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Abstract

Background: Schizophrenia (SCZ) is associated with increased risk of type 2 diabetes (T2D). The potential diabetogenic
effect of concomitant application of psychotropic treatment classes in patients with SCZ has not yet been evaluated. The
overarching goal of the Genetic Overlap between Metabolic and Psychiatric disease (GOMAP) study is to assess the effect
of pharmacological, anthropometric, lifestyle and clinical measurements, helping elucidate the mechanisms underlying
the aetiology of T2D.

Methods: The GOMAP case-control study (Genetic Overlap between Metabolic and Psychiatric disease) includes
hospitalized patients with SCZ, some of whom have T2D. We enrolled 1653 patients with SCZ; 611 with T2D and
1042 patients without T2D. This is the first study of SCZ and T2D comorbidity at this scale in the Greek population. We
retrieved detailed information on first- and second-generation antipsychotics (FGA, SGA), antidepressants and mood
stabilizers, applied as monotherapy, 2-drug combination, or as 3- or more drug combination. We assessed the effects of
psychotropic medication, body mass index, duration of schizophrenia, number of hospitalizations and physical activity
on risk of T2D. Using logistic regression, we calculated crude and adjusted odds ratios (OR) to identify associations
between demographic factors and the psychiatric medications.

Results: Patients with SCZ on a combination of at least three different classes of psychiatric drugs had a higher risk of
T2D [OR 1.81 (95% CI 1.22–2.69); p = 0.003] compared to FGA alone therapy, after adjustment for age, BMI, sex, duration
of SCZ and number of hospitalizations. We did not find evidence for an association of SGA use or the combination of
drugs belonging to two different classes of psychiatric medications with increased risk of T2D [1.27 (0.84–1.93), p = 0.259
and 0.98 (0.71–1.35), p = 0.885, respectively] compared to FGA use.

Conclusions: We find an increased risk of T2D in patients with SCZ who take a combination of at least three different
psychotropic medication classes compared to patients whose medication consists only of one or two classes of drugs.
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Background
Schizophrenia (SCZ) is associated with increased risk of
obesity, impaired glucose tolerance, and type 2 diabetes
(T2D) [1]. The prevalence of T2D among patients with
SCZ in European populations is estimated to be up to
22.0% [2–6]. No information is available on T2D preva-
lence among psychiatric disease patients in Greece,
whereas the current prevalence of T2D in the general
Greek population has been estimated to be 11.97% (men
13.98%, women 9.25%), clearly indicating a major public
health problem [7]. T2D is a major risk factor for cardio-
vascular disease and the fourth highest cause of excess
mortality in patients with SCZ [8], leading to signifi-
cantly shorter life expectancy [9]. Antipsychotic-naïve
individuals with a first-episode SCZ often present with
elevated fasting plasma glucose, impaired oral glucose
tolerance and fasting plasma insulin levels, as well as in-
sulin resistance, possibly owing to shared disease path-
ways [10]. Further factors possibly associated with the
increased risk of T2D amongst patients with SCZ in-
clude ethnicity, obesity, a sedentary lifestyle, smoking,
unhealthy dietary habits, hypertension, hyperlipidemia,
social determinants of health, genetics, as well as
long-term treatment with psychotropic drugs.
In order to investigate the epidemiological and genetic

associations with cardiometabolic disease in patients
with psychiatric disorders we established the GOMAP
study (Genetic Overlap between Metabolic and Psychi-
atric disease), a new hospital-based collection of patients
with psychiatric disease, with and without T2D. Com-
monly prescribed drugs include SGA, FGA, antidepres-
sants, and mood stabilizers. These can be applied as
monotherapy, 2-drug combination, or as 3- or more
drug combinations in SCZ patients. A small number of
studies have evaluated the potential diabetogenic effect
of specific psychotropic drug classes.
Antidepressants and mood stabilizers have been indi-

vidually associated with T2D risk. Associations between
antidepressants [11–17], such as amitriptyline and mir-
tazapine, mood stabilizers [16, 18], such as lithium and
valproate, modest weight gain and T2D have been re-
ported, although the literature is still inconclusive [19].
A 9-year longitudinal study of the Data from an Epi-
demiological Study on the Insulin Resistance Syndrome
(D.E.S.I.R. cohort) reported that the association between
antidepressants use and diabetes might not be causal
[20]. However, a recent meta-analysis indicated that anti-
depressants increase the likelihood of new-onset T2D
[21]. A further cohort study conducted between 2005
and 2015 including 2579 SCZ patients revealed an inde-
pendent association between antidepressants and risk of
T2D for SCZ patients [9]. Furthermore, mood stabilizers
have been found to be associated with an elevated risk
for the development of insulin resistance in patients with

epilepsy [22] or depression [23], whereas no association
was found in patients with severe mental illness, with
the exception of lithium [17]. Two studies have evalu-
ated the effects of co-prescribed medications on T2D
risk and both focused on youths exposed to limited
medication regiments [24–26]. One of these studies [25]
found a higher risk of T2D in patients receiving SGA to-
gether with antidepressants compared with patients re-
ceiving SGA only or antidepressants only.
A better understanding of the underlying mechanism

linking T2D and psychiatric disorders can provide evi-
dence and help shape strategies for the prevention of
T2D in this group of patients. Here, we have studied risk
factors linking pharmacological treatment and the risk
of T2D in patients with SCZ.

Methods
Study population
GOMAP is a nested case-control study. Participants were
recruited from two hospitals in Athens, Greece (Dromokai-
teio Psychiatric Hospital and Dafni Psychiatric Hospital).
Briefly, in the work presented here, we randomly selected
and screened 5985 patients. We excluded in total 4332 pa-
tients (Fig. 1) based on the following exclusion criteria: 1)
age < 18 years, 2) presence of a psychiatric disorder other
than SCZ, 3) presence of type 1 diabetes, latent auto-
immune diabetes of adults, or gestational diabetes, 4) in-
ability to provide informed consent due to mental state
following consultation with the treating psychiatrist, 5)
pregnancy or breastfeeding, and 6) non-Greek ancestry.
Ethical approval was obtained from the regulatory

bodies of the participating hospitals. All study partici-
pants gave written informed consent following a detailed
explanation of the study. This work has been carried out
in accordance with the latest version of the Declaration
of Helsinki [27].

