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Review ARTICLE
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Second-Generation (Atypical)
Antipsychotics and Metabolic Effects

A Comprehensive Literature Review

John W. Newcomer

Department of Psychiatry, Washington University School of Medicine, $t. Louds, Missouri, USA

Abstract Increasing numbers of reports concerning diabetes, ketoacidosis, hyperglycaemia
and lipid dysregulation in patients treated with second-generation (or atypical)
antipsychetics have raised concerns about a possible association between these
metabolic effects and treatiment with these medications. This comprehensive litera-
ture review considers the evidence for and against an association between glucose
or lipid dysregulation and eight separate second-generation antipsychotics current-
y available in the US and/or Burope, specifically clozapine, olanzapine, risperi-
done, quetiapine, zotepine, amisulpride, ziprasidone and aripiprazole. This review
also includes an assessment of the potential contributory role of treatment-induced
weight gain in conferring risk for hyperglycaemia and dyslipidaemia during treat-
ment with different antipsychotic medications.

Substantial evidence from a variety of human populations, including some recent
confirmatory evidence in treated psychiatric patients, indicates that increased adi-
posity is associated with a variety of adverse physiological effects, including
decreases in insulin sensitivity and changes in plasma glucose and lipid levels.
Comparison of mean weight changes and relative percentages of patients experi-
encing specific levels of weight increase from controlied, randomised clinical trials
indicates that weight gain lability varies significantly across the different second-
generation antipsychotic agents. Clozapine and olanzapine treatment are associated
with the greatest risk of clinically significant weight gain, with other agents pro-
ducing relatively lower levels of risk. Risperidone, guetiapine, amisulpride and
zotepine generally show low to moderate levels of mean weight gain and a modest
risk of clinically significant increases in weight. Ziprasidone and aripiprazole treat-
ment are generally associated with minimal mean weight gain and the lowest risk
of more significant increases.

Published studies including uncontrolled observations, large retrospective database
analyses and controlled experimental studies, incinding randomised clinical trials,
indicate that the different second-generation antipsychotics are associated with dif-
fering effects on glucose and lipid metabolism. These studies offer generally con-
sistent evidence that clozapine and olanzapine treatment are associated with an

—h—
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increased risk of diabetes mellitus and dyslipidaermia. Inconsistent results, and a
generally smaller effect in studies where an effect is reported, suggest limited if any
increased risk for treatment-induced diabetes mellitus and dyslipidaemia duoring
risperidone treatment, despite a comparable volume of published data. A similarly
smaller and inconsistent signal suggests limited if any increased risk of diabetes or
dyslipidaemia during quetiapine treatment, but this is based on less published data
than is available for risperidone. The absence of retrospective database studies, and it~
tle or no relevant published data from clinical trials, makes it difficult to draw con-
clusions concerning risk for zotepine or amisulpride, although amisulpride appears
to have less risk of treatment-emergent dyslipidacmia in comparison to olanzapine.
With increasing data from clinical trials but little or no currently published data
from large retrospective database analyses, there is no evidence at this time to sug-
gest that ziprasidone and aripiprazole treatiment are associated with an increase inrisk
for diabetes, dyslipidaemia or other adverse effects on glucose or lipid metabolism.
In general, the rank order of risk observed for the second-generation antipsychotic
medications suggests that the differing weight gain liability of atypical agents con-
tributes to the differing relative risk of insulin resistance, dyslipidaemia and hyper-
glycaemia. This would be consistent with effects observed in nonpsychiatric sam-
ples, where risk for adverse metabolic changes tends to increase with increasing
adiposity. From this perspective, a possible increase in risk would be predicted to
oceur in association with any treatment that produces increases in weight and adi-
posity. However, case reports tentatively snggest that substantial weight gain or obe-
sity may not be a factor in up to one-guarter of cases of new-onset diabetes that
occur during treatmient. Pending further testing from preclinical and clinical stud-
ies, limited controlled studies support the hypothesis that clozapine and olanzapine
may have a direct effect on glocose regunlation independent of adiposity. The results
of studies in this area are relevant to primary and secondary prevention efforts that
aim to address the multiple factors that contribute to increased prevalence of type 2
diabetes mellitus and cardiovascular disease in populations that are often treated
with second-generation antipsychotic medications.

if there is an increased risk of diabetes with sec-
ond-generation antipsychotics, does this risk dif-
fer between the different agents?

If there 15 an increased risk of diabetes with sec-

Reports of treatment-emergent adverse events ®
such as diabetes mellitus, diabetic ketoacidosis,
hyperglycaemia and dyslipidacmias in patients
receiving atypical or second-generation antipsy-

®

chotics have increased in recent years. This has led
to growing concern about a possible link between
these metabolic effects and therapy with second-
generation antipsychotics, and a number of issues
have been raised:

®

Is there an increased risk of diabetes associated
with second-generation antipsychotic therapy, or
do these reports simply reflect an increased risk
of diabetes in patients with schizophrenia?

© Adiis Data information BV 2005, All rights reserved,
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ond-generation antipsychotics, is it related
their effects on bodyweight or adiposity, or
action through other mechanisms?

¢ Is there an increased risk of dyslipidaemia asso-
ciated with second-generation antipsychotics? If
s0, does this risk vary between the different
agents? Is this also related to adiposity?

This comprehensive literature review consid-
ers the evidence for an association between glucose

CNS Drugs 2005; 19 Supph 1
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and/or lipid dysregulation and the second-genera-
tion antipsychotics currently available i the US
and/or Europe: clozapine, olanzapine, risperidone,
quetiapine, zotepine, amisulpride, ziprasidone and
aripiprazole. It includes published reports of data-
base analyses, chart reviews, clinical trials and case
studies examining ghicose and lipid regulation in
patients treated with any of the eight atypical
agents. Detailed below i the search methodology
section, references extending nto 2004 were iden-
tified by Medline search, as well as review of
selected meeting abstracts. Searches were per-
formed for each of the mdividual antipsychotic
agents, plus ‘atypical aptipsychotics’, combined
with the following terms: diabetes, glucose,
ketoacidosis, hyperglycaemia, triglycerides, hyper-
triglyceridacmia, hyperlipidacmia, lipidacmia, dys-
lipidacmia and cholesterol, Data are presented and
discussed for each of the eight antipsychotics indi-
vidually, with the overall findings reviewed in a
final discussion section.

1. Background: Obesity, Insulin
Resistance, Diabetes and
Dyslipidaemias

1.1 Overweight and Cbesity

Overweight and obesity are increasing prob-
fems in the US and throughout the Western world
and have significant health implications. In the US,
data from the Third National Health and Nutrition
Examination Survey (NHANES I} conducted in
1988-1994 showed that 58% of people aged 20
years and above were cither overweight (body
mass index [BMI] 25.0-29.9 kg/m®) or obese (BMI
230 kg/w). The prevalence of overweight was
higher for men than for women (39.9% vs 25.7%),
whereas obesity prevalence was higher among
women than men (25.5% vs 19.9%). In the most
recent NHANES data for 1999-2000, the preva-
fence of overweight and obesity combined had
risen {0 64%. Trends in obesity prevalence over the
tast 40 years showed little change from 1960 o
1980, then a marked increase to the present day
{men 1980, 13%; 1991, 21%; 1999-2000, 28%;

© Adiis Data information BV 2005, All rights reserved,
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women 1980, 17%; 1991, 26%; 1999-2000, 34%).
The increasing prevalence of overweight has also
been observed in children and adolescents. In chil-
dren (6-11 years), the proportion overweight (BMI
>95th percentile) increased from 4% in 1965 to
13% in 1999, while for adolescents {12-19 vears),
the percentage rose from 5% in 1970 w 14% in
1999,

Findings are similar in European countries.
Data from the International Obesity Task Force
(IOTF) and the European Association for the Study
of Obesity (EASO) published in 2002 showed that
40-530% of men and 25-40% of women were over-
weight, and that 10-20% of men and 10-25% of
women were obese.” In each country, overweight
was more prevalenf among men than women, while
obesity rates were almost always higher for women
than men. The prevalence of obesity has also
shown a marked increase in recent years, with the
majority of European countries showing a 10-50%
increase in rates over the last 10 years. Prevalence
of overweight in children and adolescents has also
increased. Surveys conducted over the last 10 years
typically show that 10-20% children aged around
10 years are overweight, although in some coun-
tries prevalence rates were over 30%.1

Overweight and obesity are associated with
increased rates of mortality and morbidity.
Martality rates increase for both men and women
throughout the range of moderate and severe over-
weight.™ Among obese individuals, the nsk of
death from all causes is 50-100% greater than for
those of normal weight (BMI 20-25 kg/m’); most
of the increased risk 1s due to cardiovascular caus-
es.M Estimates put the number of deaths attributa-
ble to obesity in the US at 300 000 per year.™

Overweight and obesity are known {o increase
the risk for a sumber of diseases, wcluding dia-
betes, cardiovascular disease (e.g. coronary heart
disease [CHD} and cerebrovascular disease)},
hypertension and certain cancers.” In addition,
they are associated with abnormal metabolic
changes such as insulin resistance and dyslipi-
daemia, which are themselves risk factors for car-
diovascular disease (CVD) and diabetes. The con-
siderable overall impact of overweight and obesity

CNS Drugs 2005; 19 Suppl. 1
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on health is therefore not surprising, with CVD
representing the major cause of mortality in the
developed world: in 2000, heart disease accounted
for almost 30% of all deaths in the US.P

Increasing adiposity is directly associated with
increases in morbidity and mortality from CVD, in
addition to indirect effects through adiposity-relat-
ed mcreases in known CVD risk factors, such as
hyperglycaemia, dyslipidaemia and hypertension.
Recent studies have suggested, for example, that
even modest increases in BMI mncrease the risk of
CHD. In the Nurses’ Health Study, for example, the
relative risk of CHD at BMI levels of
25-28.9 kp/m’® and 229 kg/m’ was 2-fold and 3-
fold greater, respectively, than at BMI below
21 kg/m. Weight gain of 3-8kg increased the risk
of CHD by 25% compared with individuals with
stable weight™ A study in British men showed a
10% increase in the risk of coronary events with
each 1-point increase in BMI at BMI levels above
22 kg/m?1

Overweight and obesity are linked to ap
increased risk of other cardiovascular events.
Several studies, including the Framingham Heart
Study, have shown that overweight and ohesity are
independent risk factors for congestive heart failare
(CHI"). CHF is a frequent complication and a major
cause of death in severe obesity.™ The Framingham
Heart Study also suggests that overweight increas-
es the risk for stroke independent of the effects of
hypertension and diabetes. More recent studies
have shown an association between overweight and
ischaemic, but not hacmorrhagic, stroke, with risk
increasing with increasing BMLP

in addition to the direct association between
increasing adiposity and increases in morbidity and
mortality from CVD-related events, increasing adi-
posity is associated with increases i other known
risk factors for CVD, such as hyperglycacmia, dys-
lipidaemia and hyperiension. Overweight and obe-
sity are well established risk factors for diabetes,
with increased rates of diabetes associated with
increasing adiposity in both men and women.
Recent studies have reported increases in the risk
of diabetes beginning at BMI values as low as 22

”

ke/m? " In one study, each wmit (I kg/m?)

© Adiis Data information BV 2005, All rights reserved,
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increase in BMI over 22 kg/m® increased the risk
of diabetes by about 25%.4 Numerous studies
have similarly demonstrated the association
between blood pressure and BMI or weight.
NHANES TH data showed ncreasing rates of high
blood pressure with increasing BMI in both men
and women." Obesity and weight gain are also
associated with dyslipidacmia, another established
risk factor for CVD.P™ Obesity, overweight and
excess abdominal fat are predictive of increased
fevels of total cholesterol, low-density Lipoprotein
(LDL) cholesterol and triglycerides and reduced
fevels of high-density lipoprotein (HDL) choles-
terol.™ In a recent US population survey, both over-
weight and obese individuals showed an increased
risk of elevated cholesterol levels compared with
normal individuals.™ The changes in cholesterol
levels seen in overweight and obese individuals
result in a high LDL to HDL cholesterol ratio,
increasing the risk of atherogenesis.

1.2 Adiposity and the Effect of Fat Distribution

The distribution of fat (adipose tissue) within
the body is recognised as a key factor mfluencing
the effect of increasing weight on health. Several
studies have demonstrated a link between abdomi-
nal adiposity and overall mortality, with visceral
adiposity particudarly related o an increased risk of
disease. Visceral adiposity is associated with an
wcreased risk for dyslipidaemia and glucose intol-
erance.'” The changes in lipid parameters observed
with visceral adiposity increase the risk for CVD.
The association between visceral adiposity and
increased insulin resistance is a key factor con-
tributing to increased risk for glucose intolerance
and dyslipidaemia. Differences in visceral adiposi-
ity accounted for much of the variation o mnsulin
resistance seen between individuals 1o a stady of
African Americans with type 2 diabetes!
Reductions in visceral adiposity in non-diabetic
obese individuals were the best predictor of
mmproved insulin sensitivity in a weight loss inter-
vention study."™ Other aspects of regional adiposi-
ty may also have an effect on insulin resistance. In
the lower exiremities, intramuscular adipose tissue

CNS Drugs 2005; 19 Supph 1
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is strongly cosrelated with insulin resistance,
whereas subcutapeous adiposity is only weakly
associated.”

Recent rescarch has begun to address the
pathophysiclogical mechanisms that Iink adiposity
to insulin resistance (reviewed by Goldstein®™).
Adipose tissue secretes a number of factors, includ-
ing free fatty acids (FFA), peptides and cytokines,
which can adversely affect insulin action and may
have a detrimental effect on beta cell function.
Secretion of these factors is influenced by overall
adiposity and by fat disiribution, with visceral adi-
posity appearing more pathogenic. Increased vis-
ceral adiposity is associated with increased release
of FFA from adipose tissue. Prolonged exposure to
elevated FFA levels can directly reduce the
response of skeletal muscle and liver to insulin
action through activity on insulin recepior sig-
nalling pathways. Elevated FFA levels also appear
to compromise pancreatic beta cell function, reduc-
ing insulin secretion,

1.3 Digbetes Meliitus - a Growing Headlth
Problem

Diabetes is a growing health problem, both in
the US and worldwide. According to latest
American Diabetes Association (ADA) estimates
{based on 2002 census data), there are 13 million
individuals with diagnosed diabetes in the US —
4.5% of the population.”" Other estimates put the
prevalence of diagnosed diabetes in the US at more
than 7%.0

WHO data indicate that diabetes prevalence
ranges from about 2% to over 6% in western
Euaropean countries.”™ Population studies have also
revealed large numbers of individuals with undiag-
nosed diabetes, In NHANES H, 2.7% of the sur-
veyed population had undiagnosed diabetes, based
on blood glucose analysis (1.e. fasting plasma ghu-
cose 2126 mp/dL)." This compares with 5.1%
with diagnosed diabetes. Undiagnosed diabetes is
also widespread in Europe. Data from 13 studies
performed in nine Buropean countries showed that
more than half of diabetes was undiagnosed in
individuals younger than 50 years.” The ADA

© Adiis Data information BV 2005, All rights reserved,
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estimates that up (o one-third of individuals with
diabetes are undiagnosed. This represents an addi-
tional 5.2 million people in the US with the dis-
case, giving an overall fotal of 18.2 mithon indi-
viduals with diabetes — 6.3% of the US popula-
tion. In addition, large numbers of individuals in
the US bave ‘pre-diabetes’. That is, they have
blood glucose levels that are above normal, but do
not meet the diagnostic criteria for diabetes (see
below). According to the ADA, an estimated 41
million people in the US have ‘pre-diabetes”

Diabetes is associated with increased mortali-
ty compared with the general population. Analysis
of NHANES 1 data showed that overall age-adjust-
ed mortality in individoals with diabetes was
approximately twice that in the non-diabetic popu-
lation.”™ Mortality rates were observed to increase
with age, although the relative risk of death in dia-
betic individuals compared with non-diabetic indi-
viduals decreased from 3.0 in those aged 25-44
years to 1.5 in those aged 65-74 years. Median life
expectancy for individuals with diabetes was §
years lower for those aged 35-64 years and 4 years
lower for those aged 65-74 years compared with
non-diabetic adults. The relative risk of death was
higher i diabetic individuals than non-diabetic
individuals for all major causes of death, except
malignant neoplasms.™

Diabetes is also associated with increased
morbidity. Individuals with the disease are at
increased risk of morbidity due to CVD, hyperien-
ston and stroke. In general, diabetes and pre-dia-
betes (see below) increase the risk of macrovascu-
{ar disease (i.e. atherosclerosis), including CVD-
related events (e.g. myocardial infarction and
stroke) and peripheral vascular discase-related
events (e.g. ampuiations}). Diabetes is also associat-
ed with microvascular disease, including nephropa-
thy (kidney or renal disease), retinopathy and neu-
ropathy. It is the leading cause of reated, end-stage
renal disease and new cases of blindness among
adults aged 20-74 years. The healthcare burden
associated with diabetes is apparent from the high
economic costs  associated  with  treatment.
Estimated direct costs exceeded SUS91 billion in
2002, and medical expenditure was approximately

CNS Drugs 2005; 19 Suppl. 1
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2.4 times higher for individuals with diabetes than
those without the disease in the US.P In Ewrope, a
study estimated the total direct medical costs for
type 2 diabetes for cight European countries o be
€29 billion per year, with an estimated average
yearly cost per patient of €2834.%7

1.3.1 Biagnosis of Diabetes Mellitus

The current diagnostic criteria for diabetes
were developed in 1997 by an Expert Consensus
Cominittee established by the ADA. The three dif-
ferent criteria (table 1) all require blood glucose
measurements and all except the third require con-
firmation on a subsequent day by any one of the
three blood sampling criteria. The diagnostic
guidelines were developed on the basis of epidemi-
ological studies examining the risks of diabetic
complications at increasing blood glucose levels.
The values used represent approximate threshold
fevels, above which individuals have an increased
risk of adverse outcomes, such as microvascular
complications.® In addition, the committee identi-
fied a farther category of individuals, those with
impaired fasting glucose (IFG) or impaired glucose
tolerance (IGT) where relevant glucose measures
are above normal but not high enough to meet the
criferia for diabetes, but stll associated with
increased risk of adverse medical outcomes. The
guidelines for identifying these individuals were
revised i 2004, with the threshold level IFG
reduced from 110 mg/dL to 100 mg/dL (table I).
Individuals with IFG and/or IGT are referred to as

Table |. Criteria for diabetes and impaired glucose tolerance and

impaired fasting glucose

A. Diabstes — 1997 American Diabstic Association criteria™

Fasting plasma glucose (FPG) 2126 mg/dl (27.0 mmol/l)

2-hour postioad plasma ghicose (ZhPG) 2200 mg/diL

{z11.1 mmoid)

Symptoms of diabetes plus random plasma glucose 2200 mg/dl

(z11.1 mmoil)

B. 'Pre-diabetes’ — 2004 American Diabetic Association criteria®
FPG (my/dl) 2hPG* {mg/dL)

Normal <100 <140
Impaired glucose tolerance - 140-139
Impaired fasting glucose 100-125 -
Diabetes 2126 2200

* After 75g oral glucose load.
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having ‘pre-diabetes’ and are at increased risk of
developing diabetes, as well as microvascular and
macrovascular complications.

Diabetes mellitus is divided into two main
types: type 1 and type 2.9 In addition, diabetes
that develops during pregnancy — gestational dia-
betes — is recognised as a separate category of dia-
betes. There are also a number of other less com-
mon forms of diabetes, characterised by specific
genetic abpormalities {e.g. defects of beta-cell
function or insulin action) or aecticlogical agents
{(e.g. drugs or chemicals, or infections).

1.3.2 Type I Diobetes

The defining characteristic of type 1 diabetes
is the abmost total loss of insulin secretory capaci-
ty by the beta cells of the pancreas. This is usually
as a result of the selective cell-mediated autoim-
mune destruction of the beta cells, although for a
minority of patients with type 1 diabetes there is no
current evidence of autoimmunity.”™ The severe
{oss of beta-cell function means that patients with
type 1 diabetes are dependent on exogenous insulin
treatment. The rate of beta-cell destruction varies
considerably between individuals, with some peo-
ple not developing type 1 diabetes until adulthood.
Typically, bowever, the discase develops during
childhood or adolescence. In contrast, type 2 dia-
betes usually develops later in life, with most cases
occurring in individuals aged 45 years and older.
Thus type 1 diabetes accounts for the majority of
cases in people younger than 20 years.
Approximately 5-10% of individuals with diabetes
have type 1 diabetes, although in non-Cauocasian
populations the proportion with type 1 disease may
be lower, and could be as low as 2%. Overall, about
1 in every 400 children and adolescents i the US
has type 1 diabetes.

1.3.3 Type 2 Diabefes

Type 2 diabetes is the most common form of
diabetes, accounting for 90% or more of the cases
of diabetes. Although increasingly detected in chil-
dren in recent years, it typically occurs later in life,

CNS Drugs 2005; 19 Supph 1

LATUDA04357115



Second-Generation Antipsychotics and Metabolic Effects

15997_01-93_Newcomer 4/6/05 9:23 AM Page 7 $

with prevalence of the disease increasing with age.
In the NHANES HI surveyt" the prevalence of
physician-diagnosed diabetes (type 1 and type 2)
was 1.1% in people aged 20-39 years, compared
with 3.9% in those aged 40-49 years and 8.0% in
those aged 50-39 years. In people aged 60-74 and
275 years, rates were 12.6% and 13.2%, respec-
tively. In a more recent survey in the US, preva-
fence increased from 2.1% in the 18-29 age group
to 15.5% in those aged 70 years and over.™

Two key pathological processes underlic the
development of type 2 diabetes.”" Deficient insulin
secretion and mpaired insulin action at the insulin
receptor (insulin resistance) together lead to the
development of hyperglycacmia and type 2 dia-
betes. The initial development of insulin resistance,
resulting from a combination of genetic and envi-
ronmental factors, leads to a compensatory
increase in msulin secretion (hyperinsulinacmial,
allowing normal glycaemic control o be main-
tained. However, after a period that averages 7-10
years in vulperable individuals, beta-cell function
can begin to deteriorate, so that plasma insulin lev-
els are no longer sufficient to overcome insulin
resistance. Worsening of relative hypoinsulinacmia
as beta-cell function continues to decline leads to
progressive loss of glycaemic conirol and the even-
twal development of type 2 diabetes. The resulting
hyperglycacmia can potentially accelerate the
process. High levels of glucose can have an
inhibitory effect on beta cells, an effect known as
glucose toxicity, further reducing insulin secretion.
In addition, excess glucose can increase insulin
resistance through reductions in glucose trans-
porter levels and alterations in insulin signal trans-
duction.

The gradual decline in plasma insulin levels is
associated with gradual change in clinical presen-
tation, as different insulin-dependent metabolic
pathways become affected.®™ Glucose uptake by
skeletal muscle requires relatively higher insulin
conceptrations, so insulin insufficiency is first
apparent as postprandial hyperglycaemia, due (o
impaired postprandial glucose insulin-mediated
glucose uptake into muscle cells. As insulin insuf-
ficiency increases, insulin-mediated inhibition of
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hepatic glucose production is affected, resulting in
fasting hyperglycaemia. Further progression of
insulin deficiency can lead to significant impair-
ment in nsulin-mediated nhibition of lipolysis in
adipose tssue, resulting in excessive lipolysis and
release of FFA, which contribute to the characteris-
tic hypertriglyceridacmia associated with insulin
resistance and diabetes. Under certain circum-
stances excess release of FFA can set the stage for
exaggerated ketone body production and the devel-
opment of diabetic ketoacidosis.

1.3.4 Diabelic Keloocidosis

Diabetic ketoacidosis is a particular form of
serious metabolic decompensation that, like non-
ketotic hyperosmolar hyperglycacmic states, can
lead to diabetic coma and death. Diabetic ketoaci-
dosis occurs in part as a result of severe nsulin
deficiency, so is most likely to occur in patients
with type 1 diabetes, as they have very litde or no
endogenous insulin secretion. In contrast, ketoaci-
dosis is relatively less common in patients with
type 2 diabetes, as most patients refain some
nsulin secretory activity. Diabetic ketoacidosis has
been observed increasingly in type 2 diabetes in
vartous clinical settings, ranging from later stages
of the disease where insulin secretion is markedly
impaired to acute preseniations in never-previously
diagnosed individuals where glucose foXicity may
contribitte to acute suppression of beta-cell func-
tion. In diabetic ketoacidosis, the excessive flux of
fatty acids from adipose tissue to the liver leads to
the overproduction of ketone bodies, resulting in
hyperketonaemia. Excess ketones appear in the
urine, affecting ion regulation and leading to the
foss of cations from the body, such as potassium.
Ketoacidosis is also accompanied by hypergly-
caemia, due to the lack of insulin activity.

1.3.8 Peripheral versus Cenfral Actions of insulin

Insulin acts at receptors both peripherally and
in the CNS in the regalation of blood glucose fev-
els and body adiposity.” In peripheral tissues,
insulin lowers blood glucose levels by stimulating
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the uptake of glucose into skeletal muscle and adi-
pose tissue and suppressing the production of glu-
cose by the liver. In addition, insulin acts to pro-
mote fat storage through the inhibition of lipolysis
from adipocytes. Centrally, insalin acts at receptors
in the CNS to reduce food intake, reducing the
absorption of glucose and other nutrients nto the
body. In general, insulin plays an important role in
energy regulation. For example, Briining and co-
workers™ reported that mice with a neuron-specif-
ic deficit in insulin receptors had increased levels
of body fat compared with normal controls. These
insulin receptor-deficient mice also showed
increased levels of obesity when given a high-fat
diet compared with control mice, changes that were
not simply the result of increased food intake. The
development of insulin resistance therefore can
have a significant effect on overall metabolic regu-
lation. Central insulin resistance would be expect-
ed to lead to increased food intake and an increased
propensity for developing obesity, which may
aggravate the effects of peripheral insulin resist-
ance.

1.4 Dyvdlipidaemia

Increases in circulating levels of certain lipid
species are established risk factors for CVD, and
represent important treatment targets for the redoe-
tion of CVD risk, through either lifestyle changes
or drug therapy.® Numerous clinical and popula-
tion studies measuring LDL-cholesterol or total
cholesterol (the majority of which is LDL) have
shown that elevated LDL-cholesterol levels are a
strong risk factor for CHD. Current guidelines
from the National Cholesterol Education Program
(NCEP) Expert Panel recommend that LDL-cho-
lesterol 1s the primary target of cholesterol-lower-
ing therapy.™ Treatment goals for LDL-cholesterol
are based on the risk of CHD during the next 10
years. Thus, they vary depending on the presence
of other risk factors (age, hyperiension, smoking,
low HDL-cholesterol and family history of CHD),
existing CHD or other specific diseases associated
with a similar increased risk of cardiovascular
events (including peripheral ariery disease and dia-
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betes) [table 1T}, In addition to LDL-cholesterol,
other lipids are tnvolved in the development of
CHD. Elevated triglycerides and low HDL-choles-
terol levels are both independent risk factors for
CHD (table 1) and so represent imporiant second-
ary targets for therapy.

In addition to NCEP guidelines, findings from
a mumber of important clinical trials, including the
Heart Protection Study (HPS), have been pub-
tished.”™" The HPS showed that the reduction in
the rate of major vascular events with simvastatin
therapy appeared to be independent of baseline
lipid levels. Thus, patients with baseline LDL.-cho-
lesterol levels 2135 mg/dL and those with LDL-
cholesterol <115 mg/dL showed similar significant
reductions in vascular event rate. Significantly,
patients with baseline LDL-cholesterol levels
below 100 mg/dL {the NCEP target for patients
with CHD or CHD risk equivalenty also experi-
enced significant reductions in major vascular
events with simvastatin. Lowering LDL-choles-
terol to levels below the 2002 NCEP targets could

Table Hi. Criteria for abnormal lipid levels

A, Dyslipidaemia — NCEP criteria®™

LBi.-cholesterol <00 my/di.
100129 mg/di
130159 mg/dL

optimatl
near optimal / above optirmal
bordertine high

160-189 myidl.  high
2180 my/di very high
Total cholesterol <200 mg/dL desirable
200-23% mg/dl.  borderline high
2240 mg/di high
HDL-cholesterol <40 mg/dL. fow
>80 mg/dl high (beneficial -
reduced risk of CHD)
Triglycerides <150 mgfdl normal
150-199 mg/dl.  borderline high
200-499 mog/dl  high
=500 mg/dh very high

B. Treatment goals for LDL-cholesterol —~ NCEF Adult Treatment
Panai [if

Hisk level LDL-cholesterol goal

CHD® <100 mg/dl (optional goal: <70 mg/dLy
Mulliple (2+) risk <130 mg/dL

faciors

0-1 risk factor <180 mg/dl

* CHD {coronary heart disease) or other diseases associated
with a similar increased risk of cardiovascular events {CHD risk
eqguivalent).

¢ For individuals with very high risk.
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therefore provide additional benefit for individuals.
In response to the findings from five major clinical
trials including HPS, an update to the NCEP guide-
lines published in 2004”7 recommends an LDL-
cholesterol level below 70 mg/dl as an optional
therapeutic target for individuals at very high risk
of CHD (table ). This includes mdividuals with
established CVD plus either multiple major risk
factors (especially diabetes), severe and poorly
controlled risk factors, multiple criteria for the
metabolic syndrome, or acule coronary syndromes.
As further clinical trial data become available,
future treatment guidelines may recommend tighter
controt of lipid levels (o reduce the risk of CHD.
Results from ongoing studies, such as HPS-2, the
Treat-To-New-Targets {TNT) and Incremental
Decrease in Endpoints Through Aggressive Lipid
Lowering (IDEAL) trials, should help to determine
these new targets.

1.4.1 insulin Resistance and Dyslipidoemia

Insulin resistance is a key factor wn the patho-
physiology of dyshipidacmia and is associated with
a characteristic pattern of lipid abpormalities.
These include clevated triglveende levels, low
HDL ~cholesterol levels, and only slight if any ele-
vation in LDL-cholesterol.”™ Insulin resistance also
leads to changes in the composition and functional
characteristics of lipoproteins, increasing the levels
of small, dense oxidised LDL and HDL particles.
This altered plasma lipid profile is more athero-
genic and is associated with changes in coagula-
tion, oxidative stress, inflammation and endothelial
function, adversely affecting cardiovascular health.

{nsulin resistance leads to a decrease in the
ability of adipocytes to inhibit lipolysis.
Increases o lipid breakdown result in clevated lev-
els of FFA in the circulation and may also be
accompanied by defects in the uptake and incorpo-
ration of FFA into triglycerides in adipocytes. The
increase in the flux of FFA increases triglyceride
production, leading to Increased production and
secretion of trighyceride-enriched very low-density
lipoprotein (VLDL) by the liver into the circula-
tion. The changes in plasma lipid composition and
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wnsulin resistance are also associated with changes
in the composition of LDL and HDL particles.
Smaller and more dense LDL and HDL particles
are preferentially synthesised over larger particles.
Increased concentrations of small, dense LDL par-
ticles in the circulation are associated with a 3- to
S-fold increased risk of coromary artery disease,
due to a number of factors including increased
potential for endothelial injury. Small, dense HDL
particles have reduced antioxidant and endothelial
protective properties and show increased clearance
in the kidneys, reducing HDL-cholesterol concen-
trations.

1.5 The Metabolic Syndrome

It has been known for several decades that
intra-abdominal fat or visceral fat is a risk factor
for CVD and diabetes.” The terms ‘syndrome X,
the insulin resistance syndrome and the metabolic
syndrome have been used to describe a set of com-
monly co-occurring conditions that include obesity
(particularly abdominal obesity), insulin resistance,
impaired glucose tolerance, disturbances in uric
acid and lipid metabolism, hypertension, and pro-
thrombotic and proinflammatory states, which can
increase the risk of CVD.M The core features of
the metabolic syndrome, focusing on five key risk
factors, are presenied in table IILY The US Public
Health Service has aimed to increase awareness of
the metabolic syndrome, with the NCEP Expert
Panel®® defining this to include obesity, dyslipi-
daemia, elevated blood pressure, insulin resistance
(with or without glucose intolerance), and pro-
thrombotic and proinflammatory states. The cur-
rent NCEP clinical guidelines for its identification
are also shown in table IH.

Obesity and overweight, physical inactivity
and genetic factors can all confribute to the meta-
bolic syndrome. The metabolic syndrome is close-
1y associated with insulin resistance, although spe-
cific pathophysiological mechanisms regulating
the emergence of the metabolic syndrome remain
complex and tncompletely understood.

Approximately 23% of the overall US popula-
tion meet the NCEP definition for the metabolic
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Table I}, The metabolic syndrome

A. Five major features of the melabolic syndrome®™!
Obesity
Excess total body fat
Central fat distribution/upper body obesity
Increased visceral fat
Insulin resistance/hyperinsulinaemia
Dystlipidaemia
Hypertriglyceridaemia
Decreasad HDL-cholesterot
Increased LDL-cholesterol
Irmpaired glucose tolerancedype 2 diabates
Hypertension
2. Clinical identification of the metabolic syndrome™

Risk factor Defining level
Abdominal cbesity Waist circumference
Men »>102 cm {>40 in}

Women »88 cm (>35 in)
Trighycerides 2150 mg/dL
HDL-cholesterol

Men <40 mg/di.

Women <50 mg/dl
Blood pressure >135/85mmHg
Fasting glucose >110 mg/dh

syndrome, and approximately 47 million Awmericans
are affected. Approximately 60% of BMl-calculat-
ed obese (230 kg/m*) US men and 50% of obese
US women are affected, underscoring the public
health impact of this condition. Among those with
the syndrome, prevalent features are central obesi-
ty in 38% of ndividuals, low HDL-cholesterol in
36% and hypertension in 34%. Hypeririglyceri-
daemia occurs in about 30% of these patients, and
insulin resistance in 12%.%% The metabolic syn-
drome increases the risk for CHD at any given level
of LDL-cholesterol, making it a target for thera-
peutic intervention. o a study conducted
Sweden and Finland, individuals with metabolic
syndrome had a 3-fold increased risk of CHD and
stroke.™ NCEP guidelines recommend that root
mediators of the syndrome (l.e. overweight and
lack of physical activity) should be addressed in
addition to the reduction of cholesterol levels.
Weight reduction and increased activity are also
effective at reducing insulin resistance, while addi-
tional medication should be used to treat high
blood pressure and the prothrombic state.

Despite the widespread occurrence of meta-
bolic syndrome throughout the Western world and
recent campaigns 1o raise awareness of this health
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problem, and the potential relationship between
antipsychotic-induced weight gain and the devel-
opment of this problem, a recent survey revealed a
tow awareness among US psychiatrists of the risk
of metabolic syndrome with second-generation
antipsychotic therapy.™ Although relatively higher
percentages of psychiatrists associated second-gen-
eration antipsychotic treatments with a risk of
weight gain/obesity (39%) and diabetes (51%),
both of which are major features of metabolic syn-
drome, only 3% mentioned metabolic syndrome.

1.6 Cardiovascular Disease Risk Factors in
Patients with Schizophrenia

There is increasing public health concemn
regarding the increased prevalence of known CVD
risk factors in patients with schizophrenia and
other mental disorders, as well as concern that
treatment effects may contribute to this problem.
As discussed above, weight gain and obesity,
hyperglycaemia, smoking and dyslipidacmia are
well known modifiable risk factors for CVD and
are the targets of extensive health campaigns in
ndustrialised countries, Weight gain and obesity
have an adverse effect on plucose and lipid metab-
olism and are associated with an increased risk of
bypertension, suggesting that potential adverse
treatment effects on weight alone may contribute to
increases in four key modifiable risk factors for
CVD.

Brown et al.™ reported that individuals with
schizophrenia were more likely to have an
unhealthy lifestyle than the general population, and
Baxter™ estimated that adjusting for social class
accounted for 20% of excess mortality in a popula-
tion with mixed mental illness. Lack of exercise
and poor diet (i.c. high in {at and low in fibre) tend
to be more prevalent in those with schizophrenia,
wncreasing their risk for weight gain, diabetes and
CVD. An estimated 75% of the schizophrenia pop-
ulation are smokers, 40-8)% have a BMI >220%
above normal, and the symptoms of the discase
lead to an inactive lifestyle, all increasing CVD
risk."" 1 The increased level of CVD mortality in
patients with schizophrenia {(two to three {imes that
of the general population), discussed below, sug-
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gests that efforts should be made 1o lower risk fac-
tors for CVD in psychiatric populations and that
one goal of therapy would be to use medications to
manage these disorders, which do not themselves
{further increase adiposity or other risk factors for
CVD.

2. Menial lliness and Excess Moriality

2.1 Mortdlity in Mentdl lliness

Numerous studies in the literature have
demonstrated that mental illnesses, including
schizophrenia, bipolar disorder and depression, are
associated with excess medical mortality. This
increased mortality has been observed consistently
across various populations, with similar findings
reported from studies in North America and west-
ern Europe, although further study is needed from
different ethnic groups and in developing and non-
Westernised countries. In schizophrenia, a meta-
analysis of 18 studies,™ which used record-linkage
or patient follow-up studies or hospital record
analysis, showed a statistically significant increase
in mortality in all except one study involving the
smallest patient cohort. Standardised mortality rate
(8MR) was calculated for each study, which is the
number of observed deaths in the study population
divided by the number of expected deaths for an
age- and sex-maiched cohort from the general pop-
vlation, with the resulting value multiplied by 100
in some studies. Aggregate analysis for the 18 stud-
ies revealed an overall SMR of 1.51, a crude mor-
tality rate of 189 deaths per 10 000 population per
year and a 10-year survival of 81%.

Overall, the analysis showed that 80% of indi-
viduals with schizophrenia die from natural causes
(i.e. related to medical illness as opposed to acci-
dents, suicide, etc.) compared with approximately
97% of the general population.® Both natural and
unnatural deaths increased statistically significant-
ly in schizophrenia, Natural deaths accounted for
59% of excess mortality (overall SMR 1.34), while
unnatural deaths made up 41% of excess mortality
(overall SMR 4.26). Sunicide was the single largest
cause of excess mortality, accounting for about
28% of the excess deaths and 12% of all deaths in
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the meta-analysis. Aggregate SMR for suicide was
8.38, and was statistically significantly higher in
male patients than female patients (9.56 vs 6.73).
In a more recent study of schizophrenic patients
conducted in Sweden,® suicide was also the major
cause of excess mortality in male patients, whereas
CVD was the main cause of excess deaths among
females.

Overall, CVD was the most common cause of
mortality among patients with schizophrenia in the
meta-analysis, accounting for 34% of deaths
among male patients and 31% in female patients.”™
Neoplastic disease (male 13%; female 16%) and
respiratory disease (male 8%; female 9%) were the
next most common causes of mortality, although in
male patients, both were less frequent than suicide
(male 17%; female 6%). Mortality from cardiovas-
cular and respiratory disease, but not neoplastic
disease, was significantly elevated in schizophrenia
compared with the general population. In the
Swedish study,P CVD was the largest single cause
of death in both male and female patients, and mor-
tality rates were clevated compared with the nor-
mal population (SMR: male 2.30; female 2.10).

Increased mortality rates have also been
observed in patients with affective disorders.
Twelve studies involving either large populations
(>3000 ndividuals) or long observation periods
(>5 years), summarised by Angst et al,®™ all
showed elevated mortality for affective disorder
patients compared with the general population,
with overall SMR ranging from 1.23 to 2.50.

