, born between 1962 and 1977
(n=2217). Participants with diagnosed non-affective psychoses were excluded from the sample. Diagnoses
collected from the Care Register for Health Care. PRS-, was calculated on the basis of the most recent genome-
wide association study on schizophrenia. Cognitive performance was measured with (1) subtests of the Cambridge
Neuropsychological Test Automated Battery, measuring visuospatial learning, reaction time, sustained attention, and
executive function and (2) self-reported executive functions including distractibility, task orientation, and rigidity.

Results In individuals who have not developed non-affective psychoses during follow-up to middle age, high

PRS¢, was associated with lower scores in all test-measured cognitive domains. These associations sustained after
controlling for health behaviors and socioeconomic factors. PRS¢, was not associated with self-reported distractibility
or task orientation but was related to an increasing trajectory of rigidity when approaching middle age.

Conclusion We observed lower cognitive functioning in domains similar to those reported in studies of patients with
schizophrenia. Thus, some difficulties in cognitive performance may not be fully attributable to the disorder itself but
may partly reflect normative developmental trajectories in individuals with high polygenic liabilities.
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Introduction

Schizophrenia is associated with lower performance
across cognitive domains [1, 2]. To some degree, this is
explained by disease-related secondary factors (after
an onset of the disorder), such as side effects of anti-
psychotic medications [3], internalized stigma [4], long
duration of untreated psychosis [5], negative symptoms
(explaining ca. 10-15% of cognitive dysfunction) [6],
or physical inactivity [7]. Therefore, research is needed
whether lower cognitive performance is evident also
among those who are at risk for psychosis but have not
developed the disorder.

The strongest single risk factor for schizophrenia is
familial risk, with approximately 9-10% of first-degree
relatives of schizophrenia patients developing the dis-
ease during their lifetime [8]. Indeed, schizophrenia has
a strong genetic background: the heritability of schizo-
phrenia is estimated to be around 80% [9, 10]. Recently,
genome-wide association studies (GWAS) on schizo-
phrenia have provided possibilities to calculate polygenic
risk scores for schizophrenia (PRS¢), including the
single nucleotide polymorphisms (SNPs) associated with
schizophrenia [11]. Polygenic risk scores for schizophre-
nia have been estimated to explain 8-33% of the varia-
tion in liability to schizophrenia [12—14]. Thus, a recent
method to identify those at risk for psychosis is to calcu-
late polygenic risk scores for schizophrenia.

To date, a few studies have examined cognitive per-
formance among those who have high PRS¢., but who
have not developed a non-affective psychosis. The results
have been inconclusive. More specifically, some stud-
ies have reported correlations between high PRS¢-, and
lower general cognitive ability [15-17], weaker episodic
memory, semantic memory, and visuospatial ability [18],
weaker semantic fluency and verbal memory [19], and
weaker social cognition [20] in healthy individuals. Other
studies, in turn, have found no associations between
PRS¢7 and cognitive abilty in healthy individuals [18, 19,
21].

Essentially, test-based cognitive performance may
not provide a comprehensive measure of individuals
cognitive functioning in individuals at risk for psycho-
sis. Some studies have reported rather low correlations
between cognitive test performance and cognitive func-
tioning observed in every-day life [22]. Low correlations
may be explained by, for example, under-achieving in
a cognitive test situation due to temporary distractors
such as distress or sleep disturbances [23]. Also, various
compensation strategies can be adopted to maintain
good cognitive performance in a test situation despite
lower cognitive functioning [24]. As a result, many
studies have expressed concerns about the ecologi-
cal validity of cognitive tests [24, 25]. Thus, in parallel
with cognitive tests, it is necessary to investigate also
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self-reported every-day cognitive functioning. In the
context of psychotic disorders, self-reports are needed
especially on executive functions because executive
functioning has a strong effect on every-day function-
ing in individuals with prodromal psychosis [26] and
because executive functioning has a central role in the
utilization of other cognitive abilities [27]. As far as we
know, however, no study has investigated the associa-
tion of PRS¢, with self-reported cognitive functions in
individuals who have not developed a non-affective
psychosis.

