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ABSTRACT
Bipolar disorder is an affective disorder with mood swings between 
the pole of depression and the pole of mania. The mechanism of 
those mood swings has not been completely elucidated yet. According 
to current scientific knowledge affective episodes are caused by a 
concatenation between a genetic predisposition and biopsychosocial 
triggers. Even though diverse genome wide associated gene variants 
(e.g., single nucleotide polymorphisms of CACNA1C, ANK3 or NCAN) 
were associated with Bipolar disorder in the last decade, there is still 
missing heritability. Thus, innovative approaches and endophenotypes 
of Bipolar disorder must be used to decipher the underlying disease 
mechanisms of Bipolar disorder. Recently, the Polygenic Risk Score for 
Schizophrenia was investigated in the lithium response endophenotype 
of Bipolar disorder. The polygenic score for Schizophrenia was 
inversely associated with the lithium response phenotype in study 
participants with Bipolar disorder. Furthermore, there are genetic 
overlaps between psychiatric diseases, which also demonstrates the 
importance of cross-disorder design studies to elucidate the missing 
heritability of Bipolar disorder.
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1 INTRODUCTION
Bipolar Disorder (BD) is an affective disorder, which is characterized 
by mood swings between the pole of mania and depression. The BD 
spectrum disorders include BD type I (recurrent depressive and manic 
episodes), BD type II (recurrent depressive and hypomanic episodes, 
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but no episodes of mania) and cyclothymia (over at 
least two years dysthymic mood with mild hypomanic 
episodes in between) [1].  Mood disorders are 
widespread diseases, which go in line with decreased 
quality of life, increased cardiovascular risk and 
increased mortality [2,3]. The lifetime prevalence lies 
around 3% according to the German S3 guidelines 
for BD, but there is still a significant number of 
unreported cases [4]. BD leads to increased individual 
suffering and unfortunately a major proportion of 
patients (around 30%) are not responding completely 
to the currently available state of the art therapy 
(e.g., the mood stabilizer lithium) [4,5]. Deciphering the 
molecular blueprint of BD is therefore important to 
find new drug targets and to improve already existing 
treatment strategies [6,7].

Twin and adoption studies showed very early 
the high hereditary factor of BD. The concordance 
rates between monozygotic twins lie around 80%, 
which underlines the strong genetic predisposition 
of BD [1]. In the last decades geneticists have 
discovered hundreds of potential candidate genes 
with the early linkage- and hypothesis driven gene 
association studies and more recently with modern 
genome wide association studies (GWAS), which 
are summarized by diverse comprehensive already 
published reviews [6,7]. Since this current narrative 
review is focussing on the polygenic risk score in 
BD, only some historically important candidate gene 
stories are reviewed at the beginning:

The first candidate gene approaches in the field 
of BD focused on genes involved in pathways that 
fit in the scientific models of affective disorders [8–35]. 
Diverse hypothesis driven gene association studies 
investigated the serotonergic system (e.g., SERT), 
the dopaminergic system (e.g., DRD 1–5, DAT1 
syn. SLC6A3), mechanisms of neurotransmitter 
breakdown (e.g., MAOA, COMT), glutamatergic 
neurotransmitter system (e.g., GRM7), GABAergic 
neurotransmitter system (e.g., GABRBI, GABRB3, 
GABRB5), growth factors (e.g., BDNF) and circadian 
rhythms (e.g., ARNTL syn. BMAL1) [6]. More in detail, 
BDNF (Brain derived neurotrophic factor), encoded 
on 11p13–15, has several important functions like 
neuronal survival, migration, myelination, phenotypic 
differentiation, neurogenesis, axonal and dendritic 
growth, synapse formation, learning and memory 
formation, as well as antidepressant effects [8–17].                                       
Le-Niculescu and colleagues [18] discovered BDNF as 
one of the top candidate genes for manic-depressive 
disorder in a functional re-analysis of GWAS [8,12,18]. 
The Serotonin-transporter gene (SERT) was another 
highly investigated historic candidate gene. The 
deletion/insertion polymorphism in the promoter region 
of SERT was associated with BD in an early meta-
analysis by Lasky and colleagues including 2,774 

