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lozapine treatment has proved to be effective in
patients with refractory schizophrenia and in pa-
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Background: Recent case reports suggest the
association of the emergence of diabetes mellitus
with clozapine treatment, although conventional
neuroleptics have also been implicated. This study
was conducted to determine if there is an increased
risk of diabetes mellitus and/or impaired glucose tol-
erance (IGT) during clozapine treatment compared
with treatment with conventional depot neuroleptics.

Method: In a district hospital in northern
Sweden, blood glucose tests and, if necessary, an
oral glucose tolerance test were used to assess the
prevalence of diabetes mellitus or IGT in 63 patients
treated with clozapine compared with 67 patients
treated with conventional depot neuroleptics (halo-
peridol, zuclopenthixol, fluphenazine, perphenazine,
or flupenthixol). Diabetes mellitus and impaired glu-
cose tolerance were classified according to World
Health Organization criteria.

Results: There were 3 dropouts in the clozapine
group and 4 in the control group. Of subjects treated
with clozapine, 12% (7/60) had type 2 diabetes melli-
tus, and 10% (6/60) had IGT. Of subjects treated with
depot injections of neuroleptics, 6% (4/63) had type 2
diabetes mellitus and 3% (2/63) had IGT. None in
either group had type 1 diabetes mellitus. Subjects in
the clozapine group were significantly (p < .001)
younger than subjects in the control group, whereas
the 2 groups did not differ with respect to body
weight, body mass index, or prevalence of diabetes
mellitus in first-degree relatives.

Conclusion: Subjects treated with clozapine
were more often classified as having type 2 diabetes
mellitus or IGT compared with subjects in the control
group. This difference did not, however, achieve sta-
tistical significance (p = .06).
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C
tients intolerant to conventional neuroleptics.1 The risk of
developing acute extrapyramidal symptoms or tardive
dyskinesia seems to be very small with clozapine treat-
ment as opposed to treatment with conventional neurolep-
tic agents.2 A number of other side effects, such as agranu-
locytosis, seizures, sedation, and hypersalivation have,
however, limited the use of the drug.2 The most serious
side effect is agranulocytosis, which occurs in about 1%
of the patients.3

Recently, case reports describing the emergence of de
novo onset of diabetes mellitus or worsening of previously
well-controlled diabetes after the start of treatment with
clozapine have been published.4–8 However, it has been
reported that conventional neuroleptics also may alter
glucose-insulin homeostasis.9–12 Chlorpromazine has been
used to prevent hypoglycemia in patients with malignant
insulinoma,13,14 and hyperglycemia has been observed in
laboratory animals after ingestion of chlorpromazine.15–18

Moreover, it has been reported that chlorpromazine can in-
duce hyperglycemia in healthy volunteers and in patients
with latent diabetes,19 and, in 1 case report, loxapine and
amoxapine, which are chemically related to clozapine,
were reported to cause hyperglycemia.20 Schizophrenia,
however, has also been associated with an increased risk
for developing hyperglycemia or diabetes mellitus.21–25

A cluster of cases with type 2 diabetes mellitus was ob-
served at the psychiatric clinic of Gällivare Hospital. The
present study was performed to investigate if treatment
with clozapine involves an increased risk of developing
diabetes mellitus compared with treatment with conven-
tional neuroleptics.

METHOD

Subjects
The psychiatric clinic at Gällivare Hospital serves a

large but sparsely populated area in northern Sweden com-
prising about 65,000 inhabitants. The population in this
area principally consists of people of Swedish origin.
There are, however, also small populations of Lapps, peo-
ple of Finnish origin, and people originating from non-
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Scandinavian countries. Clozapine was introduced at the
Department of Psychiatry in 1990. Between that time and
September 1, 1995, 89 patients between 22 and 65 years
old had been treated with clozapine. Clozapine medication
had been discontinued in 25 patients, and 1 subject had
moved from the area. The remaining 63 patients were in-
cluded in the study. The psychiatric diagnoses in these
cases had been set by a psychiatrist according to the Inter-
national Classification of Diseases, 9th Revision (ICD-9).26

Fifty-eight patients had schizophrenia, 2 had paranoid psy-
chosis, 2 had cycloid psychosis, and 1 had schizoaffective
psychosis. Twelve subjects had concomitant treatment with
conventional neuroleptics, most often haloperidol (N = 6).