This study investigated the associations of polygenic
risk for schizophrenia (PRS¢-,) with test-measured and
self-reported domains of cognitive performance in adults
who have not developed a non-affective psychosis during
follow-up to middle age. We used the population-based
and prospective dataset of the Young Finns Study (YES).
Test-based cognitive performance was assessed using the
Cambridge Automated Neuropsychological Test Battery
(CANTAB), measuring visuospatial learning, reaction
time, sustained attention, and executive function. Self-
reported cognitive functions were examined in terms of
rigidity, task orientation, and distractibility. We also con-
sidered possible confounders such as health behaviors
and socioeconomic factors.

Methods

Participants

The participants are part of the Young Finns Study
(YES) which is an ongoing prospective follow-up study
that started in 1980. The original study population was
selected from the population register of the Social Insur-
ance Institution and included 3569 participants from
six age cohorts (born in 1962, 1965, 1968, 1971, 1974
and 1977). All the participants were non-institution-
alised and, thus, most severe cognitive disabilities were
excluded from the sample. The baseline participants have
been followed in 1983, 1986, 1989, 1992, 1997, 2001,
2007, 2011/2012, and 2018-2020. The population of the
YFS is described in further detail elsewhere [28]. The YFS
has been approved by the Ethics Committees of five Finn-
ish Universities (Universities of Helsinki, Turku, Tam-
pere, Kuopio, and Oulu). Informed consent was obtained
prior to participation from all the participants or, if a
participant was under 18 years old, from his/her parents.
The study has been conducted in accordance with Decla-
ration of Helsinki.

In this study, we included participants (n=2217) with
data available on polygenic risk for schizophrenia, psy-
chiatric diagnoses (no missing values), test-measured
cognitive performance in 2011, self-reported cognitive
functions in 1997 or 2001, and control variables (child-
hood SES in 1980, and adulthood SES and health behav-
iors in 2011).
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Measures
Polygenic risk score for schizophrenia
Polygenic risk score for schizophrenia was calculated
using PRS-CS method [29], which infers posterior SNP
effect sizes under continuous shrinkage (CS) priors using
GWAS summary statistics and an external LD reference
panel. The latest available schizophrenia GWAS results
[30] were used as SNP summary statistics and HapMap
3 EUR as an external LD reference [31]. Variants with
minor allele frequency (MAF) > 0.01 and imputation
information > 0.3 were included in the PRS calculation.
Genotyping was done for 2556 samples using custom
build Illumina Human 670k BeadChip at Welcome Trust
Sanger Institute. Sample call rate <0.95, excess heterozy-
gosity, sex mismatch, cryptic relatedness (“m>0.2), SNP
call rate<0.95, MAF<0.01, and HWE p-value<le-6
were used as quality control filters. After quality control,
there were 2443 samples and 546,677 genotyped SNPs
available for further analysis. Genotype Imputation to
TOPMed r3 reference was performed using TOPMed
Imputation Server with Minimac 4-.

Test-measured cognitive performance

Cognitive performance was measured in 2011 using the
CANTAB (Cambridge Neuropsychological Test Auto-
mated Battery) tests [32]. CANTAB is a computerized,
non-linguistic, and culturally neutral test battery consist-
ing of 24 subtests of wide range of cognitive functions.
In this study, four subtests of the CANTAB were used:
Paired Associates Learning test (PAL) is used to assess
visuospatial associative learning and visual episodic
memory [33]. The Reaction Time test (RTT) assesses reac-
tion time and response accuracy [34]. The Rapid Visual
Information Processing test (RVP) measures sustained
(visual) attention, visual processing, and visual recogni-
tion [35]. The SWM test is used to assess executive func-
tion, including abilities to retain information from spatial
working memory and to use self-organized search strat-
egies in problem-solving [36]. These four subtests have
previously been found to have adequate to good concur-
rent validity with pen-and-paper cognitive tests measur-
ing similar cognitive functions [35] and adequate to high
test-retest reliability [34].

