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Abstract

Research results indicate the presence of an association between mental disorders, certain antipsychotics, and the risk of developing
prediabetes (preDM) and specific type diabetes mellitus (DM). However, there are no precise recommendations for their diagnosis
and treatment. The obtained data suggest the necessity to perform diagnostics of carbohydrate disorders at the onset of the first symptoms
of psychosis, even before the implementation of antipsychotic drugs, and the oral glucose tolerance test (OGTT) seems to be the optimal
tool. There is a lot of controversy regarding the timing of control tests addressing the development of dysglycaemia during the use of
antipsychotic drugs. We suggest that it should be carried out during the first 4-8 weeks, and in the absence of disorders it should be
repeated once a year or with a change in antipsychotic treatment. The diagnostic regimen should then include the need for OGTT sup-
ported by routine determination of the percentage of glycated haemoglobin. If dysglycaemia is diagnosed, the therapeutic management
should include non-pharmacological management and hypoglycaemic agents. These recommendations should be individually tailored
to each patient and take into account the presence of obesity, which is often found in this group of patients. Weight reduction can be
achieved with a properly balanced diet, physical effort, and in justified situations also with drugs effectively reducing body weight. For
this reason, drugs are recommended that, if preDM and DM are diagnosed, simultaneously lower glucose levels and reduce body weight.
So far, effectiveness in this area has been demonstrated for 2 incretinomimetics: exenatide and liraglutide. Due to the mechanism of
preDM/DM development in patients using antipsychotics, the usefulness of other hypoglycaemic drugs with insulin-sensitizing potential
— metformin and pioglitazone — has also been suggested. To date, there has been no research on the benefits of other hypoglycaemic

drugs in this group of patients. (Endokrynol Pol 2022; 73 (5): 872-884)
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Introduction

The studies published to date indicate the presence of
an association between the use of certain antipsychotic
drugs and the risk of development of carbohydrate me-
tabolism disorders. These disorders include both pre-
diabetes (preDM), including impaired fasting glucose
(IFG), impaired glucose tolerance (IGT), and diabetes
(DM) classified as specific types of diabetes due to other
causes [1-3]. In 2021, it is estimated that 537 million
people have DM, and this number is projected to reach
643 million by 2030, and 783 million by 2045. In addition,
541 million people are estimated to have impaired glu-
cose tolerance in 2021 [4]. The incidence of the disorder
varies across places and migrant groups, as do symp-
toms, course, and treatment response across individuals.
The evidence comes from a wide variety of studies using
different methods, each with strengths and weaknesses
that may contribute to some of the patterns observed.

The Global Burden of Diseases, Injuries, and Risk Fac-
tors Study (GBD) 2019 reported that mental disorders
accounted for 654.8 million estimated cases in 1990
and 970.1 million cases in 2019 (an increase of 48.1%)
[5]. A review and meta-analysis perform by Jongsma et
al. showed that the prevalence of all psychotic disorders
was 26.6 per 100,000 person-years [6]. Itis estimated that
DM can affect 8.7% with major depressive disorders,
6.2% with bipolar disorders, and 12% of patients with
severe mental illnesses (schizophrenia, depression, bipo-
lar and psychotic disorders). A high (19%) incidence of
“prediabetic conditions” in patients with various types
of psychoses has also been observed [7]. A recent study
by Liu et al. indicates that patients with bipolar disor-
ders have nearly 1.6 times greater risk of developing DM
[8]. These data may be underestimate to the real risk of
antipsychotic drugs. This is because they often do not
take into account the presence of undiagnosed type 2
diabetes before using antipsychotic drugs.
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Drugs with relatively high pro-diabetic potential
include chlorpromazine, clozapine, and olanzapine.
Aslightly lower risk of developing these disorders has
been observed in patients using quetiapine and risperi-
done, and the lowest during therapy with haloperidol,
perphenazine, ziprasidone, aripiprazole, paliperidone,
and lurasidone [1]. When analysing the above data,
it should be considered that most studies assessing
the diabetogenic potential of antipsychotic drugs do not
take into account their daily dose. For example, Hojlund
etal. revealed that low-dose (25 250 mg) quetiapine was
not associated with higher risk of DM [9]. The use of
antipsychotics such as aripiprazole, risperidone, halo-
peridol, and olanzapine has also been shown to be asso-
ciated with the risk of IGT, and in the case of clozapine,
haloperidol, and olanzapine — also of IFG development
[10-12]. However, there are no data on the differences
between the individual antipsychotics with respect to
the risk of developing preDM. Based on assessment of
the insulin sensitivity index (SI), homeostatic model as-
sessment for insulin resistance (HOMA-IR), and glucose
effectiveness (SG), a similarly strong pro-prediabetic
effect of clozapine and olanzapine and a lower effect
of risperidone has been suggested [13]. In Table 1 we
present a diabetogenic profile of antipsychotic drugs
depending of weight gain [1, 14].

The diabetogenic properties of antipsychotic drugs
are very diverse and associated with various mecha-
nisms of action, the main one being the development
of insulin resistance (IR). This mechanism is directly
related to inhibition of insulin-signalling pathways at
different levels in the muscles, hepatocytes, and adi-

Table 1. Diabetogenic potential of anti-psychotic drugs
depending on weight gain

Antipsychotic Risk of diabetes Weight gain
Clozapine +++ +++
Chlorpromazine +++ +++
Olanzapine +++ +++
Risperidone ++ ++
Quetiapine ++ ++
Amisulpride ++ ++
Asenapine ++ +
Lurasidone +/++ +
Ziprasidone ++ +
Aripiprazole +/++ +
Haloperidol + ++
Perphenazine + +
Paliperidone + ++

Values are reported as high (+ ++), moderate (+ +), low/moderate (+/++),
low (+), very low (+)

pose tissue (olanzapine and clozapine), or indirectly
connected with weight gain and obesity (mecha-
nism related to antagonistic effect on the serotonin
5-HT2C, histamine H1, and dopamine D2 receptors
and changes in the gut microbiome, locomotor activi-
ties and reduction of thermogenesis of brown adipose
tissue, for exaple olanzapine, clozapine and risperi-
done) [6]. These mechanisms are known as the main
factors in the development of type 2 diabetes (T2DM),
which poses a risk of misdiagnosing a particular type
of diabetes. It should be emphasized, however, that
the onset of carbohydrate metabolism disorders,
regardless of the type of diabetes, is associated with
dangerous consequences for health, independent of
the severity of hyperglycaemia. Some of them, such
as ketoacidosis, appear suddenly in patients using
antipsychotics and pose a direct threat to the patient’s
life [15], while others manifest themselves after a long
time in the form of micro- and macrovascular compli-
cations [16, 17]. Other mechanisms of development
of hyperglycaemia include an antagonistic effect on
M3 muscarinic receptors (olanzapine and clozapine),
a direct apoptotic effect on pancreatic S-cells due to
the mitochondrial route (olanzapine and clozapine),
or an indirect effect related to the impact on the do-
paminergic, histaminergic, serotonergic, adrenergic,
and muscarinic receptors and the consequent inhibi-
tion of insulin secretion, increase in glucagon secre-
tion (lithium), genetic abnormalities (polymorphism
of cytochrome P450 gene CYP1A2 responsible for
the metabolism of clozapine, polymorphisms apoE for
risperidone), and increase in leptin levels (risperidone,
the highest increase in leptin occurs during olanzapine
treatment, lower after clozapine, and the lowest after
quetiapine and aripiprazole) [2]. There is still a lack of
precise guidelines for the diagnosis and treatment of
carbohydrate metabolism disorders in patients with
various types of psychoses and using antipsychotic
drugs. For this reason, it seems justifiable to establish
such an algorithm, and the purpose of this paper is to
point out the important issues and problems associated
with the development of such an algorithm.

Diagnostics of carbohydrate metabolism
disorders

The current Diabetes Poland guidelines do not include
the need to perform non-standard diagnostics drug-in-
duced DM, including those related to antipsychotic
drugs. They accept fasting blood glucose (FG), blood
glucose level at 120 minutes of an oral glucose load
test (OGTT), and glycosylated haemoglobin (HbA, )
as equivalent tools for diagnostic purposes. They also
pay particular attention to OGTT to identify a higher
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number of individuals with DM and preDM [3]. It
should be emphasized that for many years European
guidelines (EASD — European Association for the Study
of Diabetes) have clearly indicated antipsychotic drugs
as one of the main risk factors for this disease, and they
indicate the need to look for disturbances in the car-
bohydrate metabolism in this group of patients [18].
They also do not include the standards of diagnostic
procedures in this group of patients. Standards for
dysglycaemia tests in patients using antipsychotic drugs
should take into account both the appropriate moment
of their performance and the selection of a specific
diagnostic tool. When creating such guidelines, one
should first remember about the individual approach
to patients with various degrees of mental disorders,
often preventing the implementation of appropriate
diagnostics and pharmacotherapy [19].

