University of Alberta

Investigation of the Metabolic Effects of

Antipsychotics

By

Pierre Chue

A thesis submitted to the Faculty of Graduate Studies and Research in partial

fulfillment of the requirements for the degree of Master of Science

Department of Psychiatry

Edmonton, Alberta

Fall 2002



il

National Library

of Canada . du Canada

Acquisitions and Acquisitions et

Bibliographic Services
395 Wellington Street

Ottawa ON K1A ON4

Canada Canada

The author has granted a non-
exclusive licence allowing the
National Library of Canada to
reproduce, loan, distribute or sell
copies of this thesis in microform,
paper or electronic formats.

The author retains ownership of the
copyright in this thesis. Neither the
thesis nor substantial extracts from it
may be printed or otherwise
reproduced without the author’s
permission.

Bibliothégue nationale

services bibliographiques

395, rue Wellington
Ottawa ON K1A ON4

Your file Votre référence

Our Fle Notre référence

L’auteur a accord€ une licence non
exclusive permettant a la
Bibliothéque nationale du Canada de
reproduire, préter, distribuer ou
vendre des copies de cette thése sous
la forme de microfiche/film, de
reproduction sur papier ou sur format
électronique.

L’auteur conserve la propriété du
droit d’auteur qui protége cette thése.
Ni la thése ni des extraits substantiels
de celle-ci ne doivent étre imprimés
ou autrement reproduits sans son
autorisation.

0-612-81382-7

Bl

Canada



University of Alberta

Library Release Form

Name of Author: Pierre S. Chue
Title of Thesis: Investigation of the Metabolic Effects of Antipsychotics
Degree: Master of Science

Year this Degree Granted: 2002

Permission is hereby granted to the University of Alberta Library to reproduce single
copies of this thesis and to lend or sell such copies for private, scholastic, or scientific

research purposes only.

The author reserves all other publication and other rights in association with the
copyright in the thesis, and except as hereinbefore provided, neither the thesis nor any
substantial portion thereof may be printed or otherwise reproduced in any material form

whatsoever without the author’s prior written permission.

3" Floor, 9942 — 108 Street
Edmonton, Alberta, T5K 2J5
Canada

paet: || (o e 200



UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDIES AND RESEARCH

The undersigned certify that they have read, and recommend to the Faculty of Graduate
Studies and Research for Acceptance, a thesis entitled Investigation of the Metabolic
Effects of Antipsychotics by Pierre S. Chue in partial fulfillment of the requirements for

the degree of MASTER OF SCIENCE

/ {

?‘(&/{é/% Ll fz’fﬁ

Kathryn T¢dd (Chair and Examiner)

NIV
G. B. Baker (Supervisor)

[ ~
P. H. Silverstone (Committee Member)
i

]
Ashfaq Shuaib (Committee Member)

: H
DATED: | ;f{? jl\
] /



Abstract

The purpose of this study was to investigate the metabolic effects of different
antipsychotic (atypical and conventional) drugs, and to elucidate the relationships
between psychiatric disorders and diabetes. The research was a prospective incidence
study of metabolic parameters (plasma glucose, insulin, lipids, and uric acid, together
with weight and blood pressure) in subjects with schizophrenia being treated with
antipsychotic monotherapy for at least 3 months. Demographic information and treatment
history were obtained together with laboratory and physical assessments from subjects
receiving psychiatric care in outpatient and inpatient programs of Alberta Hospital
Edmonton. Clozapine and olanzapine were associated with greater body weight, as well
as more adverse changes in insulin, glucose and lipid regulation than risperidone and
conventional antipsychotics. These differential liabilities may be significant in the
presence of pre-existing factors for diabetes mellitus. It is recommended that blood
pressure and weight should be routinely monitored, with fasting lipid profile and oral

glucose tolerance test also suggested, in at-risk subjects.
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Chapter 1

Rationale, Objectives and Hypothesis



1.1 Rationale for the study

Psychiatric disorders have been reported to be associated with a number of
physical disorders and an increased prevalence of metabolic abnormalities. Psychotropic
drugs used in the treatment of psychiatric disorders may also result in various metabolic
disturbances associated with impaired glucose and lipid metabolism, including diabetes
mellitus (DM). This area has not been systematically studied from the point of view of
either the literature or the effects of specific classes of psychotropic drugs.
1.2 Objectives

The purpose of this study was to systematically investigate the metabolic effects
of conventional (CAPs) and atypical (AAPs) antipsychotics on patients with
schizophrenia as well as to comprehensively and critically examine the literature on
psychotropic drugs and DM.
1.3  Research hypothesis

Increasing clinical experience with the AAPs has shown that the side effect
burden is different to that of the CAPs, with a decreased liability for neurological side
effects but an apparent increased liability for weight gain, impaired glucose tolerance
(IGT) and DM, as well as hyperlipidemia. It is postulated that because of their
neurotransmitter receptor profile, the AAPs differ in their propensity for inducing these
side effects, with clozapine and olanzapine being associated with a greater liability

compared to quetiapine, risperidone and ziprasidone.



1.4  Relevance and clinical significance

Patients with schizophrenia are at greater risk of cardiovascular morbidity and
mortality, as well as DM, than the general population. It is important to determine if these
mrisks are increased by the use of particular psychotropic drugs and which metabolic
parameters are most likely to be affected. This clearly has great importance in the
outcome of such disorders as schizophrenia where treatment is of potentially lifelong
duration. The results of the study may enhance the knowledge required to select
appropriate AAP therapy in individuals with schizophrenia and improve -clinical
monitoring of the baseline parameters that may change with longer-term antipsychotic

use.



Chapter 2

Review of the literature



2.1 Introduction

Diabetes mellitus (DM) is a heterogeneous set of metabolic disorders
characterized by hyperglycemia and a complex, multifactorial etiology leading to
defective insulin secretion, insulin action, or both. It is a common, chronic, potentially
incurable illness that is classified as a public health disorder by virtue of high disease
burden (Meltzer et al., 1998). There has been a six-fold increase in prevalence over the
last 35 years, with dietary and lifestyle changes associated with obesity and inactivity
postulated as predisposing factors (Harris et al., 1987). Approximately 7% of these cases
are classified as type 1 DM (formerly type I, IDD or insulin dependent diabetes) and the
remainder as type 2 DM (formerly type II, NIDD or non-insulin-dependent diabetes). For
every diagnosed case of type 2 DM, it is estimated that there is at least one undiagnosed
case (Meltzer et al., 1998). In addition to the low detection rate, previous diagnostic
criteria lacked sensitivity and correlated poorly with the diagnostic threshold determined
by the oral glucose tolerance test (OGTT). The current criteria encompass 3 categories;
impaired fasting glucose (IFG) defined by fasting plasma glucose (FPG) values of 6.1 -
7.0 mmol/L, impaired glucose tolerance (IGT) defined by OGTT values 7.8 — 11.0
mmol/L, and DM defined by OGTT values > 11.1 mmol/LL (Table 1). The category of
IFG was introduced to identify an intermediate stage of abnormal glucose homeostasis
associated with a higher risk for the development of DM and cardiovascular disease
(Meltzer et al., 1998). Type 2 DM not uncommonly goes undetected for many years
because the hyperglycemia develops gradually and ketoacidotic presentations are rare;

thus, the classical symptoms of DM may not be sufficiently severe to be noticed.



Nonetheless, such patients are at risk of developing the macrovascular and microvascular
complications associated with DM, and it has been reported that at least 50% of type 2
diabetics have established macrovascular disease (Groop, 1999). On average, a period of

6 years elapses before the diagnosis is made, by which time 20% of individuals have

retinopathy. (Stern, 1999).



Category

Fasting Plasma

PG 1 h after 75-g

PG2hafter75 g

Glucose (FPG) | glucose load; mmol/L | (OGTT) mmol/L
mmol/L
Impaired fasting 6.1-6.9 Not Applicable Not Applicable
glucose (IFG)
Impaired glucose <7.0 Not Applicable 7.8-11.0
tolerance (IGT)
Diabetes mellitus >7.0 Not Applicable >11.1
(DM)
Gestational diabetes | > 5.3 >10.6 >8.9

mellitus (GDM)

Table 1: Diagnostic criteria for diabetes mellitus




DM represents an enormous and growing health problem contributing to
significant rates of disability, morbidity and mortality for persons suffering from this
disorder (Schmidt and Stern, 2000). Life expectancy for patients with DM is on average 7
to 10 years shorter than for people without DM, and 67% will die through cardiovascular
disease. It is also the major cause of new cases of blindness and renal disease in adults
(Meltzer et al., 1998). Diabetics compared to non-diabetics are twice as likely to die of
coronary artery disease (in females this is further multiplied by a factor of two), four
times more likely to suffer from peripheral vascular disease, and twice as likely to have a
stroke (again in females this is further multiplied by a factor of two) (Ginsberg, 1999).
Diabetics are also at a greater risk of QT prolongation, which has recently been
associated with adult sudden death syndrome as well as with potentially fatal arrhythmias
such as Torsades des Pointes (Welch and Chue, 2000). Furthermore, since QT
prolongation is also associated with certain psychotropic drugs, these medications should
be used with particular caution in the diabetic population. The myocardial infarction (MI)
risk for a type 2 diabetic is equivalent to that of a non-diabetic with a positive history of
previous infarction. This illustrates the significant elevation of risk directly attributable to
DM. After a MI diabetic patients have a poorer outcome with a fourfold increase in risk
for the development of congestive cardiac failure and a greater likelihood of both repeat
infarction and arrthymia. Neurological impairment is particularly evident over the long
term with over 60% of diabetic patients developing neuropathy, which may include
mono- and polyneuropathies, as well as autonomic neuropathies including erectile
dysfunction, urinary incontinence, gastroparesis and nocturnal diarrhea (Schmidt and

Stern, 2000).



In summary, the increased medical morbidity of DM has significant implications
in terms of potentially increased side effects and complications associated with all aspects
of therapy, both psychiatric and physical.

2.2 Relationship between type 2 diabetes mellitus, obesity and insulin resistance

Insulin resistance (IR) (Syndrome X, Metabolic or Reaven’s Syndrome) refers to
an association of resistance to insulin-mediated glucose disposal together with a cluster of
cardiovascular risk factors consisting of obesity, hypertension, dyslipidemia, glucose
intolerance and type 2 DM (Reaven, 1988; Opara and Levine, 1997). In addition,
metabolic disturbances including coagulopathies, hyperuricemia and polycystic ovarian
syndrome (PCOS) have all been associated with IR. In type 2 DM the fundamental
metabolic disturbance may range from predominant IR with relative insulin deficiency, to
a predominantly insulin secretory defect with IR; 90% of type 2 diabetics are insulin
resistant (Bonora et al., 1999). Insulin levels are normal or elevated (fasting level >
15uU/ml). Defects leading to IR may occur at several levels: pre-receptor (abnormal
insulin), receptor (decreased receptor number or affinity), glucose transporter (decreased
GLUT4 molecules) or post-receptor (abnormal signal transduction or phosphorylation).
Insulin resistance is a common disorder influenced by such factors as increasing age,
smoking, physical inactivity, family history of DM and gestational DM, a variety of
drugs (both psychotropic and non-psychotropic) and obesity (Granberry and Froncesda,
1999). Most patients with type 2 DM are obese, and obesity itself causes some degree of
IR; insulin sensitivity declines by up to 40% when an individual is 40% over ideal body

weight (IBW) (DeFronzo and Ferannini, 1999).



Excess body fat in the upper body (android pattern) is a better predictor of IR than excess
fat in the lower body (gynecoid pattern).

Obesity may be evaluated by the body mass index (BMI - calculated as the ratio
of weight in kg divided by the height in m?) of > 27.3 for females and > 27.8 for males.
However even patients who are not obese according to BMI criteria may have an
increased percentage of intra-abdominal fat indicated by a waist circumference of > 80cm
for females and > 94cm for males or waist/hip ratios > 0.9 for females and > 1.0 for

males (Table 2).
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Disease Risk Relative to
Normal Weight and Waist Circumference

BMI (kg/m®) Obesity Men <100 cm (<40in) > 100 cm (> 40 in)
Class Women <9 em (<35in) >90cm (>35in)

Underweight <18.5

Normal 18.5-24.9 - -
Overweight 250-29.9 Increased High
Obesity 30.0~-349 I High Very High

350-399 I Very High Very High
Extreme >40 I Extremely High Extremely High
Overweight

Table 2: Classification of overweight and obesity by BMI, waist circumference and
associated disease risk




2.3  Relationship between diabetes, psychiatric disorders and psychotropic drugs
The relationship between DM and psychiatric disorders is complex and involves
interactions at the neurobiological level that affect the course, management and prognosis
of both (Nicoletti et al., 1996). In addition, there are specific effects of psychiatric
medications on glycemic control, risk of diabetes, potential weight gain, and development
of metabolic and endocrine syndromes such as IR, PCOS and dyslipidemia. While many
psychotropic medications affect blood glucose levels, the extent of these effects can be
highly significant clinically, with impact on both the psychiatric disorder and DM, and
although there have been previous reviews (Mirouze et al., 1971), this area has not been
recently and systematically evaluated. There also exist potential drug-drug interactions
between medications used to treat DM and psychotropic drugs, and these can be
exacerbated by higher rates of liver cirrhosis in diabetics. Understanding the relationship
between disturbances of glycemic control and psychiatric disorders has been confounded
by studies which have included heterogeneous patient populations, allowed multiple
concomitant medications, and employed non-standardized criteria for the diagnosis of
DM. A few studies have reported on the prevalence of psychiatric disorders in DM
(Bieder et al., 1972) and specifically depression (Goodnick et al., 1995). In a study of
outpatients attending a diabetic clinic, diabetic patients with psychiatric illness had
significantly more medical complications than those without and perceived their illness
as more disabling (Waring et al., 1978). These patients had significantly worse diabetic
symptoms and more frequent problems of diabetic control compared to non-psychiatric

patients.
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Other studies have demonstrated that symptoms such as decreased energy,
fatigue, irritability, anxiety and mood lability are common in diabetics (Surridge et al.,
1984). Nonetheless, despite this extensive overlap, there is a remarkable paucity of
literature, and this present review attempts to summarize the available data and to
recommend rational treatment strategies based upon the empirical evidence available.

2.4  Relationship between diabetes and depression

The overall prevalence of major depression in patients with DM is estimated to be
3 times that of the general population (25% vs. 7%), with a point prevalence of
approximately 1 in 5 and a lifetime prevalence of 1 in 3 (Gavard et al., 1993). Prevalence
rates of major depressive disorder diagnosed by structured diagnostic interview, in
diabetic populations, have been found to range from 8.5% to 27.3% in 4 controlled
studies, and from 11.0% to 19.9% in 5 uncontrolled studies (Gavard et al., 1993).
However, there remains a significant under-diagnosis of depression and a consequent
underutilization of antidepressants in patients with DM. In a study of 3445 Medicaid
clinic patients, only 2.6% were receiving antidepressant therapy for the treatment of
diagnosed depression (Sclar et al.,, 1999). Despite this, the treatment of depression in
diabetics has been shown to improve glycemic control independent of weight change or
improved compliance. Depressed patients demonstrate improved glucose tolerance,
enhanced insulin secretion and diminished insulin sensitivity on the OGTT and
frequently sampled intravenous glucose tolerance test (FSIVGTT) (Okamura et al.,
1999). These abnormalities resolved after recovery from depression independent of body

weight changes.
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The presence of depression has a negative impact on the management and
prognosis of DM. Depressed diabetics have an 8-fold greater relapse rate than the
depressed but physically healthy population (Lustman et al., 1988). Direct correlations
have also been shown between the severity of depression, diabetic symptoms and glucose
levels which are not merely attributable to the presence of chronic disease (Lustman et
al., 1986). The likelihood that there is a direct neurobiological relationship between DM
and depression is suggested by many studies in which depression has been directly linked
with glucose dysregulation (Lustman et al., 1986; 1988). The overall increase in
glycosylated hemoglobin (HbA,.) directly attributable to depression has been estimated
to be 1.8%. Studies have shown that hyperglycemia itself can result in changes in
hypothalamic-pituitary-adrenocortical — axis (HPA) activity and altered 5-
hydroxytrytamine (SHT) sensitivity in streptozotocin-induced (STZ) rats. These findings
have implications for a greater vulnerability of diabetics to stress and potential depression
(Lustman et al., 1983). Depression is also an independent risk factor for cardiovascular
disease. For example, the effect of both depression and DM is illustrated by a 10 year
follow up study of depressed vs. non-depressed diabetics which found a 3-fold greater
incidence of coronary artery disease (CAD) in depressed diabetics (Carney et al., 1994).

