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Abstract

Objective: Type 2 diabetes is commonly found in schizophrenia and is an important contributor to mortality and morbidity in
this condition. Dopamine has been implicated in the aetiology of both diabetes and schizophrenia. It is possible that both
disorders share a common genetic susceptibility.

Methods: In a cross-sectional study, we examined 2 dopamine D2 receptor (DRD2) single-nucleotide polymorphisms (SNPs)
previously associated with schizophrenia (C939 T, rs6275 and C957 T, rs6277) along with fasting blood glucose and body mass
index (BMI) in 207 antipsychotic-treated patients with schizophrenia. All participants met DSM-IV criteria for schizophrenia,
and those with other psychiatric disorders were excluded. Analysis of covariance was used to compare fasting glucose results
by DRD2 genotypes, after controlling for known confounds. For significant associations, follow-up Bonferroni post hoc tests
examined differences in fasting glucose levels between genotypes. Specific comparisons were also made using analysis of
variance and chi-square (Fisher’s exact test).

Results: The 2 DRD2 risk genotypes were associated with significant increases in blood glucose, after controlling for
BMI, age, sex, dosage and type of antipsychotic medication, number of hospitalisations, and negative symptoms (rs6275,
F(2, 182) = 5.901, P = 0.003; rs6277 SNP, F(2, 178) = 3.483, P = 0.033).

Conclusions: These findings support the involvement of DRD2 not only in schizophrenia but also in elevated levels of blood
glucose commonly found in antipsychotic-treated patients with schizophrenia. Our data support the notion that diabetes may
not merely be a comorbid condition but could be fundamentally associated with the pathogenesis of schizophrenia itself.

Abrégé

Objectif : Le diabete de type 2 s’observe souvent dans la schizophrénie et est un important contributeur a la mortalité et la
morbidité de cette affection. La dopamine est impliquée dans I'étiologie du diabéte et de la schizophrénie. Il est possible que
ces deux troubles aient en commun une susceptibilité génétique.
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Méthodes : Dans une étude transversale, nous avons examiné deux polymorphismes mononucléotidiques (SNP) d’un
récepteur de la dopamine D2 (DRD2) précédemment associés a la schizophrénie (C939T, rs6275 et C957T, rs6277) ainsi que
la glycémie a jeun et l'indice de masse corporelle (IMC) chez 207 patients souffrant de schizophrénie traités aux anti-
psychotiques. Tous les participants satisfaisaient aux critéres du DSM-IV pour la schizophrénie et ceux qui souffraient d’autres
troubles psychiatriques ont été exclus. L’analyse de covariance (ANCOVA) a été utilisée pour comparer les résultats de la
glycémie a jeun par génotypes DRD2, aprés contrdle pour les facteurs de confusion connus. Pour les associations significatives,
des tests post hoc de Bonferroni ont examiné les différences des taux de glycémie a jeun entre les génotypes. Des compa-
raisons spécifiques ont aussi été effectuées a I'aide ¢’ ANOVA et du chi-carré (Fisher’s exact test).

Résultats : Les deux génotypes a risque DRD2 étaient associés a des augmentations significatives de la glycémie, apres
contréle de I'lMC, l'age, le sexe, le dosage et le type de médicament antipsychotique, le nombre d’hospitalisations et de
symptomes négatifs (rs6275, F(2, 182) = 5.901, P = 0,003, rs6277 SNP, F(2, 178) = 3.483, P = 0,033).

Conclusions : Ces résultats soutiennent la participation de DRD2 non seulement a la schizophrénie mais aussi a des taux
élevés de glycémie souvent observés chez les patients souffrant de schizophrénie traités aux antipsychotiques. Nos données
appuient la notion que le diabéte n’est peut-étre pas seulement une affection comorbide, mais qu’il pourrait fondamentalement

étre associé a la pathogenése de la schizophrénie méme.
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Clinical Implications

Schizophrenia and hyperglycaemia may share a common
genetic aetiology. Hyperglycaemia is therefore highly likely
to be fundamentally associated with schizophrenia. The clin-
ician should have a high index of suspicion regarding detec-
tion and treatment of hyperglycaemia in patients with
schizophrenia.