The available publications suggest the need to
perform tests for carbohydrate metabolism disorders
at the time of the first symptoms of psychosis, before
the institution of antipsychotic medication, and the op-
timal tool at this time should be OGTT. These sugges-
tions are supported by the results of 2 meta-analyses.
In the first of them conducted by Perry et al., subjects
with the first episode of these disorders were demon-
strated to have no significant differences in FG levels
compared to healthy people. In contrast, these pa-
tients had significantly higher glucose values measured
after 2 hours in OGTT and a higher IR value measured
by HOMA-IR [20]. In the second meta-analysis, Yang et
al. showed that patients at the time of the first episode
of schizophrenia, compared to healthy patients, had
both higher FG and two-hour values in OGTT, higher
fasting insulin activity, and HOMA-IR. Itis noteworthy
that there were no significant differences in the propor-
tion of HbA, _[21].

It has also been suggested that tests for DM should
be performed before the institution of antipsychotics
in populations of patients more likely to develop dys-
glycaemia. Low high-density lipoprotein cholesterol
(HDL-C) values (below 28 mg/dL), as well as age > 58
years in the situation when high-density lipoprotein
cholesterol (HDL-C) concentration is > 28 mg/dL
and FG > 92 mg/dL are also indicated as the main pre-
dictors of DM [22].

There is some controversy concerning the need
to perform control tests for carbohydrate metabolism
disorders in patients who receive antipsychotic medi-
cations, especially those with hyperglycaemic poten-
tial. Epidemiological studies indicate the necessity
to perform such tests in specific groups of patients.
The risk factors for dysglycaemia include aging, rapid
(within 8 weeks) increase in triglycerides (TG) (for
DM > 145 mg/dL and for prediabetes > 59 mg/dL),
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and weight gain (> 6.1 kg over 2 weeks in people with
TG increase < 145 mg/dL). However, it has not been
confirmed that a family history of DM plays a significant
role in the estimation of such a risk in patients using
antipsychotics, as is the case in patients not yet treated
[22, 23]. Additionally, the problem of the risk of DM de-
velopment during treatment with typical and atypical
antipsychotic drugs has been demonstrated to affects
not only adults, but also children and adolescents,
mainly females. It is associated with the need to per-
form screening tests also in that group of patients [24].
It should be emphasized that a recent study conducted
by Wang et al. [25] does not support the suggested as-
sociation between the continuation of antipsychotics
in pregnancy and the risk of developing gestational
diabetes mellitus (GDM) [26].

The selection of a diagnostic tool should also take
into account the potency of the hyperglycaemic antipsy-
chotic drug. The data are also ambiguous in this regard.
This is clearly indicated by the meta-analysis and regres-
sion carried out by Carnovaled et al. The rank order of
the drugs in terms of changes in glucose mean levels
(largest reduction to largest increase) was as follows:
aripiprazole, iloperidone, ziprasidone, quetiapine, lur-
asidone, risperidone, brexpiprazole, clozapine, paliperi-
done, sertindole, olanzapine, haloperidol, and caripra-
zine. The mixed comparisons showed a smaller increase
of glucose mean concentrations after aripiprazole as
compared with risperidone, paliperidone, haloperidol,
cariprazine, and no treatment, and a greater increase
after olanzapine as compared with aripiprazole, zipra-
sidone, quetiapine, and placebo/no treatment. The drug
ranking from the largest reduction to largest increase
of HbA, was found to be haloperidol, ziprasidone,
risperidone, placebo/no treatment, olanzapine, quetiap-
ine, and lurasidone. The mixed comparisons showed
asmaller increase of HbA, mean levels after haloperidol
or ziprasidone as compared with risperidone, olanzap-
ine, quetiapine, lurasidone, and placebo/no treatment
[27]. Table 2 presents the impact of antipsychotic drugs
on the markers (FG, HBA, , OGTT) of glucose homeo-
stasis [7, 27-29]. Another problem related to diagnostics
in patients with mental disorders concerns the deter-
mination of the optimal moment to perform control
tests for the development of carbohydrate metabolism
disorders during treatment with antipsychotic drugs.
When determining that time, it should be borne in mind
that the use of some of these drugs increases the risk
of an acute complication of hyperglycaemia, which
is ketoacidosis. According to clinical data, this com-
plication may occur predominantly with olanzapine,
used both as monotherapy and in combination with
other antipsychotics. The use of clozapine, risperidone,
quetiapine, and aripiprazole is also associated with
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Table 2. The impact of antipsychotic drugs on markers of glucose homeostasis

Antipsychotic FG 2-h PG HbA,
Olanzapine /1 (mostly 1) 1 1
Haloperidol /1 (mostly 1) /1 |
Risperidone /1 1 { /1 (mostly |)
Ziprasidone /1 (mostly |) < |
Aripiprazole /1 (mostly |) 1 N/A
Quetiapine /1 (mostly 1) 1 /1 (mostly 1)
Lurasidone }/1 (mostly |) N/A 1/1 (mostly 1)
Clozapine 1 < N/A
Zotepine 1 N/A N/A
Paliperidone 1 N/A N/A
Bexpiprazol 1 N/A N/A
Carpirazine 1 N/A N/A
lloperidone /1 N/A |
Sertindole 1 N/A N/A
Asenapine i) N/A N/A
Amisulpride | N/A N/A
Chlorpromazine N/A < N/A

FG — fasting glycaemia; HbA, — glycated haemoglobin; 2-h PG — glycaemia determined after 2 hours in the oral glucose tolerance test (OGTT). Values are reported

as increase ( 1), decrease ( | ), neutral (<>), N/A — data not available

the development of that complication. However, no
such situations have been reported when using zipra-
sidone, paliperidone, haloperidol, or amisulpride alone.
Prodromes (such as polydipsia, polyuria, and weakness)
were reported only in 30 patients, and lasted from one
day to 4 weeks. It should be emphasized that the main
risk factors for the development of this complication
were polypharmacy, average age younger than in
the general population of patients with T2DM, gender
imbalance with predominance of males, absence of
autoimmune markers of DM, as well as the absence of
significant weight gain [15].

The research conducted so far, assessing the risk of
carbohydrate metabolism disorders developing during
antipsychotic therapy, includes very different patient
follow-up times, usually ranging from 48 weeks to 20
years [30, 31]. In the study by Lee et al., the mean time
from the diagnosis of psychosis to the diagnosis of DM
was demonstrated to approximate 2 years (683 =+ 482
days for the non-treated group and 689 + 485 days for
the antipsychotic treatment group) [32].

In the study by Chun-Hsin et al., assessing the effect
of quetiapine on carbohydrate homeostasis as measured
by an intravenous glucose tolerance test (IGTT) over 2,
4, and 8 weeks, higher insulin and HOMA-IR values
were found at week 8 of the therapy only. It should
be emphasized that insulin secretion was found to be
significantly decreased at week 2, returning to baseline

at week 4, and increasing significantly at week 8 in
olanzapine-treated schizophrenic subjects [33]. In turn,
in the study by Chiu et al., after 14 days of olanzapine
or risperidone administration in patients with schizo-
phrenia, there were no statistically significant changes
in FG concentration, glucose disappearance rate, or
in insulin sensitivity assessed by homeostasis model
assessment, the insulin/glucose ratio, and quantitative
insulin sensitivity check index. In response to a glucose
load, the insulin secretion decreased significantly in
the olanzapine group [34]. In contrast, the results of
the study by Smith et al., comparing five-month olan-
zapine and risperidone treatment indicate the emer-
gence of significantly adverse changes in glucose
and insulin metabolism after one month of olanzapine
administration [35].

Data obtained from studies conducted by Ameri-
can researchers indicate that a screening test for
DM is ordered within a year in approximately 75%
of patients using antipsychotics, but it is actually
performed in only 55% of them. Within 2 years of
observation, these numbers increase slightly (to 87
and 73%, respectively). The group of patients in
whom such diagnostics is performed less frequently
includes young adults (18-29 years of age), black,
smoking, and suffering from affective disorders
(depression, bipolar disorders). The group of people
who are more likely to be diagnosed for DM include
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Asians, patients with schizophrenia, with excess
body weight, with a history of preDM, and people
who use mental health and primary care health ser-
vices more often. Most frequently, the diagnostics
is performed by primary care physicians (54.3%)
and psychiatrists (7.6%) [36].