On September 1, 1995, 125 patients between 26 and
65 years of age were undergoing treatment with depot-
injections of neuroleptics. Forty-six of these patients were
living in remote areas covered by the psychiatric clinic
and were excluded from the study for practical reasons. Of
the remaining 79 patients, 12 did not want to participate in
the study. Thus, 67 patients were finally included. Accord-
ing to ICD-9 criteria, 53 patients had schizophrenia, 4 had
paranoid psychosis, 3 had bipolar affective psychosis, 2
had cycloid psychosis, 2 had personality disorder, 2 had
affective psychosis, and 1 had schizoaffective psychosis.
They were treated with the following depot neuroleptics:
haloperidol (N = 23), zuclopenthixol (N = 22), fluphena-
zine (N = 10), perphenazine (N = 8), and flupenthixol
(N = 4). Some of these patients had additional treatment
with oral neuroleptic medications (N = 37), most often
levomepromazine (N = 26).

The clozapine group included 2 pairs of siblings and 1
aunt/nephew pair. The control group included 1 mother/
child pair and 1 uncle/niece pair. One sibling pair was
split: 1 sibling belonged to the clozapine group and the
other to the control group.

The study was approved by the regional Ethics Com-
mittee at Umeå University Hospital. Informed consent
was obtained from all subjects included in the study.

Study Design
Two random venous blood glucose samples with an in-

terval of at least 2 weeks were obtained from patients in
both groups. If a patient had a glucose level above 6.6
mmol/L, a further investigation with an oral glucose toler-
ance test (OGTT) was performed.

The OGTT was carried out as described by the World
Health Organization (WHO) Study Group on Diabetes
Mellitus.27 After an overnight fast, the patients were given
75 g of glucose, dissolved in 250–300 mL of water and in-
gested within 5 minutes. During this test, the patients
rested, fasted, and were not allowed to smoke. Capillary
whole blood glucose concentrations were measured be-
fore and 2 hours after the glucose load.

The diagnoses of impaired glucose tolerance (IGT) and
diabetes mellitus were based upon the result of the OGTT

according to the WHO criteria.27 The subjects were classi-
fied as having diabetes mellitus if the fasting capillary
blood glucose value exceeded 6.7 mmol/L or if the 2-hour
post-OGTT blood glucose value was above 11.0 mmol/L,
and as having IGT if the fasting value was below 6.7
mmol/L and the 2-hour post-OGTT blood glucose value
was between 7.8 and 11.0 mmol/L. A subject was also
classified as having IGT if both random samples of blood
glucose exceeded 10.0 mmol/L. The definition used for
type 1 diabetes mellitus was that the patient required insu-
lin treatment for survival. Such dependency was judged to
be present if the patient presented with greatly raised con-
centrations of glucose and ketone bodies in the blood and
urine and with typical symptoms such as increased thirst,
polyuria, wasting, and, ultimately, stupor and coma.27 All
other subjects with diabetes mellitus were considered to
have type 2 diabetes mellitus.

The following variables were registered for all pa-
tients: age, sex, body weight, height, drug therapy, dura-
tion of underlying disease, and history of diabetes in first-
degree relatives. The subjects were asked directly about
family history regarding diabetes, body weight, and
height. In most cases, weight and height were confirmed
by data from the medical records and by measuring these
parameters. Information about age, sex, drug treatments,
and duration of underlying disease was collected from the
medical records. The onset of the psychiatric disease was
defined as the first time the patient presented symptoms
consistent with the diagnosis.