subjects with BD and 3,652 controls [19]. The short 
allele (s-allele), which contains the deletion, leads to 
reduced transcriptional activity of the promoter, which 
consequently reduces the rate of expression of the 
serotonin transporter by 30–40% [20,21]. COMT, another 
historically important candidate gene on 22q11.1–q11.2 
codes for the Catechol-O-methyltransferase, which 
inactivates catecholamine transmitters [36]. The deletion 
on 22q11 leads to the velocardiofacial syndrome, an 
autosomal dominant congenital disorder associated 
with cleft palate, cardiac defects and learning 
disabilities. Because of very common comorbidity (up 
to 80%) with schizophrenia, BD or ADHD (attention 
deficit hyperactivity disorder) the region reached 
increased interest in early eras of Psychiatric 
Genetics research [22]. Similar, MAOA encodes for 
the monoamine oxidase A that catalyses the oxidative 
deamination of monoamines. Monoamine oxidase 
A breaks down serotonin, melatonin, noradrenaline 
and adrenaline, which explains the intensive research on 
MAOA gene variants in early hypothesis driven genetic 
analyses [23–29]. The clock genes are further interesting 
functional relevant BD candidate genes, which have 
been investigated for decades in hypothesis driven 
gene-association studies. Disturbed circadian rhythms 
(e.g., jetlag, shift work, sleeping disorders) lead to 
disturbed mood, while sleep deprivation therapy leads 
to fast brightening of the mood. Mood-, activity- and 
sleep diaries (either with paper and pen or with modern 
apps) can support long term mood stabilization. On a 
molecular biological basis, a complex transcriptional-
translational feedback loop generates an almost 
24 h rhythm and manages diverse important body 
functions in a circadian manner (e.g., hormone 
release, heartbeat, blood pressure). Even the mood 
itself is linked with the molecular clock according to a 
model postulated by Hampp and colleagues [37]. The 
gene product of the clock gene ARNTL activates as 
heterodimer with NPAS2 the transcription of the MAOA 
gene, which encodes for the serotonin, noradrenalin 
and dopamine degrading enzyme monoamine 
oxidase A [37]. Many association studies already 
prove a connection between individual SNPs (Single 
Nucleotide Polymorphisms) of ARNTL and BD, while 
others could not replicate this finding recently [30–35]. 
ARNTL showed also significantly higher methylation at 
cg05733463 in individuals with BD compared to controls 
in a sample from Graz, Austria [38]. The association 
between circadian rhythms and mood was also found 
in a recent large scale GWAS of circadian rhythmicity 
in 71,500 UK Biobank participants and polygenic 
association of circadian rest-activity rhythmicity with 
mood instability, MDD (Major Depressive Disorder) 
and neuroticism [39].