The CANTAB variables were constructed by calcu-
lating sum variables for each outcome variable of each
cognitive test (e.g., reaction time, number of errors and
movement time for RTI), and standardizing them into a
scale with a mean of 0 and SD of 1. Test-specific scores
were then calculated by summing the standardized vari-
ables of each subtest and dividing the sum by the number
of variables within each subtest. A detailed description of
the cognitive performance testing and the calculation of
the CANTAB variables are described elsewhere [37].
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Self-reported cognitive functions

Self-reported cognitive functions were assessed in 1997
and 2001 using self-report scales of rigidity, task orien-
tation, and distractibility. The measures of self-reported
cognitive functions were obtained from the DOTS-R (the
Revised Dimensions of Temperament Survey) question-
naire. The scales included five statements on rigidity (e.g.,
“Changes in plans make me restless”) and distractibility
(e.g., “When I am doing something, nothing else can dis-
tract me”) and eight statements on task orientation (e.g.,
“I continue completing the task until I get it done”). The
statements were responded with a 5-point Likert scale
(1=totally disagree, 5=totally agree). We calculated
mean scores for the self-reported cognitive functions.
First, mean variables for each cognitive function were
calculated for each measurement point (1997 and 2001)
for those participants who had responded to >50% of the
statements of the scale. Next, we calculated a mean score
for each self-reported cognitive function between the
measurement years of 1997 and 2001 (for those partici-
pants who had data available in at least one measurement
year).

The same scales are previously found to predict para-
noid ideation in this dataset [38], supporting their pre-
dictive validity in the context of psychotic disorders.
Further, in offspring of schizophrenia patients, high rigid-
ity scores are associated with increased risk of internalis-
ing and externalising disorders [39]. Further, the internal
reliabilities of the scales were adequate in our sample
(Cronbach’s alpha = 0.79 for task orientation, 0.79 for dis-
tractibility, and 0.70 for distractibility).

Psychiatric diagnoses

In this study, we excluded participants who had devel-
oped a non-affective psychosis during follow-up to
middle age. For that purpose, psychiatric diagnoses
until year 2017 were collected from the Care Register
for Health Care, covering all psychiatric disorders that
have required hospital care. In 2017, the participants
were 40-55 years of age which is clearly over the typi-
cal onset age of schizophrenia [40]. The diagnoses were
given in accordance with the existing diagnostic classi-
fication (ICD-8, ICD-9, or ICD-10). The ICD-diagnoses
were then converted into DSM-diagnoses; this conver-
tion is described with further details elsewhere [41].
The diagnoses were then classified into non-affective
psychotic disorders, substance-related disorders, affec-
tive disorders (mood and anxiety disorders), and per-
sonality disorders. As we excluded participants with
diagnosed non-affective psychoses, the register was
well-suitable for that purpose since the register is found
to cover 93% of schizophrenia-spectrum psychoses and
97% of psychotic disorders [42].
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Control variables

The analyses were adjusted by sex, age, health behav-
iors, and/or childhood and adulthood SES, all of which
are known to be associated with cognitive performance
[43—-46]. Health behaviors were measured by leisure-time
physical activity, alcohol consumption, and daily smok-
ing status. For leisure-time physical activity, a continuous
sum variable was constructed, assessing the frequency,
number of hours and duration of leisure-time physical
activity. The index is described in further detail elsewhere
[47]. Alcohol consumption was measured as a continu-
ous variable indicating the number of doses of alcohol
the person reported consuming per week. One dose was
defined as a 0.3 I cans or bottles of beer, 12 cl of wine, and
4 cl shots of liquor or strong alcohol [48]. Daily smoking
status was assessed as a dichotomous variable that indi-
cated whether the respondent smoked daily (yes / no).
Childhood SES was measured in 1980 by parental edu-
cation (comprehensive school / college level / academic
level) and a continuous variable of parental income rang-
ing from 15 000 to 100 000 Finnish marks (the former
currency of Finland). We controlled for childhood SES in
1980 because, first, we had the broadest data available at

