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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. PRSSCZ 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 
PRSSCZ was associated with lower scores in all test-measured cognitive domains. These associations sustained after 
controlling for health behaviors and socioeconomic factors. PRSSCZ 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.

Clinical trial number  Not applicable.
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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 (PRSSCZ), 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 PRSSCZ but who 
have not developed a non-affective psychosis. The results 
have been inconclusive. More specifically, some stud-
ies have reported correlations between high PRSSCZ 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 
PRSSCZ and cognitive abilty in healthy individuals [18, 19, 
21].

Essentially, test-based cognitive performance may 
not provide a comprehensive measure of individual’s 
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 

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 PRSSCZ 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 (PRSSCZ) 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 (YFS). 
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 
(YFS) 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 (ˆπ > 0.2), SNP 
call rate < 0.95, MAF < 0.01, and HWE p-value < 1e − 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 (RTI) 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].

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 l 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 

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 PRSSCZ 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 
PRSSCZ. Second, we predicted the three self-reported 
domains of cognitive functions (rigidity, task orientation, 
and distractibility) separately by the PRSSCZ. 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 PRSSCZ 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 PRSSCZ 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 

Table 1  Descriptive statistics of the study variables
Variable Mean (SD) Frequen-

cy (%)
Range

PRS for schizophrenia -0.01 (1.00) -4.72; 2.94

Cognitive test performance

  Visuospatial learning 0.01 (0.99) -3.40; 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) -3.42; 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 
school

372 (22.3)

  Academic level 1257 (75.5)

Adulthood income 7.41 (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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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 
0.07‒0.09 for visuospatial learning, reaction time, sus-
tained attention, and executive function, respectively. 
Thus, the highest R squared values were found for visuo-
spatial learning and executive function.

The results of linear regression models predicting self-
reported cognitive functions are presented in Table  3. 
PRSSCZ was not associated with any domain of the self-
reported cognitive functions, i.e., 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 
1‒3). All the associations also remained non-significant 
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 
from the sample. The remaining sample consisted of 
1235‒1478 participants in Models 1‒3, respectively. 
All the results remained. Specifically, high PRSSCZ was 
again associated with lower test-measured visuospa-
tial learning (p = 0.002‒0.010 in Models 1–3), lower 
reaction time (p = 0.036‒0.038), lower sustained atten-
tion (p = 0.001‒0.007), and lower executive func-
tion (p = 0.001‒0.002). In addition, all the associations 
between PRSSCZ and self-reported cognitive functions 
remained non-significant.

Next, we examined whether the associations of PRSSCZ 
with cognitive performance could be modified by a diag-
nosis of non-affective psychosis, i.e., whether the associa-
tions could be different in participants with vs. without a 
non-affective psychosis. No significant interactions were 
found between PRSSCZ and non-affective psychosis when 
predicting cognitive performance. However, this result 
should be interpreted with caution, as there were fewer 
than 100 cases of non-affective psychosis, resulting in 
limited statistical power.

Finally, we examined age-interactions with PRSSCZ 
when predicting test-measured and self-reported cogni-
tive functions. There were not significant age-interactions 
with PRSSCZ when predicting test-measured cognitive 
performance or self-reported task orientation or distract-
ibility. However, we found that age modified the asso-
ciations between PRSSCZ and rigidity (p = 0.001‒0.013 in 
Models 1‒3). This interaction is plotted in Fig.  3. Thus, 
individuals with high PRSSCZ seemed to have an increas-
ing trajectory of rigidity over age, contrary to those with 
low or intermediate PRSSCZ.
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Discussion
We examined whether polygenic risk for schizophre-
nia (PRSSCZ) 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 PRSSCZ 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. PRSSCZ was not associated with 

self-reported task orientation or distractibility, but high 
PRSSCZ was related to an increasing trajectory of self-
reported rigidity over age. Overall, our study indicates 
that individuals with high PRSSCZ 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 PRSSCZ and weaker test-
measured cognitive performance also among those who 
have not developed a psychosis until middle age. Overall, 

