
AimsAims In this retrospective analysis, weIn this retrospective analysis, we

assessed the short-termriskoftreatment-assessed the short-termriskoftreatment-

emergentdiabetes (TED) amongpatientsemergentdiabetes (TED) amongpatients

with schizophrenia duringclinical trials ofwith schizophrenia during clinical trials of

antipsychoticmedications.antipsychoticmedications.

MethodMethod Froma non-diabetic cohortofFroma non-diabetic cohortof

patientswith schizophrenia (patientswith schizophrenia (nn¼5013), the5013), the

relationship betweenbaseline non-fastingrelationship betweenbaseline non-fasting

glucosemeasurement, presence atglucosemeasurement, presence at

baseline ofrisk factors fordiabetes, weightbaseline ofrisk factors fordiabetes, weight

gain and therapy assignmentonthe riskofgain and therapyassignmentontheriskof

treatment-emergentdiabetesweretreatment-emergentdiabeteswere

assessed.assessed.

ResultsResults Atthe baseline assessment,Atthe baseline assessment,

about a third of patients identifiedwithabout a third of patients identifiedwith

TED during treatmenthadnon-fastingTED during treatmenthadnon-fasting

glucose levels over 7.8mmol/l and two-glucose levels over 7.8mmol/l and two-

thirds hadmultiple diabetes risk factors.thirdshadmultiple diabetes risk factors.

Bothbaselinenon-fasting glucoselevelandBothbaselinenon-fasting glucoseleveland

the presence ofmultiple pre-existingthe presence ofmultiple pre-existing

diabetes risk factors appeared to have adiabetes risk factors appeared to have a

major impactonthe riskof developingmajor impactontheriskof developing

diabetes.diabetes.

ConclusionsConclusions Overall, risk factors forOverall, risk factors for

diabetes inpatientswith schizophreniadiabetes inpatientswith schizophrenia

overlapthose in the generalpopulation.overlapthose inthe generalpopulation.

Theresults also suggestthatmanypatientsTheresults also suggestthatmanypatients

identifiedwithTEDmighthavehadpre-identifiedwithTEDmighthave hadpre-

existing glycaemic abnormalities or a highexisting glycaemic abnormalities or a high

baseline burden of diabetes risk factors.baseline burden of diabetes risk factors.

Declaration of interestDeclaration of interest The studyThe study

was sponsoredby Eli Lilly and Company.was sponsoredby Eli Lilly and Company.

A number of reports have described new-A number of reports have described new-

onset diabetes in temporal association withonset diabetes in temporal association with

atypical antipsychotic treatment (Kolleratypical antipsychotic treatment (Koller

et alet al, 2001, 2003; Koller & Doraiswamy,, 2001, 2003; Koller & Doraiswamy,

2002). In many of the reported cases, dia-2002). In many of the reported cases, dia-

betes was noted in relatively young patientsbetes was noted in relatively young patients

(mean age about 40 years) and was(mean age about 40 years) and was

diagnosed within 3–6 months of first pres-diagnosed within 3–6 months of first pres-

cription of the atypical antipsychoticcription of the atypical antipsychotic

medication. Evaluation of the relatednessmedication. Evaluation of the relatedness

of diabetes to atypical antipsychotic useof diabetes to atypical antipsychotic use

from case reports is complicated by a num-from case reports is complicated by a num-

ber of factors, including the increasingber of factors, including the increasing

prevalence of diabetes in the general popu-prevalence of diabetes in the general popu-

lation and data indicating that a substantiallation and data indicating that a substantial

number of individuals with diabetes arenumber of individuals with diabetes are

undiagnosed.undiagnosed.

Data from the National Health andData from the National Health and

Nutrition Examination Survey (NHANES)Nutrition Examination Survey (NHANES)

III (1988–1994) indicate that diagnosedIII (1988–1994) indicate that diagnosed

diabetes was present in 5.1% of the USdiabetes was present in 5.1% of the US

adult population (Harrisadult population (Harris et alet al, 1998)., 1998).

Subsequent reports from the Center forSubsequent reports from the Center for

Disease Control have described a continuedDisease Control have described a continued

increase (about 30%) in the prevalence ofincrease (about 30%) in the prevalence of

diabetes during the 1990s, with the largestdiabetes during the 1990s, with the largest

increase (70%) in individuals in the 30–39increase (70%) in individuals in the 30–39

year age range (Mokdadyear age range (Mokdad et alet al, 2000)., 2000).

Further data from NHANES III suggestedFurther data from NHANES III suggested

that diabetes was undiagnosed in as manythat diabetes was undiagnosed in as many

as a third of patients (Harrisas a third of patients (Harris et alet al, 1998)., 1998).

Results from another large survey supportResults from another large survey support

this finding that approximately half ofthis finding that approximately half of

patients in Australia with diabetes werepatients in Australia with diabetes were

undiagnosed (Dunstanundiagnosed (Dunstan et alet al, 2002)., 2002).

The prevalence of diagnosed diabetes inThe prevalence of diagnosed diabetes in

patients with schizophrenia appears topatients with schizophrenia appears to

exceed that of the general population byexceed that of the general population by

2-fold (Dixon2-fold (Dixon et alet al, 2000). Patients with, 2000). Patients with

schizophrenia generally have poorer physi-schizophrenia generally have poorer physi-

cal health (Browncal health (Brown et alet al, 1999; Osborn, 1999; Osborn

2001), and less than adequate overall2001), and less than adequate overall

health care (Phelanhealth care (Phelan et alet al, 2001; Wang, 2001; Wang etet

alal, 2002, 2002aa) compared with the general popu-) compared with the general popu-

lation. The symptoms of the psychosis itselflation. The symptoms of the psychosis itself

may hinder the ability or willingness of themay hinder the ability or willingness of the

patient to communicate potential physicalpatient to communicate potential physical

probems (Felkerprobems (Felker et alet al, 1996; Jeste, 1996; Jeste et alet al,,

1996). Thus, it is likely that the prevalence1996). Thus, it is likely that the prevalence

of unrecognised diabetes in patients withof unrecognised diabetes in patients with

schizophrenia is at least as high as that inschizophrenia is at least as high as that in

the general population.the general population.

Reasons for an increased prevalence ofReasons for an increased prevalence of

diabetes among patients with schizo-diabetes among patients with schizo-

phrenia remain speculative. However,phrenia remain speculative. However,

DixonDixon et alet al (2000) reported that in a sur-(2000) reported that in a sur-

vey of several large databases containingvey of several large databases containing

medical information on patients withmedical information on patients with

schizophrenia, the patients with diabetesschizophrenia, the patients with diabetes

were more likely to be older, non-White,were more likely to be older, non-White,

and to have hypertension –and to have hypertension – findingsfindings

consistent with those in the general popu-consistent with those in the general popu-

lation. In a more recent review of 45 pub-lation. In a more recent review of 45 pub-

lished case reports of new-onset diabeteslished case reports of new-onset diabetes

in patients receiving atypical agents, Jinin patients receiving atypical agents, Jin etet

alal (2002) noted that 84% of the patients(2002) noted that 84% of the patients

were overweight at baseline assessment,were overweight at baseline assessment,

42% had a positive family history of42% had a positive family history of

diabetes and 49% had high-risk ethnicdiabetes and 49% had high-risk ethnic

backgrounds (African or Hispanic). Thebackgrounds (African or Hispanic). The

assessment of case reports is complicatedassessment of case reports is complicated

by several factors, which include inconsis-by several factors, which include inconsis-

tent reporting of important demographictent reporting of important demographic

and other variables that might affect gly-and other variables that might affect gly-

caemic control, reporting bias and lack ofcaemic control, reporting bias and lack of

an adequate control group. In addition,an adequate control group. In addition,

case reports cannot be used to determinecase reports cannot be used to determine

causal relationships between individualcausal relationships between individual

therapies and treatment-emergent diabetes.therapies and treatment-emergent diabetes.

Weight gain – a body mass index (BMI)Weight gain – a body mass index (BMI)

of more than 25 kg/mof more than 25 kg/m22 – is a risk factor for– is a risk factor for

diabetes (Chandiabetes (Chan et alet al, 1994; Colditz, 1994; Colditz et alet al,,

1995), and weight gain can occur during1995), and weight gain can occur during

treatment with most of the atypical anti-treatment with most of the atypical anti-

psychotic medications (Allisonpsychotic medications (Allison et alet al, 1999)., 1999).