Holt et al. proposed that the diagnosis for DM
should be repeated within 3-4 months, to detect
patients who quickly develop carbohydrate metabo-
lism disorders. They also postulated that these tests
should be repeated every year [1]. In view of the sig-
nificant risk of developing carbohydrate metabolism
disorders, including their acute complications,
the question arises whether such diagnostics should
be carried out earlier. The authors of this paper sug-
gest performing diagnostic tests in the first 4-8 weeks.
In the absence of disorders, such diagnostics should
be repeated annually or in the case of any change in
the antipsychotic treatment.

According to the recommendations of international
societies, the proposed diagnostic tools for carbohy-
drate metabolism disorders include determination of
the FG concentration twice, OGTT, and determination
of the percentage of HbA, _[8]. Studies assessing the risk
of developing prediabetes and DM in people using
antipsychotics take into account many markers of carbo-
hydrate metabolism disorders (including C peptide con-
centration, fasting insulin level) and that level and after
2 hours in OGTT, HOMA-IR, and other IR markers,
showing large discrepancies between the evaluated di-
agnostic tests. Therefore, the question arises whether, in
the group of patients with psychotic disorders, includ-
ing those using antipsychotics, the standard principles
of diagnosis of carbohydrate disorders should be used,
as is the case in other types of DM.

Studies assessing the risk of dysglycaemia in this
group of patients indicate that OGTT, during which
various degrees of carbohydrate metabolism disorders
can be diagnosed, should be the preferred diagnostic
tool [37]. The above suggestion is supported by studies
demonstrating significant differences in FG and glu-
cose after 2 hours in OGTT between patients using
various types of antipsychotics, such as olanzapine,
risperidone, or haloperidol [38]. In turn, in the me-
ta-analysis carried out by Rotella et al., olanzapine was
associated with higher FG than haloperidol and zipra-
sidone used for more than 52 weeks, whereas patients
treated with risperidone showed significantly higher
FG than those on haloperidol and ziprasidone. In ad-
dition, variation of FG from baseline was significantly
greater for amisulpride, olanzapine, and quetiapine
than for ziprasidone and for haloperidol as compared
to risperidone. It should be emphasized that, accord-
ing to the standard criteria for DM diagnosis, que-
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tiapine was associated with a risk of DM significantly
greater than placebo and smaller than olanzapine
[39]. However, it should be stressed that there are
considerable doubts concerning the use of psychiatric
drugs before OGTT related to their pharmacokinetic
properties. For example, it was found that taking
a tablet containing 10 mg of olanzapine significantly
decreased glucose effectiveness and raised FG over
4.25 hours as compared to placebo [40]. Such obser-
vations reduce slightly the sensitivity and diagnostic
specificity of OGTT.

Therefore, the authors of this paper suggest
the need to employ an additional diagnostic test
that would reinforce the strength of OGTT. The ob-
servations of Romain et al. indicate the equivalence
of HbA, , FG, and OGTT in the diagnostics of DM
and only FG and HbA_in the diagnostics of predia-
betes. They also found that the HbA _value seems to
identify different individuals, or individuals with
different profiles compared to FG and 2-h OGTT,
and that obesity could lower the consistency between
HbA  and 2-h OGTT in the detection of glucose ab-
normalities. In view of the above observations, it has
been suggested that the FG test should be used along
with HbA,_for the first screening test when OGTT is
not possible. Because of the complexity of administra-
tion, the OGTT could be used as a 2" step or for more
compliant individuals [41]. The above observations
apply to a study conducted by Steylen et al., who
demonstrated that the majority of patients using an-
tipsychotics were diagnosed with DM or prediabetes
using the FG criterion, with HbA, determination sig-
nificantly contributing to an increase in the number
of patients with a prediabetic condition [42].

Some studies indicate the usefulness of insulin
and HOMA-IR concentration in the diagnosis of car-
bohydrate metabolism disorders, due to the strong
correlation with the OGTT results. Research by De Hert
et al. confirmed that people using antipsychotics for
IGT often have normal FG levels and elevated insulin
levels [43]. A three-year follow-up of patients treated
with haloperidol, olanzapine, and risperidone showed
no significant differences between either the duration
of therapy or the increase in glucose and HOMA-IR,
with the highest upward trend noted within the first
year after initiation of the therapy [44]. Taking into
account the research conducted so far, the authors
of this paper point to the need to perform primarily
OGTT as the main diagnostic tool supported by routine
determination of the HbA percentage. They do not
recommend increasing the costs of diagnostic methods
by determining the concentration of insulin, C peptide,
and other advanced methods of insulin sensitivity
determination.
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mg/dL
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Figure 1. Diagnostic regimen for diabetes and prediabetes in patients using antipsychotics. FPG — fasting plasma glucose;
IFG — impaired fasting glucose; IGT — impaired glucose tolerance; HbA, — glycated haemoglobin; OGTT — oral glucose
tolerance test; 2-h PG — 2-h plasma glucose value during a 75-g oral glucose tolerance test

In Figure 1 we present our proposition of a diag-
nostic regimen for DM and preDM in patients using
antipsychotics.

Optimal hypoglycaemic therapy

Non-pharmacological therapy

According to global recommendations, the basis of
preDM and DM therapy should be an appropri-
ately selected diet and physical effort for the patient.
Such management is also recommended for patients
with dysglycaemia associated with antipsychotic treat-
ment. It should be remembered that the selection of
the right diet should be individual for each patient
and take into account many factors, including body
weight, BMI, total cholesterol (TCH), LDL-C, HDL-C,
TG, glucose concentrations, and the administered an-

tipsychotic medication. In a recently published study
by Pillinger et al., it was observed that olanzapine
and clozapine exhibited the worst and aripiprazole,
brexpiprazole, cariprazine, lurasidone, and ziprasidone
the most benign metabolic profiles [45]. In view of such
frequent occurrence of excess body weight in patients
with serious mental illnesses, it is suggested in the first
place to use therapy aimed at reduction of body weight,
regardless of the coexistence of carbohydrate metabo-
lism disorders [46]. Such a goal can be achieved with
a proper qualitatively and quantitatively balanced
diet, physical exercise, and in justified situations
also medications with a proven reducing effect on body
weight. In the STRIDE study conducted on a group
of patients treated with olanzapine, without carbohy-
drate metabolism disorders, it was demonstrated that
therapy consisting of reduction of the calorie content

877



Hyperglycaemia in patients with antipsychotic drugs

Marcin Kosmalski et al.

of meals, the DASH diet (Dietary Approaches to Stop
Hypertension), and regular physical exercise used for
12 months is associated with a significant reduction
in body weight and BMI, with this effect concerning
the first 6 months of the therapy. In the further period
of 6-12 months, such management was not observed
to bring significant results. No significant effect on
fasting insulin, Framingham Diabetes Risk Score, or
HOMA-IR was observed throughout the treatment
period. It is noteworthy that there was a significant
reduction in FG, and this effect was also maintained
throughout the study period [47]. It has also been
suggested that various types of exercise programs are
useful to reduce the risk of developing DM in patients
using olanzapine [48]. However, the usefulness of edu-
cational programs such as STEPWISE, a theory-based
group education in the field of health-promoting
lifestyle, which at 12 months demonstrated neither
clinical nor financial benefits for patients with schizo-
phrenia [49], is questioned. Despite the presence of
controversy related to the difference in the risk of de-
veloping carbohydrate metabolism disorders between
patients using typical and atypical antipsychotics [50],
it should be borne in mind that sertinodl, zotepine,
clozapine, and olanzapine are associated with a high
risk of weight gain, while amisulpiride, asenapine,
quetiapine, risperidone, paliperidone, and iloperidone
— with moderate, and aripirazole, brexiprazole, carip-
razole, and ziprasidone — with low risk. Therefore, tak-
ing into account also the aforementioned diabetogenic
potential, a switch to another antipsychotic medication
is suggested, if possible [51].

Incretinomimetics

In the absence of effects of non-pharmacological ther-
apy, it seems justified to include drugs with proven ef-
fectiveness in body weight reduction, which in the case
of diagnosis of preDM and DM would simultaneously
reduce the systemic levels of glucose. Such drugs in-
clude, first of all, incretinomimetics.

Exenatide administered once a week for 3 months
has been demonstrated in patients treated with
first-generation antipsychotics (perphenazine, zuclo-
penthixol, and chlorprothixene) and second-generation
antipsychotics (clozapine, olanzapine, aripiprazole,
risperidone, paliperidone, quetiapine, ziprasidone,
amisulpride, and sertindole) to be associated not only
with a significant reduction in body weight and BMI,
but also with a decrease in HbAlc and FG concentra-
tion. It should be noted, however, that a statistically
similar reduction was achieved in the placebo group.
However, there were no new cases of DM while taking
this drug, while one patient in the placebo group fell
ill [52]. In turn, the CODEX study confirmed a similar,
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24-week effect of once-weekly extended-release ex-
enatide in a group of patients treated with clozapine
on significant reduction of body weight, FG concentra-
tion, and HbA, percentage. It should be emphasized,
however, that 12-month follow-up after completion of
the therapy unfortunately showed a significant increase
in body weight, BMI, and HbA,_percentage. However,
no significant changes in the mean FG values were
noted [53, 54].

