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ABSTRACT
In the late 19th century, Emil Kraepelin divided endogenous psychosis 
into manic-depressive psychosis and dementia praecox. The latter 
term described individuals with schizophrenia and highlights cognitive 
deficits as a core feature of this illness. Since first degree relatives 
show lower cognitive performance than healthy controls, but better 
performance than patients, cognitive functions are discussed as 
potential endophenotypes for schizophrenia. During the last years, 
several studies have explored the relationship between schizophrenia 
polygenic risk scores and cognition both in individuals with psychiatric 
diseases and the general population. Current research shows mixed 
results for specific cognitive domains as well as general cognitive 
abilities and intelligence. These ambiguous results in parts might be 
due to the heterogeneity of neuropsychological tests used to measure 
various cognitive domains. Most studies are also underpowered, 
given the small to moderate effects of schizophrenia polygenic risk 
scores on cognition. As sufficient sample sizes become more and 
more available by international consortia and national registries, future 
studies will probably shed light on the biological relationship between 
schizophrenia and cognition.
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1 INTRODUCTION
Why consider schizophrenia polygenic 
risk scores when it comes to cognition?
Since the very early stages of medical research 
on psychiatric disorders it has been evident that 
mental illnesses like bipolar disorder (BD), major 
depressive disorder (MDD), schizoaffective disorder 
(SA) or schizophrenia (SZ) are accompanied by 
cognitive deficits. Already the division of endogenous 
psychosis into manic-depressive psychosis and 
dementia praecox by Emil Kraepelin in the late 19th 
century emphasizes a continuous cognitive decline 
in patients who suffer from dementia praecox—today 
known as SZ. To this day, impairments in cognitive 
performance constitute one of the core features of 
SZ for a couple of reasons. First of all, cognitive 
impairments are present at all stages of the illness. 
Acute psychotic episodes are usually preceded by a 
prodromal phase. In this period, a loss of cognitive 
abilities is already present along with further unspecific 
symptoms like social withdrawal and affective 
flattening. In particular, cognitive performance serves 
as an important predictor in individuals who are at 
high risk for psychosis: high risk individuals who show 
more severe cognitive impairments are more likely 
to develop SZ in less than two years [1]. Furthermore, 
cognitive impairments not only remain present during 
acute psychotic episodes, but often last together 
with negative symptoms and are to this day hardly 
treatable. Interestingly, first degree relatives show 
lower cognitive performance than healthy controls, 
but better performance than patients [2]. 

Cognitive impairments are most severe in SZ, but 
also occur in individuals who suffer from psychiatric 
disorders like MDD, BD and SA. However, the degree 
of cognitive impairments differs between the mentioned 
mental illnesses as well as their subtypes [3–7]. Besides 
this (endo-)phenotypic overlap, these disorders are 
genetically correlated [8]. Therefore, researchers 
have questioned the Kraepelinian dichotomy and 
proposed a continuum model from MDD and BD over 
SA to SZ [9]. A recent study investigated cognitive 
performance within a continuum approach, showing 
a decrease of cognitive abilities in the direction from 
BD to SZ [10].

Due to the lack of a unique theory on cognition 
and its subdomains, measuring cognitive performance 
does not follow a homogenous path; rather the 
underlying theory on cognition and certain cognitive 
areas determines the choice of neurocognitive tests. 
Also, this heterogeneity is predominant in research 
on cognition in SZ, and amongst others a reason 
for the persisting ignorance on which domains 
are really affected in SZ. Therefore, a consortium 
of researchers developed the Measurement and 
Treatment Research to Improve Cognition in 

Schizophrenia (MATRICS) Consensus Cognitive 
Battery (MCCB) [11], to validly measure cognitive 
deficits in affected people. Furthermore, this battery 
should serve as a common instrument for clinical 
research on cognition with individuals who suffer from 
SZ to guarantee good replicability [11]. They identified 
seven important cognitive areas: attention/vigilance, 
working memory, verbal learning and memory, visual 
learning and memory, reasoning and problem solving, 
speed of processing, as well as social cognition 
(the latter is not part of this review). Accordingly, 
they defined neurocognitive tests for these areas [11]. 
The validity of the MCCB is supported by a study of 
August and colleagues [12].

The observation that there is familial incidence 
of SZ led to a discussion on genetic causes for the 
disease. Twin and family studies showed evidence 
for the high heritability of SZ with estimates of up to 
79% [13]. Genome wide association studies (GWAS) 
have been promising for the identification of the 
underlying genetic mechanisms of SZ and revealed 
the highly polygenic architecture of this disease. 
The latest GWAS on SZ found 145 genome-wide 
significant loci [14]. Summary statistics from GWAS 
can be used to estimate the polygenic load of 
common risk alleles an individual carries for a certain 
trait or disorder in a polygenic risk score (PRS) [15,16], 
in this case for SZ (schizophrenia polygenic risk 
score, SZ-PRS). 