A long-term follow-up over 34-38 years of
more than 400 patients with affective disorders
(unipolar depression or bipolar disorder) showed
elevated mortality compared with the general pop-
uwlation (SMR 1.61).7 While suicide showed the
greatest increase compared with the general popu-
lation (SMR 18.04), patients with affective disor-
ders also showed increased mortality for cardiovas-
cular/coronary heart disease (SMR 1.61). This
increase was particolarly apparent among female
patients (SMR 170), while male patients showed
increased deaths from cerebrovascular and other
vascular disorders (SMR 2.21). Overall, both male
and female patients with affective disorders
showed an increase in mortality from vascular dis-
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ease (SMR: male 1.63; female 1.47). A comparison
of patients with unipolar depression and those with
bipolar disorder showed that both had elevated
overall mortality (SMR: unipolar 1.63; bipolar
1.58) and that the difference between the groups
was small but statistically significant. As in the
overall population, SMR for suicide was statistical-
Iy significantly higher in both groups than for the
general population, but was statistically signifi-
cantly greater in patients with unipolar depression
than those with bipolar disorder (26.72 vs 12.28).
Death from all vascular diseases was also elevated
for both unipolar (SMR 1.34} and bipolar (SMR
1.69) groups, while patients with bipolar disorder
also showed a statistically significant increase in
cardiovascular/coronary heart disease mortality
compared with the general population (SMR 1.84).

A meta-analysis of 25 community studies
showed clevated mortality in patients with depres-
sion.™ The overall relative risk (RR) of dying was
1.81 (95% C1 1.58, 2.07) in depressed compared
with non-depressed individunals. The RR was high-
er for men (2.25) than for women (1.73), although
the confidence intervals overlapped. Further analy-
sis of three studies showed that the RR in severe
depression was not statistically significantly differ-
ent from that in subclinical depression.

The increased mortality from vascular discase
among patients with schizophrenia, bipolar disor-
der and depression underscores the importance of
attending to well established risk factors such as
increased weight, insulin resistance, and clevated
elucose and lpid levels in patients with major men-
tal disorders. Obesity and weight gain are impor-
tant risk factors for insulin resistance, hypergly-
cacmia and dyslipidacmia, suggesting the impor-
tance of lifestyle factors as well as potential drug
effects on patient health.

2.2 increased Rates of Metabolic
Disturbance among Patients with
Psychiatric Disorders

Reports of abnormal glucose regulation among
individuals with schizophrenia pre-date the intro-
duction of antipsychotic therapy (reviewed by
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Haupt and Newcomer®™), underscoring the impor-
tance of effects such as lifestyle, nuirition and
activity level and raising the possibility of potential
pathophysiological relationships between schizo-
phrenia and glacose regulation. These early reports
suggest that patients with psychotic disorders may
have an elevated baseline risk for disturbances in
glucose regulation, independent of any adverse
medication effects. These findings should, howev-
er, be viewed with caution, as the definitions of dia-
betes and schizophrenia used differ from current
ones, and the studies are limited by their fack of
assessment of or controls for age, weight, adiposi-
ty. activity, diet, family history or ethnicity.

More recent population studies have examined
the prevalence rates for diabetes in patients with
schizophrenia. Three chart reviews of patients with
schizophrenia have reported increased rates of dia-
betes compared with the general population. A
Japanese study™ reported an increased incidence
of diabetes in 420 patients with schizophrenia com-
pared with 312 control individuals (8.8% vs 5.0%).
A smaller study, involving 95 schizophrenic
patients (aged 45-74 years) admitted to a long-
term care facility in Italy, reported an overall preva-
lence of diabetes of 15.8%.5% This was higher than
prevalence rates reported in population surveys
conducted in Italy. The largest of these studies®™
reported diabetes prevalence in patients with schiz-
ophrenia based on analyses of Medicare and
Medicaid data from 1991 and a survey of more
than 700 inpaticnts. Prevalence rates, based on dia-
betes claims data, were 11.1% for the Medicaid
sample (n = 6066) and 12.5% for the Medicare
sample (n = 14 182}, while the Hfetime diabetes
prevalence from the patient survey was 14.9%. In
all three groups, increasing age, female sex and
African American or ‘other’ ethnicity were all
associated with increased likelihood of diabetes.
Prevalence rates from Medicaid and Medicare data
for patients aged 45-64 years were 18.8% and
14.9%, respectively, and for those 265 years were
18.8% and 20.8%. No control group was included
in the study. Reported rates were greater than esti-
mated rates for the overall age-adjusted US popu-
{ation (2000 values: ADA 6.2%; Behavioral Risk
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Factor Surveillance System [BRESS] 7.1%%), and
similar to rates seen in older nonpsychiatric popu-
fations (ADA: 265 years 20.1%; BRISS: 60-69
years 14.5%; 270 years 14.9%) or some non-
Cancasian populations, suggesting that major psy-
chiatric illness may be a risk factor analogous to
age or ethmicity that can adversely affect preva-
lence.

Aldthough all three studies suggest an increased
prevalence of diabetes in patients with schizophre-
nia, a number of confounding factors could have
had an effect on these findings. For example, the
studies do pot take mto account the use of antipsy-
chotic medication independent of the diagnosis of
schizophrenia, which may affect the risk of dia-
betes either directly or through the increases in
bodyweight seen with some antipsychotic agents,
as discussed below.™ In addition, weight and
lifestyle factors, such as nuirition and activity lev-
els, were not considered in these studies — impor-
tant issues, as individuals with schizophrenia are
also more likely to be obese and have ap unhealthy
lifestyle than the general population.™

A recent study examines the prevalence of dia-
betes in patienis with psychiatric disorders com-
pared with the rate expected for an age-, ethnicity-
and sex-maiched group of individuals from the
general US population.”™ This relatively small ret-
rospective chart review involved 243 inpatients,
aged 30-74 years, diagnosed with schizophrenia
{n = 71), schizoaffective disorder (n = 20), unipolar
major depression (n 65), bipolar 1 disorder
(n = 53) or dementia (n = 34). Rates of type 2 dia-
betes differed significantly between the diagnostic
groups {p = 0.006): schizoaffective disorder 50%:
bipolar disorder 26%; major depression 18%;
dementia 18%; and schizophrenia 13%. These rates
were significantly greater than matched groups
from the general US population for schizoatfective
(10%; p < 0.02) and bipolar (13%; p < 0.05) disor-
ders, but did not differ statistically significantly for
schizophrenia (15%), depression (14%) or demen-
tia (13%). Overall, the prevalence of type 2
diabetes in the psychiatric sample (25%) was sig-
nificantly greater than the expected rate for a
matched group in the general US population (14%;
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p < 0.003). Logistic regression analysis showed
that BMI and psychiatric diagnosis were the only
statistically significant and independent predictors
of a diabetes diagnosis in this sample. In this study,
use of potentially hyperglycacmic psychotropic
medications {(clozapine, olanzapine and pheno-
thiazines) did not differ statistically significantly
between diabetic and non-diabetic individuals,

To avoid the potential confounding effects of
antipsychotic medication on glucose regulation, a
recent study by Thakore and colleagues®™ exam-
ined the prevalence of impaired fasting glucose in
26 drug-naive, first-episode patients with schizo-
phrenia in Ireland. The mean age of these patients
was 33.5 years, and mean BMI was 24.5 kg/m’.
These schizophrenic patients were maiched for
age, sex, diet and exercise measares to 26 healthy
controis. The frequency of impaired fasting glu-
cose (fasting plasma glucose {FPG] >110 to <126
mg/dl) was significantly higher in patienis with
schizophrenia (154%:; n = 4) compared with
healthy controls (0%; p < 0.02). Mean fasting plas-
ma levels of glacose (95.8 vs B8.2 mg/dl;
p < 0.03), insulin (95.8 vs 88.2 uU/mL; p < 0.05)
and cortisol (499.4 vs 303.2 nmol/L; p < 0.0001)
were significantly higher in the schizophrenia
group than the control group. A calculated insulin
resistance, validated in population studies, was also
significantly greater in schizophrenia patients than
controis {mean HOMA insulin resistance: 2.3 vs
1.7, p < 0.01). This study, however, involved acute-
1y ill, unmedicated patients, so the findings may not
be comparable to those of the majority of studies
involving patients with stable schizophrenia. In this
study, it is Hkely that the acutely ill, acutely hospi-
talised patients were experiencing high levels of
stress during the study period, as is reflected in the
significantly increased plasma cortisol levels.
Elevated cortisol is a known contributor to insulin
resistance, polentially leading to increased blood
glucose levels, and this stady found a significant
correlation between plasma cortisel and glucose
regulation in these acutely ill, first-episode
patients. In contrast, previous studies of glucose
regulation involving patients with stable schizo-
phrenia have detected no significant hypercortiso-
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laemia or correlation between plasma cortisol and
plasma glucose or insulin levels, suggesting that
this study may overestimate rates of impaired fast-
ing glucose and insulin resistance by incorporating
effects of acute illness and hospitalisation that
exaggerate factors that increase insulin resistance
and hyperglycaemia. In addition, the mean age of
the drug-naive patients was significantly older than
that in comparable samples of drug-naive first-
episode subjects in the US, suggesting that pro-
longed periods of untreated psychotic illness may
have contributed to worsening of adverse changes
in lifestyle and economic conditions that might fur-
ther exaggerate factors contributing to insulin
resistance. In a more recent study, Ryvan and co-
workers'™ examined adiposity in an overlapping
sample of 16 first-episode, drug-naive patients with
schizophrenia, At the start of the study and prior o
antipsychotic treatment, the schizoplwenia patients
had statistically significantly higher levels of intra-
abdominal fat than healthy controls matched for
age and BMIL suggesting that schizophrenia may
be associated with changes in adiposity that could
increase the risk for insulin resistance, hypergly-
cacmia and dyslipidacmia compared with the gen-
eral population. As above, atiributes of this partic-
vlar sample may coniribute to the degree to which
adiposity and insulin resistance were increased,
which might overestimate rates of adiposity and
insulin resistance in drug-naive schizophrenia sam-
ples i other clinical settings.

Overall, these studies suggest that there may
be an increased risk of type 2 diabetes in patients
with schizophrenia. Evidence from a number of
studies {¢.g. Regenold et al.™?) suggests that this is
not limited to schizophrenia, but could also affect
patients with other psychiatric disorders, such as
bipolar disorder and depression. Decreased wsulin
sensifivity has been consistently reported for
patienis with depression compared with non-
depressed individuals™®® (for review see Haupt
and Newcomer™), suggesting abnormalities in glo-
cose regulation associated with depression.
However, as with the studies in schizophrenia
patients, these reports have typically failed to char-
acterise patient characteristics such as adiposity,

© Adiis Data information BV 2005, All rights reserved,

—h—

22

diet and activity. Further large-scale studies in
schizophrenia and other psychiatric disorders, con-
trolling for factors such as BMI and medication,
are thercfore needed to address the question of glu-
coregulatory disturbances in these patients.

The occurrence of dyslipidacmia among
patients with schizophrenia has been less well stud-
ied, with limited data available compared with that
for diabetes. Lifestyle surveys typically show high-
er levels of obesity, reduced levels of exercise and
iess healthy diets among schizophrenic individuals
than the general population — factors that point (o
an increased prevalence of dyslipidaemia among
individuals with the disorder. In a recent literature
review concerning the effects of antipsychotic
medication on plasma lipid levels,”" based largely
on case series and ancontrolled observations, find-
ings with typical agents suggest that chlorpro-
mazine and other phenothiazines are associated
with dyslipidacmia, while butyrophenone-deriva-
tives (e.g. haloperidol} have little effect on lipid
fevels. Controlled studies concerning the effect of
second-generation anfipsychotics, discussed in
detail in the following sections, suggest that treat-
ment with some agents is associaied with a risk of
dyshipidacmia. However, as with the studies exam-
ining the prevalence of diabetes in schizophrenia,
weight and lifestyle factors, such as diet and exercise,
are fikely to affect the occurrence of dyslipidacmia
in these patients. Additional large-scale studies that
control for factors such as BMI and medication are
therefore needed to examine the prevalence of dys-
lipidaemia in patients with schizophrenia.

Although the evidence suggests an increased
risk of diabetes mellitus associated with the pres-
ence of some psychiatric disorders, particularly
depression, the reasons underlying such an
increase are unclear and represent an umportant
area for future research. Several studies in patients
with depression have shown an approximately 2-
fold increase in the relative risk of diabetes over the
general population, while similar studies in schizo-
phrenia suggest an increased risk that may be of
similar magnitude to that seen in depression.
Socioeconomic factors are thought to play at least
some role in this increased risk. Individuals with
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schizophrenia may experience less exercise and
have a poorer, less healthy diet than the population
as a whole."” Another possibility that has been the
subject of some speculation is that patients with
these disorders may share some anderlying genetic
or biological factor that predisposes them to an
increased risk of metabolic disturbance. Clearly,
{further research is needed in this area.

3. Search Methodology and Overview
of Findings

3.1 Search Methodology

This literature review examines the evidence
for an association between dysregulation of either
glucose or lipid metabolism and treatment with any
of the ¢ight second-generation antipsychotics cur-
rently available in the US and/or in Europe: cloza-
pine, risperidone, olanzapine, quetiapine, zotepine,
amisulpride, ziprasidone and aripiprazole.

Literature references were identified primarily
via Medline scarches. Scarches were performed for
the individual antipsychotic agents, plus ‘atypical
antipsychotics’. Each of these nine scarch terms
was combined with each of the following terms (o
identify relevant references: diabetes, glucose,
ketoacidosis, hyperglycaemia, triglycerides, hyper-
triglyceridacmia, lipidacmia, hyperlipidacmia, dys-
fipidaemia and cholesterol. Secarches were per-
formed on papers published before 1 January 2004,
although more recent references were in some
cases included as below.

In addition to the Medline searches, abstracts
presented at selected scientific meetings (23rd
Congress of the Collegium Internationale
Neuropsychopharmacologicum [CINP 2002}, 15th
and 16th Congresses of the Buropean College of
Neuropsychopharmacology [BECNP 2002 and
ECNP 20031 and the 12th Biennial Winter
Workshop on Schizophrenia [WWS 20041 were
searched using the same terms, and any relevant
abstracts are mcluded in the report. Finally, pub-
tished reports of key pivotal studies examining the
safety and efficacy of the different second-genera-
tion antipsychotics in patients with schizophrenia
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were reviewed for glucose and lipid data.

This literature review is limited by its reliance
largely on Medline to identify relevant studies
reporting 2lucose and lipid regulation. Studies in
publications not indexed by Medline are therefore
missing, leading to the potential exclusion of some
relevant data. In addition, Medline searches may
miss glucose and lipid measurements that are gen-
erally not included in the abstract of reporis con-
cerning controlled trials of antipsychotic efficacy,
although the review of key published pivotal trials
of second-generation antipsychotic treatment in
schizophrenia may mitigate this issue. Searches of
abstracts presented at the CINP 2002, ECNP 2002
and 2003, and WWS 2004 congresses may also
help to incorporate studies that have not yet been
published in Medline journals. Review of these
studies, however, may be restricted by the limited
data and details available in such published
abstracts.

3.2 Typas of Reports

The number of reports identified in this litera-
ture review for each of the eight second-generation
antipsychotics varies considerably between the dif-
ferent agents. This is to be expected, given the dif-
ferences in their prescription rates and in the length
of time that these treatinents have been available
and differences in the level of interest concerning
metabolic adverse events with individual agents.
Most information is available for clozapine,
risperidone and olanzapine, which have been avail-
able for longer and, in the case of risperidone and
olanzapine, have been the two most widely pre-
scribed second-generation antipsychotics in the
US. Fewer reports were identified for the more
recently approved agents, quetiapine, ziprasidone
and aripiprazole, and for the two agenis not cur-
rently released in the US, zotepine and amisulpride.

The reports identified in this review can be
broadly divided into three categories:

* case reports/chart reviews/FDA MedWatch-
based reports/other nncontrolled observational
studies
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®

large retrospective database analyses using pre-
scription, administrative or, less commonly, pop-
ulation-based databases

conirolled experimental studies, including ran-
domised clinical trials.

®

Not all categories of study are available for
each antipsychotic agent.

3.3 Levels of Evidence

These three categories of reports provide dif-
ferent levels of evidence o assess the effect of each
antipsychotic agent on the different metabolic
parameters. Studies can be considered either
‘hypothesis geperating” or “hypothesis testing’,
depending on their methodology. Case reports,
chart reviews and open, observational studies all
provide uncontrolled, largely anecdotal evidence
and so are gencrally useful for hypothesis genera-
tion only. A critical factor to consider i all post-
marketing adverse event reporting is that most
reports happen in the first 2 years after the launch
of a drug, with underreporting generally estimated
to be in the range of 1/10 to 1/100 of the actual
number of cases. In contrast, controlled experi-
mental studies, including prospective, randomised,
controlled clinical trials, are designed to address
specific questions and can be useful for hypothesis
testing.

Relevant retrospective database analyses, a
few using population-based sample data, can pro-
vide higher or lower levels of evidence depending
on the methodology and the study endpoints used.
The studies identified in this Iiterature review have
a number of methodological limitations relating to
the common use of pre-existing medical claims
databases. These hmitations include the lack of
verification of psychiatric diagnosis and whether
treatments were actually received, high raies of
polypharmacy and limited, if any, knowledge of
earlier treaiment conditions that can contribute o
current levels of adiposity and associated insulin
resistance. Most importantly, these stadies typical-
iy lack direct measures of metabolisin, relying on
swrogate markers for the presence of diabetes,
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such as the prescription of a hypoglycaecmic agent
or an ICD code for diabetes. Such surrogate mark-
ers require the successful and consistent diagnosis
of diabetes in the relevant study sample, but under-
diagnosis of diabetes is common and contributing
factors are poorly understood. According to the
ADA, approximately one-third of cases of diabetes
are undiagnosed in the US.P Given that these data-
base studies may involve samples that underesti-
mate the prevalence of diabetes, missing perhaps
30% of actual cases, and that the hypothesised dif-
ference in prevalence rates across treatinent or
diagnostic groups is certainly less than 30%, this
type of retrospective database analysis may suffer
from signal-to-noise limitations. This may affect
their ability to reliably detect differences hetween
medications or across groups and may explain
some of the variability in studies of this kind, sug-
gesting that the results of such retrospective analy-
ses using surrogate measures of diabetes should be
interpreted with caution.

4. Second-Generglion Antipsycholics
and Weight Gain

4.1 Impact of Weight Goin

Overweight and obesity, along with increases
in adiposity in general, are established risk factors
for insulin resistance, hyperglycaemia and dyslipi-
daemia.’” Increases in bodyweight are typically
associated with increases in adiposity, with abdom-
inal adiposity in particular a known risk factor for
cardiovascular morbidity and mortality. In addi-
tion, abdominal adiposity s associated with insulin
resistance, 80 that adiposity can secondarily con-
tribute (o hyperglycaemia and dyslipidacmia,
which are, like obesity, independent risk factors for
CVD.

The effects of antipsychotic medications on
bodyweight therefore have significant implications
for patient health. Weight gain is a well established
side effect of antipsychotic therapy, reported in up
to 50% of patients receiving long-term treatment
for schizophrenia* The causal effect of antipsy-
chotic treatment to induce weight gain has been
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established in randomised, double-blind, placebo-
conirolied clinical studies. However, marked dif-
ferences in weight gain liability are seen between
the different antipsychotic agents (figure 1).5" The
rank order of weight gain risk for the different
agents closely matches the rank order of risk for
hyperglycaemia and dyslipidaemia, discussed
below, which has led to the hypothesis that the
increased risk of diabetes, hyperglycaemia and
dyslipidaemia seen with some second-generation
antipsychotics could be largely related to their
effect on body fat. Demonsirated in the following
literature review, there is largely consistent evi-
dence that the sccond-generation agents associated
with more weight gain (i.c. clozapine and olanzap-
iney are associated with ap increased risk of dia-
betes. hyperglycacmia and dyslipidaemia™

However, a considerable minority of reporis of
new-onset diabetes in the absence of obesity or
substantial weight gain,'™7" along with a limited
amount of experimental evidence for changes in
glucose regulation and insulin resistance independ-

£

ent of adiposity,® suggest that some second-
generation antipsychotics may also have adverse
effects on insulin secretion or sensitivity that are
independent of adiposity.

A growing number of reports in the psychiairic
literature have unfortunately subjecied time-lmit-
ed datasets to the simple gquestion of whether
weight gain within some specific (but always rela-
tively short-term, with respect o the time frame for
the onset of diabetes mellitus) time frame of sam-
pling is statistically related to emergent diabetes or
hyperglycaemia, without regard for the commonly

Estimated Weight Change at 10 Weeaks on "Standard” Dose
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Fig. 1. Mean change in bodyweight with antipsychotic therapy.
Adapted from Allison st al., Leucht et al. amisulpride), Jones
et al. {quetiapine) and Marder et al. "(aripiprazole) 7™
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observed delay between the onset of insulin resist-
ance and the emergence of hyperglycacmia (l.e.
related to the delay in onset of pancreatic beta-cell
failure). Detailed below, some of these analyses
have detected a relationship between weight gain
and hyperglycaemia and some have not. Given the
strong evidence from nonpsychiatric samples and
population studies linking weight gaim with
increased risk for diabetes, hyperglycaemia and
dyslipidaemia, these recent post fioc analyses, duti-
fully listed below, do not provide compelling argu-
ments against a role for weight gain in the devel-
opment of metabolic changes seen with antipsy-
chotic therapy. In addition, growing evidence indi-
cates that treatment-induced increases in adiposity
are associated with predictable increases in meas-
ures of insulin resistance and increases in fasting
plasma triglveeride, changes that are known {o pre-
dict ong-term increases inn plasma glucose m vul-
nerable individuals. Despite the absence of com-
pelling evidence that the adverse effects of adipos-
ity do not occur in psychiatric patient samples,
some authors have taken a sceptical position, along
the lines of recent US FDA comments, that the
relationship of weight gain to hyperglycacmia has
yel to be proven in patients taking antipsychotic
medications.””

Given the mporiant potential relevance of
drug-induced increases in weight and adiposity on
metabolic function, the effect of each second-gen-
cration antipsychotic on weight and adiposity is
reviewed at the start of cach section concerning
individual medications. However, as this article is
primarily a review of the effects of antipsychotic
therapy on metabolic parameters, the sections cov-
ering the effect of this therapy on weight and adi-
posity provide an overview of most of the available
data and are pot intended as comprchensive
reviews of the related Hterature.

4.2 Weight Gain in Children, Adolescents
and the Elderly

The majority of studies and reports of the

effects of antipsychotic therapy on bodyweight
have been in adults. There is, however, a small but
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increasing body of evidence that the findings in
adults are not directly applicable to children and
adolescents, or to the elderly, and that the weight
increases observed with antipsychotic therapy are
more severe in children and adolescent patients
than in adults.

4.2.1 Children and Adolescents

Weight gain in children can be associated with
normal growth-related increases n lean muscle
mass or with increases in adiposity. The few stud-
ies iy children that have attempted to address this
distinction have compared treatment-induced
weight gain with standardised growth curves rather
than dircctly measuring changes n lean muscle
versus fat mass. Child psychiatrists have clinically
noted substantial weight gain in children during
antipsychotic {reatment, providing anecdotal
reports and carly observations that this effect in
children is even more pronounced than that
observed in adults. However, no controlled data are
available to describe how treatment-induced
changes in adiposity affect insulin sensitivity and
other aspects of metabolism in children.

The few studies that have reported changes in
bodyweight in children treated with antipsychotics
raise concern that weight gain may be more signif-
icant in this treatment population than in adults. An
open-label study of olanzapine (mean dose 10.7
mg/day) in 25 children with pervasive develop-
mental disorder demonstrated an average weight
gain of 4.7kg after 12 weeks of treatment,”™ corre-
sponding {o an increase in bodyweight of nearly
10%. Olanzapine treatment (mean dose 17.5
mg/day) of eight psychotic adolescents resulted in
an average 14% increase in bodyweight over an
average of 9 weeks of treatment.”™ A study of 8
weeks of randomised treatment with either risperi-
done (up to 3mg) or placebo in 26 children with
Tourette’s syndrome resulted in an average weight
gain of 2.8kg compared with no weight change
during placebo treatment.™ A retrospective study
with 30 patients younger than 18 years treated with
olanzapine (mean dose 13.9mg) found an average
weight gain of 3.8kg after an average duration of
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treatment of 39 days.® A multicentre, double-blind
study of 118 children aged 5-12 years with mental
retardation and disruptive behaviours found a mean
weight increase of 2.2kg after only 6 weeks of
freatment with risperidone (mean dose 1.16mg)
compared with 0.9kg with placebo.™ A recent
study of 19 children aged 7-17 vears with either
Tourette’s syndrome or chronic motor tic disorder
reported an average weight gain of 1.9kg over the
4-week treatment period with risperidone (mean
dose 2.5mg)™ A similar open-label study of
risperidone treatment (mean dose 1.26mg) in autis-
tic children reported an average weight gain of
3.2kg after 4 weeks of treatment.™ A multisite,
randomised, double-blind trial of risperidone
(mean dose 1.8mg) compared with placebo among
101 children aged 517 years with autism found an
average weight gain of 2.7kg after 8 weeks of treat-
ment compared with 0.8kg with placebo.” Sixty-
three of these children treated openly for an addi-
tional 4 months had an average weight gain of
5.6kg after a total 6 months, suggesting that, as in
adults, treatment effects on weight gain are not lim-
ited to the short term.®™ Sikich and co-workers®!
randomised 50 psychotic children and adolescents
to & weeks of treatment with haloperidol, olanzap-
ine or risperidone. While significant weight gain
was seen in all groups, between-group differences
in weight gain and BMI were statistically signifi-
cant (olanzapine > risperidone > haloperidol).
Risperidone-treated patients experienced an aver-
age weight gain of 4.9kg compared with an average
weight gain of 7.1kg in those treated with olanzapine.

These reports suggest that weight increases
associated with antipsychotic therapy are more
prominent in children and adolescents than in
adults. This is of particular concern, given the long-
term effect of overweight and obesity on patient
health and the increasing prevalence of overweight
observed in children and adolescents n the general
population.

4.2.2 Elderly Palienis

Data regarding weight gain in elderly patients
treated with second-generation antipsychotics are
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modest. Furthermore, they are generally limited by
the serious methodological issue of elderly patients
having progressive loss of lean muscle mass, which
has the potential to mask {reatment-associated
increases in bodyweight and adiposity.

Weight increases during antipsychotic treat-
ment in younger patients are understood (o be due
to increases in fat mass, rather than changes in lean
muscle mass. Using direct measures of fat mass
and body composition in untreated elderly individ-
uals, progressive decreases in lean muscle mass are
routinely observed, with or without decreases in
weight.®™ Progressive increases in fat mass in
untreated weight-stable individuals can in fact
mask decreasing lean muscle mass and sarcope-
nia.®™ Treatment with medications that can stimu-
late appetite, among other actions, is expected (o
increase fat rather than lean muscle mass in the
sedentary elderly. Such changes are expected to
have an adverse effect on health, as visceral adi-
posity is associated with an elevated risk for
increased insulin resistance, dyslipidaemia and
glucose intolerance, contributing (o cardiovascular
disease and diabetes. " Thus, elderly patients may
be at increased risk of adverse metabolic changes,
even if they do not experience marked increases in
bodyweight.

Risperidone has been reporied (o cause mini-
mal weight gain® or no significant gain®* in the
elderly. Madhusoodanan et al.” found insignifi-
cant mean weight gain of 0.84kg in a sample of
elderly patients (mean age 71 years) treated with
olanzapine. However, this study was retrospeciive
and limited by a small sample size. In a relevant
study of Alzheimer’s dementia paticnts with psy-
chosis, olanzapine treatment produced a modest
mean weight gain of 0.8kg over 6 weeks, in con-
trast to a mean weight loss of 0.19kg i placebo-
treated patients.” Although this study was limited
by the use of weight measures rather than direct
measures of body composition, it highlights the
potential for progressive weight loss in untreated
patients. Such weight loss can mask or minimise
weight gain when patients are treated with antipsy-
chotics. Unfortunately, many previous studies in
the elderly included no untreated control group, so
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weight changes on freainent are not possible to
interpret. Further studies are therefore needed to
assess the effect of antipsychotic therapy on
weight, adiposity and metabolic parameters in the
elderly.

4.3 Possible Mechanisms of Antipsychotic-
induced Weight Gain and Metabolic
Effects

4.3.1 Bodyweight

The mechanisms by which antipsychotic med-
ications produce their effects on bodyweight and
body composition are poorly understood, with
many different receptor types (including 5-HTas, 5-
HTac, Hi histamine and on- and oz-adrenergic
receptors) hypothesised o be a relevant target of
antipsychotic activity. Of these, Hi receptors are
currently the focus of much interest and more evi-
dence, although the mechanisms by which H:
receplor antagonism might induce weight gain are
currently unclear.

A recent study suggests a strong association
between the level of H: receptor affinity and
antipsychotic-induced weight gain.” The receptor-
binding affinities of 17 first- and second-generation
antipsychotics (including all of the second-genera-
tion agents except zotepine and amisulpride inclod-
ed in this review) were examined for correlations
with their shori-term effects on bodyweight, as
determined in a previous meta-analysis of the liter-
ature.™ Hi receptor-binding affinity showed a sta-
tistically significant correlation with weight gain,
and 15 of the 17 drugs were correctly classified
into two groups — those that induce weight gain and
those that do not — based on their Hi binding affini-
ties  using  discriminant  {unction  analysis.
Interestingly, affinity for the 5-HT:c receptor did
not correlate significantly with weight gain in this
study, even though previous genetic studics have
suggested a role for the 5-HTxc receptor in weight
regulation in rodents. Furthermore, an earlier study
suggested a link between weight gain and poly-
morphisms in the 5-HT:x receptor gene, " hypothe-
sising that such genetic variation could predispose
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individuals o more or Jess weight gain via as yet
unknown mechanisms. Further studies examining
this link between 5-HTux receptor gene polymor-
phisms and weight gain bave, however, produced
inconsistent results. In a study of patients with
first-episode schizophrenia, those with one variant
of the 5-HTx receptor gene showed significantly
less weight gain after 6 weeks of clozapine therapy
than patients who lacked this particular variation.””
However, in another study of schizophrenic
patients, no association was detected between the
variant allele and weight gain after 12 weeks of
clozapine therapy.”™

Kroeze and colleagues®™ do not discount the
role of other receptor types in the development of
anfipsychotic-induced weight gain. Sulpiride can
induce significant long-term weight gain in some
patients with schizophrenia, even though it is a
selective dopamine I3:/I): receptor antagonist with
virtually no affinity for Hi receptors. Similarly,
substantial weight gain has occasionally been
reported with depot formulations of the typical
antipsychotics haloperidol and {luphenazine,®
although these agents also show relatively low Hi
recepior affinity.

4.3.2 Glucose Dysregulafion

Mechanisms underlying the changes in glu-
cose regulation associated with antipsychotic ther-
apy are only beginning to be understood. A pumber
of studies suggest that the effect of antipsychotic
treatment on insulin resistance, rather than insulin
secretion, may be more important for most
patients. For most individuals, changes in insulin
resistance occur secondary to increases in adiposi-
ty.”* However, a significant minority of patients
may experience ghicose dysregulation mdependent
of weight or adiposity differences*7/77 gyg-
gesting the possibility of a direct effect of certain
antipsychotic medications on insulin sensitivity or
secretion. One possible mechanisi for antipsy-
chotic drug effects that could occur independent of
changes in adiposity would involve drag effects on
glucose transporter function. Dwyer and col-
leagues have shown that certain aniipsychotic
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agents, including clozapine, olanzapine and chlor-
promazine, can inhibit glucose uptake via interac-
tions with glucose transporter proteins in in vitro
studies using cloned cell lines, whereas other
agents, such as haloperidol, had a marginal effect
on glucose transport.'” '™ These drugs can also
induce hyperglycaemia in mice in accordance with
their effects on glucose transport.’™ Risperidone
can also inferact with these intracellnlar proteins,
but the limited lipophilic nature of this agent results
in reduced tissue-to-plasma concenlration ratios,
suggesting that intracellular protein interactions as
well as intracellular drug concentrations may be
critical to the prediction of drug cffects in this area.
These findings suggest that differing effects on glu-
cose trapsport can be hypothesised to underlie the
clinical observation of different adiposity-inde-
pendent antipsychotic drug effects on insulin sensi-
tivity, although additional laboratory and clinical
stadies are needed.

Serotonin receptor activity may also have a
role in glucose regulation. Both 5-HTuw and 5-HT:
receptors have been implicated, although the exact
role of these receptors appears complex, and the
rank order of in vitrp affinities of antipsychotic
agents for serotonin receptors does pot fit well with
the rank order of their effects on ghucose regula-
ton.

Changes in noradrenaline and adrenaline
tarnover and plasma concentrations during clozap-
ine treaiment™'* may also be relevant to under-
standing drug effects on glicose metabolism that
could occur independent of changes in adiposity.
Increases in circulating poradrenaline and adrena-
line could be predicted to reduce beta-cell function
and increase glucose release from hepatocytes. It
remains to be seen what role, if any, such changes
in adrenergic function play in the development of
abnormalities in glucose or lipid metabolism dur-
ng antipsychotic treatment.

4.3.3 Lipid Dysregulotion
The mechanisms underlying the changes in

lipid parameters associated with antipsychotic ther-
apy have been little studied, although a number of
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possible mechanisms have been suggested.™
Epidemiological studies in the general population
provide a wealth of data showing that weight gain
and obesity increase the risk of dyslipidaemia, with
higher levels of obesity linked to increasing risk.
Obesity and weight gain are associated with
increased triglyceride and LDL-cholesterol levels
and reduced HDL-cholesterol.  Antipsychotic
agents differ markedly in their weight gain poten-
tial, suggesting that the effects on lipid levels seen
with antipsychotic agents may primarily be related
to their effect on bodyweight and adiposity.

Other factors may also play a role in the devel-
opment of treatment-associated dyslipidacmia. The
development of glucose intolerance would be
expected to affect lipid levels, as insulin resistance
is a key factor in the pathophysiology of dyshipi-
daemia. However, as discussed above, most
changes in insulin resistance are likely to be sec-
ondary to changes in adiposity, rather than through
direct effects of antipsychotics on insulin action.
Finally, a few reports of substantial elevations in
triglyeenide levels with only modest weight gain
raise the possibility of a direct antipsychotic effect
on lipid levels by some as vet unknown mecha-
nism.

&, First-Genergtlion Antipsychotics

Although this review concentrates on the
potential effect of second-generation antipsy-
chotics on metabolic parameters, reports of
changes in glucose regulation, lipid levels and
bodyweight are not confined to these agents, but
have also been observed with some first-generation
(typical) antipsychotics.

Reports of abnormal glucose regulation
occurred following the introduction of chlorpro-
mazine and other low potency phenothiazines.
Cases of new-onsel type 2 diabetes and exacerba-
tion of existing diabetes were associated with phe-
nothiazine treatment (for review, see Haupt and
Newcomer"™); in one report, the prevalence of dia-
betes increased from 4.2% to 17.2% following the
introduction of chlorpromazine therapy.'™ In addi-
tion, phenothiazine treatment has been associated
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with adverse changes in plasma lipid levels and
increases in bodyweight 10894

However, not all first-generation antipsychotic
agenis appear to show the same propensity for
adverse effects on glucose regulation as pheno-
thiazines. Reports of diabetes associated with the
use of high potency first-generation agents, such as
haloperidol, have been lmited, suggesting poten-
tial variability between medications in their effects
on glucose metabolism. Koller et al."" identified 20
reports of hyperglycacmia with haloperidol treat-
ment from the FDA MedWatch Drug Surveillance
System and published reports from an estimated
6.5 million years of patient exposure. However, as
with ecarly studies of diabetes and hyperglycaemia
i unmedicated schizophrenia patients, these stud-
ies are Hmited by their lack of controls and inade-
quate evaluation of other confounding factors, such
as bodyweight and adiposity, so they should be
interpreted with cantion. In general, the widespread
use of high potency first-generation antipsychotics,
such as haloperidol, in the vears before the intro-
duction of the second-generation agents may have
contributed to the relative lack of reports of
antipsychotic-related hyperglycacmia and the sub-
sequent relative lack of attention given to this issue
during the clinical development of the newer, sec-
ond-generation agents.

6. Clozapine

Clozapie was the first second-generation
antipsychotic to be marketed, producing umprove-
ments in both positive and negative symptoms of
schizophrenia, bot without the significant risk of
varions movement disorders usually seen with
first-generation antipsychotic agents. In addition,
clozapine remains unique as an agent with estab-
lished efficacy for individuals with treatment-
resistant schizophrenia and for the prevention of
suicide. It was introduced in the US i 1990,
although it had been used in EBurope since the
1980s. Clozapine treatment is associated with a
risk of agranulocytosis, which means that it is now
used most commonly in treatment-resistant indi-
viduals. Consequently, it accounts for a relatively
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small proportion of prescriptions for second-gener-
ation antipsychotics.

To date, there is a large body of data examin-
ing the association hetween clozapine therapy and
diabetes, hyperglycacmia, and abnormal glucose
and lipid regulation. This includes case reports,
FDA MedWatch Drug Surveillance information,
databasc analyses and controlled experimental
studies, including randomised clinical trials,

6.1 Bodywelight

Clozapine treatment is associated with marked
increases in weight with both short- and long-term
treatment, which has chinically significant implica-
tions for treatment adherence and Jong-tenm patient
health. Allison et al.®™ reported an estimated
weight gain of 4kg over 10 weeks of clozapine
therapy in their meta-analysis of published studies,
and Blin™¥ reported a mean increase of 4.45kg
with clozapine (and 4.15kg with olanzapine) in a
10-week comparison study. Longer-term treatment
with clozapine is associated with additional weight
gain, with increases of 6-1Zkg reported with
6—-12 months of treatment. A study involving
21 patients reported a mean weight gain of 6.3kg
over 16 weeks of clozapine therapy,”" while in
another study, 36 patients experienced a mean
increase of 7.7kg over 6 months of clozapine treat-
ment."¥ In a retrospective analysis of patient
records,' clozapine-treated patients reported a
mean weight increase of 6.8kg over a mean treat-
ment duration of approximately 27 weeks.
Maximum weight gain (7.5kg) was reached at a
mean duration of 23 weeks, suggesting that weight
gain occurs over a prolonged period with clozapine
therapy. This is supported by findings from a 5-
year naturalistic study of 82 clozapine-treated out-
patients." "™ Although patients gained most weight
during the first 12 months of weatment (0.5
kg/month), patients continued to show statistically
significant weight gain out into the final observa-
tions of the study, al approximately month 46 of
therapy.

The marked weight gain with clozapine thera-
py is also apparent when assessed as perceniage

© Adiis Data information BV 2005, All rights reserved,

—h—

30

ncrease from bascline. A review of clozapine trials
reported that over 20% of clozapine-treated
patients showed at least a 10% increase in weight
from baseline with treatment lasting 12 weeks to
12 months.™ In one stady, ™ over 20% of patients
gained more than 20% of their baseline body-
weight after 52 weeks of treatment. The substantial
and prolonged increases in weight seen with cloza-
pine treatment have clinically significant implica-
tions for long-term patient health.

6.2 Digbetes and Hyperglycaamia

6.2.1 FDA MedWualch Drug Surveillonce System

Data from the FDA MedWaich Drug
Surveillance System (January 1990 to February
2001}, together with published reports and meet-
ings abstracts, were used to identify reports of dia-
betes or hyperglycaemia associated with clozapine
treatment.™ A total of 384 cases were identified:
323 were ‘new-onset’ hyperglycaemia, 54 repre-
sented exacerbation of pre-existing diabetes, and
for 7 patients this was unclear. Of the patients with
new-onsetl hyperglycaemia, 171 (53%) met diag-
nostic criteria for diabetes based on blood glucose
(fasting >126 mg/dL; nonfasting >200 mg/dL) or
HbA:. levels. For another 71 patients, diabetes was
defined by initiation of antidiabetic medication or
presence of metabolic acidosis or ketosis, while for
the remaining 31 patients, hyperglycaemia was
described as ‘less well documented’.