When liraglutide was used for 16 weeks in over-
weight and obese patients with schizophrenia, schizo-
typal disorders, or paranoid psychosis, treated for at
least 6 months with clozapine or olanzapine, a signifi-
cantimprovement in anthropometric parameters (body
weight, waist circumference, and BMI) and OGTT
results was observed. It should be emphasized that
as many as 30 out of 52 patients receiving the drug
changed their status from preDM to normoglycaemia,
which was associated not only with a significant re-
duction in HbA, and FG concentration, but also with
an increase in C-peptide secretion, reduction of gluca-
gon, TCH, and LDL-C concentrations, and increased
beta cell function (calculated by HOMA-2). However,
there was no significant effect of the therapy on the liver
function, blood pressure values, quality of life, daily
functioning, severity of psychiatric disorders, alcohol
consumption, and the presence of side effects. Within
a year of the end of this therapy, it was found that
12 patients taking liraglutide and 5 from the placebo
group had developed DM. Of these, 4 and 3 patients,
respectively, had been diagnosed before follow-up
and had already initiated treatment with metformin.
Compared to placebo, the liraglutide group developed
poorer glycometabolic control — with increased HbA, ,
FG as well as a decrease in beta cell function. Comparing
the entire period from the implementation of therapy to
the end of the one-year follow-up period, the liraglutide
group had a significant increase in body weight, BMI,
and waist circumference. No difference in the number
of patients developing DM was found between the 2
groups; 12 patients in the liraglutide group compared
to 6 patients in the placebo group developed DM. No
difference was found between the liraglutide group
and the placebo group in FG, HbA , C-peptide, HOMA
-2 measurements, and waist circumference. Changes
in the dose of clozapine and olanzapine were not
statistically different between the 2 groups, nor was
the switch from one type of antipsychotic medication
to another [55, 56].

Sitagliptin

Although dipeptidyl peptidase-4 (DPP4) inhibitors are
not associated with significant weight loss, they can
also be used in the treatment of antipsychotic diabetes.
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A study by Sarani et al. showed that 12 weeks of treat-
ment with this drug in patients taking olanzapine for
at least one month was associated with a significant
reduction in HbA, . It should be emphasized that this
observation concerned patients with normal BMI value
and seven-year disease duration [57]. Another study
revealed that sitagliptin treatment did not show any
antipsychotic-like effect in an animal model study, un-
like liraglutide [58].

Metformin

Despite the continuing controversy over the beneficial
effects of metformin (MET) on body weight reduction,
including patients with preDM and DM, a meta-anal-
ysis of randomized controlled trials (RCT) conducted
in different age groups among patients using antipsy-
chotics proved its significant beneficial effects on body
weight and BMI [59]. A meta-analysis by Taylor et al.
indicates comparable benefits from the non-pharmaco-
logical and pharmacological management in the group
of patients with severe mental illnesses, with both of
these therapies significantly affecting FG levels but
not HbA, . It was further noted that the inclusion of
MET or a change of antidepressant was associated
with a reduction in HbA _[60]. MET is now the ba-
sis of T2DM therapy. A meta-analysis conducted by
American researchers, including 62 studies involving
patients using MET and antipsychotics, found that this
drug, although it significantly reduced body weight,
BMI, waist circumference, and HOMA-IR, did not
reduce the risk of developing DM [61]. The results of
the Diabetes Prevention Program and Diabetes Pre-
vention Programs Outcomes Study, which showed
that continuous use of antidepressants was associated
with a significant risk of developing DM in a group
of patients using placebo or intensive lifestyle modi-
fication, are also worth remembering. However, such
a risk was not found in patients using MET 850 mg
administered twice daily. It should be emphasized
that this study involved patients at high risk of devel-
oping DM (age > 25 years, BMI of > 24 kg/m? or > 22
kg/m? in Asian Americans, with FG of 95-125 mg/dL
or <125 mg/dL in American Indians, 140-199 mg/dL 2 h
in OGTT), including 10.3% of patients diagnosed with
atleast mild depression and 5.5% of patients who used
antidepressants. Among the patients diagnosed with
DM within a year, there was a significant improvement
in the Beck Depression Inventory scale in the group
of patients using MET or intensive lifestyle modifi-
cation. However, elevated depressive symptoms or
the use of antidepressants have not been found to be
associated with subsequent significantly increased
frequency of DM diagnoses [62, 63]. The benefits of

MET 1500 mg/day for 4 months in patients taking an-
tipsychotics and with early comorbid preDM and DM
were confirmed in the study by Agarval et al. MET was
shown to be associated with a significant decrease over
time in the HOMA-IR and FG compared to people not
using hypoglycaemic drugs. However, no differences
between treatment groups in HbA , the Matsuda
index, and ISSI-2 (the Insulin Secretion Sensitivity
Index-2) were observed. There was no difference
in glucose tolerance (glucose excursion during 2-h
OGTT) between groups [64]. The usefulness of MET in
patients with schizophrenia treated with clozapine in
preventing the development of DM and its beneficial
effects on other components of metabolic syndrome
(body weight, waist and hip circumference, triglycer-
ides, HDL cholesterol and total cholesterol, and blood
pressure), IR, and quality of life are currently being
evaluated in the ongoing CoMET study [65].

Pioglitazone

Due to the mechanism of development of preDM
and DM in patients using antipsychotics, the usefulness
of other hypoglycaemic drugs with insulin-sensitizing
potential has also been suggested. These drugs include
PPAR-y nuclear receptor antagonists, such as piogli-
tazone, available on the market. In the study by Smith
et al. it was demonstrated that the use of this drug in
54 patients with schizophrenia during treatment with
antipsychotics with IGT, TG concentration > 120 mg/dL,
and/or low HDL-C values for a period of 3 months at
a dose of 30-45 mg was associated with a significant re-
duction of insulin, 2h glucose in OGTT and HOMA-IR
tests. However, population-specific differences have
been noted (USA vs. no effect on metabolic param-
eters among the Chinese population). It was further
noted that the drug can also have a positive effect on
the positive and negative syndrome scale (PANSS)
depression factor score. It should be emphasized that
at the end of the study, 52% of patients treated with
pioglitazone, compared to 15% of those receiving pla-
cebo, had normal FG levels, and the use of pioglitazone
did not increase their body weight or cause significant
side effects [66].

Other hypoglycaemic agents

To date, there has been no research on the benefits of
other hypoglycaemic drugs, such as SGLT2 inhibitors,
sulfonylureas, meglitinides, or & glucosidase inhibitors,
in the group of patients using antipsychotic drugs [51].

Clinical trials involving hyperglycaemic therapy in
patients using antipsychotics are presented in Table 3.
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Hyperglycaemia in patients with antipsychotic drugs

Marcin Kosmalski et al.

Conclusions

Carbohydrate metabolism disorders, including IFG,
IGT and DM, are a significant problem in patients using
antipsychotic drugs due to the diverse hyperglycae-
mic potential of these drugs and the lack of adequate
standards of diagnostic and therapeutic treatment of
carbohydrate disorders. The available data indicate
the need to perform such diagnostics even before
the institution of antipsychotic medication and after
4-8 weeks of their administration, especially in patients
at particularly high risk of developing dysglycaemia.

In the absence of carbohydrate metabolism disor-
ders, such diagnostics should be repeated annually or
when the antipsychotic treatment is changed. It has
been suggested that the main diagnostic tool should be
OGTT with additional determination of the percentage
of HbAlc. The preDM or DM therapy combined with
antipsychotic therapy is dependent on body weight. As
in the case of T2DM, the use of MET in the first place is
recommended in this group of patients. Its action can
be supported by incretinomimetics, such as exenatide
or liraglutide, especially in the case of concomitant
overweight or obesity.

Funding
This research was funded by Medical University of Lodz institu-
tional grant no. 503/1-151-07/503-11-001-18.

References

1. HoltRIG. Association Between Antipsychotic Medication Use and Dia-
betes. Curr Diab Rep. 2019; 19(10): 96, doi: 10.1007/s11892-019-1220-8,
indexed in Pubmed: 31478094.

2. American Diabetes Association, Standard of Medical Care in Diabetes.
2. Classification and Diagnosis of Diabetes. Diabetes Care. 2021; 44(Sup-
pl 1): S15-533, doi: 10.2337/dc21-S002, indexed in Pubmed: 33298413.