Medication data collection
The medication data sources used in the study include
medical records from the hospital where the participant
enrollment took place, as well as the database of the elec-
tronic prescription platform of the National Organization
for Health Care Services Provision for the medication his-
tory. When gaps were detected in terms of treatment in-
formation accuracy, or in treatment compliance certainty,
candidates were excluded. After careful quality checks of
the medication data, the participants selected for inclusion
had received one of the following four non-overlapping
treatment categories consistently for a duration of at least
six months: 1) monotherapy with FGA antipsychotics, 2)
monotherapy with SGA antipsychotics, 3) combined ther-
apy of two psychiatric medications, one of which anti-
psychotic and the second other class antipsychotic,
antidepressant or mood stabilizer, and 4) triple or more
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psychiatric medications, one of which antipsychotic the
other as in group before. Individuals switched to an-
other treatment category were excluded from the study,
however candidates switched to another regimen of the
same category or additionally receiving another regi-
men of same category remained in the study. Recur-
rence of schizophrenia during this six months period
was handled with application of parenteral aloperidin
and benzodiazepine for no longer that 3 days, according
to hospital’s protocol, a procedure that is not associated
with T2D risk and was homogenously applied to all pa-
tients requiring it.

Study procedure
The fieldwork was carried out between January 2012 and
May 2014 and included an interview, a questionnaire
concerning lifestyle habits, detailed medical history,
treatment information, anthropometric measurements as
well as a venous blood draw. Weight, height, waist and
hip circumference were recorded for all individuals, and
BMI and waist-to-hip ratio were calculated. Further-
more, syndrome profiles of the SCZ subjects were evalu-
ated by performing the 30-item rating the Positive and
Negative Syndrome Scale PANSS questionnaire, as
adapted and validated for the Greek population [28].
Patients had received a diagnosis of SCZ, based on the

structured clinical interview of the Diagnostic and Statis-
tical Manual of Mental Disorders, (DSM-IV-TR) [29].

The diagnostic assessment of T2D was determined as
defined by the American Diabetes Association [30]. Fur-
ther, all individuals were asked to participate in an ex-
tensive screening of metabolic parameters.

Statistical analysis
Comparisons between categorical and continuous vari-
ables were performed through a t-test. Nonparametric
Mann-Whitney and Kruskal-Wallis tests were used due
to the skewed distributions of some variables. Differ-
ences in proportions for outcome variables between
groups were compared using Pearson’s chi-squared or
Fisher’s exact test where appropriate. Multivariable logis-
tic analyses were performed to examine associations be-
tween clinical important variables (sex, duration of SCZ,
number of hospitalizations, psychiatric medication) and
T2D status. Age and BMI were systematically introduced
in the logistic model (adjusted results). The Benjamini
and Hochberg procedure was used to correct for mul-
tiple testing [31]. Nominal statistical significance was set
at p < 0.05. The analyses were performed using R (R ver-
sion 3.2.2; The R Foundation for Statistical Computing,
Vienna, Austria).

Genotype analysis
A total of 1519 DNA samples from the GOMAP cohort
(977 with SCZ, 542 with SCZ and T2D) were genotyped
on the Illumina HumanCoreExome (Illumina, San Diego)

Fig. 1 Study participant flow diagram. SCZ: schizophrenia, BD: bipolar disorder, MDD: major depressive disorder, T2D: type 2 diabetes
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chip. Following standard quality control procedures [32],
we retained 1429 samples genotyped at 524271 markers.
We imputed GOMAP together with two in-house Greek
sample collections, ARGO and TEENAGE, using a
merged reference panel of UK10K, 1000 Genomes Project
and MANOLIS [33] (a Greek isolated population) haplo-
types using the IMPUTEv2 software [34]. After filtering
for Hardy-Weinberg equilibrium (p < 1 × 10− 4), IMPUTE
v2 info score (info< 0.4) and minor allele frequency < 1%,
there were 9,565,382 genetic variants in the dataset. We
performed a GWAS on T2D status in the group of pa-
tients receiving a combination of three or more drugs
(ncases = 94, ncontrols = 121), two of which had to be of the
SGA or FGA class. We adjusted for the first 10 compo-
nents derived from multidimensional scaling (MDS) of
GOMAP together with TEENAGE [35] and ARGO. The
power of this comparison is very low, but the data are
available through the European Genome/Phenome Arch-
ive (EGA) for potential future meta-analyses.

Results
The clinical and demographic characteristics of partici-
pants are displayed in Table 1, and treatment regimens are
presented in Table 2. Of the 1653 participants with SCZ
included in our analysis, 611 (36.96%) also had T2D. Our
study achieved a collection of 3.2–5.9% of the entire Greek
T2D and SCZ comorbid population, calculated according
to the T2D general Greek population prevalence and to
the European SCZ and T2D comorbidity prevalence,

respectively. The whole sample included 672 women
(40.7%) and 981 men (59.3%) with mean age 50.22 years
(SD 14.03) and mean BMI 27.58 kg/m2 (SD 5.77).
We considered four non-overlapping treatment cat-

egories: those receiving monotherapy with FGA antipsy-
chotics (n = 373), those receiving monotherapy with
SGA antipsychotics (n = 215), those under combined
therapy of two psychiatric medications, one of which
antipsychotic (n = 570), and those under triple or more
psychiatric medications, one of which antipsychotic (n =
232). Consistent with the literature, our study confirms
that obesity [36, 37] and increasing age [38, 39] repre-
sent independent risk factors for T2D in patients with
SCZ (Additional file 1: Table S1). Adjusting for age and
BMI (Table 3, column 1) the results indicated that sex
(p = 0.063), SGA (p = 0.595), 2-drug combination (p =
0.937), duration of SCZ (p = 0.960), number of hospitali-
sations (p = 0.937) and outdoor physical activity in last
week (p = 0.858), were not significantly associated with
risk of T2D. However, the combined use of at least three
psychotropic drugs was associated with higher risk of
T2D (p = 0.035) compared with FGA monotherapy.
Furthermore, in multivariable logistic regression ana-

lysis that included adjustment for age, BMI, sex, dur-
ation of SCZ and number of hospitalizations, the
combination use of at least three psychotropic medica-
tions [odds ratio (OR), 95% confidence intervals (CI)]
[1.81 (1.22–2.69), p = 0.003] was significantly associated
with higher risk of T2D (Table 3).