Among patients with definitive new-onset dia-
betes (i.e. blood glucose or HbA: diagnosis), the
mean age at onset was 39 x 11 years, and more
than 75% of these patients were aged 50 vears or
younger, suggesting that many patients were below
the typical age of onset for type 2 diabetes. The
time from initiation of clozapine therapy to onset
of diabetes was generally short (figure 2).
Diabetes occurred within 1 month of starting cloza-
pine therapy for 27% of patients and within 3
months for 54%. Exacerbation of pre-cxisting dia-
betes also oceurred rapidly after clozapine initia-
tion: within 1 month for 38% of patients and with-
in 3 months for 64%. For the majority of patients,
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No.of events

Time (ma)
Fig. 2. Time to onset of newly diagnosed diabetes mefiitus
with clozaping ™

glycaemic conirol improved following withdrawal
from clozapine treatment. Follow-up data, avail-
able for 54 of the 110 patients who withdrew from
clozapine therapy, showed that 42 patients (78%)
experienced improvement.

The severity of hyperglycacmia associated
with clozapine therapy ranged from mild glucose
intolerance to ketoacidosis and hyperosmolar
coma. Fifty-one patients (45 with new-onset dia-
betes) experienced blood glucose levels of
2700 mg/dL. Metabolic acidosis or ketosis accom-
panied hyperglycacmia in 80 cases, the majority of
which (n = 73) were new-onset diabetes. There
were 25 deaths during hyperglycacmic episodes;
acidosis or ketosis was reported in 16 of these.
Bodyweight data, available for 146 cases, showed
obesity or substantial weight gain in the majority of
cases, but no evidence of obesity or substantial
weight gain in 38 individuals (26%).

6.2.2 Case Studies

Medline searches identified 26 published
reports detailing associations between clozapine
treatment and the occurrence of diabetes, diabetic
ketoacidosis or hyperglycaemia (table 1V).

These case reports, with the exception of those
published after 2000, are analysed in a recent
review.' A total of 30 individuals (25 male and 5
female) experienced diabetes, diabetic ketoacidosis
or hyperglycaemia associated with clozapine treat-
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ment. The mean age of patients at detection of dia-
betes/ketoacidosis was 39.9 (range 25-54) vears;
22 patients (73%) were aged 45 years or younger.
The mean duration of clozapine treatment prior o
detection was 17.7 (range 1-92) weeks, although
for 19 (70%) of the 27 patients with available data,
detection occurred within 12 weeks of treatinent. In
all, 12 individuals (40%) experienced diabetic
ketoacidosis. Fifteen patients recovered completely
after discontinuing clozapine therapy. Six patients
experienced a rapid return to hyperglyveaemia fol-
lowing rechallenge with clozapine.

One report of four cases!”” characterises some
of the features of case reports with clozapine ther-
apy. Two of the patients experienced new onset and
two patients experienced severe exacerbation of
type 2 diabetes, with the effects observed shortly
after initiating clozapine therapy in all four cases.
Weight gain did not appear to be a factor for these
patients: two patients expericnced no weight gain
and two experienced minimal changes in body-
weight.

In other reports, Baymiller and co-workerst"™
observed three cases of diabetes during long-term
clozapine treatment of 530 patients with schizophre-
nia. For the two patients with bodyweight assess-
ments, one showed an increase (12.7kg) and the
other a decrease (7.3kg) in weight during the 12-
month treatment period.

6.2.3 Chart Reviews and Observalional Studies

The occurrence of diabetes in patients with
psychotic disorders treated with clozapine has also
been examined in observational climical trials and
reviews of patient records.

A S-year naturalistic study" examined the
imcidence of treatment-emergent diabetes in
patients with schizophrenia or schizoaffective dis-
order treated with clozapine. A total of 82 patients
who had received clozapine therapy for at least |
year were included in the study. Patients were treat-
ed at an outpatient clinic, and demographic and
laboratory data (including fasting blood glucose
[FBG] and lipid levels) were available at treatment
initiation and at O-monthly intervals thereafter.
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Table IV, Case-based reports of diabeles, ketoacidosis or hyperglycaemia with clozapine

Heference

Case report details

Wehring et al.™"

Beliard et al.l™
Lafayette et all"®

Three cases of lethal diabetic ketoacidosis in schizophrenia patients during long-term therapy (25.5, 14.5 and
59.5 months’ freatment}

Severe hyperglycaemia 3 months after stariing clozapine in a 59-year-old male with existing type 2 diabetes
Diabetic ketoacidosis 10 weeks after starting clozapine in a 22-year-old female, which resolved after discon-
tinuing therapy

Cohen & Gispen-de Wied"™ Three cases of diabetes in male schizophrenia patients treated with clozapine therapy (original article in

Kristensen & Forksenl®!

Avram et al.[

Higailleau ef al.l™
Wu et alie®
lsakov ef all’
Wehring et al
Brugman et al.

Maule et a
Colii et al.™
Mohan et al.*
Smith et al.™!

At et all
Wirshing et al."®
Dickson & Hoggh™
Thompson et al."

Plerides™!
Popli et al.is"

Koren ef al

Peterson & Byrd'®
Kostakoglu et al.
Koval et al.l*y

Kamran et al."#

Duich)

Diabetic ketoacidosis during clozapine treatment in a 54-year-old white female with type 2 diabetes and
schizophrenia (original article in Danish)

Clozapine-induced diabetic ketoacidosis

One case of new-onset diaketes with weight loss and ketosis with clozapine

Hyperglycaemia, hyperlipidaemia and periodic paralysis: a case report of new adverse effects of clozapine
insulin-resistani hyperglycaemia induced by clozapine

Two patients developed diabetes mellitus associated with clozapine therapy

A 40-year-oid patient developed type 2 diabeles mellitus and hypertension when clozapine was added fo his
treatment regimen {original article in Dutch)

Diabetic ketoacidosis associated with clozapine treatment

Diabetic ketoacidosis associated with clozapine freatment

Diabetic keloacidosis associated with clozapine treatment

Clozapine-induced diabetic ketoacidosis

Diabetic ketoacidosis and clozapine ireatment

Clozapine-associated new onset diabetes: 4 cases

A pregnancy complicaled by gestational diabetes, possibly exacerbated by clozapine

A 48-year-old male developed hepatitis, hyperglycaemia, pleural effusion, eosinophilia, haematuria and pro-
teinuria early in clozapine treatment

Clozapine monotherapy and ketoacidosis

Clozapine use associated with de novo onset (2 cases) or savere exacerbation of pre-existing diabetes melii-
tus

Exireme hyperglycaemia, severe lactic acidosis and fatal myocardial failure associated with clozapine in a 37-
year-old Ashkenazic Jewish man

Diabetic ketoacidosis from clozapine and lithium cotreatment

Ketoacidosis as an adverse effect of clozapine

Diabetic ketoacidosis associated with clozapine treatment

Severe hyperglycaemia associated with high doses of clozapine

Patients had a mean age of 364 years, and only
four were older than 50 years.

In all, 28 patients (30.5%) were diagnosed
with type 2 diabetes by primary care physicians
after imtiation of clozapine therapy. Fourteen
patients were treated using oral hypoglycaecmic
agents and four with insulin, One of the insulin-
treated patients experienced two episodes of dia-
betic ketoacidosis within 6 months of starting treat-
ment, although the authors report that this may be
unrelated 1o clozapine and may represent a case of
type 1 diabetes. A further five patients who experi-
enced elevated FBG values during the 5-year study
period were subsequently diagnosed and treated for
diabetes. In total, 36.6% of the study sample were
diagnosed with diabetes within 5 years of initiating
clozapine therapy. Regression analysis showed a
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significant correlation between patient age and the
development of diabetes. Although bodyweight
increased significantly during the study, weight,
change in weight, BMI and change in BMI were
not significantly associated with an increased risk
of diabetes 1 this sample. Furthermore, the authors
report that some patients did not gain weight, but
developed diabetes.

An earhier study conducted in Sweden!™™
analysed blood glucose levels io determine the
prevalence of diabetes among patienis with psy-
chotic disorders treated with clozapine. Sixty-three
patients with psychosis, the majority (58) with
schizophrenia, ireated with clozapine were includ-
ed in the study. A further 67 patients (53 with
schizophrenia) receiving depot injections of typical
antipsychotics formed the control group. The two
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patient groups were simnilar i terms of sex, weight,
height and BMI. However, patients in the clozapine
group were significantly younger than those receiv-
ing depot treatment (mean age 41 = 9 vs 48 = 10
years) and had a significantly shorter duration of
disease (13 vs 21 years) and of current antipsy-
chotic treatment (3 vs § vears) [all p < 0.001].
None of the patients had evidence of diabetes
before the start of current antipsychotic therapy.

Blood glucose analysis (random samples)
revealed that 21 patients (33%) in the clozapine
group had hyperglycaemia (blood glucose >6.6
mmol/L) compared with 13 patients (19%) in the
control group (p = 0.07). Based on oral glucose tol-
erance testing of these patients, 13 (22%) in the
clozapine group were diagnosed with either type 2
diabetes (7 patients) or IGT (6) according to WHO
criteria. This compared with 6 patients (10%) in the
contro} group {diabetes 4; IGT 2). The difference
between the groups showed a trend towards statis-
tical significance (p = 0.06) for diagnosis of dia-
betes or 1GT. Analysis of demographic data
showed that 10 of the 13 patients in the clozapine
group diagnosed with diabetes or IGT were aged
45 years or younger, compared with 1 of the 6
patients in the control group.

in a retrospective chart review of patients
treated with first- or second-generation antipsy-
chotic therapy (including clozapine, olanzapine,
risperidone and guetiapine), Wirshing and col-
leagues™™ examined the changes in glucose levels
that occurred following the initiation of antipsy-
chotic treatment. In all, data were available from
215 patients, of whom 39 received clozapine treat-
ment {mean duration 43.3 months). Analysis of
clozapine-treated patients showed a significant
increase from baseline i mean FBG level (+14%;
p = 0.05) and maximum blood glucose level
(+31%; p = 0.03). Significant increases in these
measures were also seen with olanzapine therapy,
but not with risperidone or quetiapine. In addition,
five patients (13%) started treatment with a glo-
cose-lowering agent following the initiation of
clozapine therapy, while 44% of clozapine-treated
patients with normal baseline glucose valnes expe-
rienced elevated FBG levels (2126 mg/dL) during
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therapy. In a smaller naturalistic study of 75
patients with schizophrenia or related psychotic
disorders receiving first- or second-generation ther-
apy,"” FBG levels also increased significantly
from pretreatment levels after at least 2 months of
clozapine treatment. In contrast, patients receiving
typical therapy showed significant decreases in
fasting glucose levels from bascline.

An open-label study by Chae and Kangh*
used weekly oral glucose tolerance tests (OGTTs)
io assess blood glicose levels during 8 weeks of
clozapine or haloperidol treatment in patients with
psychotic disorders. 8ix of the 17 patients (35%) in
the clozapine group developed IGT (WHO criteria)
during ireatment compared with none of 10
patients in the haloperidol group (p = 0.056). Seven
patients (41%) in the clozapine group and one
(10%) in the haloperidol group developed gly-
caemic peak delay. None of the patients in either
group developed diabetes.

Other stadies have measured plasma insulin
fevels in patients treated with clozapine. These
studies can provide evidence of cither decreased
insulin secretion or increased secretion, suggesting
decreased tissue insulin sensitivity. Melkersson and
Hulting™®! reported elevated fasting insulin levels
in 7 of the 14 patients receiving clozapine therapy,
although median insulin levels remained within
normal Lmits. Similarly, increases in mean insulin
and glucose levels were observed during OGTTs in
six patients with schizophrenia treated with cloza-
pine."™ Two studies have reported a positive corre-
lation between insulin levels and clozapine serum
concentration.”"* Analysis of data from 18 out-
patients with schizophrenia or related psychoses
who had received clozapine treatment for at feast 6
months (mean duration, 8.2 vears) showed that 11
patients (61%) had clevated fasting insulin levels
and 13 (72%) had elevated fasting C-peptide lev-
els."" Both insulin and C-peptide levels correlated
significantly with clozapine seram concentration.
Elevated FBG levels were reported for 2 of the 18
patients. In the carlier study, fasting insulin levels
showed a positive correlation with clozapine serum
concentration in 13 patients treated with clozapine
(p = 0.03), whereas no correlation was observed
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with typical antipsychotic therapy.™ Insulin eleva-
tionn was also more frequent in patients receiving
clozapine than in patients receiving typical antipsy-
chotic therapy. All except one patient in the study
had normal fasting glucose levels. These findings
suggest that clozapine could affect insulin secre-
tion through induction of concentration-dependent
insulin resistance. In a further study, metabolic
parameters were examined in patients with schizo-
phrenia treated continnously with antipsychotic
therapy for at least 3 months."™ Patients receiving
clozapine therapy (n = 34) had significantly higher
FPG levels {p < 0.05) and insulin resistance (p <
(0.05) than those treated with typical antipsychotic
therapy (n = 17}. The proportions of patients with
diabetes and hyperinsulinacmia were highest
among patients treated with clozapine. In contrast,
clozapine treatment had no significant effect on
insulin resisiance in a prospective study of 20
patients initiating clozapine treatment!™ Mean
insulin resistance and mean levels of other factors
affecting glucose homeostasis did not differ signif-
icantly from bascline after an average of 2.3
months of clozapine therapy. However, baseline
assessments indicated that patients already showed
long-term wsulin resistance at the start of clozap-
ine therapy.

Two recent studies have used patient records to
retrospectively assess the prevalence of hypergly-
cacmia among patients with schizophrenia or other
psychotic illness treated with clozapine. One study
identified 28 patients with hyperglycaemia (FPG
2110 mg/dL), six of whom were diabetic using
ADA criteria (FPG 2126 mg/dL), among 121
patients diagnosed with schizophrenia between
October 1999 and September 2000." Patients
identified with diabetes had a significantly greater
BMIE (33.1 kg/m?) than those in the normal
(<110 mg/dl) or impaired PG (2110 to
<126 mg/dL) groups (28.8 and 27.3 kg/m?, respec-
tively; p = 0.041).

The second study was a retrospective chart
review involving 208 patients with psychotic ill-
ness (including schizophrenia, schizoaffective dis-
order and bipolar disorder) treated with first- or
second-generation antipsychotics w a range of
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clinical settings.!”™ Overall, patients had a mean
age of 46 years and a mean BMI of 30.8 kg/m* Of
the 21 patients treated with clozapine. five (23.8%)
had diabetes, but the prevalence of diabetes did not
differ significantly between the different antipsy-
chotics (clozapine, olanzapine, risperidone, gueti-
apine or typical agenis). Similarly, mean fasting
glucose values did not differ significantly between
treatments (clozapine, 113.2 mg/dL).

6.2.4 Refrospeciive Dalabose Analvses

The association hetween clozapine therapy
and diabetes has been investigated in seven analy-
ses of data from epidemiological and health service
databases (table V).

In an analysis of healthcare data from the
Veterans Health Administration, clozapine freat-
ment was associated with an increased risk of dia-
betes compared with typical antipsychotic therapy.
The stady examined data from patients treated in
the Veterans Health Administration of the
Department of Veterans Affairs during a 4-month
period in 199917 The analysis included ouipa-
tients with schizophrenia treated with firsi- or sec-
ond-generation antipsychotics. In all, 15 984
patients received first-generation antipsychotics
and 22 648 received second-generation agents, of
whom 1207 (5.3%) were prescribed clozapine.

Overall, the rate of diagnosis of diabetes
(defined as an outpatient encounter or inpatient
stay with a primary or sccondary diagnosis of dia-
betes during the analysis period) was sumilar in
patients treated with first- or second-generation
antipsychotics, although significantly more
younger patients (age groups: <40, 40-49 and
50-39 years) had a diagnosis of diabetes when
treated with second- than with [irst-generation
antipsychotics (p < 0.001). Logistic regression
analysis, controlling for demographic, diagnostic
and treatment factors, showed that the odds ratios
(OR) of diagnosis with diabetes were signficantly
greater for patients receiving any sccond-gencra-
tion agent compared with those receiving first-gen-
eration antipsychotic therapy (OR 1.09; 95% CI
1.03, 1.15: p = 0.002).
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Table ¥. Summary of database analyses investigating association between clozapine therapy and diabetes

Reference Hisk of diabetes

Sernyak et all®” Qdds ratio vs typical antipsychotic
All patients 1.25 (95% €1 1.07, 1.48) p < 0.005
<40y 2.13 {95% Ci, 1.38, 3.35) p < 0.002
404Gy 1.43 {95% Cl, 1.13, 1.81} p < 0.003
50-58y 1.17 (85% Ci, 0.88, 1.54) NS
6069y 0.50 {95% Cf, 0.286, 0.98) p<0.04
270y 1.81 (95% C10.59, 4.37) NS

Lund et al Diabetes incidence vs typical antipsychotic
All patients 4.0% vs 3.4%
20--34y 5.0% va 2.0% [RR 2.5 (85% €1 1.2, 5.4)]

Giianfrancesco et al.l™

Cdds ratio vs no antipsychotic

imo 1.182 (95% C1 1.040, 1.344) p=0.01
t2mo 7.44 (85% C1 1.603, 34.751) p<0.05
Odds ratic vs risperidone
t2mo 8.45 p<0.06
Lambert at al™ Odds ratio vs typical antipsychotic
1.43 {85% C1 1.19, 1.69) p < 0.001
Citrome et al.l*? Odds ratic vs typical antipsychotic
7.61 (95% C1 2.36, 24.55)
Wang et al Odds ratio vs no clozapine
0.98 (95% C10.74, 1.81) NS
Buse et al."™ Hazard ratio vs no antipsychotic
3.8 (95% Ci 1.4-8.0) p = 0.007
Hazard ratio vs haloperidol
1.31 (95% CI 0.60, 2.86) NS

For the individuals treated with clozapine, the
risk of diabetes compared with typical antipsychot-
ic treatment increased significantly for all patients
(OR 1.25; 95% CI 1.07, 1.46; p < 0.003) and for
those aged <40 years (OR 2.13: 95% CI 1.36, 3.35;
p < 0.002) and 40-49 vears (OR 1.43; 95% (I
1.13, 1.85; p < 0.003). In the 60-69-year age
group, however, clozapine was associated with a
decreased risk of diabetes (OR 0.50; 95% (1 0.26,
0.96; p < 0.04).

An analysis of medical and pharmacy data
from the Iowa Medicaid program™™ also examined
the risk of diabetes in clozapine-treated patients
compared with those receiving typical antipsychot-
ic treatment. Unlike the study by Sernyak et al.,l™”
this analysis showed no statistically significant dif-
ference in overall incidence rates of diabetes
between clozapine-treated patients and those
receiving typical antipsychotics. Overall, 4.0% of
the 531 patients with schizophrenia receiving
clozapine therapy developed diabetes (mean fol-
fow-up 25.5 months). This compared with 3.4% of
the 2296 patients receiving typical antipsychotics
(mean follow-up 24.5 months). However, when
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patients were stratified according to their age,
younger patients (20-34 years) showed a statisti-
cally significant increase in diabetes incidence with
clozapine therapy (5.0%) compared with typical
agents (2.0%) [RR 2.5; 95% CI 1.2, 5.4].

A study analysing medical claims data from
two health plans encompassing 2.5 million individ-
uals?™ compared the risk of diabetes in clozapine-
treated patients with that in untreated individuals.
Using data from January 1996 to December 1997,
7933 individuals with psychosis were identified
from ICD-CM-9 codes and included in the analy-
sis. Of these, 4308 had received at least 60 con-
tiguous days of antipsychotic therapy (first- or sec-
ond-generation), and 3625 had received no antipsy-
chotic treatment. These records were then exam-
ined for the presence of type 2 diabetes, based on
ICD-CM-9 codes or use of antidiabetic medication
{except insuliny. Patients with pre-existing type 2
diabetes were excluded from the two analyses: one
analysis was based on the screening of patients for
existing diabetes at 4 months prior to the observa-
tion period, the other at 8 months prior to treat-
ment.
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Results of regression analyses, based on both
4- and &-month screcning criferia, showed an
increased risk of diabetes associated with clozapine
therapy. The ORs for clozapine therapy (modelled
on treatment duration) were 1.079 (4-month) and
1.182 {8-month) compared with no antipsychotic
therapy; this was statistically significant for the 8-
month value (p = 0.01). Based on the 4-month peri-
od, 63 patients received clozapine therapy, four of
whom developed diabetes. When the §-month peri-
od was studied, 3 of the 39 patients receiving cloza-
pine therapy developed diabetes. Using the §-
month analysis, which was considered more likely
to exclude relatively mild pre-existing cases of dia-
betes, the OR represenis an estimated increased
risk of diabetes, compared with no treatment, of
18.2% after 1 month of clozapine treatment. After
12 months of exposure to clozapine, the OR was
7.44 compared with no {reatment, and 8.45 com-
pared with risperidone (p < 0.05).

A case control study using data from the
California Medicaid system compared the risk of
developing diabetes in schizophrenic patients treat-
ed with first- and second-generation anfipsy-
chotics. "™ Among data from more than 129 000
patients  with schizophrenia, obtained from
1 Jammary 1997 to 31 December 2000, 3102 cases
of pewly diagnosed diabetes were identified for
inclusion in the analysis (lL.e. patients aged 218
years receiving continuous therapy with only one
antipsychotic during the 12 weeks prior to diabetes
diagnosis). These cases were matched for age (£5
years) and sex with 8271 non-diabetic patients with
schizophrenia. Logistic regression analysis, con-
trolling for ethnicity and other diabetes-inducing
medication, was used to evaluate the risk of type 2
diabetes with each second-generation antipsychot-
ic (clozapine, olanzapine, risperidone and quetiap-
ine) compared with first-generation antipsychotic
therapy. This analysis showed that the risk of dia-
betes was significantly higher with clozapine ther-
apy than with first-generation antipsychotic treat-
ment (OR 1.43; 95% C1 1.19, 1.69; p < 0.001).

Another smaller, case control study compared
the risk of developing diabetes in patients receiving
first- or second-generation antipsychotics using
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drug prescription data from inpatient facilities
operated by the New York State Office of Mental
Health.U"*" Cases of newly diagnosed diabetes were
identified from a new prescription for insulin or an
oral hypoglycaemia agent and were matched to 10
control cases. Among the 4923 individuals includ-
ed in the analysis, there were 58 cases of diabetes.
The risk of diabetes was statistically significantly
greater for those receiving second-generation
antipsychotics compared with those treated with
first-gencration agents (OR 3.15; 95% 1 1.12,
8.91). Among the second-generation agents, cloza-
pine treatment was associaied with the highest risk
of diabetes (OR 7.61: 95% CI 2.36, 24.55), with
the risk compared with first-generation antipsy-
chotic therapy also increased for treatment with
risperidone, olanzapine and quetiapine.

In contrast o the previous studies, a case con-
tro} study of patients enrolled in Medicaid or gov-
ernment-sponsored drug benefit programumes in
New Jersey showed that clozapine treatiment was
not associated with an increased risk of diabetes '™
Using a different approach from the studies report-
ed above, this analysis identified patients (>20
years) diagnosed with psychiatric disorders and
with newly treated diabetes (n = 7227) or without
diabetes (matched control group, n = 6780). Patient
records were then examined for clozapine use dur-
ing the 6 months before diabetes diagnosis. The
OR, adjusted for demographic and clinical vari-
ables, healthcare use and other medications,
showed that clozapine use was not related o the
risk of developing diabetes (adjusted OR 0.98;
95% CI 0.74, 1.31). Fusther analysis by mean daily
clozapine dose or duration of clozapine treatment
showed no significani increase in the risk of dia-
betes in any dose or duration guartile, or any con-
sistent increases i OR with increasing dose or
treatment duration. In contrast, analysis of other
antipsychotic use showed an increased risk of dia-
betes with the typical agents chlorpromazine
{adjusted OR 1.31) and perphenazine (adjusted OR
1.34), but no increase in risk with haloperidol or
risperidone.

In another database analysis,"* invelving pre-
scription clatms data for patients receiving antipsy-
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chotic monotherapy, clozapine-treated patients
showed a significant increase in the risk
of diabetes compared with individuals not receiv-
ing antipsychotic therapy (3.3; 95% CI 14, 8.0;
p = 0.007), but not compared with those treated
with haloperidol (1.31; 95% (I 0.60, 2.86; p =
0.496). It 1s, however, unclear whether the limited
number of patients receiving clozapine (n = 277)
who developed diabetes during clozapine treatment
(n = 7) may have made the findings uninter-
pretable, given the large numbers of patients ireat-
ed with other second-generation agents {overall
n = 38 969) and haloperidol (n = 8476) in the
study.

86.2.5 Conlrofled Clinfcdl Studiss

Several studies have examined the effects of
clozapine treatment on glucose regulation through
direct assessments of blood glucose levels rather
than retrospective analyses of the surrogate meas-
vres described above, with these prospective stud-
ies inchuding control group(s) as well as direct
measures of glucose metabolisni.

Statistically significant increases in FBG lev-
els were observed with clozapine in a prospective
14-week study of antipsychotic treatment in
patients with either schizophrenia or schizoaffec-
tive disorder.t*® Glucose data were available for
101 patients, randomised to treatiment with clozap-
ne (i = 28), olanzapine (n = 26), risperidone (n =
223 or haloperidol (n = 23). Patients in the clozap-
ine group showed a significant mean increase in
FBG levels (17.1 mg/dL; p < 0.01) from baseline
at week 8; the mean increase at week 14 (4.4
mg/dL) was not statistically significant. Although
mean glucose levels remained within normal lim-
its, six clozapine-treated patients experienced
abnormally high I'BG levels during the 14-week
study. ANCOVA analysis indicated no relationship
between weight gain (mean change with clozapine
+4.8ke) and change in glucose levels at endpoint.
This study was limited by potential differences in
baseline and endpoint adiposity across the different
treatment groups, which were not addressed in the
analysis.
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Prelimipary results from a prospective 16-
week study showed elevated glucose levels both at
fasting and following an OGTT in 7 of 13 patients
receiving  clozapine wreatment.!'™ Significant
increases in insulin resistance indices were also
reported with clozapine therapy. In contrast, no ele-
vations in fasting or post-OGTT glucose levels or
in insulin resistance measures were observed
among the 12 patients receiving amisulpride treat-
ment.

In farther studies that were designed to assess
drug ecffects on glucose metabolism that night
occur independent of changes 1n adiposity, oral and
intravenous glucose tolerance tests were used to
examine the response of clozapine-treated patients
to a ghucose load. Using a frequently sampled mod-
ified OGTT, Newcomer et al. compared glucose
regulation in non-diabetic patients with schizo-
phrenia treated with first- or second-generation
{clozapine, olanzapine or risperidone) therapy and
untreated healthy volunteers. Patient groups were
well matched for age and BMI and balanced for sex
and ethnicity. Despite the exclusion of patients
with diabetes and matching for adiposity, data
analysis for the nine clozapine-treated patients
showed significant elevations i plasma glucose
levels af fasting, and at 75 minutes after the glucose
{oad compared with those treated with typical
antipsychotics (n = 17) and untreated healthy vol-
unteers (o 31) [all comparisons p < 0.005L
Calculation of insulin resistance, based on FPG and
insulin levels, showed a modest increase with
clozapine treatment compared with typical antipsy-
chotics. Similar findings were reported by
Henderson and colleagues at the NCDEU 2000
meeting (reviewed by Haupt and Newcomer™) in a
study using frequently sampled intravenous glu-
cose tolerance fests. Non-diabetic patients receiv-
ing long-term treatment, matched for adiposity,
age, sex and ethnicity, showed higher postload
plasma glucose valaes with clozapine and olanzap-
ine treatinent than with risperidone. Insulin sensi-
tivity was significantly reduced in clozapine- and
olanzapine-treated patients compared with those
treated with risperidone. Both of these studies were
{umited by adiposity matching that used BMI val-
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ues, which may fail {0 capture potentially treat-
meni-related differences in abdominal fat mass (i.e.
despite equal BMI, some treatinent groups may
have larger abdominal fat mass), leading to differ-
ences in insulin sensitivity that are predictably
driven by differences in fat mass rather than some
unique adiposity-independent mechanism.

6.2.6 Discussion

Constdered together, the various case reports,
the majority of database analyses and conirolled
experimental studies including randomised clinical
trials provide largely consistent evidence that
clozapine treatment increases the risk of significant
weight gain, insulin resistance, hyperglycaemia and
diabetes mellitus. The risk of acute complications
such as diabetic ketoacidosis may also be in-
creased; however, these infrequent events are more
difficolt to study and guantify beyond case series.

Although these various reports consistently
point to an adverse effect of clozapine treatment on
bodyweight and metabolic parameters, their find-
ings carry different value. As discussed carlier (see
Levels of Evidence), case reports, chart reviews
and open, observational studies provide uncon-
trofled and largely anecdotal evidence, whereas
controlled clinical studies are designed to address
specific guestions. The refrospective database
analyses provide a higher level of evidence than
uncontrolled reports, although their value may be
timited by the methodology and study endpoints
used. In particular, the reliance on surrogate mark-
ers rather than direct metabolic measurements for
the presence of diabetes is likely to lead to signal-
to-noise problems that may affect the ability to reli-
ably detect differences between medications or
across groups. However, the full evaluation and
ranking of each of these studies according to their
limitations, although of interest, is heyond the
scope of this review.

Two large database analyses showed that the
risk of developing diabetes was statistically signif-
icantly greater with clozapine than with typical
antipsychotic treatment™” or with no antipsychotic
therapy or with risperidone.”™ A case-controlled
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database apalysis also showed a higher risk of dia-
betes compared with typical antipsychotic treat-
ment.'"™ Two observational studies reported a high
incidence of diabetes in patients treated with cloza-
pine. In the S-year study,"™ 36.6% of clozapine-
treated patients were diagnosed with new-onset
diabetes, while in the study by Hiigg et al.."* blood
glucose analysis showed that 22% of patients ircat-
ed with clozapine had IGT or diabetes.

Not all of the database studies showed an
increased risk of diabetes with clozapine. Buse and
colleagues'® showed no statistically significant
ncrease in the risk of diabetes with clozapine com-
pared with haloperidol, although diabetes risk was
statistically significantly higher in clozapine-treat-
ed individuals than in the general population.
These findings are, however, limited by the small
number of clozapine prescriptions and diabetes
cases. The study of Iowa Medicaid data™® showed
no statistically significant increase in the preva-
lence of diabetes in patients treated with clozapine
compared with those receiving typical antipsychot-
ic agents i the overall study population, although
patients aged 20-34 years had a statistically signif-
icantly higher incidence of diabetes with clozapine
(5.0%) than with typical agents (2.0%}). This result
is consistent with the analysis by Sernyak et al. /"7
which reported an increased risk of diabetes anong
vounger (<40 years) clozapine-treated patients,
suggesting the possibility that drug effects could
increase risk to a level normally observed only in
older individuals. The apparently greater effect of
clozapine on the risk of diabetes in younger indi-
viduals could also be a factor in the lack of effect
observed by Wang and colleagues."™ The mean
age of patients in this study was over 60 years,
compared with 37-50 years in the positive studies.
Sernyak et al.'”” reported either no statistically sig-
nificant increase or a statistically significant reduc-
tion I the risk of diabetes with clozapine com-
pared with typical therapy in the older patient age
groups (50-39, 60-69 and 270 years). In the gen-
eral population, increasing age 18 a major risk fac-
tor for type 2 diabetes,™ % so drug effects and age
effects may become more difficult to disentangle in
elderly samples.
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A number of factors identified among the
cases from the FDA MedWatch System!™ and from
Medline suggests a relationship between clozapine
therapy and diabetes. The number of cases, their
temporal relationship to the mitiation of clozapine
therapy, the impact of clozapine withdrawal, the
lack of family history in a significant minority and
the younger age of patients involved all suggest
that clozapine affects the risk of developing dia-
betes. The large number of case reports in the liter-
ature of diabetes or ketoacidosis with clozapine
contrasts, for example, with the few reports associ-
ated with risperidone therapy, despite the more
widespread use of risperidone treatiment. The rapid
onset of diabetes or ketoacidosis following the ini-
tiation of clozapine therapy provides intriguing if
circumstantial evidence. Over a quarter of cases of
new-onset diabetes identified from the MedWatch-
related report occurred within 1 month of starting
clozapine therapy, and over half (54%) occurred
within 3 months. Furthermore, the majority of
patients (78%) who withdrew from clozapine expe-
rienced improved glycaemic conirol following
withdrawal.™ Details from the various other
published case reports are consisient with these
findings.

The high proportion of younger patients
among the cases of diabetes and ketoacidosis was
particalarly notable and perbaps consistent with
findings from the two database analyses that exam-
ined a wide range of age groups.””™ The mean
age among the definitive new-onset diabetes cases
from the report that included FDA MedWatch
cases was 39 (x11) vears, and more than 75% of
patients were younger than 50 years. Higg et all'"™
reported that 10 of the 13 clozapine-treated patients
diagnosed with diabetes or IGT were aged <45
years. In contrast, population surveys show that the
vast mnajority of patients newly diagnosed with type
2 diabetes are older than 44 years, with most cases
observed i the 65-74-year age range.'™

The large percentage of cases of diabetic
ketoacidosis is also unusual among patients with
type 2 diabetes. Diabetic ketoacidosis is typically
an indicator of insulin deficiency and is therefore
commonly thought of in association with type 1
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diabetes rather than with type 2 disease.
Furthermore, while diabetic ketoacidosis can be
observed as a first manifestation of type 2 diabetes,
this is not typical, as type 2 discase is characterised
initially by peripheral insulin resistance and hyper-
insulinacmia, followed by gradual and progressive
decline of beta-cell function with diabetic ketoaci-
dosis typically occurring in the later phases of the
disease if at all. While most type 2 diabetes patients
do not experience diabetic ketoacidosis, most cases
of diabetic ketoacidosis i the population in fact
occur in type 2 rather than type 1 diabetes, related
to the higher frequency of type 2 disease and the
contributions of acute insults to beta-cell function
such as glucose toxicity (discussed above, see Type
2 Diabetes). With this background it is notable that
more than 20% of the cases of hyperglycacmia
reported in the study of FDA MedWatch cases
were associated with metabolic acidosis or keto-
sis, ' with the majority of these cases (91%) occur-
ring in patients with new-onset diabetes. The rapid
onset of diabetic ketoacidosis following the initia-
tion of clozapine and the young age of many of
these patients suggesis an association between
clozapine therapy and diabetic ketoacidosis in
those individuals. This is also supporied by the
number of case reporis of diabetic ketoacidosis
with clozapine therapy, although the novelty of the
cases may have contributed to reporting.

The association between clozapine {reatment
and weight gain is well documented,”™'" and
weight gain and obesity arc cstablished risk factors
for diabetes. This raises the possibility that the
increased risk of diabetes with clozapine therapy
could be partly related to treatment effects on
bodyweight. While the contributions of weight
gain are likely to play a role in observed population
effects and ndividual risk for many patients, a
number of observations argue that weight gain may
not be a factor in a substantial minority of cases. In
some reported cases of diabetes or diabetic
ketoacidosis, patients showed no increase in body-
weight. The rapid occurrence of diabetes following
{reatment initiation in some patients also does not
support a primary role for weight gain in those
Cases.
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Adiposity-related increases in insulin resist-
ance oceur as an carly step in the pathogenesis of
diabetes.” Clozapine-induced increases in weight
and adiposity, perbaps in combination with adipos-
ity-independent effects, may contribute to observed
changes in plasma insulin and glucose. Insulin
resistance, impaired insulin sensitivity and elevated
insulin levels have all been reported with clozapine
treatment, PO Melkersson  and  col-
leagues™ ™ report a statistically significant corre-
fation between clozapine concenirations and
insulin levels in two studies, suggesting that cloza-
pine could induce concentration-dependent insulin
resistanpce. Effects on plasma nsulin levels report-
ed with clozapine therapy could herald progressive
glucose intolerance and the development of dia-
betes. Several studies showed statistically signifi-
cant increases in FBG levels from baseline with
clozapine therapy™*'* even when diabetes mel-
titas criteria were not met over the duration of the
observation period. Discussed above, elevated plas-
ma ghicose and insulin levels following a glucose
challenge were observed in non-diabetic, adiposi-
ty-matched patients treated with clozapine com-
pared with typical antipsychotic therapy.™ Even
though these patients did not have diabetes, glu-
cose elevations of a sunilar magnitude to those
observed have heen associated with long-term
increases in cardiovascular morbidity and mortali-
tV‘[lti?-—l'/(l]

6.3 Lipid Levels

The effect of clozapine therapy on serum lipid
levels has been examined in prospective studies
and retrospective chart reviews. In addition, one
analysis of healthcare data compared the incidence
rates for hyperlipidaemia between clozapine and
typical antipsychotic therapy.

6.3.1 Chart Reviews
Four retrospective reviews of patient records
report increases in triglyceride levels with clozap-

ine therapy. An analysis of 39 clozapine-treated
patients'* showed significant increases from base-

© Adiis Data information BV 2005, All rights reserved,

—h—

40

line o fasting mean triglyceride (34%: p = 0.01)
and maximum trighyceride (42%:; p = 0.02) levels.
Mean triglyceride levels during treatment were sta-
tistically signpificantly higher than for patients
receiving haloperidol treatment. According to now
conservative ADA guidelines, 56% of patients in
the clozapine group had clevated triglyceride levels
(2200 mg/dl). Analysis of other fasting lipid
parameters showed that total cholesterol levels
increased slightly from baseline (5%), while LDL
and HDL both showed minimal change (4% and
6% decreases, respectively) with clozapine.
Minimum HDL levels were, however, significantly
lower compared with baseline (-13%; p = 0.02).
Overall, six patients (15%) in the clozapine-treat-
ment group initiated cholesterol-lowering therapy
after starting clozapine.

A retrospective review of patient records’!
examined triglyceride and total cholesterol levels
for 222 mpatients receiving either clozapine (n =
177} or haloperidol (n = 43) treatment. Triglyceride
fevels increased from baseline in 116 male (mean
88.8 mg/dl; percentage change 48%) and 43
female (58.4 mg/dL; 35%) patients over the course
of clozapine treatment (mean duration: male 615
days; female, 526 days); this increase from base-
line was statistically significant in male patients
(p < 0.01) with mean increases of a clinically sig-
nificant magnitude in both males and females. In
haloperidol-treated patients, triglyceride concen-
trations decreased in 30 male patients
(-344 mg/dl; ~17%) and increased in 9 female
patients (81.8 mg/dl: 51%) during treatment
(mean duration: male 413 days; female 393 days).
No statistically significant changes in total choles-
terol were observed with clozapine or haloperidol
treatment in either male or female patients.