Analytical Methods
Single blood glucose concentrations in venous whole

blood were analyzed by the beta-glucuronidase method
on a Cobas Mira analyzer (Roche, Basel, Switzerland). In
53 of the patients treated with clozapine, serum levels of
clozapine and its metabolites desmethylclozapine and
clozapine-N-oxide were determined in our laboratory by a
reversed-phase high-performance liquid chromatography
technique based on a method published earlier.28 In short,
1.0 mL of serum and 10 µL of a 20-µM solution of inter-
nal standard Lundbeck N-7084 (5-[pyrrolidinylpropyl-
iden]-10,11-dihydro-5H-dibenso[a,d]cyklohepten;
[Lundbeck A/S, Copenhagen, Denmark]) were mixed
with 1.0 mL of 0.1 M sodium acetate buffer (pH = 6.8)
and centrifuged. The supernatant was applied to an isolute
HCX solid-phase column (Sorbent AB, Gothenburg, Swe-
den). After the sample was passed at a slow rate, the col-
umn was washed with 1 mL 1 M acetic acid and 2 mL
methanol, and the desired compounds were then eluted
with 2 × 0.75 mL of 2% NH3 in methanol. After evapora-
tion to dryness at 40°C, the compounds were dissolved in
500 µL of an eluent consisting of 58% acetonitrile, 22%
methanol, and 20% K2HPO4. Thereafter, 20 µL of the elu-
ate was injected onto an Apex CN RP analytical column
(particle size = 5 µm; length = 150 mm; inner diam-
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eter = 4.6 mm) with an Apex CN RP precolumn (particle
size = 5 µm; length = 10 mm) (Jones Chromatography
Ltd., Hengoed, U.K.). The limit of quantitation of the as-
say was 20 nmol/L of clozapine and its metabolites
desmethylclozapine and clozapine-N-oxide. The method
was linear for all analytes up to at least 3000 nmol/L. The
coefficient of variance for intraassays and interassays
ranged between 2% and 8% for these different analytes.
Clozapine and its metabolites were analyzed using an ul-
traviolet detector with the wavelength set at 254 nm.
Blood samples were drawn 10 to 18 hours after the last
clozapine dose.

Statistical Analysis
Statistical evaluations were performed with Statistica

software version 5 (Statsoft, Inc., Tulsa, Okla.) and in-
cluded chi-square tests for dichotomous variables and un-
paired Student t tests for continuous variables. A p value
of less than .05 was considered statistically significant.

RESULTS

Characteristics of the subjects in each treatment group
(clozapine vs. control) are summarized in Table 1. The 2
groups were similar with regard to body weight, height,
body mass index, and sex, but subjects in the clozapine
group were significantly younger (p < .001) and had a sig-
nificantly shorter duration of disease (p < .001) and of
neuroleptic treatment (p < .001).

None of the patients in either group had a diagnosis of
diabetes mellitus or evidence of diabetes mellitus before
the current neuroleptic treatment was initiated. In 8 of the
19 cases of type 2 diabetes mellitus or IGT, results of pre-
viously performed tests were available, and all these were
normal. In the clozapine group, 21 (33%) of 63 presented
with a blood glucose value higher than 6.6 mmol/L during
treatment with clozapine, compared with 13 (19%) of 67
in the group treated with neuroleptics (Table 2). Seventeen

of the 21 subjects in the clozapine group were investi-
gated further with an OGTT. One subject refused OGTT
but had 2 random glucose values above 10.0 mmol/L and
was therefore classified as having IGT, and 3 subjects did
not want to take part in the OGTT examination. In the
control group, 4 of the 13 patients did not want to partici-
pate in an OGTT; thus, 9 were tested. None of the control
subjects who refused to participate in an OGTT had pre-
sented 2 random blood glucose values above 10.0 mmol/
L. Thirteen patients in the clozapine-treated group and 6
in the control group were classified as having type 2 dia-
betes mellitus or IGT (Table 3). Nine of 27 women treated
with clozapine were classified as having type 2 diabetes
mellitus or IGT compared with 2 of 26 in the control
group.

There were no significant differences in clozapine dose
or in serum concentrations of clozapine or its metabolites
desmethylclozapine and clozapine-N-oxide between sub-
jects classified as having IGT or type 2 diabetes mellitus
and subjects with normal blood glucose levels (Table 4).

DISCUSSION

Of subjects treated with clozapine, 21.7% were classi-
fied as having type 2 diabetes mellitus or IGT. Of subjects

Table 2. Prevalence of Hyperglycemia, Type 2 Diabetes
Mellitus, and IGT in Subjects Treated With Clozapine and in
a Control Group of Subjects Treated With Conventional
Depot Neuroleptics*

Clozapine Group Control Group

Condition N % N % p Value

Hyperglycemia 21/63 33 13/67 19 .07
Type 2 DM 7/60 12 4/63 6 .30
IGT 6/60 10 2/63 3 .12
Type 2 DM or IGT 13/60 22 6/63 10 .06
*Abbreviation: DM = diabetes mellitus. Hyperglycemia was defined
as a blood glucose concentration > 6.6 mmol/L.