However, in some cases, new-onset diabetesHowever, in some cases, new-onset diabetes

has been reported in patients without weighthas been reported in patients without weight

gain (Kollergain (Koller et alet al, 2001; Henderson, 2002;, 2001; Henderson, 2002;

Koller & Doraiswamy, 2002). Further, noKoller & Doraiswamy, 2002). Further, no

association between weight gain and new-association between weight gain and new-

onset diabetes was noted in a naturalisticonset diabetes was noted in a naturalistic

study of patients receiving clozapinestudy of patients receiving clozapine

(Henderson(Henderson et alet al, 2000). These observations, 2000). These observations

have led to further speculation that some ofhave led to further speculation that some of

the atypical antipsychotic medications maythe atypical antipsychotic medications may

increase risk for diabetes by a weight-increase risk for diabetes by a weight-

independent mechanism.independent mechanism.

Given the growing interest in a possibleGiven the growing interest in a possible

association between diabetes and anti-association between diabetes and anti-

psychotic medications, a systematic re-psychotic medications, a systematic re-

evaluation of risk factor profiles of patientsevaluation of risk factor profiles of patients

with treatment-emergent diabetes (TED) iswith treatment-emergent diabetes (TED) is

warranted. In this retrospective analysis ofwarranted. In this retrospective analysis of

a large clinical trials database, our object-a large clinical trials database, our object-

ives were: (a) to identify patients withives were: (a) to identify patients with

schizophrenia who exhibited TED; (b) toschizophrenia who exhibited TED; (b) to

compare the entry characteristics, includingcompare the entry characteristics, including

pre-randomisation risk factor profiles, ofpre-randomisation risk factor profiles, of
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TED patients with those who maintainedTED patients with those who maintained

normal glucose tolerance during treatment;normal glucose tolerance during treatment;

and (c) to examine the influence ofand (c) to examine the influence of

treatment-emergent weight gain or therapytreatment-emergent weight gain or therapy

assignment on the development of TED.assignment on the development of TED.

METHODMETHOD

Patient population and studyPatient population and study
designsdesigns

Twenty-four studies were identifiedTwenty-four studies were identified

from the olanzapine clinical trialfrom the olanzapine clinical trial

database in which patient weight anddatabase in which patient weight and

post-randomisation plasma glucose mea-post-randomisation plasma glucose mea-

surements were available at multiple timesurements were available at multiple time

points. For many of the studies, the detailspoints. For many of the studies, the details

of the study designs, patient characteristicsof the study designs, patient characteristics

(age, gender, race, illness characteristics),(age, gender, race, illness characteristics),

and efficacy and safety results have beenand efficacy and safety results have been

previously published (Beasleypreviously published (Beasley et alet al,,

19961996aa,,bb; Tollefson; Tollefson et alet al, 1997, 1999,, 1997, 1999,

2001; Tran2001; Tran et alet al, 1997). Briefly, study par-, 1997). Briefly, study par-

ticipants were in-patients or out-patients,ticipants were in-patients or out-patients,

aged 18–65 years, diagnosed with DSM–aged 18–65 years, diagnosed with DSM–

III–R or DSM–IV schizophrenia or relatedIII–R or DSM–IV schizophrenia or related

disorders (American Psychiatric Associa-disorders (American Psychiatric Associa-

tion, 1987, 1994), and had providedtion, 1987, 1994), and had provided

written informed consent after the study de-written informed consent after the study de-

sign and possible adverse events were de-sign and possible adverse events were de-

scribed. Participation criteria were similarscribed. Participation criteria were similar

among the pooled trials, except thatamong the pooled trials, except that

studies examining clozapine were limitedstudies examining clozapine were limited

to patients with treatment-refractoryto patients with treatment-refractory

disease (Tollefsondisease (Tollefson et alet al, 1999, 2001) and,, 1999, 2001) and,

in several studies comparing olanzapinein several studies comparing olanzapine

with risperidone, entry criteria excludedwith risperidone, entry criteria excluded

patients with cardiovascular disease frompatients with cardiovascular disease from

participation in the original trial (Tranparticipation in the original trial (Tran

et alet al, 1997). All studies included a medi-, 1997). All studies included a medi-

cation wash-out period of 2–9 days andcation wash-out period of 2–9 days and

a double-masked treatment period ofa double-masked treatment period of

6–52 weeks, followed by an olanzapine6–52 weeks, followed by an olanzapine

open-label extension phase in some cases.open-label extension phase in some cases.

For studies with medication crossover,For studies with medication crossover,

only the initial monotherapy treatmentonly the initial monotherapy treatment

period was included in the analyses.period was included in the analyses.

DuringDuring the double-masked treatmentthe double-masked treatment

period, all patients received therapeuticperiod, all patients received therapeutic

doses of a single antipsychotic medicationdoses of a single antipsychotic medication

(olanzapine 5–25 mg/day, haloperidol(olanzapine 5–25 mg/day, haloperidol

5–20 mg/day, risperidone 4–12 mg/day,5–20 mg/day, risperidone 4–12 mg/day,

clozapine 200–600 mg/day) or placebo.clozapine 200–600 mg/day) or placebo.

Non-fasting glucosemeasurementsNon-fasting glucosemeasurements

Non-fasting glucose levels were analysedNon-fasting glucose levels were analysed

by Covance Inc. using a photometric chem-by Covance Inc. using a photometric chem-

istry analyser (Hitachi 747–200; Rocheistry analyser (Hitachi 747–200; Roche

Diagnostics, Indianapolis, Indiana, USA).Diagnostics, Indianapolis, Indiana, USA).

The frequency of sample collection wasThe frequency of sample collection was

specified by each study protocol. Inspecified by each study protocol. In

general, two samples were obtained pre-general, two samples were obtained pre-

randomisation and after that, samples wererandomisation and after that, samples were

usually obtained weekly for the firstusually obtained weekly for the first

6 weeks and monthly or bi-weekly there-6 weeks and monthly or bi-weekly there-

after. In case of multiple glucose measure-after. In case of multiple glucose measure-

ments for the same visit, only thements for the same visit, only the

maximum observation was considered.maximum observation was considered.

The analyses included all measurementsThe analyses included all measurements

up to and including the day after the lastup to and including the day after the last

day of treatment.day of treatment.

Classification of patientsClassification of patients

Patients with only baseline glucose valuesPatients with only baseline glucose values

and those with pre-existing diabetes atand those with pre-existing diabetes at

entry (clinical diagnosis of diabetes, suchentry (clinical diagnosis of diabetes, such

as taking antidiabetic medications at base-as taking antidiabetic medications at base-

line such as insulin, sulphonylurea, met-line such as insulin, sulphonylurea, met-

formin, thiazolidinediones orformin, thiazolidinediones or aa-glucosidase-glucosidase

inhibitor) or two pre-randomisation glu-inhibitor) or two pre-randomisation glu-

cose values ofcose values of 5511.1 mmol/l were excluded11.1 mmol/l were excluded

from the analyses. Patients (from the analyses. Patients (nn¼27) with a27) with a

single glucose measurementsingle glucose measurement 5511.1 mmol/l11.1 mmol/l

at entry were not excluded because theseat entry were not excluded because these

individuals lacked a confirmatory secondindividuals lacked a confirmatory second

value prior to drug assignment. A singlevalue prior to drug assignment. A single

glucose value ofglucose value of 5511.1 mmol/l at entry11.1 mmol/l at entry

was, however, considered suggestive of un-was, however, considered suggestive of un-

derderlying dysglycaemia in the assessmentlying dysglycaemia in the assessment

ofof pre-existing risk factors for diabetespre-existing risk factors for diabetes

(see Categorical risk factors, below).(see Categorical risk factors, below).

Post-baseline non-fasting glucose valuesPost-baseline non-fasting glucose values

were used to classify or categorise patientswere used to classify or categorise patients

as exhibiting:as exhibiting:

(a)(a) treatment emergent diabetes (TED),treatment emergent diabetes (TED),

defined as two non-fasting glucosedefined as two non-fasting glucose

values ofvalues of 5511.1 mmol/l at any time11.1 mmol/l at any time

after baseline, final glucoseafter baseline, final glucose

5511.1 mmol/l, initiation of antidiabetic11.1 mmol/l, initiation of antidiabetic

medication, or a new clinical diagnosismedication, or a new clinical diagnosis

of diabetes;of diabetes;

(b)(b) uncertain glucose tolerance (UGT),uncertain glucose tolerance (UGT),

defined as two or more glucose valuesdefined as two or more glucose values

557.8 mmol/l but one or no glucose7.8 mmol/l but one or no glucose

valuevalue 5511.1 mmol/l at any time prior11.1 mmol/l at any time prior

to end-point;to end-point;

(c)(c) normal glucose tolerance (NGT).normal glucose tolerance (NGT).