Despite those promising findings, candidate gene 
approaches failed to predict the risk for BD itself, 
even though the complete collection of all hypothesis 
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driven genetic studies helps to paint a picture of the 
disease (for a review see [6]). Nevertheless, the decade 
of the brain led to improvement of genetic methods 
and nowadays there are more specialized means 
to analyse polygenic risk for mood disorders. Most 
important is the fact, that the genetic predisposition 
for BD is polygenic and each risk gene has a very low 
risk itself. Only the orchestra of susceptibility genes 
can lead to a certain vulnerability for the disease. It is 
current scientific consent that the disease is based on 
the vulnerability-stress-model and that the underlying 
genetic predisposition is particularly polygenic. 
Multinational, collaborative GWAS consortia were 
necessary to further elucidate the genetic underpinning 
of mood disorders. The first large PGC GWAS of the 
BD working group included 7,481 individuals with BD 
and 9,250 healthy controls, as well as a replication 
study of 4,496 independent BD individuals and 42,422 
independent healthy controls. The primary PGC 
GWAS showed genome wide significant association 
of ANK3 (located on 10q21) for the imputed SNP 
rs10994397 (p = 7.1 × 10−9) and the SYNE1 rs9371601 
SNP (p = 4.3 × 10−8), which encodes for a synaptic 
nuclear envelope protein 1. The new gene ODZ4 gene 
variant was also associated with BD in the primary 
GWAS (p = 2.1 × 10−7). ODZ4 (encoded on 11q14) 
is a human homologue of the Drosophila pair-rule 
gene odz. The combined analysis by Sklar et al. 
(63,766 study participants) showed genome-wide 
significant association of rs4765913 in CACNA1C                                                                                  
(p = 1.82 × 10−9, OR = 1.14) and rs12576775 in 
ODZ4 (p = 2.77 × 10−8; OR = 0.89) [40]. Diverse 
large collaborative, international GWAS showed 
replicative genome wide significant association of 
CACNA1C, ANK3, ODZ4, DGKH, NCAN with BD, 
which underlines the importance of those genes in the 
disease mechanisms of BD [6,7,40–48]. Ground breaking 
results were now obtained from the latest and largest 
BD PGC GWAS, which included 20,352 individuals 
with BD and 31,358 controls, as well as a follow up 
sample of the top findings in an independent sample 
of 9,412 bipolar individuals and 137,760 controls. 
Over 30 genome wide significant associated SNPs 
were associated with BD, which underlined again the 
importance of ion channel subunits or ion channel 
associated proteins, neurotransmitter transporters, 
synaptic components, immune-inflammatory pathways 
and energy metabolism in the disease mechanisms of 
BD. CACNA1C, GRIN2A, SCN2A, SLC4A1, RIMS1 
and ANK3 belonged to those genome wide significant 
hits [41]. The historically mentioned candidate gene 
variants BDNF, SERT, COMT and MAOA did not 
belong to the genome wide significant results of this 
recent PGC GWAS, which highlights that hypothesis 
driven approaches may lead to missing the true 
associated risk genes. Nevertheless, still too small 
sample sizes can also lead to false negative results [41].

2 POLYGENIC RISK SCORES 
CAN PREDICT THE RISK FOR 
BD BETTER THAN SINGLE 
CANDIDATE GENES ALONE!
The genetic architecture of psychiatric diseases is 
particularly polygenic and the polygenic risk score is 
based on a variation of genetic loci, which are jointly 
the best for the prediction of the trait. The polygenic 
scores are having even more predictive value than 
the genome wide statistically hits in genome wide 
association studies (GWAS) alone, because each 
SNP (Single Nucleotide Polymorphism) has only a 
rather small impact by itself. Since BD is based on a 
“kaleidoscope” of genetic variants, which may even 
include hundreds of gene variants [6] with rather small 
effects by themselves, polygenic scores seem to 
be a precious measure of genetic prediction of the               
trait [49,50]. As GWAS collaborations are growing 
faster and faster, the accuracy of risk prediction is 
getting better and better, because the sample size 
of the discovery data is the most important factor for 
prediction of a trait value in an independent sample [49–51]. 
Nevertheless, even though SNPs (Single Nucleotide 
Polymorphisms) associated with Bipolar Disorder 
(BD) are considered jointly to calculate polygenic 
risk scores for this mood disorder, the individual risk 
prediction is still rather low and there is still hidden 
genetic heritability [49–51]. According to Dudbridge 
et al. hundreds of thousands of subjects would be 
needed to estimate the gene effects for the use of 
predicting individual risk of disease [49]. Therefore, the 
PGRS will not be used for individual genetic testing 
at Human Genetics Departments in the near future. 
Further research in strong-minded collaborations 
are still necessary to further increase joined GWAS 
sample sizes and replication samples to increase 
the power to identify still hidden risk genes with low 
effects and to further improve the PGRS (Polygenic 
Risk Score) in training samples. Until then the 
PGRS is still an important method to include a set of 
genes, which are likely to be involved in BD disease 
mechanisms according to well established models 
of affective disorders, but have not yet reached 
genome wide significance based on limited power. 
Polygenic scores are used to summarize genetic 
effects of an orchestra of genetic markers, which did 
not individually achieve genome wide significance 
in a large-scale association study. Those genetic 
markers are, as mentioned before, nominated 
by using training samples and by applying the 
constructed score in an independent replication 
sample by making the weighted sum of associated 
alleles within each subject. Hence, the PGRS can be 
used to find evidence of a genetic effect even when 
no single markers are significant on their own. This 
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approach can be useful to establish also a shared 
genetic basis for related traits and to construct risk 
prediction models for psychiatric diseases in the field 
of research [49]. Increasing sample sizes of collaborative 
GWAS consortia will help to increase the accuracy of 
trait prediction with polygenic scores and will therefore 
get a step ahead towards precision medicine [49,51].