However, as for most complex traits, the genetic 
cause of this disorder is still not fully understood. 
Therefore, so called endophenotypes for SZ are 
discussed, which might deliver a better reflection of the 
underlying genetic and biological risk factors. Cognitive 
deficits have first been described as a potential 
endophenotype for SZ by Gottesman and Shields in 
1973 [17] and have been revised by Gottesman and 
Gould in 2003 [18]. An endophenotype is (a) associated 
with the illness, (b) heritable, (c) independent of illness 
state, (d) co-segregates with illness in families, and 
as further suggestion (e) non-affected families have a 
higher rate than the general population [18]. 

The association of cognitive impairments with SZ 
(criterion a) has been described above. Heritability 
estimates of intelligence (criterion b) in the general 
population range from 30–80% [19]. Interestingly, 
despite high age-to-age genetic correlations the 
heritability of intelligence increases with age [20]. 
Thus, the same genetic variants affect intelligence at 
each stage in life, but the genetic variation between 
individuals accounts for more variance of the 
phenotype as age increases (for a detailed discussion 
of this topic, see references [20,21]). Recent GWAS 
of intelligence have revealed up to 205 significant 
loci, highlighting the importance of genetic pathways 
related to nervous system development, neuron 
differentiation as well as synapse structure and 
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activity [22]. Similarly to findings from other complex 
traits like psychiatric disorders, these significant loci 
only explain up to 5.2% of the total heritability of 
intelligence [22], which is an important indicator for a 
highly polygenic architecture. Furthermore, studies 
have reported a negative genetic correlation between 
general cognitive ability and SZ [23,24]. 

Bringing together knowledge on cognitive 
performance in SZ and its genetic basis, recent studies 
hypothesize that higher SZ-PRSs are associated with 
poorer cognitive performance both in patients and 
the general population. This review aims to present 
a differentiated overview of the current literature on 
this topic. For both parts, individuals with psychiatric 
diseases, predominantly SZ, and general population, 
results are presented in the same order, ranging 

from specific cognitive domains (attention/vigilance, 
working memory, verbal learning and memory, visual 
learning and memory, reasoning and problem solving, 
and speed of processing) to general cognitive abilities 
and intelligence. The latter two are highly correlated 
as they represent broad underlying cognitive abilities. 
Nevertheless they are presented separately in this 
review. As intelligence is reported as a standardized 
intelligence quotient (IQ) measure (although measured 
by different tests), general cognitive abilities are 
operationalized in most studies as a composite score 
of the available tests. Hence the outcome measure is 
highly dependent on the choice of tests and therefore 
not standardized to a comparable scale. A brief 
description of the cognitive domains discussed in this 
review is given in the INFOBOX.

INFOBOX
Attention/vigilance describes processes related to the perception of internal as well as external stimuli. 
Underlying processes are orientation (alertness, sustained attention/vigilance) towards and selection 
(selective attention and divided attention) of information. 

Memory embraces all processes related to encoding, storage and recall of information. The 
classification of memory depends on duration (short-term memory, working memory, long-term memory) 
as well as explicit (semantic, episodic) and implicit content (procedural, priming). The working memory 
enables to temporarily store and manipulate information simultaneously. Encoding, storage and recall 
of information may occur on visual (visual learning and memory) or verbal (verbal learning and 
memory) material.

Executive functions are a regulation and control mechanism supporting a goal-oriented and situation 
specific behaviour, like planning, problem solving, and reasoning. Executive functions are activated 
as soon as automatic actions are not goal oriented anymore for problem solving.

Speed of processing is the time a person needs for a mental task, i.e., the time between receiving and 
responding to a stimulus. It is essential for all other cognitive skills.

General cognitive abilities are a heterogeneous measure. This construct embraces different cognitive 
skills depending on the administered tests without fulfilling the criteria for intelligence.

Intelligence embraces all cognitive performance parameters. There is no homogeneous description 
of intelligence. The most prominent theory is Spearman’s two factor theory (g- and s-factor) (for the 
interested reader, also consider Thurstone’s model on primary mental abilities, Cattell’s theory of 
fluid and crystalline intelligence). The g-factor is defined as an underlying general mental ability that 
influences the overall performance on different tasks.

2 METHODS
Which studies were selected?
Literature search was performed in the databases 
PubMed and PsychInfo on July 26th, 2018 using the 
search terms “polygenic risk score schizophrenia” 
and “genomic risk profile score schizophrenia” 
combined with “cognition”, “intelligence”, “cognitive”, 
“ n e u r o p s y c h o l o g y ”  a n d  “ n e u r o c o g n i t i v e ” , 
respectively. We screened the abstracts of the 
resulting articles and only considered studies with at 
least one objective measure of cognitive skills, i.e., 

a standardized test. Findings on soft measures of 
cognitive skills, for example parents’ ratings on their 
children’s ability to focus, are not reported in this 
review. In addition, we hand-searched the references 
of the selected articles and reviews for further 
suitable publications.

In studies comparing cases and controls, 
exclusion criteria often apply for the control group 
like having a psychiatric diagnosis or having affected 



Schizophrenia Polygenic Risk Scores and CognitionSabrina K. Schaupp et al.

JPBS  2018; 3(6): 12 | Email: jpbs@hapres.com                                                                                                 December 19, 20184

relatives. In contrast, these exclusion criteria do 
not typically apply in studies working with samples 
from the general population. Furthermore, there are 
important confounders of cognitive performance 
in a clinical sample that occur less frequently in 
samples from the general population like medication, 
drug abuse, psychotic symptoms and age at onset. 
Therefore, we decided to review these two types of 
studies separately.