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 PRSSCZ (Z-score, mean = 0, SD = 1). Note: Adjusted for age, sex, childhood and adult-
hood SES, and adulthood health behaviors
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the results suggest that psychosis-related cognitive alter-
ations may also reflect genetic liabilities that are unre-
lated to the onset of the disease process. Indeed, some 
studies have suggested that PRSSCZ has some degree of 
genetic overlap with cognitive performance [50, 51]. Fur-
ther, a previous meta-analysis and review concluded that 
PRSSCZ may be even more strongly associated with cogni-
tion in general population than in schizophrenia patients 
[17]. However, while some studies have suggested that 
the association of PRSSCZ with cognitive ability is male-
specific [18, 19], we did not find any sex-interactions.

As far as we know, our study was the first one to inves-
tigate the association between PRSSCZ and self-reported 
cognitive functions in healthy individuals. In our study, 
PRSSCZ had no associations with self-reported task ori-
entation or distractibility, but high PRSSCZ was related 
to an increasing trajectory of self-reported rigidity when 
approaching middle age. Interestingly, schizophrenia 
patients are shown to have lower executive function in 
middle age than in younger ages [52]. This finding further 
supports an idea that individuals who have not devel-
oped non-affective psychosis may experience similar age-
related trajectories of executive functioning. In our study, 
the rigidity scale assesses the disposition to become 
restless following changes in plans or schedules, as well 
as difficulties in adapting to variations in daily routines. 
Accordingly, rigidity is not only crucial in the light of 
cognitive functions but also plays a crucial role in inter-
personal contexts and formation of social relationships 
[53].

A few methodological issues are necessary to be taken 
into consideration. First, CANTAB test battery has been 
designed to capture variance in non-clinical populations. 
Thus, in our general population sample, “lower per-
formance” in the CANTAB tests should not be directly 
interpreted as cognitive “impairment”. Second, our CAN-
TAB test battery did not include a test for verbal ability/
memory. A decline in verbal memory is one of the most 
consistent findings of cognitive difficulties in schizo-
phrenia patients [1, 54]. Third, the results on test-mea-
sured vs. self-reported cognitive performance were not 
fully comparable because they were measured in differ-
ent follow-ups: cognitive test performance was assessed 
at the age of 34‒49 years, while self-reported cognitive 
functions were evaluated at the age of 20‒39 years. All 
measurements, however, were conducted in adulthood/
midlife when cognitive abilities are found to be quite sta-
ble [55].
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Conclusion
In conclusion, the results provide evidence that high 
PRSSCZ 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 PRSSCZ 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.

Fig. 2  In individuals 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) PRSSCZ. Note: Adjusted for age, sex, childhood and adulthood 
SES, and adulthood health behaviors

 



Page 9 of 11Rosenqvist et al. BMC Psychiatry           (2026) 26:34 

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​8​-​0​2​6​-​0​7​7​7​5​-​x.

Supplementary Material 1

Author contributions
E.R. and A.S. designed the study and wrote an initial draft of the manuscript. 
O.R., T.L., M.K., S.R., K.P., J.H., and L.K-J. contributed to data collection. E.R., 
L.L.-P., E.S., and S.R. contributed to preprocessing of the data. E.R. conducted 
statistical analyses, and A.S. supervised with the analyses. All authors 
contributed to interpretation of the results and writing of the manuscript.

