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Background: Second generation antipsychotics (SGAs) are associated with metabolic disturbances. Diabetic ketoacidosis (DKA)
is a rare, but potentially fatal sign of acute glucose metabolism dysregulation linked to the use of SGAs.

The aims of this article are to present patients with a history of psychotic disorders and of severe metabolic diabetic ketoacidosis,
possibly associated with the use of antipsychotics, and to review the current literature on the topic of antipsychotic-induced DKA.

Method: PubMed/Medline and EBSCO databases were searched using the keywords: diabetic ketoacidosis, antipsychotics,
atypical antipsychotics, second generation antipsychotics, clozapine, olanzapine, risperidone, quetiapine, ziprasidone, aripiprazole,
paliperidone, amisulpride and haloperidol. Case reports, case series and reviews of case series were included in the review.

Results: The majority of patients who developed DKA following treatment with antipsychotics were treated with olanzapine and
clozapine in monotherapy or in combination with other antipsychotics. DKA mostly occurred in the first six months of antipsychotic
treatment. Other risk factors included insulin resistance prior to antipsychotic treatment, male gender and middle age.

Conclusion: Clinicians should consider the risk of DKA when starting treatment with SGAs. Preventive measures for patients
with psychotic disorders using antipsychotics should include regular assessment of risk factors and screening for diabetes before and
after administering antipsychotics, especially in the first months of treatment. Whenever possible, polypharmacy should be avoided.
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INTRODUCTION

Second generation antipsychotics (SGAs) are consi-
dered the first line treatment for psychotic disorders,
due to their effectiveness and lower propensity to
produce extrapyramidal side effects (Correl et al. 2008,
Leucht et al. 2009). Nevertheless, the majority of SGAs
are associated with significant weight gain and the
development of glucose intolerance, leading to diabetes
and metabolic syndrome, and consequently, with
increased risk of cardiovascular morbidity and mortality
(Daumit et al. 2008, De Hert et al. 2011, Hedenmalm et
al. 2002). According to Lipscombe et al. (2014) anti-
psychotic-induced hyperglycemic emergencies are
rather uncommon (in the range of 1-2 events per 1000
person per years of exposure). However, antipsychotic-
induced diabetic ketoacidosis DKA is associated with a
high risk of mortality, approaching to 13% of cases
(Efstathiou et al. 2002, Guenette et al. 2013).

Current reports suggest that antipsychotic-induced
DKA is usually associated with the use of olanzapine
and clozapine in monotherapy, and in combinations
with other antipsychotics in the first 6 months of
treatment (Jin et al. 2004). Identified risk factors include
underlying type 1 diabetes, pre-diabetes, non-Caucasian
ethnicity, acute physical illness, male gender and middle
age (English & Williams 2004, Kitabchi et al. 2009).
However, the underlying mechanisms of the anti-
psychotic-induced DKA are still unclear. In this paper,

we present a patient without prior history of diabetes
mellitus who developed SGA-induced DKA, and review
the available literature on SGA-induced DKA. Our aim
is to provide a description of risk factors and offer a
possible explanation on the underlying mechanisms of
DKA in persons treated with SGAs.

METHODS

We have searched the MEDLINE and EBSCO data-
base using the following terms: diabetic ketoacidosis,
antipsychotics, atypical antipsychotics, second genera-
tion antipsychotics, clozapine, olanzapine, risperidone,
quetiapine, ziprasidone, aripiprazole, paliperidone, ami-
sulpride and haloperidol. Haloperidol was included in
the search for the analysis on the role of antipsychotic
polypharmacy in DKA.

Using these key words, we selected 168 titles. After
reading article titles, we selected 140 abstracts in
English language, one in Norwegian and one in Portu-
guese, from the period 1994-2015, while the rest were
discarded because they did not match the topic. After
reading these abstracts, we selected 80 full papers (case
reports, case series and case reviews) and included them
into the review. Forty additional articles identified while
reviewing bibliographies of the retrieved articles were
also examined. The rest of the papers were excluded
after reading the abstracts as the topic did not match our
aims, or the papers could not be translated.
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In total, we included 83 cases of diabetic ketoaci-
dosis associated with the use of antipsychotic agents.
We collected and examined articles in their entirety of
63 of these cases, while information on the rest of 17
cases was acquired from abstracts and case reviews. We
described one additional case in total and two cases
partially in the Table 1, and they were included in the
analyses.