Limitations of the Research

The major limitation of this study is the small sample size.
Hemoglobin Alc levels were not obtained, and the sample
also consisted of a high proportion of males.

Schizophrenia is a serious psychiatric disorder with high
heritability afflicting approximately 1% of the worldwide
population. Van Rossum' first postulated the dopamine the-
ory of schizophrenia in 1967: “When the hypothesis of
dopamine blockade by neuroleptic agents can be further
substantiated, it may have far-reaching consequences for
understanding the pathophysiology of schizophrenia. Over-
stimulation of dopamine receptors could be part of the aetiol-
ogy.”” Many lines of evidence derived from research
conducted over almost 50 years support Van Rossum’s
hypothesis that schizophrenia is associated with excessive
stimulation of striatal dopamine 2 receptors (DRD2).2
Although multiple alleles of small effect contribute to
genetic risk for schizophrenia, a recent large genome-wide
association study identified DRD2 to be significantly asso-
ciated with schizophrenia (P = 2.749 x 10™'").?> This asso-
ciation, combined with multiple genes involved in
glutamatergic neurotransmission, demonstrated the rele-
vance of molecules previously implicated in aetiological
theories of schizophrenia. This study also reported miR137
(microRNA-137) as being highly associated with schizo-
phrenia.® One of the target genes for miR137 is zinc finger

protein 804A (ZNF804A), which is closely associated with
schizophrenia.* ZNF804A regulates the transcription levels
of both catechol-O-methyl transferase (COMT) and the
DRD2 variant 156277, suggesting that the schizophrenia
risk associated with miR137 may be mediated, at least in
part, by dopaminergic pathways.

Type 2 diabetes (T2D) is strongly associated with schizo-
phrenia and remains a major contributor to the mortality and
morbidity associated with this diagnosis.® Increased blood
glucose is also a major feature of the metabolic syndrome
found in antipsychotic-treated individuals with schizophre-
nia. Other features of this syndrome include dyslipidemia,
obesity, and hypertension.’

Dopaminergic pathways are also involved in the
regulation of blood glucose. Animal studies have shown
that pancreatic dopamine 2 receptors are involved in
hyperglycaemia-mediated beta-cell insulin release. DRD2
knockout mice exhibit both a high fasting glucose and
blunted insulin secretory response to glucose.® In humans
with Parkinson disease, treatment with L-Dopa, a dopamine
precursor, reduces insulin secretion in response to an oral
glucose tolerance test.” Furthermore, bromocriptine, a
DRD?2 receptor agonist, is approved by the US Food and
Drug Administration for the treatment of T2D. Conversely,
DRD2 antagonist atypical antipsychotic medication confers
an increased risk for T2D.'°

Both T2D and schizophrenia result from an interaction
between environmental and genetic factors.'"'? Twin and
family studies estimate heritability of up to 0.8 in both dis-
orders.'"'* As the DRD2 is likely to be involved in the
pathogenesis of both disorders, we examined a clinical sam-
ple of patients with schizophrenia for DRD2 variants previ-
ously reported to be associated with schizophrenia: C939 T
(rs6275)'* and C957 T (1s6277),' along with fasting blood
glucose. The TT genotype of rs6275 has been significantly
associated with schizophrenia in 5 studies of Caucasians
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(meta-analysis odds ratio [OR], 1.15; 95% confidence inter-
val [CI], 1.00 to 1.35, I* = 41).'® We have previously
reported that the CC genotype of the rs6277 polymorphism
is associated with schizophrenia,'® and subsequent studies
have confirmed this association.'” Meta-analysis of 9 stud-
ies in Caucasians has revealed that rs6277 is significantly
associated with schizophrenia (OR, 1.40; 95% CI, 1.17 to
1.68; > = 79).'°

Methods
Subjects

We recruited 207 unrelated Caucasian patients older than
18 years who met DSM-IV criteria for schizophrenia
(169 males, 38 females). With a predicted medium effect
size (0.25), o = 0.05, and power of 90, 207 subjects were
required for the focal analyses (analysis of variance
[ANOVA], critical F' = 3.04).