Table 1 Characteristics of 1390 SCZ patients with T2D (n = 536) and without T2D (n = 854)

Characteristics SCZ without T2D
n = 854 (61.44%)

SCZ with T2D
n = 536 (38.56%)

Corrected
p value****

Mean (SD)*

Age (years) 45.83 (12.98) 57.07 (12.25) < 0.0001

SCZ duration (years) 18.57 (11.69) 26.30 (11.61) < 0.0001

BMI (kg/m2) 25.97 (4.54) 30.56 (6.75) < 0.0001

n (%)**

Male 516 (60.42%) 310 (57.84%) 0.467

Female 338 (39.58%) 226 (42.16%)

Number of subjects who reported outdoor
physical activity in last week

16 (1.87%) 4 (0.75%) 0.172

Number of subjects who reported no outdoor
physical activity in last week

838 (98.13%) 532 (99.25%)

Median (IQR)***

Number of Hospitalizations 4.00 (3.00–7.00) 3.00 (2.00–6.00) < 0.0001

Positive Symptoms 31.00 (27.00–36.00) 32.00 (27.00–37.00) 0.532

Negative Symptoms 30.00 (26.50–34.00) 30.00 (25.00–34.00) 0.486

General Psychopathology Scale 55.00 (48.00–64.00) 54.00 (47.00–64.00) 0.179

PANSS total score 118.00 (105.00–130.50) 117.00 (103.00–131.00) 0.467

SD: standard deviation; IQR: interquartile range
*t-test, **x2 test, ***Wilcoxon Rank Sum test, ****Corrected p-value using Benjamini and Hochberg method for the comparison between SCZ patients with and
without T2D
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We examined the genetic relationship between psy-
chotropic medication and T2D risk in the subset of indi-
viduals who were on a polypharmacy medication
regimen in the GOMAP cohort. No significant findings
were observed, likely due to small sample size and low
power (Additional file 1: Figure S1 and S2).

Discussion
We have established a novel case-control sample collec-
tion (GOMAP) with extensive phenotyping to examine
clinical epidemiological factors that may increase the
risk of T2D in patients with SCZ. We identify a previ-
ously unreported association between T2D and the con-
comitant prescription of three or more different
psychotropic medication classes, including at least one
antipsychotic, when compared to FGA monotherapy.
We do not identify SGA as a significant risk factor com-

pared to FGA, despite high power to detect moderate ef-
fects (86% power to detect an OR of 2). Both FGA and
SGA have been previously linked to an increased risk of
T2D [40–43]. While some studies suggest that SGA use is
associated with a higher risk of T2D development com-
pared to FGA use [24, 44], others were inconclusive [42].
One possible explanation is that there is no difference in
diabetogenic effect between SGA and FGA [45]. A recent

meta-analysis [17] demonstrated that individual FGA and
SGA drugs were associated with higher T2D risk, but did
not find a significant difference in T2D risk between drugs
of these classes. In addition, a systematic review of 22 ran-
domized control trials detected no difference in glycemic
effect of antipsychotics versus placebo [46].
It is also possible that we did not detect a difference in

T2D risk between SGA and FGA use because of varying
diabetogenic profiles among the individual drugs within
these classes [47–49]. There is conflicting evidence for dif-
ferential diabetogenic effects of antipsychotics of the same
class [50]. For example [51], the SGA aripiprazole has
been associated with decreased T2D risk in first-episode
patients with SCZ, while olanzapine (SGA), low-potency
FGAs and clozapine (SGA) have all been found to increase
T2D risk [51]. Conversely, the SGA risperidone has been
shown to confer a similar diabetogenic risk to FGAs [52].
A further study found no statistically significant differ-
ences in fasting glucose between patients receiving FGA
and SGA when patients treated with clozapine and olan-
zapine were excluded [53]. Further, the inconsistency of
these findings in the literature could be partly due to un-
measured confounding factors [54], such as genetic back-
ground. For example, the Australian National Survey of
Psychosis has shown that antipsychotic treatment had no

Table 2 Psychiatric medication

SCZ without T2D SCZ with T2D

Monotherapy

FGA 246 (17.7%) 127 (9.14%)

SGA 126 (9.06%) 89 (6.40%)

Combination Therapy

2-Drug Combination (Antipsychotic + 1 more psychiatric medication) 361 (25.97%) 209 (15.04%)

≥3-Drug Combination (Antipsychotic + 2 or more psychiatric medications) 121 (8.71%) 111 (7.99%)

FGA first generation antipsychotics, SGA second generation antipsychotics

Table 3 Crude and adjusted odds ratios (OR) of T2D occurrence based on logistic regression modelling among patients with SCZ

Variables Crudea Adjustedc

OR (95%CI) Corrected p-value OR (95%CI) p-value

Sex
(Reference group = Female)

1.38 (1.06–1.81) 0.063 1.42 (1.08–1.85)a 0.0112

Psychiatric Medication
(Reference group = FGA)

SGA 1.27 (0.84–1.93) 0.595 1.27 (0.84–1.93) 0.259

2-Drug Combination 0.96 (0.69–1.33) 0.937 0.98 (0.71–1.35) 0.885

≥3-Drug Combination 1.75 (1.19–2.59)b 0.035 1.81 (1.22–2.69)b 0.003

Number of hospitalizations 1.00 (0.96–1.03) 0.937 0.99 (0.96–1.03) 0.749

Duration of SCZ 1.00 (0.98–1.02) 0.960 1.00 (0.98–1.02) 0.975

Outdoor Physical activity in last week: (reference group = No) 0.62 (0.16–2.38) 0.858 0.71 (0.19–2.66) 0.613
aadjusted for age and BMI
bSignificant predictor of T2D among SCZ patients
cAdjusted for age, BMI, sex, duration of SCZ and number of hospitalizations
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additional impact on T2D risk in those with a T2D family
history, whereas antipsychotics increased T2D risk in
those without a T2D family history [39].
A recent meta-analysis of studies on comorbid SCZ with