RESULTS

Clinical case

A 33-year-old Caucasian man was referred to our
ward in the state of acute psychosis, which, according to
the data from his mother, lasted for more than one year.
He was diagnosed with schizophrenia according to the
International Classification of Disorders, 10™ revision).

The patient was physically healthy, with body mass
index (BMI) in the range of normal weight. Before the
introduction of antipsychotics, the standard laboratory
tests (blood count, liver enzymes, urea, creatinine) and
thyroid hormones were normal. Since fasting glucose
level showed glucose intolerance (6.4 mmol/L), fasting
insulin level was obtained (27.5 U/L). Calculated Home-
ostasis Model Assessment HOMA - 3.65 pointed to in-
sulin resistance with steady state beta cell function 142%.
(https://www.dtu.ox.ac.uk/homacalculator/download.php).
He had no prior history of diabetes mellitus. Family
history for diabetes mellitus was also negative.

At admission the patient was treated with olan-
zapine (20 mg/d) and subsequently with addition of
low dose fluphenazine (5 mg/d) for 3 weeks, without
any improvement of his psychiatric status. The phar-
macotherapy was then modified. Olanzapine and flu-
phenazine were gradually discontinued, while cloza-
pine (dose tapered to 200 mg/d) and later on halo-
peridol (15 mg/d) were introduced, which lead to a
significant improvement in his psychiatric status in the
next 3 weeks. He was also given bisoprolol, at a dose
of 5 mg/d, for high blood pressure and tachycardia
which developed soon after introducing clozapine.
During that period he gained 3 kg but was still in the
range of normal BMI. Suddenly, the patient developed
disorientation and vomiting, followed by somnolence,
hypotension, tachycardia, tachypnea and acetone smell
of the breath in less than 24 hours. Laboratory test
confirmed diabetic ketoacidosis with severe clinical
presentation (blood glucose level of 50.8 mmol/L,
urine ketone bodies +3 (10mmol/L). Increased glyca-
ted haemoglobin (HbA1C 8.5) indicated a previously
undiagnosed glucose intolerance. Negative antibodies
against glutamic acid decarboxylase (anti-GAD) and
islet cell antibodies (ICA) excluded the diagnosis of
autoimmune type I diabetes. He was transferred to
Intensive care unit (ICU) and all antipsychotics were
discontinued.

Following the standard therapy his metabolic state
improved, and he was transferred to basal bolus insulin
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therapy (a combination of long acting insulin analogue
and ultra-short acting insulin analogue before meals).
The patient was dismissed from ICU and readmitted to
psychiatric clinic where he continued insulin therapy
and took part in diabetes and dietary education. In the
next two weeks, the prandial insulin dosage was
gradually reduced and metformin was introduced.
However, in parallel with somatic improvement his
psychiatric status worsened again, and he was again
treated with haloperidol up to 10 mg and biperiden up
to 6 mg daily, to counteract the haloperidol-induced
extrapiramydal symptoms. Since his psychiatric status
deteriorated further, with the development of paranoid
delusions, and dissociative speech, amilsupride (800
mg) was introduced, which led to significant improve-
ment. He was discharged at the 10th week of hospita-
lization, with a recommended daily dose of 10 mg of
haloperidol, 800 mg of amisulpride, 6 mg of biperiden,
10 IU of long acting insulin and 2000 mg of
metformin, and a diabetic diet. After one month out
patients follow up, his glucose levels returned to
normal levels. Insulin therapy was discontinued and
metformin was tapered off to 500 mg. His psychiatric
status improved further, and he continued his treatment
with amisulpride 800 mg bid and haloperidol in lower
dose (5 mg).

Case review

Sociodemographic and clinical characteristics of
patients with antipsychotic-induced DKA

Sociodemographic and clinical characteristics of the
patients are summarized in Table 1.