All patients were being treated either at the Division of
Mental Health Services, Royal Brisbane and Women’s Hos-
pital or The Park Centre for Mental Health Treatment,
Research and Education. Subjects were recruited from inpa-
tient and outpatient mental health services. Their mean age
was 40.41 years (SD = 14.07). The diagnosis of schizophre-
nia was confirmed on clinical interview by either a psychia-
trist (B.R.L., M.B.) or clinical psychologist (R.M.Y.).
Exclusion criteria were schizoaffective disorder, bipolar dis-
order, dementia, organic brain syndrome, major depressive
disorder, epilepsy, illicit substance dependence, and preg-
nancy. All patients were treated with antipsychotic mono-
therapy at a stable dose for a minimum of 4 weeks; however,
most patients were maintained on a stable dose for a sub-
stantially longer period than this. No patients were treated
with antidepressant or mood-stabilising medications.
Furthermore, no patients were diagnosed with diabetes, and
none were receiving treatment for diabetes. Participants pro-
vided written informed consent and were able to withdraw
from the study at any time without prejudice. Institutional
ethics approvals were obtained from the clinics and hospitals
involved and the Queensland University of Technology.

Assessments

All subjects were diagnosed with schizophrenia by their
treating psychiatrist. The diagnosis was further confirmed
on clinical interview by either a psychiatrist (B.R.L., M.B.)
or clinical psychologist (R.M.Y.).

A clinical history was taken by a consultant psychiatrist
(B.R.L., M.B.), a clinical psychologist (R.Y.), or a clinical
nurse (K.H.). Demographic details and clinical assessment
were undertaken (Table 1). The Positive and Negative Syn-
drome Scale (PANSS) was administered.'® Information
regarding lifetime number of hospital admissions and dosage
and type of antipsychotic medication was also obtained.
Fasting blood glucose determinations were made for each
subject. Blood samples were obtained in the morning before
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Table |. Demographic and Clinical Features of the Sample.?
Measure Mean (SD)
Years of schizophrenia 17.27 (12.91)
Number of hospital admissions 11.09 (14.78)

Antipsychotic dose: chlorpromazine equivalent (mg) 493.99 (387.91)

Positive symptom scale (PANSS-P) 17.82 (5.82)
Negative symptom scale (PANSS-N) 18.78 (6.31)
Body mass index 26.68 (5.78)
Fasting blood glucose 551 (1.77)
Sex (male proportion), % 81.6

PANSS-N, Positive and Negative Syndrome Scale, negative symptoms;
PANSS-P, Positive and Negative Syndrome Scale, positive symptoms.
*Values are presented as mean (SD) unless otherwise indicated.

breakfast. Height and weight were measured and body mass
index (BMI) was calculated for each subject.

Genotyping

Two DRD2 SNPs were genotyped (rs6275 and rs6277).
Either saliva samples (Oragene kits; DNA genotek; Ottowa,
ON, Canada) or 10-mL blood samples were obtained from
each participant for DNA extraction. DNA was stored at —
80°C. Samples were genotyped using a homogeneous Mas-
SEXTEND (hME) Sequenom assay performed by the Aus-
tralian Genome Research Facility, Melbourne, as previously
described.'” Genotyping failure rates varied between 1% and
4% for the 2 SNPs. These missing data were not imputed. All
laboratory work was conducted blind to the clinical data and
vice versa.