Funding
Open Access funding provided by University of Helsinki (including Helsinki 
University Central Hospital). This study was financially supported by Emil 
Aaltonen Foundation (220255). The Young Finns Study has been financially 
supported by the Academy of Finland: grants 356,405, 322,098, 286,284, 
134,309 (Eye), 126,925, 121,584, 124,282, 129,378 (Salve), 117,797 (Gendi), and 
141,071 (Skidi); the Social Insurance Institution of Finland; Competitive State 
Research Financing of the Expert Responsibility area of Kuopio, Tampere and 
Turku University Hospitals (grant X51001); Juho Vainio Foundation; Paavo 
Nurmi Foundation; Finnish Foundation for Cardiovascular Research; Finnish 
Cultural Foundation; The Sigrid Juselius Foundation; Tampere Tuberculosis 
Foundation; Emil Aaltonen Foundation; Yrjö Jahnsson Foundation; Signe 
and Ane Gyllenberg Foundation; Diabetes Research Foundation of Finnish 
Diabetes Association; EU Horizon 2020 (grant 755320 for TAXINOMISIS and 
grant 848146 for To Aition); European Research Council (grant 742927 for 
MULTIEPIGEN project); Tampere University Hospital Supporting Foundation; 
Finnish Society of Clinical Chemistry; the Cancer Foundation Finland; 
pBETTER4U_EU (Preventing obesity through Biologically and bEhaviorally 
Tailored inTERventions for you; project number: 101080117); CVDLink (EU 
grant nro. 101137278) and the Jane and Aatos Erkko Foundation.

Data availability
The Cardiovascular Risk in Young Finns (YFS) dataset comprises health-related 
participant data, and their use is therefore restricted under the regulations 

on professional secrecy (Act on the Openness of Government Activities, 
612/1999) and on sensitive personal data (Personal Data Act, 523/1999, 
implementing the EU data protection directive 95/46/EC). Due to these legal 
restrictions, the data from this study cannot be stored in public repositories or 
otherwise made publicly available. However, data access may be permitted 
on a case by case basis upon request. Data sharing outside the group is done 
in collaboration with YFS group and requires a data-sharing agreement. 
Investigators can submit an expression of interest to the chairman of the 
publication committee (Prof. Mika Kähönen, Tampere University, Finland, ​h​t​t​p​:​​​
/​​/​w​w​​w​.​m​​i​k​​a​.​k​a​h​o​n​e​n​@​t​u​n​i​.​f​i.

Declarations

Ethics approval and consent to participate
The Young Finns Study has been approved by the Ethics Committees of 
University of Helsinki, University of Turku, Tampere University, University of 
Kuopio, and University of Oulu (ETMK:68/1801/2017). 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 Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Psychology, Faculty of Medicine, University of Helsinki, 
P.O. Box 21, Haartmaninkatu 3, Helsinki 00014, Finland
2Faculty of Medicine and Health Technology, Tampere University, 
Tampere, Finland
3Department of Clinical Chemistry, Fimlab Laboratories, and Finnish 
Cardiovascular Research Center, Tampere, Finland
4Department of Cardiology, Heart Center, Tampere University Hospital, 
Tampere, Finland
5Department of Psychiatry, University of Turku and Turku University 
Hospital, Turku, Finland
6Department of Clinical Physiology, Tampere University Hospital and 
Faculty of Medicine and Health Technology, Tampere University, Tampere, 
Finland
7Research Centre of Applied and Preventive Cardiovascular Medicine, 
University of Turku, Turku, Finland
8Centre for Population Health Research, University of Turku and Turku 
University Hospital, Turku, Finland
9Department of Clinical Physiology and Nuclear Medicine, Turku 
University Hospital, Turku, Finland
10Department of Medicine, University of Turku and Division of Medicine, 
Turku University Hospital, Turku, Finland
11Department of Public Health, University of Turku and Turku University 
Hospital, Turku, Finland

Received: 7 October 2025 / Accepted: 1 January 2026

References
1.	 Schaefer J, Giangrande E, Weinberger DR, Dickinson D. The global cognitive 

impairment in schizophrenia: consistent over decades and around the world. 
Schizophr Res. 2013;150(1):42–50.

2.	 Fioravanti M, Bianchi V, Cinti ME. Cognitive deficits in schizophrenia: an 
updated metanalysis of the scientific evidence. BMC Psychiatry 2012, 12.