Depression is also associated with other factors that can affect diabetes such as
obesity and treatment non-compliance. Depressed diabetics comply 2-fold less with their
diabetic medications than non-depressed diabetics, and 52.4% of obese type 2 DM
patients with a history of depression compared to 22.2% without such a history did not

complete a weight control program (Marcus et al., 1992).
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2.4.1 Effects of antidepressants on diabetes

From both animal models and clinical data in man, there is clear evidence of very
different effects on glucose metabolism dependent upon class of antidepressant. Selective
serotonin reuptake (SSRI) antidepressants have been reported to produce a dose-
dependent decrease in PG of up to 20%, monoamine oxidase inhibitor (MAQI)
antidepressants produce decreases of 35%, while tricyclic (TCA) antidepressants increase
PG by up to 150% (Wilson and Furman, 1982). The specific effects of a wide range of
antidepressants are reviewed in detail.
2.4.2 Monoamine oxidase inhibitor antidepressants

The MAOI antidepressants comprise both nonhydrazines (tranylcypromine,
pargyline) and hydrazines (isocarboxazid, phenelzine, iproniazid, nialamide). Early
animal studies showed a preventive action of nialamide and tranylcypromine on
experimental diabetes in rats (Mordujovich et al., 1966; Buschiazzo et al., 1967). In man,
it was noted that the therapeutic effect of MAOIs was accompanied by a significant
decrease in PG or OGTT values (Van Praag and Leijinst, 1963, 1964, 1965a, 1965b;
Grabowska 1971; Leak and Dormandy, 1961; Cooper & Keddie, 1964; Wickstrom and
Petterson, 1964). Furthermore not only were these hypoglycemic effects less pronounced
in patients with refractory depressive symptoms, they tended to coincide with the onset of
hypotension generally during the third and fourth weeks of treatment and also persisted
for 2 to 3 weeks after discontinuation (Wickstrom and Petterson, 1964; Parodi, 1967).
Other studies suggested that the hydrazine MAOIs potentiated and prolonged insulin-

induced hypoglycemia more than nonhydrazine MAQIs (Cooper and Ashcroft, 1966;
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Kopin et al., 1965; Cooper & Keddie, 1964). This was therefore postulated to be related
primarily to the hydrazine structure and not to MAO inhibition (Bresler et al., 1968;
Aleyssanine and Lee, 1972; Aleyssanine and Gardiner, 1975; Ismahan et al., 1978;
Clissiounis, 1979; Potter et al., 1969). Intraperitoneal injection of tranylcypromine in
mice produced an elevation of insulin secretion followed by significant hypoglycemia
(Bressler et al., 1968). Tranylcypromine was found to be over 30 times more potent than
tolbutamide, and this effect was not observed with any of the other MAOIs tested.
Furthermore, the effect was blocked by pre-treatment with a B-adrenergic receptor
blocker, and augmented by pre-treatment with an o-adrenergic receptor blocker,
suggestive of a stimulatory effect on pancreatic insulin secretion possibly mediated by f3-
adrenergic receptor stimulation. This is supported by findings that f3-adrenergic receptor
agonists in man, such as isoproterenol, stimulate insulin secretion and [B-adrenergic
blockers inhibit this response (Porte,1967). Furthermore, epinephrine and norepinephrine
are potent inhibitors of insulin secretion in man, and this effect is mediated via an «-
adrenergic mechanism. In summary, it appears that the MAOIs potentiate hypoglycemia,
likely through effects on gluconeogenesis via combined «- and [-adrenergic
mechanisms. Whilst the non-hydrazine MAOIs possess some hypoglycemic effects
(Parodi, 1967; Van Praag and Leijnst, 1965b), these appear to be significantly less than
those of the hydrazine MAOIs. Hydrazines are converted through blockade of
acylcamnitine translocase to hydrazones that have less MAOI effect but greater
hypoglycemic action (Bressler and Johnson, 1992; Haeckel & Oellerich, 1979), and there

was some early interest in developing these compounds as oral hypoglycemics. Similarly,
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whilst it was suggested that MAOIs could be used successfully in the treatment of
depressed diabetic patients, particularly those refractory to sulfonylureas or insulin
(Wickstrom and Petterson et al., 1964), the concomitant use of an MAOI with diabetic
therapy is generally not recommended because of the potential risk of hypoglycemia
(Cooper, 1966). In addition, MAQIs are not only associated with weight gain (Rabkin et
al., 1984), but the necessity of rigid adherence to a tyramine-free diet may impact
negatively on diabetic and weight reducing diets as well as being difficult to follow for
patients with significant depression. Other potential risks include the fact that seizures
have been reported in a diabetic patient on MAOIs (Albareda et al., 1999). There are no
data concerning reversible inhibitors of MAO A (RIMAs) such as moclobemide in terms
of effects on glycemic control. Unlike irreversible MAOIs, moclobemide is not
associated with weight gain and does not require a special diet. In summary, MAOIs have
been used in the treatment of depression in DM but clinical use is limited by the dietary
requirements, weight gain and potential hypoglycemia. As a consequence irreversible
MAOIs are probably not recommended as first line agents although a RIMA may be a
reasonable alternative choice given the lack of any demonstrable deleterious effects.
2.4.3 Tricyclic antidepressants

TCAs, particularly secondary amines, possess activity in terms of noradrenergic
reuptake inhibition. It has been suggested that TCAs may produce hyperglycemia by
potentiating the actions of catecholamines. Although TCAs have been associated with
hypoglycemia when used alone or in conjunction with sulfonylureas (Sherman and

Borneman, 1988; True et al., 1987), their hyperglycemic actions are
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suggested by several lines of evidence. Early animal studies demonstrated that adrenaline
and noradrenaline in rabbit pancreas completely inhibited glucose-mediated insulin
release (Aleyassine and Lee, 1972). Adrenaline’s effects on insulin secretion in rats are
mediated via o-and B-adrenergic receptors in pancreatic islets, with a-stimulation being
inhibitory and B- adrenergic stimulation resulting in a rise in cAMP concentrations in
vitro and an increase in insulin secretion in vivo (Turtle and Kipnis, 1967; Turtle et al.,
1967; Sussman and Vaughan, 1967).

Results from human studies of the effects of TCAs show considerable variation,
with short-term studies indicating hypoglycemic effects, whilst data from longer-term
administration suggest hyperglycemic effects. In a study comparing the effect of
imipramine versus placebo in 3 diabetics (2 of whom were depressed), PG levels fell
significantly during imipramine treatment and increased during the placebo period, with a
general increase in hyperglycemia over the study period (Kaplan et al., 1960). An
additional 2 patients showed an improvement in glycosuria over several days on
impramine. Similarly profound hypoglycemia was observed with the acute addition of a
TCA to maintenance sulfonylurea therapy (True et al., 1987). In this study doxepin with
tolazamide, and nortriptyline with chlorpropamide, over 7 —11, days produced reductions
in PG of greater than 50%. However, effective pharmacotherapy for the treatment of
depression usually involves longer-term administration and negative effects on glycemic
control are seen with longer-term treatment. Eight weeks of clomipramine treatment was

found to lead to hyperglycemia with an increase in PG from 120mg/dL to 300-400mg/dL
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(Katz et al., 1991). Thus, while TCAs have been shown to cause hyperglycemia
laboratory and short-term clinical studies, their effects on glycemic control in depressed
and non-depressed diabetics appear to be different. In a randomized, double-blind,
placebo controlled trial of 68 diabetics with poor glycemic control, 28 of whom had
DSM-IIIR depression, nortriptyline at therapeutic levels (50-150 ng/ml) was compared to
placebo over 8 weeks (Lustman et al., 1988). Path analysis showed that the direct effect
of the TCA was to worsen glycemic control, but improvement in depression had an
independent positive effect on HbA;c. . The findings were not related to weight change or
improved compliance.

Studies in rats have shown differential metabolism of amitriptyline in hepatocytes
from STZ-induced diabetic rats compared to non-diabetic rats (Coudore et al., 1997).
Amitriptyline was less completely metabolized, with greater glucuronidation of
metabolites, especially for Z-hydroxynortriptyline in the diabetic animals. Although these
effects have not been explored in man, there may be a potential effect in diabetics if
similar mechanisms operate, leading to a reduced conversion of amitriptyline (tertiary
amine) to nortriptyline (secondary amine). Nortriptyline possesses more norepinephrine
reuptake activity and less o;- and o~ adrenergic antagonism and this could conceivably
have a greater adverse effect on glycemic control. Imipramine metabolism has been
studied in both type 1 (STZ-induced insulin-deficient) and type 2 (genetically insulin-
resistant) DM in mice (Rouer et al.,, 1987). In both types of DM, the formation of

imipramine N-oxide is increased, but in type 1 DM, the formation of desmethyl- and 2-
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hydroxyimipramine is additionally increased through the activity of flavin
monooxygenase. Again, this has implications for the metabolism of imipramine in human
diabetic subjects.

The hypothesis that depressed diabetic patients possess resistance to TCAs has
been investigated in animal studies, but the underlying mechanisms are complex and
remain unclear. Using the learned helplessness model in STZ-induced diabetic rats, it has
been shown that clomipramine or imipramine prevented escape deficits in non-diabetic,
but not diabetic, rats (Massol et al., 1989). However, operant escape responding was
made possible in the diabetic rats by either increasing the duration of antidepressant
therapy, insulin therapy for 1 week or supplementation of antidepressant therapy with
triidothyronine (T3). Clenbuterol, a central B-adrenergic agonist, also prevented escape
deficits in non-diabetic rats, but not diabetic, rats and showed reversal only with insulin
therapy. It was hypothesized by the authors that thyroid-mediated alterations of central
noradrenergic function might be a critical factor in the resistance to antidepressants in
experimental diabetes. The possibility of a central f-adrenergic mechanism was further
explored in 2 psychopharmacological tests; namely the reversal of apomorphine-induced
hypothermia, and hypoactivity induced by clenbuterol (Massol, et al., 1989). At day 15
after STZ or vehicle treatment, imipramine antagonized the apomorphine-induced
hypothermia in diabetic and non-diabetic mice while clenbuterol produced hypoactivity
in both groups. At days 30 and 45, the ability of the three TCAs studied, to reverse

apomorphine-induced hypothermia diappeared at the same time that clenbuterol lost its
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ability to induce hypomobility in the diabetic mice; these impaired responses were
reversed by insulin treatment. The authors suggested that a central p-adrenergic
desensitization similar to that seen peripherally may be occurring in DM. The possibility
that a thyroid hormone deficiency may be involved was also tested. Decreased T; plasma
levels were found in diabetic mice at the same time as impaired pharmacological
responses, and T3 supplementation restored these responses. It has also been suggested
that a central GABAergic dysfunction may play a role in antidepressant resistance since a
specific and marked decrease in GABA-B receptor density was observed (with no change
in GABA-A receptor density) in the cortex of STZ-diabetic rats (Martin et al., 1988). It
does not appear that a serotonergic dysfunction is involved in antidepressant resistance
since no differences were found in the ability of 3 SSRIs to reverse performance deficits
in the learned-helplessness paradigm between STZ-diabetic and non-diabetic rats (Massol
et al., 1989). In summary, these findings appear to suggest the possibility of a central
noradrenergic mechanism that may account for an impaired response to TCAs in
depressed diabetic patients.

The TCAs are associated with weight gain, and specifically carbohydrate craving,
which impacts negatively on adherence to a controlled caloric diet (Paykel et al., 1973;
Nakra et al., 1977; Harris et al., 1984; Berken et al., 1984; Fernstrom et al., 1987; Stein et
al., 1985). Carbohydrate or sweet cravings have been reported to increase by 34 to 200%
with TCAs in studies in non-diabetic populations (Fernstrom et al., 1987; Stein et al.,

1985; Paykel et al., 1973), and it has been shown that in normal controls weight gain
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associated with amitriptyline was not related to changes in OGTT but to increased
appetite (Nakra et al, 1977). Amitriptyline and fluphenazine have been used to
successfully treat diabetic cachexia (Gade et al., 1980). TCAs are also associated with
impaired concentration and memory through antimuscarinic side effects and sedation.
This may be particularly significant in further compromising cognitive function in elderly
diabetics as well as having implications for a diabetic to follow a diet and adhere to a
complex medication regimen. Additive negative effects on cognition may also increase
the risk of accidental toxicity, which is particularly significant in the case of the TCAs
given their narrow therapeutic range. Furthermore, medical complications of DM such as
cardiovascular disease, autonomic dysfunction, impotence and retinopathy may all be
adversely affected by TCAs and can be further exacerbated by concomitant medications
(Rubinow, 1982). TCAs are considerably more cardiotoxic than SSRIs, with the relative
risk of myocardial infarction being 2.2 in patients on TCAs and 0.8 in patients on SSRIs
compared with subjects not receiving any antidepressants (Cohen et al., 2000). In view of
the cardiovascular complications that occur with DM, there is thus the theoretical risk of
a significant increase in the potential for myocardial infarction and arrthymias to occur
with the use of TCAs in diabetic patients.

TCAs may be more effective than other classes of antidepressants in treating
diabetic neuropathic pain syndromes, but the role of psychotropic drugs in the
management of diabetic neuropathy is beyond the scope of this article. Of note, pain has

been shown to be a common presenting symptom of depression in diabetics and it has
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been suggested that painful diabetic neuropathy may represent a depressive equivalent. In
one study, 59 patients referred primarily for painful neuropathy of the lower limbs, were
all found to be significantly depressed on psychiatric assessment. Subsequent double
blind treatment with imipramine or amitriptyline resulted in complete resolution of pain
symptoms and relief of depression (Turkington, 1980).

2.4.4 Selective serotonin re-uptake inhibitor antidepressants

The SSRIs, notably fluoxetine, are associated with hypoglycemia in both case
reports and clinical studies (Deeg and Lipkin, 1996; Fernandez et al., 1996; Lear and
Burden, 1992). Thus, SSRIs may offer particular advantages, together with a more
favorable side effect profile, for the treatment of depression in patients with DM given
the potential positive effects on glycemic control (Zumoff, 1979).

In studies investigating the effects of serotonin on plasma glucose in vivo, pre-
treatment with a serotonin precursor, S-hydroxytrytophan (5-HTP), significantly
decreased the effect of sulfonylurea stimulated insulin release in normal mice and in the
presence of nialamide, whilst 5S-HTP alone significantly reduced both PG and plaéma
insulin (Lundquist et al.,1971). Similarly pre-incubation of rabbit pancreas with 5-HTP
in-vitro increased P-cell serotonin content and blocked glucose-stimulated insulin
secretion, suggestive of serotonin’s action in reducing PG independent of insulin
secretion (Feldman, 1975). The hypoglycemic response induced by 5-HTP in the
presence of nialamide was not associated with an elevation in plasma insulin, and was
prevented by cyproheptadine, a serotonin antagonist (Furman, 1974). High dose 5-HTP

produced hypoglycemia in fasted mice but only in those where significant elevation in
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plasma insulin levels was possible (Furman, 1980). These findings suggest the
importance of a direct effect of serotonin on glucose metabolism.

In terms of clinical studies, sertraline at a dose of 50 mg/day in a 10-week open
study of 28 type 2 DM patients with DSM-IIIR major depression produced a significant
improvement in depression rating scores, together with a fall in platelet 5-HT content
(baseline concentrations correlated with clinical response), a reduction of HbA, levels,
and improved dietary compliance (Goodnick et al., 1997). Similarly, in 60 patients with
DM (26 with type 1, 34 with type 2) and major depression in a 8 week randomized
placebo-controlled double-blind trial, who were treated with fluoxetine up to 40mg/day,
significantly greater improvement in depression was seen in patients treated with
fluoxetine compared to those receiving placebo, and a greater reduction in HbA ;- was
observed in the fluoxetine group (Lustman et al., 1998). Both of these studies
demonstrate that successful treatment of depression with SSRIs can also improve
glycemic control.

Weight reduction is essential in the management of most type 2 diabetics, but this
therapeutic goal is frequently difficult to obtain. The effects of SSRIs on short and
longer-term diabetic management in non-depressed patients has been examined in the
following studies. In a double-blind parallel study, 82 moderately obese (BMI = 30-39
kg/m?) non-depressed type 2 diabetic patients were given either placebo or fluoxetine
60mg daily, in addition to their usual anti-diabetic treatment, for 8 weeks (Daubresse et
al., 1996). At baseline, both groups had similar weight excess, metabolic control and

serum lipid values. In comparison with placebo, the fluoxetine-treated patients lost more
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weight and had lower FPG at 3 and 8 weeks. HbA,. decreased from 8.5% to 7.7% and
mean triglyceride (TG) levels were also reduced in the fluoxetine group after 8 weeks.
Fasting C-peptide did not change in either group, but PPI decreased and the insulin/C-
peptide molar ratio decreased significantly in the fluoxetine group after 3 and 8 weeks. It
was concluded that the addition of fluoxetine to oral hypoglycemics might be beneficial
in obese non-depressed type 2 diabetics, at least on a short-term basis. In a 12-month
double-blind trial in 19 obese non-depressed type 2 patients, fluoxetine 60 mg daily
compared to placebo produced a significant fall in median body weight after 3 months
(3.8 kg), 6 months (6.5 kg), 9 months (7.1 kg) and at 1 year (5.8 kg) (O’Kane et al.,
1994). Median FPG and HbA. levels fell significantly after 3 months (1.9 mmol/L and
1.7%, respectively) and 6 months (1.8 mmol/LL and 1.7%) but neither showed a
significant difference from placebo after 9 or 12 months. There were no significant
changes in TCHOL levels in the year, but patients on fluoxetine showed a significant fall
in TGs (0.5 mmol/L) after 3 months therapy but not thereafter. Compared to placebo
there was a significant fall in median energy intake on fluoxetine after 3 months (257
kcal day-1) and 6 months (199 kcal day-1), but this difference was not significant at 9 or
12 months. There was also a significant fall in carbohydrate intake after 3 months (30 g
/day) and 6 months (23 g/day) on fluoxetine.

Fluoxetine was further investigated in obese non-depressed type 2 diabetics in
which 48 male and female subjects were randomized to receive either fluoxetine 60 mg
or placebo once-daily in a double-blind fashion for 24 weeks together with dietary

instruction (Gray et al., 1992). Subjects treated with fluoxetine achieved a maximum 8 kg
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greater weight loss on average than the placebo-treated subjects. At the end of active
treatment, fluoxetine-treated subjects had significantly lower HbA;. levels than the
placebo-treated group (9.72 vs. 10.76%). In addition, fluoxetine-treated subjects showed
a greater decrease in total daily insulin dose than placebo-treated subjects (44.5 vs.
20.1%). Insulin resistance contributes to the metabolic defects in type 2 diabetes and
anorectic agents such as fluoxetine have been shown to improve insulin action in type 2
DM, irrespective of weight reduction. In a double-blind placebo-controlled crossover
study, hepatic and peripheral insulin action was monitored by the sequential
hyperinsulinemic euglycemic clamp technique with infusion of 3-*H-glucose in 8 obese
type 2 diabetics and in 8 obese non-diabetics, matched for age, sex and BMI (Potter at al.,
1992). Body weight was kept constant. After 14 days of fluoxetine, 60 mg daily, in
diabetics half-maximal peripheral glucose uptake was achieved at a lower insulin level
than after placebo (EDspgu 180.5 + 25.8 vs 225.3 = 39.9 mU/, P < 0.05), but not in
non-diabetics (140 £ 15.3 vs 135.3 £ 22.2 mU/], n.s.); maximal peripheral glucose uptake
(Vmaxpgu) did not change significantly. Basal hepatic glucose production was reduced
after fluoxetine in diabetics (9.45 vs 10.37 pmol/kg/min), and in non-diabetics (8.57 vs
9.16 umol/kg/min), although the difference was only significant in non-diabetics (p <
0.05). Multivariate analysis did not show any differences in the effect of fluoxetine
between diabetics and non-diabetics. When non-diabetics and diabetics were considered
together, only the most insulin-resistant individuals demonstrated a decrease in EDspgu.