Table 1 Descriptive statistics of the study variables

Variable Mean (SD) Frequen- Range
cy (%)
PRS for schizophrenia -0.01 (1.00) -4.72:2.94
Cognitive test performance
Visuospatial learning 0.01 (0.99) -340;1.91
Reaction time 0.01 (1.00) -3.17;2.20
Sustained attention 0.03 (0.99) -2.20;3.01
Executive function 0.01 (0.99) -342:2.12
Self-reported cognitive
functions
Rigidity 2.08(0.58) 1.00; 4.20
Task orientation 2.76 (0.56) 1.00; 4.63
Distractibility 3.01(0.67) 1.00; 4.90
Sex (Female) 1226 (55.3)
Age (2001) 41.60 (5.05) 34;49
Parental education
Comprehensive school 713(32.7)
College level 906 (41.5)
Academic level 565 (25.9)
Parental income 4.89 (1.94) 1,8
Adulthood education
Comprehensive school 36(2.2)
High school or occupational 372 (22.3)
school
Academic level 1257 (75.5)
Adulthood income 741 (3.03) 1:13
Physical activity (2011) 9.06 (1.88) 5,15
Alcohol use (2011) 0.80 (1.10) 0;10
Daily smoking status (2011) 241 (14.3)

n=2217. Participants in at least one of the analyses are included
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baseline, and second, previous studies on this same data-
set have found significant effects of the childhood SES
on cognitive performance [49]. Adulthood SES was mea-
sured by education (comprehensive school / college level
/ academic level) and a continuous income variable rang-
ing from 5 000 euros to 60 000 euros.

Statistical analyses

The analyses were performed using STATA/MP 18. First,
participants with diagnosed non-affective psychotic dis-
orders were excluded from the data in order to investi-
gate those who have not converted to psychosis. Second,
we calculated pairwise correlations between the study
variables.

Then, we investigated the associations of PRSg., with
test-measured and self-reported domains of cognitive
performance using regression analyses. The analyses
consisted of two parts. First, we predicted each CAN-
TAB domain (PAL, RTI, RWI and SWM) separately by
PRSgc. Second, we predicted the three self-reported
domains of cognitive functions (rigidity, task orientation,
and distractibility) separately by the PRS¢-,. For each
analysis, we had three different models by adding control
variables in a stepwise manner: Model 1 was adjusted for
sex and age, Model 2 also for childhood and adulthood
SES (parents’ education and annual income, and par-
ticipants’ education and annual income as four separate
variables), and Model 3 also for adulthood health behav-
iors (alcohol consumption, smoking, physical activity as
three separate variables). As there were no significant
sex-interactions of PRSg-, when predicting test-mea-
sured or self-reported domains of cognitive performance
or self-reported cognitive functions, the analyses were
performed for both sexes simultaneously.

Finally, we used false discovery rate correction (FDR)
for multiple testing.

Results

Descriptive statistics are presented in Table 1. Approxi-
mately 55% of the participants were female, and 75.5% of
the participants had an academic-level education. Pair-
wise correlations between the study variables are pre-
sented in Supplementary Table 1.

Main results

Table 2 shows the results from linear regression models
predicting test-measured cognitive performance. When
adjusting for age and sex (Model 1), high PRS¢-, was
associated with weaker visuospatial learning (B = -0.061,
p=0.0018), slower reaction time (B = -0.086, p=0.015),
weaker sustained attention (B = -0.086, p=0.00067),
and weaker executive function (B = -0.076, p =0.00043).
All the associations remained significant after adjust-
ing also for socioeconomic factors (Models 2) and after
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adjusting also for adulthood health behaviors (Models 3).
All the associations also sustained after FDR correction.
The results are illustrated in Fig. 1. The R squared values
ranged between 0.07 and 0.10, 0.04-0.05, 0.02-0.09, and

FDR-corr.
0.0047
0.0055
0.0047

T ok 0.07-0.09 for visuospatial learning, reaction time, sus-
o S8 8 tained attention, and executive function, respectively.
o O O

Thus, the highest R squared values were found for visuo-
spatial learning and executive function.

standard error FDR-corr. = false

Executive function
0.024
0.026
0.026

w The results of linear regression models predicting self-
reported cognitive functions are presented in Table 3.

g8 8 PRS¢, was not associated with any domain of the self-
al? I reported cognitive functions, ie., rigidity (p=0.142-
0.893, Models 1-3), task orientation (p=0.654—0.881,

= Models 1-3), or distractibility (p=0.607-0.831, Models

E % o 1-3). All the associations also remained non-significant
s gz after FDR correction. The results are illustrated in Fig. 2.