3 RESULTS
3.1 Is there an association between 
schizophrenia polygenic risk scores 
(SZ-PRS) and cognitive performance in 
individuals with psychiatric diseases?
All studies performed in individuals with psychiatric 
diseases are listed in Table 1. The studies reviewed 
for this article did not administer the Measurement 
and Treatment Research to Improve Cognition in 

Schizophrenia (MATRICS) Consensus Cognitive 
Battery (MCCB) in its full extent, but in summary 
most of them used at least certain tests which are 
defined in the MCCB (Table 1). In total our search 
delivered ten studies (for detailed information 
on the respective samples see Table 1). SZ-
PRS differentiated significantly between cases, 
relatives and controls, as well as within cases 
between different diagnoses (schizophrenia (SZ), 
bipolar disorder (BD), major depressive disorder 
(MDD), schizoaffective disorder (SA)), with the 
highest loading in individuals with SZ. Consistent 
with other studies [25], only a small part of disease 
status could be explained by SZ-PRS. Four of 
the reviewed studies considered intelligence as 
cognitive measure. The other six studies differ from 
each other in their approach. While some consider 
a composite outcome (general cognitive abilities) 
based on different neurocognitive tests for at least 
twocognitive domains, others investigated single 
cognitive areas or combined both approaches. These 
inconsistencies in approaches used also reflect the 
heterogeneity in results found.

Table 1. Studies on SZ-PRS and cognition in patients, relatives and controls.

Author & Year Sample Domain (Test) *Significant

Alloza et al., 2017 [26] ● C: N = 36
● P: SZ: N = 28

● IQ (vocabulary, block design,      
   similarities (WAIS))

Nakahara et al., 
2018 [27] ● C: N = 136

● P: SZ: N = 127

● speed of processing * (CMINDS)
● attention/vigilance * (CMINDS)
● working memory * (CMINDS)
● verbal memory * (CMINDS)
● visual memory * (CMINDS)
● reasoning/problem solving * (CMINDS)
● general cognitive abilities * (CMINDS)

Ranlund et al., 
2017 [28]

● C: MDD: N = 137;  
    AD: N = 15;  
   other non-psychotic disorder: N = 20;  
   no psychiatric illness = 2161
● R: MDD: N = 136;  
   AD: N = 32;  
   other non-psychotic disorder: N = 21;  
   no psychiatric disorder: N = 633
● P: SZ: N = 703; 
● BD: N = 105; 
● SA: N = 60; 
● other psychotic disorder: N = 219

● attention & working memory 
   (forward and backward digit span)
● spatial visualization * 
   (block design) 
● short- and long-term verbal memory 
   (RAVLT)

Shafee et al., 
2018 [29]

Bipolar-Schizophrenia Network for 
Intermediate Phenotypes:
● C: N = 180 (no history of psychosis)
● R: N = 243 (no history of psychosis)
● P: SZ: N = 100; BD: N = 143; SA: N = 71
● Philadelphia Neurodevelopmental 
● Cohort: C: N = 4511

● general cognitive abilities (BACS)
● IQ (WRAT)
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Author & Year Sample Domain (Test) *Significant

van Os et al., 
2017 [30]

Genetic Risk and Outcome of Psychosis:
● C: N = 586 (other non-psychotic
   disorder: N = 59)
● R: siblings of P: N = 1059 (other  
   non-psychotic disorder: N = 154); 
   parents of P: N = 920

● IQ (information, block design, digit 
   symbol coding, arithmetic (WAIS); 
   baseline & 3-year follow-up)
● IQ (information (every third item), block 
   design (uneven items), digit symbol 
   coding, arithmetic (uneven items) 
   (WAIS-III short form); 6-year follow-up) 

Terwisscha van 
cheltinga et al., 
2013 [31]

● C: N = 322
● P: SZ: N = 315; SA: N = 35

● IQ (WAIS III & IIIR)

Walton et al., 
2013 [32]

● C: N = 99
● P: SZ: N = 79

● working memory (Sternberg Item 
   Recognition Paradigm) 

Wang et al., 
2018 [33]

Schizophrenia Trio Genomic Research      
in Taiwan:
● P: N = 1120

● sustained attention (CPT)
● executive function (WCST)
● general cognitive abilities * 
   (based on CPT & WCST)

Whalley et al., 
2016 [34]

Generation Scotland:the Scottish      
Family Health Study:
● C: N = 16764
● P: MDD: N = 2587
UK Biobank (Replication Sample):
● C: N = 27476
● P: MDD: N = 6049

● verbal declarative memory 
   (Wechsler Logical Memory III)
● processing speed (Digit Symbol 
   Coding (WAIS))
● verbal ability (Mill Hill Vocabulary 
   Scale)
● executive function (letter-based 
   phonemic verbal fluency test)

Xavier et al., 
2018 [35]

Clinical Antipsychotics 
Trials of Intervention 
Effectiveness-schizophrenia trial: 
● P: N = 741