Overall, most patients were men (N=51, for 12
patients gender was not available), of different ethnical
origin (Afro-American (N=25); Caucasian (N=20);
Asian (N=9); Afro-Caribbean (N=1); Hispanic (N=1);
Aborigine (N=1); non available (N=29). Age range of
the patients was 12-80 years (N=79 patients) and mean
age was 37.7 years (SD=11.4). The majority of patients
had schizophrenia spectrum disorders (N=58) and bipolar
disorder (N=7), other (N=11) or was not available (N=8).

aripiprazole (N=6)

quetiapine (N=8)

olanzapine

. (N=32)
risperidone

(N=9)

2 5GAs (N=9)

clozapine(N=19)
Figure 1. SGA applied in referred DKA cases
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Table 1. Case reports of DKA with SGA use
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2 5GAa (N=9)

aripiprazole monotherapy (N=3)
aripiprazole in combination (N= 3)
quetiapine N/R (N=1)
guetiapine monotherapy (N=3)
quetiapine in combination (N=9)
risperidone N/R (N=1)
risperidone monotherapy (N=4) *
risperidone in combination (N=4.}\"
clozapine N/R (N=2)

clozapine monotherapy (N=8)

olanzapine
in combination (N=19)

olanzapine
monotherapy (N=11)

olanzapine N/R (N=2)

clozapine in combination (N=9 )

Figure 2. Mono- and polypharmacy distribution in referred DKA cases

In the majority of cases, DKA was associated poly-
pharmacy (N=48), with 9 cases treated with 2 or more
SGA:s, 6 cases treated with a combination of a SGA and
FGA, and for 8 cases the second antipsychotic was not
specified. In 25 cases DKA was associated with SGA in
monotherapy.

In the majority of cases where DKA was associated
with a specific medication, the suspected agent was
olanzapine (32 cases), followed by clozapine (19 cases),
risperidone (9 cases), quetiapine (8 cases) and aripipra-
zole (6 cases) (Figure 1). We did not find any cases
associating DKA with ziprasidone, paliperidone, halo-
peridol or amisulpride monotherapy. In 48 cases, DKA
was associated with polypharmacy (Figure 2). The
majority of cases involved the use of olanzapine as a
single SGA drug (N=28) or a suspected agent in combi-
nation with another SGA (N=4). 18 cases involved the
use of clozapine as a single SGA drug or a suspected
agent in combination with another SGA.

Other most frequently reported concomitant drugs
were first generation antipsychotics (FGA) (N=6), mood
stabilizers (sodium valproate (N=11), lithium (N=0),
clonazepam (N=3)), antidepressants (venlafaxine (N=4),
fluoxetine (N=3), sertraline (N=2), paroxetine (N=2),
escitalopram (N=1), bupropione (N=1), trazodone
(N=1), notriptyline (N=1), benzodiazepines (N=5), P
blockers (N=3), calcium channel blocker (N=1), statines
(N=2), OHT (N=3), sympathomimetics (ephedrine — a
and [ adrenergic agonist) (N=1), parasympathomimetics
(betanechol) (N=1), anticholinergics (benztropine, tri-
hexyphenidyl) (N=2), histaminic antagonist (ranitidine)
(N=1), corticosteroids (budesonide) (N=1), hormones
(estrogen and tyroxine, N=2), and antidiuretics (hydro-
chlorothiazide) (N=2).

The reported daily doses (available for 65 cases) of
each of the reported antipsychotics did not exceed the
recommended therapeutic ranges. Duration of anti-
psychotic therapy prior the onset of DKA ranged from 4
days to 4 years (N=74). In about a half of the reported
cases (N=45), DKA occurred within the 6 months after
starting the introduction of the speculative drug.
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Risk factors and clinical presentation
of antipsychotic-induced DKA

In the majority of cases (N=72), DKA was the first
clinical presentation of a newly diagnosed diabetes.
Prodromes (such as polydipsia, polyuria and weakness)
were reported only in 30 patients, and lasted from 1 day
to 4 weeks.