Similarly, only the individuals with the greatest hepatic IR demonstrated a
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decrease in insulin level at which hepatic glucose production is completely suppressed.
To further study the effect of fluoxetine specifically on insulin sensitivity
independent of its action on body weight, a randomized, double-blind, placebo-controlled
trial utilizing measurement of insulin-mediated glucose disposal by the 2-step euglycemic
hyperinsulinemic clamp technique was carried out in 12 obese type 2 patients, before and
after 4 weeks of treatment with either placebo or fluoxetine (60 mg/day) (Maheux et al.,
1997). Compared to placebo, fluoxetine increased glucose disposal by 2.4-fold, insulin
sensitivity index by 2.7-fold and glucose metabolic clearance rate by 2.9-fold, suggestive
of improvement in insulin-mediated glucose disposal in these patients independent of
weight (which remained stable with no change in dietary intake). To study fluoxetine’s
long-term metabolic effects, 40 obese patients with either type 2 DM or IGT, were
included in a 12-month, randomized, placebo-controlled study. Patients were assigned to
receive either 60 mg fluoxetine or placebo daily in conjunction with a 5.0-MJ/day diet (>
50% carbohydrate) (Breum et al., 1995). Both groups showed a significant weight loss,
with a nadir after 6 months (without group differences). Fifteen patients from the
fluoxetine group and 14 from the placebo group completed the 12-month study without
weight loss differences. Glycemic regulation improved along with the weight loss, but
with a larger decline in plasma C-peptide and FPG in the fluoxetine group. Total skeletal
muscle glycogen synthase (GS) activity increased by 31% in the fluoxetine group and by
17% in the placebo group after 6 months of treatment, but was still less than the activity

in normal weight controls. After adjustment for FPG, insulin, weight loss, and diabetic
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state, a positive effect of fluoxetine on the total GS activity remained (accounting for
27% of the variation). The waist to hip ratio was reduced in placebo subjects as compared
with fluoxetine subjects. Fat-free mass showed a trend for greater reduction in the
fluoxetine group as compared with placebo subjects. Overall, the results of this study
suggest that fluoxetine improved insulin sensitivity beyond the effect mediated through
weight loss, possibly by an effect on GS activity in skeletal muscle tissue. In all these
studies, high dose fluoxetine led to improvements in weight and HbA ¢ levels in the long
term in non-depressed diabetic patients.

Treatment of the elderly diabetic population is complicated by age-related
changes in pharmacodynamics and pharmacokinetics of drugs as well as through an
increased prevalence of physical co-morbidity and use of concomitant medications,
leading to greater susceptibility to adverse effects. Fluoxetine (60mg/day), was compared
to placebo in obese, non-depressed type 2 diabetic patients over 60 years of age in a
randomized, double-blind, parallel study in order to establish the safety and efficacy of
fluoxetine in this population (Connolly et al., 1995). Subjects were diet controlled with an
HbA . < 14% (reference range 6-9%) and BMI > 29 kg/m*. Improved glycemic control
was demonstrated in the fluoxetine group compared with placebo, with initial HbA,,
levels of 8.0% vs 8.7% (NS) falling at 4 months by 0.9% and at 6 months by 0.9%,
although no sustained improvement in FPG was demonstrated. Those taking fluoxetine
also had a median weight loss of 2.6 kg at 3 months and 3.9 kg at 6 months, compared
with weight loss in the placebo group of 0.1 kg and 0.0 kg at 3 and 6 months,

respectively.
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The effects of SSRIs on weight are not clear. In general, acute treatment studies
with SSRIs in depressed, but non-diabetic, patients are associated with weight loss.
Despite the commonality of effect on 5-HT uptake, the structural heterogeneity of the
SSRI class implies pharmacokinetic and pharmacodynamic differences. A double blind
study over 6 months found intra-class differences in weight gain with paroxetine showing
a greater increase than sertraline or fluoxetine (Fava, 2000). The exact mechanism
underpinning the role of 5-HT in weight control remains to be established, but it does
appear to regulate the dietary intake of carbohydrate versus protein such that an increase
in 5-HT in the medial hypothalamus results in decreased carbohydrate intake (Tecott et
al., 1995). Interestingly, there is a case report on the effective treatment of bulimia with
fluoxetine in a patient with type 1 DM (Ramirez et al., 1990). In general, weight gain
with SSRIs is less than with TCAs, and a recent study comparing weight gain with
amitriptyline and nortriptyline to paroxetine found that weight gain was greater with the
TCAs and appeared to involve activation of the tumour necrosis factor-a system (TNF-o)
and not changes in leptin (Hinze-Selch et al., 2000).

From the evidence to date it can be seen that SSRIs can help both mood and
diabetic control in depressed diabetics and may even benefit non-depressed diabetic
patients. In general, SSRIs are well tolerated with few serious adverse effects.
Nonetheless, SSRIs can be associated with effects on hepatic cytochrome P450 (CYP)
isoenzyme systems through direct enzyme inhibition in a dose-dependent fashion. This

may potentially lead to interactions with concomitant medications prescribed in the
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treatment of DM. Hypoglycemia postulated to be related to the inhibition of CYP
enzymes, has been reported in a patient with schizoaffective disorder with type 2 diabetes
treated with sertraline, risperidone and glyburide (Takhar et al., 1999). Glycemic control
normalised within 10 days of discontinuing the sertraline. Sexual dysfunction is
associated with serious medical illnesses such as DM, psychiatric disorders (particularly
depression) and the use of psychotropic drugs. Of the antidepressants, SSRIs are reported
to produce 1.6 times more sexual dysfunction than TCAs, and this may be a particularly
troublesome adverse effect in the diabetic population, who already have higher rates of
sexual dysfunction due to chronic disease and impaired cardiovascular and autonomic
function. Rare adverse effects associated with SSRIs in diabetic patients have been
described in pediatric populations. Growth failure following the use of high dose
fluoxetine in a pediatric patient with type 1 DM has been reported (Frank and Navron,
1999) as has a loss of hypoglycemia awareness in an adolescent with type 1 DM on
fluoxetine (Sawka et al., 2000).
2.4.5 Trazodone and nefazodone

There are limited data concerning the effects of trazodone and nefazodone in
diabetic patients. Nefazodone’s actions include blockade of 5-HT, and 5-HT, receptors as
well as weaker blockade of a;- and o,-adrenoreceptors. For nefazodone, there are reports
of rare induction of both hyperglycemia and hypoglycemia (CPS Product Monograph).
The role of the common metabolite of nefazodone and trazodone, m-
chlorophenylpiperazine (mCPP) may be relevant in these contradictory effects. One case

report describes a 54-year old female with type 1 DM whose insulin requirements fell
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markedly with the use of nefazodone to treat a major depressive episode (Warnock and
Biggs, 1997). Dietary compliance, exercise and weight control all showed improvement.
Nefazodone, like the SSRIs, tends not to cause the same degree of weight gain or
carbohydrate craving commonly associated with the TCAs; weight gain has been
reported to be less than with the SSRIs. While nefazodone may well be a reasonable
alternative to the SSRlIs, it is a potent CYP 3A4 inhibitor and this may result in drug-drug
interactions with concomitant medications which are metabolized by this route and
prescribed in diabetic patients. Recent reports of its hepatoxicity may further limit its use.

Trazodone posesses a similar profile to nefazodone but is a more potent blocker
of 5-HT, and o;-adrenoreceptors. Trazodone has also been used in the treatment of
diabetic neuropathy. In addition, it is commonly used as an adjunct in the treatment of
side effects such as insomnia and sexual dysfunction associated with other
antidepressants. There are no reports of glycemic dysregulation with trazodone in
diabetic populations, and it would appear that it can be used safely in these patients.
2.4.6 Venlafaxine

Venlafaxine, a serotonin and norepinephrine reuptake inhibitor (SNRI)
structurally similar to B-phenylethylamine, is associated with activation and weight loss.
There are rare reports of both hyperglycemia and hypoglycemia (CPS Product
Monograph). While venlafaxine may well be a reasonable alternative to the SSRIs,
particularly given its weight loss properties, dose-dependent hypertension and increased

serum cholesterol, are reported and appropriate monitoring is recommended.
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2.4.7 Mirtazapine, Mianserin, Maprotiline

Mirtazapine, a norepinephrine and selective serotonin antidepressant (NaSSA), is
a tetracyclic related structurally to mianserin. Its principal mode of action is the blockade
of op-autoreceptors and oy-heteroreceptors as well as some 5-HT, and Hj-receptor
antagonism. Mianserin possesses greater o; antagonism than mirtazapine, and while both
mirtazapine and mianserin are associated with greater weight gain than SSRIs, there have
been no reports concerning disturbance of glycemic control with mirtazapine. Mianserin
has beeen associated in one case report with blood glucose dysregulation (Wolter-
Henseler, 1996). Maprotiline, another tetracyclic compound with primarily norepinephric
reuptake activity, has been reported to cause hypo- and hyperglycemia (CPS Product
Monograph). There are two case reports of hypoglycemia in diabetic patients (Isotani and
Kameoka, 1999; Zogno et al., 1994). In view of these variable effects, at this time the
heterocyclic antidepressants remain second line agents to the SSRIs for use in diabetic
patients.
2.4.8 Bupropion

Bupropion, an aminoketone, is a selective, but weak, dopamine reuptake inhibitor
(SDRI), further metabolised to hydroxybupropion, an active metabolite which is in itself
a weak noradrenergic reuptake inhibitor (although concentrated some twentyfold in the
plasma compared to the parent drug). There are reports of hypoglycemia, hyperglycemia
and glycosuria, consistent with the actions of both the parent and metabolite on dopamine
and noradrenaline (CPS Product Monograph). Bupropion is structurally related to an

anorectic agent, diethylpropion, and is therefore associated with weight loss as well as
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psychomotor stimulation. It can precipitate seizures in a dose-dependent fashion, and the
seizure threshold is lower in diabetics taking oral hypoglycemics. Consequently, dosing
should be carefully supervised in this population. A 10 week study comparing bupropion
to placebo in diabetic men with sexual dysfunction showed a trend towards improved
sexual function without adverse effects on diabetic control (Rowland et al., 1997). Thus,
the possible role of bupropion in the treatment of diabetic patients who are also depressed
remains uncertain.
2.49 Amoxapine

Amoxapine, although a noradrenergic reuptake inhibiting TCA, shares a structural
similarity with the antipsychotic loxapine, as well as being a weak dopamine antagonist.
Amoxapine and loxapine have been related to hyperglycemia, possibly through the action
of a common active metabolite, 7- hydroxyamoxapine (Tollefson and Lesar, 1983). Thus,
amoxapine cannot be recommended for use in diabetic patients.
2.5  Relationship between diabetes and anxiety

Anxiety symptoms are common in diabetics (Surridge et al., 1984) and have been
related to fluctuations in glucose levels. The presence of an anxiety disorder is associated
with poorer glucose control and increased reports of diabetic symptoms (Lustman, 1988).
2.5.1 Effect of anxiolytic and hypnotic drugs on diabetes

A variety of compounds of both structural and functional diversity have been used
clinically as anxiolytics (and to a certain extent as hypnotics). These include

benzodiazepines and buspirone, and less commonly antihistamines, barbiturates and
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carbamic acid derivatives. There are few data concerning the effect of these compounds
on glycemic control. Phenobarbital and meprobamate have been shown to be essentially
inactive (Sternbach et al.,, 1964; Von Optiz, 1962) and there is one case report of
hyperglycemia with diphenhydramine.
2.5.2 Benzodiazepines

In studies in rats, chlordiazepoxide produced significant, though temporary,
increases in PG (correlated with dose and degree of sedation) and diazepam produced
slight increases (Rutishauser et al., 1963: Sternbach et al., 1964). One case is reported of
an insulin-dependent woman who experienced significant hyperglycemia with
chordiazepoxide, but other diabetic patients were unaffected (Zumoff & Hellman, 1977).
A double-blind, placebo-controlled study with alprazolam (up to 2 mg/day) in 58 patients
with poor glycemic control, 16 of whom had symptomatic generalised anxiety disorder,
found a statistically significant reduction in HbA . with alprazolam compared to placebo
(-1.1 vs 0.3%, P = 0.04). There was no correlation with a reduction in anxiety rating scale
scores or improved compliance, thus, it was concluded that this was an intrinsic effect of
the drug (Lustman et al, 1995). In view of the large number of clinical situations in
which diabetic patients have received benzodiazepines, and yet the paucity of any reports,
it is probably safe to conclude that benzodiazepines do not have significant effects on
glycemic control.
2.5.3 Buspirone

5-HT A receptor agonists such as 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-

DPAT) and buspirone produce an increase in plasma glucose levels and a decrease in
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plasma insulin levels (Chaouloff et al., 1990a; Chaouloff et al., 1990b). This effect is
suggested to be due to sympathoadrenal activation and is blocked by hexamethonium and
idazoxan (o;-antagonist); the decrease in insulin may be mediated via activation of o,-
adrenergic receptors on pancreatic B-cells through adrenaline secretion (Chaouloff et al.,
1987; Chaouloff et al., 1990d). Consistent with this, others have shown that 8-OH-DPAT
in rats produced a statistically significant decrease in plasma insulin levels, an increase in
glucose (antagonized by pre-treatment with the 5-HT; agonist, pindolol,), and no change
in glucagon levels (Uvnas-Moberg et al., 1996). The only effect observed after buspirone
treatment was a small increase in plasma glucose levels, and it has been suggested that
the mechanism may involve oxytocin via vagal stimulation, resulting in lowered plasma
insulin levels. In rats buspirone inhibits tolbutamide-induced hypoglycemia, an effect
likely mediated through 5-HT;A receptors and involving adrenaline, not insulin, release
(Sugimoto et al., 1995).

Other studies have presented contrasting data which suggest agonism of 5-HT 4
receptors causes hypoglycemia (Baudrie and Chaouloff, 1991), but buspirone also
possesses antagonistic and agonistic activity at the D, receptor and its active metabolite 1-
(2-pyrimidinyl)-piperazine (PMP) is a non-selective 5-HT; agonist, 5-HT, antagonist and
op-antagonist. As a consequence, the expected hyperglycemic effect of buspirone may be
modified by these additional influences. Despite the findings in animal studies, clinical
studies have not found marked effects of buspirone on glucose levels in man. No
differences were found in PG between male subjects on either placebo or buspirone after

exercise (Marvin et al., 1997). To summarize these complex data, pure 5-HT 4 receptor
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agonism appears to result in elevation of PG. However most psychotropic drugs acting at
5-HT;a receptors are partial agonists (buspirone, pindolol, ziprasidone), and have
multiple actions at other receptor sites that may mitigate potential hyperglycemic effects.
Because of these actions it is probably safe to use buspirone in the treatment of anxiety in
diabetic patients.
2.5.4 Beta-blockers

Pancreatic islets contain op-and Pa-adrenergic receptors, and ay-receptor
stimulation inhibits insulin release in contrast to stimulation of B-receptor (and vagal
muscarinic receptors) that enhances insulin release (Ferner, 1992; Chan and Cockram
1991). However, changes in glucose tolerance resulting from pancreatic effects are offset
by effects on hepatic glucose production, which is increased by f,-stimulation and
decreased by o,-stimulation while glucose synthesis is reduced by P,-stimulation and
increased by op-stimulation. The overall result of stimulation or inhibition of these
adrenergic receptors can be either hyperglycaemia or hypoglycaemia. Thus, while p-
blockers might be expected to reduce glucose tolerance by inhibiting insulin release, this
effect is not clearly demonstrated in diabetic patients (Ferner, 1992). Drug dose, B; versus
B selectivity and duration of treatment may be relevant since hyperglycemic effects are
not observed with long-term administration. Slightly higher rates of IGTT in B-blocker-
treated patients have been noted (Houston, 1986), with one case report of hyperosmolar
coma (Podolsky, 1973), but severe hyperglycemia has been described only with B-

blockers in combination with diuretics and other hypertensives (Mammarella et al.,

1988).
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However, [}-blockers decrease hypoglycemic awareness, delay recovery from
hypoglycemia and mask the symptoms of acute hypoglycemia in diabetics (Chan et al.,
1996).
2.5.5 Hypnotics

There are, to my knowledge, no published data on chloral hydrate, ethchlorvynol,
hydroxyzine, zopiclone or zaleplon with respect to disturbances of glycemic control.
2.6  Relationship between bipolar disorder and diabetes

In reviewing the relationship between bipolar disorder and DM, limitations need
to be recognized. The first is that despite the fact that both disorders are common, there is
relatively little research into any possible relationships between the two. The second is
that the data (similar to the situation with major depressive disorder and schizophrenia),
are confounded by the retrospective nature of most of the studies, with the diagnostic
criteria for bipolar disorder changing considerably over time making inter-study
comparisons problematic; in addition, the methodology for diagnosing DM has also
changed. Nonetheless, there is some suggestive information both about the possible
increased risk of DM and about the possible effects of medications used in bipolar
disorder (Lustman et al., 1986). There are two major studies both of which examine
retrospective data, but which suggest that there is significantly increased risk of bipolar
patients also having DM. The first found that 20 patients (9.8%) of 203 with DSM-II
bipolar disorder also had a diagnosis of DM (Lilliker, 1980); the author also estimated the
incidence of diabetes as 1.8% in the general population based upon age-corrected

National Health Survey data. In 13 of these patients, DM was diagnosed after the bipolar
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disorder. Interestingly, the author stated that most of these patients had not been treated
with lithium (although the exact percentage is not clarified), but patients did receive
antipsychotics (APs), which may have increased their risk. A second, larger, study
examined 345 DSM-III bipolar patients who were hospitalized with a diagnosis of manic
or mixed type (Cassidy et al., 1999). The authors found that 9.9% of these patients also
had a co-morbid diagnosis of DM at the time of admission, however, medication usage is
not reported 1n this population. They compared this to age- and sex-matched mean US
rates of 3.5% found in other epidemiological research (Harris et al, 1987). It should be
noted that in contrast to these reports, a study to determine the effects of lithium in 460
bipolar patients found only 1 patient with glucosuria at baseline (Vestergaard and Schou,
1987). However, other factors may have influenced the data, co-morbidity was not
specifically examined, patients with DM may have been excluded from receiving lithium,
and lithium has an insulinomimetic effect. In terms of possible mechanisms by which this
co-morbidity could occur, several possibilities are suggested (Cassidy et al., 1999). These
include overlapping genetic causes, possibly linked to the tyrosine hydroxylase-INS-
insulin-like growth factor II gene cluster on the short arm of chromosome 11 (Todd et al,
1989; Faas et al, 1994), small intraparenchymal cerebrovascular disease and focal
infarction in DM that may cause intra-cranial lesions leading to bipolar disorder (Aronson
and Aronson, 1973; Dupont et al, 1990), increased glucorticoid release during mania,
increasing the risk of DM either through increased glucocorticoid secretion or via joint
disturbances of the hypothalamic pituitary adrenal (HPA) axis (National Diabetes Data

Group, 1979; Carroll, 1979; Cookson et al, 1985), or finally that both diseases may affect
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similar regions of the brain. In addition to these hypotheses, it has also been suggested
that common alterations in fatty-acid and phospholipid metabolism may underlie both
disorders (Horrobin and Bennett, 1999). Another possibility to account for the increase in
co-morbidity is that the medications used in the treatment of bipolar disorder increase the
risk of diabetes, either directly or indirectly, for example through weight gain. However,
from the evidence to date it is not likely to be due to lithium or other mood stabilizer
treatment, although it could conceivably be due to AP use. Clearly, more research in this
area is required.
2.6.1 Effect of mood stabilizer drugs on diabetes

The range of compounds used as mood stabilizers in the treatment of affective
disorders includes the monovalent cations such as lithium, anticonvulsants, calcium
channel (Ca®") antagonists, and, more recently, atypical antipsychotics (AAPs). The
heterogeneity of the drugs is reflected in quite diverse effects on glucose regulation.
These effects are confounded by the weight gain observed with most of these compounds,
with the exception of topiramate, and the frequent use of concomitant medications.
2.6.2 Lithium

Lithium was used in the treatment of DM before insulin became available and
well before its use in psychiatry (Weiss, 1924). However, lithium’s effects on glucose
metabolism are complex and contradictory. Administration of lithium to rats has been

shown to lead to hyperglycemia in some studies (Shah et al., 1980) or improvement in
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glucose regulation in others (Vendsborg , 1979; Mannisto et al.,1972; Hu et al., 1997b).
In man, similar contradictory results have been reported, including an improvement in
GTT (Vendesborg and Rafaelsen, 1973; Vendesborg, 1979; Van der Velde & Gordon,
1969, Hunt, 1987; Saran, 1982; Mellerup and Plenge, 1974; Mannisto et al., 1972), no
effect (Heninger et al.,1970; Vendesborg and Prytz, 1976) or an impairment in GTT
(Waziri and Nelson, 1978; Shopsin et al., 1972; Muller-Oerlinghausen et al., 1978;
Champeyroux et al.,, 1978; Derot et al., 1978; Kamei et al., 1984). The variability in
results likely reflects differences in duration of treatment, concomitant medications, and
study methodology including psychiatric diagnosis and DM diagnostic criteria. Some
early case reports suggested an increased risk of developing DM and its complications
including fatal diabetic ketoacidosis (DKA) (Johnson, 1977; Wazari and Nelson, 1978;
Kondziela et al., 1985). Abnormal glucose tolerance in patients given lithium in the short-
term was also reported (Vendesborg and Rafaelsen, 1973; Purgyi, 1972) as well as
recurrence on rechallenge (Craig et al., 1977). Although a study comparing 22 lithium-
treated patients with 21 matched controls found a significant lowering of FPG after 1 year
of treatment, a rise to normal values after 3 years was observed (Agbayewa, 1982); in a
later study no effect of lithium on glycosylated hemoglobin was found (Agbayewa,
1986).