3. Araszkiewicz A, Bandurska-Stankiewicz E, Borys S, etal. 2021 Guidelines
on the management of patients with diabetes. A position of Diabetes
Poland. Clin Diabetol. 2021; 10(1): 1-113, doi: 10.5603/dk.2021.0001.

4. 4IDF Diabetes Atlas 2021 — 10" Edition.

5. GBD 2019 Mental Disorders Collaborators. Global, regional, and national
burden of 12 mental disorders in 204 countries and territories, 1990-2019:
a systematic analysis for the Global Burden of Disease Study 2019. Lan-
cet Psychiatry. 2022; 9(2): 137-150, doi: 10.1016/52215-0366(21)00395-3,
indexed in Pubmed: 35026139.

6. JongsmaHE, Turner C, Kirkbride JB, et al. International incidence of psy-
chotic disorders, 2002-17: a systematic review and meta-analysis. Lancet
Public Health. 2019; 4(5): €229-e244, doi: 10.1016/52468-2667(19)30056-8,
indexed in Pubmed: 31054641.

7. Kosmalski M, Rozycka-Kosmalska M, Sikora J, et al. Diabetes mellitus in
patients using psychotropic medications: How does it work? Postepy
Hig Med Dosw. 2021; 75(1): 398—405, doi: 10.5604/01.3001.0014.9330.

8. Liu YK, Ling S, Lui LMW, et al. Prevalence of type 2 diabetes mellitus,
impaired fasting glucose, general obesity, and abdominal obesity in
patients with bipolar disorder: A systematic review and meta-analysis.
J Affect Disord. 2022; 300: 449-461, doi: 10.1016/j.jad.2021.12.110, indexed
in Pubmed: 34965395.

9. Hejlund M, Lund LC, Andersen K, et al. Association of Low-Dose
Quetiapine and Diabetes. JAMA Netw Open. 2021; 4(5): 213209,
doi: 10.1001/jamanetworkopen.2021.3209, indexed in Pubmed: 33961038.

10. Wani RA, Dar MA, Margoob MA, et al. Diabetes mellitus and impaired
glucose tolerance in patients with schizophrenia, before and after
antipsychotic treatment. ] Neurosci Rural Pract. 2015; 6(1): 17-22,
doi: 10.4103/0976-3147.143182, indexed in Pubmed: 25552846.

11. Hagg S, Joelsson L, Mjorndal T, et al. Prevalence of diabetes and im-
paired glucose tolerance in patients treated with clozapine compared
with patients treated with conventional depot neuroleptic medications.

882

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

25.

26.

27.

28.

29.

J Clin Psychiatry. 1998; 59(6): 294-299, doi: 10.4088/jcp.v59n0604, indexed
in Pubmed: 9671341.

Sernyak MJ, Gulanski B, Leslie DL, et al. Undiagnosed hypergly-
cemia in clozapine-treated patients with schizophrenia. J Clin Psy-
chiatry. 2003; 64(5): 605-608, doi: 10.4088/jcp.v64n0517, indexed in
Pubmed: 12755666.

Henderson DC, Cagliero E, Copeland PM, et al. Glucose metabolism
in patients with schizophrenia treated with atypical antipsychotic
agents: a frequently sampled intravenous glucose tolerance test
and minimal model analysis. Arch Gen Psychiatry. 2005; 62(1): 19-28,
doi: 10.1001/archpsyc.62.1.19, indexed in Pubmed: 15630069.

Carli M, Kolachalam S, Longoni B, et al. Atypical Antipsychotics
and Metabolic Syndrome: From Molecular Mechanisms to Clinical Dif-
ferences. Pharmaceuticals (Basel). 2021; 14(3), doi: 10.3390/ph14030238,
indexed in Pubmed: 33800403.

Vuk A, Kuzman MR, Baretic M, et al. Diabetic ketoacidosis associated
with antipsychotic drugs: case reports and a review of literature. Psy-
chiatr Danub. 2017; 29(2): 121-135, doi: 10.24869/psyd.2017.121, indexed
in Pubmed: 28636569.

Baranowska-Jurkun A, Matuszewski W, Bandurska-Stankiewicz E.
Chronic Microvascular Complications in Prediabetic States — An Over-
view. ] Clin Med. 2020; 9(10), doi: 10.3390/jcm9103289, indexed in
Pubmed: 33066307.

Lotfy M, Adeghate J, Kalasz H, et al. Chronic Complications of Diabetes
Mellitus: A Mini Review. Curr Diabetes Rev. 2017; 13(1): 3-10, doi: 10.2
174/1573399812666151016101622, indexed in Pubmed: 26472574.

De Hert M, Dekker JM, Wood D, et al. Cardiovascular disease and dia-
betes in people with severe mental illness position statement from
the European Psychiatric Association (EPA), supported by the European
Association for the Study of Diabetes (EASD) and the European Society
of Cardiology (ESC). Eur Psychiatry. 2009; 24(6): 412-424, doi: 10.1016/j.
eurpsy.2009.01.005, indexed in Pubmed: 19682863.

Comparelli A, Corigliano V, Forcina E et al. The Complex Relation-
ship Among Formal Thought Disorders, Neurocognition, and Func-
tioning in Nonacutely IIl Schizophrenia Patients. ] Nerv Ment Dis.
2020; 208(1): 48-55, doi: 10.1097/NMD.0000000000001087, indexed in
Pubmed: 31738225.

Perry BI, McIntosh G, Weich S, et al. The association between
first-episode psychosis and abnormal glycaemic control: systematic
review and meta-analysis. Lancet Psychiatry. 2016; 3(11): 1049-1058,
doi: 10.1016/52215-0366(16)30262-0, indexed in Pubmed: 27720402.
Yang W, Zheng L, Zheng B, et al. A Meta-Analysis of Abnormal Glucose
Metabolism in First-Episode Drug-Naive Schizophrenia. Psychiatr
Danub. 2020; 32(1): 46-54, doi: 10.24869/psyd.2020.46, indexed in
Pubmed: 32303029.

Reaven GM, Lieberman JA, Sethuraman G, et al. In search of mod-
erators and mediators of hyperglycemia with atypical antipsychotic
treatment. J Psychiatr Res. 2009; 43(11): 997-1002, doi: 10.1016/j.jpsy-
chires.2009.01.010, indexed in Pubmed: 19268968.

Foley DL, Mackinnon A, Morgan VA, et al. 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): 1092-1098, doi: 10.1016/52215-0366(15)00276-X,
indexed in Pubmed: 26477242.

Bobo WV. More evidence of an association between antipsychotic drugs
and the risk of diabetes in children and adolescents: a population-based
study. Evid Based Ment Health. 2015; 18(2): e1, doi: 10.1136/eb-2014-101997,
indexed in Pubmed: 25743447.

Wang Z, Man KKC, Ma T, et al. Association between antipsychotic use
in pregnancy and the risk of gestational diabetes: Population-based
cohort studies from the United Kingdom and Hong Kong and an up-
dated meta-analysis. Schizophr Res. 2021; 229: 55-62, doi: 10.1016/j.
schres.2020.11.021, indexed in Pubmed: 33243714.

Kucukgoncu S, Guloksuz S, Celik K, et al. Antipsychotic Exposure in
Pregnancy and the Risk of Gestational Diabetes: A Systematic Review
and Meta-analysis. Schizophr Bull. 2020; 46(2): 311-318, doi: 10.1093/sch-
bul/sbz058, indexed in Pubmed: 31167033.

Carnovale C, Lucenteforte E, Battini V, et al. Association between the gly-
co-metabolic adverse effects of antipsychotic drugs and their chemical
and pharmacological profile: a network meta-analysis and regression. Psy-
cholMed. 2021 [Epub ahead of print]: 1-13, doi: 10.1017/50033291721000180,
indexed in Pubmed: 33622426.