Sensitivity analyses

As sensitivity analyses, we reran the analyses so that
participants with any diagnosed psychiatric disor-
der (having required hospital care) were excluded

0.00067
0.0082
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Sustained attention
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g
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Fig. 1 In individuals without non-affective psychotic disorders: model-predicted values of test-measured (a) visuospatial learning, (b) reaction time, (c)
sustained attention, and (d) executive function at different levels of PRS-, (Z-score, mean=0, SD=1). Note: Adjusted for age, sex, childhood and adult-

hood SES, and adulthood health behaviors

Discussion

We examined whether polygenic risk for schizophre-
nia (PRS¢c,) is associated with test-measured and self-
reported cognitive performance in individuals who have
not developed a non-affective psychosis during follow-up
to middle age. In test-measured cognitive assessments,
high PRS¢-, was related to lower scores in all investi-
gated domains, namely visuospatial learning, reaction
time, sustained attention, and executive function. These
associations remained significant after adjusting for
health behaviors and socioeconomic factors. In the mod-
els, the highest R squared values were found for visuo-
spatial learning and executive function with the values
between 0.07 and 0.10. PRS¢-, was not associated with

self-reported task orientation or distractibility, but high
PRSq., was related to an increasing trajectory of self-
reported rigidity over age. Overall, our study indicates
that individuals with high PRS¢., have weaker test-mea-
sured performance in some cognitive domains, and they
may experience an increasing trajectory of rigidity in
their daily life as they approach middle age.

As mentioned before, a part of the schizophrenia-
related cognitive alterations are known to be explained by
secondary disorder-related factors such as side effects of
antipsychotics [3] or strong stigmatization [4]. We found
an association between high PRSq., and weaker test-
measured cognitive performance also among those who
have not developed a psychosis until middle age. Overall,
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§ the results suggest that psychosis-related cognitive alter-
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Lo ool 3 lated to the onset of the disease process. Indeed, some
-g studies have suggested that PRS¢-, has some degree of
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£ g [53].

E 885 g A few methodological issues are necessary to be taken
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designed to capture variance in non-clinical populations.

Table 3 Main effect of PRS,, with self-reported cognitive functions in individuals without non-affective psychotic disorders

= Thus, in our general population sample, “lower per-
£ 3 formance” in the CANTAB tests should not be directly
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Fig. 2 Inindividuals without non-affective psychotic disorders: model-predicted values of self-reported (a) rigidity, (b) distractibility, and (c) task orienta-
tion separately with high (highest 25% in the sample) or low (lowest 25% in the sample) PRS¢,. Note: Adjusted for age, sex, childhood and adulthood

SES, and adulthood health behaviors

Conclusion

In conclusion, the results provide evidence that high
PRS-, is associated with lower visuospatial learning,
reaction time, sustained attention, and executive func-
tion in those who have not developed a non-affective
psychosis. Further, individuals with high PRS¢-, may
experience increasing levels of rigidity in their daily life
when approaching middle age. Thus, lower cognitive
functions may not be fully explained by the onset of a
psychotic disorder but may rather reflect a normative

developmental trajectory of high polygenic liabilities
to schizophrenia. Further, the results highlight the
importance of using both test-based and self-report-
based measures of cognitive performance among indi-
viduals at genetic risk for psychosis. In practice, it is
essential to note that even individuals who have not
developed a non-affective psychosis but who have a
high genetic risk for schizophrenia, may benefit from
support or cognitive training in order to promote their
cognitive health.
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childhood and adulthood SES, and adulthood health behaviors
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