● general cognitive abilities 
   (computerized test of visuo-spatial 
   working memory, HVLT, CPT, 
   COWAT, WCST)

* significant association (at least one p-value threshold); direction of significant effects: higher SZ-PRS were associated 
with poorer performance in the respective tests; P = individuals with psychiatric diseases; R = relatives; C = controls; SZ 
= schizophrenia; BD = bipolar disorder; SA = schizoaffective disorder; MDD = major depressive disorder; AD = anxiety 
disorder; WAIS = Wechsler Adult Intelligence Scale; CMINDS = Computerized Multiphasic Interactive Neurocognitive 
System; RAVLT = Rey Auditory Verbal Learning Test; BACS = Brief Assessment of Cognition in Schizophrenia; WRAT 
= Wide Range Achievement Test; CPT = continuous performance test; WCST = Wisconsin Card Sorting Test; HVLT = 
Hopkins Verbal Learning Test; COWAT = Controlled Oral Word Association Test. 

3.1.1 Attention/vigilance
Since attention is strongly impaired in individuals 
with SZ, most studies considered this domain in their 
analyses. Significant associations between SZ-PRS 
and attention are only reported by Nakahara et al. [27], 
while other studies did not reveal any significant 
association between SZ-PRS and attention [28,33]. Post 
hoc analysis by Xavier et al. [35] revealed a significant 
association between SZ-PRS and vigilance but the 
finding did not survive correction for multiple testing.

3.1.2 Working memory
In the functional magnetic resonance imaging (fMRI) 
study by Walton et al. a significant association was 
shown between SZ-PRS and the dorsolateral prefrontal 
cortex, which is related to working memory [32]. However, 
this association could not be shown for the outcome 
measure of the administered test [32]. Similarly, Xavier 
et al. was not able to show a significant association 
between SZ-PRS and working memory in his 
post hoc analysis [35]. But based on the CMINDS a 

 Table 1. Cont.
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significant association between these two variables 
has been shown by Nakahara et al. [27].

3.1.3 Verbal learning and memory
While the studies of Ranlund and Whalley [28,34] were 
not able to find any association between SZ-PRS and 
verbal learning, Nakahara et al. [27] showed a significant 
association between verbal learning and SZ-PRS. Also, 
in this case the post hoc analysis by Xavier et al. [35] on 
a possible association between SZ-PRS and memory 
did not survive correction for multiple testing.

3.1.4 Visual learning and memory
Only the study of Nakaraha et al. [27] considered visual 
learning and was able to show a significant association 
with SZ-PRS.

3.1.5 Reasoning and problem solving
The Wisconsin Card Sorting Test (WCST) is also part 
of the MCCB as a valid measurement for reasoning 
and problem solving as subfunctions of executive 
functioning and has been applied in the study of        
Wang et al. [33]. They report a significant association 
between the outcome measures perseverative 
responses, perseverative errors, conceptual level 
response and failure to maintain set and SZ-PRS, even 
though the overall outcome measure for the WCST 
did not reveal any significant association with SZ-PRS 

[33]. For problem solving Nakahara et al. [27] report a 
significant negative correlation with SZ-PRS. Post hoc 
analysis by Xavier et al. [35] did not reveal a significant 
association between SZ-PRS and reasoning.

3.1.6 Speed of processing
Nakahara et al. [27] as well as Whalley et al. [34] describe 
a significant association between SZ-PRS and speed 
of processing. However, there is a peculiarity in the 
study of Whalley et al. [34]. Their case sample refers 
to individuals with MDD. Another caveat is that they 
only report this significant association in one of the 
two analyzed samples [34]. The post hoc analysis by 
Xavier et al. [35] did not reveal a significant association 
between SZ-PRS and speed of processing. 

3.1.7 General cognitive abilities
Four out of ten studies considered a score for general 
cognitive abilities to investigate its association with 
SZ-PRS. This composite score however, must be 
interpreted with caution since each study investigated 
different cognitive areas and applied different 

neurocognitive tests, leading to inconsistent findings. 
Wang et al. [33] based their outcome measure for 
general cognitive abilities on the neurocognitive 
tests for sustained attention (CPT) and executive 
functioning (WCST; see Table 1) and reported a 
significant association with SZ-PRS. The composite 
score of the CMINDS, applied by Nakahara et al. [27], 
also showed a significant negative correlation 
between SZ-PRS and general cognitive abilities. 
Further reviewed studies have not been able to 
show a significant association between SZ-PRS and 
general cognitive abilities in cases [29,35]. Interestingly,        
Shafee et al.  [29] found a significant association 
between general cognitive abilities and SZ-PRS in 
the non-psychiatric group. Therefore, they assumed 
that cognitive decrease in patients was due to morbid 
factors like disease progression, protective effects, 
treatment effects and possible substance abuse [29]. 