3 THERE IS STILL MISSING 
HERITABILITY IN BIPOLAR 
DISORDER (BD) GENETICS!
As depicted in the last paragraphs, only the 
concatenation between the genetic vulnerability and 
diverse gene-environment-interactions are causing 
(BD), but not all disease mechanisms are known 
yet and there is still missing heritability [6]. Eli Stahl 
et al. reported in their latest report that only around 
30% of heritability can be explained by SNP (Single 
Nucleotide Polymorphism)-heritability, which is not 
yet reached by previous research results (currently 
only around 8% are explained) and that therefore 
new approaches and further increasing sample 
sizes are necessary to further elucidate the genetic 
architecture of BD [41]. 

To decipher the genetic predisposition of the 
mood disorder, diverse endophenotypes of BD have 
been investigated over the years with different genetic 
approaches. In this narrative review, we will present 
and discuss the genetic underpinning of BD with an 
emphasis on the PGRS of schizophrenia and BD. The 
literature search was performed in PubMed to identify 
genetic studies in the field of BD. Since hundreds of 
candidate-gene and genome wide association studies 
exist [6], this review can only report excerpts of the 
genetic studies based on a subjective evaluation of 
their relevance for the field. 

Narrowing down the phenotype is one approach 
to better investigate polygenic risk for BD. Since 
common genome wide association studies (GWAS) 
and candidate gene approaches have not completely 
deciphered the genetic architecture of BD, narrowing 
the phenotypes may improve the identification of risk 
genes that confer to special BD subtypes e.g., rapid 
cycling, BD type I versus BD type II, chronotypes, 
lithium response or psychotic features [49].

The more we know about genetics and molecular 
biology of affective disorders, the more we know that 
the classic postulated boundaries of Psychiatry do not 
exist completely anymore. Especially the dichotomy 
postulated by Kraepelin and followers, which strictly 
divided affective disorders and schizophrenia, is 
nowadays blurred. Kraepelin divided strictly “manic 
depression” and “dementia praecox” (schizophrenia) [7]. 
Nowadays, the boundaries are fading and there is 
a major part of well replicated risk genes, which 

are shared between MDD, BD and schizophrenia 
e.g., the well replicated risk genes NCAN, ANK3, 
CACNA1C etc. [6,7].

For this reason, in the next lines, we want to focus 
on selected shared risk genes. NCAN (neurocan) is 
a shared risk gene between BD and schizophrenia [52] 
and encodes for an extracellular glycoprotein that is 
involved in adhesion, migration and cortical folding [52]. 
NCAN belongs to the best replicated risk genes of BD 
and was associated with BD in a GWAS comprising 
682 patients with BD and 1,300 controls, as well as in 
a first follow-up step with 1,729 bipolar patients and 
2,313 controls and a second follow-up step with a total 
of 6,030 patients and 31,749 controls (p = 2.14 × 10–9 
in the combined analysis of all study samples) [48].