3.	 Hori H, Noguchi H, Hashimoto R, Nakabayashi T, Omori M, Takahashi S, Tsukue 
R, Anami K, Hirabayashi N, Harada S, et al. Antipsychotic medication and 
cognitive function in schizophrenia. Schizophr Res. 2006;86(1–3):138–46.

4.	 Chuang SP, Wu JYW, Wang CS. Self-perception of mental illness, and subjec-
tive and objective cognitive functioning in people with schizophrenia. 
Neuropsychiatr Dis Treat. 2019;15:967–76.

5.	 Wang MY, Ho NF, Sum MY, Collinson SL, Sim K. Impact of duration 
of untreated psychosis and premorbid intelligence on cognitive 

Fig. 3  In individuals without non-affective psychotic disorders: model-
predicted values of self-reported (a) rigidity, (b) distractibility, and (c) task 
orientation separately with high (highest 25% in the sample), intermedi-
ate, or low (lowest 25% in the sample) PRSSCZ. Note: Adjusted for age, sex, 
childhood and adulthood SES, and adulthood health behaviors

 

https://doi.org/10.1186/s12888-026-07775-x
https://doi.org/10.1186/s12888-026-07775-x
https://www.tuni.fi/fi
https://www.tuni.fi/fi


Page 10 of 11Rosenqvist et al. BMC Psychiatry           (2026) 26:34 

functioning in patients with first-episode schizophrenia. Schizophr Res. 
2016;175(1–3):97–102.

6.	 Heydebrand G, Weiser M, Rabinowitz J, Hoff AL, DeLisi LE, Csernansky JG. 
Correlates of cognitive deficits in first episode schizophrenia. Schizophr Res. 
2004;68(1):1–9.

7.	 Stubbs B, Ku PW, Chung MS, Chen LJ. Relationship between objectively 
measured sedentary behavior and cognitive performance in patients with 
schizophrenia vs controls. Schizophr Bull. 2017;43(3):566–74.

8.	 Gottesman II, Laursen TM, Bertelsen A, Mortensen PB. Severe mental 
disorders in offspring with 2 psychiatrically ill parents. Arch Gen Psychiatry. 
2010;67:252–7.

9.	 Sullivan PF, Kendler KS, Neale MC. Schizophrenia as a complex trait: 
evidence from a meta-analysis of twin studies. Arch Gen Psychiatry. 
2003;60(12):1187–92.

10.	 Hilker R, Helenius D, Fagerlund B, Skytthe A, Christensen K, Werge TM, 
Nordentoft M, Glenthøj B. Heritability of schizophrenia and schizophrenia 
spectrum based on the nationwide Danish twin register. Biol Psychiatry. 
2018;83(6):492–8.

11.	 Vassos E, Di Forti M, Coleman J, Iyegbe C, Prata D, Euesden J, O’Reilly P, Curtis 
C, Kolliakou A, Patel H, et al. An examination of polygenic score risk prediction 
in individuals with First-Episode psychosis. Biol Psychiatry. 2017;81(6):470–7.

12.	 Lee SH, DeCandia TR, Ripke S, Yang J, Sullivan PF, Goddard ME, Keller MC, 
Visscher PM, Wray NR. Estimating the proportion of variation in susceptibility 
to schizophrenia captured by common SNPs. Nat Genet. 2012;44(3):247–50.

13.	 Purcell SM, Wray NR, Stone JL, Visscher PM, O’Donovan MC, Sullivan PF, Sklar P. 
Common polygenic variation contributes to risk of schizophrenia and bipolar 
disorder. Nature. 2009;460(7256):748–52.

14.	 Ripke S, O’Dushlaine C, Chambert K, Moran JL, Kähler AK, Akterin S, Bergen 
SE, Collins AL, Crowley JJ, Fromer M, et al. Genome-wide association analysis 
identifies 13 new risk loci for schizophrenia. Nat Genet. 2013;45(10):1150–9.