3.1.8 Intelligence
Three out of ten studies with cases and controls [26,29,31] and 
one longitudinal study with relatives and controls [30] 
analyzed a possible association between intelligence 
quotient (IQ) and SZ-PRS. Three out of four studies 
reported a significant difference in IQ with a lower IQ 
in individuals with psychiatric diseases [26,29,31]. None of 
the reviewed studies showed a significant association 
with SZ-PRS. However, one study found a nominally 
significant association [31] or a trend toward a significant 
association of SZ-PRS with IQ [26], respectively. Further 
analysis of Terwisscha van Scheltinga et al.  [31]  
considered a possible association of SZ-PRS with 
specific cognitive functions, which also did not reveal 
any relevant results. They discussed that lack of 
association between SZ-PRS and IQ that both were 
independently associated with SZ. Besides, like 
Shafee et al. [29] they argued that cognitive deficits 
might be due to secondary processes like SZ gene 
effects on brain growth and maturation as well as 
environmental interaction effects. The longitudinal 
study of van Os et al. [30] with a follow-up after three 
and six years did not reveal a significant association 
between SZ-PRS and IQ in the group of relatives, 
while there was a significant association in the 
control group. 

3.2 Is there an association between      
SZ-PRS and cognitive performance in 
the general population?
A total of twelve studies were considered (Table 2), 
eight of which explored the effects of SZ-PRS on 
specific cognitive domains. Overall, there were only 
a few significant findings.
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Table 2. Studies on SZ-PRS and cognition in the general population.

Author & Year Sample Domain (Test) *Significant

Benca et al.,          
2017 [36]

Colorado Longitudinal Twin study (LTS)  
and the Colorado Community Twin 
Study (CTS) (mean age: 19.6 years):
N = 386 

● executive functioning (antisaccade,          
   stop-signal, Stroop, keep track, letter 
   memory, spatial n-back, number-letter, 
   color-shape, category-switch)
● IQ (WAIS-III (LTS)/WASI (CTS))

Córdova-Palomera   
et al., 2018 [37]

Philadelphia Neurodevelopmental 
Cohort: 
N = 4183 (8–22 years)

● IQ *,# (WRAT)

Germine et al.,          
2016 [38]

Philadelphia Neurodevelopmental 
Cohort (Discovery sample; 8–21 years): 
N = 4303
Harvard/Massachusetts General 
Hospital Brain Genomics Superstruct 
Project (Replication sample; 18–35 
years):
N = 695 

Computerized Neurocognitive Battery:
● abstraction/cognitive flexibility 
   (Penn conditional exclusion test)
● attention (Penn continuous 
   performance test)
● working memory (letter n-back task)
● verbal memory (Penn word memory task)
● face memory (Penn face memory task)
● spatial memory (visual object learning test)
● verbal reasoning *(Penn verbal        
   reasoning test)
● nonverbal reasoning (Penn matrix 
   reasoning test)
● spatial reasoning (Penn line          
   orientation test)
● emotion identification * (Penn emotion 
   identification test (+replication sample))
● emotion discrimination (Penn emotion 
   differentiation test)
● age discrimination (Penn age         
   differentiation test)
● motor speed (computerized finger     
   tapping test)
● sensorimotor speed (mouse practice task)
● general cognitive abilities (based on 
   all tests)

Hagenaars et al., 
2016 [39]

UK Biobank Study: (40–73 years)
● N = 111484 (reaction time)
● N = 112067 (memory)
● N = 36035 (verbal-numerical 
   reasoning)

● reaction time * (computerized 
   "Snap" game)
● memory * (recalling cards)
● executive functioning * (verbal-numerical 
   reasoning task)

Hatzimanolis et al., 
2015 [40] 

Athens Study of Psychosis Proneness 
and Incidence of Schizophrenia           
(Discovery sample; 18–24 years):
● N = 1079 
Athens Study of Psychosis Proneness 
and Incidence of Schizophrenia              
(Replication sample):
● N = 738 
Learning on Genetics of Schizophrenia 
Spectrum (Replication sample;                
18–29 years):
● N = 825 

● non-verbal IQ (Raven's matrices)
● sustained attention/ vigilance (continuous 
   performance test, Identical Pairs version)
● verbal working memory (verbal n-back         
   (2-back))
● spatial working memory (spatial n-back         
   (2-back))
● oculomotor functioning (antisaccade eye 
   movements; smooth pursuit eye movements)
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Author & Year Sample Domain (Test) *Significant

Hubbard et al.,       
2015 [23] 

Avon Longitudinal Study of Parents and 
Children (8 years):
● N = 5109–5556 

● attention * (sky search task (TEA-Ch))
● problem solving (block design (WISC-III))
● processing speed (coding (WISC-III)
● social cognition (diagnostic analysis of 
   nonverbal accuracy)
● verbal learning *,# (nonword 
   repetition test)
● working memory (digit span backward 
   (WISC-III)
● performance IQ * (WISC-III)
● verbal IQ (WISC-III)
● total IQ * (WISC-III)

Krapohl et al., 
2016 [41]

Twins Early Development Study (16 years): 
● N = 3152 

● general cognitive abilities (Raven’s 
   matrices, Mill Hill Vocabulary)
● non-verbal IQ (Raven’s matrices)
● verbal IQ (Mill Hill Vocabulary)

Lencz et al., 
2014 [42]

COGENT:
● N = 4896 
(from nine samples; range of mean age 
in samples: 15.9–69.5 years) 

● general cognitive abilities *

Liebers et al., 
2016 [43]