Another retrospective review!’ showed a
significant increase in mean serum triglycerides
from bascline (1.8 = 1.0 mmol/L) after 6 months
of clozapine treatment (2.5 2.1 mmol/L;
p < 0.005) in 70 patients with treatment-resistant
schizophrenia. In contrast, 30 patients with chronic
schizophrenia treated with typical antipsychotics
showed nonsignificant changes in mean serum
triglycerides (bascline 2.0 = 1.1 mmol/L:; month

4
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6, 2.1 = 1.1 mimol/L). Mean total cholesterol lev-
els increased significantly with typical antipsychot-
ic therapy (p < 0.03}, but not with clozapine treat-
ment. These findings are consistent with a previous
study in patients with chronic schizophrenia treat-
ed with clozapine for 1 year.”™ This showed sig-
nificantly higher fasting triglyceride levels in the
30 clozapine-treated patients compared with 30
patients receiving typical antipsychotic therapy
{p < 0.001). Statistically significantly higher fast-
ing triglveenide levels were also reported with
clozapine therapy compared with typical antipsy-
chotics in an incidence study of metabolic parame-
ters in patients with schizophrenia treated with
antipsychotic therapy for at least 3 months.!'™
Baymiller and co-workers!™ examined the
effects of long-term clozapine treatment in 50
patients with schizophrenia or schizoaffective dis-
order. Patients participated in a 12-month follow-
up of open-label clozapine therapy following a 10-
week, double-blind study comparing clozapine and
haloperidol therapy. Half of the patients received
concomitant [F-adrenergic antagonist therapy
(atenolol n = 15; propranolol n = 10) during the
study. Mean nonfasting serum triglyceride levels
increased significantly from pre-clozapine baseline
values (+54.7 mg/dL; p = 0.001), a mean increase
of 41.8%. At the end of the study, 19 patients had
clevated triglyceride levels (>199 mg/dL) com-
pared with seven patients at baseline. Mean non-
fasting iotal cholesterol levels also increased sig-
nificantly from bascline (+14.4 mp/dL; p < 0.001),
a 7.5% increase. At the end of the study, 30 patients
had elevated cholesterol levels compared with 22
patients at baseline, using published norms (>199
mg/dL). Nonfasting HDL- and LDL-cholesterol
levels did not change significantly during weat-
ment. Changes in nonfasting triglyceride and total
cholesterol levels were greater with concomitant
atenolol and propranclol treatiment than with cloza-
pine alone, although increases from baseline were
significant for all three subgroups (p < 0.01). The
change in triglyceride level was significantly asso-
ciated with an increase in bodyweight (mean,
+35.5kg) seen during clozapine therapy (p = 0.005).
Fasting hpid levels were evaluated in 18 out-
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patients with schizophrenia or related psychoses
treated with clozapine for at least 6 months.!t™!
Flevated triglyeeride, total cholesterol and LD~
cholesterol levels were recorded for eight (44%),
seven (39%) and three patients (17%), respectively.
Only one clozapine-treated patient had HDL-cho-
{esterol levels below normal. There was a positive
correlation between triglyeeride levels (but not
other lipid levels) and serum clozapine concentra-
tion.

Case reports from four patients showed that
elevated serum triglyceride levels decreased fol-
fowing the swiich from clozapine to risperidone
therapy.!'"™ In two of these patients, serum triglyc-
erides increased following the switch back to
clozapine treatment. The increased level of serum
triglycerides observed during clozapine is consis-
tent with a previous study of 67 patients by the
samie authors,"™ which reporied higher levels asso-
ciated with clozapine therapy than with typical
antipsychotic treatment. In this study, the risk of
abnormally elevated triglycerides was 12.4 times
greater with clozapine than with typical antipsy-
chotic therapy.

6.3.2 Refrospeciive Dalabose Analysis

An analysis of medical and pharmacy data
from the lowa Medicaid program!™ compared the
risk of hyperlipidaemia in schizophrenia patients
treated with clozapine and those receiving typical
antipsychotics. Overall cumulative incidence raies
for hyperlipidaemia (based on an appropriate ICD-
9-coded medical claim or pharmacy claim for
lipid-lowertng medication) did not differ signifi-
cantly between the groups. In all, 26 (5.0%) of the
518 patients treated with clozapine developed
hyperlipidacmia (mean follow-up 23.5 months),
compared with 93 (3.9%) of the 2373 patients
treated with typical antipsychotics (mean follow-
up 24.5 months). However, when patients were
stratified according to their age, incidence rates for
hyperlipidacmia were statistically significantly
greater among younger patients (20-34 years) with
clozapine therapy (4.6%) compared with typical
agents (2.0%), a RR of 2.4 (95% Ci 1.1, 5.2).

CNS Drugs 2005; 19 Suppl. 1

LATUDAQ4357142



34

15997_01-93_Newcomer 4/6/05 9:23 AM Page 34 $

Newcomer

Similar to the more reliable detection of clozapine-
related risk of diabetes in younger patients noted
above, several explanations are possible. Again,
these include the possibility that age-related
increases in the incidence of dyshipidacmia may
confound the detection of drug effects in older
individuals, or drug effects may produce an
increase i risk that is similar in magnitude to, but
not additive with, age effects.

6.3.3 Confrolled Clinical Studies

Three controlled clinical studies have exam-
ined changes in fasting lipid parameters in paticnts
receiving clozapine therapy. In a prospective 14-
week study, inpatients with either schizophrenia or
schizoaffective disorder were randomised (o treat-
ment with clozapine (n = 28), olanzapine (n = 26),
risperidone (n = 22) or haloperidol (n = 253U
Patients receiving clozapine treatment showed a
significant increase in fasting plasma cholesterof
level from baseline during the initial 8 weeks of the
study (14.7 mg/dL; p < 0.02). Analysis of data for
the entire 14-week study period showed a similar
mean increase i fasting cholesterol from baseline
(16.3 mg/dL), although this change did not reach
statistical significance. Mean values were within
normal limits. Clozapine-treated patients showed
significant weight gain over the study period
(mnean, 4.8kg; p < 0.0003). There was a statistical-
Iy significant correlation between weight gain and
increased cholesterol, even after adjustment for ini-
tial cholesterol levels and baseline weight.

Another randomised study examined changes
in fasting plasma triglyceride and leptin levels in
56 schizophrenia patients treated with clozapine,
risperidone, olanzapine or quetiapine for 6
weeks.'" A control group of 11 patients with psy-
chiatric disorders not receiving antipsychotic med-
ication was included o the study. Mean plasma
triglyceride showed no significant differences
between the groups at baseline. Triglyceride levels
increased significantly from baseline with clozap-
ine treatment at week 6 (36.28 mg/dL; p < 0.001).
The increase was similar to that seen with olanzap-
ine treatment and contrasted with minimal changes
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in the risperidone and no therapy groups.
Clozapine-treated patients also showed significant
mean increases from baseline in bodyweight
(6.52kg; p < 0.01) and BMI (23.06 to 2691,
p < 0.05) over the 6-week study. The changes
in triglyceride levels with clozapine showed a sig-
nificant correlation with increases in bodyweight
(p<0.01).

In a small prospective study,"™ eight patients
with treatment-resistant schizophrenia (i.e. show-
ing no clinical response o at least two typical
antipsychotics) were treated with clozapine for
12 weeks. An 11% increase in fasting plasma
triglyceride level was observed from baseline after
12 weeks of clozapine treatment, with no statisti-
cally significant changes in fasting total, LDL- or
HDL-cholesterol levels. These findings may be
limited by the small sample size.

6.3.4 Discussion

Results of chinical studies and chart reviews
suggest that clozapine therapy 1s associated with
increases in plasma triglyceride levels. Statistically
significant increases in mean plasma triglyceride
from baseline were observed with clozapine thera-
py in one controlled clinical trial,'"” four retro-
spective chart reviewst®U7H T and a 12-month
open-label study in patients with schizophrenia or
schizoattective disorder."* Two other studies’*"""
reported increased triglyceride levels with clozap-
ine treatment, and Ghacli and Dafrespe!"™ report an
increased risk of elevated triglyceride levels with
clozapine treatment compared with typical antipsy-
chotic therapy. This is consistent with a healthcare
database analysis showing an increased risk of
hyperlipidacmia in younger patients.™

The effects of clozapine treatment on total
cholesterol levels are less clear and more difficult
to interpret. Although two studies report statistical-
Iy significant increases in total cholesterol levels
from baseline with clozapine treatment,"*"*¥ other
studies report no statistically significant changes
from baschine. "o 721 Changes in bodyweight
may also affect changes in cholesterol levels.
Lindenmayer and co-workers"*" report a statistical-
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Iy significant correlation between increased choles-
terol and weight gain in their study. In general, the
interpretation of total cholesterol levels is more dif-
ficult than that for individual lipid fractions. In
population studies, plasma triglyceride, LDL-cho-
festerol and total cholesterol tend to track together
and tend as a group to track with adiposity. In
smaller studies and in individoals, insulin resist-
ance occurring in the setting of increased adiposity
can be preferentially expressed as an increase in
plasma triglyceride, as insulin resistance at the
adipocyte can lead to a relative failure in shutting
off lipolysis or the release of FFA (i.e. triglyceride
+ glycerol). Large discrepancies between changes
in plasma triglyceride, total cholesterol and LDL-
cholestero} remain difficult o account for.

6.4 Conclusion

Clozapine treatment is associated with signifi-
cani increases in weight and adiposity over both
short- and long-term treatmnent. Studies using a
variety of methodologies indicate, with few excep-
tions, that clozapine treatiment is associated with an
increased risk of developing diabetes mellitus and
clevations in plasma triglyceride levels. While case
reports inttially suggested the association between
clozapine treatment and increased risk of abpor-
malities in glucose and lipid metabolism, database
analyses and controlled clinical studies indicate
significant increases in the risk of insulin resist-
ance, hyperglycaemia, dyslipidacmia and diabetes
during clozapine treatment.

7. Olanzapine

Olanzapine was the third second-generation
antipsychotic approved for use in the US and has
been widely used since its introduction in 1996, A
large body of literature exists examining the asso-
ciation between olanzapine therapy and diabetes
mellitus, hyperglycaemia, and abnormal glucose
and lipid regulation. This includes case reports, FDA
MedWatch Drog Sorveillance information, retro-
spective database analyses and controlied experi-
mental studies including randomised clinical trials.
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7.1 Bodyweight

Olanzapine (reatment is associated with
marked short- and long-term weight gain, similar
in magnitude to that observed with clozapine, with
similar implications for long-term patient health, A
meta-analysis of 81 puoblished studies reported
weight gain of approximately 4kg over 10 weeks of
olanzapine treatment.®™ Mean weight gain of over
4kg was also reported with olanzapine in a 10-
week comparison study versus clozapine.!'™

As with clozapine treatment, long-term treat-
ment with olanzapine is associated with additional
weight gain, with increases from baseline of
6—12kg reported with treatment lasting between 6
and 12 months. In a small retrospective study,"™
olanzapine-treated patients reported a mean weight
gain of 10.0kg over a mean {reatment duration of
28 weeks. Data from randomised, double-blind
registration studies lasting up to 1 year showed a
dose-related increase in bodyweight among
patients receiving olanzapine.'" Clanzapine-treat-
ed patients receiving 12.5-17.5 mg/day showed a
mean increase of approximately 12kg after 1 year
of wreatment. In the same sample, only the patient
group receiving subantipsychotic doses of olanzap-
ine (1 mg/day) experienced a more moderate
increase in weight of approximately 3kg, with
higher-dose groups generally associated with
greater mean increases in weight. Although weight
increases were greatest over the mitial treatment
period, weight gain occurred throughout the 1-year
treatiment period. The prolonged weight gain is
consistent with the study by Wirshing et al.t'"
which showed mean maximum weight gain of
8.0kg with olanzapine treatment at a mean (reat-
ment duration of just over 21 weeks.

The marked weight gain seen with olanzapine
is also apparent when the proportion of patients
experiencing clinically significant weight gain
(7% increase from baseline) is assessed. Package
insert data for olanzapine report that 29% of
patients taking olanzapine for 6 weeks experience
clinically significant weight gain, compared with
3% receiving placebo, for a cumulative incidence
estimate of approximately ten times the placebo
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rate. The percentage of patients gaining 27% of
baseline bodyweight increased to 56% with long-
term therapy. Analysis of combined safety data
from more than 2400 patients reported that 41% of
patients experienced 27% increase in weight with
olanzapine therapy, compared with 3% for placebo
and 12% for haloperidol."™ These data are consis-
tent with imtial findings from an ongoing drug-
monitoring programme, which reported that 20%
of patients receiving olanzapine experienced a
greater than 10% increase in bodyweight from
baseline during the first 10 weeks of treatment.!™
As with clozapine therapy, the marked increases in
weight seen with olanzapine treatment have impli-
cations for long-term patient health, particularly
with respect to the risk of cardiovascular disease,
diabetes and dyshipidaemia.

Limited data confirm that the weight gain with
olanzapine is mostly due to increased fat mass, as
would be expected in adult populations where lean
muscle mass tends to remain relatively constant. A
significant mean weight increase of 3.3kg from
bascline was reported during olapzapine treatment
in an 8-week study in 10 patients with schizophre-
mia (p = 0.001)." This weight gain was mainly
due to increases in body fat. Patients experienced a
mean increase in body fat of 2.2ke from baseline
{p 0.004), with no statistically significant
increase in lean body mass during (reatment.
Assessment of magnetic resonance imaging-meas-
uvred adiposity in 16 first-episode, drug-naive
patients with schizophrenia showed increased
intra-abdominal {visceral) fat levels after 6 months
of treatment with olanzapine or risperidone.” The
increases were greater with olanzapine than with
risperidone treatment (269 = 12.1cm* vs 182 =
11.4cm?), with the difference between the groups
approaching 1 SD. This large effect size for the
difference between groups did not reach statistical
significance, perhaps because of the small sample
size: not discussed by the authors, approximately
2040 individuals per group would be required to
provide good to excellent power to detect such an
effect with this stady design. Subcutancous and
total body fat also increased with both treatments
over the study. Similar data from a small preclini-
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cal study in dogs showed that olapzapine and
risperidone were both associated with increases in
adiposity, although weight gain was modest.”!
Such differences in adiposity in the absence of sub-
stantial changes in weight may be instructive for
the interpretation of studies where insulin resist-
ance or diabetes is observed in the absence of sub-
stantial weight gain (see above). In this study, there
were marked increases in subcutaneous (+106%)
and visceral (+89%) adipose stores from baseline
{evels with olanzapine. Total fat deposition was sta-
tstically significantly greater with olanzapine than
with risperidone, while the increased levels of sub-
cutanecus fat seen with olanzapine compared with
risperidone showed a trend towards statistical sig-
nificance. Olanzapine also resulted in hepatic
insulin resistance, whereas hepatic insulin resist-
ance was unaffected by risperidone. Increases in
visceral and subcutancous abdominal adiposity are
associated with increased risk for dyslipidaemia,
glucose intolerance and cardiovascular disease,
suggesting that the changes in adiposity observed
with olanzapine and, (o a lesser extent, risperidone
treatment could have a clinically significant effect
on patient health.

7.2 Digbetes and Hyperglycaasmia

7.2.1 FDA MedWualch Drug Surveiliance Sysiem

Data from the FDA MedWatch Drug
Surveillance System (January 1994 to mid May
2001}, published reports (Medline, to mid May
2001) and meetings abstracts over a similar period
identified a total of 237 cases of diabetes or hyper-
elycaemia associated with olanzapine therapy.™
These reports included 188 cases (79%) of newly
diagnosed hyperglycaemia and 44 cases (19%) of
exacerbation of pre-existing diabetes. In the
remaining five cases, this distinction was unclear.
Of the 188 patients with new-onset hypergly-
caemiia, 153 met diagnostic criteria for diabetes
based on blood glucose (fasting >126 mg/dL; npon-
fasting >200 mg/dL) or HbA. Jevels, and 20 were
receiving antidiabetic medication and/or were aci-
dotic or ketotic at the time of hyperglycaemia.
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For the 153 patients with newly diagposed dia-
betes, their mean age at onset of the disease was
39.8 (x12.4) years. Over two-thirds of cases (68%)
occurred before patients reached 45 years of age.
Among patients experiencing exacerbation of their
pre-existing diabetes, mean age was 51.7 = 154
vears. Time from initiation of olanzapine therapy (o
the onset of hyperglycaemia ranged from 2 days o
45 months among the 209 patients with available
data. For 73% of patients, onset occurred within 6
months of starting olanzapine. For patients with
definitive, newly diagnosed diabetes, 47% of cases
occurred within 3 wonths and 70% within 6
months of starting therapy (figure 3). For patients
with exacerbation of disease, 84% of ecvents
occurred within 3 months of starting olanzapine
therapy. Limited data were available regarding
withdrawal and rechallenge with olanzapine. Of 76
cases evaluated, improvement was reporied for 60
patients (79%} after the withdrawal of olanzapine.
Among fen patients rechallenged with olanzapine
therapy, eight experienced worsening glycaemic
control. For four patients, this occurred within 38
days of the resumption of olanzapine therapy.

The severity of hyperglycaemia ranged from
mild glucose intolerance o diabetic ketoacidosis
and hyperosmolar coma. In 69 cases (64 with new-
onset diabetes), blood glucose levels 2700 ma/dL.
were recorded; in 41 cases (38 with new-onset dia-
betes), blood glucose values exceeded 1000 mg/dE.
Changes in mental state (confusion or obtundation)
accompanied hyperglycacmia in 43 cases, while

No. of events

Time (ma)
Fig. 3. Time to onset of hyperglycasmia with olanzapineg
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for 17 patients, pancreatitis or hyperamylasaemia
were associated with hyperglycaemia. Overall,
there were 15 deaths reported among identified
olanzapine cases, with 13 occwrring during or
shortly after a hyperglycacmic episode.

Diabetic ketoacidosis was a frequent occur-
rence in the reported cases of diabetes or hypergly-
cacmia associated with olanzapine therapy.
Metabelic acidosis or ketosis was reported in 80 of
the 237 cases (33.8%). The majority of these cases
(74; 92%) were new-onset diabetes. In addition, the
proportion of deaths among the cases of diabetic
ketoacidosis was high (11.3%) relative to the opti-
mal outcomes generally reported in nonpsychiatric
samples (e.g. 3-5%), with acidosis or ketosis
reported in 9 of the 15 deaths observed in the olan-
Zapine cases.

In an addendum to the paper, the authors
report on an additional 52 cases of hyperglycacmia
(newly diagnosed n = 35; exacerbation n = 12),
identified by extending their FDA MedWaich
search to February 2002.7" Again the incidence of
diabetic ketoacidosis was relatively high, with 20
reports of ketosis or acidosis associated with
hyperglycaemia (38.5%). There were also five
reports of pancreatitis among the cases. In all, 10
deaths occurred among these 52 patients.

In an observational pharmacovigilance study
of olanzapine,"™ copdacted in the UK between
December 1996 and May 1998, prescription event
monitoring was used o collect clinical information
for 8858 patients recently prescribed olanzapine.
Among these patients, there were eight reports of
diabetes mellitus considered possibly related to
olanzapine treatment.

7.2.2 Case Reporls

Medline scarches identified 33 published
reports detailing associations between olanzapine
therapy and diabetes, diabetic ketoacidosis or
hyperglycaemia. These reports are summarised in
table VL

In arecent review, Ananth et al.'™ analysed 26
cases of diabetes (male n = 17; female n = 9) asso-
ciated with olanzapine treatment identified from
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Table V1. Case reports of diabetes, ketoacidosis and hyparglycaemia with olanzapine

Reference Case repori details

Torrey & Swalwelil'

Fatal diabetic ketoacidosis in a 45-year-old male with bipolar disorder and no history of diabetes 1

month after restarting olanzapine therapy

Dewanl™
Befiard et all'™

A 62-year-old African American man developed hyperglycaemia with olanzapine therapy
Davelopment of severe hyperglycaemia in a 16-year-old patient with type 1 diabetes 15 days afier

starting olanzapine, which resolved on discontinuation

Tavakol & Arguisclal
of olanzapine
Chang et all®
Azriel Mira™”
Spanish)
Kozian™
Straker et al."*"
Meatheraill & Youn
Opp & Hildebrandt
Malyuk et al."®

year-old woman
Riccitelli & Baker!™
Ramankutty™
Melkersson & Hulting"™
Ragucci & Wells"™

Acute onset of ketoacidosis and diabetes in a 35-year-old male with bipolar disorder after 18 months

Two cases of severs hyperglycaemia and hypertriglyceridasmia associated with olanzapine therapy
Uncontrolied hyperglycaemia with ketosis associated with olanzapine therapy (original article in

Olanzapine-induced diabetes mellitus {original article in German)

Near fatal ketoacidosis with olanzapine treatment

A 3t-year-old male who died from olanzapine-induced hyperglycaemia

Olanzapine-associated type 2 diabetes meliitus

Olanzapine-associated weight gain, hyperglycaemia and neurcleptic malignant syndrome in a 64-

Weight gain and hyperglycaemia associated with olanzapine

Olanzapine-induced destabilisation of diabetes in the absence of weight gain

Hecovery from new-onset diabetes in a schizophrenic man after withdrawal of clanzapine

A 46-year-old African American woman with no previous history of diabetes meliitus developed dia-

betic ketoacidosis after being treated with olanzapine

Rojas et al."”
olanzapine use
Seaburg et al.l'™

A 48-year-old male drinker and cocaine user developed severe diabetes mellitus after 2 months of

A 27-year-cld African American male developed new-onsat severe hyperglycaernia with ketonuria and

acidosis, but no weight gain, 2 years after starting olanzapine

Bechara & Goldman-Levineg"™

A 45-year-old male with well controlied type 2 diabeles mellilus experienced an abrupt worsening of

his diabetes after & vears of olanzapine therapy

Domon & Webber™
tinuation of olanzapine
Muench & Carey™
months after starting olanzapine

Bonanno at al =

Davelopment of hyperglycaemia and hypertrigiycendaemia in a male adolescent resolved with discon-
A 38-year-old schizophrenia patient suddenly developed diabetes mellitus and ketoacidosis 12
Olanzapine-related hyperglycaemia in a nondiabetic woman

Acute onset diabetic ketoacidosis presenting in a 16-year-oid girl during olanzapine therapy
A 3t-year-old African American man and a 44-year-old white man, both with schizoaffective disorder,

developed diabetes meliitus within weeks or months of olanzapine initiation

Roefaro & Mukherje
Rigalleau et al.
Bettinger at al.

pine initiation
Von Hayek et al.?”
Lindenmayer & Patel*®

Goldstein ot al

Fertig et al.2?

Wirshing et al."™

Olanzapine induced hyperglycaemia leading to a hyperosmolar, hyperglycaermic, nonketonic coma
Two cases of new-onset diabetes with weight loss and ketosis
A B4-year-old African American woman developed severe glucose dysregulation 12 days after olanza-

Two psychotic patients developed hyperglycaemia several weeks afier starting olanzapine
Olanzapine-induced ketoacidosis with diabetes mellitus

New-onset diabetes mellitus and diabetic ketoacidosis associated with clanzapine treatment
Uiabetic ketoacidosis with olanzapine treatment

Hyperglvcaemia associated with olanzapine

Hyperglycaermia associated with olanzapine

Olanzapine-associated new-onset diabetes: 2 cases

the literature. The mean duration of olanzapine
treatment prior {o detection of diabetes was 18.26
(range 4-68) weeks, with 43% of cases occurring
within 12 weeks. The mean age of patients at
detection was 41.5 (range 19-36 years); 17 patients
(65%) were aged 45 years or younger
Approximately one-third of patients (9 cases)
experienced ketoacidosis. Fourteen of the 18

© Adiis Data information BV 2005, All rights reserved,

—h—

46

patients who discontinued olanzapine therapy
recovered glycaemic conirol without oral antidia-
betic agents or wnsulin.

Details from other case reports in table VI are
consistent with the cases reviewed by Ananth and
colleagues.'"™ A substantial proportion of reports
involve diabetic ketoacidosis, and many patients
are younger than is typical for the development of
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type 2 diabetes among the general population.
Diabetes or ketoacidosis can occur shortly after the
initiation of olanzapine therapy and in the absence
of weight gain. However, cases also occur afier
prolonged olanzapine therapy.

One relatively high-profile case of diabetic
ketoacidosis, which resulted in death, was reported
with olanzapine therapy in a 12-weck, double-blind
study comparing olanzapine and divalproex sodi-
um for the treatment of acute mania in patients
with bipolar disorder.”™ The patient, a 53-year-old
man, had no prior history or family history of dia-
betes and had a normal blood glucose level at base-
tine (86 mg/dL).

7.2.3 Chaorl Reviews and Observalional Studiss

A case series study™* examined the incidence
of diabetes or hyperglycaemia in patients with
schizophrenia who had received second-generation
antipsychotic treatment (olanzapine n = 43; cloza-
pine n = 38; risperidone n = 51) for 1-3 years. FBG
measures showed that three cases of new-onset dia-
betes (FBG >126 mg/dL) occurred in the olanzap-
ine group since the start of therapy, compared with
none in the clozapine or risperidone groups. In
addition, four cases of hyperglycacmia (I'BG
>110-126 mg/dL) occurred in the olanzapine
group, four in the clozapine group and none with
risperidone therapy.

A chart review examined changes in the use of
antidiabetic medication to assess the relationship
between diabetic control and antipsychotic medica-
tion use in patients treated with first- or second-
generation {olanzapine, clozapine, risperidone or
quetiapine) antipsychotics for at least 1 year["™
Among olanzapine-treated patients, 135 of 38 (40%)
experienced an increase i antidiabetic medication
of at least 50% at an average of 8 months of treat-
ment, and 11 individuals (29%) required additional
antidiabetic medication to control their diabetes.
This compares with a 50% increase in antidiabetic
medication for | of 12 patients (8%) receiving typ-
ical antipsychotics (average of 276 months of treat-
menty and 2 of 11 (18%) receiving risperidone {22
monthsy and additional antidiabetic medications
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for three (25%) and five (45%) patients receiving
typical or risperidone therapy, respectively.

Two retrospective analyses of patient records
reported significant increases in fasting glucose
levels from pretreatment values with olanzapine. A
retrospective study of patient records at Oregon
State Hospital”'¥ compared metabolic outcomes
after | year of treatment with either olanzapine
{n = 47) or risperidone (n = 47} therapy. FBG lev-
els in olanzapine-treated patients showed signifi-
cant mean increases from baseline for all patients
(7.3 mg/dL; p = 0.031) and those younger than 60
vears (10.8 mg/dl; p = 0.009; n = 37). These
changes were greater than those observed with
risperidone (+0.68 and +0.74 mg/dL, respective-
1y}, although the difference between the groups
reached statistical significance only for non-clder-
1y patients (p = 0.03). Mean bodyweight increased
significantly from baseline with olanzapine therapy
for all patients (17.51b [7.9kgl; p < 0.001) and for
non-elderty patients (2041b [9.2kgl: p < 0.001).
However, further analysis of the non-elderly
patients showed no statistically significant correla-
tion between weight gain and the change in fasting
glucose levels in the olanzapine group (see discus-
sion above for limitations on analyses like this
one). One case of new-onset diabetes occurred in
the olanzapine group during the study period.

A second retrospective chart review examined
changes in fasting glucose fevels in patients treated
with first- or second-generation antipsychotics.!
Data available for 32 patients receiving olanzapine
therapy (mean treatment duration 13.5 months)
showed a significant increase in mean glucose lev-
els (21%; p = 0.03) and maximum glucose levels
(37%; p = 0.04) from basecline. Two patients who
were receiving ghucose-lowering agents at baseline
required a dose mcrease (o control glucose levels
atter initiating olanzapine. Of patients with normal
FBG levels at baseline, 27% receiving olanzapine
developed a clinically significant increase in plas-
ma glucose (2126 mg/dL) during treatment. In con-
trast, a study imvolving 75 patients with schizo-
phrenia or related psychotic disorders treated with
first~ or second-generation antipsychotic therapy™"
showed no significant change in fasting or 2-hour
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posichalienge blood glucose levels from pretreat-
ment values after at least 2 months of olanzapine
treatment. No statistically significant change in
peripheral insulin resistance was observed with
olanzapine therapy.

Changes in fasting insulin levels have also
been examined in patienis receiving olanzapine,
clozapine or typical antipsychotic therapy, mostly
for schizophrenia or schizoaffective or schizo-
phreniform disorder.™ Patients treated with olan-
zapine had significantly higher median wsuolin
fevels than those receiving typical antipsychotics
{p < 0.05). Median insulin levels were above the
upper limit of normal (ULN; >144 pmol/L) i the
olanzapine group (234 pmol/L), but not with
clozapine (130 pmol/L) or typical antipsychotic
(115 pmol/L) treatments. Ten patients (71%) in the
olanzapine group had elevated insulin levels com-
pared with 7 (30%) in the clozapine group and 6
patients (32%) treated with typical agents. Two
other studies have also examined fasting glucose
and fasting insulin levels in patients with schizo-
phrenia or related psychoses treated with olanzap-
ine. ! Elevated fasting insulin levels were
reported for 5 (31%) of the 16 olanzapine-treated
outpatients wncluded in the study (mean treatment
duration 1.2 years).["" In addition, 7 patients (44%)
had elevated fasting C-peptide levels, while 5
patients (31 %) had elevated FBG levels. Increasing
insulin and C-peptide levels both correlated with an
increasing ratio between olanzapine and its
metabolite N-desmethyiolanzapine, but showed an
inverse correlation with N-desmethylolanzapine
concentration. The carlier study reported elevated
fasting insulin levels for 10 (71%) of the 14
patients treated with olanzapine.™" Three of the
patients had elevated FBG levels (>6.0 mmol/L
[108.1 mp/dL}), while values were normal for the
remaining 11 patients. In addition, significant
improverments in insulin resistance and beta-cell
function were reported for 40 patients with schizo-
phrenia following a swiich from olanzapine to
risperidone therapy.®™ Data from seven individuals
showed a significant decrease in FBG levels fol-
fowing the switch from olanzapine to risperidone
therapy (87.7 t© 82.3 mg/dL; p < 0.04) and a trend
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towards statistical significance for 2-hour postpran-
dial blood glucose levels (105.5 to 80.0 mp/dL;
p < 0.09).2%

A chart review of glucose and lipid parameters
in 208 patients with psychotic illness"™ showed no
statistically significant difference in the prevalence
of diabetes or mean FPG levels between patients
treated with clozapine, risperidone, olanzapine,
quetiapine or typical antipsychotic monotherapy. In
all, 14 of the 83 patients (16.9%) treated with olan-
zapine had diabetes, and the mean FPG value in the
olanzapine group was 110 mg/dL.

7.2.4 Refrospective Dalabase Analyses

Nine analyses of data from epidemiological
and health service databases have mvestigated the
association between olanzapine therapy and dia-
betes (table VII). In all except one of the studies,
the risk of developing diabetes was increased sig-
nificantly with olanzapine treatment.

The largest analysis involved 38 632 outpa-
ticnis with schizophrenia, treated with first-
(n = 15984) or sccond-generation {1 = 22 648)
antipsychotic therapy from the Veterans Health
Administration database.'™" Of the patients receiv-
ing second-generation antipsychotics, 10970
(48.4%) were treated with olanzapine. Logistic
regression analysis, controlling for demographic,
diagnostic and treatment factors, showed that over-
all, patients receiving olanzapine had a significant-
Iy higher risk of diabetes diagnosis than those
treated with typical antipsychotics (OR 1.11; 95%
Cl 1.04, 1.18: p < 0.002). When patients were
analysed according to their age, patients younger
than 40 vears (OR 1.64; 95% CI 1.23, 221
p < 0.001), aged 4049 years (OR 1.19; 95% CI
1.06, 1.34; p < 0.001) and 50-59 vears (OR 1.16;
95% C1 1.04, 1.29; p < 0.001) all showed a signit-
icantly higher risk of diabetes with olanzapine than
with typical antipsychotic therapy. Of the other
second-generation antipsychotics analysed, treat-
ment with clozapine and quetiapine, but not risperi-
done, increased the risk of diabetes compared with
typical agents. Treatment with all three second-
generation agents increased the risk of diabetes for
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Table VI, Summary of dalabase analyses investigating association between olanzapine therapy and diabetes

Reference Hisk of diabetes

Sernyak et all®”

Qdds ratio vs typical antipsychotic

All patients 1.11 (85% C1 1.04, 1.18) p < 0.002
<40y 1.84 (95% C11.28, 2.21) p < 0.001
404Gy 1.19 {85% C1 1.06, 1.34) p < 0.003
50-59y 1.16 (95% Cl 1.04, 1.29) p < 0.008
6069y 0.90 (95% Ci0.77, 1.07) NS
270y 0.99 (95% C10.82, 1.19) NS
Fuller et gl Relative risk vs risperidone
Overall 1.37 (85% C1 1.086, 1.76) p=0.016
Gianfrancasco et al."™ Cdds ratio® vs no antipsychotic
tmo 1.099 (55% Gl 1.041, 1.160} p < 0.00t
12mo 3.10 {95% Cl 1.620, 5.834} p<0.05
Odds ratio® vs risperidone
12mo 3.53 p<0.05
Gianfrancesco et al®! Cdds ratio vs ne antipsychotic
tmo 1.030 p=0.0247
12mo 1.426 (95% Cl 1.046, 1.955)
Caro et al# Helative risk vs risperidone
Overall 1.20 {95% C11.00, 1.43) p=008
Month 1--3 1.90 {95% Ci 1.40, 2.57) p < 0.0001
Koro et al.® Odds ratio vs no antipsychotic
Overall 5.8 (95% Cl 2.0, 16.7) p = 0.001
Odds ratio vs typical antipsychotic
Overall 4.2 (95% C1 1.5, 12.2) p = 0.008
Lambert et alt® Odds ratio vs typical antipsychetic
Overall 1.30 (85% C11.18, 1.43) p < 0.001
Farweli et alb* Diabetes incidence vs typical antipsychotic
Overalt 14.3% vs 7.3% p=0.015
Adjusted odds ratio vs typical antipsychotic
Overalt 3.82 (85% C11.0, 15.8)
Buse et al.l'™ Hazard ratio vs no antipsychotic
Overall 3.0 (95% i 2.6, 3.5) p < 0.0001
Hazard ratio vs haloperidol
Overall 1.08 (85% Ci 0.86, 1.37) NS

* Calculated using the 8-month cut-off period.

patients aged 40 or younger.

A smaller retrospective analysis of the VESN-
10 Veterans Administration database™ assessed
the risk of developing diabetes in patients receiving
olanzapine, risperidone, haloperidol  or
fluphenazine therapy between the start of 1997 and
the end of 2000. Female patients, ethnic groups
other than Caucasian or African American, paticnts
treated with clozapine and those with pre-existing
diabetes were excluded from the analysis. Diabetes
was defined as a diagnosis of diabetes (1ICB-9-CM
code 250.xx) or prescription of antidiabetic med-
ication. In all, 3837 individuals were analysed, and
368 (6.3%) developed diabetes. Cox regression
analysis, controlling for age, race, diagnosis and
use of other antipsychotic medication, showed that
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the risk of developing diabetes was significantly
higher with olanzapine therapy than with risperi-
done (RR 1.37; 95% (1 1.06, 1.76; p = 0.016).

An analysis of medical claims data from two
health plans showed that olanzapine treatment was
associated with a statistically significant increase
in the risk of newly reported diabetes compared
with untreated patients.”™ A total of 4308 individ-
uals with psychosis who had received at least 60
contiguous days of antipsychotic therapy (first- or
second-generation) and 3625 who received no
antipsychotic treatment were identified from the
database. Patients with type 2 diabetes diagnosis
were then identified. Those with pre-existing dis-
ease were excluded from the two analyses, based
on screening at either 4 months or 8 months prior
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to the observation period. The 1-month ORs for
risk of developing diabetes with olanzapine thera-
py, calculated by logistic regression analysis on the
basis of treatment duration, were statistically sig-
nificant (p < 0.001) using both the 4-month
(1.082) and &-month (1.099) cut-off periods.
Similarly, analysis according to treaiment dose pro-
duced a significant OR using both screening peri-
ods (4-month 1.161; 8-month 1.222; p < 0.002).
The 12-month OR for olanzapine, based on the
treatment duration and the &-month cut-off, was
3.10, suggesting that 12 months of treatment
increases the odds of diabetes by 210% compared
with no treatment. Compared with risperidone
therapy, the 12-month OR for olanzapine was 3.53
{p < 0.05).

Similar methodology was used in a second
study analysing medical claims data from a Blue
Cross/Blue Shield database encompassing nearly 2
million individoals.™" Data available from April
1997 to October 2000 were used to compare the
risk of diabetes in patients with psychosis receiving
antipsychotic therapy compared with those not
receiving treatment. In this study, however, the
presence of type 2 diabetes was based solely on
prescription claims for anti-diabetic medication,
and only an 8-month screening period for existing
diabetes was used. Overall, the database analysis
identified 6528 individuals with psychosis who had
received at least 60 contiguous days of antipsy-
chotic therapy (first- or second-generation), and
10296 who had received no antipsychotic treat-
ment. Among the 1719 patients treated with olan-
zapine, 15 developed diabetes. Logistic regression
analysis showed that the risk of developing dia-
betes was statistically significantly greater with
olanzapine than with no antipsychotic therapy (OR
1.03; p = 0.0247), based on | month of treatment.
Adjusting this value to 12 months of treatment
gave an OR for olanzapine of 1.426 (95% C1 1.046,
1.955), compared again with no antipsychotic ther-
apy, suggesting that the likelihood of diabetes was
42.6% greater with olanzapine than for untreated
individuals.

Analysis of healthcare databases managed by
the Régie de PAssurance Maladie du (Québec
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(RAM}) examined the relative risk of diabetes
among patients treated with either olanzapine or
risperidone therapy.”™ Patients who had received
at least one prescription for either olanzapine or
risperidone between | Japuary 1997 and 31
December 1999 were included in the study. Those
receiving clozapine therapy, diagnosed with dia-
betes or receiving antidiabetic therapy in the year
prior to starting therapy were excluded from the
analysis. Inn all, 19 153 patients treated with olan-
zapine and 14793 treated with risperidone were
included in the study. Patients receiving olanzapine
therapy tended (o be younger, more likely 1o be
male, more likely to be diagnosed with schizophre-
nia (62% vs 39%) and more likely to receive
haloperidol treatment (38.1% vs 32.6%) than those
treated with risperidone. In all, 317 patients in the
olanzapine group and 217 in the risperidone group
developed diabetes after the start of treatment.
Adjusting for age, sex and haloperidol use, the rel-
ative risk of developing diabetes was 20% greater
with olanzapine therapy than with risperidone (RR
1.20; 95% CI 1.00, 1.43; p = 0.05). A statistically
significant interaction between olanzapine and sex
was also detected; female patients had a 30%
greater risk of diabetes with olanzapine therapy
over risperidone, after adjustment for age, schizo-
phrenia diagnosis and haloperidol use (RR 1.30;
95% C1 1.05, 1.65; p = 0.02). The duration of treat-
ment also had an effect, with a significantly
increased risk of developing diabetes during the
first 3 months of treatment with olanzapine com-
pared with risperidone (RR 1.90; 95% (I 140,
2.57, p < 0.0001).

The effect of olanzapine and risperidone on
the risk of diabetes among patients with schizo-
phrenia has also been examined using data from the
UK General Practice Research Database ™ Based
on data from June 1987 to September 2000,
19 637 patients diagnosed and treated for schizo-
phrenia were identified for inclusion in the analy-
sis. Of these, 970 patients had received olanzapine
treatment and 1683 had received risperidone thera-
py. Overall, 451 patients developed diabetes during
a mean follow-up of 5.2 years, including 9 who had
received olanzapine therapy and 23 who had
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received risperidone. The overall incidence rate of
diabetes among patients receiving astipsychotic
therapy was 4.4 per 1000 person-years of treai-
ment. The incidence rate during the first 3 months
of treatment was higher for olanzapine (10.0/1000
person-years) than for either risperidone therapy
(5.4) or typical antipsychotics (5.1).

Case confrol analysis, in which each case of
diabetes is matched to controf cases (i.e. patients
with schizophrenia who had not developed dia-
betes), showed a significant increase in risk of dia-
betes with olanzapine therapy compared with no
antipsychotic therapy (OR 5.8; 95% CI 2.0, 16.7;
p = 0.001). Typical antipsychotic therapy (OR 1.4;
95% C1 1.1, 1.7; p = 0.004), and less significantly
risperidone treaiment (OR 2.2; 95% CI 0.9, 5.2;
p = 0.079), was associated with increases in the
risk of diabetes compared with no therapy. When
compared with typical antipsychotic therapy, olan-
zapine therapy showed a significant increase in the
risk of developing diabetes (OR 4.2; 953% C1 1.5,

risperidone therapy was not statistically signifi-
cantly different as compared with that of typical
agents (OR 1.6).