Presenting glucose values were available for 55 pa-
tients and ranged from 18.77 mmol/L (338 mg/dL) to
98.27 mmol/L (1769 mg/dL). In 12 of these patients
leukocytosis was noted. In three of them it was asso-
ciated with pancreatitis and in one with uroinfection.

However, available data indicate previously unreco-
gnized hyperglycemia (increased fasting blood glucose
(FBG) (6.4-9.4 mmol/L) in eight of the cases, increased
HbAIC (ranging from 7.2-17.7%) in 29 cases, con-
firmed diabetes in 4 patients (two cases 10 days prior
event) and for 5 patients there were insufficient data for
classification. Auto antibodies (N=13) were found
negative in 11 patients and positive in 2 patients —
indicating a newly diagnosed diabetes type 1.

Body weight prior to starting SGA therapy was
available for 50 cases. 33 of those patients were over-
weight at the time of admission (underweight <18.5,
normal weight 18.5-24.9, overweight 25-29.9, obesity
>30 kg/m2) (Pasco et al. 2014). Weight change asso-
ciated with SGA treatment was available for 45 cases.
The majority of the patients experienced weight gain
(N=25) ranging from 3 to 34 kg. Six of them also
experienced a substantial weight loss prior DKA as a
prodromal symptom of diabetes. Weight loss without
prior weight gain was recorded in 12 patients — in 7 of
these cases it was associated with DKA. In 8 patients,
no weigh changes were noted during the antipsychotic
treatment.

In 47 of the cases patients had negative family
history of diabetes, while 18 patients had a positive
family history for diabetes. In the remaining 18 cases
data was not available.
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DISCUSSION

Risk factors and clinical presentation
of antipsychotic-induced DKA

The majority of the patients who developed DKA
were diagnosed with schizophrenia. The hypothesis that
schizophrenia spectrum disorders raise the risk of
glucose intolerance is not a new one. Even in pre-
antipsychotic era, higher incidence of diabetes mellitus
among patients with schizophrenia then compared to the
general population was reported (Thonnard-Neumann
1968). This seems to be the case for drug naive first
episode psychotic patients (Foley & Morley 2011), even
among Croatian population (Medved et al. 2009).
Recent genetic studies seem to support this hypothesis.
Network and pathway-based systematic analysis for
schizophrenia and diabetes mellitus type 2 provided the
general pathway-based view of pathogenetic association
between two diseases and reported a considerable over-
lap between the susceptibility genes for schizophrenia
and diabetes mellitus type 2 (Liu et al. 2013).

The incidence of diabetes presenting as DKA in
schizophrenia has been calculated as 10-fold higher than
the calculated risk for the general population (Hender-
son et al. 2007). Risk factors for antipsychotic-induced
glucose dysregulation include pre-existing diabetes,
non-Caucasian ethnicity, first degree family history of
DM and baseline obesity (Lipscombe et al. 2014, Wir-
shing et al. 2002, Jin et al. 2004). However, when com-
paring risk factors of DKA versus diabetes, the DKA
group was significantly different and included a group
of predominately younger males, with a lower propor-
tion of overweight BMI at baseline (Jin et al. 2002).

Our results suggest similar risk factors for anti-
psychotic-induced DKA: average age younger than in
general population of patients with diabetes type 2,
gender imbalance with predominance of males, absence
of autoimmune markers of diabetes, as well as the
absence of significant weight gain. However, our results
also suggest a period of insulin resistance or hyper-
glycemia preceding the development of DKA. It is
unclear whether this indicates a susceptibility to dia-
betes inherent to patients with schizophrenia.

The role of antipsychotic medication
in the development of DKA

There is little doubt that antipsychotics can increase
the risk of diabetes among patients with psychotic dis-
orders (Foley & Morley 2011), but also among patients
with bipolar disorder (Olfson et al. 2006, Correl et al.
2008). Several reports suggested that SGAs have a
significantly higher risk of diabetes and hyperglycemia
compared to conventional antipsychotics (Smith et al.
2008, Yood et al. 2009), although SGAs differ signifi-
cantly one from another in their propensity to induce
diabetes (Smith et al. 2005, Meyer et al. 2008). The
majority of case reviews and epidemiological studies