T2D in China showed that duration of schizophrenia (>
10 years) is a significant risk factor for T2D development
[55]. We observed similar statistically significant results,
but no association when we dichotomized SCZ duration
into less or more than 10 years (OR 1.46, 95% CI: 0.89–
2.4). We do not identify association between PANSS psy-
chopathology scores, examined separately for positive
symptoms, negative symptoms and the total score with
T2D risk. A single study has shown an inverse relationship
between PANSS score and BMI in SCZ patients, but con-
tains no information on T2D prevalence [56]. Moreover,
we do not find an association between physical activity
and T2D in SCZ; this may be due to the effect of
hospitalization, which results in a largely uniform environ-
ment in terms of physical activity and nutrition.
Many combinations of different classes of medications

were used for the management of SCZ in our sample;
this does not allow us to perform robust sub-analysis to
examine the diabetogenic effect of different classes of
medications, because of the small number of patients in
each category. Importantly, we identify a significant risk
attributable to the potential diabetogenic effect of psy-
chotropic combinations, which are frequently applied in
SCZ treatment, though we attempted no such associ-
ation analysis for antidepressants or mood stabilizers ap-
plied as monotherapy given our small sample size in
these groups respectively. To date, most studies have
not extensively considered other medication variables or
their combinations. Similarly, a recent study [25] on
youths identified a higher risk of T2D in patients receiv-
ing SGA together with antidepressants compared with
patients receiving only SGA or only antidepressants.
Moreover, no difference in T2D occurrence was detected
between receiving stimulants concomitantly to SGA, as
compared with SGA only. There is further acknowledge-
ment that the increase in T2D risk in SGA-exposed
youths remains small. Both studies emphasize the im-
portance of including all psychotropic regimens received
by SCZ patients when analyzing T2D risk to avoid miss-
ing synergy in this direction. Our study demonstrates
the effect of combined psychiatric medication on T2D
risk. Given the widespread use of combined categories of
psychiatric medications, we suggest future studies should
prospectively explore the effect of different treatment
options on type 2 diabetes incidences, in order to formu-
late clinical guidelines.
A limitation of our study is that we only had access to

retrospective medication information of up to six months
prior to study commencement. This means that metabolic
adverse effects of drugs beyond that period could not be

accounted for and we cannot evaluate the effect of previous
treatment regimens on T2D risk. Further we cannot make
inferences about T2D causality, medication dose-effect,
additional medication categories effect, differences in medi-
cation effects when patients are drug-naïve, or experience
first SCZ episode; nor how effective, in terms of T2D
prophylaxis, switching from one medication category to an-
other might be. Additional factors that should be consid-
ered in a study of the metabolic effects of antipsychotic
medications are duration of treatment [51, 57] and body
weight before treatment initiation. Due to limited sample
size it was not possible to study the effect of specific psy-
chotropic medications, or various combinations thereof.
However, this study has examined a relatively large

number of hospitalized participants, who have been care-
fully selected and ascertained for T2D and SCZ diagnoses
based on established criteria rather than self-reporting.
The homogeneity in the ethnicity of the studied popula-
tion limits the potential for ancestry bias. Furthermore,
our study is estimated to have collected 3.2–5.9% of the
entire Greek T2D and SCZ comorbid population. We
were further able to assess the effect of psychotropic medi-
cation in the context of SCZ alone, rather than having to
account for several different psychiatric diagnoses [58].
Adherence to treatment was strictly inspected.
While the genetic analysis did not yield any robust sig-

nals, it might prove useful in downstream meta-analyses.
The genotype data used here have been made available
through the European Genome/Phenome Archive.

Conclusions
Our findings indicate that a triple-drug combination ther-
apy for patients with SCZ is associated with increased risk
of T2D compared with treatment involving FGA. Future
studies should explore the research hypothesis that
maximization of monotherapy doses or switch to a differ-
ent antipsychotic class may be associated with decreased
diabetogenic effect as compared with the addition of mul-
tiple antipsychotic medications.

Additional file

Additional file 1: Combination therapy as a potential risk factor for the
development of type 2 diabetes in patients with schizophrenia: the
GOMAP study. Description of survey flow. Diagnostic assessment of T2D
and psychiatric disease. Physical assessments. Table S1. T2D occurrence
based on simple logistic regression modelling among patients with SCZ.
Figure S1. Manhattan plot of association results from a GWAS on T2D in
individuals receiving a combination of three or more psychotropic drugs,
including one FGA and one SGA. For each of the 9,565,382 analysed
variants the –log10 of the p-value is plotted against its chromosomal
position. Blue and red lines indicate suggestive (p < 5*10− 6) and
genome-wide (p < 5*10− 8) significance. Figure S2. Quantile-quantile plot
of association results from a GWAS on T2D in individuals receiving a
combination of three or more psychotropic drugs, including one FGA
and one SGA. For each SNP the –log10 of the p-value is plotted against
its expected value under the null distribution. (DOCX 219 kb)

Mamakou et al. BMC Psychiatry  (2018) 18:249 Page 6 of 9

https://doi.org/10.1186/s12888-018-1826-4


Abbreviations
BMI: Body mass index; CI: Confidence intervals; D.E.S.I.R.: Epidemiological
Study on the Insulin Resistance Syndrome; DSM-IV-TR: Diagnostic and
Statistical Manual of Mental Disorders; EGA: European Genome/Phenome
Archive; FGA: First-generation antipsychotics; GOMAP: Genetic Overlap
between Metabolic and Psychiatric disease; MDS: Multidimensional scaling;
OR: Odds ratios; PANSS: Positive and Negative Syndrome Scale;
SCZ: Schizophrenia; SD: Standard deviation; SGA: Second-generation
antipsychotics; T2D: Type 2 Diabetes

Acknowledgements
We thank all participants, clinicians, nurses and study participants for their
contribution in the GOMAP study.

Funding
This work was funded by Wellcome [098051]. The funding body had no role
in the design of the study and collection, analysis, and interpretation of data
and in writing the manuscript.

Availability of data and materials
Genetic data for the GOMAP study have been deposited to the European
Genome-Phenome Archive (EGA), under accession number EGAS00001002723.

Authors’ contributions
VM conceived the study, developed the trial, organized the collection team
and drafted the manuscript. SH contributed the genetic analyses. EZ
contributed to the sample collection and data entry. ET contributed to the
statistical analysis. EM contributed to the preparation of the data. IS
contributed to the sample and data collection. NT contributed to the study
and trial development throughout literature review and data analysis. AT, GD
and KL contributed to the study development. LS and WR contributed to
phenotype cleaning. AK and EG contributed to the sample and data
collection. FG and VK contributed to the psychiatric literature review. BP and
KK contributed to the data analysis and manuscript drafting. EZ conceived
the study, supervised and defined the scientific framework of the work. All
authors critically revised the manuscript. All authors read and approved the
final manuscript.