A non-fasting glucose value ofA non-fasting glucose value of

557.8 mmol/l7.8 mmol/l was chosen as the thresholdwas chosen as the threshold

for UGT based on several lines of evidence:for UGT based on several lines of evidence:

(a)(a) post-prandial glucose levels of individ-post-prandial glucose levels of individ-

uals with normal glucose toleranceuals with normal glucose tolerance

rarely exceed 7.8 mmol/l (Americanrarely exceed 7.8 mmol/l (American

Diabetes Association, 2001);Diabetes Association, 2001);

(b)(b) individuals with glucose values ofindividuals with glucose values of

7.8 mmol/l or greater in a standard7.8 mmol/l or greater in a standard

2 h oral glucose tolerance test (OGTT)2 h oral glucose tolerance test (OGTT)

are considered to have impairedare considered to have impaired

glucose tolerance (American Diabetesglucose tolerance (American Diabetes

Association, 2002);Association, 2002);

(c)(c) non-fasting capillary glucose valuesnon-fasting capillary glucose values

7.8 mmol/l or higher have reasonable7.8 mmol/l or higher have reasonable

sensitivity (62–65%) and specificitysensitivity (62–65%) and specificity

(95–96%) for identifying individuals(95–96%) for identifying individuals

with diabetes subsequently confirmedwith diabetes subsequently confirmed

by OGTT or fasting blood sugarby OGTT or fasting blood sugar

(Rolka(Rolka et alet al, 2001)., 2001).

Categorical risk factorsCategorical risk factors

Patients possessing one or more of thePatients possessing one or more of the

following risk factors (American Diabetesfollowing risk factors (American Diabetes

Association, 2002) for diabetes at baselineAssociation, 2002) for diabetes at baseline

were identified: agewere identified: age 5545 years, baseline45 years, baseline

BMIBMI 5527 kg/m27 kg/m22, non-White ethnicity,, non-White ethnicity,

hypertension based on clinical diagnosishypertension based on clinical diagnosis

or use of antihypertensive medication, oror use of antihypertensive medication, or

non-fasting glucose levels suggestive ofnon-fasting glucose levels suggestive of

underlying dysglycaemia, e.g. a singleunderlying dysglycaemia, e.g. a single

pre-randomisation glucose valuepre-randomisation glucose value

5511.1 mmol/l.11.1 mmol/l. Height was available forHeight was available for

BMI calculation for approximately 80%BMI calculation for approximately 80%

of the patients. Where BMI could not beof the patients. Where BMI could not be

calculated, data from these patients werecalculated, data from these patients were

not included in these analyses. This analysisnot included in these analyses. This analysis

began before the BMI threshold as a riskbegan before the BMI threshold as a risk

factor for diabetes was lowered fromfactor for diabetes was lowered from

27 kg/m27 kg/m22 to 25 kg/mto 25 kg/m22 in the American Dia-in the American Dia-

betes Association (ADA) Clinical Practicebetes Association (ADA) Clinical Practice

Recommendations (American DiabetesRecommendations (American Diabetes

Association, 2002). Baseline glycaemicAssociation, 2002). Baseline glycaemic

status of individual patientsstatus of individual patients was basedwas based

on the mean of two pre-on the mean of two pre-randomisationrandomisation

measures for 4425 of the 5013 patientsmeasures for 4425 of the 5013 patients

evaluated (88.3%).evaluated (88.3%).

Statistical methodsStatistical methods

Data from 24 studies from the olanzapineData from 24 studies from the olanzapine

clinical trial database were pooled for theseclinical trial database were pooled for these

analyses. The prevalence of baseline riskanalyses. The prevalence of baseline risk

factors within the TEDfactors within the TED vv. the NGT group. the NGT group

or within the UGTor within the UGT vv. the NGT group was. the NGT group was

compared by Fisher’s exact test. Imbalancescompared by Fisher’s exact test. Imbalances

in risk factors that are continuous variablesin risk factors that are continuous variables

(such as age, mean baseline glucose, maxi-(such as age, mean baseline glucose, maxi-

mum baseline glucose and baseline BMI)mum baseline glucose and baseline BMI)

were tested bywere tested by FF-test. Weight gain was ana--test. Weight gain was ana-

lysed by a last observation carried forwardlysed by a last observation carried forward

(LOCF) method.(LOCF) method.

To account for variation in observationTo account for variation in observation

times for individual therapy groups, a time-times for individual therapy groups, a time-

to-event analysis using the Cox proport-to-event analysis using the Cox proport-

ional hazards model was employed toional hazards model was employed to

assess the risk of TED. Specifically, theassess the risk of TED. Specifically, the

Cox model assessed the impact of meanCox model assessed the impact of mean

non-fasting glucose values or the presencenon-fasting glucose values or the presence

of pre-existing risk factors for diabetes onof pre-existing risk factors for diabetes on

the subsequent risk of being identified withthe subsequent risk of being identified with
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TED. The Cox proportional hazards modelTED. The Cox proportional hazards model

was also used to assess the impact of weightwas also used to assess the impact of weight

gain and therapy assignment on the risk ofgain and therapy assignment on the risk of

being identified with TEDbeing identified with TED vv. ‘not TED’. ‘not TED’

(UGT plus NGT cohorts). Because of the(UGT plus NGT cohorts). Because of the

small number of events in individual ther-small number of events in individual ther-

apy groups, treatment group results wereapy groups, treatment group results were

compared between olanzapine and non-compared between olanzapine and non-

olanzapine groups (including haloperidol,olanzapine groups (including haloperidol,

risperidone and placebo). Unless otherwiserisperidone and placebo). Unless otherwise

specified, the Cox proportional hazardsspecified, the Cox proportional hazards

model included a single test covariate (base-model included a single test covariate (base-

line mean non-fasting glucose concentra-line mean non-fasting glucose concentra-

tion, baseline risk factors for diabetes,tion, baseline risk factors for diabetes,

treatment-emergent weight gain, or therapytreatment-emergent weight gain, or therapy

assignment) along with study protocol. Theassignment) along with study protocol. The

study protocol was also included as a stra-study protocol was also included as a stra-

tification variable in the model to controltification variable in the model to control

for effects of pooling data from severalfor effects of pooling data from several

clinical trials.clinical trials.

RESULTSRESULTS

Categorisation of patientsCategorisation of patients

Of the 5529 patients enrolled, 149 patientsOf the 5529 patients enrolled, 149 patients

were identified with pre-existing diabeteswere identified with pre-existing diabetes

and were excluded from the TED analysis.and were excluded from the TED analysis.

Post-randomisation glucose values werePost-randomisation glucose values were

available for 5013 patients not known toavailable for 5013 patients not known to

be diabetic by diagnosis, use of antidiabeticbe diabetic by diagnosis, use of antidiabetic

medication, or pre-randomisation glucosemedication, or pre-randomisation glucose

values. The majority (60%) of thesevalues. The majority (60%) of these

patients received olanzapine, followed bypatients received olanzapine, followed by

haloperidol (24%), risperidone (8%),haloperidol (24%), risperidone (8%),

placebo (4%) and clozapine (4%)placebo (4%) and clozapine (4%)

(Table 1). After randomisation, most(Table 1). After randomisation, most

patients (patients (nn¼4637, 92.5%) appeared to4637, 92.5%) appeared to

maintain normoglycaemia and were consid-maintain normoglycaemia and were consid-

ered to have NGT. Of the remainingered to have NGT. Of the remaining

patients, 94 (1.9%) were identified withpatients, 94 (1.9%) were identified with

TED and 282 (5.7%) exhibited an inter-TED and 282 (5.7%) exhibited an inter-

mediate level of hyperglycaemia and, inmediate level of hyperglycaemia and, in

the absence of more definitive testing, werethe absence of more definitive testing, were

consideredconsidered to have UGT (Table 1). Theto have UGT (Table 1). The

mean post-mean post-randomisation observation timerandomisation observation time

varied among the individual therapy assign-varied among the individual therapy assign-

ments with a mean of 205 (s.d. 283) daysments with a mean of 205 (s.d. 283) days

(median 86 days), and a maximum obser-(median 86 days), and a maximum obser-

vation time of 1775 days (Table 1). Thevation time of 1775 days (Table 1). The

mean weight gain for each therapy at end-mean weight gain for each therapy at end-

point (LOCF) is also presented in Table 1.point (LOCF) is also presented in Table 1.