suggest that the risk of diabetes is the highest for
olanzapine and clozapine, followed by quetiapine (Jin et
al. 2002, Ramaswamy et al. 2006), risperidone and
amisulpride (Koller et al. 2001-2003, Foley & Morley
2011), while the risk for ziprasidone and aripiprazole is
comparable to the risk of non-users of antipsychotics or
users of conventional APs (Meyer et al. 2002, Linden-
mayer et al. 2003). Likewise, according to our results,
olanzapine and clozapine seem to have the highest
potential for inducing DKA, either as monotherapy or in
combination with other antipsychotics. Moreover, hyper-
glycaemia reoccurred in all patients with olanzapine and
clozapine re-challenge (Koval et al. 1994, Popli et al.
1997, Colli et al. 1999, Waldman & Yaren 2002).

Although there were few cases where haloperidol
contributed to the development of DKA in combinations
with other SGAs, we found no cases of DKA associated
with haloperidol, ziprasidone, paliperidone and amisul-
pride monotherapy. With the exception of haloperidol,
this fact may reflect the lower number of cases / studies
with those antipsychotics reported in the literature.

In more than half of the cases DKA appeared follo-
wing the introduction of polypharmacy, suggesting that
polypharmacy may be associated with a greater risk
than either clozapine or olanzapine monotherapy. This
is concordant with the findings that polypharmacy
contributes to metabolic abnormalities in patients with
schizophrenia (Correll et al. 2007). Possible explana-
tions include pharmacodynamic factors (e.g. activation
of more receptors) and pharmacokinetic factors (higher
total daily dosages of combined antipsychotics or drug
interactions at the liver level, both resulting in higher
serum drug levels). This fact may be especially
important in clinical practice, as, contrary to most
guidelines, polypharmacy seem to be rather prevalent in
the treatment of schizophrenia, reported - up to 40% in
some regions and periods in history (Gallego et al.
2012). Polypharmacy seems to be conditioned by the
severity of psychiatric symptoms (Katona et al. 2014).
Nevertheless, clinicians should be aware of the possible
seriousness of the metabolic side effects associated with
its use.

Does antipsychotic-induced DKA occur in
persons with susceptibility to diabetes mellitus?

In general, we suggest that antipsychotic-induced
DKA can occur in persons susceptible to diabetes
mellitus after the induction of diabetogenic agents such
as antipsychotics. However, the nature of this interplay
is unclear by a large. In clinical practice, the
introduction of antipsychotics can lead to DKA as 1) a
complication as preexisting diabetes type 1; 2) a
presentation of a newly developed DM type 2, due to
antipsychotic—-induced increase of BMI and insulin
resistance over time; 3) fulminant presentation of DKA
imitating DM type associated with an acute
antipsychotic-induced insulin resistance, unrelated to
BMI increase.
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Haloperidol Amisulpiride Clozapine  Olanzapine Risperidone Quetiapine Ziprasidone Aripiprazole

D1 | ++ - + ++ + + e +
D2 | +++ ++++ + ++ ++ + +++ +++
D3 | ++ + + ++ ++ + ++ ++
D4 | ++ - ++ + ++ - + +
SEHT1A | - - + - + + ++ ++
EHT1IB | + - + + e - ++ +
SHT1D | - - - - + +++ +++ G s
SHTIE | - . + = - - - £
SHT2A | ++ - ++ 4+ 4+ + +H+ +++
SHT2C | - c: ++ ++ ++ - +4+ 3
SHTE | - - ++ 4+ - - ++ R
SHTZ | + ++ ++ + +H+ + 4+ +
alA | ++ - +++ * ++4+ 4 4 ++
alB | +++ - +++ + ++ +++ ++
aZ |+ - + ++ +~ + +4+ +
H1 - - o B - + + -
M1 | - - ++ ++ - + - -
M2 |- - ++ + - - - -
M3 |- - ++ ++ - - - -
M4 | - - ++ + - + - -
DAT | - - e B - - - -
NAT | - - + + - - ++ -
SHTT | - - : = : . + -