Pillinger T, McCutcheon R, Vano L, et al. Comparative effects of 18
antipsychotics on metabolic function in patients with schizophrenia,
predictors of metabolic dysregulation, and association with psycho-
pathology: a systematic review and network meta-analysis. Lancet
Psychiatry. 2020; 7(1): 6477, doi: 10.1016/s2215-0366(19)30416-x, indexed
in Pubmed: 31860457.

van Winkel R, De Hert M, Wampers M, et al. Major changes in glu-
cose metabolism, including new-onset diabetes, within 3 months after
initiation of or switch to atypical antipsychotic medication in patients


http://dx.doi.org/10.1007/s11892-019-1220-8
https://www.ncbi.nlm.nih.gov/pubmed/31478094
http://dx.doi.org/10.2337/dc21-S002
https://www.ncbi.nlm.nih.gov/pubmed/33298413
http://dx.doi.org/10.5603/dk.2021.0001
http://dx.doi.org/10.1016/S2215-0366(21)00395-3
https://www.ncbi.nlm.nih.gov/pubmed/35026139
http://dx.doi.org/10.1016/S2468-2667(19)30056-8
https://www.ncbi.nlm.nih.gov/pubmed/31054641
http://dx.doi.org/10.5604/01.3001.0014.9330
http://dx.doi.org/10.1016/j.jad.2021.12.110
https://www.ncbi.nlm.nih.gov/pubmed/34965395
http://dx.doi.org/10.1001/jamanetworkopen.2021.3209
https://www.ncbi.nlm.nih.gov/pubmed/33961038
http://dx.doi.org/10.4103/0976-3147.143182
https://www.ncbi.nlm.nih.gov/pubmed/25552846
http://dx.doi.org/10.4088/jcp.v59n0604
https://www.ncbi.nlm.nih.gov/pubmed/9671341
http://dx.doi.org/10.4088/jcp.v64n0517
https://www.ncbi.nlm.nih.gov/pubmed/12755666
http://dx.doi.org/10.1001/archpsyc.62.1.19
https://www.ncbi.nlm.nih.gov/pubmed/15630069
http://dx.doi.org/10.3390/ph14030238
https://www.ncbi.nlm.nih.gov/pubmed/33800403
http://dx.doi.org/10.24869/psyd.2017.121
https://www.ncbi.nlm.nih.gov/pubmed/28636569
http://dx.doi.org/10.3390/jcm9103289
https://www.ncbi.nlm.nih.gov/pubmed/33066307
http://dx.doi.org/10.2174/1573399812666151016101622
http://dx.doi.org/10.2174/1573399812666151016101622
https://www.ncbi.nlm.nih.gov/pubmed/26472574
http://dx.doi.org/10.1016/j.eurpsy.2009.01.005
http://dx.doi.org/10.1016/j.eurpsy.2009.01.005
https://www.ncbi.nlm.nih.gov/pubmed/19682863
http://dx.doi.org/10.1097/NMD.0000000000001087
https://www.ncbi.nlm.nih.gov/pubmed/31738225
http://dx.doi.org/10.1016/S2215-0366(16)30262-0
https://www.ncbi.nlm.nih.gov/pubmed/27720402
http://dx.doi.org/10.24869/psyd.2020.46
https://www.ncbi.nlm.nih.gov/pubmed/32303029
http://dx.doi.org/10.1016/j.jpsychires.2009.01.010
http://dx.doi.org/10.1016/j.jpsychires.2009.01.010
https://www.ncbi.nlm.nih.gov/pubmed/19268968
http://dx.doi.org/10.1016/S2215-0366(15)00276-X
https://www.ncbi.nlm.nih.gov/pubmed/26477242
http://dx.doi.org/10.1136/eb-2014-101997
https://www.ncbi.nlm.nih.gov/pubmed/25743447
http://dx.doi.org/10.1016/j.schres.2020.11.021
http://dx.doi.org/10.1016/j.schres.2020.11.021
https://www.ncbi.nlm.nih.gov/pubmed/33243714
http://dx.doi.org/10.1093/schbul/sbz058
http://dx.doi.org/10.1093/schbul/sbz058
https://www.ncbi.nlm.nih.gov/pubmed/31167033
http://dx.doi.org/10.1017/S0033291721000180
https://www.ncbi.nlm.nih.gov/pubmed/33622426
http://dx.doi.org/10.1016/s2215-0366(19)30416-x
https://www.ncbi.nlm.nih.gov/pubmed/31860457

Endokrynologia Polska 2022; 73 (5)

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

with schizophrenia and schizoaffective disorder. ] Clin Psychiatry. 2008;
69(3): 472-479, doi: 10.4088/jcp.v69n0320, indexed in Pubmed: 18348593.
Perez-Iglesias R, Mata I, Pelayo-Teran JM, et al. Glucose and lipid
disturbances after 1 year of antipsychotic treatment in a drug-naive
population. Schizophr Res. 2009; 107(2-3): 115-121, doi: 10.1016/;.
schres.2008.09.028, indexed in Pubmed: 18993033.

Lindekilde N, Rutters E Erik Henriksen J, et al. Psychiatric disorders as
risk factors for type 2 diabetes: An umbrella review of systematic reviews
with and without meta-analyses. Diabetes Res Clin Pract. 2021; 176:
108855, doi: 10.1016/j.diabres.2021.108855, indexed in Pubmed: 33965448.
Lee H, Song DH, Kwon JW, et al. Assessing the risk of type 2 diabe-
tes mellitus among children and adolescents with psychiatric disor-
ders treated with atypical antipsychotics: a population-based nested
case-control study. Eur Child Adolesc Psychiatry. 2018; 27(10): 1321-1334,
doi: 10.1007/s00787-018-1123-2, indexed in Pubmed: 29460164.

Chen CH, Lin TY, Chen TT, et al. A prospective study of glucose homeo-
stasis in quetiapine-treated schizophrenic patients by using the intra-
venous glucose tolerance test. Prog Neuropsychopharmacol Biol Psy-
chiatry. 2011; 35(4): 965-969, doi: 10.1016/j.pnpbp.2011.01.015, indexed
in Pubmed: 21291941.

Chiu CC, Chen KP Liu HC, et al. The early effect of olanzapine
and risperidone on insulin secretion in atypical-naive schizophrenic
patients. ] Clin Psychopharmacol. 2006; 26(5): 504-507, doi: 10.1097/01.
jcp.0000237947.80764.d9, indexed in Pubmed: 16974193.

Smith RC, Lindenmayer JP, Davis JM, et al. Effects of olanzapine
and risperidone on glucose metabolism and insulin sensitivity in
chronic schizophrenic patients with long-term antipsychotic treatment:
arandomized 5-month study. ] Clin Psychiatry. 2009; 70(11): 1501-1513,
doi: 10.4088/JCP08m04446yel, indexed in Pubmed: 19814947.
Mangurian C, Schillinger D, Newcomer JW, et al. Diabetes Screening
among Antipsychotic-Treated Adults with Severe Mental Illness in
an Integrated Delivery System: A Retrospective Cohort Study. ] Gen
Intern Med. 2018; 33(1): 79-86, doi: 10.1007/s11606-017-4205-9, indexed
in Pubmed: 29090381.

Smith RC, Lindenmayer JP, Bark N, et al. Clozapine, risperidone,
olanzapine, and conventional antipsychotic drug effects on glucose,
lipids, and leptin in schizophrenic patients. Int ] Neuropsychophar-
macol. 2005; 8(2): 183-194, doi: 10.1017/S1461145705005110, indexed in
Pubmed: 15737248.

Saddichha S, Manjunatha N, Ameen S, et al. Diabetes and schizophrenia
- effect of disease or drug? Results from a randomized, double-blind,
controlled prospective study in first-episode schizophrenia. Acta Psy-
chiatr Scand. 2008; 117(5): 342-347, doi: 10.1111/j.1600-0447.2008.01158.
x, indexed in Pubmed: 18307585.

Rotella E Cassioli E, Calderani E, et al. Long-term metabolic and car-
diovascular effects of antipsychotic drugs. A meta-analysis of random-
ized controlled trials. Eur Neuropsychopharmacol. 2020; 32: 56-65,
doi: 10.1016/j.euroneuro.2019.12.118, indexed in Pubmed: 31917068.
Hahn MK, Wolever TMS, Arenovich T, et al. Acute effects of single-dose
olanzapine on metabolic, endocrine, and inflammatory markers
in healthy controls. J Clin Psychopharmacol. 2013; 33(6): 740-746,
doi: 10.1097/JCR0b013e31829e8333, indexed in Pubmed: 24100786.
Romain AJ, Letendre E, Akrass Z, et al. Can HbAlc be Used to
Screen for Glucose Abnormalities Among Adults with Severe Men-
tal Illness? Exp Clin Endocrinol Diabetes. 2017; 125(4): 251-255,
doi: 10.1055/5-0042-116313, indexed in Pubmed: 28081577.

Steylen PMj, van der Heijden FM, Hoogendijk WJg, et al. Glycosyl-
ated hemoglobin as a screening test for hyperglycemia in antipsychot-
ic-treated patients: a follow-up study. Diabetes Metab Syndr Obes. 2015;
8: 57-63, doi: 10.2147/DMS0.S570029, indexed in Pubmed: 25653547.
De Hert M, Van Eyck D, Hanssens L, et al. Oral glucose tolerance tests
in treated patients with schizophrenia. Data to support an adaptation
of the proposed guidelines for monitoring of patients on second genera-
tion antipsychotics? Eur Psychiatry. 2006; 21(4): 224-226, doi: 10.1016/j.
eurpsy.2005.05.011, indexed in Pubmed: 16139484.