Health and Retirement Study:
● N = 8616

● general cognitive abilities * (TICS)
● attention/ orientation * (TICS)
● verbal memory * (TICS)

McIntosh et al., 
2013 [44]

Lothian Birth Cohort 1936 (Discovery 
sample; T1: 11 years, T2: 70 years):
● N = 937 
Lothian Birth Cohort 1921 (Replication 
sample; T1: 11 years, T2: 79 years):
● N = 517 

● IQ (Moray House Test; discovery sample; 
   age 11 and 70)
● fluid-type general cognitive functioning * 
   (WAIS-III, WMS-III; discovery sample; age 70)
● general cognitive ability * (Moray House 
   Test, Raven’s matrices, verbal fluency test, 
    logical memory test; replication sample; 
    age 79)

Rampino et al., 
2017 [45]

Discovery sample:
● N = 260 (mean age: 28 years)
Replication sample: 
● N = 73 (age: 26 years)

● attention (continuous performance test)
● working memory (N-Back test)
● speed of processing (Trail Making Test A, 
   B and B-A)

Riglin et al., 
2017 [46]

Avon Longitudinal Study of Parents and 
Children (4–9 years):
● N = 5100–6952 

● reading ability (Wechsler Objective 
   Reading Dimensions)
● verbal and performance * IQ (WISC)

*significant association (at least one p-value threshold); #positive association, thus higher SZ-PRS associated with higher 
cognitive performance; direction of all other significant effects: higher SZ-PRS were associated with poorer performance 
in the respective tests; WISC = Wechsler Intelligence Scale for Children; WAIS = Wechsler Adult Intelligence Scale; 
WMS = Wechsler Memory Scale; TICS = Telephone Interview for Cognitive Status; TEA-Ch = Test of Everyday Attention 
for Children; WRAT = Wide Range Achievement Test.

 Table 2. Cont.



Schizophrenia Polygenic Risk Scores and CognitionSabrina K. Schaupp et al.

JPBS  2018; 3(6): 12 | Email: jpbs@hapres.com                                                                                                 December 19, 20189

study with the outstanding sample size was able to 
find a significant negative association with SZ-PRS [39].

3.2.7 General cognitive abilities
As already discussed for the case-control studies, 
the estimates of the general cognitive abilities highly 
depend on the tests used to create the respective 
scores. The results are mixed. While two studies 
did not report significant results [38,41], others did find 
a negative association between SZ-PRS and their 
estimates of general cognitive abilities [42–44]. In the 
study by Lencz and colleagues [42], the negative 
association between SZ-PRS and general cognitive 
abilities was complementary to their main analysis 
showing that individuals with SZ had a significantly 
lower polygenic score for cognition than controls in 
different SZ-cohorts, highlighting the genetic overlap 
between these two traits. Regarding possible effects 
of SZ-PRS on cognitive changes with age, McIntosh 
and colleagues observed higher SZ-PRS associated 
with greater relative decline in general cognitive 
functioning between age 11 and age 70 [44]. However, 
a longitudinal study of cognitive decline in older age 
did not find any effect of SZ-PRS [43].

3.2.8 Intelligence
We found seven studies exploring possible associations 
between SZ-PRS and measures of IQ. The first 
one was published in 2013 and was the only one 
using SZ-PRS based on the PGC1 GWAS [15]. All 
other studies based the SZ-PRS on the summary 
statistics from the PGC2 GWAS [25], in one case 
also on a GWAS in the CLOZUK sample [23]. This 
limited number of studies does not yet paint a clear 
picture. However, some interesting preliminary trends 
can be discussed. Three of the studies reported 
significant findings on some of the measures they 
used. Performance IQ showed more potential for 
associations with SZ-PRS than verbal IQ [23,46]. Two 
studies found effects of SZ-PRS on general IQ 
measures [23,37], while others did not [36,44]. In  two 
studies, a higher SZ-PRS was associated with a 
lower IQ. However, Córdova et al. found an effect 
in the opposite direction [37]. This finding underlines 
the fact that the direction of the relationship between 
alleles associated with risk for SZ and cognition 
does not seem to be as clear as expected and is 
in line with studies showing a positive relationship 
between SZ-PRS and creativity [47] and mixed results 
on the direction of the genetic correlation between 
SZ and educational attainment (positive correlation: [48]; 
negative correlation: [49]).

The decline in cognitive performance in individuals 
with SZ often starts in childhood or adolescence, 

3.2.1 Attention/vigilance
Of the five studies analyzing measures of attention 
(see Table 2),  only  two found a signi f icant                     
association [23,43]. However, Hubbard et al. only reported 
significant results for SZ-PRS based on a genome 
wide association study (GWAS) in the Psychiatric 
Genomics Consortium (PGC) sample [25], not in an 
additional sample of individuals with a clinical diagnosis 
of SZ (attending a clozapine clinic in the UK; CLOZUK 
sample) [23]. Higher SZ-PRSs were associated with 
lower performance in attention tasks in the Telephone 
Interview for Cognitive Status [43]. It is important to 
note, that this was the study with the biggest sample 
size. One of the other studies reported nominally 
significant results [40]. 

3.2.2 Working memory
None of the five studies reporting measures of 
working memory [23,36,38,40,45] did find a significant effect 
of SZ-PRS, probably due to a lack of power. 