An additional two case control studies have
reported an increased risk of diabetes with olanza-
pine therapy. One study, using data derived from
the California Medicaid system during 1997-2000,
identified cases of new-onset diabetes among
patients with schizophrenia treated with first- or
second-generation antipsychotics."™ For inclusion
in the analysis, patients had to be aged 218 years
and receiving continuous antipsychotic monothera-
py during the 12 weeks prior to the diagnosis of
diabetes. The 3102 cases identified (918 receiving
olanzapine treatment) were matched for sex and
age {(£5 years) with 8271 patients with schizophre-
nia not diagnosed with diabetes. Logistic regres-
sion analysis, controlling for ethuicity and other
diabetes-inducing medication, showed a signifi-
cantly higher risk of developing type 2 diabetes
during olanzapine therapy compared with typical
antipsychotic treatment (OR 1.30; 95% 1 1.18,
1.43; p < 0.001). Clozapine and guetiapine, but not
risperidone, treatment were also associated with a
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statistically significantly higher risk of diabetes
compared with typical antipsychotic treatment.

The other study™" used data from a number of
healthcare providers in Indianapolis, Indiana, to
identify patients with schizophrenia receiving
antipsychotic treatment (olanzapine n 1640;
risperidone B = 2248; typical n = 6540). Patients
aged 18 years or older, with no diabetes prior to
antipsychotic treatment, and who had received
antipsychotic therapy for at Jeast 1 year were
selected for apalysis. Among the 744 individuals
analysed {olanzapine n = 112; risperidone n = 150;
typical n = 482), there were 96 cases of new-onset
diabetes. The proportion of patients who developed
diabetes was significantly higher with olanzapine
treatment (14.3%) than with typical antipsychotic
therapy (7.3%; p = 0.015), but did not differ statis-
tically significantly between risperidone and typi-
cal antipsychotic treatment. Diabetes cases were
matched for age (22 years), sex and ethnicity with
316 control (non-diabetic) patients. Logistic
regression analysis, adjusted for demographic char-
acteristics, comorbid conditions and level of outpa-
tient care, indicated that the risk of diabetes was
higher with olanzapine treatiment than with typical
antipsychotic therapy (adjusted OR 3.92; 95% (I
1.0, 15.6). Compared with typical antipsychotic
treatment, olanzapine therapy was also associated
with an increased risk of weight gain of 10lb
(4.5kgy or more (adjusted OR 2.1; 95% CI 1.0,
4.73.

In a recently published database analysis,l™
the risk of developing diabetes increased signifi-
cantly in olanzapine-treated individuals compared
with the general population, but did not differ sig-
nificantly compared with haloperidol-treated
patients. Using data from the AdvancePCS pre-
scription claims database, the risk of developing
diabetes was analysed for patients starting antipsy-
chotic monotherapy between December 1998 and
the end of February 2000 and continuing treatment
through this period. Overall, 19 782 patients treat-
ed with typical antipsvchotics and 38 969 treated
with second-generation antipsychotics (13 863
with olanzapine} were included in the analysis;
patients with pre-existing diabetes, antipsychotic
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use inn the 6 months before the start of the study
period or treatment with more than one antipsy-
chotic during the study period and those younger
than 18 years were excluded. Of the 13863
patients treated with olanzapine, 194 developed
diabetes, identified by a prescription claim for
antidiabetic medication. Cox proportional hazard
regression analysis, adjusting for age, sex and treat-
ment duration, showed a statistically significant
increase in the risk of diabetes with olanzapine
therapy compared with the general population
cohort (hazard ratio [HR] 3.0; 95% CI 2.6, 3.5;
p < 0.0001). The risk of diabetes with olanzapine
treatment did not differ significantly from that with
haloperidol therapy (HR 1.09; 95% C1 0.86, 1.37;
p = 0.479).

7.2.8 Conlrofied Clinical Studies

A number of prospective, confrolled clinical
studies, including randomised clinical trials, have
examined the effect of olanzapine treatment on
direct measures of glucose regulation, m contrast to
surrogate measures used in the retrospective data-
base analyses, with the majority of the controlled
studies reporting significant increases in plasma
glucose andfor insulin levels during olanzapine
treatment i comparison o different control condi-
tions.

A significant increase in fasting glucose fevels
was observed during olanzapine therapy in a 14-
week prospective study of antipsychotic therapy.l'®!
Patients with schizophrenia or schizoaffective dis-
order were randomised to one of fouwr {reatments:
clozapine, olanzapine, risperidone or haloperidol.
Patients in the olanzapine group had a significant
mean increase {rom baseline in fasting glucose
after 14 weeks of treatment (n = 22; +14.3 mg/dL.;
p < 0.02) this increase was greater than that
observed in the other groups. Four patients receiv-
ing olanzapine treatment had elevated fasting glu-
cose levels (2126 mg/dL) during the study. This
compared with six patienis in the clozapine group,
three on risperidone and one on haloperidol.
ANCOVA analysis indicated no relationship
between weight gain (mean change with olanzap-
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ine +7.3kg) and change in glucose levels at end-
point. This study was limited by potential differ-
ences in baseline and endpoint adiposity across the
different treatment groups, which were not
addressed in the analysis.

In studies that were designed to assess drug
effects on glucose metabolism that might occur
independent of changes in adiposity, oral and intra-
venous glucose tolerance tests have been used fo
examine the response of olanzapine-treated
patients to a glucose load. Using a frequently sam-
pled medified OGTT, Newcomer et al.™ compared
glucose regulation in non-diabetic patients with
schizophrenia treated with first- or second-genera-
tion {clozapine, olanzapine or risperidone) therapy
and umtreated healthy volunteers. Patient groups
were well matched for age and BMI; mean age and
BMI were 37.4 years and 28.6kg/m’ in the 12 olan-
zapine-treated individuals, and groups were also
balanced for sex and ethnicity. Despite the exclu-
sion of patients with diabetes, significant elevations
in plasma glucose levels were observed in the olan-
zapine group at fasting and at all tmepoints (15, 45
and 75 minutes) after the glucose load, compared
with untreated healthy volunteers (n = 31) and with
patients treated with typical antipsychotics (n = 17)
{all comparisons p < 0.005]. Insulin resistance,
calculated from FPG and insulin levels, was
increased significantly in association with olanzap-
ine compared with typical antipsychotic treatment
(p < 0.05). Similar findings were reported by
Henderson and colleaguest™ at the NCDEU 2000
meeting (reviewed by Haupt and Newcomer™) in a
study uvsing frequently sampled intravenous glu-
cose tolerance tests. Chronically treated non-dia-
betic patients, matched for adiposity, age, sex and
ethnicity, showed higher postload plasma glucose
values with clozapme and olanzapine tGeatment
than with risperidone. Calculated insulin sensifivi-
ty was significantly reduced in clozapine- and olan-
zapine-treated patients compared with those treated
with risperidone.

FEbenbichler and colleagues™ assessed the
effect of olanzapine therapy on measures of insulin
resistance/sensitivity. Ten patients with schizophre-
nia and treated with olanzapine monotherapy
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{mean age 304 years; mean BMI 22.4 kg/m?) were
evaluated over a mean treatment period of 8.1
weeks. Fasting glucose levels increased significant-
Iy from 4.8 mmol/L. at baseline to 5.5 mmol/L at
endpoint {p = 0.008), as did fasting insulin concen-
trations (baseline 6.09 pU/mL; endpoint 10.64
ull/ml; p = 0.006). HOMA index for beta-cell
function showed no statistically significant change
over the observation pedod. In contrast, HOMA
index for insulin resistance increased significantly
(p = 0.006), suggesting mduction of insulin secre-
tion and insulin resistance in these patients.
Bodyweight showed a mean increase of 3.3 (range
1.2-6.5) kg over the asscssment period; weight
gain was mainly due to an increase in fat mass. No
statistically significant changes in any of these
parameters were observed in the age- and sex-
matched, healthy, untreated comparison group over
the observation period.

Glucose, insulin and lipid parameters were
also assessed in a randomised, double-blind, 6-
week study comparing olanzapine and ziprasidone
therapy in 269 inpatients with acute exacerbation
of schizophrenia or schizoaltective disorder.™ No
statistically significant changes in FPG levels from
baseline were observed with olanzapine or ziprasi-
done treatment during the study. Significant
increases from baseline in median fasting plasma
insulin levels (p < 0.0001) and HOMA calculated
insulin resistance (p < 0.0001) were observed with
olanzapine therapy, but pot ziprasidone. Median
bodyweight increased by 7.21b (3.3kg) from base-
line with olanzapine treatment compared with
1.21b (0.5kg) with ziprasidone; median bodyweight
was significantly higher in the olanzapine group
than the ziprasidone group at endpoint (p <
0.0001). In this relatively young sample, with a sig-
pificant compensatory hyperinsulinacmia, plasma
glucose in the olanzapine-treated individuals did
not increase significantly. Statistically significant
adverse changes in lipid parameters in the olanzap-
ine group are discussed below. In a 6-month, blind-
ed follow-up study comparing olanzapine (n = 71)
and ziprasidone (n = 62) therapy in patients with
schizophrenia or schizoaffective disorder,”™ statis-
tically significant increases from baseline in medi-
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an fasting glucose and insulin levels were seen with
olanzapine therapy. No statistically significant
changes were observed with ziprasidone after 6
months of treatment.

Glucose and lipid levels were also assessed in
a 28-week, randomised, double-blind comparison
study of olanzapine 10-20 mg/day {(n = 277) and
ziprasidone 8§0-160 mg/day (n = 271) therapy in
patients with schizophrenia.™ The proportion of
patients with treatment-emergent hyperglycaemia
(1.e. those with baschine FPG levels <126 mpg/dL
who experienced levels 2126 mg/dL during treat-
ment} did pot differ significantly between the
two groups (olanzapine 11.5%: ziprasidone 7.4%;
p = 0.159). However, clinically significant adverse
effects on plasma glucose, insulin and lipid Jevels
were observed in the olanzapine treatment arn.
Mean bodyweight increased with olanzapine thera-
py (+3.06kg) and decreased with ziprasidone
(~1.12kg) at week 28; the difference between the
groups was statistically significant (p < 0.001). The
changes in glucose levels did not correlate with
changes in bodyweight.

Oral glucose tolerance tests were used ©
assess changes in glucose levels from baseline to
endpoint in a small (n = 30) randomised, 21-day
study of olanzapine 20-40 mg/day therapy.™
Changes in mean 2-hour OGTT glucose values
from baseline did not appear to be dose dependent
(20 mg/day 4.68 + 38.37 mg/dL; 30-40 mg/day 6.4
+ 21.20 mg/dl.; 40 ma/day —4.38 x 33.76 mg/dL).
Glucose tolerance worsened in one patient (from
IGT 1o diabetesy and improved in two patients
(from 1GT to normal) during the study. Other post-
{oad timepoints for glucose (i.e. prior (o the 2-hour
values) and postload insulin values were not
reported.

A study of briefly treated healthy volunieers
showed an increased insulin response and
decreased insulin sepsitivity with both olanzapine
and risperidone treatments compared with place-
bo.P" The change in insulin response correlated
with a change in BMI. After adjusting for the
effects of weight gain seen with active treatment
using regression analyses, no statistically signifi-
cant changes in insulin response or sensitivity were
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detected with olanzapine or risperidone therapy,
suggesting that the adverse effects were largely
related to changes in adiposity. A more recent study
examining insulin sensitivity in healthy volunteers
receiving olanzapine (= 22), risperidone (n = 14)
or placebo (n = 19) for 3 weeks, with restricted
access to food, showed no statistically significant
changes in the insulin sensitivity index from base-
line with olanzapine or risperidone therapy/”!
Using two-step, hyperinsulinaemic, euglycaemic
clamp methodology, Sowell and colleagues™!
showed no statistically significant difference in the
mean change in insulin sensitivity index from base-
line between the olanzapine, risperidone and place-
bo groups at either low or high insulin steady
states. Fasting insulin and fasting glucose levels
both increased statistically significantly from base-
line to endpoint in the olanzapine group, but
showed small decreases in the risperidone group.

7.2.6 Discussion

Considered together, the case reports, the
majority of the refrospeciive database analyses and
controlled experimental studies mcluding ran-
domised chinical irials consistently suggest that
olanzapine treatment increases the risk of signifi-
cant weight gain, insulin resistance, hypergly-
caemia and/or diabetes mellitus. The risk of acute
complications such as diabetic ketoacidosis may
also be mcreased; however, these infrequent events
are more difficult to study and guantify outside
case series.

The majority of the large retrospective data-
base analyses showed a statistically significant
increase in the risk of developing diabetes with
olanzapine therapy. The risk of diabetes increased
significantly with olanzapine therapy compared
with no antipsychotic treatment™™'***! and com-
pared with freatment with typical antipsy-
chotics.l5r192220 Three database analyses also
showed a statistically significantly greater risk of
developing diabetes with olanzapine therapy com-
pared with risperidone t¥2#2

i In contrast to these
findings, one analysis, which used prescription
claims data, reported po statistically significant
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ncrease in the risk of diabetes with olanzapine
treatment compared with haloperidol therapy.t'*"
The study, however, did show a statistically signit-
1cantly higher risk of diabetes in olanzapine-treated
patients compared with the general population
cohort, similar to other first- and second-generation
antipsychotics studied.

Analysis of cases identified from the FDA
MedWatch system also provides support for an
association between olanzapine therapy and dia-
betes development.” The large number of reported
cases, the temporal relationship between initiation
of olanzapine therapy and onset of hypergly-
cacmia, the rapid reversibility on treatment discon-
tinuation and the younger age of affected patients
are all suggesiive. The larger number of olanzap-
ine-treated cases reported (o the FDA MedWatch
System and in the literature contrasts with the
fewer reports of diabetes or hyperglycaemia asso-
ciated with risperidone therapy. Risperidone was
approved for use before olanzapine, with the total
number of risperidone prescriptions at the time of
the MedWatch reports significantly larger than the
total number for olanzapine, so that the number of
case reports associated with olanzapine treatinent
canpot be understood simply as a function of
greater eXposire.

Further support for a link between olanzapine
and diabetes comes from the temporal association
between olanzapine treatment and the occurrence
of events. Almost half of the cases of diagnosed,
new-onset diabetes identified from the MedWaich
System occurred within 3 months of the start of
treatment, while 70% occurred within 6 months.
Six cases were seen within 1 week of starting treat-
ment. Similarly, 1o a review of published case
reports from the literature," 43% of cases
occurred within 12 weeks of olanzapine initiation.
Inn addition, the majority of patients recovered gly-
caemic control following olanzapine withdrawal.
Among the MedWatch cases and published case
reports,"? almost 80% of patients experienced
mmproved glycaemic control after discontinuing
therapy.

An important feature of the cases analysed by
Koller and Doraiswamy™ was the bigh proportion
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of patients younger than 43 years old. The mean
age at onset for newly diagnosed diabetes was 39.8
years, with 68% of cases occurring in those
younger than 45 years. This is in contrast to the age
distribution of prevalence of diabetes in the US
population. Data from the US National Health
Interview Surveys (NHIS) show that 81% of dia-
betes cases occur in individuals aged over 44 years,
with prevalence increasing with age.™ For indi-
viduals aged 65-74 years and 275 years, 10% and
11%, respectively, have diabetes. An indirect com-
parison presented by Koller and Doraiswamy™
showed that the frequency of newly diagnosed dia-
betes among olanzapine-treated patients aged 0-44
years was twice that in the US population (66% vs
33%). A comparison of the age distributions
between the study and US populations showed
that the difference was statistically significant
{p < 0.0001). This suggests that diabetes occurs
carlier in olanzapine-treated patients than in the
general population, with a marked increase in
those younger than 44 years. Analysis of the age
distribution for all olanzapine prescriptions sug-
gests that this does not simply reflect large num-
bers of olanzapine prescriptions in younger indi-
viduals.

Published case reports also contain a high pro-
portion of younger individuals. The review by
Ananth et al.'" reported a mean age of patients of
41.5 years, with 65% of patients aged 43 years or
younger. Analysis of healthcare data according to
agel™ showed that the greatest increase in the risk
of diabetes with olanzapine therapy occurred
among patients younger than 40 years (OR 1.64).

Another potable feature of the MedWatch
study and the case reports was the significant num-
ber of cases of diabetic ketoacidosis. Overall,
34.6% of the cases of hyperglycaemia reported in
the MedWatch analysis were associated with meta-
bolic acidosis or ketosis." Diabetic ketoacidosis is
typically an indicator of insulin deficiency, and is
therefore commonly thought of in association with
type 1 diabetes rather than with type 2 discase.
Diabetic ketoacidosis is not typically observed as a
first manifestation of type 2 diabetes, as the discase
is characterised imitially by peripheral insulin
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resistance and hyperinsulinaemia, followed by
gradual and progressive decline of beta-cell func-
tion with diabetic ketoacidosis typically occurring
i the later phases of the disease if at all. While
most individuals with type 2 diabetes do not expe-
rience diabetic ketoacidosis, most cases of diabetic
ketoacidosis in the population in fact occur in type
2 rather than type 1 diabetes, given the higher fre-
quency of type 2 discase and the contributions of
acute insults to beta-cell function such as glucose
toxicity {discussed above, see Type 2 Diabetes). In
the MedWatch analysis of olanzapine cases, the
majority of cases of diabetic ketoacidosis (92%)
were associated with new onset of type 2 diabetes.
Published case reporis of abnormal ghucose regula-
tion with olanzapine therapy also suggest a signifi-
cant incidence of diabetic ketoacidosis. The clini-
cal significance of diabetic ketoacidosis is illustrat-
ed by the number of fatalities in the MedWatch
stady and among the case reports. Ketosis or aci-
dosis was reported in nine of the deaths reported in
the main MedWatch study. Thus, more than 10% of
the cases of diabetic ketoacidosis were associated
with patient death.

Weight gain and obesity, and increased adipos-
ity in general, are well established risk factors for
diabetes. This strongly suggests that the well docu-
mented occurrence of marked weight gain with
olanzapine therapy™'*" could be a key factor in the
increased risk of diabetes seen with this agent.
However, several observations suggest that at least
in some cases, weight gain may not play a primary
role. A significant minority of reported cases of
new-onsel diabetes were not accompanied by sub-
stantial weight gain or obesity. Among the cases
identified from the MedWaich System, 24% of
patients did not appear to be overweight or have
sustained weight gain. While no significant corre-
lation between weight gain and increased blood
glucose levels was reporied in the two studies in
which this was analysed!'™? this may reflect a
number of critical host factors (e.g. beta-cell func-
tion) that can intervene between changes in weight
and plasma glucose. The rapid onset of diabetes
following olanzapine initiation and prompt resolu-
tion with treatment withdrawal in some cases also
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do not suggest that the effects of olanzapine on ghu-
cose regalation in these individuals occur simply
through actions on weight and adiposity.

Consistent with the increased risk of diabetes
with olanzapine therapy, significant increases in
blood glucose levels were reported in many but not
all studies of patients treated with olanzapine.
Chart reviews and more imporiant prospective §-
and 14-week studies, as well as a 6-month follow-
up study, showed statistically significant increases
in fasting glucose levels with olanzapine compared
with pretreatinent levels. 7> %2527 [y two of these
studies, 18-27% of patients developed clinically
significant elevations in FBG (2126 mg/dL) during
olanzapine therapy. A retrospective chart review
of 45 olanzapine-treated patients reported three
cases of new-onset diabetes (FBG >126 mg/dL)
and four cases of hyperglycaemia (I'BG »>110-126
mg/dLy." In a 28-week study,”™ clinically signif-
icant increases in plasma ghucose were observed in
olanzapine-treated patients, although this did not
differ statistically significantly from ziprasidone
treatment when the hyperglycacmic threshold was
set at the level of diabetes (2126 mg/dL) [11.5% vs
7.4%]. The typical understanding of diabetes in the
general population, is a disease characierised ini-
tially by peripheral insulin resistance and hyperin-
sulinaemia, followed by gradual and progressive
decline of beta-cell fupction with resulting pro-
gressive increases in plasina glucose that eventual-
ly can cross the fasting diagnostic threshold of
126 mg/dL. Thus, studies of younger, non-diabetic
individuals (i.e. those who have some degree of
beta-cell reserve at baseline) may be better able {o
detect drug effects by measuring msulin resistance
and lower-level hyperglycaemia (e.g. postload
hyperglvcaemia) rather than testing only for plas-
ma glucose elevations 2126 mg/dL.

Along these lines, changes in plasma insulin
levels have also been reported with olanzapine
therapy. Five studies reported significant increases
in insulin in comparison to various control condi-
tiops, @R while three studies also reported a
significant increase in insulin resistance with olan-
zapine therapy compared with baseline levels./#9
Henderson and colleagues™ reported a significant
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reduction in insulin sensitivity in non-diabetic
olanzapine-treated patients compared with adiposi-
ty- and age-matched risperidone-treated individu-
als (reviewed by Haupt and Newcomer™). Two
stadies reported elevated insulin levels in 31-71%
of patients receiving olanzapine treatment,!**7
while significant improvements in insulin resist-
ance and beta-cell function were also observed in a
study of 40 patients with schizophrenia following
the switch from olanzapine to risperidone therapy.”

Not all studies reported changes i tsulin sen-
sittvity with olanzapine therapy. In one study, no
statistically significant changes in the sulin sensi-
tivity index were observed in healthy volunteers
after 3 weeks of olanzapine therapy.™ In a second
study in healthy volunteers, the changes in insulin
sensitivity and insulin response were no longer sta-
tistically significant after adjusting for weight
gain,™ suggesting that changes which did occur
were largely secondary t© weight gain. Another
study in patients with schizophrenia or related psy-
chotic disorders showed no statistically significant
changes in peripheral insulin resistance after at
{east 2 months of olanzapine reaiment.!'"”

7.3 Lipid Lavels

Pvidence for the cffects of olanzapine ireat-
ment on lipid levels comes from a similar distribu-
tion of uncontrolled case reports and retrospective
chart reviews, large-scale database analysis and
controlled experimental studies, including ran-
domised prospective clinical trials.

7.3.1 Cose Sludies and Chorf Reviews

Five case reports have reported elevated lipid
levels associated with olanzapine therapy (table
VI, Domon and Webber®™ report the develop-
ment of both hyperglycaemia and hypertriglyeeri-
daemia in a male adolescent that resolved with dis-
continuation of olanzapine treatment and without
dietary changes or the use of antidiabetic therapy.
Chang and colleaguest™ reported three cases of
severe hypeririglyceridaemia in patients with
schizophrenia treated with olanzapine, two of
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Table VI Case reports of elavated lipid levels with olanzapine

Reference Case report details

Chang et al.l®
Stoner et al™
Domon & Webber®)
of olanzapine

Clanzapine and hyperriglyceridaemia

233

Nguyen & Mur,
Shaitman et al.

Three cases of severe hypeririglyceridaemia (2 with hyperglycaemia} associated with olanzapine therapy
Severe hypertriglyceridaemia associated with olanzapine
Development of hyperglycaemia and hypertriglyceridaemia in a male adolescent resolved with discontinuation

Olanzapine-induced elevation of plasma triglveeride levels

which were also associated with severe hypergly-
caemia. For one patient, glucose and triglyceride
levels resolved with treatment with the patient con-
tinuwing on olanzapine therapy. Three other publica-
tions reporied hypertriglyceridaemia or elevated
triglyceride levels with olanzapine therapy.

Significant changes in lipid levels have also
been reported in chart reviews and observational
studies of olanzapine-treated patients. Fasting plas-
ma lipid levels were examined in a chart review of
patients treated with different antipsychotics,
including clozapine, olanzapine, risperidone and
quetiapine. The analysis included 32 patients
treated with olanzapine. Mean triglyceride levels
increased significantly from baseline with olanzap-
ine therapy (38%; p = 0.02); the resulting mean
triglyceride levels (255.0 mp/dL) were significant-
Iy higher than those observed with haloperidol
therapy (p = 0.02). Maximum tiglyceride levels
also increased from baseline with olanzapine treat-
ment (42%), although this change was not statisti-
cally significant. Overall, 39% of olanzapine-treat-
ed patients had clevated triglycenide levels (2200
mg/dL). Minimal changes in mean total cholesterol
(6%: NS) and LDL-cholesterol (-14%; p = 0.03)
levels were observed with olanzapine. However,
mean HDL levels also decreased significantly from
baseline (10%; p = 0.03), and minimum HDL lev-
els were significantly lower than those observed
with risperidone treatment (p = 0.02). Overall, four
olanzapine-treated patients {13%) initiated choles-
terol-lowering therapy after starting (reatiment.

A retrospective study of patient records at
Oregon State Hospital compared metabolic out-
comes after 1 vear of treatment with either olanza-
pine (n = 47) or risperidone (n = 47) therapy.”'®
Patients inn the olanzapine group experienced sig-
nificant increases from baseline in fasting triglyc-
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eride (88.2 mg/dL; p < 0.001) and fasting total
cholesterol (23.6 mg/dl; p £ 0.001) levels.
Analysis of patients younger than 60 years also
showed statistically significantly greater increases
i triglyceride (104.8 mg/dL) and cholesterol
levels (30.7 mg/dL) with olanzapine therapy.
Comparisons with risperidone-treated patients
showed that the increases in both triglyceride and
total cholesterol levels with olanzapine were statis-
tically significantly greater than with risperidone
for all patients and for those aged less than 60 years
(p < 0.05). Mean bodyweight increased significant-
ly from baseline with olanzapine therapy for all
patients (17.51b [7.9kg}; p < 0.001) and for those
younger than 60 years (2041b [9.1kgl: p < 0.001).
Analysis performed for the non-elderly subgroup
showed no statistically significant correlation
between weight gain and the change o triglyceride
or cholesterol levels.

In an earlier retrospective review of patient
records, Meyer™ analysed 14 cases of severe
hypertriglyceridacmia (fasting triglycerides >600
mg/dL) in patients receiving olanzapine (n = 12} or
quetiapine (1 = 2) treatment. In the 12 olanzapine
cases, the mean fasting peak triglyceride level was
1737 mg/dL. The mean time to peak fasting
irigltyceride level was 10.0 months, with peak
triglyceride levels occurring within 12 months of
starting treatment in 9 of the 12 cases. Mean body-
weight increased from 188.01b (84.6kg) at baseline
to 200.31b (90.1kg) at peak triglyceride levels,
while mean BMI increased from 29.33 to 31.46
kg/m’. Analysis of all 14 cases (including the two
treated with quetiapine) showed that the increase in
fasting serum {riglycerides was not correlated with
weight increase or BMI change. Furthermore, the
increase in serum triglycerides did not correlate
with olanzapine dose.
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Changes in fasting triglyceride and cholesterol
levels were investigated in a 12-week observation-
al study of olanzapine therapy in 25 inpatients with
schizophrenia (n 13), schizoaffective disorder
(n = 4) or other psychoses (n = §).79 Olanzapine
use was associated with a significant increase
in mean fasting triglyceride level (+60 mg/dl;
p < 0.04) from baseline (162 = 121 mg/dl) to
endpoint (202 = 135 mg/dL), a 37% increase.
This increase was greater when six patients receiv-
ing lipid-towering therapy during the study were
excluded from the analysis {(+74 mg/dL). In con-
trast, mean fasting total cholesterol levels showed a
minimal change (+3 mg/dL) over the study period.
Mean bodyweight also increased significantly dur-
ing olanzapine treatment (S.4kg; p < 0.02), and
ANCOVA showed a significant association
between weight gain and triglyceride change
{(p < 0.02). Analysis showed that the change in
triglyceride levels independent of weight was not
statistically significant.

Adverse changes in fasting LDL-cholesterol
were reported with olanzapine in a 6-month study
involving patients with schizophrenia or schizoaf-
fective disorder.™ Significant increases in LDL-
cholesterol from baseline (p < 0.01) cccurred in the
olanzapine group in this blinded, follow-up study
comparing olanzapine and ziprasidone therapy.
Increases in triglyceride levels were also reported
in an open-label study of olanzapine treatment in
patients with schizophrenia conducted in Japan.®”
In all, 20% of the §2 patients experienced abnor-
mally elevated triglyceride levels during treatment.

Fasting hpid levels were evaluated in 16 out-
patients with schizophrenia or related psychoses
who received olanzapine treatment for af least 6
months."*" Elevated levels of fasting triglycerides,
total cholesterol and LDL-cholesterol were record-
ed for nine (56%), ten (63%) and six patients
(38%), respectively. In addition, one patient had
HDL-cholesterol levels below normal. Triglyeeride
fevels (but not other lipid levels) showed a positive
correlation with the ratio of olanzapine to ils
metabolite N-desmethylolanzapine.

Two other recent studies have also reported
cross-sectional analyses of fasting lipid levels in
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patients with schizophrenia or related disorders
treated continuously with antipsychotic therapy for
at least 3 months" or 1 year.™ Chue and
Welch™ reported higher fasting total cholesterol
and triglyceride levels for olanzapine-treated
patients (n = 18) than those receiving risperidone
(n = 16} or typical antipsychotic therapy (n = 17).
Hardy and colleagues™ reported no statistically
significant differences in mean fasting total, LDL-
or HDL-cholesterol levels between patients treated
with olanzapine (n = 67), risperidone (o = 63) or
typical antipsychotic therapy (n = 32), although
mean fasting triglyceride levels were statistically
significantly higher in the olanzapine group than in
the risperidone group. However, only patients with
normal FBG levels (<110 mg/dL) were included in
the analysis, and patients in this study were
matched for BMI as well as sex and duration and
severity of illness.

7.3.2 Retrospecitive Dafobuose Analysis

Data from the UK General Practice Research
Database (GRPD) — a large database including over
6% of the total UK population — were analysed to
assess the risk of hyperlipidacmia with risperidone,
olanzapine and typical antipsychotic therapy,
among patients with schizophrenia.®™ Using data
collected between June 1997 and September 2000,
1268 cases of hyperlipidacmia were identified
among the 18309 patients with schizophrenia.
Antipsychotic use was defined as antipsychotic
treatment in the 3 months before the diagnosis of
hyperlipidaemia. On this basis, 16 patients with
hyperlipidacmia had been treated with olanzapine,
12 with risperidone, 807 with first-generation
antipsychotics, 83 with other newer second-gener-
ation agents or more than one agent, and 413 had
not been exposed to antipsychotic medication,

The incidence rate for hyperlipidaemia among
all patients receiving antipsychotic therapy was
17.04 per 1000 person-years. When rates were
determined for individual antipsychotics, the inci-
dence rate for hyperlipidacmia with olanzapine
was 26.6 per 1000 person-years (95% CI 17.15,
41.19), compared with 18.52 per 1000 person-
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years for typical antipsychotics (95% CI 17.30,
19.82}. In comparison, the rate for risperidone was
11.5 per 1000 person-years (953% C1 7.41, 17.81).
Patients treated with olanzapine exhibited a 40%
increase in the risk of developing hyperlipidacmia
compared with those treated with typical antipsy-
chotics (risk ratio 1.4; 953% C10.92, 2.22).

Nested case control analysis, volving 7598
matched controls with schizophrenia but no hyper-
lipidacmia, was used to determine the risk of
hyperlipidacmia with olanzapine therapy. Logistic
regression analysis, adjusted for age, sex, other
medications and disease conditions affecting lipid
levels, demonstrated a significant increase in the
risk of developing hyperlipidacmia with olanzapine
therapy compared with no antipsychotic therapy
(OR 4.65: 95% Cl 244, 8§85, p < 0.001) and
typical antipsychotic treatment (OR 3.36; 95% (1
1.77, 6.39; p < 0.001). In contrast, there was no
statistically significant increase in the risk of
hyperlipidacmia for patients treated with risperi-
done, compared with either typical antipsychotic
treatment (OR 0.81) or no antipsychotic therapy
(OR 1.12).

7.3.3 Confrolfed Ciinical Tricls

Significant changes in lipid levels have also
been observed during clinical trials of olanzapine
therapy. In a prospective, 14-week study, inpatients
with either schizophrenia or schizoaffective disor-
der were randomised to olapzapine, clozapine,
risperidone or haloperidol treatment.'*? Data from
the 26 patients randomised to olanzapine showed a
significant increase in fasting cholesterol level
from baseline during the first § weeks of the
study (123 mg/dl; p < 0.04) and throughout
the I4-week study period (n = 22; 16.3 mg/dL;
p < 0.002). Mean values, however, remained mod-
est (197.6 mg/dl at week 14). Bodyweight
increased significantly from baseline with olanzap-
ine therapy {mean 7.3kg; p < 0.0001). A significant
association was detected between weight gain and
cholesterol increase (p = 0.035), although this was
not statistically significant after adjusting for base-
line weight and cholestero} level
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Glick and colleagues™ examined changes in
fasting lipid levels in addition to ghlucose and
insulin measures in a 6-week, double-blind, ran-
domised study comparing the metabolic effects of
olanzapine and ziprasidone therapy. Significant
increases from baseline in median fasting total cho-
festerol (20 mg/dL; p < 0.0001), LD -cholesterol
(13 mg/dl; p < 0.0001) and triglyceride (26
mg/dL; p = 0.0003) levels were observed with
olanzapine therapy. In contrast, minimal changes
were observed with ziprasidone therapy, and medi-
an total and LDL-cholesierol and triglyceride lev-
els were significantly higher in the olanzapine
group at endpoint (p < 0.003). In a further analysis
by sex, male schizophrenic patients showed signif-
icant increases in total cholesterol, L -choles-
terof and triglyceride levels with olanzapine
treatment compared with ziprasidone therapy
(p < 0.005), while changes in triglyceride levels
tended towards statistical significance with olanza-
pine versus ziprasidone in female patients.”™ [n a
28-week randomised, double-blind comparison
study,™™ sigmificantly more olanzapine-treated
patients experienced treaiment-emergent ‘high’
triglyceride levels (NCEP criteria: 200-499
mg/dLy than ziprasidone-treated individuals
(16.9% vs 2.6%; p 0.001). Mo statistically
significant differences were observed between
the treatment groups in the proportion of patients
experiencing ‘high’ or ‘very high’ twtal or LDL-
cholesterol levels or developing low HDL-choles-
terol. In both groups, changes in triglyceride levels
correlated significantly with changes in body-
weight.

Significant increases in fasting triglyceride
levels with olanzapine therapy were also reported
n a 6-week randomised study of clozapine, risperi-
done, olanzapine and guetiapine therapy in 36
patients with schizophrenia.'”™ Patients treated
with olanzapine (n 13) showed a significant
increase in triglyceride levels from baseline at
week 6 (31.23 mg/dL; p < 0.001). The mean
changes in bodyweight (+8.92kg) and BMI (22.35
to 26.97 kg/m® from bascline to study cndpoint
were also statistically significant with olanzapine
therapy (p < 0.01 and p < 0.05, respectively), and

<

<
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there was a significant correlation between the
changes in triglyceride levels and BMI (p < 0.01).

A 12-week double-blind study comparing
olanzapine and divalproex sodium for the treatiment
of acute mania in patients with bipolar disorder
examined changes in cholesterol levels.?™ Total
and LDL-cholesterol levels increased from base-
line with olanzapine treatment (total +13.29
mg/dh; n = 42; LDL +8.78 mg/dL; n = 41) and
decreased slightly with divalproex sodium {total
~1.69 mg/dL; n = 45; LDL -4.43 mg/dL; n = 42).
These changes in cholesterol levels differed signif-
icantly between the groups (p < 0.03). Mean fast-
ing HDL-cholesterol levels also showed statistical-
Iy significant adverse changes (i.e. decreases) from
basecline in patients receiving olanzapine therapy
(n = 9 in a study of 75 individuals with schizo-
phrenia or related psychotic disorders.'!

Changes in lipid levels were also reported in
an 8-week randomised, double-blind study com-
paring olanzapine and risperidone treatment in 377
patients with schizophrenia or schizoaffective dis-
order™ The ratio of bepeficial change (from
above-normal baseline value to normal end-of-
study value) to adverse change (from normal base-
line value to above-normal value at week 8) was
presented for both triglycerides and cholesterol.
Changes in triglycerides tended (o he adverse with
olanzapine treatment (ratio 0.453) but bencficial
with risperidone therapy (ratio 2.57), so patients
treated with risperidone were significantly more
likely o experience beneficial changes in iriglyc-
eride levels than those receiving olanzapine thera-
py (risk ratio 5.71; p = 0.003). Siunilarly, adverse
changes in cholesterol levels tended to occur with
olanzapine (ratio 0.33), whereas beneficial changes
were more frequent with risperidone {(ratio 1.64),
suggesting a significantly greater likelihood of
improved cholesterol levels with risperidone
treatment than with olanzapine (risk ratio 4.70;
p = 0.005).

in an 8-week study of olanzapine and risperi-
done therapy in 30 inpatients with schizophrenia or
schizophreniform or schizoaffective disorder,™
patients receiving olanzapine showed significant
increases in triglyceride levels from baseline
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(p < 0.001) but no statistically significant changes
in total cholesterol. 1o addition, significantly more
patients in the olanzapine group had clinically sig-
nificant increases (>7%) in bodyweight from base-
line than in the rsperidone group (44% vs 4%;
p < 0.01). No statistically significant changes in
lipid levels were observed with risperidone. A ran-
domised study involving 21 female patients with
schizophrenia reported statistically significant
increases in total cholesterol (17.3%), LDL-choles-
terol (31.4%) and VLDL-cholesterol (8.1%) with
olanzapine therapy from week 1 to week 6 of treat-
ment (p < 0.05).7 These changes were greater
than those observed with quetiapine therapy (total
cholesterol 8.0%; LD L-cholesterol 12.2%:; VLIDL-
cholesterol 1.7%). BMI also increased statistically
significantly over the stady period with olanzapine,
but not guetiapine, therapy.

Not all studies have reported significant
changes in lipid levels from baseline to endpoint
with olanzapine therapy. A 4-month randomised
study comparing patients who switched to olanza-
pine treatment (n = 27) with those remaining on
current therapy (either typical antipsychotics or
risperidone; 1 = 27) reported no statistically signif-
icant changes in fasting total cholesterol or triglyc-
eride levels at endpoint in patients switched to
olanzapine.®™™ Mean changes in these fasting lipids
did not differ significantly from those observed for
patients remaining on prior therapy. However,
wcreases in both total cholesterol and triglyceride
levels were observed with olanzapine therapy after
1 month of treatment, with levels returning to base-
line at the end of month 2 and month 3, respective-
1y. Furthermore, mean baseline fasting lipid levels,
meastred prior to randomisation, were either at or
above the ULN.

7.3.4 Discussion

Findings from uncontrolled case reports and
chart reviews, large-scale database analysis and
controlled experimental studies including clinical
irials suggest consistent evidence that olanzapine
treatment has a potentially adverse effect on plas-
ma lipids, particularly plasma triglyceride. This is
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consistent with the effects of increasing abdominal
fat mass on insulin sensitivity and lipid metabo-
fism.

Analysis of healthcare data from the UK
General Practice Research Database (GPRD) indi-
cates a statistically significantly increased risk of
hyperlipidacmia with olanzapine compared with
either typical or no antipsychotic therapy in
patients with schizophrenia.”™ This finding is sup-
ported by the increases in triglyceride levels report-
ed with olanzapine therapy in clinical trials.
Staustically significant increases in triglycerides
from pretreatiment levels were observed with olan-
zapine therapy in randomised clinical trials and
observational studies!7>5503 and in two retro-
spective chart reviews," 9 although one ran-
domised study reported no significant change from
baseline to endpoint.”™ Increased triglyceride lev-
els were also reported in an open-label study of
olanzapine,™” in four case reports™ and in cross-
sectional analyses of patients receiving olanzapine
therapy for at least 3 months."™'™7% Statistically
significantly more patients developed “high’
triglyceride levels with olanzapine therapy than
ziprasidone treatment during a 28-week compari-
son study.™ Elevated triglyceride levels, in addi-
tion to LDL-cholesterol, are an independent signif-
icant risk factor for the exacerbation of coronary
artery disease and also appear to precipitate or
exacerbate diabetes.™"

increases in bodyweight are well documented
with olanzapine therapy®™'*" and can be hypothe-
sised to affect the changes in triglyceride levels
seen with olanzapine therapy. Osser and co-work-
ers™ and Hardy et al.™ reported a statistically
significant association between weight gain and
triglyceride increases, while Atmaca et al.t™
reported a significant correlation between triglyc-
eride levels and BMI. However, two studies by
Meyer™'*  show npo significant correlation
between weight gain and changes in triglyeeride
levels. Again, a number of host factors can infter-
vene in the short term between changes in weight
and changes in circulating lpids. In general,
increasing adiposity is a well established major
modifiable risk factor for dyslipidaemia,
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Findings from the analyses of total cholesterol
evels were less clear, and total cholesterol in gen-
eral is more difficult o interpret in comparison to
specific bipid fractions {e.g. LDL or HDL). Three
studies (one observational study, one chart review
and one controlled study) showed minimal changes
in total cholesterol levels from basecline 22
Four other analyses (one chart review and three
controlled studies) reveal statistically significant
increases from baseline 'e217220242 Ty each case, the
chart reviews and controlled trials involved similar
numbers of patients and patient populations. The
effect of bodyweight on cholesterol levels was
examined in these studies. The three studies that
report increased cholesterol levels also show statis-
tically significant weight or BMI increases from
baseline with olanzapine treatment. However,
Meyer™ found no significant correlation between
weight gain and increased cholesterol levels, while
in the study by Lindenmayer et al.,'*" the correla-
tion was not statistically significant after adjusting
for baseline weight and cholesterol levels.