Receptor abbreviations: D1 - dopamine-1, D2 - dopamine-2, D3 - dopamine-3, D4 - dopamine-4, SHT1A - serotonin-1A,
SHTIB - serotonin-1B, 5HTID - serotonin-1D, 5HTIE - serotonin-1E, S5HT2A - serotonin-2A, S5SHT2C - serotonin-2C,
SHT6 - serotonin-6, SHT7 - serotonin-7, olA - a-adrenoreceptor-1A, alB - a-adrenoreceptor-1B, a2 - a-adrenoreceptor-2,
H1 -histamine-1, M1 - muscarinic-1, M2 - muscarinic-2, M3 - muscarinic-3, M4 - muscarinic-4, DAT - dopamine transporter,
NAT - noradrenaline transporter, SHTT - serotonin transporter protein

Figure 3. Relative receptor binding affinities of antipsychotics. Adapted from Roth et al. 2004, Nasrallah 2008, Hopkins
2009, Abbas et al. 2009
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Figure 4. Suggested antipsychotic-induced DKA hypothetic mechanism (based on Buchholz et al. 2007, Houseknecht
et al. 2007, Smith et al. 2008, Starrenburg & Bogers 2009, Hahn et al. 2011, Liu et al. 2013)
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Although one would expect that persons with pre-
existing diabetes type 1 are more prone to develop
DKA, according to our analysis, up to 90% of reviewed
cases were classified as newly diagnosed type 2
diabetes. However, this result may indicate that clini-
cians avoid the use of antipsychotics with higher pro-
pensity to gain weight (such as olanzapine) in persons
with diabetes mellitus type 1.

Antipsychotic-induced DKA in new onset type 2
diabetes may result from a number of possible causes.
The most common mechanism of antipsychotic-induced
diabetes seem to follow the pathway of antipsychotic-
induced increase of appetite and weight gain leading to
abdominal adiposity and subsequent development of the
insulin resistance and diabetes (Buchholz et al. 2007).
The presence of negative symptoms and sedentary
lifestyle of these patients may further contribute to or
speed up the process of weight gain and the occurrence
of diabetes. This mechanism of action is usually
associated with the strong antagonism of serotonin 2C
receptors (SHT2C) and histamine receptors (H1) in the
hypothalamic regions, as exerted by olanzapine and
clozapine (Hahn et al. 2011). Antipsychotic drugs exert
many actions on the peripheral tissue as well, including
adipose, muscular and pancreatic tissue and, in example,
confer to insulin resistance through the increase of
leptin or TNFa in the adipose tissue (Starrenburg &
Bogers 2009). On the protein level, candidates include
glucose transporters or postreceptor sites, such as the
protein kinase B (also known as AKT1). AKT1 has
important role in the regulation of metabolism, cell sur-
vival, motility, transcription and cell-cycle progression
and its signaling is disrupted in many disorders,
including diabetes as well as schizophrenia (Whiteman
et al. 2002, Emamian et al. 2004, Liu et al. 2013). The
activation of AKT1 could explain the association of
clozapine and olanzapine with elevated levels of blood
glucose, glycosylated haemoglobin and insulin leading
to the development of type 2 diabetes mellitus, unfavo-
rable effects on lipid profiles etc. (Dwyer et al. 2005,
Girgis et al. 2008).

Alternatively, antipsychotic-induced DKA may
follow another pathophysiological pathway. Indeed,
significant weight gain was detected in only about a half
of all reported cases. Even considering the fact that
weight gain at the time of hospital admission may be
misleading as some patients experienced weight loss as
a sign of diabetes, changes in visceral adiposity more
directly contribute to insulin resistance than absolute
weight gain (Mitchell et al. 2011, Genuette et al. 2013).
Secondly, DKA has been reported shortly after the
initiation of antipsychotic treatment, and in individuals
who experienced no significant changes in body weight
(Jin et al. 2002). We suggest that antipsychotics exert an
acute effect on pancreatic beta cell secretion, regardless
of their propensity to induce weight gain (Smith et al.
2008, Albaught et al. 2011). In general, DKA occurs in
severely insulinopenic patient with high levels of
glucagon. Insulin deficiency (mostly due to autoimmune