15.	 Richards AL, Pardiñas AF, Frizzati A, Tansey KE, Lynham AJ, Holmans P, Legge 
SE, Savage JE, Agartz I, Andreassen OA, et al. The relationship between 
polygenic risk scores and cognition in schizophrenia. Schizophr Bull. 
2020;46(2):336–44.

16.	 Shafee R, Nanda P, Padmanabhan JL, Tandon N, Alliey-Rodriguez N, 
Kalapurakkel S, Weiner DJ, Gur RE, Keefe RSE, Hill SK, et al. Polygenic risk 
for schizophrenia and measured domains of cognition in individuals with 
psychosis and controls. Transl Psychiatry. 2018;8(1):78.

17.	 Mallet J, Le Strat Y, Dubertret C, Gorwood P. Polygenic risk scores shed light 
on the relationship between schizophrenia and cognitive functioning: review 
and Meta-Analysis. J Clin Med 2020, 9(2).

18.	 Koch E, Nyberg L, Lundquist A, Pudas S, Adolfsson R, Kauppi K. Sex-specific 
effects of polygenic risk for schizophrenia on lifespan cognitive functioning 
in healthy individuals. Transl Psychiatry. 2021;11(1):520.

19.	 Kępińska AP, MacCabe JH, Cadar D, Steptoe A, Murray RM, Ajnakina O. Schizo-
phrenia polygenic risk predicts general cognitive deficit but not cognitive 
decline in healthy older adults. Transl Psychiatry. 2020;10(1):422.

20.	 Germine L, Robinson EB, Smoller JW, Calkins ME, Moore TM, Hakonarson H, 
Daly MJ, Lee PH, Holmes AJ, Buckner RL, et al. Association between polygenic 
risk for schizophrenia, neurocognition and social cognition across develop-
ment. Transl Psychiatry. 2016;6(10):e924.

21.	 Engen MJ, Lyngstad SH, Ueland T, Simonsen CE, Vaskinn A, Smeland O, Bet-
tella F, Lagerberg TV, Djurovic S, Andreassen OA, et al. Polygenic scores for 
schizophrenia and general cognitive ability: associations with six cognitive 
domains, premorbid intelligence, and cognitive composite score in indi-
viduals with a psychotic disorder and in healthy controls. Transl Psychiatry. 
2020;10(1):416.

22.	 Løvstad M, Funderud I, Endestad T, Due-Tønnessen P, Meling TR, Lindgren M, 
Knight RT, Solbakk AK. Executive functions after orbital or lateral prefrontal 
lesions: neuropsychological profiles and self-reported executive functions in 
everyday living. Brain Inj. 2012;26(13–14):1586–98.

23.	 Pilcher JJ, Huffcutt AI. Effects of sleep deprivation on performance: a meta-
analysis. Sleep. 1996;19(4):318–26.

24.	 Chaytor N, Schmitter-Edgecombe M. The ecological validity of neuropsycho-
logical tests: A review of the literature on everyday cognitive skills. Neuropsy-
chol Rev. 2003;13(4):181–97.

25.	 Odhuba RA, van den Broek MD, Johns LC. Ecological validity of measures of 
executive functioning. Br J Clin Psychol. 2005;44(Pt 2):269–78.

26.	 Niendam TA, Horwitz J, Bearden CE, Cannon TD. Ecological assessment of 
executive dysfunction in the psychosis prodrome: a pilot study. Schizophr 
Res. 2007;93(1–3):350–4.

27.	 Diamond A. Executive functions. Annu Rev Psychol. 2013;64:135–68.

28.	 Raitakari OT, Juonala M, Rönnemaa T, Keltikangas-Järvinen L, Räsänen L, 
Pietikäinen M, Hutri-Kähönen N, Taittonen L, Jokinen E, Marniemi J, et al. 
Cohort profile: the cardiovascular risk in young Finns study. Int J Epidemiol. 
2008;37(6):1220–6.