A number of larger studies also appeared to suggest that there was an increased
risk, as suggested by the results of GTT tests in 49 patients on long-term lithium
treatment. However the authors noted that weight gain may have contributed to these

findings and furthermore baseline diabetic status of patients before starting lithium
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treatment was unknown (Muller-Oerlinghausen et al., 1978). It should also be noted that
none of the studies controlled for factors likely to influence the incidence of DM,
including concomitant medications such as APs, weight gain (Baptista et al., 1995) and
age. More than 50% of bipolar patients aged over 40 (n=50) receiving lithium had
abnormal GTTs (Van der Velde and Gordon, 1969). In contrast to above findings, other
reports have described an improvement in GTT (Shopsin et al, 1972; Huntsinger, 1987),
or hypoglycemia in patients treated with lithium (Shah et al., 1980). These findings were
in keeping with an earlier study by the same group that found no effect of lithium on
OGTT (Vendesborg and Prytz, 1976). A case report is described in which a bipolar
patient with DM was given lithium with consequent improvement in their DM to the
point where they no longer needed any treatment (Saran, 1982). Plasma glucose response
to a 50g carbohydrate breakfast over 3 hrs in 6 type 2 diabetics before and after 1 week of
treatment was measured and a significant reduction in PG noted with no change in
plasma insulin (Jones et al, 1983). Lithium decreased FPG and 1 hr post-prandial glucose
in 38 diabetics, with the most significant decreases occurring in patients treated with oral
hypoglycemics or insulin while diabetics controlled with diet alone showed the smallest
decreases (Hu et al., 1997a). In the largest study to date, of 460 lithium-treated patients
who had fasting PG levels done before lithium treatment was started and were followed
up with repeated assessments of FPG from 6 months (all patients) to 6 years (15 patients)
after initiation of lithium, the authors concluded that there was no evidence that lithium

was diabetogenic even though patients gained on average 4.3 kg (Vestergaard and Schou,

1987).
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From animal studies, lithium appears to exert insulin-like effects on glucose
metabolism in vivo, possibly through 2 separate mechanisms: a direct liver effect via the
activation of GS and simultaneous inactivation of glycogen phosphorylase in both
healthy and diabetic rats as well as modulation of insulin and other hormones related to
glucose homeostasis, including glucagon (Mellerup and Thomsen 1970). Lithium’s
hypoglycemic effects appear to result from increased insulin sensitivity rather than a
direct action on insulin secretion, and this is supported by observations of an
insulinomimetic effect on intracellular second messenger systems as well as a potential
effect on intracellular active glucose transport and insulin receptors (Hu et al., 1997b). In
summary, lithium appears to act in man to reduce PG levels, but its use in diabetics
should be tempered by the risk of weight gain and renal impairment. In the presence of
nephrogenic diabetes insipidus, the extracellular volume depletion can result in excessive
reabsorption of glucose from the renal tubules, and both DKA and hyperosmolar
nonketotic coma have been reported (Chan and Cockram, 1991; Azam et al., 1998).

2.6.3 Anticonvulsants

In terms of other drugs used in bipolar disorder there is a single case report
describing DKA 6 weeks after the introduction of carbamazepine to an epileptic patient.
This resolved on discontinuation of treatment, and recurred when carbamazepine was
reintroduced. Interestingly, this patient was subsequently given sodium valproate, which
did not cause any change in PG (Obembe, 1991). Valproate was originally linked to the

development of IR, obesity and PCOS, in women with seizure disorder (Isojarvi et al.,
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1998), and more recently in women with bipolar disorder (McIntyre et al., in press).
Valproate can also interfere with urinary ketone analysis. In contrast there have been no
case reports or other studies suggesting that lamotrigine, gabapentin, tiagabine or
topiramate can increase the risk of DM, and indeed many of these drugs, including
carbamazepine, are used in the treatment of diabetic neuropathic pain.
2.6.4 Calcium-channel antagonists

Insulin secretion is dependent on the entry of calcium into B-cells, and Ca**
antagonists have been shown to inhibit insulin release (Ferner, 1992). However, clinical
studies with therapeutic doses of calcium-channel antagonists have generally failed to
show any important effects on insulin secretion or glucose tolerance in diabetics or non-
diabetics (Chan and Cookram, 1991). There are a number of case reports of
hyperglycemia with verapamil at therapeutic doses and following overdose, but
nifedipine and diltiazem have rarely been associated with changes in glycemic control
(Giugliano et al., 1980; Roth et al., 1989; McMillan et al., 1988).
2.7  Relationship between diabetes and schizophrenia

Early observations dating back to 1919 (Kooy, 1919; Lorenz, 1922), and
subsequently in the 1940s (Braceland et al., 1945; Holmgren and Wohlfhart, 1944) and in
the 1950s (Shattock, 1950; Simon & Garvey, 1951; Henneman et al., 1954; Freeman and
Zabarenko, 1949), reported a greater prevalence of abnormalities of glucose regulation in
patients with schizophrenia and other psychoses than in the general population, well

before the advent of APs. Abnormal OGTTs were reported in up to two thirds of
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schizophrenics, particularly in acute or catatonic states (Aldrich, 1948; Freeman and
Almadjan,1950, Freeman, 1946; Lorenz, 1922). Insulin resistance was identified as a
frequent finding in schizophrenic patients, and the consequent disturbance of insulin
tolerance tests was described as or “hypoglycemia unresponsiveness”. Psychiatrists
administering insulin shock therapy to schizophrenic patients found they required doses
of insulin up to 1,000 i.u. to induce hypoglycemia and it was claimed that impaired GTT
and the finding of an “anti-insulin hyperglycemic factor” were characteristic of
oneirophrenia (Meduna, 1950). Later investigators (Mayer-Gross, 1951; Braceland et al.,
1945) did not find such a link with this particular diagnostic sub-type, but noted that such
“hyperglycemic factors” occurred up to three-fold more often in schizophrenic patients.
However many of these early studies showing a range of prevalence of diabetes from
11.7% to 30.4% compared relatively small numbers of patients prior to standardized
diagnostic criteria for DM and schizophrenia (Balter, 1961; Waitzkin, 1966a; Waitzkin,
1966b ; Freeman, 1950; Langfeldt, 1952; Lingjaerde, 1956; Winkelmayer, 1966, Lilliker,
1980). More recent studies have shown an overall prevalence of DM in schizophrenic
populations ranging from 8.8% to 15.8% (Keskiner et al., 1973; Ward, 1972; Dynes,
1969; McKee et al., 1986; Brambilla et al., 1975; Tabata et al., 1987; Mukherjee et
al.,1996). By comparison , in the general population the prevalence of DM for US adults
over 20 years of age was estimated to be 7.8% (Harris et al., 1998); higher incidences are
reported with increased age, female gender and in those of African-American, Hispanic

or Native American descent (Cowie and Eberhart, 1996).
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2.7.1 Effects of antipsychotics on diabetes

Subsequent to the introduction of the first AP, chlorpromazine, the prevalence of
type 2 DM reportedly increased from 4.2 % to 17.4 % in a cohort of hospitalized women
with schizophrenia (Thonnard-Neumann, 1968). Others have found that unmedicated
schizophrenic patients had lower PG values than those on thioridazine or chlorpromazine
(Efron and Balter, 1966). However, other reports have been unable to demonstrate an
association between DM and the use of APs (Mukherjee et al.,1996; Keskiner et al.,
1973) and specifically with chlorpromazine (Schwarz and Munoz, 1968). In general,
these studies were flawed by small sample size, poor inter-study comparative data
particularly with respect to high potency versus low potency conventional antipsychotics
(CAPs), and lack of standardized diagnostic criteria. A study which examined 95
schizophrenic patients in Italy found the prevalence of DM to be 0% in patients less than
50 years, 12.9% in patients 50 to 59 years old, 18.9% in patients 60 to 69 years old and
16.7% in patients over 70 years (Mukherjee et al., 1996). There were no significant
gender differences, with 14% of men and 20% of women being diagnosed with DM, but
it was significantly more common in AP-free patients than in patients on APs after
controlling for age, sex and cumulative duration of AP treatment. These results exceeded
rates of DM in the US general population of 1.3% in persons 18 to 44 years old, 6.2% in
persons 45 to 64 years old, and 10.4% in persons over 65 years old (Kenny et al., 1995)
as well as in the Italian population (Bruno, 1992). The negative association with respect
to AP treatment is interesting, but it is important to note that there were no data on which

APs were prescribed, concomitant medications or diagnostic stringency.
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More recent studies have attempted to more clearly define the epidemiology
related to the different antipsychotics, including the AAPs. However much of the data
presented is based upon retrospective case reports, reviews, cross-sectional analyses or
prescription data. There are relatively few large scale prospective incidence studies
employing rigorous fasting data and adequately controlling for diagnosis and acuity,
duration of treatment on drug when tested, previous medication, particularly if associated
with weight gain or metabolic changes, age, sex, smoking status, family history of
diabetes, ethnicity and concomitant drugs. Thus, it must be recognized that because of the
limitations in the data it is not yet possible to draw definitive conclusions, although it will
be seen that certain consistent trends are becoming increasingly apparent. The
mechanisms by which APs are associated with new-onset DM are also not yet clearly
elucidated. The etiology is complex and likely to be multifactorial, with different factors
of importance for different drugs additionally influenced by the relationship between DM
and schizophrenia itself superimposed on the risk factors for DM. The effects on glucose
regulation appear to be related to particular patterns of CNS receptor blockade and direct
metabolic effects on systemic organs as well as indirect effects via weight gain. Chemical
structure as with the MAOIs, may possibly play a role since olanzapine (a
thienobenzodiazepine) and clozapine (a dibenzodiazepine) share some similarity of
structure and have similar effects on glucose metabolism and weight; however, it is not
clear whether this is a more important factor than receptor antagonism profiles (which are
also similar). Clearly, much more research needs to be done in this area.

The complexity of this area is highlighted in the results of a study in rats given a
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D, agonist (bromocriptine), a D,/D3 agonist (quinpirole), or a D3 agonist (7-hydroxy-2-
(di-n-propylamino)tetralin, 7-OH-DPAT) (Uvnas-Moberg et al., 1994). Administration of
7-OH-DPAT produced a decrease in plasma insulin and an increase in glucose levels,
which were blocked by pre-treatment with a D,/D; antagonist (raclopride); quinpirole
caused an increase in glucose only and bromocriptine, a D, antagonist, had no effect. The
role of adrenaline was hypothesized to be important in mobilizing blood sugar from the
liver since the plasma levels of glucagon remained constant in these experiments.
According to Saller & Kreamer, 1991, sympathoadrenal activation results in an increase
in PG levels that is mediated by D; receptors. In contrast to the results from Uvnas-
Moberg et al., 1994, bromocriptine when given with SKF 38393, a D, agonist, has been
shown to normalize hyperphagia, body fat, hyperglycemia, and hyperlipidemia in ob/ob
mice (Scislowski et al., 1999; Bina & Cincotta, 2000). It is suggested that sympatholytic
dopamine agonists may act via the hypothalamic—neuroendocrine axis to correct
autonomic control of pancreatic islet function (Jetton et al., 2001). In man, bromocriptine
compared to placebo, significantly reduced FPG and HbA;c as well as enhancing
maximally stimulate insulin-mediated glucose disposal in a 16 week double-blind study
in 22 obese, type 2 diabetics (Pijl et al., 2000). Thus, alteration in glucose homeostasis
may well be a function of the action of APs on dopamine receptors, in the presence of the
abnormal neural substrates found in psychiatric syndromes. It has been proposed that
glucose regulation is mediated via D3 and 5-HT 4 receptors separately, but with a putative
common mechanism involving oxytocin (Uvnas-Moberg et al., 1994). Oxytocinergic
neurons of the paraventricular nucleus (PVN) of the hypothalamus project to the dorsal

motor nucleus of the vagus (DMX) (Buijus, 1983) and local application of oxytocin into
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the DMX lowers insulin via a vagal mechanism (Siaud et al., 1991). 7-OH-DPAT
increases oxytocin levels and stimulation of 5-HT4 and 5-HT,/5-HT ¢ receptors induces
oxytocin release in male rats (Bagdy and Kadogeras, 1993). The possibility that these
drugs may affect glucose homeostasis directly through their impact on serotonin
receptors has been suggested (Wirsching et al., 1998). However, the data in this area are
complex and contradictory. No significant effects on plasma insulin, glucagon or glucose
were seen in rats after treatment with the selective agonist N-(3-trifluoromethylphenyl)
piperazine HCl1 (TFMPP), the 5-HT,anc agonist 1-(2,5-dimethoxy-4-iodophenyl)-2-
aminopropane (DOI) or the 5-HT; agonist 1-(m-chlorophenyl)-biguanide HC1 (m-CPBG)
(Uvnas-Moberg et al., 1996). However, DOI has been shown to induce hyperglycemia
via central inhibition of insulin release, and a peripherally acting 5-HT ,a/c agonist (o-
methyl-5-HT) also produced hyperglyemia (Chaouloff et al., 1990a). The effect of DOI
was significantly blocked by ketanserin (an 5-HT ,anc¢ /oy antagonist) (Chaouloff et al.,
1990a; Yamada et al., 1995). Ritanserin (5-HT,¢/5-HT ,a/8/c antagonist) also blocked, to
a lesser extent, DOI-induced hyperglycemia (Chaouloff et al., 1990a) although it did not
demonstrate any effects on glucose regulation when administered alone (Wozniak and
Linnoila., 1991). Idazoxan (an o, antagonist) significantly blocked hyperglycemia
induced by DOI, but a selective B antagonist (ICI 118.551) had no effect (Chaouloff et
al,, 1990a). From studies with 8-OH-DPAT described in the section on buspirone, it is
suggested that insulin release is mediated through central serotonergic activity separately
via 5-HT;s and 5-HT, receptors. To summarize these very complex and sometimes
contradictory data it is hypothesized that APs possessing a profile of antagonism at 5-
HT,, HT4, o, and D,/D; receptors may be less likely to be associated with hyper-
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It has been suggested that IR and hyperglycemia are associated with
hyperprolactinemia, and that prolactin’s diabetogenic properties result from the
impairment of insulin’s antilipolytic action (Foss et al., 1995; Sorenson and Brelje 1997;
Johnston et al 1980; Tourniarire et al.,, 1974; Landgraf et al., 1977). However, other
studies have concluded that under physiological conditions prolactin does not appear to
play an important role in the regulation of glucose in man (Vigas et al., 1993; Skouby et
al., 1986). In support of this, high potency conventional antipsychotics such as
haloperidol and AAPs such as risperidone and amisulpiride, are associated with
hyperprolactinemia but do not appear to be more frequently associated with DM. In
contrast, low potency CAPSs such as chlorpromazine and AAPs such as clozapine and
olanzapine have little effect on prolactin but are more frequently associated with DM.

Finally, another possible mechanism may involve specific glucose transport
(GLUT) proteins which are responsible for maintaining cellular levels of glucose. The
brain expresses two forms of these proteins, GLUT1 and GLUT3. Clozapine and
fluphenazine induced a 100%-300% increase in GLUT3 and a 100% increase in GLUT1
(Dwyer et al., 1999). In contrast, haloperidol reduced the levels of GLUT1 and GLUT3
and only marginally inhibited 2-deoxyglucose uptake into PC12 cells (a neuronal cell
line) compared to clozapine and fluphenazine. The differential effects of the APs are
speculated to impact on cerebral metabolism and pharmacological mode of action.