Ethics approval and consent to participate
Ethical permission was obtained from Dromokaiteio Psychiatric Hospital
Athens ethics committee, Dafni Psychiatric Hospital Athens ethics committee,
Hippokrateio General Hospital Athens ethics committee, Laiko General Hospital
Athens ethics committee, Eginiteio General Hospital Athens ethics committee.
All study participants gave written informed consent following a detailed
explanation of the study. This work has been carried out in accordance with
the latest version of the Declaration of Helsinki.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests

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

Author details
1Medical School, National and Kapodistrian University Athens, 75 M. Assias
Street, 115 27 Athens, Greece. 2Dromokaiteio Psychiatric Hospital, 124 61
Athens, Greece. 3Wellcome Sanger Institute, Hinxton, Cambridge, HH CB10 1,
UK. 4Department of Oncology and Metabolism, University of Sheffield,
Sheffield, UK. 5School of Information Sciences and Technology, Department
of Statistics, Athens University of Economics and Business, 10434 Athens,
Greece. 6William Harvey Research Institute, Barts and The London School of
Medicine and Dentistry, Queen Mary University of London, EC1M 6BQ,
London, UK. 7Department of Gastroenterology, Gennimatas General Hospital,
11527 Athens, Greece. 8Dafni Psychiatric Hospital, 12462 Athens, Greece.
9Wellcome Centre for Human Genetics, University of Oxford, Oxford, UK.
10Oxford Centre for Diabetes Endocrinology and Metabolism, Oxford, UK.
11National and Kapodistrian University of Athens, Department of Biology,

Athens, Panepistimioupolis, AnoIlisia, 15771 Athens, Greece. 12Early Psychosis
Unit, 1st Department of Psychiatry, Eginition Hospital, Medical School,
National and Kapodistrian University of Athens, 11527 Athens, Greece.
13Department of Nutrition-Dietetics, Harokopio University, 17671 Athens,
Greece. 141st Psychiatric Department, Eginition Hospital, Medical School,
National and Kapodistrian University of Athens, 11527 Athens, Greece.
15Diabetes Centre, 2nd Department of Internal Medicine, Hippokration
General Hospital, Medical School, National and Kapodistrian University of
Athens, 11527 Athens, Greece. 16First Department of Propaedeutic Internal
Medicine, National and Kapodistrian University of Athens, Medical School,
Laiko General Hospital, 11527 Athens, Greece.

Received: 26 January 2018 Accepted: 23 July 2018

References
1. Suvisaari J, Keinanen J, Eskelinen S, Mantere O. Diabetes and Schizophrenia.

Curr Diab Rep. 2016;16(2):16. https://doi.org/10.1007/s11892-015-0704-4.
2. Mitchell AJ, Vancampfort D, De Herdt A, Yu W, De Hert M. Is the prevalence

of metabolic syndrome and metabolic abnormalities increased in early
schizophrenia? A comparative meta-analysis of first episode, untreated and
treated patients. Schizophr Bull. 2013;39(2):295–305. https://doi.org/10.1093/
schbul/sbs082.

3. Collaboration NCDRF. Worldwide trends in diabetes since 1980: A pooled
analysis of 751 population-based studies with 4.4 million participants. Lancet.
2016;387(10027):1513–30. https://doi.org/10.1016/S0140-6736(16)00618-8.

4. Liatis S, Dafoulas GE, Kani C, Politi A, Litsa P, Sfikakis PP, Makrilakis K. The
prevalence and treatment patterns of diabetes in the Greek population
based on real-world data from the nation-wide prescription database.
Diabetes Res Clin Pract. 2016;118:162–7. https://doi.org/10.1016/j.diabres.
2016.06.018.

5. Suvisaari J, Perala J, Saarni SI, Harkanen T, Pirkola S, Joukamaa M, Koskinen S,
Lonnqvist J, Reunanen A. Type 2 diabetes among persons with schizophrenia
and other psychotic disorders in a general population survey. Eur Arch Psychiatry
Clin Neurosci. 2008;258(3):129–36. https://doi.org/10.1007/s00406-007-0762-y.

6. Steylen PM, van der Heijden FM, Kok HD, Sijben NA, Verhoeven WM.
Cardiometabolic comorbidity in antipsychotic treated patients: need for
systematic evaluation and treatment. Int J Psychiatry Clin Pract. 2013;17(2):
125–30. https://doi.org/10.3109/13651501.2013.779000.

7. Tsirona S, Katsaros F, Bargiota A, Polyzos SA, Arapoglou G, Koukoulis GN.
Prevalence and determinants of type 2 diabetes mellitus in a Greek adult
population. Hormones. 2016;15(1):88–98. https://doi.org/10.14310/horm.
2002.1662.

8. Das-Munshi J, Chang CK, Dutta R, Morgan C, Nazroo J, Stewart R, Prince MJ.
Ethnicity and excess mortality in severe mental illness: a cohort study.
Lancet Psychiatry. 2017;4(5):389–99. https://doi.org/10.1016/S2215-
0366(17)30097-4.

9. Perez-Pinar M, Mathur R, Foguet Q, Ayis S, Robson J, Ayerbe L.
Cardiovascular risk factors among patients with schizophrenia, bipolar,
depressive, anxiety, and personality disorders. Eur Psychiatry. 2016;35:8–15.
https://doi.org/10.1016/j.eurpsy.2016.02.004.

10. Pillinger T, Beck K, Gobjila C, Donocik JG, Jauhar S, Howes OD. Impaired
glucose homeostasis in first-episode schizophrenia: a systematic review and
meta-analysis. JAMA Psychiatry. 2017; https://doi.org/10.1001/jamapsychiatry.
2016.3803.

11. Blumenthal SR, Castro VM, Clements CC, Rosenfield HR, Murphy SN, Fava M,
Weilburg JB, Erb JL, Churchill SE, Kohane IS, et al. An electronic health
records study of long-term weight gain following antidepressant use. JAMA
Psychiatry. 2014;71(8):889–96. https://doi.org/10.1001/jamapsychiatry.2014.414.

12. Kivimaki M, Hamer M, Batty GD, Geddes JR, Tabak AG, Pentti J, Virtanen M,
Vahtera J. Antidepressant medication use, weight gain, and risk of type 2
diabetes: a population-based study. Diabetes Care. 2010;33(12):2611–6.
https://doi.org/10.2337/dc10-1187.

13. Rubin RR, Ma Y, Peyrot M, Marrero DG, Price DW, Barrett-Connor E, Knowler
WC. Diabetes prevention program research G: antidepressant medicine use
and risk of developing diabetes during the diabetes prevention program
and diabetes prevention program outcomes study. Diabetes Care. 2010;
33(12):2549–51. https://doi.org/10.2337/dc10-1033.