29.	 Ge T, Chen CY, Ni Y, Feng YA, Smoller JW. Polygenic prediction via bayesian 
regression and continuous shrinkage priors. Nat Commun. 2019;10(1):1776.

30.	 Trubetskoy V, Pardiñas AF, Qi T, Panagiotaropoulou G, Awasthi S, Bigdeli 
TB, Bryois J, Chen CY, Dennison CA, Hall LS, et al. Mapping genomic 
loci implicates genes and synaptic biology in schizophrenia. Nature. 
2022;604(7906):502–8.

31.	 Altshuler DM, Gibbs RA, Peltonen L, Altshuler DM, Gibbs RA, Peltonen L, Der-
mitzakis E, Schaffner SF, Yu F, Peltonen L, et al. Integrating common and rare 
genetic variation in diverse human populations. Nature. 2010;467(7311):52–8.

32.	 CANTAB CC. Cognitive assessment software. Cambridge, UK: Cambridge 
Cognition; 2016.

33.	 Torgersen J, Helland C, Flaatten H, Wester K. Reversible dyscognition in 
patients with a unilateral, middle fossa arachnoid cyst revealed by using 
a laptop based neuropsychological test battery (CANTAB). J Neurol. 
2010;257(11):1909–16.

34.	 Gonçalves MM, Pinho MS, Simões MR. Test-retest reliability analysis of the 
Cambridge neuropsychological automated tests for the assessment of 
dementia in older people living in retirement homes. Appl Neuropsychol 
Adult. 2016;23(4):251–63.

35.	 Matos Gonçalves M, Pinho MS, Simões MR. Construct and concurrent valid-
ity of the Cambridge neuropsychological automated tests in Portuguese 
older adults without neuropsychiatric diagnoses and with alzheimer’s 
disease dementia. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. 
2018;25(2):290–317.

36.	 Kim HS, An YM, Kwon JS, Shin MS. A preliminary validity study of the Cam-
bridge neuropsychological test automated battery for the assessment of 
executive function in schizophrenia and bipolar disorder. Psychiatry Investig. 
2014;11(4):394–401.

37.	 Rovio SP, Pahkala K, Nevalainen J, Juonala M, Salo P, Kähönen M, Hutri-
Kähönen N, Lehtimäki T, Jokinen E, Laitinen T, et al. Cognitive performance in 
young adulthood and midlife: relations with age, sex, and education-The car-
diovascular risk in young Finns study. Neuropsychology. 2016;30(5):532–42.

38.	 Saarinen AIL, Granö N, Lehtimäki T. Self-Reported cognitive functions predict 
the trajectory of paranoid ideation over a 15-Year prospective Follow-Up. 
Cogn Therapy Res. 2021;45(2):333–42.

39.	 Díaz-Caneja CM, Morón-Nozaleda MG, Vicente-Moreno RP, Rodríguez-
Toscano E, Pina-Camacho L, de la Serna E, Sugranyes G, Baeza I, Romero S, 
Sánchez-Gistau V, et al. Temperament in child and adolescent offspring of 
patients with schizophrenia and bipolar disorder. Eur Child Adolesc Psychia-
try. 2018;27(11):1459–71.

40.	 Ruiz P. Comprehensive textbook of psychiatry. Philadelphia: Lippincott Wil-
liams & Wilkins; 2000.

41.	 Sormunen E, Saarinen MM, Salokangas RKR, Telama R, Hutri-Kähönen N, Tam-
melin T, Viikari J, Raitakari O, Hietala J. Effects of childhood and adolescence 
physical activity patterns on psychosis risk-a general population cohort study. 
NPJ Schizophr. 2017;3:5.

42.	 Sund R. Quality of the Finnish hospital discharge register: a systematic review. 
Scand J Public Health. 2012;40(6):505–15.

43.	 Miller DI, Halpern DF. The new science of cognitive sex differences. Trends 
Cogn Sci. 2014;18(1):37–45.

44.	 Kalmijn S, van Boxtel MP, Verschuren MW, Jolles J, Launer LJ. Cigarette smok-
ing and alcohol consumption in relation to cognitive performance in middle 
age. Am J Epidemiol. 2002;156(10):936–44.