destruction of beta cell) shifts metabolism to triglyce-
rides and amino acids instead of glucose. Serum levels
of glycerol and free fatty acids (FFAs) rise because of
uninhibited lipolysis. The excess of glucagon stimulates
hepatic gluconeogenesis. Glucagon also stimulates
mitochondrial conversion of FFAs into ketones. Insulin
normally blocks ketogenesis by inhibiting the transport
of FFA derivatives into the mitochondria. Thus, in
patients without significant weight gain and/or insulin
resistance, a reversible toxic event affecting only beta
cells of pancreas secreting insulin, but not the a cells
secreting glucagon may occur. Such “reversible” acti-
vation may be exerted by antipsychotics. In example,
clozapine was found to hyperpolarize the rat pancreatic-
cells membrane potential, resulting in a complete
inhibition of electrical activity, unlike haloperidol (Best
et al. 2005). Other possible mechanisms include the
blockade of 5-HT1A/2A/2C serotonergic, histaminergic,
muscarinic and activation of 2-adrenergic receptors of
the pancreatic cells (Houseknecht et al. 2007, Schwen-
kreis et al. 2004).

Several reports confirmed the blockade of M3 recep-
tors on pancreatic B-cells leads to impairment of gluco-
se-dependent cholinergic-stimulated insulin secretion
hence interfere with pancreatic attempt to redress
peripheral insulin resistance (Starrenburg & Bogers
2009, Hahn et al. 2011). Postprandial — acute metabolic
hyperinsulinemia and parallel aberrant increase of
glucagon coincide with insulin resistance (Melkersson
& Jansson 2004, Smith et al. 2008, Teff et al. 2013).
Thus, we can speculate that cumulative additional acti-
vation of “risky” receptors on B pancreatic cells (hista-
mine, muscarine, serotonin and adrenergic) may activate
a common post receptor mechanism preventing only f
cells of pancreas secretion of insulin and creating an
artificial state of “insulinopenia”. SGAs are a diverse
group, encompassing drugs with different mechanisms
of action, different pharmacodinamic profiles and diffe-
rent affinity to receptors (Roth et al. 2004, Nasrallah
2008, Hopkins 2009, Abbas et al. 2009), as summarized
in Figure 3.

Concordant with this hypothesis, antipsychotics
which exert a strong antagonism of multiple receptors
(such as clozapine or olanzapine) employ multiple
mechanisms leading to the inhibition of pancreatic
insulin secretion. In persons with insulin resistance prior
to antipsychotic treatment, addition of a multireceptor
antagonists antipsychotic (or a combination of anti-
psychotics) would produce a state of “artificial insulino-
penia” which presents as DKA. The hypothetic mecha-
nism is presented in Figure 4.

CONCLUSION

Our findings suggest that new onset diabetes type 2
can occur early in the course of antipsychotic treatment,
presenting with DKA. In the majority of cases, insulin
resistance prior to antipsychotic treatment, diagnosis of
schizophrenia, male gender, middle age, drug combi-
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nations that included olanzapine and clozapine, and
polypharmacy were found. DKA was preceded by often
unrecognized clinical prodromes (such as polydipsia,
polyuria and weakness) (about a third of cases) lasting
from 1 day to 4 weeks before presenting as an emer-
gency. However, high glycohemoglobin indicating glu-
cose dysregulation preceded visible symptoms and
accentuates the need for strict monitoring. Preventive
measures for patients with schizophrenia taking anti-
psychotics include regular assessment of preexisting
risk factors for diabetes before administering anti-
psychotics, regular screening for diabetes in the first
months of antipsychotic treatment and avoidance of
polypharmacy.

Limitations

This review has several limitations that need to be
acknowledged. First, this review is based on case
reports only, which limits our conclusions in the
absence of research papers. Secondly, in the majority of
cases, adverse drug reaction causality was based on
timing and the pattern of illness, while re-challenge was
performed only in few cases, and described elsewhere
(Koval et al. 1994, Popli et al. 1997, Colli et al. 1999,
Waldman & Yaren 2002), which may decrease the
certainty that DKA was caused by the suspected
medication (Edwards & Aronson 2000).
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