ANK3 codes for Ankyrin 3, an adaptor protein, 
which regulates the assembly of voltage-gated 
sodium channels at axon initial segments and is 
therefore obviously of functional importance for 
psychiatric diseases. Already Ferreira and colleagues 
found in their 4,387 bipolar cases and 6,209 
controls comprising whole genome study a strong 
association between the rs10994336 ANK3 SNP and 
BD (p = 9.1 × 10–9) [42]. Consequently, the genome 
wide significant association of ANK3 with BD was 
replicated in numerous GWAS [6,7,42–47].

CACNA1C, the other mentioned well replicated 
BD susceptibility gene, codes for the alpha1C 
subunit of the L-type voltage-gated calcium channel. 
CACNA1C showed already a strong association with 
BD in the whole genome scan by Sklar and colleagues 
in 2008 [53], which included 1,461 bipolar participants 
and 2,008 controls. Also, a GWAS by Ferreira et al. 
showed a significant association of the rs1006737 
CACNA1C (combined p = 7.0 × 10–8) with BD in an 
overall sample of 4,387 bipolar cases and 6,209 
controls [42]. This assumes that ion channel subunits 
and associated proteins play an important role in the 
pathogenesis of BD [42,54]. As mentioned, CACNA1C 
is also involved in schizophrenia and MDD [55–58] and 
influences verbal fluency and memory [59,60].

In the era of personalized medicine, there might 
even be the possibility that every single person with 
BD has a distinct kaleidoscope of ordinary SNPs, 
which is leading to the vulnerability for developing 
manic or depressed episodes. Nevertheless, the 
genetic analysis of special, narrowed endophenotypes 
as well as cross-disorder studies are necessary to 
elucidate the complex disease mechanisms of the 
BD spectrum and to further increase the knowledge 
about the disease. The next lines will include some of 
those narrowed subtypes.

3.1 Lithium Response
Lithium is still the golden standard of mood stabilization 
according to international guidelines. It prevents both 
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affective episodes (mania and depression) and 
has even anti-suicidal effects [4]. Lithium interacts 
with diverse characteristic pathways of BD e.g., 
with the molecular 24 h clock by inhibition of GSK-
3Beta, which phosphorylates the gene products 
of the cycle length determining clock gene PER3 [61]. 
The latter is important, because the molecular 
clock is concatenated with mood, which can be 
observed clinically and molecular biologically. 
Disruptions of circadian rhythms like jetlag, night 
shifts or sleeping disorders lead to mood changes, 
which can be observed clinically and even in the 
general population. Those mood swings can be 
also explained with disturbed circadian rhythms on 
a molecular level. The complex clockwork of clock 
genes acts as transcriptional translational feedback 
loop and implements the important 24h rhythm of 
diverse body functions (e.g., hormone secretion, 
regulation of body temperature or regulation of the 
heart beat). One further important function of the 
molecular clock is the transcription activation of 
the MAOA gene, which encodes for the enzyme 
Monoamine oxidase A that is responsible for the 
breakdown of the neurotransmitter serotonin, 
noradrenaline and dopamine. The gene product 
of the clock gene ARNTL binds as heterodimer to  
E-boxes of MAOA and activates the transcription of the 
enzyme MAOA, which explains the strong interconnection 
between mood and the molecular clock [37,38].

Further research on Lithium-Genetics is tremendously 
important, because only around 30% of treated 
bipolar patients respond completely to lithium. The 
renown ConLiGen consortium (Consortium on 
Lithium Genetics) has been elucidating the genetic 
architecture of the lithium response pathways with 
PGRS analyses recently (Schizophrenia PGRS and 
Depression PGRS). First of all, Schizophrenia PGRS 
were analysed in a recent large-scale, collaborative 
ConLiGen GWAS-dataset (2,586 individuals with 
BD with a history of long-term lithium treatment). 
Weighted schizophrenia polygenic scores were 
calculated before in the international multicenter 
discovery GWAS-sample of 36,989 individuals with 
Schizophrenia. Schizophrenia PGRS (Polygenic Risk 
Score) as inversely associated with lithium response 
(p < 5 × 10−2), which is explaining 0.8% of the 
variance. Thus, patients with a low polygenic load 
for schizophrenia had a better response to lithium [5]. 
Furthermore, the lithium-response phenotype was 
also associated with inflammation and immunology 
pathways in the cross-trait meta-GWAS (15 genetic 
variants belonged to the HLA (human leukocyte 
antigens) region, the antigen presentation pathway 
and inflammatory cytokines e.g., TNF (Tumor Necrosis 
Factor), IL-4 (interleukin 4), IFNγ (Interferon γ)  ) [5]. 