There have been no controlled studies comparing the incidence of DM in different
diagnostic groups, although weight gain with psychotropic drugs may be influenced by

diagnosis. The consequences of disturbed glycemic control and potential development of
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DM have significant clinical implications for many patients, but particularly those
suffering from schizophrenia, ranging from the increased morbidity and mortality from
cardiovascular causes, DKA and neuropsychiatric consequences. This may include not
only a greater risk of depression but also tardive dyskinesia and cognitive impairment.
Hyperglycemic rats have been shown to have a significantly higher incidence and
severity of abnormal perioral movements, which were correlated with blood glucose
levels (Sandyk, 1990; Sandyk et al, 1991). In patients with schizophrenia, the
relationship is complex, with the risk of TD possibly increased in those patients with DM
(Woermer et al., 1993) as well as the presence of TD being associated with a two to
fourfold increased rate of DM (Mukherjee et al.,1985, Mukherjee et al.,1996, Mukherjee
et al.,1989; Schultz et al.,1999). A study of 21 schizophrenics found a significant positive
correlation between Abnormal Involuntary Movement Rating Scale (AIMS) ratings and
hyperglycemia (Schultz et al.,1999). Whilst the risk may be small in comparison to the
other risk factors, it is unclear as to how this may translate in the long term for APs with
the greatest propensity for DM-induction. The presence of DM may also result in the
impaired use of glucose for CNS cognitive functions, potentially exacerbating the deficits
in schizophrenia and increasing the difficulty of disease control (Newcomer & Craft,
1999). In addition to this, recent studies suggest that DM, IR, hyperinsulinemia and
hypertension are all independent risk factors for dementia, with the presence of DM

particularly linked to early dementia (Gregg et al., 2000; Knopman et al., 2001).
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Antipsychotics have been associated with drug-induced pancreatitis, and this may
lead to secondary changes in glucose levels. A brief review of the literature revealed 2
reports with olanzapine, 3 reports with clozapine (Martin, 1992; Jubert et al., 1995;
Frankenburg and Kando, 1992) and 1 report with risperidone (Berent et al., 1997).
Another proposed mechanism of action of olanzapine-induced DM is direct damage to
pancreatic islet cells (Goldstein et al.,, 1999). Diabetics also suffer higher rates of
cirrhosis, and alterations in drug metabolism may be associated with increased
susceptibility to side effects, toxicity and drug-drug interactions, leading to decreased
effectiveness of medications. Many APs are associated with transient and clinically
insignificant changes in liver function tests, but the consequences of psychotropic drug-
related liver function abnormalities have not been systematically studied in diabetic
populations. Elevation of hepatic transaminases are reported in up to 8% of olanzapine-
treated patients (CPS), allergic hepatitis has been described with chlorpromazine (CPS),
and toxic hepatitis has been associated with clozapine treatment (Kellner et al., 1993).
2.7.2 Conventional antipsychotics

Certain CAPs, particularly of the phenothiazine class, have been associated with
DM. Abnormal GTTs were observed in 40%, 35% and 15% of patients on
chlorpromazine, perphenazine and clopenthixol, respectively (Amdisen et al., 1964).
Opverall, chlorpromazine has been reported to be the most diabetogenic and haloperidol
the least diabetogenic of all the CAPs; thioridazine appeared less diabetogenic than
chlorpromazine or perphenazine (Amdisen et al., 1964; Thonnard-Neumann, 1968).

Sulpiride-induced IGT was noted in normal subjects after 8 days at full dose, but no
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change in carbohydrate homeostasis was reported for haloperidol. Studies in rats have
demonstrated marked increases in PG with chlorprothixene (Von Optiz, 1962). Cautious
interpretation of animal data is required, particularly when extrapolating findings to man,
as demonstrated by differences in animal models. Chlorporomazine-induced
hyperglycemia in the mouse, hamster and rat showed significant differences in the
magnitude of response, hypothesized to be due to differences in basal metabolic rate
(Norman and Hiestrand, 1995). Similarly, early studies in primates found that following
IVGTT challenge, hyperglycemia and hyperinsulinemia were observed with haloperidol,
but not with clozapine, which is in contrast to later clinical data in humans (Casey, 1994).
From all the data, it would appear that chemical class and associated similarities of
receptor profile appear to be determinants of potential effects on glucose regulation.
2.7.3 Chlorpromazine

Chlorpromazine has been reported to alter glucose-insulin homeostasis (Arnesson,
1964; Thonnard-Neumann, 1968; Proakis 1971; Amdisen, 1964), producing
hyperglycemia in animal studies (Mennear and Miya, 1970; Wannarka et al., 1993;
Ammon et al., 1971; Amnon et al., 1973; Jori and Carrara, 1966; Bhide et al., 1965;
Norman and Hiestand, 1955; Bonaccorsi et al.,, 1964; Rutishauser, 1963; Von Optiz,
1962) as well as inducing hyperglycemia in healthy volunteers, schizophrenic patients
and in patients with latent DM (Erle et al.,1977; Dagli, 1984; Charactan and Bartlett,
1955; Hiles, 1956; Waitzkin, 1970; Gerich et al., 1971; Jori et al., 1964; Ryall, 1956).

A number of studies have reported that chlorpromazine increased PG levels and

inhibited insulin secretion in hypoglycemic patients, and it has been used to prevent
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hypoglycemia in patients with malignant insulinoma (Lambert et al., 1972; Federspil et
al., 1974; Scandellari et al., 1976). Chlorpromazine produces a hyperglycemic response
possibly through inhibition of insulin release from Langerhans’ islets via decreased
activity in the B-cells of the pentose-phosphate shunt (Ammon et al., 1971; Amnon et al.,
1973); small doses of chlorpromazine inhibit emiocytosis, but high doses increase the
number of autophagosomes in pancreatic B-cells (Orci et al., 1972). Chlorpromazine also
increases adrenaline release from the adrenals in vitro (Weil-Malherbe, 1963) and
increases urinary excretion of catecholamines in vivo (Johnson, 1964). Furthermore,
chlorpromazine impairs the uptake of catecholamines (Herting, et al., 1961) and blocks
o~ adrenergic receptors (Jori and Carrara, 1966). Thus, the hyperglycemic response to
chlorpromazine may be in part due to release of catecholamines by adrenal stimulation
(Carlson and Hillarp., 1961; Von Opitz, 1962; Bhide, et al., 1965; Mennear and Maya,
1970; Erle et al., 1977; Saller and Kreamer, 1991).

In contrast to the above studies, it has been shown by (Hasselblatt et al., 1958;
Christy et al; 1957) that chlorpromazine produced a mild hypoglycemia and did not block
insulin-induced hypoglycemia although it did block tolbutamide-induced hypoglycemia.
Similarly, other researchers concluded that there was no evidence that phenothiazines,
and specifically chlorpromazine, significantly affected PG levels (Schwartz & Munoz,
1968; Efron and Balter, 1966). However drug dose and duration may play a role, as with
the TCAs, and in one of these studies patients received a mean dose of chlorpromazine of
400 mg/day for only 3 weeks (Schwartz and Munoz, 1968). These apparent discrepancies

are further highlighted in the following study in which the effects of chlorpromazine on

53



PG and insulin levels during both acute and chronic administration (the latter being only
7 days) were investigated in three groups of normal subjects and in one group of patients
with latent DM (Erle et al., 1977). Treatment with chlorpromazine at 75 mg/day for 7
days did not alter the plasma insulin response after oral glucose; nor did treatment with
chlorpromazine at 50 mg/day for 7 days affect the glucose assimilation rate or insulin
response to glucose injection. Infusion of chlorpromazine (50 mg in 60 min) only slightly
increased the basal blood glucose level but had no significant effect on basal plasma
insulin. The insulin/glucose ratio after the end of the infusion was significantly higher
than during the period of infusion of the drug in the normal subjects whereas in latent
diabetic patients chlorpromazine infusion significantly diminished the insulin/glucose
ratio during an IVGTT. The authors concluded that, whereas prolonged treatment with
low doses of chlorpromazine did not modify glucose tolerance and glucose-stimulated
pancreatic response, higher acute doses of the drug may induce hyperglycemia and can
inhibit insulin secretion both in normals and in patients with latent DM. However, it
should be noted that the doses used and duration of administration, particularly for the
chronic treatment phase (7 days), are not reflective of the doses used in clinical practice
(up to 1200mg/day) often for periods of many years given the chronicity of most
psychotic disorders. Thus, in a clinical setting 15 out of 16 schizophrenic patients
receiving high dose chlorpromazine had type 2 DM (Mckee et al., 1986).
2.7.4 Loxapine

Loxapine and amoxapine are similar structurally (both are dibenzoxazepines), and

both of these drugs have been associated with disturbances of glycemic control. Thus, in
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a case of nonketotic hyperglycemic coma associated with loxapine, drug discontinuation
led to a return of normal FPG. Later challenge with amoxapine was also associated with
acute hyperglycemia. Their common metabolite, 7-OH-amoxapine, was implicated
(Tollefson and Lesar, 1983).
2.7.5 Atypical antipsychotics

There are increasing data describing a hierarchy of liability of diabetic association
with the AAPs. However, most of these studies are either in the form of retrospective
cohort and chart reviews (Wilson et al., 1999b; Zoler, 1999; Sernyak et al., 2001), or
analyses of prescription data (Caro et al., 2000; Mahmoud et al., 2000; Cavazzoni et al.,
2001; Moisan et al., 2001). As a consequence of the methodology, these studies likely
underestimate the true prevalence of DM, particularly early changes, since they depend
upon the diagnosis of DM either having been made or treatment initiated. Furthermore,
any real differences between the APs may be confounded by lack of control for such
factors as baseline weight and change, ethnicity, family history, treatment duration and
history, diagnosis and phase of illness, smoking status, and concomitant medications.
Prospective incidence studies also rarely control for these factors. These problems are
coupled with the inherent difficulties in obtaining accurate fasting bloodwork. There are a
few studies looking at metabolic changes and IR factors following patients from baseline
(Cohn et al., 2001) or following switches from 1 AP to another (Glick et al., 2001,
Fryburg et al., 2000).

A number of chart review studies have looked at the differences between AAPs.

The charts on 408 patients with schizophrenia in the primary care clinic of a
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schizophrenia treatment and research center were reviewed. Fifty-eight patients (13%)
had been diagnosed with type 2 DM: 16 of 85 on clozapine (16%), 4 of 92 on
fluphenazine (4%), 4 of 60 on haloperidol (6.6%), 5 of 44 on olanzapine (11%), 4 of 59
on risperidone (6%) and 5 of 68 patients on other antipsychotics (7.3%) (Zoler, 1999). In
a naturalistic retrospective chart review of 126 patients receiving an AAP in an
academically affiliated state hospital over a 30-month period, baseline FPG levels were
available for 21 patients, and 14 patients subsequently completed a diabetic evaluation
(Wilson et al., 1999a). New-onset acute IGT was reported to have developed in 11 of the
14 patients treated with clozapine, olanzapine or quetiapine. Six of the 11 patients
required insulin therapy (4 received transient treatment) and 5 patients developed DKA.
Of these 5 patients, 2 (a 49-year old African-American male and a 31-year old African-
American female) were on olanzapine, 2 were on clozapine and 1 on quetiapine. Mean
and median time to onset of DKA was 81 and 33 days respectively. Changes in GTT
were not related to weight gain and generally occurred in the first 6 weeks of treatment.
Mean and median weight gains in patients with new onset DM were 7.27 and 3.64 kg,
respectively.

Clozapine was compared to olanzapine in a retrospective chart review of patients
treated with either drug for 4 months or more (Casey, 1999). Mean length of treatment
was 3.6 years on clozapine (n=29) and 1.4 years on olanzapine (n=136). Changes in
weight, BMI and FPG were measured. Six of 16 patients on clozapine (38%) with normal
pre-treatment FPG developed elevations of FPG during treatment. Seven of 39 patients

on olanzapine (18%) with normal pre-treatment FPG developed elevations of FPG during
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treatment. Sixty-nine percent of patients on clozapine and 50% of patients on olanzapine
showed weight gain of more than 7% above baseline. BMI increased from 25.53 to 29.35
(16%) in patients on clozapine and from 28.08 to 30.80 (9.7%) in patients on olanzapine.
For both drugs, neither weight gain nor BMI change correlated with age, gender, dose,
duration of treatment or starting weight. Glucose elevations were not correlated with
weight gain.

The frequency of DM across age groups and different APs was examined using a
multiple logistic regression analysis over a 4-month period and odds ratios calculated
(OR; CI=95% confidence interval) (Sernyak et al., 2001). Of the 30,819 veterans studied,
12,695 received CAPs, and 18,124 received AAPs: clozapine (n=935), olanzapine
(n=8,772) quetiapine (n=773), or risperidone: (n=7,944). A higher percentage of the AAP
cohort compared with the CAP cohort in the under 40 (8.74% versus 6.21%, p = 0.007),
40-49 (15.89% versus 13.93%, p = 0.002), and 50-59 (22.73% versus 20.56%, p = 0.003)
age groups were diagnosed with DM. By medication prescribed, risk of DM was also
increased for clozapine (OR = 1.251; CI = 1.070-1.462), olanzapine (OR = 1.107, CI =
1.038 — 1.180), and quetiapine (OR = 1.313, CI = 1.113-1.547), but not risperidone (OR
= 1.049, CI = 0.982 — 1.120). Patients on AAPs were more likely to be female, have other
psychiatric diagnoses, be African-American, not be on veteran support and have fewer
hospitalizations. Some patients on AAPs also received CAPs in the same period but were
only included in the AAP group for analysis (94% of patients remained on the same drug
through the 4 months of study). Sample sizes were disparate and there were no data on

concomitant medications.
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A number of prescription claims-based studies have looked at the differences
between AAPs. Claims data for 7933 patients diagnosed with psychotic disorders within
health plans in the US were analyzed (Mahmoud et al., 2000). The frequency of new
onset type 2 DM in untreated patients and among patients treated with risperidone,
olanzapine, clozapine, high potency and low potency CAPs was compared using episodes
of treatment as the basis of observation. Logistic regression models developed to
compare the ORs of reporting DM based on 12 months of exposure determined the values
to be 2.44 (£2.10) for olanzapine, 6.72 (+4.71) for clozapine, 1.99 (£1.95) for high
potency CAPs, 3.21 (£2.27) for low potency CAPs and 0.79 (+2.39) for risperidone.
Older age, observation period length and greater use of non-antipsychotic psychotropic
medications were also significant predictors of DM. Although this study controlled for
concomitant (non-antipsychotic) medications, patients could be on multiple APs and
diabetic risk was ascribed to both drugs; only 17.2% of patients had a diagnosis of
schizophrenia. Patients were assessed at different time points and the data extrapolated to
12 months. Among patients receiving clozapine, schizophrenia was the commonest
diagnosis (57%) and the duration of AP treatment was the longest (9.4 £5.5 months).
Concurrent use of other APs was greater in the olanzapine group and the daily dose of
olanzapine was higher than that of the other APs; dose was a predictor of DM for
olanzapine only.

Another study examined a prescription claims database (PCS) identifying patients
on antipsychotic monotherapy who also received prescriptions for anti-diabetic agents

(Cavazzoni et al., 2001). The hazard ratios (HR; CI=95% confidence interval) calculated
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using a Cox proportional hazard regression model were (3.5; 3.1-3.90) for the CAPs
cohort (n=19,782) and (3.1;2.9-3.4) for the AAPs cohort (n=38,969), compared to the
general PCS population. Hazard ratios for the individual APs were: quetiapine (1.7; 1.2-
2.4) (n=4,186), olanzapine (3.0;2.6-3.5) (n=13,863), haloperidol (3.1;2.6-3.7) (n=8,476),
clozapine (3.3;1.4-8.0) (n=277), risperidone (3.4;3.1-3.80) (n=20,633), and thioridazine
(4.2;3.2-5.5) (n=3,133). There was no statistically significant difference in risk of
developing DM between the atypical and conventional cohorts (HR=0.966; CI=0.8-1.1;
p=0.6) or between olanzapine and risperidone cohorts; the risperidone cohort compared
to the haloperidol cohort was associated with an increased risk (HR=1.2; CI=1.0-1.5;
p=0.04). However, in this database there was no information with respect to diagnosis
and the general population cohort was comprised of healthy non-psychotic individuals.
The average duration of treatment for an AAP (except clozapine) was 90 days, and
although age and gender were controlled, the mean age for the atypical cohort was 60
years and for the conventional cohort was 64 years. Thus not only were sample sizes
disparate, but the data are confounded by diagnostic issues and potentially by an age and
treatment duration effect.

To assess the risk of DM among patients treated with olanzapine or risperidone,
two cohorts totaling 33,945 patients were identified from the Quebec Medicare (RAM-Q)
database. One cohort consisted of patients who had received at least one prescription of
olanzapine (n=19,153) and the other cohort consisted of patients who had received at
least one prescription of risperidone but not olanzapine (n=14,792). In the olanzapine

cohort 336 patients (1.8%) developed DM compared to 220 (1.5%) in the risperidone
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cohort, but after correction for age and gender differences, the hazard ratio was calculated
to be 1.22 or 20% (CI=1.02-1.45). After further adjusting for the duration of olanzapine
exposure, the first 3 months of olanzapine treatment were associated with the highest risk
of DM (91%) (HR=1.91). These differences appeared to be greater in females, where
women taking olanzapine had a 31% higher risk of developing DM compared to women
on risperidone. Women taking olanzapine had a 68% higher risk of developing DM
compared to men on olanzapine. Diagnosis was controlled for, but as with all of the
prescription claims-based studies, there were no data on baseline BMI and weight
change. A re-analysis of the data applying a proportional hazards model to calculate the
age- and sex-adjusted incidence ratio found that there was only a slightly higher risk of
developing DM for those exposed to olanzapine (n=12,945), than for those exposed to
risperidone (n=15,197) (Moisan et al., 2001).

Other studies have looked at the direct effect of APs on insulin and glucose
metabolism. The effect of an oral 50g dextrose challenge on PG and insulin levels was
examined in patients with schizophrenia (n=32) treated with risperidone, olanzapine or
clozapine and in healthy controls (n=31) (Newcomer et al., 1999a). Although PG varied
significantly across treatment groups, at baseline and at 75 min after glucose challenge,
both clozapine and olanzapine patients had higher PG levels at baseline compared to
controls (P=0.002 and P=0.007 respectively) and to risperidone patients (P=0.0.5 and
P=00.02 respectively). At 75 min after glucose load, clozapine and olanzapine patients

had higher PG levels than controls; clozapine patients also had higher insulin levels than
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controls, but this was not statistically significant. Although the oral dextrose challenge
was lower than the 75g used in a standard OGTT, the trends are not only consistent with
most data in this area, but it is likely that the differences shown with olanzapine and
clozapine would have been even greater with the larger dextrose dose. The authors
further investigated the potential for different APs to influence glucose regulation
independent of differences in adiposity (Newcomer et al., 1999b). Modified OGTTs were
performed in schizophrenic patients (n=48) receiving clozapine, olanzapine, risperidone
or CAPs, and untreated healthy controls (n=31) matched for age and adiposity. Subjects
with DM were excluded. Blood samples were obtained at 0 (fasting), 15, 45, and 75 min
post glucose load. Significant time x treatment group interactions for PG (F(12222=4.89,
p<0.001) and insulin (F(12,171y=2.10, p=0.02) were found. Effects of treatment group on
PG were significant at all time points, with olanzapine-treated patients having significant
glucose elevations at all time points (1.0-1.5 S.D.), in comparison to controls as well as
patients receiving CAPs. Clozapine-treated patients had significant glucose elevations at
fasting and 75 min (1-1.5 S.D.) compared to controls and patients receiving CAPs.
Risperidone-treated patients had similar elevations in fasting and post-load glucose
levels, but only in comparison to healthy controls. The authors postulated that clinically
significant hyperglycemia could occur during AP treatment independent of adiposity due
to IR effects. In a review of AP adverse effects, a series of patients was described whose

PG levels were measured before and after treatment with various APs; a statistically
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significant increase in PG was observed in patients treated with olanzapine (n=39),
clozapine (n=39) and haloperidol (n=41 (Wirshing, 2001). No changes were observed
with rispertdone or fluphenazine. These data together with other studies focusing
specifically on the effects of the atypicals on glucose metabolism suggest that clozapine
and olanzapine are associated with specific and early IGT associated with
hyperinsulinemia.