Risk factors for treatment-Risk factors for treatment-
emergent diabetesemergent diabetes
Risk factors at study entryRisk factors at study entry

At study entry, mean non-fasting glucoseAt study entry, mean non-fasting glucose

levels for TED patients were significantlylevels for TED patients were significantly

higher than for NGT patients (Table 2).higher than for NGT patients (Table 2).

Over half (61%) of the patients subse-Over half (61%) of the patients subse-

quently identified with TED had meanquently identified with TED had mean

glucose valuesglucose values 556.1 mmol/l and over 30%6.1 mmol/l and over 30%

had valueshad values 557.8 mmol/l at entry (Fig. 1).7.8 mmol/l at entry (Fig. 1).

In comparison, 13% of NGT patients hadIn comparison, 13% of NGT patients had

mean glucose valuesmean glucose values 556.1 mmol/l and only6.1 mmol/l and only

1.5% had values1.5% had values 557.8 mmol/l at entry.7.8 mmol/l at entry.

After randomisation of the patients with aAfter randomisation of the patients with a

single glucose measurementsingle glucose measurement 5511.1 mmol/l11.1 mmol/l

at entry (at entry (nn¼27) who were not excluded27) who were not excluded

from the analysis, 9 were categorised infrom the analysis, 9 were categorised in

the TED group, 5 were categorised in thethe TED group, 5 were categorised in the

UGT group, and 13 were categorised inUGT group, and 13 were categorised in

the NGT group.the NGT group.

Patients subsequently identified asPatients subsequently identified as

having TED were significantly older, morehaving TED were significantly older, more

obese and more likely to be hypertensive,obese and more likely to be hypertensive,

non-White, female, or have baseline dys-non-White, female, or have baseline dys-

glycaemia than NGT patients (Table 2).glycaemia than NGT patients (Table 2).

Sixty-four per cent of TED patientsSixty-four per cent of TED patients

possessed multiple risk factors for diabetespossessed multiple risk factors for diabetes

compared with 21% of NGT patientscompared with 21% of NGT patients

(Fig. 2). Baseline characteristics of patients(Fig. 2). Baseline characteristics of patients

subsequently identified with TED demon-subsequently identified with TED demon-

strated that substantial numbers had base-strated that substantial numbers had base-

line non-fasting glucose levelsline non-fasting glucose levels 557.8 mmol/7.8 mmol/

l or multiple pre-existing risk factors forl or multiple pre-existing risk factors for

diabetes in each of the individual treatmentdiabetes in each of the individual treatment

groups (Table 2). Approximately half of thegroups (Table 2). Approximately half of the

cases of TED were identified within 3cases of TED were identified within 3

months of trial entry. For these ‘early’months of trial entry. For these ‘early’

TED patients, the entry glucose wasTED patients, the entry glucose was

7.9 (s.d. 2.2) mmol/l and 71% possessed at7.9 (s.d. 2.2) mmol/l and 71% possessed at

least two risk factors for diabetes at entry.least two risk factors for diabetes at entry.

As expected, entry non-fasting glucoseAs expected, entry non-fasting glucose

had a highly significant impact on the riskhad a highly significant impact on the risk

of TED. The risk of being identified withof TED. The risk of being identified with

TED was substantially greater for patientsTED was substantially greater for patients

s 9 6s 9 6

Table1Table1 Post-randomisation glycaemic categories andmedian observation time by therapy assignmentPost-randomisation glycaemic categories andmedian observation time by therapy assignment

TherapyTherapy PatientsPatients Post-randomisation glycaemic categoryPost-randomisation glycaemic category11 MedianMedian Weight gain atWeight gain at
randomisedrandomised

NGTNGT UGTUGT TEDTED
observation timeobservation time end-point (kg)end-point (kg)22

((NN))
nn (%)(%) nn (%)(%) nn (%)(%)

days (max.)days (max.) mean (s.d.)mean (s.d.)

OlanzapineOlanzapine 30683068 2799 (91.2)2799 (91.2) 198 (6.4)198 (6.4) 71 (2.3)71 (2.3) 123 (1775)123 (1775) 3.78 (7.00)3.78 (7.00)

HaloperidolHaloperidol 11641164 1122 (96.4)1122 (96.4) 33 (2.8)33 (2.8) 9 (0.8)9 (0.8) 43 (861)43 (861) 0.65 (5.25)0.65 (5.25)

RisperidoneRisperidone 364364 346 (95.0)346 (95.0) 13 (3.6)13 (3.6) 5 (1.4)5 (1.4) 169 (804)169 (804) 2.12 (5.59)2.12 (5.59)

ClozapineClozapine 211211 172 (81.5)172 (81.5) 33 (15.6)33 (15.6) 6 (2.8)6 (2.8) 121 (202)121 (202) 3.71 (5.74)3.71 (5.74)

PlaceboPlacebo 206206 198 (96.1)198 (96.1) 5 (2.4)5 (2.4) 3 (1.4)3 (1.4) 32 (555)32 (555) 0.75 (6.37)0.75 (6.37)

TotalTotal 50135013 4637 (92.5)4637 (92.5) 282 (5.6)282 (5.6) 94 (1.9)94 (1.9) 86 (1775)86 (1775) NANA

NA, not available; NGT, normal glucose tolerance;TED, treatment-emergent diabetes;UGT, uncertain glucoseNA, not available; NGT, normal glucose tolerance;TED, treatment-emergent diabetes;UGT, uncertain glucose
tolerance.tolerance.
1. Results are shown as the number (1. Results are shown as the number (nn) and percentage () and percentage (nn//NN66100%) of patients within each treatment groupwhere100%) of patients within each treatment groupwhere
NN¼number of patients randomised.number of patients randomised.
2. Last observation carried forward.2. Last observation carried forward.

Table 2Table 2 Comparison of entry characteristics of patients with treatment-emergent diabetes, uncertainComparison of entry characteristics of patients with treatment-emergent diabetes, uncertain

glucose tolerance and normal glucose toleranceglucose tolerance and normal glucose tolerance

CharacteristicCharacteristic Glycaemic categoryGlycaemic category

TEDTED

((nn¼94)94)

UGTUGT

((nn¼282)282)

NGTNGT

((nn¼4637)4637)

PP value:value:

TEDTED vv. NGT.NGT

PP value:value:

UGTUGTvv. NGT.NGT

Baseline non-fasting glucose,Baseline non-fasting glucose,

mmol/l (mean (s.d.))mmol/l (mean (s.d.))

7.1 (2.0)7.1 (2.0) 6.0 (1.3)6.0 (1.3) 5.2 (0.9)5.2 (0.9) 550.0010.001 550.0010.001

Age, years (mean (s.d.))Age, years (mean (s.d.)) 44.4 (10.3)44.4 (10.3) 42.4 (11.4)42.4 (11.4) 37.1 (10.8)37.1 (10.8) 550.0010.001 550.0010.001

Gender (%male)Gender (% male) 53.253.2 65.665.6 63.763.7 0.0400.040 0.5660.566

BMI, kg/mBMI, kg/m22 (mean (s.d.))(mean (s.d.)) 31.5 (6.4)31.5 (6.4) 28.1 (5.6)28.1 (5.6) 25.8 (5.3)25.8 (5.3) 550.0010.001 550.0010.001

Hypertension (% patients)Hypertension (% patients) 2323 1515 99 550.0010.001 0.0020.002

Non-White ethnicityNon-White ethnicity

(% patients)(% patients)

3838 2121 2727 0.0260.026 0.0270.027

Baseline dysglycaemiaBaseline dysglycaemia

(% patients)(% patients)

1010 22 0.30.3 550.0010.001 0.0030.003

BMI, bodymass index; NGT, normal glucose tolerance;TED, treatment-emergent diabetes;UGT, uncertain glucoseBMI, bodymass index; NGT, normal glucose tolerance;TED, treatment-emergent diabetes;UGT, uncertain glucose
tolerance.tolerance.
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with entry non-fasting glucosewith entry non-fasting glucose 557.8 mmol/7.8 mmol/

l: hazard ratio (HR) 31.9; 95% CI 19.6–l: hazard ratio (HR) 31.9; 95% CI 19.6–

52.0;52.0; PP550.001. Even at lower entry0.001. Even at lower entry

glucose levels, the risk of TED was stillglucose levels, the risk of TED was still

markedly elevated. For example, in patientsmarkedly elevated. For example, in patients

with non-fasting glucose ofwith non-fasting glucose of 556.7 mmol/l,6.7 mmol/l,

the risk of TED was elevated (HR 11.85,the risk of TED was elevated (HR 11.85,

95% CI 7.7–18.3;95% CI 7.7–18.3; PP550.001) (Fig. 3).0.001) (Fig. 3).