3.2.3 Verbal learning and memory
Verbal learning and memory were significantly 
associated with SZ-PRS in two studies [23,43]. It is 
noteworthy, that Hubbard and colleagues did find a 
positive association, opposite to the hypothesized 
direction of effect [23]. Thus, higher SZ-PRS were 
related to a better performance in verbal learning. 
However, as for attention, they only reported significant 
results for SZ-PRS based on a GWAS in the PGC 
sample [25], not in the CLOZUK sample [23].

3.2.4 Visual learning and memory
Only two studies explored visual learning and 
memory. While Germine et al. did not see a significant 
association with SZ-PRS [38], Hagenaars and colleagues 
reported a negative effect [39]. This inconsistency 
can most likely be explained by the huge difference 
regarding sample size between these studies. 

3.2.5 Reasoning and problem solving
Measures of reasoning and problem solving were 
analyzed in three studies [23,38,39], two of which report 
a significant negative association between SZ-PRS 
and verbal reasoning [38] and verbal-numerical 
reasoning [39] in the general population. Unlike verbal 
reasoning, nonverbal and spatial reasoning were not 
associated with SZ-PRS in the study by Germine 
and colleagues [38]. 

3.2.6 Speed of processing
Speed of processing was measured in four studies 
(see Table 2). Similar to the other domains, only the 
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preceding the first acute illness episode for years. 
Therefore, children and adolescents are important 
age groups to study the effects of SZ-PRS on 
cognition, which is reflected in the current literature. 
Five out of the six studies worked with samples 
including—albeit not necessarily exclusively–
children and adolescents [23,37,41,44,46], three of which 
found significant associations with SZ-PRS [23,37,46]. 
Intelligence is less heritable in childhood compared 
to adulthood [20]. Also, Hill and colleagues [50] studied 
the age dependent pleiotropy between general 
cognitive function and major psychiatric disorders 
and found a negative genetic correlation between 
cognitive function and SZ in older age, but not 
in childhood. Even if not reflected in studies on                                                                           
SZ-PRS and cognit ion yet, as McIntosh and 
colleagues [44] did not see a significant association 
of SZ-PRS and IQ at both age 11 and age 70, these 
age-dependent differences need to be considered 
when interpreting studies on genetic overlap between 
SZ and cognition. 

4 Discussion
4.1 What have we learned so far?
As the concept of polygenic risk scores (PRS) has 
only been around for a decade, the number of studies 
investigating the relationship between schizophrenia 
PRS (SZ-PRS) and cognition is limited. 

In summary, most studies with affected individuals 
did not find an association between SZ-PRS and 
cognition i.e., general cognitive abilities, specific 
cognitive domains or intelligence quotient (IQ). Only 
a few were able to find an association for general 
cognitive abilities [27,33] and for specific cognitive 
domains [27,33]. The picture from studies in the general 
population is similarly blurry. Measures of IQ or 
general cognitive abilities vary a lot, which might in 
part explain the heterogeneous results. The field 
needs to balance the respective advantages and 
disadvantages of huge samples with comparatively 
broad and unspecific measures of cognition versus 
deeply phenotyped smaller samples. In general, 
the effect sizes of SZ-PRS on cognition are small 
to moderate. Most studies that found significant 
associations between SZ-PRS and intelligence or 
general cognitive abilities in the general population 
reported changes in R² due to SZ-PRS of 0.3% [46] 

at most (with the exception of Lencz et al., who saw 
an R² of 1.61% in one of their samples [42]). Thus, 
the amount of variance of the phenotype cognition 
explained by the genetic load of SZ risk loci is rather 
low. In contrast, the amount of genetic variance of 
cognition explained by the genetic load of SZ risk 
loci is higher. The Brainstorm Consortium recently 

reported a genetic correlation (rg) of −0.19 between 
SZ and intelligence [51], which would correspond to an 
R² of 3.61%. Thus, between cognition and SZ, there 
seems to exist significant overlap of genetic factors 
(rg ), but SZ-PRS appear to influence the phenotype 
cognition to a much smaller degree. Therefore, 
big samples are needed to achieve the statistical 
power that is necessary to detect these effects, as is 
clearly reflected in the results. The findings from the 
reported studies suggest aiming for large samples 
(e.g., N > 110,000 in [39]) rather than very precisely 
measured cognitive domains in smaller samples [36]. 
Only with sufficient samples valid conclusions can         
be drawn. 

Since there is an (endo-)phenotypic as well as 
genotypic overlap between bipolar disorder (BD), 
major depressive disorder (MDD), schizoaffective 
disorder (SA) and schizophrenia (SZ), some studies 
used mixed samples in their analyses [28,29,31,34]. 
In all studies SZ-PRS significantly differentiated 
between the different diagnostic groups. However, 
possible associations of SZ-PRS with cognition were 
analyzed in the trans-diagnostic samples rather than 
separately for the respective diagnostic groups. But 
there is one exception: Whalley et al. [34] investigated 
the association between SZ-PRS and some specific 
cognitive functions exclusively in individuals with MDD. 
Even though the results did not reveal any significant 
association, this might be an interesting new approach 
in the future, in order to further investigate the 
affective-to-psychotic continuum regarding the effects 
of genetics on cognitive symptoms [9,10]. 