Medications

At the time of assessment, patients were prescribed the fol-
lowing antipsychotic agents: risperidone (n = 50), olanza-
pine (n = 47), clozapine (n = 48), quetiapine (n = 8§),
flupenthixol (n = 12), zuclopenthixol (n = 12), depot risper-
idone (Risperdal Consta) (» = 11), haloperidol (n = 4),
fluphenazine decanoate (n = 5), other typicals (n = 5), ari-
piprazole (n = 1), amisulpride (n = 2), chlorpromazine
(n = 1), missing data (n = 1). Dosage of medication was
converted to chlorpromazine equivalents to compare dosage
of different pharmacological agents.*°

Statistical Analysis

Analysis of variance (ANOVA) was used to compare fasting
glucose results by DRD2 genotypes. Further analyses using
analysis of covariance (ANCOVA) examined the contribu-
tion of possible confounds. This statistical approach adjusted
for possible confounds to ensure that any effect observed
was independent of known risk factors for elevated fasting
blood glucose levels.

For significant associations, follow-up Bonferroni post
hoc tests examined differences in fasting glucose levels
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Figure |. Mean blood glucose levels in schizophrenia patients for
dopamine D2 receptor single-nucleotide polymorphisms rs6277
and rs6275. Error bars are standard error of the mean. *P < 0.05.

between genotypes. A P value <0.05 was considered signif-
icant. Minimal amounts of missing data (<4%) were
observed. Three cases were not able to be genotyped for
rs6255 and 8 cases for rs6277. These missing data were not
imputed. All analyses were conducted with the Statistical
Package for the Social Sciences (SPSS, version 22; SPSS,
Inc., an IBM Company, Chicago, IL). Genotype frequencies
indicated that both polymorphisms were in Hardy-Weinberg
equilibrium.

Results
Glucose

Fasting glucose levels ranged from 3 to 24 mmol/L
(mean = 5.51, SD = 1.55). In total, 124 patients (60% of
the sample) recorded normal fasting glucose levels
(<5.6 mmol/L), 54 patients (26% of the sample) had
impaired fasting glucose (5.6-6.9 mmol/L), and 29 patients
(14% of the sample) had a provisional diagnosis of diabetes
based on fasting glucose levels (>7.0).'

DRD2 SNPs

ANOVA examined the relationship between fasting glucose
levels and DRD2 SNPs previously associated with schizo-
phrenia. The rs6277 SNP (F(2, 196) = 3.376, P = 0.036) and
1s6275 SNP (F(2, 201) = 3.739, P = 0.025) demonstrated
significant differences in fasting glucose between genotypes.
Glucose levels for patients who carried the C/C genotype
(n = 43) of SNP rs6277 were significantly higher
(mean = 6.098, SD = 3.066) than the CT (n = 103) genotype
(mean = 5.277, SD = 1.14; mean difference = .821,
P = 0.03) but not the T/T genotype (n = 61)
(mean = 5.550, SD = 1.149; mean difference = —.548,
P = 0.388). Glucose levels of patients who carried the T/T
genotype (n = 14) of SNP rs6275 were significantly higher
(mean = 6.70, SD = 5.056) than both the CT (n = 85)
genotype (mean = 5.322, SD = 1.242; mean difference =
1.378, P = 0.021) and the C/C genotype (n = 105) (mean =

Table 2. Potential Confounds.

rs6277 rs6275

Measure F P F P
Age 410 664 1.464 234
Body mass index 282 754 389 678
Chlorpromazine equivalent (mg) 756 471 157 855
Number of admissions 591 555 1.523 221
PANSS-N 1.015 364 762 468

¢ P X P
Sex 183 912 464 793
Antipsychotic medication 30.034 .184 14937 923

PANSS-N, Positive and Negative Syndrome Scale, negative symptoms.

5.48, SD = 1.55; mean difference = 1.216, P = 0.046)
(Figure 1).