Further, the risk for TED was 9 timesFurther, the risk for TED was 9 times

greater for patients with baseline randomgreater for patients with baseline random

plasma glucoseplasma glucose 556.7 mmol/l (HR 9.6,6.7 mmol/l (HR 9.6,

95% CI 6.2–14.8;95% CI 6.2–14.8; PP550.001).0.001).

The presence of multiple baseline riskThe presence of multiple baseline risk

factors for diabetes (age, BMI, non-factors for diabetes (age, BMI, non-

White ethnicity, hypertension and dys-White ethnicity, hypertension and dys-

glycaemia) also had a highly significantglycaemia) also had a highly significant

impact on the risk of being identified withimpact on the risk of being identified with

TED. Without adjusting for entry non-TED. Without adjusting for entry non-

fasting glucose in the Cox proportionalfasting glucose in the Cox proportional

hazards model, patients with two or morehazards model, patients with two or more

risk factors at entry were nearly 6 timesrisk factors at entry were nearly 6 times

more likely to be identified with TEDmore likely to be identified with TED

(HR 5.70, 95% CI 3.6–9.0;(HR 5.70, 95% CI 3.6–9.0; PP550.001) than0.001) than

patients with one or no risk factor.patients with one or no risk factor.

An interaction between entry non-An interaction between entry non-

fasting glucose value and number of pre-fasting glucose value and number of pre-

existing diabetes risk factors would beexisting diabetes risk factors would be

expected. Among patients with entryexpected. Among patients with entry

glucose valuesglucose values 557.8 mmol/l and two or7.8 mmol/l and two or

more baseline risk factors for diabetes,more baseline risk factors for diabetes,

40% (26 of 64 patients) were identified40% (26 of 64 patients) were identified

with TED. In contrast, less than 1% (26with TED. In contrast, less than 1% (26

of 3795) of patients withof 3795) of patients with 441 risk factor1 risk factor

and an entry glucoseand an entry glucose 557.8 mmol/l were7.8 mmol/l were

identified with TED. Furthermore, for pa-identified with TED. Furthermore, for pa-

tients with entry glucosetients with entry glucose 557.8 mmol/l, the7.8 mmol/l, the

likelihood of being identified with TEDlikelihood of being identified with TED

was greater if multiple (two or more) base-was greater if multiple (two or more) base-

line risk factors were present: 3.2% (34 outline risk factors were present: 3.2% (34 out

of 1068) of patients with normal glucoseof 1068) of patients with normal glucose

and multiple risk factors were identifiedand multiple risk factors were identified

with TED.with TED.

Of the 94 TED patients, nine appearedOf the 94 TED patients, nine appeared

to lack risk factors for diabetes at studyto lack risk factors for diabetes at study

entry. However, within this subgroup,entry. However, within this subgroup,

detailed review revealed that seven patientsdetailed review revealed that seven patients

were overweight (BMI 26.5 to 26.9 kg/mwere overweight (BMI 26.5 to 26.9 kg/m22

or weightor weight 44118 kg), over 35 years of age,118 kg), over 35 years of age,

or had questionable entry non-fastingor had questionable entry non-fasting

glucose levels (range 7.8–10 mmol/l).glucose levels (range 7.8–10 mmol/l). TheThe

two remaining patients experienced sub-two remaining patients experienced sub-

stantial weight gain (stantial weight gain (4413 kg) prior to13 kg) prior to

identification of TED.identification of TED.

A subset of patients (A subset of patients (nn¼282) with re-282) with re-

peated post-randomisation glucose levelspeated post-randomisation glucose levels

557.8 mmol/l, but an insufficient hyper-7.8 mmol/l, but an insufficient hyper-

glycaemia to meet criteria for TED wereglycaemia to meet criteria for TED were

identified. This appeared to be a hetero-identified. This appeared to be a hetero-

geneous group in terms of glycaemicgeneous group in terms of glycaemic

control and because confirmatory testingcontrol and because confirmatory testing

data (e.g. fasting plasma glucose or OGTT)data (e.g. fasting plasma glucose or OGTT)

were not available to define glycaemicwere not available to define glycaemic

status more precisely, these patients werestatus more precisely, these patients were

considered to have UGT and were analysedconsidered to have UGT and were analysed

separately. Overall, this group possessedseparately. Overall, this group possessed

entry characteristics (Table 2) and riskentry characteristics (Table 2) and risk

factor profiles (Fig. 2) intermediate to thosefactor profiles (Fig. 2) intermediate to those

of the TED and NGT groups. At studyof the TED and NGT groups. At study

entry, the mean non-fasting glucose forentry, the mean non-fasting glucose for

patients identified as possessing UGT waspatients identified as possessing UGT was

significantly higher than NGT patientssignificantly higher than NGT patients

and 37% of the UGT patients had entryand 37% of the UGT patients had entry

glucose valuesglucose values 556.1 mmol/l, with6.1 mmol/l, with

7%7%557.8 mmol/l (Table 2 and Fig. 1). The7.8 mmol/l (Table 2 and Fig. 1). The

number and percentage of patients identi-number and percentage of patients identi-

fied with UGT in individual therapy groupsfied with UGT in individual therapy groups

with baseline mean non-fasting glucosewith baseline mean non-fasting glucose

557.8 mmol/l or with 2 or more baseline7.8 mmol/l or with 2 or more baseline

risk factors for diabetes are presented inrisk factors for diabetes are presented in

Table 3.Table 3.

Post-randomisation risk factorsPost-randomisation risk factors

Patients identified as having TED gainedPatients identified as having TED gained

slightly more weight than NGT patientsslightly more weight than NGT patients

(3.9 kg(3.9 kg vv. 2.7 kg, baseline to end-point,. 2.7 kg, baseline to end-point,

LOCF). However, observation times wereLOCF). However, observation times were

longer for TED patients compared withlonger for TED patients compared with

the overall NGT group (data not shown).the overall NGT group (data not shown).

To adjust for differences in observationTo adjust for differences in observation

time, a time-to-event analysis was per-time, a time-to-event analysis was per-

formed using a Cox proportional hazardsformed using a Cox proportional hazards

s 9 7s 9 7

Fig. 1Fig. 1 Distribution of baselinemean non-fasting glucose levels by post-randomisation glycaemic category:Distribution of baselinemean non-fasting glucose levels by post-randomisation glycaemic category:

normalglucose tolerance (NGT), treatment-emergentdiabetes (TED) anduncertain glucose, tolerance (UGT).normalglucose tolerance (NGT), treatment-emergentdiabetes (TED) anduncertain glucose, tolerance (UGT).

Asterisk denotes 2 patients with a single glucosemeasurement at entry.Asterisk denotes 2 patients with a single glucosemeasurement at entry.

Fig. 2Fig. 2 Baseline risk factors for diabetes in the threepost-randomisation glycaemic categories: normal glucoseBaseline risk factors for diabetes in the threepost-randomisation glycaemic categories: normal glucose

tolerance (NGT), treatment-emergentdiabetes (TED) anduncertain glucose tolerance (UGT).tolerance (NGT), treatment-emergentdiabetes (TED) anduncertain glucose tolerance (UGT). aa PP550.001,TED0.001,TED

or UGTor UGT vv.NGT..NGT.
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model. In this analysis, the impact ofmodel. In this analysis, the impact of

weight gain (7% or more of the patient’sweight gain (7% or more of the patient’s

initial body weight) as a categorical co-initial body weight) as a categorical co-

variate on the risk of being identified withvariate on the risk of being identified with

TED did not achieve statistical significanceTED did not achieve statistical significance

(HR 1.21, 95% CI 0.77–1.90,(HR 1.21, 95% CI 0.77–1.90, PP¼0.414;0.414;

Fig. 3), without adjusting for baseline glu-Fig. 3), without adjusting for baseline glu-

cose concentration or number of pre-existingcose concentration or number of pre-existing

risk factors.risk factors.