14. Anderson RJ, Gott BM, Sayuk GS, Freedland KE, Lustman PJ. Antidepressant
pharmacotherapy in adults with type 2 diabetes: rates and predictors of

Mamakou et al. BMC Psychiatry  (2018) 18:249 Page 7 of 9

https://doi.org/10.1007/s11892-015-0704-4
https://doi.org/10.1093/schbul/sbs082
https://doi.org/10.1093/schbul/sbs082
https://doi.org/10.1016/S0140-6736(16)00618-8
https://doi.org/10.1016/j.diabres.2016.06.018
https://doi.org/10.1016/j.diabres.2016.06.018
https://doi.org/10.1007/s00406-007-0762-y
https://doi.org/10.3109/13651501.2013.779000
https://doi.org/10.14310/horm.2002.1662
https://doi.org/10.14310/horm.2002.1662
https://doi.org/10.1016/S2215-0366(17)30097-4
https://doi.org/10.1016/S2215-0366(17)30097-4
https://doi.org/10.1016/j.eurpsy.2016.02.004
https://doi.org/10.1001/jamapsychiatry.2016.3803
https://doi.org/10.1001/jamapsychiatry.2016.3803
https://doi.org/10.1001/jamapsychiatry.2014.414
https://doi.org/10.2337/dc10-1187
https://doi.org/10.2337/dc10-1033


initial response. Diabetes Care. 2010;33(3):485–9. https://doi.org/10.2337/
dc09-1466.

15. Kivimaki M, Tabak AG, Lawlor DA, Batty GD, Singh-Manoux A, Jokela M,
Virtanen M, Salo P, Oksanen T, Pentti J, et al. Antidepressant use before and
after the diagnosis of type 2 diabetes: a longitudinal modeling study.
Diabetes Care. 2010;33(7):1471–6. https://doi.org/10.2337/dc09-2359.

16. Zuo S, Fries BE, Szafara K, Regal R. Valproic Acid as a potentiator of
metabolic syndrome in institutionalized residents on concomitant
antipsychotics: fat chance, or slim to none? P T. 2015;40(2):126–32.

17. Vancampfort D, Correll CU, Galling B, Probst M, De Hert M, Ward PB,
Rosenbaum S, Gaughran F, Lally J, Stubbs B. Diabetes mellitus in people
with schizophrenia, bipolar disorder and major depressive disorder: a
systematic review and large scale meta-analysis. World Psychiatry. 2016;
15(2):166–74. https://doi.org/10.1002/wps.20309.

18. McKnight RF, Adida M, Budge K, Stockton S, Goodwin GM, Geddes JR.
Lithium toxicity profile: a systematic review and meta-analysis. Lancet. 2012;
379(9817):721–8. https://doi.org/10.1016/S0140-6736(11)61516-X.

19. Kivimaki M, Batty GD. Commentary: antidepressants and diabetes risk: why
are there discrepant findings from cohort studies based on patient records
and those based on serial phenotyping? Int J Epidemiol. 2015;44(6):1940–2.
https://doi.org/10.1093/ije/dyv186.

20. Azevedo Da Silva M, Dugravot A, Balkau B, Roussel R, Fumeron F, Elbaz A,
Canonico M, Singh-Manoux A, Nabi H, Group DESIRS: Antidepressant
medication use and trajectories of fasting plasma glucose, glycated
haemoglobin, beta-cell function and insulin sensitivity: a 9-year longitudinal
study of the D.E.S.I.R. cohort. Int J Epidemiol 2015, https://doi.org/10.1093/
ije/dyv153.

21. Bhattacharjee S, Bhattacharya R, Kelley GA, Sambamoorthi U. Antidepressant
use and new-onset diabetes: a systematic review and meta-analysis. Diabetes
Metab Res Rev. 2013;29(4):273–84. https://doi.org/10.1002/dmrr.2393.

22. Belcastro V, D'Egidio C, Striano P, Verrotti A. Metabolic and endocrine effects
of valproic acid chronic treatment. Epilepsy Res. 2013;107(1–2):1–8. https://
doi.org/10.1016/j.eplepsyres.2013.08.016.

23. Chien IC, Wu EL, Lin CH, Chou YJ, Chou P. Prevalence of diabetes in patients
with major depressive disorder: a population-based study. Compr Psychiatry.
2012;53(5):569–75. https://doi.org/10.1016/j.comppsych.2011.06.004.

24. Galling B, Roldan A, Nielsen RE, Nielsen J, Gerhard T, Carbon M, Stubbs B,
Vancampfort D, De Hert M, Olfson M, et al. Type 2 diabetes mellitus in
youth exposed to antipsychotics: a systematic review and meta-analysis.
JAMA Psychiatry. 2016; https://doi.org/10.1001/jamapsychiatry.2015.2923.

25. Rubin DM, Kreider AR, Matone M, Huang YS, Feudtner C, Ross ME, Localio
AR. Risk for incident diabetes mellitus following initiation of second-
generation antipsychotics among Medicaid-enrolled youths. JAMA Pediatr.
2015;169(4):e150285. https://doi.org/10.1001/jamapediatrics.2015.0285.

26. Bobo WV, Cooper WO, Stein CM, Olfson M, Graham D, Daugherty J, Fuchs
DC, Ray WA. Antipsychotics and the risk of type 2 diabetes mellitus in
children and youth. JAMA Psychiatry. 2013;70(10):1067–75. https://doi.org/
10.1001/jamapsychiatry.2013.2053.

27. General Assembly of the World Medical A. World Medical Association
Declaration of Helsinki: ethical principles for medical research involving
human subjects. J Am Coll Dent. 2014;81(3):14–8.

28. Lykouras L, Oulis P, Psarros K, Daskalopoulou E, Botsis A, Christodoulou GN,
Stefanis C. Five-factor model of schizophrenic psychopathology: how valid
is it? Eur Arch Psychiatry Clin Neurosci. 2000;250(2):93–100.

29. Trull TJ, Verges A, Wood PK, Jahng S, Sher KJ. The structure of diagnostic
and statistical manual of mental disorders (4th edition, text revision)
personality disorder symptoms in a large national sample. Personal Disord.
2012;3(4):355–69. https://doi.org/10.1037/a0027766.