Potentially Confounding Variables

Abnormal glucose tolerance and diabetes mellitus are asso-
ciated with increasing age.** Furthermore, in a recent large
cohort, the risk of being diagnosed with T2D was strongly
and independently associated with increasing BMI. The size
of this association increased significantly with higher BMI
values.”> T2D is also more common in adult men than in
women.?* Type of antipsychotic medication prescribed is
associated with T2D risk. Clozapine can cause elevated fast-
ing blood glucose and, together with olanzapine, is particu-
larly associated with increased risk of T2D.?* Hospitalisation
and negative symptoms may result in more sedentary life-
styles and proneness to obesity with consequent insulin resis-
tance. These factors may also increase risk for T2D.?

We examined potential confounds by 2 separate statistical
approaches: directly examining potential differences on the
basis of genotype and controlling for the same confounds via
ANCOVA. Table 2 summarises the relationship between
potential confounding variables for significant SNPs
rs6277 and rs6275. No significant differences were
observed. An ANCOVA was then conducted controlling for
BMI, age, sex, dosage and type of antipsychotic medication,
number of hospitalisations, and negative symptoms. It
showed that rs6275 (F(2, 182) = 5.901, P = 0.003) and
rs6277 (F(2, 178) = 3.483, P = 0.033) remained significant
after potential confounding factors were accounted for.

Discussion

Approximately 40% of the clinical sample had either
impaired fasting glucose or a provisional diagnosis of dia-
betes, emphasising the prevalence of elevated glucose levels
in patients treated for schizophrenia. This very high fre-
quency of abnormal blood glucose underscores the need to
routinely obtain fasting glucose levels in this patient popu-
lation. This is consistent with the 16% to 25% prevalence of
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diabetes found in previous studies of patients with schizo-
phrenia.*” The strong association between schizophrenia and
elevated blood glucose could account for many of the poor
health outcomes observed in patients with this diagnosis.®

The TT genotype of the rs6275 and the CC genotype of
the rs6277 have been identified as risk genotypes for schizo-
phrenia. This study found that these genotypes are also asso-
ciated with increased fasting blood glucose in a sample of
patients with schizophrenia. The results of this study lend
support to the notion that the comorbidity of T2D and schi-
zophrenia may be at least partly due to shared genetic var-
iants with pleiotropic effects. Two DRD2 SNPs associated
with schizophrenia in meta-analyses of multiple studies were
associated with increased fasting blood glucose. It is possible
that rs6277 and rs6275 may influence dopaminergic path-
ways in both brain and pancreas, predisposing to both schi-
zophrenia and T2D.

The lack of association of rs6277 and rs6275 genotypes
with the diabetes risk factors of age, sex, BMI, type and
dosage of antipsychotic medication, number of hospitalisa-
tions, or negative symptoms strongly supports the associa-
tion of these SNPs with elevated blood glucose in
schizophrenia. Furthermore, even after controlling for these
confounds by ANCOVA, rs6277 and rs6275 schizophrenia
risk genotypes remained associated with elevated blood glu-
cose. This supports the notion that schizophrenia itself may
be an independent risk factor for diabetes. In particular, the
lack of association with BMI would suggest these variants
may not increase the risk for hyperglycaemia via this
mechanism. Our findings differ from a previous study that
reported rs6277 was associated with increased antipsychotic-
induced weight gain.*®

One of the DRD2 variants studied, SNP rs6277, has func-
tional effects. It affects DRD2 dopamine binding affinity
(Kp). Positron emission tomography scans with [''C] raclo-
pride in healthy volunteers indicate that the different genotypes
of rs6277 are associated with differing DRD2 Kps. The Kp is
highest in C/C genotype carriers, intermediate in C/T genotype
carriers, and lowest in T/T genotype carriers. Genotype var-
iants of rs6277 are not associated with differences in DRD2
density (Bmax).zg Furthermore, in vitro evidence associates
156277 alleles with differences in DRD2 messenger RNA sta-
bility and translation and consequent DRD2 synthesis.**

These differences in DRD2 functioning/synthesis are
consistent with variations in plasma prolactin levels between
those with diabetes and healthy individuals. Plasma prolactin
concentrations vary markedly between lean, insulin-
sensitive, glucose-tolerant individuals and those with insulin
resistance. In healthy individuals, peak prolactin concentra-
tion is nocturnal, in contrast to obese insulin-resistant indi-
viduals who have elevated (2-fold) plasma prolactin levels
during waking hours.*! This suggests diabetes is associated
with reduced dopaminergic tone.