Table 1. Group Characteristics*
All Subjects Subjects With Diabetes Mellitus or IGT

Clozapine Group Control Group Clozapine Group Control Group
Characteristic (N = 63) (N = 67) p Value (N = 13) (N = 6) p Value

Male/female, N 36/27 41/26 .63 4/9 4/2 .25
Positive/negative heredity,a N 15/44 20/44 .59 4/8 3/3 .41

Mean SD Range Mean SD Range Mean SD Range Mean SD Range

Age, y 41 9 22–65 48 10 25–65 < .001 46 11 33–65 55 11 36–65 .08
Body weight, kg 80 14 48–108 80 18 44–135 .99 75 17 48–104 83 8 70–90 .34
Height, cm 170 10 152–193 169 9 147–88 .48 166 8 155–178 166 10 152–178 .91
Body mass index, kg/m2 27 4 18–41 28 6 15–40 .65 27 5 18–36 30 4 27–38 .23
Duration, y

Diseaseb 15 9 0.5–37 21 9 0.3–45 < .001 16 10 2–36 31 11 13–36 .08
Treatment with

current neuroleptic 3 1 0.1–6 8 6 0.2–22 < .001 3 1 0.5–5 6 6 1–17 .08
*Abbreviation: IGT = impaired glucose tolerance.
aDiabetes mellitus in parents, siblings, or children.
bDuration calculated from the first hospitalization when the patient was treated with a neuroleptic agent until September 1, 1995.
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treated with depot injections of neuroleptics, 9.5% were
classified as having type 2 diabetes mellitus or IGT. Al-
though the difference is not statistically significant, these
observational data suggest an association between the
treatment with clozapine and the appearance of alter-
ations in glucose metabolism. To our knowledge, this is
the first study that has dealt with this issue. Women were
more often classified as having type 2 diabetes mellitus or
IGT when treated with clozapine than when treated with

conventional neuroleptics. The clinical significance of
this finding is, however, difficult to assess because of the
small numbers of subjects.

Previously, 8 cases (32-year-old man, 34-year-old wo-
man, 41-year-old man, 42-year-old man, 44-year-old man,
46-year-old man, 51-year-old man, 51-year-old man) have
been reported for which such an association between
clozapine treatment and alterations in glucose metabolism
has been suggested.4–8 In contrast to our findings, how-

Table 3. Cases of Diabetes Mellitus and Impaired Glucose Tolerance*

Body Hereditya Blood Blood OGTT

Mass Type 2 Duration Glucose Glucose F- 2-hour
Age Weight Index Diabetes of Disease Sample 1 Sample 2 Glucose Glucose Neuroleptic Concomitant

Patient Condition Sex (y) (kg) (kg/m2) Mellitus Diseaseb (y) (mmol/L) (mmol/L) (mmol/L) (mmol/L) Treatment Medication

Subjects treated with clozapine (N = 13)
1 Type 2 F 36 70 27.3 1 Schizoaffective 13 6.5 7.8 10.1 16.3 Clozapine Levothyroxine,

DM psychosis 500 mg/d lithium
2 Type 2 F 45 56 21.9 0 Schizophrenia 15 7.1 6.7 6.9 7.2 Clozapine Glibenclamide

DM 300 mg/d
3 Type 2 M 44 104 32.8 0 Schizophrenia 2 12.4 9.0 8.0 13.8 Clozapine …

DM 300 mg/d
4 Type 2 F 45 75 31.2 1 Schizophrenia 22 14.8 7.3 10.1 15.9 Clozapine …

DM 400 mg/d
5 Type 2 F 53 96 35.7 1 Schizophrenia 11 5.4 7.5 5.5 14.2 Clozapine Ipratropium

DM 200 mg/d bromide,
allopurinol,
aspirin

6 Type 2 F 59 71 27.1 ? Schizophrenia 29 10.4 8.7 3.0 12.7 Clozapine …
DM 25 mg/d

7 Type 2 M 60 89 29.1 0 Schizophrenia 30 6.6 9.1 7.3 9.3 Clozapine …
DM 300 mg/d

8 IGT M 34 93 29.4 0 Schizophrenia 5 12.0 11.1 …c …c Clozapine …
500 mg/d

9 IGT M 33 86 27.8 0 Schizophrenia 19 7.2 6.6 4.0 11.0 Clozapine Zuclopen-
100 mg/d thixold

10 IGT F 36 63 23.1 1 Schizophrenia 12 6.7 4.1 4.5 9.5 Clozapine …
400 mg/d

11 IGT F 42 48 17.6 0 Paranoid 14 7.9 7.0 5.5 8.6 Clozapine …
psychosis 300 mg/d

12 IGT F 65 64 25.6 0 Schizophrenia 36 6.9 4.6 5.0 9.1 Clozapine …
500 mg/d

13 IGT F 40 66 26.4 0 Schizophrenia 5 7.6 5.8 4.9 7.4 Clozapine …
400 mg/d

Subjects treated with depot neuroleptics (N = 6)
1 Type 2 F 36 70 27.3 1 Schizophrenia 13 18.8 11.9 7.9 16.2 Fluphenazine Diazepam, flu-