Changes m LDL- and HDL-cholesterol have
been little stadied. One published report shows sta-
tistically significant tmprovements in LDL-choles-
terol levels from baseline with olanzapine thera-
py."* However, these were accompanied by statis-
tically significant adverse changes in HDE-choles-
terol levels. In contrast, Simpson et al.,*" Glick et
al.? and Ozguven et al.™ reported statistically
significant increases in LDL-cholesterol from
bascline during olanzapine treatment.

7.4 Conclusion

Olanzapine treatment is associated with signif-
icant increases in weight and adiposity over both
short- and long-term treatment. Studies using a
variety of methodologies indicate, with few excep-
tions, that olanzapine treatment is associated with
an increased risk of developing diabetes mellitus,
based especially on evidence for treatment-related
wcreases i insulin resistance and elevations in
plasma iriglveeride Jevels. Evidence from case
report analyses, large retrospective database analy-
ses and controlled clinical studies indicate signifi-
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cani increases in the risk of insulin resistance,
hyperglycaemia, dyslipidacmia and diabetes dur-
ing olanzapine treatment.

8. Risperidone

Although risperidone has been prescribed
extensively since its introduction in the US in 1993,
fewer published reposis are available concerning
the risk of diabetes with risperidone as compared
with either clozapine or olanzapine treatment.
However, a considerable body of literatare is sull
available examining the potential associations
between risperidone therapy and the risk of weight
eain, insulin resistance, hyperglycaemia, diabetes
and lipid dysregulation.

8.1 Bodyweight

Risperidone therapy is associated with rela-
tively modest weight gain during short-term treat-
ment. In a meta-analysis of published studies,™ the
estimated weight gain over 10 weeks of risperidone
therapy was approximately 2kg. Individual studies
report weight gain of around 2kg with short-term
risperidone treatment.®™ Weight gain with risperi-
done does not appear to be dose related across
doses tested. In an 8-week study comparing five
risperidone doses ranging from 1 to 16 mg/day, the
mean increase in weight ranged from 0.3 to 1.8kg,
with the largest increase reported with the 8
mg/day dose.

Mean increases in bodyweight in the order of
Zkg have also been reporied with longer-term
risperidone treatment. Risperidone-treated patients
experienced a mean increase in weight of 2.3kg
over the 52-week treatment period in a haloperidol
comparison study involving patients with chronic,
stable schizophrenia.™® Similarly, mean weight
gain of 2.3kg was observed with risperidone thera-
py i a 28-week comparison study versus olanzap-
ine treatment.™ Larger increases in weight have
been reported with long-term risperidone therapy.
A retrospective analysis of patient records revealed
maximum weight gain of 4.1kg with risperidone
treatinent over a mean {reatment duration of
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approximately 26 weeks."" However, not all stud-
ies report weight gain with risperidone therapy. A
follow-up of schizophrenic patients newly started
on risperidone therapy showed a slight mean
decrease in bodyweight with risperidone therapy
(-0.3kg) over a mean treatment duration of 125.3
days”™ It may be critical to consider and control
for previous medication, as a switch from agents
with a higher weight gain liability to those with a
fower Hability can be associated with weight loss.

The weight gain potential of risperidone is also
apparent when the proportion of patients experi-
encing clinically significant weight gain (27%
increase) is considered. Package insert data for
risperidone report that 18% of risperidone-treated
patients gain 7% or more of their bodyweight over
6-8 weeks of treatment compared with 9% of
patients receiving placebo, or approximately twice
the placebo ncidence rate.

8.2 Digbetes and Hyperglycaaemia

8.2.1 Couse Reporils, Chart Reviews and
Chservafional Studies

Data from the FDA MedWatch Draog
Surveillance Systemn (1993 to February 2002), pub-
fished reports (Medline, to February 2002) and
selected abstracts from national psychiatric mect-
ings identified a total of 131 cases of diabetes or
hyperglycacmia associated with risperidone thera-
py.7 Of these reports, 78 cases (60%) involved
newly diagnosed hyperglycaemia, 46 cases (35%)
described exacerbation of pre-existing diabetes,
and 7 cases did not clearly make this distinction. Of
the 78 patients with new-onset hyperglyvcaemia, 55
met diagnostic criferia for diabetes based on blood
glucose  (fasting 2126 mg/dL; postload
2200 mg/dL) or HbA. levels, and 10 were receiv-
ng antidiabetic medication and/or were acidotic or
ketotic at the time of hyperglycaemia. In addition,
there were a further six reporis of acidosis with
risperidone treatment that were not associated with
hyperglycaemia.

As discussed earlier, it is important to remem-
ber that most adverse event reporting happens in
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the first 2 years after the launch of a drug, with
underreporting generally cstimated to be in the
range of 1/10 to 1/100 of the actual number of
cases. Data for haloperidol collected using the
same methodology (FDA MedWatch data, late
1970s to February 2002} identified 13 cases of dia-
betes or hyperglycaemia (newly diagnosed hyper-
glycaemia n = 10; exacerbation of pre-existing dia-
betes n = 2; unknown i = 1) and 11 cases of acido-
sis not associated with hyperglycaemia. A further
seven cases of hyperglycaemia were identified for
patients receiving combined risperidone-haloperi-
dol therapy. The reporiing rate, based on prescrip-
tion sales, was 21 times higher for risperidone
monotherapy than for haloperidol monotherapy
using data from 1981 onwards and 8.3 times
greater using data from 1994 onwards.

For risperidone-treated patients with newly
diagnosed hyperglycaemia, the mean age at onset
was 34.8 (x15.7) years. These patients were signif-
icantly younger than risperidone-treated patients
with exacerbation of existing diabetes (mean age
48.8 = 17.5 years; p < 0.001) and tended to be
younger than haloperidol-treated patients with
newly diagnosed hyperglycaemia (50.2 + 21.7
years; p = 0.055). Time from the start of risperi-
done therapy to the onset of hyperglycaemia
ranged from 1 day to 48 months among the 96
patients with available data, and for 65 patients
(68%), onset occurred within 6 months of starting
treatment (figure 4). Time to onset {ended o be

No.of events

Time (mo}
Fig. 4. Time to onset of hyperglycasmia with risperidone ™

© Adiis Data information BV 2005, All rights reserved,

—h—

63

shorter for patients experiencing exacerbation of
existing disease than for those with new-onset
hyperglycaemia, with 71% and 48% of cases,
respectively, occurring within 3 months of treat-
ment intation. Risperidone therapy was with-
drawn in 47 patients and reduced in 5 patients.
QOutcomes data for these patients were limited,
although improved glycaemic control was reported
for 12 of these patients,

The severity of hyperglycaemia associated
with risperidone treatment ranged from mild glu-
cose intolerance to diabetic ketoacidosis and
byperosmolar coma. Thirty-one patients (24 with
new-onset diabetes) experienced blood glucose
levels of 2300 mg/dL. Metabolic acidosis or keto-
sis was reported for 26 patients treated with risperi-
done, the majority of whom (n = 22} experienced
new-onset diabetes. There were four deaths among
patients receiving risperidone monotherapy: three
of these patients had acidosis or ketosis. Limited
bodyweight data, available for 37 cases, suggested
that approximately 20% of patients were not sub-
stantially overweight or had significant weight
gain.

Diabetes prevalence and plasma glucose levels
were examined in a chart review of 208 patients
with psychotic illness treated with clozapine,
risperidone, olanzapine, quetiapine or lypical
antipsychotic monotherapy.t™ No statistically sig-
nificant differences in the prevalence of diabetes or
i mean FPG levels were observed between the
treatment groups. Nine (19.6%) of the 46 risperi-
done-treated patients had diabetes; mean FPG level
in the risperidone group was 108.9 mg/dL.

In contrast to the large nmumber of published
case reports of diabetes or diabetic ketoacidosis
associated with clozapine or olanzapine therapy,
there have been relatively few case reports of dia-
betes or hyperglycacnia associated with risperi-
done treatment in the literature (table IX).

Wirshing and collcagues™ report a retrospec-
tive analysis of two cases in which patients with
schizophrenia developed diabetes while receiving
risperidone treatment. In both cases, antipsychotic
therapy was associated with weight gain. For one
patient, the development of diabetes necessitated
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Table IX. Case reports of abnormal glucose levels with risperidone

Heference Case report details

Fukui & Murai®®
Wirshing et al.®
Croarkin et al.®
Mallya et al =

Severe weight gain and diabetes in 1 patient receiving combination treatment with risperidone and paroxatine
Two retrospective cases in which patients with schizophrenia developed diabetes while taking risperidone
Diabetic keloacidosis associated with risperidone therapy

Hesolution of hyperglycaemia on risperidone discontinuation

ongoing treatment with insulin. In other reports,
Mallya and co-workers®™ document the resolution
of hyperglycaemia following discontinuation of
risperidone treatment, and Croarkin et al.”™" report
a case of diabetic ketoacidosis in a patient with
HIV infection, with HIV possibly contributing to
risk in this individual. ™ Wilson et al.,”™" in a ret-
rospective chart review, report a case of diabetic
ketoacidosis occurring 5 days after clozapine was
added to existing risperidone therapy. FBG values
decreased when the patient resumed clozapine
monotherapy and insulin, and eventually insulin
could be discontinued.

A chart review of 215 patients receiving first-
or second-generation antipsychotic therapy!™
showed no significant changes in either mean or
maximum fasting glucose levels with risperidone
treatment compared with prefreatment values.
Among the 49 risperidone-treated patients (mean
treatment duration 19.2 months), mean glucose
fevels increased from 118.3 mg/dL at baseline to
122.3 mg/dL. on therapy, an increase of 3%. In
contrast, significant increases in both mean and
maximum fasting glucose values were observed
with clozapine, olanzapine and haloperidol (mean
only). Excluding patients with abnormal FBG val-
ues at baseline, 36% of patients developed clinical-
Iy significant elevated glucose levels (2126
mg/dl) during risperidone therapy, similar to the
value with haloperidol. However, none of the
patients required the initiation of glucose-lowering
treatment following the start of risperidone therapy.

Risperidone therapy was also associated with
minimal changes in FBG levels from pretreatinent
values in a review of 47 patients ireated for |
year.”% The mean increases in glucose were (.68
mg/dL for all patients and .74 mg/dL for the sub-
group of patients younger than 60 years (n = 39).
These changes were not statistically significant
compared with baseline. However, the increase

© Adiis Data information BV 2005, All rights reserved,

—h—

64

seen in a non-elderly subgroup was significantly
less than the increase with olanzapine therapy (10.3
mg/dL; p = 0.03; n = 37). A significant increase in
bodyweight from baseline was observed with
risperidone treatment for all patients (10.7ib
[4.8kgl: p < 0.001) and for the non-elderly sub-
group (11.91b [5.3kghk p < 0.001). No statistically
significant correlation was observed between
weight gain and fasting glucose levels in an analy-
sis of pop-elderly patients.

Changes in insulin resistance and beta-cell
function have also been examined in schizophrenia
patients switched to risperidone treatment after at
least 30 days of olanzapine therapy.™™ Results for
40 patients showed significant improvements in
measures of insulin resistance and beta-cell func-
tion following the change to risperidone treatment.

8.2.2 Refrospeciive Dotobase Analyses

Data analyses of ten healthcare databases have
examined the risk of diabetes with risperidone ther-
apy (table X). In two of the studies, the compari-
son was made against olanzapine freatment. In the
other analyses, risperidone therapy was compared
with either typical antipsychotics or no antipsy-
chotic treatment.

Analysis of data from the Veterans Affairs
databases™” showed that of the 22 648 cuatpaticnts
with schizophrenia treated with second-generation
antipsychotics, 9903 (43.7%) received risperidone
therapy. Logistic regression analysis, controlling
for demographic, diagnostic and treatinent factors,
showed that overall, patients receiving risperidone
did not have a significantly greater risk of diabetes
diagnosis than patients receiving typical antipsy-
chotics (OR 1.05; 95% CI 0.98, 1.12: p = 0.15).
This was n contrast to the findings with clozapine,
olanzapine and guetiapine treatment. When
patients were stratified according to their age, those
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Table X. Summary of database analyses investigating association belween risperidone therapy and diabeles

Reference Hisk of diabetes
Sernyak et all®” Qdds ratio vs typical antipsychotic
All patients 1.05 (95% C10.98, 1.12) NS
<40y 1.51 (95% C11.12, 2.04) p<0.008
404Gy 1.04 {85% C1 0.92, 1.17) NS
50-59y 1.13 (95% Cl1 1.01, 1.26) p<0.05
6069y 0.94 (95% C10.80, 1.10) NS
270y 1.02 (95% C10.86, 1.21) NS
Fuller et gl Relative risk: typical antipsychetic vs risperidone
Haloperidol 0.89 (895% C1 0.67, 1.17) NS
Fluphenazine 1.11 (85% Ci0.68, 1.79) NS
Relative risk: olanzapine vs risperidone
Overall® 1.36 (95% C1 1.08, 1.76) p=0.017
Gianfrancesco et al.l* Odds ratio vs no antipsychotic
tmo 0.989 (95% Cl 0.821, 1.083) NS
t2mo 0.88 {85% C10.372, 2.070) NS
Gianfrancesco e gl Odds ratio vs no antipsychotic
tmo 0.966 NS
12mo 0.860 (95% Cl 0.311, 1.408)
Koro et al.b Cdds ratio vs ne antipsychotic
Overall 2.2{95% C1 0.8, 5.2} NS
Odds ratio vs typical antipsychetic
Overalt 1.6 {95% CI 0.7, 3.8} NS
Caro et al.?* Relative risk: olanzapine vs risperidone
Overal* 1.20 {85% C1 1.00, 1.43) p=005
Month 1-3¢ 1.90 (85% C1 1.40, 2.57) p < 0.0001
Lambert et al"™ Cdds ratic vs typical antipsychotic
Overall 1.10 (95% C1 0.97, 1.23) NS
Farwell et al.?* Adjusted odds ratic vs typical antipsychotic
Overall 2.22 (85% C1 0.5, 10.6)
Buse et al™ Hazard ratic vs no antipsychotic
Overall 3.4 (95% CI 3.1, 3.8) p < 0.0001
Hazard ratio vs haloperidel
Overall 1.23 {85% C1 1.01, 1.50) p = 0.040

Cavazzoni et al.®
presented in abstract)

Significantly higher risk of diabeles with risperidone comparad with the general population (no data

* Significantly increased risk with olanzapine over risperidone.

younger than 40 years treated with risperidone had
a significantly higher risk of diabetes (OR 1.51:
95% C1 1.12, 2.04; p < 0.008) than those treated
with typical antipsychotic therapy, consistent with
findings for the other three second-generation
agents studied. Risperidone prescription was also
associated with a statistically significantly higher
risk of diabetes in patients aged 50--39 vears, as
was olanzapine.

A second retrospective analysis involving a
Veterans Administration healthcare  database
(VISN-10) compared the risk of developing dia-
betes in patienis treated with risperidone, olanzap-
ine, haloperidol or fluphenazine.™ Male patients
of Caucasian or African American ethnicity, treat-
ed with any of these four antipsychotics during
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1997-2000, were included in the analysis. Diabetes
was defined as a diagnosis of diabetes or prescrip-
tion of antidiabetic medication; those with existing
diabetes were excluded. In all, 368 (6.3%) of the
5837 individuals analysed developed diabetes.
Multivariate Cox regression analysis showed that
the risk of developing diabetes did not differ sig-
niftcantly between patients receiving risperidone
treatment (the reference group) and those treated
with haloperidol (RR. 0.89; 95% (1 0.67, 1.17;
p = 041) or fluphenazine (RR 1.11; 95% CI 0.68,
1.79; p = 0.61). In contrast, the risk of developing
diabetes was significanily greater with olanzapine
therapy than with risperidone (RR 1.37; 95% CI
1.06, 1.76; p = 0.016).

Another study analysing health claims data™
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compared the frequency of newly reporied diabetes
among patients with psychosis receiving antipsy-
chotic therapy (4308 individuals) with that in
untreated patients (3625 individuals). Patients with
type 2 diabetes were then identified from the data-
base; those with pre-existing disease were exclud-
ed, based on a screening assessient at either 4 or 8
months prior to the start of treatment. This allowed
two analyses (o be performed.

Based on pre-screening at the 4-month time-
point, 1368 patients received risperidone, of whom
25 developed diabetes; using the 8-month data, 10
patients out of 994 developed diabetes. Logistic
regression analysis showed that the risk of devel-
oping diabetes with risperidone was not statistical-
Iy significantly different from the risk with no
antipsychotic treatment, whether calculated using
4- or 8-month data on the basis of either treatment
duration (4-month OR 1.021; 8-month OR 0.989)
or dose (4-month OR 0.909; S-month OR 0.811).
The 12-month OR for risperidone (using the §-
month data) was 0.88 (95% C1 0.372, 2.070); this
was not statistically significantly different from the
OR with no antipsychotic treatment. In contrast,
the odds of diabetes increased statistically signifi-
cantly with both clozapine and olanzapine com-
pared with no treatment or risperidone therapy.

A second study by Gianfrancesco and col-
feagues™! used similar methodology o analyse
more recent health claims data. As in the carlier
study, they compared the frequency of newly
reported diabetes between patients with psychosis
receiving antipsychotic therapy (n = 6382) and
those who were untreated (n = 10 296). Patients
with diabetes were identified on the basis of med-
ical or prescripiion claims for antidiabetic treat-
ment: those with evidence of diabetes i the §
months before the start of the observation period
were excloded from the analysis. Of the 1675
patients receiving risperidone therapy, five devel-
oped diabetes. The risk of developing diabetes with
risperidone, calculated using logistic regression
analysis, did not differ statistically significantly
from that with no treatment (OR 0.966 for 1 month
of treatment). Converting this to 12 months of
treatment, the OR for risperidone was 0.660 (35%
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CI10.311, 1.408). In contrast, the findings showed a
statistically significantly greater risk of diabeles
with olanzapine therapy than with no antipsychotic
therapy.

Two analyses have examined the relative risk
of developing diabetes with risperidone and olan-
zapine therapy. The larger of these analyses used
healtheare data from Quebec ®™ Among the 14 793
patients treated with risperidone, 217 developed
diabetes after the start of treatment. This compared
with 317 cases of diabetes among the 19 153
patients treated with olanzapine. When the data
were adjusted for age, sex and haloperido] use, the
relative risk of developing diabetes was significant-
ly greater with olanzapine therapy than with
risperidone (RR 1.20: 95% C1 1.00, 1.43; p=0.05).
The increased risk of diabetes with olanzapine over
risperidone was particnlarly evident during the first
3 months of treatment (RR 1.90; 95% (I 1.40,
2.57; p < 0.0001).

In the other analysis, data from the UK GPRD
were used to investigate the risk of diabetes among
patients with schizophrenia.”? Out of the 19 637
patients included in the analysis, 1683 had received
risperidone therapy and 970 had been treated with
olanzapine. Overall, 451 patients developed dia-
betes during the follow-up period (mean 5.2 years);
23 of these had received sisperidone therapy. Case
control analyses showed an increased risk of dia-
betes among schizophrenia patients receiving
risperidone (reatment compared with those not
treated with antipsychotics (OR 2.2; 95% CI 0.9,
5.2), although this increase was not statistically
significant. This contrasts with the significant
increase in risk seen with olanzapine (OR 5.38;
p = 0.001). The risk of diabetes with risperidone
was also increased compared with typical antipsy-
chotic therapy (OR 1.6; 95% C1 0.7, 3.8), although
again this did not reach significance. However, the
risk of diabetes increased statistically significantly
with olanzapine (OR 4.2; p = 0.008) compared
with typical antipsychotic therapy.

Case control analysis was also used {o exam-
ine the risk of developing diabetes with antipsy-
chotic treatment in patients with schizophrenia in
the California Medicaid system."™ Analysis of
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records from 1 Jamuary 1997 to 31 December
2000 identified 3102 cases of patients with schizo-
phrenia, aged 18 years or older, diagnosed with
type 2 diabetes and who had received continuous
antipsychotic monotherapy for the 12 weeks prior
to diagnosis. These cases were maiched for sex and
age (x5 years) o 8271 control cases — patients with
schizophrenia not diagnosed with diabetes.
Logistic regression analysis, controlling for ethnic-
ity and other diabetes-inducing medication,
showed that the risk of type 2 diabetes with risperi-
done therapy did not differ significanty from that
with typical antipsychotics (OR 1.10; 95% C10.97,
1.23; p = 0.114). In contrast, the risk of diabetes
was statistically significanily greater with clozap-
ine (OR 1.43), olanzapine (OR 1.30) and quetiap-
ine (OR 1.45) therapy than with typical antipsy-
chotic treatiment.

Another case control study used data from a
medical record system covering a number of
healthcare providers (including an inner-city public
hospital) in Indianapolis, Indiana.™¥ In all, 10 428
patients with schizophrenia receiving antipsychotic
treatment {(risperidone n = 2248; olanzapine n =
1640; typical n = 6540) were identified from the
database. Patients aged 18 years or older, with no
diabetes prior to antipsychotic treatment, and who
had received antipsychotic therapy for at least 1
year were selected for analysis, resulting in a sam-
ple of 744 individnals (risperidone n = 150; olan-
zapine n = 112; typical n = 482). Overall, 96 cases
of new-onset diabetes were identified, and these
patients were matched for age (£2 years), sex and
ethnicity with 316 control (non-diabetic) patients.
The proportion of patients who developed diabetes
was similar with risperidone therapy (6.7%) and
typical aptipsychotic therapy (7.3%: p = 0.805).
Logistic regression analysis, adjusted for patient
demographics, comorbid conditions and level of
outpatient care, showed that the risk of diabetes
was higher with risperidone treatment than with
typical antipsychotic therapy (adjusted OR 2.22;
95% C1 0.5, 10.6). This adjusted OR was numeri-
cally less than that observed for olanzapine therapy
compared with typical antipsychotics (adjusted OR
3.92:95% C1 1.0, 15.6).

70
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Two other studies have reported an increased
risk of diabetes with risperidone treatment. Buse
and co-workers™* used data from the AdvancePCS
prescription claims database, which covers over 50
million individuals (mostly outpatients), to exam-
ine the risk of developing diabetes in patients
receiving first- or second-generation antipsychotic
monotherapy. Patients starting antipsychotic thera-
py between December 1998 and the end of
February 2000 were included in the analysis,
uitless they had pre-existing diabetes, antipsychot-
ic use in the 6 months before study enrolment, or
had received more than one antipsychotic medica-
tion during the study period. Overall, 19782
patients were treated with typical antipsychotics
and 38 969 with second-generation antipsychotics.
Over 5 million individuals (with no antidiabetic
medication or anfipsychotic prescription claims)
were included in the general population cohort.

New-onset diabetes, identified by a prescrip-
tion claim for antidiabetic medication, occurred in
951 patients overall (first-generation n = 307; sec-
ond-generation n 641). Among the 20633
risperidone-treated patients there were 400 cases of
diabetes. Cox proportional hazard regression
analysis, adjusting for age, sex and treatment dura-
tion, showed significant increases in the risk of dia-
betes with all first-generation antipsychotics com-
bined (HR 3.5; 95% C1 3.1, 3.9; p<0.0001) and ali
second-generation agents combined (HR, 3.1; 95%
Cl, 2.9-3.4; ps0.0001) compared with the general
population. Analysis of individual agents showed a
statistically significant increase in the risk of dia-
betes with risperidone compared with the general
patient population (HR 3.4; 95% (1 3.1, 3.8;
p < 0.0001), consistent with the results for the other
first-generation agents (haloperidol and thiori-
dazine) and second-generation agents (clozapine,
olanzapine and quetiapine) studied. Risperidone
treatment was also associated with a significantly
increased risk of diabetes compared with haloperi-
dol treatment (HR 1.23; 95% CI 1.01, 1.50;
p = 0.040).

Another analysis of the UK GPRD, presented
at the 2002 CINP congress,”™ compared the risk of
diabetes among patients prescribed antipsychotic
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therapy with a general patient population cohort
derived from the GPRD. The analysis mcluded
46 111 patients prescribed first- or second-genera-
tion antipsychotics and 266 272 individuals in the
general patient population cohort. A Cox propor-
tional hazard regression model was used, including
age, sex and the presence or absence of obesity as
covariates. Overall, the risk of diabetes was higher
in patienis receiving antipsychotic therapy than in
the general population cohort (HR 1.5;95% CI 1.1,
1.9). Patients treated with risperidone had a signif-
icantly higher risk of diabetes compared with the
general population (actual values not in abstract).
Assessment of other individual antipsychotics was
“Himited by the sample size of the cohorts”, and
data were not presented in the abstract.

8.2.3 Controfled Clinicol Studies

Four prospective, controlied, randomised clin-
ical studies have examined changes in blood glu-
cose levels associated with risperidone therapy.
Minimal changes in FBG from bascline were
observed with risperidone therapy in a 14-week
clinical trial of antipsychotic therapy in patients
with schizophrenia or schizoatfective disorder!'™”
Mean changes from baseline were not statistically
significant at week 8 (~1.3 mg/dL) and week 14
(+2.7 mg/dL), unlike the increases observed with
clozapine (+17.1 mg/dl) and haloperidol
(+8.9 mg/dL.) at week 8 and olanzapine at week 14
(+14.3 mg/dl). Three patients receiving risperi-
done ireatment experienced elevated fasting glo-
cose levels (2126 mg/dL) during the study, fewer
than with clozapine (6 patients) or olanzapine (4)
treatment, although more than with haloperidol (1).

The second study provided a more detailed
assessment of the effects of risperidone on glucose
regulation and insulin resistance in patients with
schizophrenia, controlling for the effects of differ-
ences in adiposity. This study®™ examined the
shori-term changes in glucose levels seen in
response 0 an OGTT in non-diabetic, age- and
BMIi-matched schizophrenia patienis receiving
first- or second-generation antipsychotics and
healthy, untreated controls. Evaluation of glucose
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regulation in 10 patients treated with risperidone
showed significant clevations in glucose levels at
fasting and at 45 and 75 minutes after glucose load
compared with healthy controls only (p < 0.005).
No statistically significant differences in fasting or
postload ghicose were found in comparison to the
17 patients treated with typical antipsychotic ther-
apy. The insulin resistance value calculated for the
risperidone group did not differ statistically signif-
icantly from that for either the typical antipsychot-
ic or untreated control groups. In a similar study
involving chronically treated patients, again
matched for adiposity (BMI), postload plasma glu-
cose values were higher with clozapine and olanza-
pine treatment than with risperidone, while insulin
sensitivity was significantly reduced with clozap-
ine and olanzapine compared with risperidone.5"

A recent study examined insulin sensitivity in
healthy volunteers receiving risperidone (n = 14),
olanzapine (n = 22) or placebo (n = 19) for 3
weeks.! Using two-step, hyperinsulinaemic, eug-
lycaemic clamp methodology, Sowell and col-
leagues®™ showed no statistically significant
changes the insulin sensitivity index from baseline
with risperidone at either low or high insulin steady
states. Fasting insulin and fasting glucose levels
showed small decreases from baseline to endpoint
in the risperidone group.

8.2.4 Discussion

Together, the individual case reports, database
analyses and studies of glucose levels suggest that
risperidone treatment is not associated with a con-
sistent increase in the risk of developing diabetes.
However, a possible increase in risk would be pre-
dicted to occur in association with any treatment
that produces increases in weight and adiposity,
with risperidone typically producing hmited
weight gain.

The relative infrequency of published case
reports of diabetes or ketoacidosis with risperidone
therapy does not indicate a clear link between
risperidone treatment and the development of dia-
betes. Risperidone has been used extensively since
its introduction in 1993 and recently accounted for
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about 37% of second-generation antipsychotic pre-
scriptions in the US. So the small mumber of case
reports, compared with olanzapine or clozapine
therapy, is not simply a consequence of limited
usage.

This view is partially supported by data from
the FDDA MedWatch system.’ The number of
cases of hyperglycaemia reported with risperidone
therapy (138) was lower than with clozapine
(384)"" or olanzapine (289),7 although the esti-
mated vears of patient exposure to therapy (based
on US prescription data to February 2002) was
greater for risperidone (3111.3) than for clozapine
(678.7) or olanzapine (2104.6) treatment.”™ From
these findings, the authors suggest there may be
differences in the diabetogenic potential between
the three agents, with clozapine having the highest
potential and risperidone the lowest of the three.
The reports of hyperglycaemia with risperidone
were, however, more numerous than with haloperi-
dol therapy. Turthermore, over half of cases
occurred within 3 months of starting risperidone
therapy, and the mean age of onset for new cases of
hyperglycacmia was relatively low (34.8 years),
suggesting that risperidone therapy may unmask or
precipitate hyperglycaemia in some individuals.

Results from eight database analyses compar-
ing risperidone either with typical antipsychotic
therapy =025 50 o with no antipsychotic treat-

ment,!*# 7 showed no statistically significant
overall increase in the risk of developing diabetes
with risperidone compared with the control group.
In contrast, in eight studies, olanzapine therapy
was associated with a significant increase in the
risk of diabetes. In the three studies that analysed

clozapine therapy,”"'"'" clozapine was associated
with a statistically significant increase in the sisk of
diabetes. Furthermore, in the three database analy-
ses that performed direct comparisons of risperi-
done and olanzapine therapy, the risk of diabetes
was statistically significantly greater with olanzap-
ine than with risperidone !> % Not all of the
database analyses, however, showed that risperi-
done treatment is not associated with an increased
risk of diabetes. Two studies reported a statistically
significant increase in the risk of diabetes with
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risperidone treatment compared with non-antipsy-
chotic-treated individuals from the same database
populations.”** In addition, one of these studies
showed a statistically significant increase in dia-
betes risk in risperidone-treated patients compared
with those receiving haloperidol.t®

When the nisk of diabetes was assessed
according to patients’ age,'" risperidone therapy —
in common with clozapine, olanzapine and queti-
apine, the other second-generation antipsychotics
analysed — was associated with a statistically sig-
nificant increase in diabetes risk in patients
younger than 40 years. The authors suggest that
this finding, taken together with the lack of a sig-
nificant effect of second-generation antipsychotic
therapy on diabetes risk in older patients (>60
vears), suggests that sccond-generation antipsy-
chotics could hasten the onset of diabetes. This
result is consistent with the ecarly age of onset of
hyperglycaemia associated with clozapine, risperi-
done and olanzapine therapy observed in the FDA
MedWatch reports.®™ It is possible that patient
age could have mfluenced the findings reported by
Buse et al." Regression analysis showed that age
was a statistically significant risk factor for the
development of diabetes in patients treated with
risperidone, olanzapine or haloperidol and in the
general population cobort. The mean age of
patients in the risperidone group was 62 years, with
56.2% of patients aged 65 years and older, and
24.6% aged 18—44 years. In comparison, the mean
age was 72 years for haloperidol-treated patients
(1844 vears 11.9%; 265 years 72.8%) and 52
vears for the general population cobort (18-44
vears 36.5%; 265 years 24.2%). To what extent
variations in the age distribution in the different
treatment groups may have affected the resulis is
unclear,

Findings from studies of glucose levels in
patients receiving risperidone therapy are largely
consistent with the results of the database analyses
and case study reports. Minimal increases in fasi-
ing glucose levels were observed with risperidone
therapy compared with pretreatment values in two
chart reviews" 9 and one controlled study.'™!
This is in contrast {o significant changes observed

CNS Drugs 2005; 19 Suppl. 1

LATUDAQ4357170



62

15997_01-93_Newcomer 4/6/05 9:23 AM Page 62 $

Newcomer

with olanzapine and clozapine therapy. In studies
that were designed to assess drug effects on glu-
cose metabolism that might occur independent of
changes in adiposity, oral and infravenous ghicose
toferance tests have been used to examine the
response of risperidone-treated patients to a glu-
cose load. Using a frequently sampled modified
OGTT, Newcomer et al."” compared glucose regu-
fation in non-diabetic patients with schizophrenia
treated with first- or second-generation {clozapine,
olanzapine or risperidone) antipsychotics and
untreated healthy volunteers. Patient groups were
well matched for age and BMI, with groups also
balanced for sex and ethnicity. Statistically signifi-
cant elevations in plasma glucose levels were
observed in the risperidone group (n = 10) at fast-
ing and at some but not all tmepoints after the glu-
cose load, compared with untreated healthy volun-
teers (n = 31) only, with no statistically significant
differences in plasma glucose at any timepoint in
comparison to patients treated with typical antipsy-
chotics (n = 17). Insulin resistance, calculated from
FPG and insulin levels, was not increased with
risperidone treatment as compared with typical
antipsychotic treatment or no treatment in healthy
controls. Related findings were reported by
Henderson and colleagues at the NCDEU 2000
meeting”™ (reviewed by Haupt and Newcomer™)
in a study using frequently sampled intravenous
glucose tolerance tests. Chronically treated non-
diabetic patients, matched for adiposity, age, sex
and ethnicity, showed higher postload plasma glu-
cose values with clozapine and olanzapine treat-
ment as compared with risperidone. Insulin sensi-
tivity was significantly reduced in clozapine- and
olanzapine-treated patients compared with those
treated with risperidone.

Discussed above m the olanzapine section, a
clamp study in healthy volunteers showed an
increased insulin response and decreased insulin
sensitivity with both olanzapine and risperidone
treatment compared with placebo.” The change in
insulin response correlated with a change in BML
After adjusting for the effects of weight gain seen
with active treatment using regression analyses, no
statistically significant change in insulin response
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or sensilivity was detected with olanzapine or
risperidone therapy, suggesting that the adverse
effects were largely related to changes in adiposity.
A more recent study examining msulin sensitivity
in healthy volunteers receiving olanzapine (n =22),
risperidone (n = 14} or placebo (n = 19) for 3
weeks showed no statistically significant changes
in the insulin sensitivity index from bascline with
olanzapine or risperidone therapy.™" However,
fasting insulin and fasting glucose levels both
increased statistically significantly from baseline to
endpoint in the olanzapine group, while showing
small decreases i the risperidone group. Finally,
Berry and Mabmoud™¥ reported significant
improvements in insulin resisiance and beta-cell
function in schizophrenic patients following a
change from olanzapine to risperidone treatment.

8.3 Lipid Levels

The effect of risperidone therapy on lipid lev-
¢ls has been assessed using a combination of case
reports, retrospective chart reviews, database
analyses and controlled clinical studies, including
prospective clinical trials.

8.3.1 Cose Siudies ond Chorf Reviews

Changes in lipid levels have been examined in
three retrospective reviews of patient records.
Meyer®® evaluated the effects of 12 months of
risperidone or olanzapine treatment on lipid param-
eters from a retrospective review of patient records.
In the risperidone group, fasting total cholesterol
fevels showed small, but not significant, increases
from baseline for all 47 patients (7.2 mg/dL) and
for those younger than 60 years (n = 39; 7.2
mg/dL). Fasting triglyceride levels increased sig-
nificantly from bascline for all patients (29.7
meg/dl; p = 0.028) and for the non-elderly (<60
vears) subgroap (31.7 mg/dL; p = 0.047). These
changes were, however, significantly smaller than
the increases in fasting total cholesterol and
irigtycerides scen with olanzapine therapy i both
populations (p < 0.05). Over the 12-month study
period, risperidone-treated patients experienced a
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significant increase in mean bodyweight from
baseline (all 10.71b [4.8kgl, <60 years 11.91b
[5.3kgl; p < 0.001). Analysis of the non-elderly
subgroup showed no statistically significant corre-
tation between weight gain and changes in triglyc-
eride or cholesterol levels.

in another retrospective review of patient
records, "™ which also assessed glucose levels,
changes in fasting triglvceride and cholesterol lev-
els were analysed before and after initiating
antipsychotic therapy. Significant decreases in
mean LDL-cholesterol fevels (15%; p = 0.006)
were observed from baseline with risperidone ther-
apy, similar to the changes observed with clozapine
and olanzapine treatment. Small (but not statisti-
cally significant) hepeficial changes in mean total
(4% and HDL-cholesterol (+5%) levels from
baseline were also observed, while mean triglye-
eride levels showed a 19% increase from baseline.

Risperidone treatment showed no significant
effects on fasting triglyceride or cholesterol levels
in a retrospective analysis of 22 children or adoles-
cents {mean age 12.8 years) with behavioural,
affective or psychotic disorders.™ In this chart
review, mean fasting triglyceride levels increased
by 8.6 mg/dL from pretreatment levels, while fast-
ing total cholesterol levels decreased slightly (1.0
mg/dLly. The mean weatment duration was 4.9
months. Bodyweight increased significantly during
the study (7.0kg: p < 0.001), as did z-score weight
{a measure of weight standardised {o the normal
population} and BMI. There was a statistically sig-
nificant association between weight gain and
triglyceride levels; almost 25% of the variance in
triglyeeride levels could be explained by weight
gain (ANCOVA).

A series of four case studies involving patients
with psychotic disorders? report that in ecach of
these cases, triglyceride levels decreased following
the switch from clozapine (o risperidone therapy.
The decreases in triglyeeride levels ranged from 44
to 145 mg/dl, with final values between 60 and
164 mg/dl (i.e. generally within normal limits).
When two of the patients switched back to clozap-
ine treatiment, this switch was accompanied by an
increase in their serum triglyceride levels.

© Adiis Data information BV 2005, All rights reserved,

—h—

71

A cross-sectional analysis of fasting lipid
levels in patients with schizophrenia or related
disorders treated continuously with risperidone
(n = 65), olanzapine {n = 67) or typical antipsy-
chotic therapy (1 = 52) for at least I year™ report-
ed no statistically significant differences in mean
total, LDL- or HDL-cholesterol levels between
the treatments. Mean fasting triglyceride levels
were statistically significantly higher in the olanza-
pine group than in the risperidone group. Patients
were maiched for sex, BMI, and duration and
severity of illness, although only patients with nor-
mal FBG levels (<110 mg/dL) were included in the
analysis.

8.3.2 Refrospeciive Dofabase Analyses

The risk of hyperlipidasmia with risperidone
therapy was evaluated using data from a large UK-
based healthcare database (the UK GPRD).FPT A
total of 18 309 patients with schizophrenia were
identified using data from June 1997 to September
2000. Among these, 1268 patients were diagnosed
or treated for hyperlipidaemia during a mean fol-
fow-up of 4.07 years. Antipsychotic use was
defined as receipt of antipsychotic treatment in the
3 months before diagnosis of hyperlipidacmia. Of
the cases of hypertipidacmia identified, 12 patients
had received risperidone therapy, 16 had received
olanzapine, 807 had received typical antipsychotic
therapy and 413 had not been exposed fo antipsy-
chotic medication.