Other evidence linking DRD2 SNPs to T2D has emerged
recently, with rs6275 being associated with altered first
phase glucose-stimulated insulin secretion in women.*? The

CC genotype of rs6277 is also associated with increased
consumption of sugars in men and women,> and increased
consumption of sugar-sweetened soft drinks is associated
with a modest increased risk for T2D adjusted for BML>*
Binge eating disorder is also associated with the rs6277 CC
genotype.>® There is an important link between binge eating
disorder and T2D amongst obese individuals.>

Cognitive impairment is a feature of both schizophrenia
and T2D.*”*® In particular, working memory is poorer in
both disorders, and hyperglycaemia is associated with
impaired performance in T2D alone or in combination with
schizophrenia.*® Although the exact pathophysiology link-
ing T2D with cognitive dysfunction is unknown, hypergly-
caemia®® and comorbid vascular disease*” are involved.
Despite the importance of these factors, cognitive problems
exist in the prediabetic*' stage of the illness, suggesting
other mechanisms are important. One such factor may be
genetic as the DRD2 rs6277 CC genotype is associated with
working memory deficits in healthy individuals. In a Word
Serial Position Test, CC carriers showed decreased perfor-
mance.*' Furthermore, a study of healthy individuals found
CC genotype carriers exhibited reduced cognitive perfor-
mance compared with CT/TT carriers when administered
the Wisconsin Card Sorting Test.** CC carriers achieved
fewer categories and had more perseverative errors.

This study should be interpreted in light of some limita-
tions. The study design was cross-sectional, and causal rela-
tionships cannot be confirmed by association alone. While
this clinical population was carefully selected to ensure reli-
able clinical diagnosis of schizophrenia, these findings can-
not be generalised to other ethnic groups. Hemoglobin Alc
levels were not obtained. The sample also consisted of a high
proportion of males. While our power calculation demon-
strated adequate subject numbers to detect meaningful dif-
ferences, a major limitation of the study was the small
sample size. These results should be interpreted as prelimi-
nary and exploratory in nature. Further research in larger,
more heterogeneous samples is required.

All participants were treated with antipsychotic medica-
tion. Further research is needed to investigate whether
rs6277 and rs6275 are risk variants for hyperglycaemia in
antipsychotic naive persons with schizophrenia. The pres-
ent results could be due to an interaction between antipsy-
chotic medication and functional differences in DRD2
associated with risk genotypes of rs6277 and rs6275. Can-
didate gene studies in schizophrenia may reveal further risk
SNPs associated with elevated blood glucose. Other genes
associated with the dopaminergic system and perhaps schi-
zophrenia, such as COMT Val/Met polymorphism*® or
DAT1 VNTR,* should be investigated for possible effect
on glucose level. This would provide more support for
schizophrenia being an independent risk factor for diabetes.
Further studies of T2D risk genes may also identify novel
risk SNPs for schizophrenia. Recently, the T2D suscept-
ibility gene, TCF7L2 (rs12573128), has been associated
with schizophrenia.*®
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The finding that 2 DRD2 risk genotypes for schizophrenia
are associated with elevated fasting blood glucose goes some
way to explain the high frequency of elevated blood glucose
associated with this disorder. Future studies of schizophrenia
risk variants may identify further SNPs associated with
increased blood glucose commonly found in both drug-
naive and antipsychotic-treated patients with this disorder
and enable early identification and treatment at those most
at risk.
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