. Pérez-Iglesias R, Martinez-Garcia O, Pardo-Garcia G, et al. Course of

weight gain and metabolic abnormalities in first treated episode of
psychosis: the first year is a critical period for development of cardio-
vascular risk factors. Int ] Neuropsychopharmacol. 2014; 17(1): 41-51,
doi: 10.1017/51461145713001053, indexed in Pubmed: 24103107.
Pillinger T, McCutcheon RA, Vano L, et al. Comparative effects of 18
antipsychotics on metabolic function in patients with schizophrenia,
predictors of metabolic dysregulation, and association with psycho-
pathology: a systematic review and network meta-analysis. Lancet
Psychiatry. 2020; 7(1): 64-77, doi: 10.1016/S2215-0366(19)30416-X, indexed
in Pubmed: 31860457.

Tseng E, Dalcin AT, Jerome GJ, et al. Effect of a Behavioral Weight
Loss Intervention in People With Serious Mental Illness and Diabetes.
Diabetes Care. 2019; 42(5): 804-809, doi: 10.2337/dc18-2201, indexed in
Pubmed: 30765433.

Green CA, Yarborough BJ, Leo MC, et al. STRIDE: a randomized trial
of a lifestyle intervention to promote weight loss among individuals

48.

49.

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

63.

64.

65.

taking antipsychotic medications. BMC Psychiatry. 2013; 13(1): 238-81,
doi: 10.1186/1471-244X-13-238, indexed in Pubmed: 24074269.
CordesJ, Thiinker J, Regenbrecht G, et al. Can an early weight manage-
ment program (WMP) prevent olanzapine (OLZ)-induced disturbances
in body weight, blood glucose and lipid metabolism? Twenty-four-
and 48-week results from a 6-month randomized trial. World J Biol
Psychiatry. 2014; 15(3): 229-241, doi: 10.3109/15622975.2011.592546,
indexed in Pubmed: 21745127.

Holt RIG, Gossage-Worrall R, Hind D, et al. Structured lifestyle education
for people with schizophrenia, schizoaffective disorder and first-episode
psychosis (STEPWISE): randomised controlled trial. Br ] Psychiatry. 2019;
214(2): 63-73, doi: 10.1192/bjp.2018.167, indexed in Pubmed: 30251622.
Mishu MP, Uphoff E, Aslam E et al. Interventions for preventing type
2 diabetes in adults with mental disorders in low- and middle-in-
come countries. Cochrane Database Syst Rev. 2021; 2: CD013281,
doi: 10.1002/14651858.CD013281.pub2, indexed in Pubmed: 33591592.
Cernea S, Dima L, Correll CU, et al. Pharmacological Management of Glu-
cose Dysregulation in Patients Treated with Second-Generation Antipsy-
chotics. Drugs. 2020; 80(17): 1763-1781, doi: 10.1007/s40265-020-01393-,
indexed in Pubmed: 32930957.

Ebdrup BH, Broberg BV, Ishoy PL, et al. Effect of GLP-1 receptor ago-
nist treatment on body weight in obese antipsychotic-treated patients
with schizophrenia: a randomized, placebo-controlled trial. Diabetes
Obes Metab. 2017; 19(2): 162-171, doi: 10.1111/dom.12795, indexed in
Pubmed: 27717222.

Siskind DJ, Russell AW, Gamble C, et al. Treatment of clozapine-associ-
ated obesity and diabetes with exenatide in adults with schizophrenia:
A randomized controlled trial (CODEX). Diabetes Obes Metab. 2018;
20(4): 1050-1055, doi: 10.1111/dom.13167, indexed in Pubmed: 29194917.
Siskind D, Russell A, Gamble C, et al. Metabolic measures 12 months
after a randomised controlled trial of treatment of clozapine associated
obesity and diabetes with exenatide (CODEX). ] Psychiatr Res. 2020; 124:
9-12, doi: 10.1016/j.jpsychires.2020.02.015, indexed in Pubmed: 32087425.
Svensson CK, Larsen JR, Vedtofte L, et al. Effect of Liraglutide Treat-
ment on Prediabetes and Overweight or Obesity in Clozapine- or
Olanzapine-Treated Patients With Schizophrenia Spectrum Disorder:
A Randomized Clinical Trial. JAMA Psychiatry. 2017; 74(7): 719-728,
doi: 10.1001/jamapsychiatry.2017.1220, indexed in Pubmed: 28601891.
Svensson CK, Larsen JR, Vedtofte L, et al. Does a GLP-1 receptor agonist
change glucose tolerance in patients treated with antipsychotic medi-
cations? Design of a randomised, double-blinded, placebo-controlled
clinical trial. BMJ Open. 2014; 4(3): e004227-728, doi: 10.1136/bmjo-
pen-2013-004227, indexed in Pubmed: 24667381.

Moghimi Sarani E, Memari E, Anushiravani A, et al. Is Sitagliptin
Effective for Modulating Metabolic Disturbances Associated With
Olanzapine in Schizophrenia Patients? A Double-blind Placebo-con-
trolled Clinical Trial. J Clin Psychopharmacol. 2020; 40(5): 487-490,
doi: 10.1097/JCR0000000000001259, indexed in Pubmed: 32701903.
Dixit TS, Sharma AN, Lucot JB, et al. Antipsychotic-like effect of GLP-1
agonist liraglutide but not DPP-IV inhibitor sitagliptin in mouse model
for psychosis. Physiol Behav. 2013; 114-115: 3841, doi: 10.1016/j.phys-
beh.2013.03.008, indexed in Pubmed: 23523479.

de Silva VA, Suraweera C, Ratnatunga SS, et al. Metformin in pre-
vention and treatment of antipsychotic induced weight gain: a sys-
tematic review and meta-analysis. BMC Psychiatry. 2016; 16(1): 341,
doi: 10.1186/s12888-016-1049-5, indexed in Pubmed: 27716110.

Taylor J, Stubbs B, Hewitt C, et al. The Effectiveness of Pharmacologi-
cal and Non-Pharmacological Interventions for Improving Glycaemic
Control in Adults with Severe Mental Illness: A Systematic Review
and Meta-Analysis. PLoS One. 2017; 12(1): 0168549, doi: 10.1371/journal.
pone.0168549, indexed in Pubmed: 28056018.

Ehret M, Goethe J, Lanosa M, et al. The effect of metformin on anthro-
pometrics and insulin resistance in patients receiving atypical antipsy-
chotic agents: a meta-analysis. ] Clin Psychiatry. 2010; 71(10): 1286-1292,
doi: 10.4088/JCP09m05274yel, indexed in Pubmed: 20441727.

Rubin RR, Ma Y, Marrero DG, et al. Diabetes Prevention Program Re-
search Group. Elevated depression symptoms, antidepressant medicine
use, and risk of developing diabetes during the diabetes prevention
program. Diabetes Care. 2008; 31(3): 420-426, doi: 10.2337/dc07-1827,
indexed in Pubmed: 18071002.

Marrero DG, Ma Y, de Groot M, et al. Diabetes Prevention Program
Research Group. Depressive symptoms, antidepressant medication use,
and new onset of diabetes in participants of the diabetes prevention
program and the diabetes prevention program outcomes study. Psy-
chosom Med. 2015; 77(3): 303-310, doi: 10.1097/PSY.0000000000000156,
indexed in Pubmed: 25775165.

Agarwal SM, Panda R, Costa-Dookhan KA, et al. Metformin for early
comorbid glucose dysregulation and schizophrenia spectrum disorders:
a pilot double-blind randomized clinical trial. Transl Psychiatry. 2021;
11(1): 219, doi: 10.1038/s41398-021-01338-2, indexed in Pubmed: 33854039.
Siskind D, Friend N, Russell A, et al. COMET: a protocol for a randomised
controlled trial of co-commencement of METformin as an adjunc-