The risk of TED for patients receivingThe risk of TED for patients receiving

olanzapineolanzapine vv. non-olanzapine interventions. non-olanzapine interventions

(risperidone, haloperidol and placebo) was(risperidone, haloperidol and placebo) was

also assessed using the Cox proportionalalso assessed using the Cox proportional

hazards model. As there were relativelyhazards model. As there were relatively

few TED events in individual non-few TED events in individual non-

olanzapine treatment groups, the risk ofolanzapine treatment groups, the risk of

TED was evaluated between patients re-TED was evaluated between patients re-

ceiving olanzapine and a pooled cohort ofceiving olanzapine and a pooled cohort of

patients receiving the other non-olanzapinepatients receiving the other non-olanzapine

interventions (Table 1). Because clozapine,interventions (Table 1). Because clozapine,

like olanzapine, has been suggested to belike olanzapine, has been suggested to be

more closely associated with treatment-more closely associated with treatment-

emergent diabetes than other antipsychoticemergent diabetes than other antipsychotic

medications, clozapine was omitted frommedications, clozapine was omitted from

the non-olanzapine group to avoid the po-the non-olanzapine group to avoid the po-

tential for increasing the risk of diabetestential for increasing the risk of diabetes

in the non-olanzapine group. Using thein the non-olanzapine group. Using the

Cox proportional hazards model, withoutCox proportional hazards model, without

adjusting for baseline random plasma glu-adjusting for baseline random plasma glu-

cose level, baseline number of risk factorscose level, baseline number of risk factors

or weight gain, the short-term risk foror weight gain, the short-term risk for

TED patients treated with olanzapine wasTED patients treated with olanzapine was

not significantly greater than in a poolednot significantly greater than in a pooled

cohort of patients receiving risperidone,cohort of patients receiving risperidone,

haloperidol and placebo (HR 1.46, 95%haloperidol and placebo (HR 1.46, 95%

CI 0.83–2.57,CI 0.83–2.57, PP¼0.186; Fig. 3). In a sepa-0.186; Fig. 3). In a sepa-

rate analysis that included baseline glucoserate analysis that included baseline glucose

concentration, number of baseline risk fac-concentration, number of baseline risk fac-

tors and weight gain as continuous covari-tors and weight gain as continuous covari-

ates, the risk for TED was also notates, the risk for TED was also not

significantly different between the olanza-significantly different between the olanza-

pine and non-olanzapine treatment groupspine and non-olanzapine treatment groups

((PP¼0.220). In this multivariate analysis,0.220). In this multivariate analysis,

both baseline glucose values and numberboth baseline glucose values and number

of pre-existing risk factors remained highlyof pre-existing risk factors remained highly

significant (significant (PP550.001) covariates, whereas0.001) covariates, whereas

treatment-emergent weight gain was nottreatment-emergent weight gain was not

significant (significant (PP¼0.311).0.311).

DISCUSSIONDISCUSSION

In this retrospective analysis of a large clin-In this retrospective analysis of a large clin-

ical trial database of patients with schizo-ical trial database of patients with schizo-

phrenia, 94 cases of treatment-emergentphrenia, 94 cases of treatment-emergent

diabetes (about 2% of the patient popu-diabetes (about 2% of the patient popu-

lation) were identified. The annualisedlation) were identified. The annualised

rates of TED were about 3% for patientsrates of TED were about 3% for patients

treated with olanzapine, haloperidol andtreated with olanzapine, haloperidol and

risperidone. The patients in the placeborisperidone. The patients in the placebo

group had an annualised TED rate of aboutgroup had an annualised TED rate of about

5%, which was not statistically different5%, which was not statistically different

from the rate in the olanzapine treatmentfrom the rate in the olanzapine treatment

group. Only the patients treated with cloza-group. Only the patients treated with cloza-

pine had a significantly greater rate (aboutpine had a significantly greater rate (about

11% per year;11% per year; PP¼0.0220.022 vv. olanzapine).. olanzapine).

Assuming that the definition of TED usedAssuming that the definition of TED used

in this study truly reflects more convent-in this study truly reflects more convent-

ional definitions of diabetes, the rates ofional definitions of diabetes, the rates of

new diabetes seen were significantly greaternew diabetes seen were significantly greater

than the rate that would be expected in thethan the rate that would be expected in the

general population (about 0.3% per year ingeneral population (about 0.3% per year in

US adults, with a peak incidence of aboutUS adults, with a peak incidence of about

1% per year in the elderly; Harris1% per year in the elderly; Harris et alet al,,

1998). Although it is possible that the defi-1998). Although it is possible that the defi-

nition of TED used for these analyses mightnition of TED used for these analyses might

have led us to underestimate the actual inci-have led us to underestimate the actual inci-

dence of diabetes (see the paragraph dis-dence of diabetes (see the paragraph dis-

cussing study limitations, below), the ratescussing study limitations, below), the rates

seen in our study are consistent with thoseseen in our study are consistent with those

reported in other studies of patients withreported in other studies of patients with

schizophrenia. Annualised rates of diabetesschizophrenia. Annualised rates of diabetes

of 1–7% have been reported in several epi-of 1–7% have been reported in several epi-

demiology studies (Carodemiology studies (Caro et alet al, 2002; Lee, 2002; Lee etet

alal, 2002; Buse, 2002; Buse et alet al, 2003). The increased, 2003). The increased

incidence of diabetes relative to the generalincidence of diabetes relative to the general

population seen in these studies is presentpopulation seen in these studies is present

regardless of the type of antipsychotic drugregardless of the type of antipsychotic drug

s 9 8s 9 8

Fig. 3Fig. 3 Hazard ratio (HR) from Cox proportional hazards model evaluating the risk for treatment-emergentHazard ratio (HR) from Cox proportional hazardsmodel evaluating the risk for treatment-emergent

diabetes.Themodel included one of the following covariates: mean non-fasting glucose concentration (GIc)diabetes.Themodel included one of the following covariates: mean non-fasting glucose concentration (GIc)

556.7mmol/l; two ormore baseline risk factors (RF) for diabetes; weight gain6.7mmol/l; two ormore baseline risk factors (RF) for diabetes; weight gain557% initial body weight (IBW);7% initial body weight (IBW);

or therapy ^ olanzapine (OLZ)or therapy ^ olanzapine (OLZ) vv. non-olanzapine (haloperidol, risperidone and placebo).. non-olanzapine (haloperidol, risperidone and placebo).

Table 3Table 3 Number and percentage of patients in each glycaemic category with baselinemean non-fastingNumber and percentage of patients in each glycaemic category with baselinemean non-fasting

glucose values ofglucose values of557.8mmol/l or over, or two or more pre-existing risk factors, for each treatment group7.8mmol/l or over, or two ormore pre-existing risk factors, for each treatment group

Glycaemic categoryGlycaemic category

TreatmentTreatment TED (TED (NN¼94)94) UGT (UGT (NN¼282)282) NGT (NGT (NN¼4637)4637)

BaselineBaseline

glucose valueglucose value

557.8mmol/l7.8mmol/l11

nn (%)(%)

Two ormoreTwo ormore

pre-existingpre-existing

risk factorsrisk factors

nn (%)(%)

BaselineBaseline

glucose valueglucose value

557.8mmol/l7.8mmol/l11

nn (%)(%)

Two ormoreTwo ormore

pre-existingpre-existing

risk factorsrisk factors

nn (%)(%)

BaselineBaseline

glucose valueglucose value

557.8mmol/l7.8mmol/l11

nn (%)(%)

Two ormoreTwo ormore

pre-existingpre-existing

risk factorsrisk factors

nn (%)(%)

OlanzapineOlanzapine 25 (35)25 (35) 44 (62)44 (62) 17 (9)17 (9) 76 (38)76 (38) 34 (1)34 (1) 559 (20)559 (20)