In contrast to the previous studies, an analysis was conducted of random blood
glucose data pooled from 78 clinical trials (Beasley et al., 2000). The incidences and
estimated time-to-event rates (Kaplan-Meier analyses) were calculated for treatment-
emergent potential impaired glucose intolerance (160mg/dl) and potential diabetes
(200mg/dl) in patients without indicators of hyperglycemia at baseline, and for treatment
with olanzapine (n=4,574), clozapine (=200), risperidone (n=267), haloperidol (n=888) or
placebo (n=445). The estimated rates of treatment-emergent IGT or DM (from 2.7%-
15.4% over 0.5 to 2 years) were higher than expected for all treatment groups and
placebo. Time-to-event time was not different between olanzapine, risperidone,
haloperidol or placebo, but was significantly greater with olanzapine compared to
clozapine. Risk factors included age, an increase in adiposity during treatment and
maximum absolute body weight. However, random PG estimation is of very limited
value in terms of prediction of potential DM since it is an insensitive measure affected by
many factors and shows no correlation with IGT or DM, and is thus not part of the

standardized diagnostic criteria for the diagnosis of DM.
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2.7.6 Clozapine

There have been case reports dating back to 1994 in the psychiatric literature
linking clozapine with hyperglycemia, de novo DM, DKA, worsening of previously
controlled DM and increased risk of gestational diabetes (Ai et al., 1998; Colli et al.,
1999; Smith et al., 1999; Pierides, 1997; Peterson and Byrd, 1996: Koval et al., 1994;
Maule et al., 1999; Popli et al., 1997; Kamran et al., 1994; Koren et al., 1997; Kostakoglu
et al., 1996; Wirshing et al., 1998; Thompson et al., 1998; Hauptmann et al., 1999;
Mohan et al., 1999; Dickson and Hogg, 1998; Waldman and Safferman, 1993, 1999;
Smith et al., 1999; Wu et al., 2000). Furthermore, a number of these case reports describe
resolution or improvement of DM on reduction or discontinuation of clozapine and
recurrence of DM when rechallenged with the drug (Koval et al.,, 1994; Maule et al,,
1999; Brugman et al., 2000; Wu et al., 2000). The published case reports are summarized
in Table 1 and are dicussed in other reviews (Leibzeit et al., 2001, Wirshing et al., 1998;
Mir & Taylor, 2001). In summary, more cases have been reported for males and non-
Caucasians (African American, Afro-Caribbean, Oriental), and most, but not all patients
had experienced significant weight gain. Time of onset of DM after clozapine initiation

varied from 4 days to 2 years and dose of clozapine ranged from 100 mg to 900mg/day.
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Ethnicity is a risk factor for IR and may therefore be relevant in terms of
predisposition to AP-associated DM. In a study of 23 individuals of mixed and Curacao
descent on clozapine in the Netherlands, hyperglycemia was detected in 10 patients and
DM in 2 patients (Ramaekers et al., 2000). In 16 patients, PG had been checked before
the initiation of treatment and thus, the authors recommended routine determination of
PG levels before and after treatment with clozapine particularly in mixed populations
with subjects of African origin. This is especially important since this ethnic group may
be more at risk of TD as for suffering more DM and obesity. Similarly, in a case of a 25-
year old Chinese male who demonstrated hyperglycemia, hypertriglyceridemia and
periodic paralysis repeatedly when challenged with doses of clozapine above 150
mg/day, these symptoms either disappeared on discontinuation or ameliorated with dose
reduction (Wu et al., 2000). However, mental state deteriorated with dose reduction and
the patient was eventually stabilized on a combination of haloperidol (20 mg/day) and
clozapine (25 mg/day) with normalization of metabolic parameters. In contrast, in a 58-
year old male with type 2 DM on clozapine (600 mg/day) and benperidol (30 mg/day),
the PG peaks of 135- 140 mg/dl coincided with a reduction in his movement disorder
(Poersch et al. 1996). Pregnancy is associated with gestational DM, and a case report is
described of a 28-year old woman with a history of hyperglycemia who required oral
hypoglycemics after commencing clozapine and later went on to require insulin during
pregnancy; delivery was complicated by shoulder dystocia (Dickson and Hogg, 1998).
This raises the issue of the likelihood of increased prevalence of gestational DM and its
complications, particularly in female patients whose fertility may be restored by
prolactin-sparing but possibly more diabetogenic APs.
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The treatment refractory and aggressive patients in which clozapine is used may
also be important. Irritability is a reported psychiatric aspect of diabetes, and a
relationship between latent DM and treatment resistance as well as variation in paranoid
symptom severity with glycemic control has been reported (Surridge et al., 1984). In the
case of a 30-year old black male who experienced DKA on clozapine, CAPs were only
effective in controlling his violent behavior after his DM was stabilized with oral
hypoglycemics (Mohan et al., 1999). Other studies examining the association of DM with
clozapine have looked at a direct effect on insulin action as well as indirectly through
weight gain. In 45 patients with schizophrenia being treated with clozapine, 7 cases with
DM and 3 cases with IFG were identified; 49% of the sample met the criteria for obesity
(BMI>30) (Goldman et al. 1999). Total glucose intolerance (DM and IFG) was
statistically associated with obesity, but not with age, race or family history of diabetes.
In contrast, an analysis of claims data from a state Medicaid program (1990-8) of 3,638
patients with schizophrenia did not identify any significant differences in overall outcome
rates for DM, hyperlipidemia or hypertension between clozapine-treated and CAP-treated
groups. However, a sub-analysis of younger patients (20-34 years) did find that clozapine
was significantly associated within increased rates of DM and hyperlipidemia but not
hypertension.

A comparison of 63 patients treated with clozapine with 67 patients treated with
CAPs (haloperidol, zuclopenthixol, fluphenazine, perphenazine) was conducted in
Sweden (Hagg et al., 1998). Random PG tests were followed by an OGTT; none of the

patients had evidence of DM before treatment. Of the patients treated with clozapine, 21
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(33%) had hyperglycemia defined as PG>6.6mmol/L. and 13 (22%) patients were
classified as having DM or IGT. Of the patients treated with CAPs, 13 (19%) had
hyperglycemia and 6 (10%) patients were classified as having DM or IGT. The findings
were not statistically significant due to the small sample size. Subjects in the clozapine
group were significantly younger, had a shorter duration of disease and had been treated
for a shorter period than subjects in the control group, but the two groups did not differ
with respect to body weight, BMI, or prevalence of DM in first degree relatives. Females
were more often diagnosed with DM or IGT when treated with clozapine than when
treated with CAPs. Although not statistically significant, the concentration of the
metabolite, desmethylclozapine, was higher in patients with hyperglycemia. The
influence of duration of treatment was shown in a S5-year naturalistic study of 102
outpatients with schizophrenia or schizoaffective disorder (Henderson et al., 2000).
Thirty patients of 82 completing the study (36%) were diagnosed with DM. Weight gain,
gender, concomitant use of valproate, and total daily dose of clozapine were not
significant risk factors for developing DM. However, weight gain was characteristic of
patients who developed type 1 DM. Eleven patients were excluded from the study
because of either a known history of DM (n=5) or a FPG greater or equal to 140 ng/ml
(n=6). Of the 5 patients with a known history, 2 were on insulin and 3 on oral
hypoglycemics. Both the insulin-treated patients required an almost two-fold increase in
insulin requirements, and 2 of the patients on oral agents went on to require insulin after

clozapine initiation.
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Age was significantly correlated with the development of DM. Although the small
number of non-Caucasian patients precluded an analysis based on ethnicity, two of the
African-American and two of three Hispanic patients had abnormal FPG and required
treatment. The lack of dose effect is interesting and may be related to the poor correlation
between dose and serum level with clozapine (serum levels of clozapine or
desmethylclozapine were not measured in this study). This was further investigated in 28
patients treated with CAPs and 13 patients treated with clozapine (Melkersson, et al,,
1999). 1t was found that FPI levels correlated positively with serum concentrations of
clozapine, whereas no correlation was found between FPI and serum concentrations of
perphenazine or zuclopenthixol. Correlations with clozapine were also noted insulin-like
growth factor (IGF-1) and insulin-like growth factor binding protein (IGFBP-1). The
normal PG levels in the clozapine group support the theory that clozapine induces
concentration-dependent IR with secondary increased insulin secretion. In addition, lower
growth hormone (GH) secretion in clozapine group was detected. This impaired GH
secretion together with the clozapine-induced IR was suggested to be one of the
mechanisms behind weight gain during clozapine therapy; thus, clozapine may also be
associated with DM indirectly through weight gain. It has also been suggested that
clozapine-induced suppression of Ca®’-dependent K efflux may be responsible for
reduced insulin secretion by -pancreatic islet cells, leading to hyperglycemia (Koren et
al., 1997). Another study examined PG, insulin and C-peptide levels in 3 female and 3

male clozapine-treated patients (titrated to 450 mg/day from 12.5 mg/day in 6 weeks),
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with negative family history of DM and who were not on any concomitant medications
(Yazici et al., 1998). Clozapine increased concentrations of PG, insulin and C-peptide
concentrations in this study compared to baseline at second and third assessment points
when patients were on doses of 200mg /day (third week) and 450mg/day (sixth week).
The authors concluded that clozapine’s effect on glucose regulation was due to the
development of IR.
2.7.7 Olanzapine

With olanzapine, there has been an increasing number of case reports since 1996
linking it with hyperglycemia, de novo DM, DKA, worsening of previously controlled
DM and increased risk of gestational diabetes (Wirshing et al., 1998; Gatta et al., 1999,
Ober et al., 1999; Fertig et al., 1998; Lindenmayer and Patel, 1999; Goldstein et al., 1999;
Zung et al., 1999; Von Hayek et al., 1999). In addition, Eli Lilly Pharmaceuticals have
330 case reports on file relating to type 1 and type 2 DM and DKA (Eli Lilly
Pharmaceuticals; personal communication). Similar to clozapine, a number of these case
reports describe resolution or improvement of DM on reduction or discontinuation of
olanzapine and recurrence of DM when rechallenged with the drug (Goldstein et al.,
1999; Fertig et al.,, 1998; Bonnano et al., 2001). The published case reports are
summarized in Table 2 and are dicussed in other reviews (Leibzeit et al., 2001, Wirshing
et al., 1998; Mir and Taylor, 2001). Again , similar to case reports with clozapine, there
were more males and most, but not all patients had experienced significant weight gain.
However there were more Caucasians than non-Caucasians, but this may reflect the

difference in use of olanzapine compared to clozapine.Time of onset of DM after
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olanzapine initiation varied from 8 days to 2 years and dose of olanzapine ranged from 5
mg to 30mg/day. Confounding factors such as concomitant medications and smoking
history were not recorded for most cases. Two of these cases were associated with a fatal
outcome; the first in a 24-year old female after 15 days of olanzapine treatment (Hayek
et al., 1999), and the second was in a 31-year old male re-initiated on olanzapine for a 3

week period (Meatherall and Younes, 2002).
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As with clozapine, there appear to be risk factors for the development of DM with
olanzapine that overlap with the risk factors for IR, as evidenced primarily in the case
reports data. In a study of 47 patients from 2 clinical trials investigating the efficacy of
olanzapine in medication-refractory schizophrenia, 5 patients (10%) had elevations of PG
from baseline, of which 3 patients (6.4%) met the criteria for DM (these 3 patients all had
a personal or family history of DM) (Lindenmayer et al., 2001). A subsample data set of
34 patients had statistically higher maximum glucose values during treatment with
olanzapine, although generally not in the clinically significant range (with the exception
of the 5 cases identified) and unrelated to olanzapine dose (which ranged from 20 to 40
mg/day) or clinically significant weight gain (mean = 3.8 £ 9.3 kg). There was a trend for
black and Hispanic patients to have a greater rise in glucose than white or Asian patients
(although ethnicity was apparently determined by surname). The authors concluded that
the risk of hyperglycemia with olanzapine was comparable to expected prevalence rates
in US adults over 20 years of age. However, it should be noted that this study was not
primarily designed to evaluate hyperglycemia with olanzapine and, thus, glucose
evaluations were not necessarily fasting and concomitant medications, including lithium,
were allowed.

2.7.8 Risperidone

There are overall fewer reports linking risperidone to DM. Risperidone has been

reported to not exacerbate DM in one patient with pre-existing type 1 DM (Melamed,

1998). A study involving the evaluation of HbA,¢ after 6-9 months treatment with
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risperidone in a Veterans Administration Medical Center showed no significant changes
except in patients with pre-existing DM (n=4), in whom there was a significant increase
in HbAlc and an increase in oral hypoglycemics (Brescan, 1997). A case is reported of a
white HIV-positive male on risperidone, fluoxetine and trazodone with negative family
history admitted in DKA (Croarkin et al., 2000). He was eventually discharged on
quetiapine and insulin. It is unlikely that the concomitant medications played a role, with
the possible exception of the trazodone, but asymptomatic HIV illness may have been a
factor since this has been reported in itself to result in hyperglycemia (Hardy et al., 2001).
In the treatment of psychosis with risperidone in 11 geriatric patients, 2 patients were
reported to have developed type 2 DM (Madhusoodanan et al., 1995). In contrast, a report
on the use of risperidone in elderly patients with chronic psychosis and medical illnesses,
including 3 with DM did not find that any of the patients showed any worsening of the
medical problems (Sajatovic et al., 1996). Similarly, a study on the use of geriatric
patients with chronic psychoses and concurrent medical illnesses including 3 with DM,
found no exacerbation of DM with risperidone (Joshi & Joshi, 1996).
2.7.9 Quetiapine

There have been 2 case reports to date concerning quetiapine (Sobel et al., 1999;
Procyshyn et al., 2000). In the first, a 42-year old white male with no prior history except
for hypertriglyceridemia, developed new-onset DM following one month of quetiapine
(200mg/day). This resolved with fluids and insulin and the discontinuation of quetiapine.

Concomitant medications included lithium, gabapentin and venlafaxine. In the second, a
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30-year old man of Ethiopean descent (BMI=32.3) developed DM after 16.5 weeks of
treatment which responded to discontinuation of quetiapine and insulin. However, he was
also receiving fluphenazine, loxapine and sodium valproate during this period. In an
open label, non-randomized trial, 65 patients on clozapine monotherapy all of whom who
had gained weight (mean weight gain 6.5 kg), including 13 that had developed DM, were
started on quetiapine (Reinstein, et al., 1999). These patients were subsequently followed
for 10 months with evaluations of weight and glucose control. The dose of clozapine was
reduced during combination therapy with satisfactory control of the schizophrenia.
Interestingly, metabolic status improved, as shown by a reduction in weight in all patients
(0.45 kg - 18.6 kg, mean= 4.2 kg) and PG in 20%. Three of the patients eventually
required no intervention for their DM. The authors concluded that the combination
produced satisfactory control of the underlying psychiatric condition, and that quetiapine
allowed lowering of the clozapine dose and improvement in weight and glucose control.
However, some individual changes in weight were very small and the effect of reduction
in clozapine and consequent lowering of serum levels cannot be discounted.
2.7.10 Ziprasidone

Data concerning ziprasidone are limited, but random PG levels in clinical trials
were not different from those observed with risperidone, haloperidol or placebo (FDA
Briefing Document). In a double-blind trial, 269 acute in-patients were randomized to
ziprasidone or olanzapine for 6 weeks (Glick et al., 2000). Weight, FI, HOMA-IR,
TCHOL and TGs all increased with olanzapine compared to ziprasidone. Three 6 week

randomized open label trials evaluated outcome in stable patients with schizophrenia
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following a switch from CAPs (n=93), olanzapine (n=88) or risperidone (n=41) to
ziprasidone (40-160mg/day) (Daniel et al., 2000). A significant improvement in TCHOL
and TGs was noted in patients switched from olanzapine and risperidone (P< 0.05). For
patients switched from olanzapine, a significant reduction in weight (mean change=1.6
kg) and BMI was observed (P< 0.05). A similar open label study of 37 patients found
significant reduction in TCHOL (P < 0.001) and TG levels (P=0.018), independent of
changes in BMI (Kingsbury et al., 2001). Thus far in mostly clinical trial populations, it
would appear that ziprasidone has minimal clinical effects on glucose regulation.
2.7.11 Effects of antipsychotics on weight gain

Treatment with many psychotropic drugs is associated with weight gain and the
development of drug-induced obesity (Baptista et al., 1995). Furthermore, it has been
estimated that for every 1Kg increase in body weight above normal, the risk of DM
increases by 4.5% (Kawachi, 1999; Colditz et al., 1995). The risk of DM associated with
weight gain between the ages of 40 and 60 is greater with females (relative risk 1.7),
compared to men (relative risk 1.4) (Holbrook et al., 1989). The principal health risks
relate to cardiovascular disease and hypertension, and even modest increases in weight
(4-10%) are strongly correlated with cardiovascular disease and non-fatal MI in men
(Rosengren et al., 1999). Furthermore, smoking significantly compounded the mortality
risk in this group. With respect to the APs, there are a number of recent reviews of this
area indicating that of the CAPs, the phenothiazines (particularly thioridazine) are
associated with the greatest weight gain (Allison et al., 1999; Wirshing et al., 1999). With

respect to the AAPs, olanzapine and clozapine are associated with the greatest weight
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gain. However, many studies of short duration do not necessarily capture these data since
the rate or trajectory of weight gain and time of reaching a steady weight or weight
plateau are very different between the drugs, e.g., 48 months with clozapine (Henderson
et al., 2000). Thus, early assessments of weight gain may be misleading since the full
extent of weight change may not be seen until after many months of treatment. The
mechanisms of weight gain are as complex and manifold as the mechanisms postulated to
be related to DM, and although there is some overlap, particularly at the level of IR and
leptin, the data also suggest some different and contradictory mechanisms. Dysregulation
of metabolism, satiety and activity levels acting through central (hypothalamic) and
peripheral (gastrointestinal) mechanisms have been proposed. Atypical antipsychotics are
antagonistic at 5-HT,, and 5-HT,¢ receptors, which have been shown to increase food
intake (Tecott et al., 1995); agonists at these receptors such as fenfluramine and mCPP
promote weight loss. Antagonism of histamine H; receptors increases food intake, and
weight gain is prominent with anti-histaminic drugs such as the TCAs, clozapine and
olanzapine; all of these agents are also associated with increased DM liability. The
relationships of the histaminergic system are complex, but it appears that histamine
stimulates noradrenaline release, and thus plays a role in the neuroregulation of not only
prolactin (Willems et al, 2000), but also of intranuclear oytocin (Bealer & Crowley,
1999), which has been shown to be important in the etiology of drug-induced DM