Second, the Depression PGRS was used in 
another recent analysis of the ConLiGen consortium 

to further distinguish between lithium responders and 
non-responders. Recent findings from the mentioned 
ConLiGen GWAS-data set (n = 2,586 bipolar patients) 
showed that the lithium response was better in 
bipolar patients (type I) with a low polygenic load 
for depressive traits compared to bipolar individuals 
with high polygenic load (MDD (Major Depressive 
Disorder):  OR = 1.64 [95% CI: 1.26–2.15]). 
Summarized, the genetic load of depression traits 
in individuals with BD lower their probabilities to 
respond optimally to the mood stabilizer lithium [62].

3.2 Chronotypes
The association between circadian rhythms and 
mood was also found in a recent GWAS of circadian 
rhythmicity in 71,500 UK Biobank participants 
and polygenic association with mood instability. 
Ferguson et al. made a large scale GWAS of the RA 
(relative amplitude), which is a parameter for rest-
activity cycles measured with an accelerometer in 
71,500 study participants from the UK Biobank [39]. 
PGRS for low RA were used to investigate potential 
associations with psychiatric phenotypes (e.g., 
mood instability, MDD, neuroticism). The PGRS for 
low relative amplitude was significantly associated 
with mood instability (at PGRS threshold 0.05:                 
OR = 1.02, 95% CI = 1.01–1.02, p = 9.6 × 10–5) 
and with MDD (at PGRS threshold 0.1: OR = 1.03, 
95% CI = 1.01–1.05, p = 0.025) and neuroticism                                                                                      
(a t  PGRS threshold 0.5:  Beta = 0.02,  95%               
CI = 0.007–0.04, p = 0.021). Furthermore, two 
independent genetic loci were associated with 
low RA, within genomic regions for Neurofascin 
(NFASC) and Solute Carrier Family 25 Member 
17 (SLC25A17 ) .  NFASC  encodes for  a cel l 
adhesion protein, which interacts with diverse other 
proteins that anchor Na+ channels to the intracellular 
backbone of neurons [39]. NFASC is also involved 
in brain developmental steps in the organization of 
axon initial segments, which also involves Ankyrin 
3 (encoded by the BD risk gene ANK3  [6,7,42–47]. 
The findings from Ferguson show that circadian 
rhythms are linked with genes that are important for 
generating action potentials, which are tremendously 
important for cognitive functioning. SLC25A17 
encodes for a membrane protein, which belongs to 
the mitochondrial solute carriers. The SLC25A17 
gene has been associated with Schizophrenia and 
adrenomyeloneuropathy, which shows diverse CNS 
(central nervous system) symptoms based on the 
accumulation of short chain fatty acids in the brain [39].

3.3 BD type I versus BD type II
On a clinical level BD can be divided in BD type I 
and BD type II. The recent large-scale GWAS from 
the BD working group of the PGC showed also a 
distinct genetic pattern. BD type I has been strongly 
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genetically correlated with schizophrenia while BD 
type II has been more strongly correlated with MDD, 
which shows that BD spectrum disorders provide 
a continuum and that the boundaries between 
psychiatric disorders are blurred and not as strict as 
Kraepelin had suggested [41].