HaloperidolHaloperidol 3 (33)3 (33) 5 (55)5 (55) 1 (3)1 (3) 12 (36)12 (36) 24 (2)24 (2) 281 (25)281 (25)

ClozapineClozapine 2 (33)2 (33) 5 (83)5 (83) 3 (9)3 (9) 5 (15)5 (15) 4 (2)4 (2) 18 (11)18 (11)

RisperidoneRisperidone 2 (40)2 (40) 4 (80)4 (80) 3 (23)3 (23) 5 (38)5 (38) 7 (2)7 (2) 69 (20)69 (20)

PlaceboPlacebo 2 (67)2 (67) 2 (67)2 (67) 0 (0)0 (0) 2 (67)2 (67) 2 (1)2 (1) 50 (25)50 (25)

TotalTotal 34 (33)34 (33) 60 (64)60 (64) 24 (8)24 (8) 99 (35)99 (35) 71 (2)71 (2) 977 (21)977 (21)

NGT, normal glucose tolerance;TED, treatment-emergent diabetes;UGT, uncertain glucose tolerance.NGT, normal glucose tolerance;TED, treatment-emergent diabetes;UGT, uncertain glucose tolerance.
1.Values aremean concentrations assessed by non-fasting glucose tests.1.Values aremean concentrations assessed by non-fasting glucose tests.
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prescribed. In addition, the elevated rate ofprescribed. In addition, the elevated rate of

diabetes seen in the placebo group in ourdiabetes seen in the placebo group in our

study is consistent with the significantlystudy is consistent with the significantly

increased risk of diabetes in patients withincreased risk of diabetes in patients with

mental illness (Tabatamental illness (Tabata et alet al, 1987;, 1987;

MukherjeeMukherjee et alet al, 1996; Dixon, 1996; Dixon et alet al, 2000)., 2000).

At entry into the clinical trials, patients inAt entry into the clinical trials, patients in

this study subsequently identified with TEDthis study subsequently identified with TED

possessed significantly higher non-fastingpossessed significantly higher non-fasting

glucose levels and were much more likely toglucose levels and were much more likely to

have multiple risk factors for diabetes thanhave multiple risk factors for diabetes than

patients who maintained NGT. In general,patients who maintained NGT. In general,

TED patients were significantly older, moreTED patients were significantly older, more

obese and more likely to be non-White,obese and more likely to be non-White,

hypertensive or have non-fasting glucosehypertensive or have non-fasting glucose

levels suggestive of pre-existing dysgly-levels suggestive of pre-existing dysgly-

caemia (e.g. single pre-randomisationcaemia (e.g. single pre-randomisation

glucose value greater than 11.1 mmol/l) atglucose value greater than 11.1 mmol/l) at

study entry than patients who appeared tostudy entry than patients who appeared to

maintain normal glucose levels (NGTmaintain normal glucose levels (NGT

patients). Overall, results of this analysispatients). Overall, results of this analysis

suggest that the majority of patients whosuggest that the majority of patients who

were identified with TED were likely towere identified with TED were likely to

have pre-existing, unrecognised glycaemichave pre-existing, unrecognised glycaemic

abnormalities or to have had a greater bur-abnormalities or to have had a greater bur-

den of pre-existing risk factors for diabetesden of pre-existing risk factors for diabetes

than patients who appeared to maintainthan patients who appeared to maintain

normoglycaemia.normoglycaemia.

Weight gain has been established as aWeight gain has been established as a

risk factor for diabetes (Chanrisk factor for diabetes (Chan et alet al, 1994;, 1994;

ColditzColditz et alet al, 1995), and weight gain, 1995), and weight gain

has been observed during treatment withhas been observed during treatment with

many antipsychotics (Allisonmany antipsychotics (Allison et alet al, 1999)., 1999).

However, some reports have failed toHowever, some reports have failed to

demonstrate a relationship between weightdemonstrate a relationship between weight

gain and new-onset diabetes temporallygain and new-onset diabetes temporally

associated with atypical antipsychotic treat-associated with atypical antipsychotic treat-

ment (Kollerment (Koller et alet al, 2001, 2003; Henderson,, 2001, 2003; Henderson,

2002; Koller & Doraiswamy, 2002). A2002; Koller & Doraiswamy, 2002). A

direct effect of atypical antipsychoticdirect effect of atypical antipsychotic

medications to promote dysglycaemia hasmedications to promote dysglycaemia has

been postulated (Kollerbeen postulated (Koller et alet al, 2001, 2003;, 2001, 2003;

Henderson, 2002); however, in a prospec-Henderson, 2002); however, in a prospec-

tive randomised study of healthy volunteerstive randomised study of healthy volunteers

((nn¼48) treated for approximately 2.548) treated for approximately 2.5

weeks with olanzapine or risperidone, thereweeks with olanzapine or risperidone, there

was no significant change in insulinwas no significant change in insulin

secretion or insulin sensitivity in the activesecretion or insulin sensitivity in the active

therapy groups after adjusting for thetherapy groups after adjusting for the

impact of weight gain (Sowellimpact of weight gain (Sowell et alet al,,

2002). In the current analysis, weight gain2002). In the current analysis, weight gain

during the trials did not have a statisticallyduring the trials did not have a statistically

significant effect on the risk of TED,significant effect on the risk of TED,

although patients with TED gained slightlyalthough patients with TED gained slightly

more weight than those who maintainedmore weight than those who maintained

NGT. Evaluation of the relationship be-NGT. Evaluation of the relationship be-

tween weight gain and risk of diabetestween weight gain and risk of diabetes

might be confounded if significant numbersmight be confounded if significant numbers

of individuals with unrecognised pre-of individuals with unrecognised pre-

existing diabetes were present or if theexisting diabetes were present or if the

population was already at high risk ofpopulation was already at high risk of

diabetes (Wannamethee & Shaper, 1999).diabetes (Wannamethee & Shaper, 1999).

Even among individuals without pre-Even among individuals without pre-

existing diabetes but who are at high riskexisting diabetes but who are at high risk

for the disorder, it may be difficult to mea-for the disorder, it may be difficult to mea-

sure a significant impact of further weightsure a significant impact of further weight

gain (Wannamethee & Shaper, 1999). Ingain (Wannamethee & Shaper, 1999). In

our analysis, a substantial number of TEDour analysis, a substantial number of TED

patients appeared to have a high likelihoodpatients appeared to have a high likelihood

of underlying glycaemic abnormalities orof underlying glycaemic abnormalities or

possess multiple risk factors for diabetespossess multiple risk factors for diabetes

at baseline (for example, about a third ofat baseline (for example, about a third of

patients in the TED group had entry non-patients in the TED group had entry non-

fasting glucose valuesfasting glucose values 557.8 mmol/l and7.8 mmol/l and

about two-thirds had two or more baselineabout two-thirds had two or more baseline

risk factors). This, coupled with the rela-risk factors). This, coupled with the rela-

tively short duration of observation, mighttively short duration of observation, might

have contributed to the non-significant im-have contributed to the non-significant im-

pact of weight gain in the Cox proportionalpact of weight gain in the Cox proportional

hazards analysis.hazards analysis.

There has been increasing interest in aThere has been increasing interest in a

possible differential risk for diabetes amongpossible differential risk for diabetes among

patients taking different antipsychoticpatients taking different antipsychotic

medications. When considering case reportsmedications. When considering case reports

involving patients treated with atypicalinvolving patients treated with atypical

antipsychotics, the largest number are forantipsychotics, the largest number are for

patients using olanzapine and clozapinepatients using olanzapine and clozapine

(Henderson, 2002; Jin(Henderson, 2002; Jin et alet al, 2002)., 2002).