(Uvnas-Moberg et al., 1994).
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Leptin is a hormone synthesized by adipocytes and signals the size of the adipose depot
to the brain in a complex feedback fashion. Serum levels are correlated with BMI and
percent body fat as well as fasting and overeating prior to alterations in fat mass or
bodyweight. An increase in serum leptin levels has been reported in clozapine-treated
patients, with even low doses of clozapine leading to a doubling of leptin levels in 8 out
of 12 patients in the first 2 weeks of treatment (maximal relative increase over baseline
was 536%) (Bromel et al., 1998). Another study found leptin levels to be elevated in 26%
of patients on fluphenazine or zuclopenthixol, 21% of patients on clozapine and 57% of
patients on olanzapine (Kraus et al., 1999). Furthermore, olanzapine-treated patients had
significantly higher insulin levels despite no difference in BMI, suggestive of a direct
effect on insulin secretion. The normally existing gender difference in leptin levels
(females having higher circulating levels than males) was not found in the olanzapine or
clozapine groups, which was felt by the authors to reflect alteration of leptin regulation.
2.7.12 Effects of antipsychotics on lipids

These changes in lipid metabolism seen with IR have been noted with respect to
the APs and in general with those APs most commonly associated with weight gain and
DM. Clozapine has been associated with an increase in TG levels, with reversal on
switching to risperidone (Ghaeli et al., 1996). Marked elevation of TG has been reported
in male patients on clozapine compared to male patients on haloperidol; the difference
was much less marked in female patients (Gaulin et al., 1999). It was hypothesized that
this was due to a direct effect on lipoprotein lipase. Of note, hyperinsulinemia also

downregulates this enzyme which is involved in LDL-C metabolism and leads to an
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increase in TG. A 6 week study comparing risperidone to clozapine following treatment
with fluphenazine in 20 patients found TCHOL, TGs and PG were all significantly
increased with clozapine compared to baseline fluphenazine (Su et al., 1996). Clozapine’s
effects on TCHOL and PG were also significant compared to risperidone. Significant
weight gain was noted in both clozapine responders and non-responders and risperidone
responders.

The data suggestive of differences between AAPs was further suggested in the
preliminary analysis of the results of the metabolic profile of 44 patients (Bouchard et al.,
2001). The authors found 32% of the olanzapine-treated patients were characterized by
the development of an atherogenic triad (hyperinsulinemia, elevated apolipoprotein-B
and LDL-C) compared to 5% of risperidone-treated patients occurring in 18 months (+ 8
months). Thirteen cases of severe hypertriglyceridemia (>600mg/dl) associated with
olanzapine and quetiapine treatment, including 5 cases with serum TG levels >1000mg/dl
(4 olanzapine and 1 quetiapine) were reported (Meyer, 2001). Severe
hypertriglyceridemia (>600mg/dl) occurred within 8 months of commencing therapy in 6
of the 11 olanzapine cases and in both quetiapine cases. Three olanzapine patients
developed new onset DM after 3.5, 6.5 and 19.5 months respectively. The mean weight
gain for all 11 patients was 6.49%. No statistical correlation was found between percent
weight gain and percent TG increase. Given the short time frame of study, it is apparent
that there are early and significant changes in glucose and lipid metabolism with certain

APs, which may also be independent of weight.
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It appears that there are differences in the potential for AAPs to adversely affect
lipid metabolism, with links suggested through changes in leptin and IR. A number of the
studies reported, in fact, allowed concomitant use of lipid lowering agents, which may
have had an influence on lowering the incidence of DM when co- prescribed with certain
APs. However, it has also been suggested that alterations in serum lipids may impact on
the plasma distribution of APs and have some relevance in their therapeutic actions,
particularly for clozapine and olanzapine (Procyshyn et al., 2001; Osser et al., 1999).

2.8 Summary

In summary, it is clear that many psychotropic drugs have a significant impact
both directly and indirectly upon different facets of DM, which in turn may have either a
positive or negative effect on the course and outcome of both the psychiatric disorder and
DM. Traditionally, psychiatric disorders and physical diseases have been perceived as
separate both in terms of etiology and treatment, yet it appears that this division is an
artificial one, and in fact these illnesses overlap to a much greater degree than commonly
thought.

The data presented in this review highlight not only the necessity for further
research but also the potential benefit of collaboration between medical specialists to
provide optimal care for patients suffering chronic, debilitating physical and psychiatric

disease through a current, comprehensive, scientific and holistic approach.
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Chapter 3

Subjects and Methods
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3.1 Study design

The original sample from a pilot study (Prior et al., 1998) was expanded to
include a larger number of patients treated with clozapine, olanzapine, risperidone,
quetiapine or CAPs (oral/depot) as monotherapy for a minimum of 3 months. Patients on
combination AP therapy were excluded. The CAPs included haloperidol, fluphenazine,
flupenthixol, and zuclopenthixol. Any other concomitant drugs were reviewed and
discontinued during the period of investigation if it was deemed that there was a likely
significant effect on metabolic indices.

Fasting plasma insulin, FPG and fasting lipids (TCHOL, TG, HDL-C and LDL-C)
were obtained. A full OGTT was performed (2hr PG after 75g oral glucose load in fasted
state), but if the FPG was above 7.8 mmol/L then the OGTT was not completed since the
criterion for DM was met. The homeostasis model assessment index of insulin resistance
(HOMA-IR) was calculated {HOMA-IR = [FPG x FPI] + 22.5). The TCHOL/HDL-C
ratio was calculated. Blood pressure, weight and height were measured, and BMI was
calculated (BMI= kg/m?). Uric acid levels were obtained. In accordance with the standard
protocol for fasting glucose and lipid studies, patients were not permitted to eat, chew,
smoke, or swallow anything except water for 12 hours (no alcohol for 24 hours) before
investigations.

3.2 Sample

The majority of patients were selected from the writer’s outpatient program. In

addition, patients on AP monotherapy were identified through the Alberta Hospital

Edmonton pharmacy database, and their attending physician was contacted. Demographic

83



details, treatment information, laboratory investigations, height and weight measurements
are generally captured routinely as part of the hospital standard patient assessment.
Clinicians were asked to provide the information anonymously for analysis and to
complete any investigations if these data were missing.

The data collection questionnaire is shown in Table 5. Only in- and outpatients
(18-65 yrs) with a stable DSM-IV diagnosis of chronic schizophrenia were investigated.
Patients with concomitant serious physical illness, specifically HIV infection, were
excluded since this is in itself associated with hyperglycemia (Hardy et al., 2001). Details
of age, duration of illness, ethnicity, family history of DM, smoking status and
concomitant medications as well as previous AP and reasons for change to current AP,
were obtained. If weight gain or any evidence of DM were determined to be the reason

for the switch to the current AP, these patients were excluded.
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Initials

Date of Birth

Family History of Diabetes

Ethnic Status

Psychiatric Diagnosis

Duration of Schizophrenia

Sex

Smoker

Current antipsychotic and start date

Concomitant medications

Previous antipsychotic medication (most
recent) and reason for change to current

Height

Table 5: Metabolic assessment data collection questionnaire (part 1)

35




Target Values Date Date Date Date Date
Weight
Blood Pressure 130/80
Fasting Insulin <15 mw/L
Fasting Glucose <6.1 mmol/L
GTT (2hr) <7.8 mmol/L
Uric Acid <295 pmol/L
Cholesterol <4.6 mmol/L
Triglyceride <2.0 mmol/L
HDL-C >0.9 mmol/L
LDL-C <2.5 mmol/L
Chol/HDL <4
BMI (Kg/m”) <24.9
HOMA-IR
(Insulin x Glucose/22.5)

Table 5: Metabolic assessment data collection questionnaire (part 2)
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33 Data collection
Blood samples, except for plasma insulin, were analyzed by Dynacare Kasper

Medical Laboratory Services using a Bayer Advia 1650 Clinical Chemistry Analyzer.
Plasma insulin was measured by Capital Health Laboratory Services.
a) Analysis of Triglycerides

TGs are converted to glycerol and free fatty acids by lipoprotein lipase. The glycerol
is then converted to glycerol-3-phosphate by glycerol kinase in the presence of glycerol-
3-phosphate-oxidase to form hydrogen peroxide. A colored complex is formed from
hydrogen peroxide, 4-aminophenazone and 4-chlorophenol under the catalytic influence
of peroxidase. The absorbance of the complex is measured as an endpoint reaction at 505
nm.
b) Analysis of Cholesterol

The cholesterol esters are hydrolyzed by cholesterol esterase to cholesterol and free
fatty acids. The cholesterol is converted to cholesterol-3-one by cholesterol oxidase in the
presence of oxygen to form hydrogen peroxide. A colored complex is formed from
hydrogen peroxide, 4-aminophenazone, and phenol under the catalytic influence of
peroxidase. The absorbance of the complex is measured as an endpoint reaction at 505
nm.
¢) Analysis of HDL-Cholesterol

The direct HDIL. method is based on the procedure of Suguichi and measures HDL-C
in serum, without prior separation, using polyethylene glycol (PEG) modified enzymes
and sulfated a-cyclodextrin. Reagent 1 (sulfated a-cyclodextrin buffer) is preincubated

with the sample leading to the formation of water soluble complexes with LDL, VLDL
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and chylomicrons. These complexes are resistant to PEG modified enzymes. Reagent 2
which contains 4-Morpholinepropanesulfonic acid buffer, PEG cholesterol peroxidase
and PEG cholesterol esterase is then added. The concentration of HDL-C is determined
enzymatically by the addition of cholesterol esterase and cholesterol oxidase, which have
been coupled with PEG to the amino groups. The intensity of quinone imine dye
produced is proportional to the cholesterol concentration, which is measured at 596 nm.
d) Analysis of LDL-Cholesterol

The LDL-C concentration was calculated by Friedwald’s formula where LDL-C (S.I.
units) = {TCHOL — [HDL-C + (TG x 0.46)]}, but if TGs were above 4.52 mmol/L then a
valid LDL-C could not be determined.
e) Analysis of Glucose

The Glucose Hexokinase I enzymatic method involves a two-component reagent and
is based on the method by Stein utilizing hexokinase and glucose-6-phosphate
dehydrogenase (G6PDH) enzymes. Sample is added to Reagent 1, which contains
buffered adenosine triphosphate (ATP), sodium azide (NaN3) and nicotinamide adenine
dinucleotide (NAD). Absorbance readings of the sample in Reagent 1 are taken and are
used to correct for interfering substances in the sample. The Reagent 2 mix contains
Reagent 1 in addition to G6PDH and hexokinase (both from microbial sources). The
glucose is phosphorylated by ATP in the presence of hexokinase, and the glucose-6-
phosphate that forms is oxidized in the presence of G6PDH, causing the reduction of
NAD to nicotinamide adenine dinucleotide reduced (NADH). The absorbance of NADH
is measured as an endpoint reaction at 340 nm. The difference between the absorbance in

Reagent 1 and Reagent 2 is proportional to the glucose concentration.
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f) Analysis of Uric Acid

The uric acid method is based on the Fossati enzymatic reaction using uricase with a
Trinder-like endpoint. Reagent 1 contains N-ethyl-N-(2-Hydroxy-3-sulfopropyl)-3-
methylaniline (TOOS) and NaNj;. Reagent 2 contains 4-Aminophenazone, peroxidase,
uricase and NaNjz. The uric acid is converted by uricase to allantoin and hydrogen
peroxide. A colored complex is formed from hydrogen peroxide, 4-aminophenazone, and
TOOS under the catalytic influence of peroxidase. The absorbance of the complex is
measured as an endpoint reaction at 545 nm.
g) Analysis of Insulin

Insulin was measured on the Roche Eleosys 2010 instrument. In this assay, patient
samples are incubated with a biotinylated TSH antibody and a ruthenium-labeled TSH
antibody. The resulting immune complexes are separated by addition of strepavidan-
coated paramagnetic microparticles and passage over a magnet. Tripropylamine is then
added and the chemiluminescent reaction electrically stimulated to produce light. The
amount of light produced is proportional to the concentration of insulin in the sample.
3.4  Statistical methods

An interim analysis was conducted on the available data based on a total of 85

evaluable patients. Given the very small numbers of quetiapine, ziprasidone, and
amisulpiride monotherapy patients (n=8), these were not included in this analysis.
Although the data were not completely normal in distribution, it was hypothesized that
data from a larger sample size would approach normal, thus an analysis of variance
(ANOVA) was completed (after initial non-parametric analysis). The small sample sizes

and moderate degree of skew in some groups decreased the sensitivity of the ANOVA,
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but trends were evident in the present data, with statistical significance being found for 2
measures. It is likely that statistically significant group differences may be observed with
larger sample sizes and further research with larger sample sizes is ongoing. Medians
were calculated as the measure of central tendency for the data sets given the large
variation. The variances of the samples (s%), the variances of the means (VM), and the
standard error of the means (SEM) are displayed in Table 7. The percentage of patients
within each treatment group with values above the threshold values was also determined.
The ANOVA was done on all 4 cohorts (clozapine, olanzapine, risperidone,
CAPs) for each of the various parameters (FPG, TGs, etc.). The ANOVA showed
statistically significant differences between cohorts for FPG (P < 0.05) and TGs (P <
0.01), and statistical significance was almost reached for HOMA-IR (P = 0.0566). To
further distinguish which cohorts were significantly statistically different from each
other, the Tukey-Kramer formula for multiple comparisons test was administered. This
test is used when the numbers in each cohort are different. Thus, a Tukey-Kramer test
was performed on HOMA-IR, since this variable had almost reached statistical
significance. After applying the formula, a statistically significant difference was found
between clozapine and CAPs (P < 0.05). Some cohort distributions were observed to be
slightly skewed, however the ANOVA is moderately robust to non-normal data (although
data that are not normally distributed violate one of the assumptions of ANOVA). The
data were not log transformed because the data were not sufficiently non-normal, and
thus applying log transformation would not have changed the results. In addition, with
more patients, the data set may well approach a normal distribution and the power of the
analysis will be increased. If the skew continues to be present after the additional data

have been obtained, a log transformation will be applied. 90



3.5  Ethics approval
Permission to conduct this study was given by Dr. Pierre Flor-Henry, Chair of the
Research Ethics Committee and Medical Director, Adult Psychiatry Program of Alberta

Hospital, Edmonton.
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Chapter 4

Results
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4.1 Patient demographics

Patient demographics are summarized in Table 6. The cohort sizes were
comparable with the exception of the clozapine cohort which was approximately double
that of the other cohorts. Mean age was 40.6 years, mean duration of illness was 14.8
years, and mean duration of antipsychotic therapy at the time of testing was 3.3 years.
The olanzapine cohort had the lowest percentage of males (67%) and the fewest smokers
(44%). The clozapine and olanzapine cohorts had the highest proportion of patients with
a positive family history of DM (32% and 33% respectively) compared to the risperidone
(13%) and CAP (18%) cohorts. The risperidone cohort had the lowest percentage of
Caucasians (69%).
4.2 Diabetic indices

The results of the effects of the antipsychotics on fasting insulin are summarized
in Figure 1. Despite an apparent difference between AAP and CAP cohorts, statistical
significance was not demonstrated given the very large variance in this data set.
Olanzapine was associated with the highest insulin values while FPG values were lowest
in the CAPs cohort (Figure 2). For FPG, the only statistically significant difference was
found between the clozapine and CAPs cohorts (P < 0.05). Application of the Tukey
Kramer formula to calculations of HOMA-IR demonstrated a statistically significant
difference between clozapine and CAPs cohorts (P < 0.05). The greatest percentages of
patients with hyperinsulinemia (Figure 3) and DM (Figure 4) were those treated with
clozapine.
4.3 Obesity indices

All patients were obese, as defined by a BMI > 24.9, with olanzapine patients
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showing the highest BMIs (Figure 5). Similarly, the greatest percentage of patients with
obesity was in the olanzapine cohort (Figure 6).
4.4  Lipid indices

Total cholesterol (Figure 7) and TGs (Figure 8) were highest in the clozapine
cohort. For TGs, the only statistically significant difference was found between the
clozapine and CAPs cohorts (P < 0.01). The percentage of patients with hyperlipidemia
was also greatest in the clozapine cohort (Figure 9).
4.5  Uric acid

The clozapine cohort had the highest uric acid levels (Figure 10), but no

statistically significant differences were found.
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Antipsychotic Clozapine Olanzapine | Risperidone Conventional
Number of patients 34 18 16 17
Mean age (yrs) 41.8 41.5 38.9 40.0
Male 26 12 12 13
Mean duration of 3.5 3.0 2.2 4.6
treatment (yrs)
Mean duration of 14 17.5 17.7 10.0
illness (yrs)
Smokers 20 8 10 10
Family history of DM 11 6 2 3
Caucasian 29 14 11 13
Black 2 1 3 1
Asian 2 2 1 2
East Indian 0 1 1 1
Native 1 0 0 0
Table 6: Patient demographics
BMI FPI FPG
n| s |VM|SEM| s° | VM |SEM | s° | VM | SEM
Clozapine 34 127.78 1 0.817 | 0.904 | 79.99 { 2.353 | 1.534 | 6.58 | 0.194 | 0.440
Olanzapine 18 130.86 | 1.714 | 1.309 | 57.41 | 3.189 | 1.786 | 10.82 | 0.601 | 0.775
Risperidone | 16 | 13.26 | 0.829 | 0.910 | 56.28 { 3.512 | 1.875 | 0.19 | 0.119 | 0.109
Conventional | 17 | 26.39 | 1.552 | 1.246 | 27.10 | 1.594 | 1.263 | 2.36 | 0.139 ] 0.373
TCHOL TGs
n | s [ VM [SEM| s° | VM [ SEM
Clozapine 34 1 1.90{0.059 | 0.236 | 19.70 | 0.579 | 0.761
Olanzapine 18 | 1.58 | 0.088 | 0.296 | 12.97 { 0.721 | 0.849
Risperidone 16 | 1.02 | 0.064 | 0.252 | 7.01 | 0.438 | 0.662
Conventional | 17 | 0.84 | 0.049 | 0.222 | 0.51 | 0.03 | 0.173

Table 7: Variances of the samples (sz), variances of the means (VM), and standard
errors of the mean (SEM) for BMI, fasting plasma glucose (FPG), fasting plasma
insulin (FPI), total cholesterol (TCHOL), and triglycerides (TGs).
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Fasting Plasma Glucose (mmol/L)
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Clozapine Olanzapine Risperidone  Conventional

* statistically significant compared to conventional, P < 0.05

Figure 2: Fasting plasma glucose in patients on APs (median values).
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Figure 3: Percentage of patients on APs with hyperinsulinemia.
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DIABETES

Percentage of Patients (%)
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Figure 4: Percentage of patients on APs with diabetes.
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Fasting Plasma Cholesterol (mmol/L)

CHOLESTEROL

Clozapine Olanzapine Risperidone Conventional

Figure 7: Cholesterol values of patients on APs (median values).