3.4 Cross-Disorder Design
Diverse genetic studies, either early linkage-, gene 
association studies, CNV (Copy Number Variation) 
analyses, as well as modern GWAS pointed toward 
a variety of shared SNPs and CNVs, as well as 
larger rare structural variants between diverse 
psychiatric diseases. There is an extensive list of 
shared genes between BD, MDD and schizophrenia 
that were analysed in the last decade by diverse 
approaches. Especially candidate genes involved 
in cognition pathways (e.g., BDNF, CACNA1C, 
COMT) are shared by disease mechanisms of 
diverse psychiatric diseases [6]. The PGC cross 
disorder group discovered in a sample comprising 
of five psychiatric disorders (33,332 cases and 
27,888 controls) a genome wide association of 
CACNA1C and CACNB2 with psychiatric disorders, 
which underlines the importance of calcium signalling 
in psychiatric diseases [63,64]. Ruderfer et al. also 
found in a combined GWAS of 19,779 individuals 
with BD and schizophrenia versus 19,423 controls 
f ive already previously known genome-wide 
significant gene variants of CACNA1C, IFI44L, 
MHC, TRANK1 and MAD1L1, as well as one novel 
locus near PIK3C2A [65]. GWAS performed in Cross-
Disorder designs can therefore help to elucidate still 
hidden heritability. Nevertheless, also other forms 
of genetic variation should be considered. The 
history of the 22q11 microdeletion, which increases 
the risk for schizophrenia by the approximately 
30 to 50-fold [22], underlines the importance of 
combining diverse molecular biological, genetic and 
epigenetic approaches to decipher the underlying 
pathomechanisms of psychiatric diseases on 
multifactorial levels (CNV analyses, classic Human 
Genetics approaches, epigenetics methods etc.). 
Large modern Cross-Disorder analyses of CNVs 
could replicate again diverse variants associated with 
BD and schizophrenia (1q21.1, 15q13.3, 16p11.2 
and 22q11.21) [66]. To further solve the mystery about 
the biological underpinning of BD and schizophrenia 
diverse approaches are necessary, as well as 
narrowing and broadening (cross-disorder design) 
of the phenotype. Currently, the PGRS analysis is a 
method that is very promising for analyzing treatment 
response or for improving risk prediction [7]. 

3.5 Polygenic Risk Score for 
Schizophrenia in BD
Furthermore, PGRS are helpful to analyse genetic 

overlaps of different psychiatric traits. The latter is 
rather important, because decades of genetic research 
elucidated that diverse psychiatric diseases share 
risk genes. BD shares risk genes with MDD, as well 
as schizophrenia [65,67]. Example given gene variants 
associated with synaptogenesis, growth hormones, 
neurotransmitter metabolism, signal transduction, 
ion channels or in general with “cognition pathways”, 
as well as circadian rhythm genes were found to 
be shared between diverse psychiatric entities [7]. 
Nowadays, we know from Molecular Psychiatry that 
the boundaries between affective disorders and 
schizophrenia are more blurred than Kraepelin had 
expected; some authors even speak of the “psychosis 
continuum model” [65,68]. Summarized, there seems to 
be on one hand a variety of gene variants that are 
associated globally with psychiatric diseases e.g., 
involved in general cognition pathways and on the 
other hand a set of genes, which predisposes for a 
distinct phenotype. The PGRS provides an elegant 
method to predict traits in narrowed phenotypes and in 
Cross-Disorder-Samples [50].