However, there are now reports of hyper-However, there are now reports of hyper-

glycaemia or diabetes during treatmentglycaemia or diabetes during treatment

with risperidone (Melamedwith risperidone (Melamed et alet al, 1998;, 1998;

CroarkinCroarkin et alet al, 2000; Wirshing, 2000; Wirshing et alet al,,

2001), quetiapine (Sobel2001), quetiapine (Sobel et alet al, 1999;, 1999;

ProcyshynProcyshyn et alet al, 2000) and ziprasidone, 2000) and ziprasidone

(Yang(Yang et alet al, 2002). However, because case, 2002). However, because case

reports often lack information on familyreports often lack information on family

history and additional factors that mighthistory and additional factors that might

affect glucose regulation, are subject toaffect glucose regulation, are subject to

reporting bias and do not have a referencereporting bias and do not have a reference

or control group, causal relationshipsor control group, causal relationships

between individual antipsychotics andbetween individual antipsychotics and

treatment-emergent diabetes cannot betreatment-emergent diabetes cannot be

determined from case reports. Althoughdetermined from case reports. Although

numbers of case reports regarding specificnumbers of case reports regarding specific

agents differ, results from several largeagents differ, results from several large

retrospective cohort analyses have beenretrospective cohort analyses have been

inconsistent regarding differences in riskinconsistent regarding differences in risk

of diabetes among users of various anti-of diabetes among users of various anti-

psychotic medications (Gianfrancescopsychotic medications (Gianfrancesco etet

alal, 2002; Kornegay, 2002; Kornegay et alet al, 2002; Koro, 2002; Koro etet

alal, 2002; Lage & Kemner, 2002; Sernyak, 2002; Lage & Kemner, 2002; Sernyak

et alet al, 2002; Wang, 2002; Wang et alet al, 2002, 2002bb; Buse; Buse et alet al,,

2003). This retrospective analysis of data2003). This retrospective analysis of data

from olanzapine clinical trials found thatfrom olanzapine clinical trials found that

patients treated with olanzapine did notpatients treated with olanzapine did not

have a significantly greater risk of TEDhave a significantly greater risk of TED

compared with a non-olanzapine cohortcompared with a non-olanzapine cohort

whose treatment did not include clozapine.whose treatment did not include clozapine.

This result is consistent with some reportsThis result is consistent with some reports

comparing the relative risk of developingcomparing the relative risk of developing

diabetes during treatment with olanzapinediabetes during treatment with olanzapine

vv. other antipsychotics (Lage & Kemner. other antipsychotics (Lage & Kemner

2002; Smith2002; Smith et alet al, 2002; Buse, 2002; Buse et alet al, 2003),, 2003),

but not with other reports (Carobut not with other reports (Caro et alet al,,

2002; Gianfrancesco2002; Gianfrancesco et alet al, 2002; Koro, 2002; Koro etet

alal, 2002; Meyer, 2002; Newcomer, 2002; Meyer, 2002; Newcomer et alet al,,

2002; Sernyak2002; Sernyak et alet al, 2002)., 2002).

All retrospective analyses have inherentAll retrospective analyses have inherent

limitations, and several limitations specificlimitations, and several limitations specific

to the current study warrant discussion.to the current study warrant discussion.

Non-fasting glucose measurements haveNon-fasting glucose measurements have

limited sensitivity for detecting diabeteslimited sensitivity for detecting diabetes

(American Diabetes Association, 2002(American Diabetes Association, 2002;;

RolkaRolka et alet al, 2001). Consequently, the, 2001). Consequently, the

current analysis probably represents a mini-current analysis probably represents a mini-

mal estimate of the number of cases ofmal estimate of the number of cases of

TED. Inclusion of the UGT post-randomis-TED. Inclusion of the UGT post-randomis-

ation category may ameliorate this limita-ation category may ameliorate this limita-

tion to some extent in terms of thetion to some extent in terms of the

descriptive findings; however, without defi-descriptive findings; however, without defi-

nitive diagnostic testing, limited conclu-nitive diagnostic testing, limited conclu-

sions regarding the true frequency ofsions regarding the true frequency of

abnormal glycaemic events can be drawnabnormal glycaemic events can be drawn

from this heterogeneous group. It must alsofrom this heterogeneous group. It must also

be acknowledged that reasonable alterna-be acknowledged that reasonable alterna-

tive classification paradigms for identifyingtive classification paradigms for identifying

patients with TED or UGT could bepatients with TED or UGT could be

employed: for example, use of 6.7 mmol/lemployed: for example, use of 6.7 mmol/l

glucose as the lower limit for UGT (Rolkaglucose as the lower limit for UGT (Rolka

et alet al, 2001), or exclusion of 27 patients, 2001), or exclusion of 27 patients

with a single glucose valuewith a single glucose value 4411.1 mmol/l11.1 mmol/l

at study entry. In addition, alternativeat study entry. In addition, alternative

termiterminology could be applied to thenology could be applied to the

post-post-randomisation glycaemic categories,randomisation glycaemic categories,

as our TED criteria do not strictly meetas our TED criteria do not strictly meet

ADA criteria for diabetes in absence ofADA criteria for diabetes in absence of

reported symptoms (American Diabetesreported symptoms (American Diabetes

Association, 2002). The clinical trialsAssociation, 2002). The clinical trials

database also lacked information on priordatabase also lacked information on prior

antipsychotic treatment history and a num-antipsychotic treatment history and a num-

ber of important risk factors for diabetesber of important risk factors for diabetes

(family history, previous history of im-(family history, previous history of im-

paired glucose tolerance or lipid profile)paired glucose tolerance or lipid profile)

as these data were not collected in a sys-as these data were not collected in a sys-

tematic fashion. Therefore, the risk factortematic fashion. Therefore, the risk factor

assessment may well represent an underesti-assessment may well represent an underesti-

mate of the true pre-existing risk burden.mate of the true pre-existing risk burden.

Furthermore, some of the between-groupFurthermore, some of the between-group

comparisons for patients receiving differentcomparisons for patients receiving different

treatments were limited by differences intreatments were limited by differences in

sample sizes and duration of observation.sample sizes and duration of observation.

Finally, a major limitation is that the clini-Finally, a major limitation is that the clini-

cal trials used in this analysis were notcal trials used in this analysis were not

intended to assess risk factors for diabetesintended to assess risk factors for diabetes

or to look for treatment-emergent diabetes,or to look for treatment-emergent diabetes,

and caution is warranted when extrapolat-and caution is warranted when extrapolat-

ing results of this analysis to a more generaling results of this analysis to a more general

practice setting. Nevertheless, the clinicalpractice setting. Nevertheless, the clinical

trials were randomised and masked, andtrials were randomised and masked, and

unlike a number of the retrospective cohortunlike a number of the retrospective cohort
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studies noted above, more detailed baselinestudies noted above, more detailed baseline

risk factor information was available forrisk factor information was available for

study participants. Retrospective analysesstudy participants. Retrospective analyses

cannot definitively answer all questionscannot definitively answer all questions

regarding a potential link between schizo-regarding a potential link between schizo-

phrenia and diabetes, nor can this type ofphrenia and diabetes, nor can this type of

analysis resolve whether there are subtleanalysis resolve whether there are subtle

differences in risk for diabetes among usersdifferences in risk for diabetes among users

of different antipsychotic medications. Weof different antipsychotic medications. We

hope, however, that the results of thishope, however, that the results of this

analysis may provide important pre-analysis may provide important pre-

liminary information regarding anti-liminary information regarding anti-

psychotic therapy and the relative impactpsychotic therapy and the relative impact

of pre-existing risk factors for diabetes,of pre-existing risk factors for diabetes,

short-term weight gain and use of olanza-short-term weight gain and use of olanza-

pine on the short-term risk of markedpine on the short-term risk of marked

glycaemic abnormalities or diabetes.glycaemic abnormalities or diabetes.

In summary, results of this retrospectiveIn summary, results of this retrospective

analysis suggest that over the short termanalysis suggest that over the short term

(generally less than 1 year’s exposure, with(generally less than 1 year’s exposure, with

a median exposure time of less than 6a median exposure time of less than 6

months), elevated baseline non-fastingmonths), elevated baseline non-fasting

glucose level and presence of multiple riskglucose level and presence of multiple risk

factors for diabetes appear to have a majorfactors for diabetes appear to have a major

impact on the risk of being identified withimpact on the risk of being identified with

TED, whereas the impact of treatment-TED, whereas the impact of treatment-

emergent weight gain on short-term TEDemergent weight gain on short-term TED

risk was relatively small and was not statis-risk was relatively small and was not statis-

tically significant. Patients treated withtically significant. Patients treated with

olanzapine did not have a significantlyolanzapine did not have a significantly

greater risk of short-term TED comparedgreater risk of short-term TED compared

with a pooled cohort of patients receivingwith a pooled cohort of patients receiving

risperidone, haloperidol and placebo. Over-risperidone, haloperidol and placebo. Over-

all, the risk factors for diabetes in patientsall, the risk factors for diabetes in patients

with schizophrenia overlap those in thewith schizophrenia overlap those in the

general population.general population.
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