102



TRIGLYCERIDES

2.50 oo

2.00 -]

50 A

Fasting Plasma Triglycerides (mmol/L.)

0.50 Ao

*statistically significant compared to CAPs, P <0.01

Figure 8: Triglyceride values of patients on APs (median values).
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Figure 9: Percentage of patients on APs with hyperlipidemia.
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Figure 10: Uric acid values of patients on APs (median values).
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Chapter 5

Discussion
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5.1  Preface to discussion

Patients with schizophrenia are at greater risk of developing DM and
cardiovascular morbidity and mortality than the normal population (Curkendall et al.,
2001). Increasing experience with AAPs suggests that there is a hierarchy of diabetic
association (Leibzeit et al., 2001; Mir & Taylor, 2001). The mechanisms are complex and
multifactorial, but likely include the effects of the receptor profile antagonism of the
different APs influencing IR - a metabolic syndrome characterized by hyperinsulinemia,
IFG and IGT, central obesity, hyperuricemia, hypertension and hyperlipidemia.

In comparison to non-diabetics with lipid disorders, DM type 2 patients tend to
have higher levels of TG and VLDL and lower levels of HDL-C, but TCHOL and LDL-C
levels are similar in both groups (Amsterdam et al., 2001). Hyperlipidemia is generally
defined by the following values; TCHOL >5.2 mmol/L, TG >2.3 mmol/L, LDL -C >3.4
mmol/L, HDL-C <0.9 mmol/LL and TCHOL/HDL >9. However, overall cardiovascular
risk is influenced by age, presence of DM, lipid values, systolic BP, and smoking status.
Thus, target lipid values stratified by level of risk are shown in Table 7, and it is currently
suggested that in the presence of DM, the recommended values are as follows; LDL -C
<2.5 mmol/L, TG <2 mmol/L. and TCHOL/HDL <4. Any patient over the age of 30
years with DM or clinical evidence of atheroclerosis, and any patient who has already
suffered a cardiovascular event, is automatically in the very high-risk category. Improved

glycemic control can ameliorate TG levels.
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Target Values

Total

LDL-C Cholesterol Triglyceride

Level HDL-C level,
Level of Risk (mmol/L) ratio (mmol/L)
Very high <25 <4 <20
(history of
cardiovascular
disease or
diabetes)
High <3.0 <5 <20
Moderate <4.0 <6 <2.0
Low <50 <7 <3.0

Table 8: Target lipid values by level of risk
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There is also a hierarchy of weight gain liability with AAPs (Allison et al., 2001;
Wirshing et al.,, 1998). The mechanisms are again complex but leptin (which also
mediates insulin sensitivity) likely plays a role. Studies have shown increases in serum
leptin levels in 57% of olanzapine-treated patients occurring within 12 weeks (Kraus et
al., 1999; Melkersson et al., 2000) as well as a doubling of leptin levels with clozapine
within 2 weeks (Bromel et al., 1998). Previous studies in this area, including a pilot study
by the author (Prior et al., 1998) have not always adequately controlled for duration of
current therapy, reason for switch to current AP, age, or concomitant medications. If the
previous AP was changed because of weight gain, this biases against the new drug.

Additional confounds include psychiatric diagnosis and acuity, smoking status,
personal or family history of DM, obesity (BMI > 30.0), inactivity, ethnicity and gender.
Not only is schizophrenia more likely to be associated with DM than other psychiatric
disorders, but also acute schizophrenia is associated with greater impairment of GTT than
chronic schizophrenia. Furthermore, the risk of AP-associated DM overlaps with
predisposing factors for IR, including smoking, physical inactivity, older age, family
history of DM and increased BMI. Accurate fasting blood work is very difficult to obtain
in this population and random glucose data, particularly extrapolated from clinical trials,
is of limited value (Beasley et al., 2001; Allison et al., 2001).

3.2 Effect of antipsychotics on diabetic indices

The higher levels of FPI and FPG with olanzapine and clozapine compared to
risperidone or CAPs in this study are consistent with data from other studies suggesting
that these 2 AAPs are associated with greater IR than other AAPs (Melkersson et al.,
1999; Cohn et al., 2001; Henderson et al., 2000).
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Fasting plasma insulin values were numerically greatest in the olanzapine cohort,
but the percentage of patients with hyperinsulinemia was highest in the clozapine cohort.
Although 60% of olanzapine-treated patients were obese in the study (mean BMI=
31.46), changes in IR have been shown to be independent of BMI (Newcomer et al.,
1999; Melson et al., 1999), and to occur soon after treatment is initiated, i.e. often before
there has been significant weight change. This has been shown to occur within 6 weeks of
olanzapine treatment compared to ziprasidone (Fryburg et al., 2000; Glick et al., 2001),
with the risk of DM being highest in the first 3 months of treatment for olanzapine
compared to risperidone (Caro et al., 2000). HOMA-IR was statistically significantly
different only for clozapine compared to the CAPs. The lack of any other significant
differences probably reflects the effect of the compensatory hyperinsulinemia, which
maintains a normal FPG until homeostasis can no longer be sustained. Thus, median FPG
values were within the normal range (below 6.1 mmol/L for all cohorts). Although FPG
determinations are used in the diagnosis of DM, recent studies have shown that FPG can
be normal in 37% of diabetics and 85% of IGT individuals diagnosed by OGTT
(Wolever, 2001). Olanzapine was also associated with more hypoinsulinemia than the
other AAPs, but since hypoinsulinemia was also noted with the CAPs, the significance of
this finding is unknown. It is unlikely to reflect the stage in the evolution of DM
associated with pancreatic B-cell failure in end stage type 2 DM, which can precede the
development of type 1 DM.

The prevalence of DM as determined by an OGTT response of > 11.1 mmol/L,
ranged from 15% for patients on clozapine, 12% for patients on olanzapine, to 6% for

patients on CAPs. Although there were no patients on risperidone with DM according to
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OGTT values, there were numerically more risperidone patients with IGT as defined by
OGTT responses of > 7.8 and < 11.1 mmol/L, than for the other treatment groups. This
1s more difficult to explain, and may be related to the fact that the risperidone cohort
contained the largest percentage of non-Caucasians. Thus, it would be important to
determine if this finding is still present with further study and larger sample size. Most
studies based on prescription claims data (Moisan et al., 2001; Mahmoud et al., 2000,
Caro et al., 2000), chart review data (Wilson et al., 1999; Sernyak et al., 2001; Hagg et
al., 1998; Casey et al., 2001), or naturalistic data (Henderson et al., 2000) for patients
with a diagnosis of schizophrenia, consistently report the highest prevalences and
incidences of new onset type 2 DM in olanzapine- and clozapine-treated patients. In
contrast, the prevalence and incidence data from the same studies with risperidone and
high potency CAPs, are very close to the base rate for type 2 DM in populations of
patients with schizophrenia.

If anything, the findings of the present study underestimate the incidence of IR
and DM since patients that had been switched to their current AP because of significant
weight gain or IR were excluded. Thus, patients who did not show these changes were
more likely to have been maintained on a particular therapy. Clozapine-treated patients,
however, were likely to have continued with clozapine even with evidence of metabolic
dysregulation presumably because of their treatment refractory status (a trial of clozapine
generally requires a history of failure of response to other APs). Similarly, many of the
patients on CAPs were likely receiving depot neuroleptics because of a history of non-
compliance with oral AP therapy, and would therefore be maintained on depot. Hence the

longest duration of therapy (4.6 years) was seen in this group. Furthermore, this is one of
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the few studies that applied a rigorous and current diagnostic criterion i.e., only patients
with a stable DSM-IV diagnosis of schizophrenia were enrolled. The chronicity of the
sample is also reflected in the duration of illness (mean = 14.8 years).
53 Effect of antipsychotics on lipids

Other markers of IR, including hypertriglyceridemia and hypercholesterolemia
were found, and are consistent with other studies reporting greater hypertriglyceridemia
with olanzapine and clozapine compared to risperidone or CAPs (Osser et al., 1999;
Meyer, 2001; Bouchard et al., 2001; Gaulin et al., 1999; Ghaeli et al., 1996). Clozapine
was associated with the greatest increases in TGs and TCHOL serum values, as well as
the highest percentage of patients with hyperlipidemia.
5.4  Effect of antipsychotics on weight

Both the highest percentage of obese patients (defined as BMI = 30.0 — 34.9) and
the greatest BMIs were seen in the olanzapine cohort, although patients in all treatment
groups were overweight (defined as BMI = 25.0-29.9); the patients on CAPS had the
lowest values of all with a median BMI of 25.7. This is consistent with the literature
showing weight gain to be greatest with olanzapine and clozapine of the AAPs (Allison et
al., 1999; Wirshing et al.,, 1999). Since patients whose treatment had been switched
because of weight gain were excluded, the weight at the time of the study likely reflects
weight directly attributable to their current AP, and duration of treatment with their
current AP (overall mean for all cohorts= 3.3 years).
5.5  Effect of antipsychotics on uric acid

Uric acid levels were noted to be highest with clozapine, but levels with

risperidone were greater than with olanzapine or CAPs. This may be explained by the
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fact that although hyperuricemia is associated with IR, it is also significantly influenced
by gender and heritability factors.
5.6  Mechanisms of antipsychotic-associated metabolic dysregulation

Olanzapine and clozapine share similarities of both structure and receptor
antagonism thus, it is likely that these properties contribute to their similar effects on
glucose, body mass and lipid regulation. Olanzapine [2-methyl-4-(4-methyl-1-
piperazinyl)-10H-thieno[2,3-b][1,5]benzodiazepine] demonstrates the following receptor
binding affinities in vitro (K) ; serotonin 5-HT4 (1.5 nM), 5-HT¢ (4.1 nM), 5-HT;p (150
nM), 5-HT;, (610 nM), dopamine D, (20 nM), muscarinic M;.s (36 nM), histamine H;
(0.1 nM), adrenergic-a; (280 nM) and adrenergic-o; (44 nM) (Richelson and Souder,
2000). Clozapine [8-chloro-11-(4-methyl-1-piperazinyl)-5SH-dibenzo[b,e][1,4]diazepine]
demonstrates the following receptor binding affinities in vitro (Kj) ; 5-HT24 (2.6 nM), 5-
HTyc (4.8 nM), 5-HTp (130 nM), 5-HT4 (160 nM), dopamine D, (210 nM), muscarinic
M5 (36 nM), histamine H; (3.1 nM), adrenergic-a, (280 nM) and adrenergic-o; (44 nM)
(Richelson and Souder, 2000). Clozapine shares a comparable receptor binding affinity
with olanzapine for 5-HT;4 receptors, but it is also strongly anti-muscarinic, (except at
the My receptor, where it acts as a partial agonist), and it is less anti-histaminic than
olanzapine. At dopamine receptors, clozapine demonstrates greater D;/D; antagonism
than D,/D; antagonism.

The effects of APs on neurotransmitter receptors that in turn impact upon glucose
and lipid metabolism, both directly and indirectly, are complex and often contradictory.
Nonetheless, it is hypothesized that APs possessing primarily a profile of selective and
strong antagonism at D,/Ds, and secondarily antagonism at 5-HT»a, 5-HT4 and o,
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receptors, may be less likely to be associated with these metabolic effects (Uvnas-
Moberg et al., 1994; Chaouloff et al., 1990a). Thus, APs such as haloperidol compared to
chlorpromazine of the CAPs, and risperidone compared to clozapine of the AAPs, appear
much less likely to be implicated in glucose and lipid metabolic dysregulation when
confounding factors are adequately controlled for.

The effects of APs on glucose metabolism may be mediated at a cellular level
through the expression of specific glucose transport (GLUT) proteins (Dwyer et al.,
1999). Clozapine has been shown to increase GLUT1 and GLUTS3 protein expression
while haloperidol decreased the expression of both. Histamine H; antagonism is
associated with weight gain, and histamine influences prolactin and oxytocin through
noradrenergic mechanisms (Willems et al, 2000; Bealer & Crowley, 1999); olanzapine
and clozapine are amongst the most anti-histaminic of the AAPs. Furthermore, given
leptin’s role in mediating insulin sensitivity and the relationship of IR to the aetiology of
AP-associated weight gain and DM, it is possible that olanzapine and clozapine may also
adversely influence glucose and body mass metabolism via leptin and cytokines,
including tumour necrosis factor-a, although much work needs to be done in this area.
Although other hormones such as prolactin have been postulated to impact upon IR,
under physiological conditions prolactin does not appear to play an important role in
glucose regulation. Thus, high potency CAPs such as haloperidol, and AAPs such as
risperidone that cause hyperprolactinemia (being strong and selective dopamine D,
antagonists), are less frequently associated with DM than prolactin sparing (lower

potency) APs.
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Chapter 6

Summary and Conclusion
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6.1 Summary
The major findings of this study are summarized as follows (in order of
decreasing values).
1. Prevalence of diabetes mellitus: clozapine > olanzapine > conventional
antipsychotics > risperidone.
2. Higher fasting plasma glucose: clozapine > olanzapine > risperidone >
conventional antipsychotics.
3. Higher fasting serum insulin: olanzapine > clozapine > risperidone > conventional
antipsychotics.
4. Higher total cholesterol: clozapine > conventional antipsychotics > olanzapine >
risperidone.
5. Higher triglycerides: clozapine > olanzapine > risperidone > conventional
antipsychotics.
6. Greater BMI: olanzapine > clozapine > risperidone > conventional antipsychotics.
7. Higher uric acid: clozapine > risperidone > olanzapine > conventional
antipsychotics.
Although most of the above findings were suggestive of trends, statistical significances
were shown between clozapine and CAPs, for FPG, TGs and HOMA-IR.
6.2 Conclusions
Schizophrenics are at greater risk of cardiovascular morbidity and mortality, as
well as for DM, than the general population and these risks are compounded by the use of

certain APs. In this study, after attempting to control for confounding factors, clozapine

116



and olanzapine were associated with the highest prevalence of DM, the highest values of
the indices of IR such as FPG and FPI, as well as the highest values of hyperlipidemia
such as TGs. Olanzapine-treated patients were also the most obese and had the highest
BMIs. However, further evaluable subjects are needed to increase the statistical power
since the differences demonstrated between the APs thus far are small. At this point, the
data are suggestive of trends, but statistically significant differences were not shown,
except for clozapine compared to CAPs for FPI, TGs and HOMA-IR. Clozapine-treated
patients also showed the highest plasma uric acid levels versus CAPs. Although
hyperuricemia is associated with IR, a correlation has not been previously shown with
AAPs.

Psychiatrists must be more proactive in the management of AP side effects,
particularly DM, weight gain and dyslipidemia. This requires careful drug selection and
use particularly in patients with potential risk factors. This differential liability may be
particularly significant in the presence of pre-existing risk factors for IR. Because IR is
associated with a cluster of significant cardiovascular risk factors consisting of obesity,
hypertension, type 2 DM and particularly dyslipidemia, it is recommended that all
patients receiving APs (specifically those with identified risk factors and treated with the
more diabetogenic drugs) should have weight, BP, FPG and lipids monitored at baseline
and regularly. Consideration should also be given to performing a GTT since a FPG may
not be sufficiently sensitive to detect early IGT. Appropriate management strategies
should be initiated early if metabolic dysregulation occurs, given the serious long-term

health implications. In view of the complexity of the management of the medical
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consequences of AP side effects, regular health screens and shared care with primary care
and specialist physicians should be encouraged. Psychiatrists should discuss serious
potential health risk side effects with patients prior to initiating treatment where possible
and provide adequate psychoeducation concerning management of side effects, smoking,
ete.

Finally, almost every compound used as a psychotropic appears to have some
action either positive or negative on glycemic thresholds. Given that many patients with
schizophrenia are receiving multiple medications, it becomes ever more important to be
aware of the potential interactions that may contribute to an increased risk of DM as well

as weight gain and dyslipidemia.
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Chapter 7

Areas of Future Study

119



7.1 Areas of future study

The conclusions of this study were limited by sample size, particularly with
respect to the quetiapine cohort; it would be valuable to continue to expand the sample in
order to allow appropriate statistical analysis to validate the conclusions and to explore
other areas such as the effect of gender.

A dose-dependent effect has been suggested in a number of studies, and it would
be interesting to investigate this further with serum level monitoring of the different APs.
The CAPs cohort included both high and low potency APs; with a larger sample it would
be possible to investigate the effect of chemical class and possibly potency on metabolic
parameters.

Leptin levels could not be measured by local laboratory services, but this
investigation together with cortisol, IGF-1, and IGFBP-1 would represent a more
complete analysis of potential metabolic disturbances, ultimately with a view to clearly
demonstrating the diabetic risk of each AP. Whilst the OGTT is the most sensitive
method of assessing glucose metabolism in practical clinical terms, IVGTT and
FSIVGTT with Minimal Model analysis are even more sensitive measures of insulin
secretion and action, but much more difficult to practicably utilize in the population
studied. Similarly, hyperglycemic and euglycemic clamps are the gold standard in
elucidating insulin metabolism, but are only available in specialized centers. Although
BMI was calculated for each patient, waist circumference is a more sensitive, but difficult
to obtain, measure of IR. Nonetheless, waist circumference and BP have not been

systematically tracked in this population.
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Finally, studies looking at the effects of pharmacological interventions such as
early treatment with anti-diabetic drugs of different classes and modes of action,
including metformin, rosiglitazone and acarbose, may hold clinical promise in delaying
or preventing progression towards DM, particularly where patients have to continue with

a psychotropic drug that is suspected of exacerbating or causing DM.
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