883


http://dx.doi.org/10.4088/jcp.v69n0320
https://www.ncbi.nlm.nih.gov/pubmed/18348593
http://dx.doi.org/10.1016/j.schres.2008.09.028
http://dx.doi.org/10.1016/j.schres.2008.09.028
https://www.ncbi.nlm.nih.gov/pubmed/18993033
http://dx.doi.org/10.1016/j.diabres.2021.108855
https://www.ncbi.nlm.nih.gov/pubmed/33965448
http://dx.doi.org/10.1007/s00787-018-1123-2
https://www.ncbi.nlm.nih.gov/pubmed/29460164
http://dx.doi.org/10.1016/j.pnpbp.2011.01.015
https://www.ncbi.nlm.nih.gov/pubmed/21291941
http://dx.doi.org/10.1097/01.jcp.0000237947.80764.d9
http://dx.doi.org/10.1097/01.jcp.0000237947.80764.d9
https://www.ncbi.nlm.nih.gov/pubmed/16974193
http://dx.doi.org/10.4088/JCP.08m04446yel
https://www.ncbi.nlm.nih.gov/pubmed/19814947
http://dx.doi.org/10.1007/s11606-017-4205-9
https://www.ncbi.nlm.nih.gov/pubmed/29090381
http://dx.doi.org/10.1017/S1461145705005110
https://www.ncbi.nlm.nih.gov/pubmed/15737248
http://dx.doi.org/10.1111/j.1600-0447.2008.01158.x
http://dx.doi.org/10.1111/j.1600-0447.2008.01158.x
https://www.ncbi.nlm.nih.gov/pubmed/18307585
http://dx.doi.org/10.1016/j.euroneuro.2019.12.118
https://www.ncbi.nlm.nih.gov/pubmed/31917068
http://dx.doi.org/10.1097/JCP.0b013e31829e8333
https://www.ncbi.nlm.nih.gov/pubmed/24100786
http://dx.doi.org/10.1055/s-0042-116313
https://www.ncbi.nlm.nih.gov/pubmed/28081577
http://dx.doi.org/10.2147/DMSO.S70029
https://www.ncbi.nlm.nih.gov/pubmed/25653547
http://dx.doi.org/10.1016/j.eurpsy.2005.05.011
http://dx.doi.org/10.1016/j.eurpsy.2005.05.011
https://www.ncbi.nlm.nih.gov/pubmed/16139484
http://dx.doi.org/10.1017/S1461145713001053
https://www.ncbi.nlm.nih.gov/pubmed/24103107
http://dx.doi.org/10.1016/S2215-0366(19)30416-X
https://www.ncbi.nlm.nih.gov/pubmed/31860457
http://dx.doi.org/10.2337/dc18-2201
https://www.ncbi.nlm.nih.gov/pubmed/30765433
http://dx.doi.org/10.1186/1471-244X-13-238
https://www.ncbi.nlm.nih.gov/pubmed/24074269
http://dx.doi.org/10.3109/15622975.2011.592546
https://www.ncbi.nlm.nih.gov/pubmed/21745127
http://dx.doi.org/10.1192/bjp.2018.167
https://www.ncbi.nlm.nih.gov/pubmed/30251622
http://dx.doi.org/10.1002/14651858.CD013281.pub2
https://www.ncbi.nlm.nih.gov/pubmed/33591592
http://dx.doi.org/10.1007/s40265-020-01393-x
https://www.ncbi.nlm.nih.gov/pubmed/32930957
http://dx.doi.org/10.1111/dom.12795
https://www.ncbi.nlm.nih.gov/pubmed/27717222
http://dx.doi.org/10.1111/dom.13167
https://www.ncbi.nlm.nih.gov/pubmed/29194917
http://dx.doi.org/10.1016/j.jpsychires.2020.02.015
https://www.ncbi.nlm.nih.gov/pubmed/32087425
http://dx.doi.org/10.1001/jamapsychiatry.2017.1220
https://www.ncbi.nlm.nih.gov/pubmed/28601891
http://dx.doi.org/10.1136/bmjopen-2013-004227
http://dx.doi.org/10.1136/bmjopen-2013-004227
https://www.ncbi.nlm.nih.gov/pubmed/24667381
http://dx.doi.org/10.1097/JCP.0000000000001259
https://www.ncbi.nlm.nih.gov/pubmed/32701903
http://dx.doi.org/10.1016/j.physbeh.2013.03.008
http://dx.doi.org/10.1016/j.physbeh.2013.03.008
https://www.ncbi.nlm.nih.gov/pubmed/23523479
http://dx.doi.org/10.1186/s12888-016-1049-5
https://www.ncbi.nlm.nih.gov/pubmed/27716110
http://dx.doi.org/10.1371/journal.pone.0168549
http://dx.doi.org/10.1371/journal.pone.0168549
https://www.ncbi.nlm.nih.gov/pubmed/28056018
http://dx.doi.org/10.4088/JCP.09m05274yel
https://www.ncbi.nlm.nih.gov/pubmed/20441727
http://dx.doi.org/10.2337/dc07-1827
https://www.ncbi.nlm.nih.gov/pubmed/18071002
http://dx.doi.org/10.1097/PSY.0000000000000156
https://www.ncbi.nlm.nih.gov/pubmed/25775165
http://dx.doi.org/10.1038/s41398-021-01338-2
https://www.ncbi.nlm.nih.gov/pubmed/33854039

Hyperglycaemia in patients with antipsychotic drugs

Marcin Kosmalski et al.

66.

67.

68.

tive treatment to attenuate weight gain and metabolic syndrome in
patients with schizophrenia newly commenced on clozapine. BMJ
Open. 2018; §(3): 021000, doi: 10.1136/bmjopen-2017-021000, indexed
in Pubmed: 29500217.

Smith RC, Jin H, Li C, et al. Effects of pioglitazone on metabolic
abnormalities, psychopathology, and cognitive function in schizo-
phrenic patients treated with antipsychotic medication: a randomized
double-blind study. Schizophr Res. 2013; 143(1): 18-24, doi: 10.1016/j.
schres.2012.10.023, indexed in Pubmed: 23200554.

Whicher CA, Price HC, Phiri I, et al. The use of liraglutide 3.0 mg daily
in the management of overweight and obesity in people with schizo-
phrenia, schizoaffective disorder and first episode psychosis: Results
of a pilot randomized, double-blind, placebo-controlled trial. Diabetes
Obes Metab. 2021; 23(6): 1262-1271, doi: 10.1111/dom.14334, indexed
in Pubmed: 33528914.

Chen CH, Chiu CC, Huang MC, et al. Metformin for metabolic dysregu-
lation in schizophrenic patients treated with olanzapine. Prog Neuro-
psychopharmacol Biol Psychiatry. 2008; 32(4): 925-931, doi: 10.1016/j.
pnpbp.2007.11.013, indexed in Pubmed: 18082302.

884

69.

70.

71.

72.

Carrizo E, Fernandez V, Connell L, et al. Extended release metformin
for metabolic control assistance during prolonged clozapine administra-
tion: a 14 week, double-blind, parallel group, placebo-controlled study.
Schizophr Res. 2009; 113(1): 19-26, doi: 10.1016/j.schres.2009.05.007,
indexed in Pubmed: 19515536.

Chiu CC, Lu ML, Huang MC, et al. Effects of Low Dose Metformin
on Metabolic Traits in Clozapine-Treated Schizophrenia Patients:
An Exploratory Twelve-Week Randomized, Double-Blind, Placebo-Con-
trolled Study. PLoS One. 2016; 11(12): e0168347, doi: 10.1371/journal.
pone.0168347, indexed in Pubmed: 27973619.

Jarskog LE Hamer RM, Catellier DJ, et al. METS Investigators. Metfor-
min for weight loss and metabolic control in overweight outpatients
with schizophrenia and schizoaffective disorder. Am J Psychiatry.
2013; 170(9): 1032-1040, doi: 10.1176/appi.ajp.2013.12010127, indexed
in Pubmed: 23846733.

Wu RR, Zhao JB, Shao P, et al. Life intervention and metformin for
treatment of antipsychotic-induced weight gain: a randomized
controlled trial. JAMA. 2008; 299(2): 185-193, doi: 10.1176/appi.
ajp.2007.07010079.


http://dx.doi.org/10.1136/bmjopen-2017-021000
https://www.ncbi.nlm.nih.gov/pubmed/29500217
http://dx.doi.org/10.1016/j.schres.2012.10.023
http://dx.doi.org/10.1016/j.schres.2012.10.023
https://www.ncbi.nlm.nih.gov/pubmed/23200554
http://dx.doi.org/10.1111/dom.14334
https://www.ncbi.nlm.nih.gov/pubmed/33528914
http://dx.doi.org/10.1016/j.pnpbp.2007.11.013
http://dx.doi.org/10.1016/j.pnpbp.2007.11.013
https://www.ncbi.nlm.nih.gov/pubmed/18082302
http://dx.doi.org/10.1016/j.schres.2009.05.007
https://www.ncbi.nlm.nih.gov/pubmed/19515536
http://dx.doi.org/10.1371/journal.pone.0168347
http://dx.doi.org/10.1371/journal.pone.0168347
https://www.ncbi.nlm.nih.gov/pubmed/27973619
http://dx.doi.org/10.1176/appi.ajp.2013.12010127
https://www.ncbi.nlm.nih.gov/pubmed/23846733
http://dx.doi.org/10.1176/appi.ajp.2007.07010079
http://dx.doi.org/10.1176/appi.ajp.2007.07010079

	_Hlk98790462