For the case control analysis, the hyperlipi-
daemia cases were maiched to 7598 controls who
had schizophrenia but no hyperlipidacmia. Logistic
regression analysis, adjusting for age, sex, and
other medications and discase conditions affecting
lipid levels, showed no statistically significant
increase in the risk of hyperlipidacmia with risperi-
done therapy compared with no antipsychotic med-
ication (OR 1.12; 95% C10.60, 2.11) or compared
with typical antipsychotic treatment (OR 0.81;
95% (1 0.44, 1.52). In contrast, there was a statis-
tically significant increase in the risk of hyperlipi-
dacmia with olanzapine therapy compared with
no antipsychotic therapy (OR 4.65; p < 0.001)
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and typical antipsychotic treatment (OR 3.36;
p < 0.001).

8.3.3 Conirofled Clinical Studiss

Analysis of fasting lipid levels in a prospec-
tive, randomised 14-week study involving inpa-
tients with cither schizophrenia or schizoaffective
disorder!™ showed minimal mean changes in total
cholesterol levels from baseline in patients treated
with risperidone (week 8 +4.2 mg/dL; week 14
+9.2 mg/dL). In contrast, statistically significant
increases in total cholesterol Jevels were observed
for those receiving either olapzapine or clozapine
therapy.

A 6-week randomised study of fasting trighye-
eride and leptin levels in patients with schizophre-
nia also showed no statistically significant changes
inn triglyceride levels with risperidone therapy.!'™
Patients were evaluated at bascline and after 6
weeks of treatment with risperidone (n 13y,
clozapine (n = 13}, olanzapine {(n = 13) or quetiap-
inc (n = 14) therapy. Eleven patients with psychi-
atric disorders and not receiving antipsychotic
medication were included as a control group.
Fasting triglyceride levels (+3.87 mg/dL), body-
weight (+0.54kg) and BMI (-0.76 kg/m*) all
showed minimal change from baseline with risperi-
done treatment at week 6. These changes were sim-
ilar to those in the control group and contrasted
with the statistically significant increases in all
three parameters seen with clozapine and olanzap-
ine therapy.

Changes in cholesterol and triglyceride levels
were also reported in a randomised, double-blind
study of risperidone and olanzapine treatment in
377 patients with schizophrenia or schizoaffective
disorder.™ The ratic of beneficial change (o
adverse change was presented for each parameter,
where the change from an above-pormal value at
baseline to a normal value at week 8 was consid-
ered ‘beneficial’, whereas the change from a nor-
mal baseline value to an above-pormal value at
week 8 was ‘adverse’. Overall, 21.9% and 20.1%
of patients experienced a change (either beneficial
or adverse) in cholesterol and triglyceride levels,
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respectively. Changes in triglycerides tended to be
beneficial with risperidone treatment (ratio 2.57)
but adverse with olanzapine therapy (ratio 0.43).
Based on this calculation, a heneficial change in
irigtyceride levels was significantly more likely
with risperidone therapy than with olanzapine (risk
ratio 3.71; p = 0.003). Similarty, changes in cho-
festerol levels tended to be beneficial with risperi-
done (ratio 1.64) but pot with olanzapine (ratio
0.35), also suggesting a significantly greater likeli-
hood of improvements in cholesterol levels with
risperidone than with olanzapine (risk ratio 4.70;
p = 0.005).

Examination of lipid levels in an &week study
of risperidone and olanzapine therapy in 50 pa-
tients with schizophrenia, schizophreniform or
schizoaffective disorder also showed no statistical-
1y significant changes in triglyceride and total cho-
festerol levels with risperidone treatmment.” In
contrast, patients receiving olanzapine showed sig-
nificant increases in tiglyceride levels from base-
line (p < 0.001), although no statistically signifi-
cani changes in total cholesterol levels were
observed.

8.3.4 Discussion

Chart reviews, case reports, database analyses
and clinical trials all suggest that risperidone treat-
ment has a limited and not consistently observed
adverse cffect on plasma lipid levels. In general,
evidence does not suggest an adverse effect of
risperidone treatment on plasma cholesterol levels,
with less consistent but still largely negative resulis
regarding plasma triglyceride levels. In general, a
possible increase in risk for dyslipidacmia would
be predicted (o occur in association with any treat-
ment that produces increases in weight and adipos-
ity, with risperidone typically producing lmited
weight gain.

Case control analysis of healthcare data from
the UK GPRD database showed no increase in the
risk of hyperlipidacmia with risperidone therapy in
patients with schizophrenia.™ The use of risperi-
done did not statistically significantly increase the
OR for hyperlipidaemia compared with no antipsy-
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chotic therapy or with typical antipsychotic treat-
ment.

A low risk for hyperlipidaemia is supported by
studies that measwred lipid levels. Minimal
changes in total cholesterol levels were found in
retrospective analyses of patient records® %> and
clinical study reports."®*"! One study analysis®™!
showed that beneficial changes in cholesterol lev-
els with risperidone therapy outweighed adverse
changes. In addition, one study™¥ reported benefi-
cial changes in fasting LDL- and HDL-cholesterol
fevels with risperidone therapy, although only the
change in LDL-cholesterol was significant.

Increases in triglyceride levels were yeported
in three studies, suggesting that risperidone may be
linked to adverse changes in triglyceride levels,
although these changes were statistically signifi-
cant in only one study.?'™ Furthermore, Atmaca and
colleagues!™ reported minimal changes in triglyc-
eride levels, while Conley and Mahmoud®™ report-
ed that changes in triglyceride levels tended to be
beneficial. In addition, Ghaeli and Dufresnet™
suggest that their four case studies showing resolu-
tion of elevated triglvceride levels following a
switch to risperidone therapy provide evidence that
risperidone treatment is pot associated with
increases i triglyceride levels. In general, the
direction of effects on lipids in prospective studies
may be dependent on the prior treatment condition,
with beneficial effects predicted in individuals who
are switched from medications associated with
greater weight gain or adverse lipid changes.

8.4 Conclusion

Risperidone therapy 1s associated with modest
welight gain during short- and long-term treatment.
Risperidone therapy is not associated with a con-
sistent increase in the risk of developing diabetes or
dyslipidaemia. However, a possible increase in risk
would be predicted to occur in association with any
treatiment that produces increases in weight and
adiposity. Most database analyses showed no sta-
tistically significant increase in diabetes risk with
risperidone therapy compared with typical antipsy-
chotic treatments or with no antipsychotic therapy.
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This is supporied by the limited pumber of case
reports of diabetes or ketoacidosis associated with
risperidone treatment. In controlled studies, mini-
mal changes in plasma glucose levels are reported
during risperidone therapy in comparison to typical
antipsychotics, with either no differences or mod-
estly increased plasma glucose observed in com-
parison to untreated healthy controls. Changes in
lipid levels also tend to be minimal, although both
increases and decreases in fasting triglyceride lev-
els have been observed in a small number of stud-
ies.

9. qetiopine

Quetiapine was introduced in 1998 and is cur-
rently among the top three most prescribed second-
generation antipsychotics in the US. Its relatively
recent mntroduction does, however, mean that stud-
ies and analyses investigating the potential meta-
bolic effects of quetiapine are still limited. Reports
examining the possible association between queti-
apine {reatment and the development of diabetes
are currently limited to FDA MedWatch Drug
Surveillance information, four analyses of health-
care databases and a few case reports. In addition,
changes in glucose levels have been examined in
two chart reviews and a naturalistic study involving
a small number of guetiapine-treated patients,
while the effects on lipid levels are reported from
three chart reviews and a 6-week randomised
stady.

9.1 Bodyweight

Short-term treatment with guetiapine is associ-
ated with modest weight gain, which does not
appear to be dose related across the antipsychotic
dose range. Data from a number of controlled clin-
ical trials show mean increases in bodyweight
somewhat above 2kg after 6 weeks of therapy,™
although one 6G-week study reporied a mean
ncrease of 3.5kg with quetiapine.™ In a 6-week
stady comparing five fixed doses of gquetiapine
(ranging from 75 to 750 mg/day) with placebo and
haloperidol, mean increases in bodyweight ranged
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from 0.9 to 2.9kg with quetiapine compared with
an increase of 0.3kg with haloperido! and decrease
of 0.8kg with placebo.” Similarly, mean increas-
es of 1.8 and 1.9kg were reported with quetiapine
therapy in 6-week comparison studies involving
chlorpromazine™ and haloperidol,? respectively.

Additional increases in bodyweight have been
observed with long-term guetiapine freatment.
Although one long-ierm open-label extension
study involving 427 patients with schizophbrenia
reported a mean mcrease of about 1kg with queti-
apine therapy,™ a larger analysis of weight gain
data involving 2216 clinical trial patients showed a
mean increase of 2.77kg after 9-12 months of ther-
apy.’" Analysis of these patienis by guetiapine
dose revealed mean weight changes ranging from
1.38 to 3.83kg after 9-12 months of teatment,
although the changes were not dose related and
generally in the 2 to 3.8kg range across the antipsy-
chotic dose spectrum.’# Notably, the most recent
analyses of long-term weight gain during quetiap-
ine treatment, restricted {o patients with schizo-
phrenia, indicate that among 297 patients with
available data after 52 weeks (£30 days) of treat-
ment, mean weight increase was 3.5%g (95% CL:
2.57-4.61). Among 143 patients with available
data after 104 weeks of quetiapine treatment (45
days), mean weight gain was 3.59kg (95% CL
3.98-7.20).

Package insert data for quetiapine report that
almost one-quarter of patients (23%) gained at
feast 7% of bodyweight after 3-6 weeks of queti-
apine treatment, compared with 6% of those
receiving placebo, suggesting three to four times
the placebo rate. Findings from individual clinical
trials are consistent with these data. A review of
short-term quetiapine studies™” reported signifi-
cant weight gain (7% increase) in 11-25% queti-
apine-treated patients compared with 4-3% of
patients receiving placebo. Small and colleagues®™?
observed 27% increases in weight for 25% and
16% of patients receiving high-dose (mean
360 mg/day) and low-dose (mean 209 mg/day)
quetiapine, respectively, compared with 5% receiv-
ing placebo. Similarly, in the muliiple fixed-dose
study, 11-17% of quetiapine-treated patients expe-
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rienced clinically significant weight gain (27%
increase) compared with 4% in the haloperidol
group and 6% receiving placebo.”

9.2 Diabetes and Hyperglycaemia

9.2.1 Case Reporls and Charf Reviews

Although published after the cui-off date for
this review (1 January 2004), the report of data
from the FDA MedWatch Drug Surveillance
Systemn has been included here for comparability
and because it contains data collected before the
cut-off date. Data from the FDA MedWatch Drug
Surveillance System (January 1997 to end July
2002} and published reports (Medline, Japuary
1997 to end July 2002) identified 46 cases of que-
tiapine-associated diabetes or hyperglycaemia.?d
Of these reports, 34 cases (74%) involved newly
diagnosed hyperglycaemia and eight cases (17%)
described exacerbation of pre-existing diabetes,
while in the remaining four cases this distinction
was unclear. Of the 34 patients with newly diag-
nosed hyperglycaemia, 23 met diagnostic criteria
for diabetes based on blood glucose (fasting
2126 mp/dL; postload 2200 mg/dL) or HbA. lev-
els and five were receiving antidiabetic medication.
In addition, there were a further nine reports of aci-
dosis with quetiapine treatment that were not asso-
ciated with hyperglycaenia.

The mean age of onset for patients with newly
diagnosed diabetes (31.2 = 14.8 years; 30 patients
with available data) tended to be younger than for
patients with exacerbation of existing diabetes
(mean age 43.5 = 16.4 years; n = 8). The time from
initiation of quetiapine therapy to diagnosis of
hyperglycaemia ranged from 1 day to 21 months in
the 36 patients with available data, with 27 patients
(75%) experiencing onset of hyperglycacmia with-
i 6 months of starting quetiapine reatment (figure
5). Among patients with newly diagnosed hyper-
glycaemia, onset occurred within 6 months of start-
ing therapy in 11 of the 27 patients (41%). Time to
onset tended to be shorter for patients expericncing
exacerbation of existing disease, with six of seven
patients (86%) experiencing exacerbation within 3
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Ma.ofevents

Tirme (mo)
Fig. 5. Time {o onset of hyperglycaemia with quetiapine ™%

months of starting therapy. Quetiapine therapy was
reduced in one patient and discontinued in 15
patients. The hmited outcomes data available
reported improved glycaemic control for seven of
these patients. One patient reported a recurrence of
hyperglycaemia and ketosis within 2 weeks of a
rechallenge.

The severity of hyperglycaemia associated
with guctiapine therapy ranged from mild glucose
intolerance to diabetic ketoacidosis or hyperosmo-
lar coma. Nineteen patients experienced blood ghu-
cose levels of 2500 mg/dL, and there were 21
reports of diabetic acidosis or ketosis. There were
11 deaths among quetiapine-treated patients; seven
occurred among patients with newly diagnosed
hyperglycaemia and one occurred following a
rechallenge in a patient with pre-existing disease.
Seven of the patients who died had acidosis or ketosts.

In an addendum to the paper, the authors
report on a farther 23 cases of hyperglycaemia
(newly diagnosed n = 15; exacerbation n = 6; not
clear n = 2) identified by extending their search o
the end of November 2003. Again the incidence of
diabetic ketoacidosis was high, with eight reported

cases of acidosis or ketosis associated with hyper-
glycaemia (34.8%). There were also two reports of
pancreatitis among the cases. In all. there were
three deaths among the 23 patients.

A few case reports of diabetes, diabetic
ketoacidosis or hyperglycaemia associated with
quetiapine treatment have appeared in the literature
(table X1). In two published reports,?™** guetiap-
ine therapy was associated with development of
new-onset diabetes mellitus. In a third report,
addition of quetiapine {0 existing risperidone ther-
apy rapidly led to highly elevated blood glucose
fevels (300400 mg/dL), which remained elevated
despite antidiabetic treatment. Blood glucose levels
normalised with gradual discontinnation of queti-
apine therapy and did not increase with subsequent
initiation of ziprasidone therapy. In the other
report,™ hyperglycaemia and hypertriglyceri-
daemia were observed in a patient receiving queti-
apine therapy. In addition, Wilson et al.®™" report a
patient developing diabetic ketoacidosis with que-
tiapine treatinent, identified from a retrospective
chart review of patients receiving second-genera-
tion antipsychotic treatment and evaluated or treat-
ed for diabetes. The patient experienced acute dia-
betic ketoacidosis 2 months after swilching from
risperidone {o quetiapine.

The prevalence of diabetes has also been
examined in a retrospective chart review of 208
patients with psychotic illness treated with first- or
second-generation antipsychotics {clozapine, olan-
zapine, risperidone or quetiapine).”™ This cross-
sectional analysis showed no statistically signifi-
cant difference in the prevalence of diabetes
between the different treatments. Two (11.8%) of
the 17 patients treated with quetiapine had dia-
betes; this compares with an overall prevalence of
16.8%. The mean FPG value in the quetiapine

Table Xi. Case reports of abnormal glucose or lipid levels with quetiapine

Raference Case report details

Sneed & Gonzalez
rasolved on withdrawal of guetiapine
Procyshyn et a2
Sobel et al.®
Domon & Cargile®™

Hapid onset of severe hyperglycaemia following addition of quetiapine o existing risperidone therapy, which

New-onset diabetes mellitus associated with quetiapine
New-onsat diabetes mellitus associated with initiation of quetiapine treatment
Cuetiapine-associaled hyperglycaemia and hypertriglyceridaamia
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group was 109.1 mp/dL, similar to mean values
for the other treatment groups (97.3-113.2 mg/dL).

The effects of quetiapine treatment on blood
glucose levels are reported in two other studies. In
a retrospective chart review of 215 patients treated
with either first- or second-generation antipsychot-
ic therapy,'* data available for the 13 guetiapine-
treated patients showed a small change in FBG lev-
els from a mean baseline level of 106.6 mg/dL to
115.7 mg/dL, an increase of 9%. Mean maximum
glucose levels remained virtually unchanged (pre-
treatment 133.4 mg/dL: treatment 133.3 mg/dL).
The mean duration of quetiapine treatment was 7.3
months.

A naturalistic study involving 75 patients with
schizopbrenia or related psychotic disorders
receiving first- or second-generation antipsychotic
therapy!” also examined changes in glucose levels
and insulin resistance. Data for eight guetiapine-
treated individuals showed no significant changes
in FBG levels from pretreatment values. However,
significant increases were observed in blood glu-
cose levels taken 2 houwrs after a standard OGTT.
No statistically significant changes in peripheral
insufin resistance were seen with quetiapine treatment.

9.2.2 Relrospechve Dalubase Anclyses

The association between quetiapine therapy
and diabetes has been examined in four analyses of

data from healthcare and prescription claims data-
bases (table XII).

The prevalence of diabetes with quetiapine
therapy has been examined in a large database
analysis®™ involving more than 38 000 patients
treated with first- (41.4%) or second-generation
(58.6%) antipsychotics. During the 4-month analy-
sis period, 955 patients received guetiapine thera-
py. Regression analysis, conirolling for demo-
graphic, diagnostic and treatment factors, showed
that quetiapine was associated with a significant
increase in risk of diagnosis of diabetes compared
with typical antipsychotic therapy (OR 1.31; 95%
CLILHL, 1555 p < 0.002). The risk of diabetes com-
pared with typical antipsychotic therapy was also
statistically significanily increased for all second-
generation antipsychotics analysed together (OR
1.09) and for clozapine (OR 1.25) and olanzapine
(OR 1.11) treatments, but not risperidone (OR
1.05). When patient data were stratified according
to age, the risk of diabetes with quetiapine treat-
ment increased significantly for patients younger
than 40 vears (OR 1.82; p < 0.04), in common with
all the other second-generation agents analysed,
and for those aged 40-49 years (OR 1.36; p =
0.0001) [table XTI}

The risk of developing diabetes with quetiap-
ine therapy has also been examined in a matched
case control study using data from the Califorman
Medicaid system obtained duoring 1997-2000.0

Table Xii. Summary of dalabase analyses investigating association between gquetiapine therapy and diabetes

Heference Risk of diabetes

Sernyak et al.l*”

Cdds ratio vs typical andipsychotic

All patients 1.51 {95% CI 1.11, 1.55) D < 0.002

<40y 1.82 (95% CI 1.05, 8.15) p<0.04

4049y 1.86 (95% C1 1.48, 2.41) p = 0.0001

50-59y 1.19 {956% C1 0.89, 1.59} NS

5068y 0.90 (95% C1 0.55, 1.486) NS

270y 0.62 (95% C10.30, 1.28) NS
Lambert et alm™ Qdds ratio vs typical antipsychotic

Overalt 1.48 {96% C1 1.10, 1.30} p = 0.008
Buse et "™ Hazard ratic vs ne antipsychotic

Qverall 1.7 (95% Ci 1.2, 2.4) p = 0.002

Hazard ratio vs haloperidol

Overalt 0.67 {85% Cl 0.46, 0.97) p = 0033
Gianfrancesco et alB" Odds ratic vs no antipsychotic

tmo 0.998 NS

t12mo 0.976 (85% Cl 0.422, 2.271}
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Overall, the database analysis identified 3102 cases
of diabetes among patients with schizophrenia,
aged 18 years or older, who were receiving contin-
uous antipsychotic monotherapy during the 12
weeks prior to the diagnosis of diabetes. These
cases were matched to 8271 controls — patients
with schizophrenia, matched for sex and age (%5
years), not diagnosed with diabetes. Among queti-
apine-treated patients, the 94 cases of diabetes
were matched with 201 non-diabetic controls.
Logistic regression analysis, controlling for ethnic-
ity and other diabetes-inducing medication,
showed that the risk of developing type 2 diabetes
was significantly higher with quetiapine therapy
than with typical antipsychotic treatment (OR 1.45;
95% C11.10, 1.90; p = 0.006). The risk of diabetes,
compared with typical antipsychotic treatment,
was also statistically significantly greater with
clozapine (OR 1.43) and olanzapine (OR 1.30)
therapy, but not risperidone (OR 1.10).

{n contrast to these two analyses, a recent pub-
lication by Buse and colleagues™ reported a
reduced risk of diabetes with quetiapine therapy
compared with haloperidol treatment. The
study, using prescription claims data from the
AdvancePCS database, analysed the risk of devel-
oping diabetes in patients receiving antipsychotic
monotherapy (firsi- or second-generation). Patients
aged 18 years or older, treated with a single first- or
second-generation antipsychotic, and without pre-
existing diabetes were included in the analysis.
There were 40 cases of new-onset diabetes, identi-
fied by a prescription claim for antidiabetic med-
ication, among the 4196 patients receiving quetiap-
ine. Cox proportional hazard regression analysis,
adjusting for age, sex and wreatment duration,
showed that, compared with the general population
cohort (individuals with no prescription claims for
antidiabetic medication or antipsychotics), patients
treated with quetiapine had a significantly
increased risk of diabetes (HR 1.7; 95% C1 1.2,
2.4; p = 0.002). This was consistent with the
increased risk of diabetes seen with other first-
and second-generation antipsychotics analysed.
However, quetiapine treatment significantly
reduced the risk of diabetes compared with
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haloperidol therapy (HR 0.67; 95% CI 0.46, 0.97,
p =0.033).

Analysis of data from a Blue Cross/Blue
Shield claims database showed no statistically
significant increase in the risk of diabetes with que-
tiapine compared with no antipsychotic treat-
ment.? Overall, 3 of the 682 patients treated
with guoetiapine developed diabetes, based on
prescription claims for antidiabetic medication.
The OR for developing diabetes with quetiapine
therapy (0.998) did not differ statistically
significantly from that for untreated individuals.
Similar findings were observed for typical antipsy-
chotics (OR 1.004) and nisperidone (OR 0.966),
whereas the risk of diabetes increased signifi-
cantly with olanzapine treatment (OR 1.030; p =
0.0247).

9.3 Lipid Levels

9.3.1 Chort Reviews

Cases of clevated lipid levels have been report-
ed with quetiapine therapy. Meyer™ reported 14
cases of severe hypeririglyceridaemia (fasting
triglycerides >600 mg/dL) in patients receiving
olanzapine or guetiapine treatment, identified from
a refrospective review of patient records. This
analysis excluded patients previously weated for
hypercholesterolaenia or hypeririglyceridaemia or
with prior history of severe hypeririglyceridaemia.
Anatysis of the two patients receiving quetiapine
showed peak triglyceride levels of 609 and 1932
meg/dL, occurring 1 and 5 months, respectively,
after the initiation of quetiapine, increases of 448
and 1546 mg/dL from baseline. In addition,
Domon and Cargile®™ report hypertriglyceri-
dacmia and hyperglycacmia associated with queti-
apine therapy in one patient.

Wirshing and co-workers!" report changes in
fasting lipid levels in their retrospective chart
review of patients receiving antipsychotic treat-
ment. Clinically beneficial changes in triglyceride
fevels (a 25% decrease from baseline) and LDEL-
cholesterol {a 13% decrease) were observed with
quetiapine, although only the decrease in LIL-
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cholesterol represenied a statistically significant
change from baseline (p = 0.04). Mean total cho-
lesterol (-4%) and HDL-cholesterol {+2%) levels
showed minimal changes with quetiapine treat-
ment.

in contrast, Kurt and Oral™ reported increas-
es in fasting total cholesterol, LDL.-cholesterol and
triglyceride levels from baseline with quetiapine
treatment, although these changes were not statisti-
cally significant. The decreases in fasting HDL-
cholesterol levels seen with quetiapine did, howev-
er, reach statistical significance (p < 0.03). An §-
week open-label study of quetiapine treatment in
15 adolescents aged 1317 (mean 15.1) years with
psychotic disorders reported minimal changes in
total cholestero] levels from bascline.®™

9.3.2 Conlroffed Clinicol Triols

A 6-week randomised study of second-genera-
tion antipsychotics in 36 patients with schizophre-
niab™ showed significant changes in fasting
triglyceride levels from baseline with quetiapine
therapy. Quetiapine-treated patients (n = 14)
showed a significant increase in triglyceride levels
from bascline at week 6 (11.64 mg/dl: p < 0.03),
although the increase was less than with clozapine
(36.28 mg/dL) or olanzapine (31.23 mg/dL) ther-
apy. Bodyweight also showed a sigoificant mean
increase from baseline with quetiapine therapy
(+4.41kg: p < 0.05), a mean increase that is approx-
imately twice that observed in larger datasets
described above. Increases in total cholesterol
(8.0%), LDL-cholesterol (12.2%) and VLIDM.-cho-
lesterol (1.7%) were also reported from week 1 to
week 6 of quetiapine therapy (n = 12) in a small,
single-blind, randomised study involving female
patients with schizophrenia.”™ These changes were
not statistically significant and were sialler than
those reported with olanzapine therapy (total cho-
lesterol 17.3%; LDL 31.4%; VLDL 8.1%; n = 10).
Pooled laboratory data from the 3- to 6-week
placebo-controlled quetiapine clinical trials (queti-
apine package inserty report a 17% increase in
triglyceride levels and 11% increase in total cho-
lesterol with quetiapine therapy.
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9.4 Discussion

The limited amount of data evaluating the
metabolic effects of quetiapine therapy and the
contradictory nature of some results preclude
defimitive assessment of the metabolic risks assoct-
ated with its use. Findings to date suggest that que-
tiapine therapy is not associated with a consistent
increase in the risk of developing diabetes or dys-
lipidaemia. However, a possible increase in meta-
bolic risk would be predicted to occur in associa-
tion with any treatment that produces increases in
weight and adiposity, with quetiapine typically pro-
ducing modest weight pain. While the modest
weight gain risk clearly appears similar to that with
risperidone, the limited availability of metabolic
data precludes the same level of confidence that
this modest weight gain risk profile (or other drug
effects) will similarly vield a low risk of diabetes or
dyslipidaemia.

Support for an association between quetiapine
treatment and diabetes comes from the DA
MedWatch data and the case reports of new-onset
diabetes or diabetic ketoacidosis with quetiapine
therapy. In common with the FDA MedWatch
reports for clozapine,™ olanzapine™ and risperi-
done,”" a large proportion (75%) of the cases of
hyperglycaemia identified with quetiapine
occurred within 6 months of the start of treatment,
and the mean age of cases of new-onset hypergly-
caemia was relatively low (31.2 years), suggesting
that in some individuals, quetiapine therapy may
unmask or precipitate hyperglycaemia. The FDA
MedWatch System identified a relatively large
number of cases of hyperglycaemia with quetiap-
ine therapy (69 cases, 1997 to end November 2003)
compared with risperidone (131 cases, 1993 to
February 2002) considering the relative usage of
the two agents, suggesting that guetiapine may
have a higher diabetogenic potential than risperi-
done, despile similarities in their weight gain
potential.

Two database analyses!™' showed a statisti-
cally significant increase in the risk of diabetes
with quetiapine treatment compared with typical
antipsychotic therapy, while a third analysigh®
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showed thal patienis receiving queliapine were at
greater risk of developing diabetes than the gener-
al population. However, in conirast io these two
studies, the study by Buse et al."¥ showed that
quetiapine-treated patients had a statistically sig-
nificantly fower risk of diabetes than haloperidol-
treated individuals, and Gianfrancesco et al.?Y
reported no increased risk of diabetes with quetiap-
ine treatment compared with no antipsychotic ther-
apy.

All four studies wmvolved analysis of sizeable
healthcare databases, suggesting their findings
were not skewed as a result of small sample sizes.
The stady by Sernyak et al.'"" analysed a total of
955 quetiapine-treated patients, similar to the num-
bers in the clozapine group (n = 1207), while
Gianfrancesco and colleagues™! analysed 682 que-
tiapine-treated individuals. Similarly, Lambert and
co-workers!'"™ identified 94 cases of new-onset dia-
betes with quetiapine treatment in their matched
case control study, while prescription claims data
analysed by Buse et al' revealed 40 cases of
new-onset diabetes among more than 4000 queti-
apine-treated individuals.

The study by Sernyak and co-worker
gests that age could be an important factor in the
risk of developing diabetes. When the data were
evaluated according to patient age, quetiapine
treatment statistically significantly increased the
risk of diabetes compared with typical antipsy-
chotics in patienis younger than 40 years and those
aged 40-49 vears, but not for the older age
groups.[" This is consistent with results for other
agents discussed above and with the low mean age
of onset for cases of newly diagnosed hypergly-
cacmia during quetiapine treatment identified by
the FDA MedWalch system.™ In the study by
Buse et al.,'* the mean age of patients receiving
quetiapine was 35 years, with 36.0% aged 65 years
or older. Patients i the haloperidol group were
older; the mean age was 72 years, with 72.8% aged
63 years or older. In addition, the authors noted that
the low mean doses and short {reatment durations
observed in the study (79.9 mg/day and 89 days
for quetiapine) may have influenced the risk of
developing diabetes. In general, the use of surro-
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gate markers for the presence of diabetes in these
database analyses may affect their ability to reli-
ably detect differences between medications or
across groups. This may explain some of the vari-
ability observed in these studies and suggests that
the findings from these studies should be interpret-
ed with caution.

Reports of changes in lipid levels with queti-
apine therapy are also limited and somewhat con-
tradictory. The decreases in triglyceride levels
reported in the small study by Wirshing et al.l'
contrast with the increases in triglycerides reported
for pooled data from the short-term clinical trials
and data from a G-week randomised study!™ and
from the case report of hypeririglyceridaemia
observed in a patient receiving quetiapine therapy.
As discussed by Wirshing, these differences could
reflect the recent treatment of some patients with
olanzapine (which may have led to clevated base-
line triglyceride levels) and/or the small number of
patients (n = 13} involved.

In a recent review, Melkersson and Dahl™!
conclude that quetiapine therapy is associated with
a moderately high risk of adverse effects on glu-
cose-insulin homeostasis and lipid levels, while the
risk with risperidone is described as ‘rather low’.
However, as the authors point out, the data for que-
tiapine are limited and come largely from retro-
spective studies and case reports. The only reliably
established treatment-induced risk may be related
to treatment-induced weight gaim, and only modest
weight gain is well described during quetiapine
therapy. Conclusions that guetiapine is associated
with higher risk than would be predicted from the
modest weight gain profile seem to rely on rather
limited information, suggesting that more data,
particularly from prospective randomised trials, are
needed before drawing firm conclusions about the
risk of metabolic adverse events associated with
quetiapine therapy.

@.5 Conclusion

Quetiapine therapy is associated with moder-
ate weight gain during short- and long-term treat-
ment, somewhat greater than that observed with
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risperidone. Quetiapine therapy is pot associated
with a consistent increase in the risk of developing
diabetes or dyslipidaemia. Limited data suggest a
possible modest increase in the risk of diabetes and
hypertriglyceridacmia with quetiapine treatment. A
possible increase in risk would be predicted to
occur i association with any treatment that pro-
duces increases in weight and adiposity.

10. Zotepine

Zotepine has been used in Japan since the
early 1980s and in Germany since 1990. However,
it is not widely used and is currently licensed only
in a number of Furopean countries, including
Austria and the UK, and in Japan: it is not available
in the US. Published data examining the possible
association between zotepine therapy and the
development of diabetes, hyperglycacmia and/or
dyslipidacmia are very limited.

10.7 Bodyweight

The limited number of studies reporting
changes in bodyweight with zotepine therapy sug-
gest that it 1s associated with moderale (o substan-
tal increases in bodyweight. 7% An 8-week ran-
domised, double-blind schizophrenia study report-
ed a mean increase of 2.32kg with zotepine com-
pared with a mean decrease of 0.81kg with
haloperidol therapy {p < 0.001). In a retrospeciive
chart review, patienis receiving zotepine treatment
experienced a mean weight increase of 4.3kg
{mean duration 31.9 days), with a maximum
reported increase of 17kg "™ The mean weight gain
with zotepine was significantly greater than with
typical antipsychotics (0.0-0.5kg) and larger than
seen with clozapine (3.1kg). Moderate weight gain
has also been reported with zotepine over longer
treatment periods. A I-year naturalistic study of
zotepine therapy in patients with schizophrenia
reported a mean weight gain of 4.3kg from baseline
over the study period, with most weight gain occur-
ring in the first 12 weeks of treatment.™ Weight
gain was the most frequently reported adverse
event during the study (27.7% of patienis). A
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review of zotepine studies published largely in the
German and Japanese literature reported a mean
bodyweight gain of 3.6kg and that 28% of
zotepine-treated patients experienced "bodyweight
gain’ .

10.2 Digbetes and Hyperglycaemia

There are currently no published reports of the
effect of zotepine therapy on blood glucose levels.

10.3 Lipid Levels

Published reports of changes in lipid levels
with zotepine therapy are currently limited to a
single case report.”’" A female patient with schizo-
phresiform disorder developed elevated serum
triglyceride levels (up to 1247 mg/dL) soon after
the mnitiation of zotepine therapy, which normalised
after a switch to typical antipsychotic therapy
(table XD,

10.4 Discussion

The almost complete lack of available data in
this arca makes it difficult to draw conclusions
about the risk of diabetes, hyperglycaemia or dys-
lipidacmia associated with zotepine therapy.
Published studies have demonstrated that zotepine
shows moderate to substantial weight gain poten-
tial, greater than that observed with quetiapine
therapy and approaching what has been reported
for clozapine and olanzapine. Treatments associat-
ed with weight gain and increased adiposity are
predicted to increase the risk of adverse metabolic
effects, so on this basis, zotepine therapy could be
bypothesised to be associated with an increased
risk of glucose or lipid dysregulation, but hypothe-
sis-testing studies would be required to test this
proposal,

Table XHii. Case report of hyperiipidaermia with zotepine

Referance Case report details

Wetterling®™ Hypertriglyceridaemia with zotepine, which
rasolved after switch to typical antipsychotic
therapy
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10.5 Conclusion

Zotepine is associated with moderate (o sub-
stantial weight gain during both short- and long-
term therapy. Although the published metabolic
data are too limited to draw any conclusions about
the risk of glucose or lipid dysregulation with
zotepine therapy, a possible increase in risk would
be predicted to occur with any treatment that pro-
duces increases in weight and adiposity.

11. Amisulpride

Amisulpride has been available in France
since 1988, although its launch into other Buropean
couniries did not start untl 1997, and it is not
licensed in the US. Although it bas been used in
France for more than 15 years, limited published
data are available examining the possible associa-
tion between amisulpride therapy and the develop-
ment of diabetes, hyperglycaemia and/or dyslipi-
dacniia.

11.1 Bodyweight

Amisulpride treatment is associated with rela-
tively low weight gain potential in short-term stud-
ies. A pooled analysis of data from 11 short-term,
prospective, randomised studies reported an esti-
mated mean weight gain of 0.80kg with amisul-
pride after 10 weeks of treatment.”™ Mean weight
gain f{rom baseline was significantly less for
amisulpride-treated patients than for risperidone-
treated patients in an 8-week comparison study (0.4
vs 1.4kg: p = 0.026).97

The low weight gain potential of amisulpride
is maintained during long-term treatment. Pooled
analysis of three I-year studies showed a mean
weight increase of 1.37kg at endpoint (mean treat-
ment duration 256 days)."” Among patients who
completed 6 months of treatinent the mean increase
was 1.40kg, while for those completing 1 year of
therapy the increase was 2.15kg. This approaches
values reported for I-vear weight gain during
risperidone and quetiapine treatment. Amisulpride
was associated with lower mean weight gain than
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olanzapine (1.6 vs 3.9kg) in a recent 6-month, ran-
domised comparison study.”™ The incidence of
clinically significant weight gain (7% increase)
was also lower with amisulpride (20.6%) than with
olanzapine (35.1%).

11.2 Digbetes and Hyperglycaemia

Published reports of changes in blood glucose
fevels with amisulpride therapy are limited to pre-
liminary data from a prospective, 16-week study of
clucose metabolism in patients with schizophre-
pia."® No clevations in fasting glucose levels or
glucose levels following an OGTT were reported
among the 12 patients receiving amisulpride treat-
ment, and there were no increases in mnsulin resist-
ance indices. In contrast, 7 of 13 patients receiving
clozapine treatment experienced elevated fasting
and post-OGTT glucose levels. Clozapine-treated
patients also experienced significant increases in
insulin resistance indices.

11.3 Lipid Levels

There are currently no published reports of the
effect of amisulpride therapy on blood glucose fev-
els.

11.4 Discussion

The almost complete lack of available data
means that it is difficult to draw conclusions
about the risk of glucose dysregulation or dyslipi-
daemia associated with amisulpride {reatment.
Amisulpride is, however, associated with modest
effect on bodyweight. This limited weight gain
potential predicts that amisulpride may be associat-
ed with a low risk of adverse metabolic events.

11.5 Conclusion

Amisulpride treatment is associated with mod-
est effect on bodyweight during short- and long-
term therapy. The limited data make it difficalt to
draw conclusions about its effect on the risk of
developing diabetes, hyperglycaemia or lipid dys-
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regulation. A possible increase in risk would be
predicted to occur in association with any treatment
that produces increases 1n weight and adiposity.

12. Ziprasidone

Ziprasidone was approved for use in the US in
2001, and currently accounts for a relatively small
proportion of second-generation antipsychotic pre-
scriptions. Limited published data are available
examining the possible association between
ziprasidone therapy and the development of dia-
betes, hyperglycaemia and/or dyslipidacmia.

12.1 Bodywelight

Ziprasidone treatment is associated with rela-
tively little weight gain risk. In an analysis of pub-
lished studies.,™ the estimated weight gain over a
10-week treatment period, using a random effects
model, was 0.04kg with ziprasidone therapy.
Minimal changes in weight have been reported in
randomised, controlled clinical trials with ziprasi-
done. In a 6-week study involving patients
with acute exacerbation of schizophrenia or
schizoaffective disorder, treatment with ziprasi-
done 80 mg/day was associated with a median
increase of kg, while no change i the median
weight was recorded with ziprasidone 160 mg/day
or placebo.” In a 28-week study of outpatients
with stable schizophrenia, the mean changes in
weight from bascHne to endpoint were similar
for ziprasidone (+0.31kg) and haloperidol
(+0.22kg) treatment.”™  Ziprasidone-treated
patients experienced a small mean decrease in
bodyweight (~1.12kg) in a 28-week comparison
study with olanzapine therapy.” This change was
significandy different from the 3.06kg mean
increase observed with olanzapine (p < 0.001).
Small reductions in weight were also reported with
ziprasidone in a l-vear study of patients with
chronic, stable schizophrenia. ™ Mean decreases
of 2.7, 3.2 and 2.9kg from baseline were reported
with 40, 80 and 160 mg/day doses of ziprasidone,
respectively, approaching the 3.0kg decrease
observed with placebo. Statistically significant
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decreases in mean bodyweight from baseline levels
were also reported after 6 weeks of ziprasidone
therapy for patients switched from olanzapine
(-1.76kg) and from risperidone (-0.86kg) treat-
ments, although patients switched from typical
antipsychotics experienced a small increase in
weight (0.27kg)." The results underscore the
effect of previous treatment conditions on current
treatment-induced weight changes.