4.2 What are the main limitations of 
the studies and how can we improve        
future studies?
The reviewed studies suggest that the main limiting 
factor is the lack of statistical power due to insufficient 
sample size. As more national registries and biobanks 
provide data on cognitive performance, sufficient 
sample sizes will become more and more accessible.

Another important limiting factor is the great 
heterogeneity for measuring cognition, in terms of 
both the tests used for calculating a factor for general 
cognitive abilities and tests for specific domains. 
Furthermore, for genetic studies, there is a lack of 
studies which replicate findings with the same cognitive 
battery. The development of the Measurement 
and Treatment Research to Improve Cognition in 
Schizophrenia (MATRICS) Consensus Cognitive Battery 
(MCCB) is an important step in the direction to more 
consistency within the measures. As it can be seen in 
the results, the study by Nakahara et al. [27] used the 
MCCB and revealed significant associations. Therefore, 
a replication of this study would be worthwhile. 
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For future studies it would be desirable to further 
explore the effects of medications, illicit drug abuse 
and psychotic symptoms in studies on cognition. 
Up until now, a gold standard on how to take into 
account these important confounders of cognitive 
performance is missing. In order to increase the total 
sample size for analyses, samples from different 
studies are often merged. In these cases, it becomes 
even more crucial to control for potential covariates, 
since the individuals with psychiatric diseases might 
not be comparable between the samples. However, 
controlling for medication, drug abuse or symptoms 
becomes extra challenging if these variables are 
assessed in different ways.

Although PRS are in general a good estimate of 
a person’s overall genetic risk for a certain phenotype, 
there are also some limitations. Firstly, because 
PRS are based on genome wide association studies 
(GWAS) findings, they only include information of 
common variants. Rare variants like copy number 
variants associated with SZ also explain variability 
of cognitive performance in controls [52]. With the 
constant advances in sequencing technologies, 
more information on the role of rare variants will be 
available and can be considered. 

Secondly, the power of a PRS highly depends 
on the sample size of the discovery GWAS, because 
bigger discovery samples allow for a more accurate 
estimation of the effects of the single single-nucleotide 
polymorphisms (SNPs) [53]. Most, but not all studies 
reported in this review based the calculation of the 
SZ-PRS on the summary statistics of the second 
SZ GWAS of the Psychiatric Genomics Consortium 
(PGC2) GWAS) [25]. In this GWAS the discovery sample 
already includes a total of 34,241 cases and 45,604 
controls [25], but even larger GWAS would be beneficial. 

Thirdly, PRS do not offer an insight into the 
underlying biological mechanisms influencing cognitive 
performance. As the effects of SNPs from various 
pathways are joined to a single score, it should be 
considered only a very broad measure. If there is 
prior knowledge of which signaling pathways have 
an effect on the phenotype, it might be worthwhile 
to create a PRS that targets those pathways. For 
example, Rampino and colleagues [45] not only 
used general SZ-PRS to predict attention, speed of 
processing and working memory, but also created 
glutamatergic-PRS. Interestingly, the glutamatergic-
PRS, but not the general SZ-PRS was significantly 
associated with attention.

Lastly, PRSs do not include any environmental 
effects on the phenotype of interest. However, 
there are important environmental influences on 
cognitive phenotypes like low socio-economic status, 
education and nutrition, especially in childhood         
and adolescence [21].

4.3 Why is research on this complex 
topic worthwhile?
From all we have learned, studying the genetic basis 
of cognitive deficits in SZ is very time-consuming 
and expensive. Huge samples are needed with 
phenotypes, i .e., cognitive tests that are not 
assessed in routine care. Why could it still be worth 
the effort? 

The idea to  use cogni t ive  measures as 
endophenotypes for SZ is severely challenged by the 
fact that cognition itself is a complex trait. Nevertheless, 
as heterogeneous the results are, it remains evident 
that cognitive impairments come along with SZ as 
well as other severe psychiatric illnesses. Already 
the disease itself has a tremendous impact on the 
life of affected individuals [54]. Additionally, they suffer 
enormously under the cognitive impairments with a 
strong impact on their quality of life [55–57]. Until today 
there is no psychopharmacological treatment available 
for cognitive deficits. Furthermore, the degree of 
cognitive impairments varies greatly between affected 
individuals, despite being a core feature of SZ. This 
leads to two big aims of biological psychiatry: the better 
understanding of the underlying biological processes 
and the development of treatments specific to the 
needs of affected individuals. But not only individuals 
with a psychiatric disease would benefit from a more 
comprehensive knowledge. Based on the combination 
of genetic and clinical factors a prediction of cognitive 
impairments might be possible, with a beneficial 
impact on both preventive and therapeutic actions. 
Developing specific training programs to strengthen 
cognitive performance could increase the resilience of 
individuals at high risk for SZ. Given the knowledge, 
that each acute episode is accompanied by a further 
decrease on social and professional level of the 
affected individual, costly cognitive trainings could be 
offered for those with highest needs. Therefore, the 
research on this topic remains worthwhile.
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