30. American Diabetes A: Standards of medical care in diabetes--2014. Diabetes
Care 2014, 37 Suppl 1:S14–S80, doi:https://doi.org/10.2337/dc14-S014.

31. Benjamini, Yoav & Hochberg, Yosef. (1995). Controlling The False Discovery
Rate - A Practical And Powerful Approach To Multiple Testing. J Royal Statist
Soc Series B 57. 1995; 289–300. https://doi.org/10.2307/2346101.

32. Panoutsopoulou K, Hatzikotoulas K, Xifara DK, Colonna V, Farmaki AE, Ritchie
GR, Southam L, Gilly A, Tachmazidou I, Fatumo S, et al. Genetic
characterization of Greek population isolates reveals strong genetic drift at
missense and trait-associated variants. Nat Commun. 2014;5:5345. https://
doi.org/10.1038/ncomms6345.

33. Southam L, Gilly A, Suveges D, Farmaki AE, Schwartzentruber J,
Tachmazidou I, Matchan A, Rayner NW, Tsafantakis E, Karaleftheri M, et al.
Whole genome sequencing and imputation in isolated populations identify

genetic associations with medically-relevant complex traits. Nat Commun.
2017;8:15606. https://doi.org/10.1038/ncomms15606.

34. Howie B, Fuchsberger C, Stephens M, Marchini J, Abecasis GR. Fast and
accurate genotype imputation in genome-wide association studies through
pre-phasing. Nat Genet. 2012;44(8):955–9. https://doi.org/10.1038/ng.2354.

35. Ntalla I, Giannakopoulou M, Vlachou P, Giannitsopoulou K, Gkesou V, Makridi
C, Marougka M, Mikou G, Ntaoutidou K, Prountzou E, et al. Body
composition and eating behaviours in relation to dieting involvement in a
sample of urban Greek adolescents from the TEENAGE (TEENs of Attica:
Genes & Environment) study. Public Health Nutr. 2014;17(3):561–8. https://
doi.org/10.1017/S1368980013000074.

36. Mishra GD, Carrigan G, Brown WJ, Barnett AG, Dobson AJ. Short-term
weight change and the incidence of diabetes in midlife: results from the
Australian longitudinal study on Women's health. Diabetes Care. 2007;30(6):
1418–24. https://doi.org/10.2337/dc06-2187.

37. Jacobs-van der Bruggen MA, Spijkerman A, van Baal PH, Baan CA, Feskens
EJ, Picavet HS, van der AD VWM. Weight change and incident diabetes:
addressing an unresolved issue. Am J epidemiol. 2010;172(3):263–70.
https://doi.org/10.1093/aje/kwq134.

38. Koloverou E, Panagiotakos DB, Pitsavos C, Chrysohoou C, Georgousopoulou
EN, Pitaraki E, Metaxa V, Stefanadis C, Group AS. 10-year incidence of diabetes
and associated risk factors in Greece: the ATTICA study (2002-2012). Rev Diabet
Stud. 2014;11(2):181–9. https://doi.org/10.1900/RDS.2014.11.181.

39. Foley DL, Mackinnon A, Morgan VA, Watts GF, Castle DJ, Waterreus A,
Galletly CA. Effect of age, family history of diabetes, and antipsychotic drug
treatment on risk of diabetes in people with psychosis: a population-based
cross-sectional study. Lancet Psychiatry. 2015;2(12):1092–8. https://doi.org/
10.1016/S2215-0366(15)00276-X.

40. Okumura Y, Ito H, Kobayashi M, Mayahara K, Matsumoto Y, Hirakawa J.
Prevalence of diabetes and antipsychotic prescription patterns in patients
with schizophrenia: a nationwide retrospective cohort study. Schizophr Res.
2010;119(1–3):145–52. https://doi.org/10.1016/j.schres.2010.02.1061.

41. Choong E, Bondolfi G, Etter M, Jermann F, Aubry JM, Bartolomei J, Gholam-
Rezaee M, Eap CB. Psychotropic drug-induced weight gain and other
metabolic complications in a Swiss psychiatric population. J Psychiatr Res.
2012;46(4):540–8. https://doi.org/10.1016/j.jpsychires.2012.01.014.

42. Hartling L, Abou-Setta AM, Dursun S, Mousavi SS, Pasichnyk D, Newton AS.
Antipsychotics in adults with schizophrenia: comparative effectiveness of
first-generation versus second-generation medications: a systematic review
and meta-analysis. Ann Intern Med. 2012;157(7):498–511. https://doi.org/10.
7326/0003-4819-157-7-201210020-00525.

43. Lee NY, Kim SH, Jung DC, Kim EY, Yu HY, Sung KH, Kang UG, Ahn YM, Kim
YS. The prevalence of metabolic syndrome in Korean patients with
schizophrenia receiving a monotherapy with aripiprazole, olanzapine or
risperidone. Prog Neuro-Psychopharmacol Biol Psychiatry. 2011;35(5):1273–8.
https://doi.org/10.1016/j.pnpbp.2011.03.022.

44. Smith M, Hopkins D, Peveler RC, Holt RI, Woodward M, Ismail K. First- v.
Second-generation antipsychotics and risk for diabetes in schizophrenia:
systematic review and meta-analysis. Br J Psychiatry. 2008;192(6):406–11.
https://doi.org/10.1192/bjp.bp.107.037184.

45. Liao CH, Chang CS, Wei WC, Chang SN, Liao CC, Lane HY, Sung FC.
Schizophrenia patients at higher risk of diabetes, hypertension and
hyperlipidemia: a population-based study. Schizophr Res. 2011;126(1–3):
110–6. https://doi.org/10.1016/j.schres.2010.12.007.

46. Bushe C, Leonard B. Association between atypical antipsychotic agents and
type 2 diabetes: review of prospective clinical data. Br J Psychiatry Suppl.
2004;47:87–93.

47. De Hert M, Detraux J, van Winkel R, Yu W, Correll CU. Metabolic and
cardiovascular adverse effects associated with antipsychotic drugs. Nat Rev
Endocrinol. 2012;8(2):114–26. https://doi.org/10.1038/nrendo.2011.156.

48. Fisman EZ, Tenenbaum A. Antidiabetic treatment with gliptins: focus on
cardiovascular effects and outcomes. Cardiovasc Diabetol. 2015;14:129.
https://doi.org/10.1186/s12933-015-0294-0.