45.	 Archer JA, Lee A, Qiu AQ, Chen SHA. Working memory, age and education: A 
lifespan fMRI study. PLoS ONE 2018, 13(3).

46.	 Pliatsikas C, Veríssimo J, Babcock L, Pullman MY, Glei DA, Weinstein M, 
Goldman N, Ullman MT. Working memory in older adults declines with 
age, but is modulated by sex and education. Q J Exp Psychol (Hove). 
2019;72(6):1308–27.

47.	 Yang X, Kukko T, Kaseva K, Biddle SJH, Rovio SP, Pahkala K, Kulmala J, Hakonen 
H, Hirvensalo M, Hutri-Kähönen N, et al. Associations of parental physical 
activity trajectories with offspring’s physical activity patterns from childhood 
to middle adulthood: the young Finns study. Prev Med. 2022;163:107211.

48.	 Juonala M, Viikari JS, Kähönen M, Laitinen T, Taittonen L, Loo BM, Jula A, 
Marniemi J, Räsänen L, Rönnemaa T, et al. Alcohol consumption is directly 
associated with carotid intima-media thickness in Finnish young adults: the 
cardiovascular risk in young Finns study. Atherosclerosis. 2009;204(2):e93–98.



Page 11 of 11Rosenqvist et al. BMC Psychiatry           (2026) 26:34 

49.	 Heikkilä K, Stenholm S, Pentti J, Vahtera J, Elovainio M, Pulkki-Råback L, 
Juonala M, Pahkala K, Ahola-Olli A, Hutri N et al. Association of neighbour-
hood and individual-level socioeconomic disadvantage in childhood and 
adulthood with cognitive function in mid-adulthood: cardiovascular risk in 
young Finns study. Am J Epidemiol 2025.

50.	 Smeland OB, Frei O, Kauppi K, Hill WD, Li W, Wang Y, Krull F, Bettella F, Eriksen 
JA, Witoelar A, et al. Identification of genetic loci jointly influencing schizo-
phrenia risk and the cognitive traits of Verbal-Numerical Reasoning, reaction 
Time, and general cognitive function. JAMA Psychiatry. 2017;74(10):1065–75.

51.	 Hubbard L, Tansey KE, Rai D, Jones P, Ripke S, Chambert KD, Moran JL, McCar-
roll SA, Linden DE, Owen MJ, et al. Evidence of common genetic overlap 
between schizophrenia and cognition. Schizophr Bull. 2016;42(3):832–42.

52.	 Mosiołek A, Gierus J, Koweszko T, Szulc A. Cognitive impairment in schizo-
phrenia across age groups: a case-control study. BMC Psychiatry. 2016;16:37.

53.	 García-Mieres H, Usall J, Feixas G, Ochoa S. Placing cognitive rigidity in inter-
personal context in psychosis: relationship with low cognitive reserve and 
high Self-Certainty. Front Psychiatry. 2020;11:594840.

54.	 Toulopoulouand T, Murray RM. Verbal memory deficit in patients with schizo-
phrenia: an important future target for treatment. Expert Rev Neurother. 
2004;4(1):43–52.

55.	 Larsen L, Hartmann P, Nyborg H. The stability of general intelligence from 
early adulthood to middle-age. Intelligence. 2008;36(1):29–34.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Polygenic risk for schizophrenia predicting test-measured and self-reported cognitive performance in individuals without psychosis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿ Participants
	﻿Measures
	﻿Polygenic risk score for schizophrenia
	﻿Test-measured cognitive performance
	﻿Self-reported cognitive functions
	﻿Psychiatric diagnoses
	﻿Control variables


	﻿Statistical analyses
	﻿Results
	﻿Main results
	﻿Sensitivity analyses

	﻿Discussion
	﻿Conclusion
	﻿References