In summary, treatment with this second-gener-
ation antipsychotic is associated with minimal risk
of clinically significant increases in bodyweight.
Package insert data indicate weight gain of 7% or
greater in 10% of ziprasidone-treated patients com-
pared with 4% of placebo controls over 4 or 6
weeks of treatment. This is in line with findings
from the 28-week comparison study versus olanza-
pine, in which 9.6% of ziprasidone-ireated patients
experienced a 27% increase in weight from base-
line. Although this does represent approximately
twice the placebo-related incidence, it is statistical-
1y significantly less than the 37.2% reported for the
olanzapine group.?¥

12.2 Digbetes and Hyperglycaemia

§2.2.1 Case Reporis and Chart Reviews

Changes in FPG levels have been examined in
a retrospective chart review of patients treated with
ziprasidone.® In all, 40 patients with mental retar-
dation and behavioural disturbances who had
received at least 6 months of ziprasidone ireatment
were included in the study. Of these, 36 were
switched to ziprasidone after excessive weight gain
or inadequaie response with other second-genera-
tion antipsychotics. The majority of patients (n =
28; 70%}) had received prior risperidone treatment;
five had received quetiapine, two were treated with
olanzapine and one with haloperidol/clozapine.
Mean fasting glucose levels showed minimal
changes during the first &6 months of ziprasidone
therapy (baseline 87.0 + 21.5 mg/dL; 6 months
834 = 16.8 mg/dL). Changes in bodyweight were
also reported over the analysis period. Mean body-
weight increased (1.8kg) in the 6 months prior ©
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Table X1V, Case report of hyperglycaemia with ziprasidone {2.2.53 Controlisd Clinicdl Tricds
Reference Case repori details
Yang & McNeely®™  Rhabdomyolysis, pancreafitis and hyper- Glick and colleagues™® compared the effects
glycaemia with ziprasidone of ziprasidone and olanzapine therapy on BMI and
metabolic parameters, including FPG, insulin and
the initiation of ziprasidone, then showed a signifi- lipid levels, in a randomised, double-blind study

cant mean decrease of 3.6kg during the first 6 involving 269 inpatients with cither schizophrenia
months of ziprasidone treatment (p < 0.001). Ina  or schizoaffective disorder. No statistically signifi-

switching study, nonfasting (random) plasma glu- cant changes in FPG levels from baseline were
cose levels showed npo statistically significant observed with ziprasidone or olanzapine treatment
change from bascline following 6 weeks of ziprasi- over the 6~-week study period. Plasma insulin levels
done therapy.”* and calculated HOMA insulin resistance showed

To date, one case report of abnormal glucose minimal change from baseline with ziprasidone. In
fevels associated with ziprasidone therapy has contrast, fasting plasma insulin and HOMA insulin
appeared in the literature (table XIV); in a recent resistance, along with fasting lipids discussed

letter, Yang and McNeely™ report a case of rhab- below, increased statistically significantly over the
domyolysis, hyperglycaemia and pancreatitis asso- 6-week study during treatment with olanzapine
ciated with ziprasidone treatment. (figure 6). At endpoint, the difference in median

insulin levels between the treatment groups
approached statistical significance (ziprasidone
13.8 pU/ml; olanzapine 16.0 pU/ml; p =

For the period of this literature survey, there 0.0506). Changes in median bodyweight from
have been no published analyses of healtheare data baseline were nuinimal with ziprasidone, and less
examining the incidence of diabetes associated  than the weight gain observed in the olanzapine

12.2.2 Retrospective Dalabase Analyses

with ziprasidone treatment. group (1.2 vs 7.21b {0.5 vs 3.3kg]).
a o
Fasting insulin response insulin resistance
201 45 1
Baseline Baseline "
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Ziprasidone Olanzapine
Fig. 6. Fasting insulin respﬂnse {a} and insulin resistance {b} in ziprasidone- and olanzapine-frealed patienis with schizophrenia

ofr schizoafigetive disorder.®9 " p < 0.0001 vs baselineg; + p < 0.0506 (NS) ziprasidone vs olanzapine.
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The effect of ziprasidone and olanzapine on
fasting glucose and lipid levels was also compared
in a 28week randomised, double-blind study
involving 548 patients with schizophrenia.™™
Results presented in the abstract showed similar
rates of weatment-emergent hyperglycacmia with
the two treatments (olanzapine 11.5%; ziprasidone
7.4%; p = 0.159). (Treatment-emergent hypergly-
caernia was defined as patients with baseline PG
<126 mg/dl. who experienced FPG levels
2126 mg/dL at any time during the study.) Mean
change in weight differed significantly with
ziprasidone treatment (—1.12kg) compared with
olanzapine (+3.00kg; p < 0.001). Clinically signif-
icant increases in fasting plasma insulin occurred
during olanzapine treatment. Changes in fasting
glucose levels did not correlate with changes in
weight. Discussed below, clinically significant
increases in fasting plasma lipids were observed
during olanzapine but not ziprasidone treatment.

A review of ziprasidone clinical trials™9
reported that there were no reported cases of treat-
ment-emergent diabetes mellitus among the 3834
patients who had received ziprasidone. Analysis of
laboratory data from the short-term studies showed
that the ncidence of abnormal elevations in ran-
dom glucose measuremenis was the same in the
ziprasidone and placebo groups (8%). In a report of
one of these studies,” abpormal random glucose
elevations (>1.2 X ULN) occurred in 9% and 11%
of patients receiving ziprasidone 80 mg/day and
160 mg/day, respectively, compared with 6%
receiving placebo.

12.3 Lipid Levels

Published analyses of changes i lipid levels
associated with ziprasidone treatment are similarly
timited.

12.3.1 Chaort Reviews and Observationdl Studies

The retrospective chart review of 40 patients
with mental retardation and behavioural distur-
bances receiving at least 6 months of ziprasidone
treatment also reports changes in lipid levels.®
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Fasting HDL- and LDL-cholestero] levels, avail-
able for 19 of the 40 patients, show minimal
changes during the first &6 months of ziprasidone
therapy. In contrasi, significant decreases inn mean
fasting triglyceride (147.8 to 1234 mg/dL; n=29)
and total cholesterol (200.5 to 176.4 mg/dL;
n = 30) levels were observed during this period
(p < 0.04). Significant reductions in nonfasting
(random) serum cholesterol (p < 0.001) and
triglveeride (p = 0.018) levels from baseline were
also reported for 37 patients involved in a switch-
ing study following the switch to ziprasidone treat-
ment from other antipsychotics.™ These changes
were independent of changes in BMI No statisti-
cally significant changes in fasting plasma lipid
levels were reporied with ziprasidone treatment in
a 6-month blinded follow-up study in patients with
schizophrenia or schizoaffective disorder.””

12.3.2 Controfied Clinicad Tricds

A review of fasting plasma lipid levels from
five short-term ziprasidone clinical trials in patients
with schizophrenia®™ reported significant decreas-
es in total cholesterol (p < 0.001) and triglyceride
(p < 0.001) levels with ziprasidone therapy.
Changes in total cholesterol, LDL-cholesterol and
triglyceride levels observed with ziprasidone were
statistically significant compared with olanzapine
(p < 0.01).

In addition to insulin and glucose measures
discussed above, Glick et al.™" examined fasting
lipid levels in their 6-week randomised study of
ziprasidone (n = 136} and olanzapine (n 133)
therapy. Ziprasidone-treated patients showed mini-
mal changes in median fasting total cholesterol
(-1 mg/dl), LDL-cholesterol (-1 mg/dL) and
iniglyceride (-2 mg/dL) levels from baseline after 6
weeks of therapy. These changes were in contrast
to the significant increases in these three parame-
ters from baseline with olanzapine treatment
{p < 0.0003). Fasting HDL-cholesterol showed lit-
tle change from baseline with both ziprasidone and
olanzapine {reatment. Further analysis showed sta-
tistically significantly greater changes in total cho-
{esterol, LDL-cholesterol and triglyceride levels
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for male schizophrenic patients with olanzapine
treatment than with ziprasidonpe therapy and a trend
towards statistically significant changes in triglyc-
eride levels with olanzapine versus ziprasidone
therapy in female patients.™ Male patients aged
30 years or older showed an increase in the 10-year
risk of CHD (calculated using a Framingham-
based algorithm) at endpoint with olanzapine ther-
apy compared with a decrease in risk with ziprasi-
done therapy: the difference between the groups
was statistically significant (p < 0.05). Changes in
CHD risk did not differ significantly between treat-
ments for female patients. Hardy et al.™ also
reported changes in fasting lipid levels in their 26-
week comparison study of ziprasidone and ofanza-
pine therapy. Significantly more olanzapine-treated
patients experienced treatment-emergent “high’
triglyceride levels (based on NCEP guidelines)
than ziprasidone-ireated patients (16.9% vs 2.6%;
p < 0.001). Changes in triglyceride levels positive-
Iy correlated with changes in weight in both
groups. The proportion of patients experiencing
“high’ or ‘very high’ total or LDE-cholesterol lev-
els and the likelihood of low HDL-cholesterol lev-
els did not differ statistically significantly between
the groups.

The effect on lipid parameters of switching
from other antipsychotics to ziprasidone therapy
was examined in 6-week open-label studies involv-
ing outpatients with schizophrenia or schizoaffec-
tive disorder.™ Paticnts experiencing suboptimal
efficacy or tolerability with olanzapine (n = 104),
risperidone (n = 58) or a typical agent (n = 108)
were then switched to flexible dosing with ziprasi-
done (40--160 mg/day). At the end of the 6-week
treatiment period, median nonfasting triglyceride
levels decreased significantly from baseline in
patients switched from olanzapine (-50 mg/dL;
p < 0.0001) or risperidone (29 mg/dL; p < 0.01)
therapy. Median nonfasting total cholesterol levels
also decreased significantly from baseline to end-
point in patients receiving prior olanzapine
(=17 mg/dl; p < 0.0001) or risperidone
(-12 mg/dl; p < 0.003). Total cholesterol levels
decreased for over 70% of patients on each of
these prior therapies following the switch to
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ziprasidone. Small decreases in median nonfasting
iriglyceride and total cholesterol levels were
observed following the switch from typical agents,
which were not statistically significant. Following
the switch to ziprasidone therapy, both olanzapine-
and risperidone-treated patients experienced
statistically significant decreases in bodyweight
(~1.76 and -0.86kg, respectively) and BMI (olan-
zapine 31.7 to 31.1 kg/m?* risperidone 29.6 to
29.3 ke/m?).

The proportion of patients experiencing abnor-
mal elevations in triglyceride and cholesterol levels
was reported in a 6-week ziprasidone study involv-
ing 302 patients with acuate exacerbation of schizo-
phrenia or schizoaffective disorder™ More
patients experienced abnormal elevations in cho-
festerol levels (>1.2 X ULN) in the ziprasidone
groups (80 mg/day 25%; 160 mg/day 17%) than
with placebo (12%). The percentage of patients
experiencing abnormal clevations i triglyceride
fevels (>1.2 X ULN) was similar in all three
groups (ziprasidone 30 mg/day 17%: ziprasidone
160 mg/day 14%: placebo 15%).

12.4 Discussion

The limited availability of data concerning
glucose and lipid metabolism prevents firm conclu-
stons regarding the effect of ziprasidone treatment
on the risk of developing diabetes, hyperglycaemia
or hipid dysregulation. Initial indications from
available data, however, suggest that ziprasidone
does not have any adverse effect on ghicose or lipid
levels and may lead to beneficial changes in some
lipid parameters, such as triglycerides, especially
in patients previously treated with medications that
could worsen these measurements.

12.5 Conclusion

Ziprasidone treatment is associated with mini-
mal effect on bodyweight or adiposity. Although
published data are somewhat tunited, available data
suggest that ziprasidone treatment 1s not associated
with an increase in the risk of developing diabetes
or dyslipidaemia or any adverse effect on plasma
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glucose or lipid Jevels in treated patients. Limited
data suggest that patients whose treatment is
swiiched to ziprasidone from an antipsychotic
associated with significant weight gain and
increases in plasma glucose and lipids may experi-
ence favourable reductions in weight and lipids.

13. Aripiprozole

Aripiprazole is the most recent antipsychotic
agent to become available on the market. In the
absence of case reporis describing metabolic risk
or adverse events, or any studies of aripiprazole
using retrospective database analyses, the reporis
of drug effects on weight and possible effects on
plasma glucose and lipid levels are all provided by
randomised clinical trials,

13.7 Bodyweight

Aripiprazole treatment is associated with min-
imal changes in bodyweight. Pooled data from five
short-term (4- or &-week) trials in 932 patients
treated with aripiprazole showed that aripiprazole
was associated with a mean increase in weight of
0.71kg, similar to that reported with halopernidol
(0.56kg)." The proportion of patients experienc-
ing clinpically significant weight gain &7%
increase) i these studies was modest (8%) in com-
parison to that seen with placebo (3%).

Minimal changes in weight have also been
reported with longer-term treatment. Data from a
52-week double-blind comparison study (n = 1294)
of aripiprazole versus haloperidol showed that
mean change in weight from baseline to study end-
point (last observation carried forward) was not
statistically significantly different between the
aripiprazole (1.05kg) and the haloperidol (0.3%g)
treatment groups.”™ When stratified by mean BMI
at the baseline study visit, only the patients with the
fowest bascline BMI (<23 kg/m?) experienced a
statistically significantly greater weight gain with
aripiprazole than with haloperidol. Patients with a
relatively high BMI (>27 kg/m®) at baseline lost
weight during both aripiprazole (-1.23kg) and
haloperidol (-0.78kg} treatment. In a 26-week
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placebo-controlled study in chronic, stable patients
with schizophrenia (n = 310), aripiprazole was
associated with a 1.26kg decrease in body-
weight. =

The long-term effects of aripiprazole and olan-
zapine on bodyweight have been compared in two
26-week active-controlled studies.™ " The first
stady was a 26-weck multicentre, randomised,
double-blind, active-controlled trial in patients
with schizophrenia (n = 317), who were in acute
relapse and randomised to aripiprazole or olanzap-
ine. At 26 weeks, 14% of aripiprazole-treated
patients experienced clinically significant weight
gain compared with 37% of olanzapine-treated
patients (p < 0.001). Among patients remaining on
therapy at week 20, there was a mean decrease in
weight of 1.37kg with aripiprazole compared with
a mean increase of 4.23kg with olanzapine. In a
second 26-week study that examined the effects of
open-label aripiprazole and olapzapine on cogni-
tion in patients with stable schizophrenia or
schizoaffective disorder (n 255),21 7% of
patients in the aripiprazole group experienced clin-
ically significant weight gain, compared with 27%
of the olanzapine-treated patients. The mean
change in weight was ~(0.9kg for aripiprazole ver-
sus +3.0kg for olanzapine.™!

Consisient effects on weight have also been
demonstrated in patients with bipolar | disorder.
Pooled data from four 3-week placebo-controlled
studies in 977 patients presenting with acule mania
showed no difference in mean weight change
between aripiprazole (Okg) and placebo
(-0.2kg).4

13.2 Dichetas and Hyvpergivcaemia

13.2.1 Confrolled Clinical Tricis

Blood glucose levels have been evaluated in
both short- and long-term chinical trials of aripipra-
zole treatment in patients with schizophrenia or
schizoaffective disorder.

Changes in FBG were examined in a 6-week
placebo-controlled study of aripiprazole treatment
in patients with schizophrenia.l® Anpalysis of
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pooled data from three aripiprazole groups (10, 15
or 20 mg/day) showed minimal mean changes in
blood glucose from baseline (-0.37 mg/dL;
n = 120}, similar to those observed with placebo
(~5.03 mp/dL; n = 34). Random blood glucose
measurements pooled from five short-term (4- or 6-
week) controlled aripiprazole studies showed that
only a small number of patients with normal blood
elucose baseline levels (<160 mg/dL) had on-study
values of 2200 mg/dL. with aripiprazole treatment
(9/648; 1.4%)." Similar Ondings were observed
with haloperidol treatment (5/182; 2.7%) and with
placebo (4/309, 1.3%).

Data from long-term trials in schizophrenia
demonsirate similar neutral effects on blood glu-
cose, comparable {0 those with placebo. In a 26-
week relapse prevention study involving patients
with chronic stable schizophrenia,™ there was no
clinically significant change from baseline in fast-
ing glucose levels of aripiprazole-treated and
placebo-treated patients (aripiprazole +0.13 mg/dL
change; placebo +2.1 mg/dL). However, in a 26-
week active-controlled trial of aripiprazole versus
clanzapine,™” there were similarly no statistically
significant differences in the change in mean fast-
ing serum glucose levels from baseline (o endpoint
between the aripiprazole and olanzapine treatment
groups (+3 mg/dL for both). Over the course of the
study, 5% of patients treated with olanzapine and
none treated with aripiprazole exhibited clinically
significant elevations in nonfasting serum glucose
concentration (2200 mg/dL). Despite the docu-
mented weight gain and hyperglycaemia liability
previously discussed with olanzapine, there was no
statistically significant difference in mean change
in fasting glucose in this 26-week trial. This might
be explained by a compensatory increase in insulin
secretion in the olanzapine-treated patients over the
period of study, but no plasma insulin values are
available to validate this hypothesis. In general,
pancreatic beta cells can hypersecrete insulin to
compensate for reductions in insulin sensitivity.
This can be sustained over the lifespan in individu-
als with no family or personal history of risk for
diabetes, whereas individuals at risk can typically
sustain the compensatory hyperinsulinaemia for
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only a limited period before experiencing a grad-
ual, progressive failure of beta-cell function result-
ing in the progressive onset of plasma glucose ele-
vations.™

Comparable effects on fasting serum glucose
with aripiprazole and placebo have also been seen
in patients with bipolar 1 disorder. The rates of
patients with clinically significant levels of fasting
serpm glucose (2110 mg/dL) were similar in both
groups.™

13.3 Lipld Levels

13.3.1 Confrofled Clinical Tricis

Lipid levels bave also been assessed during
short- and long-term  aripiprazole treatment.
Fasting serum lipid samples were collected in one
short-term study in patients with schizophrenia and
schizoaffective disorder. The median increase in
fasting total cholesterol from baseline observed
with aripiprazole treatment was minimal (1.0
mg/dl; median baseline 192 mg/dl; n = 119) and
did not differ statistically significantly from that
observed with placebo (-5.5 mg/dL; median base-
line 194.5 mg/dL; n = 34). In an analysis of fasting
and random total cholesterol data from five short-
term studies in schizophrenia and schizoaffective
disorder," aripiprazole treatment showed minimal
changes in total cholesterol levels from baseline.
The median increase in total cholesterol levels in
the aripiprazole treatment arm (1.0 mg/dl; n =
860) was similar to that in the placebo arm (3.0
mg/dl; n = 392) and less than the increase
observed with haloperidol treatment (8.0 mg/dL;
n = 190}, which differed significantly from placebo
(p <0.01).

Data from long-term trials in schizophrenia
demonstrate neutral effects on serum lipids, com-
parable to those with placebo. In a 26-week trial,
Pigott et al.?™ evaluated changes in fasting total,
LD~ and HDL ~cholesterol levels and triglycerides
i patients with chronic, stable schizophrenia
(n = 310). Patients experienced minimal changes in
mean HDL-cholesterol (+2.0 mg/dL with aripipra-
zole and +0.89 mg/dL. with placebo) and LDL-cho-
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festerol  levels with aripiprazole  therapy
(~5.1 mg/dl. with aripiprazole and -2.9 mg/dL
with placebo). There were somewhat larger,
favourable mean decreases in total cholesterol
(-10.0  mg/dl) and triglyceride levels
(-37.2 mg/dL) seen with aripiprazole compared
with placebo (=2.7 and -2.9 mg/dL, respectively}.

A second long-term aripiprazole study in
patients with stable schizophrenia or schizoaffec-
tive disorder also reported changes in random total
cholesterol levels (including fasting values) from
baseline. ™" Total cholesterol levels showed a medi-
an decrease of 2.0 mg/dl from baseline with arip-
iprazole therapy at week 26. In contrast, total cho-
festerol levels showed a median increase of 20.0
mg/dl. with olanzapine therapy at week 26, signif-
icantly different from the change observed with
aripiprazole (p < 0.001).

in a third long-term aripiprazole study,
patients with schizophrenia in acute relapse
(n = 317) were randomised to 26 weeks of arip-
iprazole or olanzapine.” Changes in fasting plas-
ma levels of HDL-cholesterol and triglyeerides
were statistically significantly different in the two
treatment groups. At week 26, the mean changes
in fasting triglycerides were +79.4 mg/dL. with
olanzapine and +6.5 mg/dL with aripiprazole
{p < 0.05). The changes in fasting HDL.-cholestero}
also favoured aripiprazole, with significant differ-
ences in changes from baseline to endpoint
between the two groups (olanzapine —3.39 mg/dL;
aripiprazole +3.61 mg/dl; p < 0.05). The differ-
ence between changes in fasting total cholesterol
(+16.3 mp/dl for the olanzapine group and
~1.13 mg/dL for the aripiprazole group) and LDL-
cholesterol (+2.27 mg/dL for olanzapine vs
~3.86 mg/dlL. for aripiprazole) did not reach statis-
tical significance (p = 0.111). Analysis of the safe-
ty dataset revealed statistically significant differ-
ences inn the incidence of new-onset dyslipidaemias
between two treatment groups. In patients with
fipid levels within normal range at baseline, treat-
ment with olanzapine resulted in statistically sig-
nificantly more patients exhibiting clinically sig-
nificant increases in total cholesterol (>200 mg/dL;
47% with olanzapine and 17% with aripiprazole),
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LDL-cholesterol (>130 mg/dL; 38% with olanzap-
ine and 19% with aripiprazole) and triglycerides
(>150 mg/dL; 50% with olanzapine and 18% with
aripiprazole).

Comparable effects on fasting total cholesterol
were seen in patients with bipolar I disorder in an
acuie manic or mixed episode treated with arip-
iprazole or placebo. The rate of patients with clini-
cally significant levels of fasting total cholesterol
(=200 mg/dL) was similar in both groups.®¥

13.4 Antipsychotic-induced Metabolic
Events

An analysis has recently been published eval-
uating the risk of developing metabolic syndrome,
which is defined by the National Cholesterol
Education Program (NCEP) Adult Treatment Panel
(ATP) HI as a key risk factor for development of
diabetes and subsequent CHD.P The NCEP
defines the metabolic syndrome as having three or
more of the following five risk factors: obesity with
a waist circumference >102cm (40in) in men or
>88cm (35in) in women; hypertriglyceridacmia
defined as triglyceride Jevels of 2150 mg/dL: low
HDL levels, <40 mg/dL in men and <50 mg/dL in
women; hypertension defined as systolic/diastolic
blood pressure 2130/85mm Hg; and elevated FBG
levels of >110 mg/dl. Faorther description of
the metabolic syndrome is provided in the
Background: Obesity, Insulin Resistance, Diabetes
and Dyslipidacmias section of this review. The
FDA has recently asked antipsychotic manufactur-
ers (o report on drug effects on the ATP I meta-
bolic syndrome as well as on blood lipids and risk
of dyslipidacmia, extending an earlier request o
report on drug effects on blood glucose and the risk
of diabetes. The FDA request regarding ATP Il
metabolic criteria will be complicated by the lack
of waist circumference data in the vast majority of
studies conducted to date. A reasonable alternative
approach is to substitute BMI criteria for obesity
(=30 kg/m?) for the ATP IH waist circumnference
obesity threshold. This would allow a number of
valuable datasets containing needed fasting lipid
and glucose values as well as blood pressure to be
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used to calculate treatment-related incidence of the
metabolic syndrome, using a modified ATP IH
approach.

in the first published example of this approach,
pooled data from two 26-week double-blind, ran-
domised, controlled trials™ evaluating the ¢ffi-
cacy of aripiprazole were used. One trial compared
aripiprazole with placebo in stable, chronic schizo-
phrenic patients (n = 310) and the second trial com-
pared aripiprazole with olanzapine in patients in
acuite refapse of schizophrenia (n = 314). Figare 7
shows a pooled analysis of the two trials.”™ The
cumulative incidence (xSE) for worsening of meta-
bolic syndrome daring aripiprazole treatment in the
two trials was not different (8.3% = 3.7% vs 6.8%
* 2.8%; p = 0.88). In this analysis, the cumulative
metabolic syndrome incidence (xSE) from the
pooled data was 19.2% = 4.0% (olanzapine),
12.8% + 4.5% (placebo) and 7.6% + 2.3% (arip-
iprazole). A log-rank test revealed that there was a
significant difference among the three incidence
rates (p = 0.003) (aripiprazole vs olanzapine, 69%
RR reduaction). Based on these results, relative to
placebo, aripiprazole does not increase the likeli-
hood for developing or exacerbating metabolic
syndrome. Olanzapine statistically significantly
increases the likelihood of developing or exacer-
bating metabolic syndrome relative to aripipra-
zole e
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Fig. 7. Kaplan-Meler plot of time to metabolic syndrome in
schizophrenic patienis: pocled data analysis from two arip-
iprazele clinical trials.® Log-rank test p = 0.003.
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13.5 Discussion

Based on short- and long-term data currently
available, aripiprazole trcatment has a minimal
effect on weight and adiposity and on blood glu-
cose levels. Aripiprazole treatment is associated
with neutral effects on serum lipid levels, compara-
ble to those with placebo. In one analysis, aripipra-
zole was also associated with statistically signifi-
cantly reduced risk for development of the meta-
bolic syndrome, in comparison to olanzapine, in
patients with acuie and chronic schizophrenia.

13.6 Conclusion

Aripiprazole treatment is associated with min-
imal effect on bodyweight or adiposity. Although
published data are somewhat limited, available data
suggest that anpiprazole treatment is not associat-
ed with an increase in the risk of developing dia-
betes or dyslipidaemia, or adverse effects on plas-
ma plucose or lipid levels in treated patients.
Limited data suggest that patients treated with arip-
iprazole, as compared with olanzapine, may expe-
rience a reduced risk of developing the metabolic
syndrome,

14. Genergl Discussion

The pumerous reports of diabetes, ketoacido-
sis, hyperglycaemia and lipid dysregulation in
schizophrenia patients freated with second-genera-
tion antipsychotics provide a strong indication of
an association between metabolic effects and some
but pot all second-generation antipsychotic med-
ications.

Reports of abnormal ghicose regulation among
ndividuals with schizophrenia, some of which pre-
date the introduction of antipsychotic therapy, have
raised the possibility that observations of diabetes
during second-generation antipsychotic therapy
could reflect a potential pathophysiological link
between schizophrenia and glucose regulation.
Three chart reviews reported increased rates of dia-
betes among patients with schizophrenia compared
with the general population. However, another
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more recent study reporied no increase in the risk
of diabetes in patients with schizophrenia, although
schizoaftective and bipolar I disorders were associ-
ated with significantly higher prevalence rates.
Such swdies are further complicated by potential
confounding factors, for example, prior antipsy-
chotic therapy and lifestyle factors that are likely to
influence these results. A small study involving
drug-naive patients experiencing first-episode
schizopbrenia showed higher rates of impaired
{asting glucose and more abdominal adiposity than
in matched healthy controls, although the use of
acutely ill patients with elevated plasma cortisol
levels could have influenced some of these find-
ings. Further study is therefore needed to determine
whether schizophrenia itsell is associated with an
increased risk of diabetes. Based on available data,
there is no evidence that schizophrenia patients, or
patients with any other major mental illness, have
reduced valnerability to diabetes or to the adverse
effects of increasing adiposity.

Overall, the published findings from case
reports, chart reviews, database analyses and clini-
cal trials demonstrate differing metabolic effects
with the different second-generation antipsy-
chotics. Evidence is strongest for clozapine and
olanzapine, with findings from across the different
types of published reporis suggesting that olanzap-
ine and clozapine therapy are associated with an
increased risk of diabetes. Evidence for the effects
of risperidone treatment on the risk of diabetes is
less extensive than for clozapine and olanzapine,
with similar numbers of database analyses, but
fewer chart reviews and observational reporsts, and
fewer controlled studies. These published data do,
however, suggest that risperidone treatment is not
associated with a consistent increase in diabetes
risk. Limited data are available for the other five
agents. Findings with quetiapine are somewhat
contradictory, and offer relatively less reassuring
evidence concerning the relationship between que-
tiapine treatment and diabetes risk. Initial studies with
ziprasidone and aripiprazole suggest that these agents
do not adversely affect blood glucose regulation in
treated patients. The near absence of data with
zotepine and amisulpride makes it difficult to devel-
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op rational conclusions about the risk of abnormal
blood glucose regulation with these two agents.
Weight gain is a well established side effect of
both first- and second-generation anfipsychotic
therapy. However, this drug-indaced adverse event
occurs to a markedly different extent among the
second-generation agents, with clozapine, olanzap-
ine and less so zotepine therapy associated with a
common risk of clinically significant weight gain.
Amisulpride, risperidone and guetiapine are asso-
ciated with mild to moderate weight gain, and
ziprasidone and aripiprazole are associated with
minimal effects on weight. There is a reasonable
hypothesis that much of the effect on glucose regu-
lation observed with the different second-genera-
tion agenis can be explained simply as a function of
their effect on weight and adiposity, although drug
effects independent of adiposity have been report-
ed and may add to the effects of adiposity.
Evidence from FDA MedWaich reporis and
individual case reports suggests that weight gain or
obesity may be a factor in approximately 75% of
cases of diabetes or hyperglycaemia reported with
second-generation antipsychotic therapy. Increased
adiposity increases the risk for hyperglycaemia and
diabetes in part through adverse effects on insulin
sensitivity. Agents that produce the largest rises in
adiposity are therefore expected to be associated
with the greatest risk of developing diabetes, and
this is consistent with the findings of this literature
review. However, these reports also suggest that
weight gain is not an essential factor in all cases of
altered glucose regulation. Available weight gain
data from the FDA MedWaich reports!® suggest
that 20-25% of cases may occur in the absence of
substantial weight gain or obesity. Similarly, in an
analysis of individual case reports, Haupt and
Newcomer™® reported that over 25% of the diabet-
ic ketoacidosis cases and 15% of the new-onset
hyperglycacmia cases were associated with no
weight gain or weight loss (typical of decompen-
sated diabetes). Furthermore, for many patients, the
onset of hyperglycaemia occurs shortly after the
initiation of treatment, with about 50% of patients
experiencing onset within 3 months, Notably, the
majority of patients recovered glycaemic control
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shortly after discontinuing olanzapine ireatment,
making it unlikely that adiposity was the sole fac-
tor in prompiing the changes in glucose regulation
in these individuals.

Together these observations suggest that sec-
ond-generation antipsychotic medications may
have a direct (i.e. adiposity-independent) effect on
glucose regulation in some individuals. This is sup-
ported by results from controlled studies investi-
gating changes in glucose and insulin measures
while controlling for confounding factors such as
weight, BMI and age. Much speculation has
focused on the dibenzodiazepine-derived com-
pounds clozapine, olanzapine, quetiapine and
zotepine, which are all structurally related and dis-
tinct from the other sccond-generation antipsy-
chotics. The possible mechanism by which clozap-
ine and olanzapine (and possibly quetiapine and
zotepine) may affect glucose regulation independ-
ent of adiposity is unclear, and there are currently
no structure-function data to support what to date
remain essentially ad hominem arguments against
the subclass. The reports of rapid onset, and often
rapidly reversible, diabetic ketoacidosis or severe
hyperglvcaemia in certain individuals suggests a
possible direct effect on beta-cell function in those
vulnerable persons.

In this regard, the high proportion of cases of
diabetic ketoacidosis reported with clozapine,
olanzapine and gquetiapine therapy is notable.
Although reporting bias toward the more dramatic
cases may certainly be present, in the FDA
MedWatch studies over 20% of reported cases with
clozapine, almost 35% of cases with olanzapine
and 42% of cases with quetiapine were associated
with metabolic acidosis or ketosis. Similarly, dia-
betic ketoacidosis featured in a high proportion of
published case reporis with these agents. In the
FDA MedWaich studies, over 90% of the cases of
diabetic ketoacidosis seen with clozapine and olan-
zapine treatment occurred in patients with new-
onset type 2 diabetes, suggesting early occurring
effects on beta-cell function. Ketosis or metabolic
acidosis was reported in at least 60% of the deaths
that occurred during or shortly after hypergly-
caemic episodes in the FDA MedWatch studies.
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Overall, death occured in 10-20% of clozapine- or
olanzapine-treated patients and 30% of quetiapine-
treated patients reporting ketosis or metabolic aci-
dosis in these studies. In the final analysis, howev-
er, the low frequency of these events makes it diffi-
cult to definitely establish the extent of differential
risk across individual drugs.

As with the differing pattern of drug effects on
glucose regulation, the differing effects of different
second-generation agents on blood lipid levels sug-
gests that these changes do not reflect a broad class
effect of second-generation antipsychotic treai-
ment. Significant increases in triglyceride levels
were reported with clozapine and olanzapine ther-
apy. and olanzapine treatment was also associated
with a significantly increased risk of hyperlipi-
daemia. While some increases in triglycerides have
been observed with risperidone therapy, other stud-
ies have found no effect or only modest, nonsignif-
icant changes. No adverse changes in mean blood
lipid levels have been observed with either ziprasi-
done or aripiprazole therapy; indeed, favousrable
changes in lipid profiles have been reported in
some study cohorts for both treatinents. The Hmit-
ed data available for guetiapine have been contra-
dictory. Insufficient data are available for zotepine
and amisulpride to draw any conclusions.

The effect of weight gain on lipid profiles is
less clear and requires further study. Some studies
with olanzapine, clozapine and risperidone report a
significant association between weight gain and
increased triglyceride levels, while others do not.
Inn general, high correlations between weight and
lipids, or glucose as discussed above, should not
routinely be expected in small studies given the
range of intervening host factors. This is in contrast
to the well established relationship between weight
or adiposity and metabolic risk in population sam-
ples.

The differing effects of the second-generation
antipsychotics on bodyweight, glucose regulation
and hipid profile presented and discussed in this hit-
crature review are in line with the published find-
ings from a recent consensus development confer-
ence on antipsychotic drugs, obesity and dia-
betes.®™ This conference brought together experts
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Table XV, Summanry of weight gain and metabolic abnormalities
with atypical antipsychotics from the 2004 ADA/APA consensus
statement™

Drug Weight gain Risk for Worsening
diabetes lipid profile
Clozapine i + +
Olanzapine + + +
Risperidone ++ o 5
Quetiapine 4+ D D
Ziprasidone® -
Aripiprazole® +— - -

Newer drugs with limited long-term data.
D = discrepant results; + indicates increased effect; — indicates
no effect.

from the areas of psychiatry, diabetes and obesity
to consider the relationship between second-gener-
ation antipsychotics and the development of obesi-
ty, diabetes and dyslipidaemia. The published
Consensus Statement, based on consideration of atl
the available evidence, concluded that there are dif-
ferences between the various second-generation
antipsychotics in their effects on bodyweight and
risk for diabetes and dyslipidacmia (table XV).

14.1 Guidance for Pafient Monitoring

Individuals with mental illnesses, including
schizophrenia, bipolar disorder and depression,
have increased mortality rates when compared with
the general population and are at increased risk of
a number of illnesses, including CVD, hyperten-
sion and diabetes. The lifestyles of individuals with
serious mental diness are likely to be an important
contributor to poor overall health, since factors
such as obesity, poor diet, lack of exercise, and
high rates of smoking and alcohol use are more
prevalent in these individuals than in the popula-

tion as a whole. Furthermore, the antipsychotic
agents used to treat these individuals may in some
cases contribute to adverse health outcomes by
increasing risk factors such as weight, blood glu-
cose and lipids, and the metabolic syndrome.
Growing concerns about the effect of antipsy-
chotic treatment on these risk factors, and the
implications for the overall health of a vulnerable
patient population, have led to increased interest in
careful screening and monitoring of patients to
improve their lopg-term health. This issue was dis-
cussed at the recent ADA/APA consensus develop-
ment conference, and their published statement
provides recommendations for the monitoring of
patients.®™ Recommended baseline screening
measures include weight and height (for BMI cal-
culation), waist circamference, blood pressure,
fasting glucose and lipid profile, and personal and
family history of obesity, diabetes, dyslipidaemia,
hypertension or CVD (table XVi). Second-genera-
tionn agents with a low propensity for weight gain
and glucose intolerance should be considered for
patients with diabetes or at increased risk of the
disease. Pollow-up weight monitoring is recom-
mended 4, & and 12 weeks after initiating or
switching antipsychotic therapy, then guarterly at
routine visits, Glucose and lipid level assessments are
recommended 3 months after treatment initiation,
then every year for glucose or 5§ years for lipids
(although the 3-vear interval is not consistent with
NCEP ATP 11l guidelines for individuals with any-
thing above minimal risk, a status not characteristic
of this population, suggesting the need for annual
assessment as with glucose), unless baseline risk or
freatment-cmergent events indicate the need for
increased attention to some or all of these parameters.

Table XVi. Monitoring protoco! for patients on atypical antipsychotics, recommended by the 2004 ADA/APA consensus statement)™
more frequent monitoring may be warranted based on clinical status

temn Baseline 4 weeks

8 woeks

12 weeks Quarierly Annually Every 5 years

Personal/family history
Waight (BM)

Waist circumference
Blood pressure

Fasting plasma glucose
Fasting lipid profile

X X

DR MOXOXOR

X

X X

X

X X

X X
X

BMI = body mass index.
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The current review suggests that elevated baseline
risk and treatment-emergent adverse metabolic events
can be expected in many treated patients, suggesi-
ing that many patients will have clinical indications
for closer and more detailed monitoring. For
patients who show weight gain (25% increase) or
worsening glycaemia or dyshipidacmia, a switch {o
another second-generation agent not associated
with significant weight gain or diabetes risk should
be considered along with other interventions.

Similar recommendations for weight, glucose
and lipid monitoring come from the Mount Sinai
conference, which brought together psychiatrists,
endocrinologists and other medical experts to
develop guidelines for the routine monitoring of
adult schizophrenia patients receiving antipsychot-
ic therapy.®™" These guidelines do, notably, recom-
mend that patients with schizophrenia should be
considered at high risk for CHD. Therefore, based
on the NCEP guidelines, their lipid profile might
need to be monitored more frequently (L.e. every 2
years for normal LDL-cholesterol levels and every
6 months for LDEL-cholesterol »>130 mg/dL) than is
recominended by the ADA/APA consensus state-
ment. The Mount Sinai guidelines suggest that fast-
ing glucose or glycated hacmoglobin (e.g. HbAx)
could be used for glhicose monitoring, while the
ADA recommendations for screening in the gener-
al population advise against the use of glyecated
haemoglobin because of its relative insensitivity as
a screcning measure.

The introduction of regular routine monitoring
should allow for the early detection of changes in
these important risk factors, and so mprove the
overall long-term health of patients with schizo-
phrenia and other mental illnesses.

14.2 Conclusion

Evidence from the published hierature indi-
cales that second-generation antipsychotic agents
differ in their effects on weight and adiposity and
on blood glucose and lipid levels. An extensive
body of evidence, including data from prospective
clinical trials, shows marked differences in the
weight gain liabilities of second-generation
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antipsychotics. Clozapine and olanzapine, and t0 a
lesser extent zotepine, are all associated with sub-
stantial risk of chinically significant weight gain.
Amisulpride, risperidone and quetiapine are asso-
ciated with generally mild to moderate weight gain,
increasing across the group as listed. Ziprasidone
and aripiprazole are associated with minimal effect
on weight.

Studies using a variety of methodologies indi-
cate, with few exceptions, that clozapine and olap-
zapine treatment are associated with an increased
risk of developing diabetes mellitus and elevations
n plasma triglyceride Jevels. Risperidone therapy
is not associated with a consistent increase in the
risk of developing diabetes or dyshlipidaemia.
However, a possible increase in risk would be pre-
dicted to occur in association with any treatment
that produces increases in weight and adiposity.
Quetiapine therapy is not associated with a consis-
tent increase in the risk of developing diabetes or
dyshipidacmia. However, Hmited data suggest a
possible increase in the risk of diabetes and hyper-
irigltyceridacmia with quetiapine treatment, and a
possible increase in risk would be predicted to
occur in association with any treatment that pro-
duces increases in weight and adiposity. Although
published data are somewhat limited, available data
suggest that ziprasidone and aripiprazole treatment
are not associated with an increase in the risk of
developing diabetes or dyslipidaconia or with any
adverse effect on plasma glucose or lipid levels in
treated patienis. The almost complete absence of
data makes it difficult to draw any conclusions
about the risk of diabetes or dyslipidaemia with
zotepine or amisulpride, although the differing
weight gain potentials of the two agents suggest a
possible increase in risk with zotepine and less so
amisulpride therapy.

In general, a possible increase in risk would be
predicted to occur i association with any treat-
ment that produces increases in weight and adipos-
ity. In addition t the effects of adiposity, however,
fimited evidence suggests that certain agents may
have a direct effect on glucose regulation inde-
pendent of adiposity. Further research is needed to
improve our understanding of the interactions
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between disease states, antipsychotic medications,
and glucose and lipid metabolism in patients with
psychiatric disorder in order to maximize both psy-
chiatric and medical health outcomes.
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