49. Leucht S, Corves C, Arbter D, Engel RR, Li C, Davis JM. Second-generation
versus first-generation antipsychotic drugs for schizophrenia: a meta-
analysis. Lancet. 2009;373(9657):31–41. https://doi.org/10.1016/S0140-
6736(08)61764-X.

50. Briles JJ, Rosenberg DR, Brooks BA, Roberts MW, Diwadkar VA: Review of the
safety of second-generation antipsychotics: are they really "atypically" safe
for youth and adults? Prim Care Companion CNS Disord 2012;14(3), https://
doi.org/10.4088/PCC.11r01298.

Mamakou et al. BMC Psychiatry  (2018) 18:249 Page 8 of 9

https://doi.org/10.2337/dc09-1466
https://doi.org/10.2337/dc09-1466
https://doi.org/10.2337/dc09-2359
https://doi.org/10.1002/wps.20309
https://doi.org/10.1016/S0140-6736(11)61516-X
https://doi.org/10.1093/ije/dyv186
https://doi.org/10.1093/ije/dyv153
https://doi.org/10.1093/ije/dyv153
https://doi.org/10.1002/dmrr.2393
https://doi.org/10.1016/j.eplepsyres.2013.08.016
https://doi.org/10.1016/j.eplepsyres.2013.08.016
https://doi.org/10.1016/j.comppsych.2011.06.004
https://doi.org/10.1001/jamapsychiatry.2015.2923
https://doi.org/10.1001/jamapediatrics.2015.0285
https://doi.org/10.1001/jamapsychiatry.2013.2053
https://doi.org/10.1001/jamapsychiatry.2013.2053
https://doi.org/10.1037/a0027766
https://doi.org/10.2337/dc14-S014
https://doi.org/10.2307/2346101
https://doi.org/10.1038/ncomms6345
https://doi.org/10.1038/ncomms6345
https://doi.org/10.1038/ncomms15606
https://doi.org/10.1038/ng.2354
https://doi.org/10.1017/S1368980013000074
https://doi.org/10.1017/S1368980013000074
https://doi.org/10.2337/dc06-2187
https://doi.org/10.1093/aje/kwq134
https://doi.org/10.1900/RDS.2014.11.181
https://doi.org/10.1016/S2215-0366(15)00276-X
https://doi.org/10.1016/S2215-0366(15)00276-X
https://doi.org/10.1016/j.schres.2010.02.1061
https://doi.org/10.1016/j.jpsychires.2012.01.014
https://doi.org/10.7326/0003-4819-157-7-201210020-00525
https://doi.org/10.7326/0003-4819-157-7-201210020-00525
https://doi.org/10.1016/j.pnpbp.2011.03.022
https://doi.org/10.1192/bjp.bp.107.037184
https://doi.org/10.1016/j.schres.2010.12.007
https://doi.org/10.1038/nrendo.2011.156
https://doi.org/10.1186/s12933-015-0294-0
https://doi.org/10.1016/S0140-6736(08)61764-X
https://doi.org/10.1016/S0140-6736(08)61764-X
https://doi.org/10.4088/PCC.11r01298
https://doi.org/10.4088/PCC.11r01298


51. Nielsen J, Skadhede S, Correll CU. Antipsychotics associated with the
development of type 2 diabetes in antipsychotic-naive schizophrenia
patients. Neuropsychopharmacology. 2010;35(9):1997–2004. https://doi.org/
10.1038/npp.2010.78.

52. Lieberman JA, Phillips M, Gu H, Stroup S, Zhang P, Kong L, Ji Z, Koch G,
Hamer RM. Atypical and conventional antipsychotic drugs in treatment-
naive first-episode schizophrenia: a 52-week randomized trial of clozapine
vs chlorpromazine. Neuropsychopharmacology. 2003;28(5):995–1003.
https://doi.org/10.1038/sj.npp.1300157.

53. De Hert M, Schreurs V, Sweers K, Van Eyck D, Hanssens L, Sinko S, Wampers
M, Scheen A, Peuskens J, van Winkel R. Typical and atypical antipsychotics
differentially affect long-term incidence rates of the metabolic syndrome in
first-episode patients with schizophrenia: a retrospective chart review.
Schizophr Res. 2008;101(1–3):295–303. https://doi.org/10.1016/j.schres.
2008.01.028.

54. MacKinnon DP, Krull JL, Lockwood CM. Equivalence of the mediation,
confounding and suppression effect. Prev Sci. 2000;1(4):173–81.

55. Zhou M, Xiao C, Yang M, Yuan P, Liu Y. Risk factors for schizophrenia
patients with type 2 diabetes: a metaanalysis. Zhong Nan Da Xue Xue Bao
Yi Xue Ban. 2015;40(3):241–9. https://doi.org/10.11817/j.issn.1672-7347.2015.
03.002.

56. Gurpegui M, Martinez-Ortega JM, Gutierrez-Rojas L, Rivero J, Rojas C, Jurado
D. Overweight and obesity in patients with bipolar disorder or schizophrenia
compared with a non-psychiatric sample. Prog Neuro-Psychopharmacol Biol
Psychiatry. 2012;37(1):169–75. https://doi.org/10.1016/j.pnpbp.2012.01.014.

57. Weston-Green K, Huang XF, Deng C. Second generation antipsychotic-
induced type 2 diabetes: a role for the muscarinic M3 receptor. CNS Drugs.
2013;27(12):1069–80. https://doi.org/10.1007/s40263-013-0115-5.

58. McGrath J, Saha S, Chant D, Welham J. Schizophrenia: a concise overview of
incidence, prevalence, and mortality. Epidemiol Rev. 2008;30:67–76. https://
doi.org/10.1093/epirev/mxn001.

Mamakou et al. BMC Psychiatry  (2018) 18:249 Page 9 of 9

https://doi.org/10.1038/npp.2010.78
https://doi.org/10.1038/npp.2010.78
https://doi.org/10.1038/sj.npp.1300157
https://doi.org/10.1016/j.schres.2008.01.028
https://doi.org/10.1016/j.schres.2008.01.028
https://doi.org/10.11817/j.issn.1672-7347.2015.03.002
https://doi.org/10.11817/j.issn.1672-7347.2015.03.002
https://doi.org/10.1016/j.pnpbp.2012.01.014
https://doi.org/10.1007/s40263-013-0115-5
https://doi.org/10.1093/epirev/mxn001
https://doi.org/10.1093/epirev/mxn001

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Medication data collection
	Study procedure
	Statistical analysis
	Genotype analysis

	Results
	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