The polygenic risk score for schizophrenia can 
be used to detect traits with psychotic features [50,69]. 
Example given, the PGRS for schizophrenia can 
detect psychotic phenotypes in BD samples and has 
already been widely used by different working groups 
to distinguish between BD subtypes. Hamshere et al. 
found for example significantly higher Schizophrenia 
PGRS in BD with psychotic features in their study 
comprising the BD sample from the Wellcome 
Trust Case-Control Consortium (WTCCC) and the 
independent replication data is from the University 
College London (UCL). They used the PGRS to 
test whether schizophrenia polygenic risk alleles 
discriminate between bipolar patients with and without 
psychotic/schizoaffective features [70]. Matej Markota 
and colleagues analyzed if the genetic overlap 
between schizophrenia and BD was higher for BD with 
a history of manic psychosis compared to other BD 
subtypes. The polygenic risk score for schizophrenia 
was calculated in the Mayo Clinic Bipolar Biobank 
cohort (957 bipolar individuals with different histories 
of psychosis and 778 healthy controls) and was 
significantly higher for individuals with BD type I with 
manic psychosis [71]. Calafato and colleagues used, 
as mentioned before, the PGRS for schizophrenia to 
identify psychotic disorders [69]. The PGRS can also 
be used to investigate traits like age at onset e.g., 
Kalman and colleagues investigated the PGRS for 
schizophrenia and BD in synopsis with age at onset, 
but with negative results [72]. Groundbreaking results 
were also achieved by the PGC to either distinguish 
BD and schizophrenia and on the other hand to 
search for shared pathways- 114 genome-wide 
significant loci were shared between schizophrenia 
and BD in a sample comprising of 53,555 individuals 
with BD or schizophrenia and 54,065 controls. The 
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There may also be a broad application field in 
regard of PGRS analyses. Interestingly, PGRS for 
BD and schizophrenia could potentially also be used 
for prevention in the field of addiction. Reginsson 
et al. used the PGRS for schizophrenia and BD to 
predict addiction to nicotine, alcohol or drugs in study 
participant without psychotic disorders, which could 
help to prevent addiction (e.g., nicotine addiction) in 
patients who are at special risk [75].

Most important is the fact that the PGRS can 
be used for treatment stratification to improve 
treatment response. The gained knowledge from 
the ConLiGen GWAS may help to develop stratified 
pharmacotherapeutic approaches in regard of lithium 
therapy. This will help to diminish the number of non-
responders based on personalized treatment, which 
would decrease on one hand individual suffering and 
would also reduce hospitalization rates [5]. PGRS may 
also help to detect cardiovascular risk in patients 
with BD or psychiatric diseases in general, which 
would improve prevention and would help to reduce 
cardiovascular mortality in individuals with psychiatric 
disorders. Prevention strategies against cardiovascular 
mortality is crucial for patients with BD, because they 
show commonly comorbid obesity and metabolic 
syndrome [2,3]. Summarized, the Polygenic Risk Score 
is an important instrument for treatment decisions and 
a further step towards precision medicine.
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results suggested especially the involvement of 
synaptic and neuronal pathways in both diseases. 
Nevertheless, they found also genetic differences 
between schizophrenia and BD, which also underlines 
the genetic differences between both diseases [63]. 
Taken together, there is accumulating evidence 
from molecular biological and genetic studies that 
Kraepelin’s dichotomy between manic depressive 
disease and schizophrenia is no longer existing in 
a strict manner, but that boundaries are blurred. 
Furthermore, polygenic risk scores for schizophrenia 
and bipolar disorder are also predictors of creativity [73]. 
The association between polygenic loading for BD 
and schizophrenia with creativity is certainly a positive 
resource and may also have therapeutic implications 
e.g., in cognitive behavioral therapy (cognitive 
restructuring and psychoeducation) [73]. 

Clinical implications include personalized medicine, 
stratified treatment and prevention. The medical field 
of Psychiatry is still struggling to implement diagnostic 
blood markers like those implemented in other medical 
disciplines. Analyzing blood works belongs to routine 
procedures in the field of internal medicine and blood 
parameters (e.g., the inflammation parameter CRP 
(c-reactive protein)) are commonly used before 
changing treatment strategies. Even personalized, 
genetic testing is already established in diverse 
medical fields. Especially in the field of oncology 
genetic analyses are used to determine whether 
patients respond to a certain chemotherapeutic 
treatment option or not. Even though testing for CYP 
genotypes (e.g., CYP2C9, CYP2C19, CYP2D6) 
would be commercially available, they are not yet 
widely distributed in clinical practice at Psychiatry 
departments even though sophisticated, personalized 
treatment based on genetic analyses would save the 
patient’s precious time and would reduce individual 
suffering based on better treatment response [74]. 
Hopefully, the prospering field of psychiatric genetics 
will help to improve treatment strategies in the field of 
pharmacogenetics and also in the field of prevention 
and genetic risk prediction.
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