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Migraine; Schizophrenia has a considerable genetic background. Epidemiological studies suggest an inverse
D-serine; clinical association between schizophrenia and migraine. However, it is unclear to what extent
Serine-racemase; this inverse comorbidity can be explained by genetic mechanisms or by schizophrenia-related

“Polygenic risk score for schizophrenia in migraine.
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NMDA hypo-/
hyperactivation;
Schizophrenia

behavioral factors. For both disorders hypotheses of glutamate N-methyl-D-aspartate (NMDA)
receptor dysfunction have been developed in the past. We hypothesized that both conditions
share common genetic factors with inverse effects, primary in the glutamatergic system and
genes involved in NMDA activation.

Data from the population based Study of Health in Pomerania (N=3973) were used. Based on the
results from the recent genome-wide association study for schizophrenia, we calculated
polygenic scores (PRS) for subsets of SNPs with different p-value cutoffs and for biological sub-
entities. These scores were tested for an association of distinct biological pathways with
migraine.

The PRS for schizophrenia was inversely associated with migraine in our sample. This association
was exclusively based on the genome-wide hits and on single nucleotide polymorphisms near or
within genes encoding proteins involved in glutamatergic neurotransmission. This association
could be attributed to a single intronic variant rs4523957 in SRR encoding serine-racemase.
Additional expression quantitative trait loci analyses of functional variants in SRR and gene-by-
gene interaction analyses further supported the validity of this finding.

SRR represents the rate limiting enzyme for the synthesis of D-serine, an important co-agonist of
the NMDA receptor. According to our results, a decreased versus increased activation of NMDA

receptors may play a role in the etiology of schizophrenia, as well as in migraine.
© 2016 Elsevier B.V. and ECNP. All rights reserved.

1. Introduction

Schizophrenia is a disabling psychiatric disorder with a high
heritability indicating that genetic mechanisms are involved
in its etiology (Wray and Gottesman, 2012). Although the
precise molecular mechanisms still remain unclear, there is
substantial evidence for changes in several neurotransmit-
ter systems (Laruelle, 2014). Great progress has been made
through genome-wide association studies (GWAS) identifying
a huge number of genetic variants that may contribute to
the pathophysiology (Sullivan et al., 2012). The latest step
in uncovering these mechanisms was taken by the schizo-
phrenia GWAS performed by the Psychiatric Genomics
Consortium (PGC) with nearly 37,000 cases. In total, 108
genome wide significant independent loci clustering in
neuronal calcium signaling, glutamatergic neurotransmis-
sion or neurodevelopment pathways were identified (SCZ
Working Group of the PGC, 2014).

At the clinical level schizophrenia is associated with many
comorbid diseases, e.g. decreased risk for rheumatoid arthri-
tis and increased risk for epilepsy, metabolic disorders and
circulatory system diseases (Segrensen et al., 2014; Sellgren
et al., 2014). Although these comorbidities are often attrib-
uted to medication side-effects and poor health habits in
schizophrenia patients (Sgrensen et al., 2014), the question
arises to what extent they share a common biological basis
that can be identified through genetic analysis. With regard
to an association between schizophrenia and migraine, there
is conflicting evidence (Kuritzky et al., 1999; Baptista et al.,
2012; Birgenheir et al., 2013). Subjects with schizophrenia
have found to be at decreased risk for migraine in observa-
tional studies whereas other studies report a positive associa-
tion between schizophrenia and migraine. Birgenheir et al.
(2013) observed a positive association between chronic pain
and people with schizophrenia or bipolar disorder in a sample
of veterans. They investigated the joint burden of several
pain conditions in individuals affected by traumatic war-

related events. Thus, the results of this study should not be
generalized to patients suffering from schizophrenia in every
day clinical settings. Smith et al. (2013) reported a higher
rate of multiple physical-health comorbidities, including
migraine, in people with schizophrenia or a related psychosis
in primary care. Although the rate of migraine in both
samples was relatively low (0.8% versus 0.7%) the difference
was nominal significant on a 5% level (P=0.03) but without
taking into account the possibility of medication side effects.
Thus, both studies cannot be taken as strong support for a
positive association between schizophrenia and migraine in
the general population. One study (Baptista et al., 2012)
examined migraine life-time prevalence in schizophrenic
patients, healthy controls and in unaffected first-degree
relatives. The frequency of migraine was 14.9% in the
controls compared to 8.3% in schizophrenic patients and only
3.5% in their first-degree relatives. Especially the low fre-
quency of migraine in first-degree relatives of schizophrenia
patients who are not influenced by medication effects points
to a genetic component and minimizes the contribution of
behavioral factors associated with schizophrenia. Although
little is known about the association and coheritability
between both disorders, this inverse clinical association
suggests that genetic factors might inversely transmit the
risk for one disorder but protect against the other.

On the molecular level, the putative involvement of the
glutamatergic system in both disorders has led independently
to hypotheses of opposite glutamate related effects (Laruelle,
2014; Anttila et al., 2010). In schizophrenia there is evidence
for a primary hypofunction of the NMDA (N-methyl-D-aspar-
tate receptor) receptors which is supposed to disinhibit the
dopaminergic system (Sendt et al., 2012). This model is
supported by the recent GWAS findings for schizophrenia
(SCZ Working Group of the PGC, 2014) where a number of
gene loci involved in glutamatergic neurotransmission were
significantly associated with schizophrenia. Also for migraine,
GWAS results indicated an involvement of glutamatergic
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