DM 19 mg/4we nitrazepam,
methixene

2 Type 2 M 50 90 29.1 1 Schizophrenia 34 10.7 12.6 7.6 15.5 Flupenthixol Levomeproma-
DM 40 mg/4we zine

3 Type 2 M 59 80 30.1 0 Bipolar affect- 31 10.0 …f 7.2 16.4 Zuclopenthixol Lithium
DM ive disorder 100 mg/4we

4 Type 2 M 65 78 27.6 1 Schizophrenia ? 14.6 13.6 14.6 20.6 Zuclopenthixol …
DM 200 mg/2we

5 IGT M 60 90 28.4 0 Paranoid 36 7.6 3.6 6.2 9.5 Zuclopenthixol …
psychosis 200 mg/4we

6 IGT F 62 88 38.1 0 Bipolar affect- 26 12.7 5.5 5.5 10.3 Zuclopenthixol Levomeproma-
ive disorder 200 mg/3we zine, methix-

ene
*Abbreviations: F-Glucose = fasting blood glucose concentration, measured immediately before OGTT; OGTT = oral glucose tolerance test;
2-hour glucose = blood glucose concentration measured 2 hours after OGTT. Symbols: … = not applicable, ? = not known.
a0 = No case of diabetes mellitus in parents, siblings, or children; 1 = at least 1 case of diabetes mellitus in parents, siblings, or children.
bDisease = current diagnosis for which the subject is treated with neuroleptic medication.
cThe subject did not want to participate in an oral glucose tolerance test.
dOral treatment.
eInjection treatment with depot neuroleptic. Dose in mg per dosage interval.
fOnly 1 blood glucose sample was drawn before the oral glucose tolerance test was performed.
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ever, many of these patients developed a type 1 diabetes
mellitus after the start of clozapine treatment. Six of the
8 patients were black. In our study, only white patients
participated.

If the criteria had been set according to that of the Na-
tional Diabetes Data Group,29 which uses a cutoff of 7.8
mmol/L instead of 6.7 mmol/L for the 2-hour blood glu-
cose value of the OGTT, 2 fewer subjects in the clozapine
group would be classified as having impairment of carbo-
hydrate metabolism compared with the WHO criteria.27

The prevalence of diabetes mellitus in the general
population in northern Sweden has been investigated in
the Monica Project.30 From these data, one should expect
that the number of subjects with diabetes mellitus would
be 2.1 in the clozapine-treated group (7 observed) and 3.4
in the control group (4 observed) when taking into account
the age and gender distribution in the 2 groups. Thus,
these data indicate that there is an excess occurrence of
diabetes mellitus in the clozapine group, although the
numbers involved are too small to make a generalization.

It has been suggested that diabetes mellitus is more
common among schizophrenic patients than in the general
population.21–25 Among 95 schizophrenic patients in Italy,
the prevalence of diabetes was 0% among patients
younger than 50 years, 13% in patients 50 to 59 years old,
and 19% in patients 60 to 69 years old.25 These rates are
considerably higher than those reported from population
surveys in Italy. All cases were classified as type 2 diabe-
tes mellitus. In that study, diabetes mellitus was more
common in patients not receiving neuroleptics than in
those patients who received such treatment.

The present study has a number of limitations. Data are
observational, and since the number of cases with diabetes
mellitus and IGT is low, the differences between the
groups do not reach the level of .05 for usual statistical
significance. The method of screening the populations by
random blood samples may not be ideal. However, the
screening method was feasible and probably contributed
to make the dropout rate rather small: 3 of 63 in the cloza-
pine group and 4 of 67 in the control group.

Potential biases also may have distorted the result. The
fact that the 2 groups differed in various ways—for ex-
ample, as regards to residence, age, duration of disease,
and present neuroleptic treatment—could have had some
impact on the prevalence of type 2 diabetes mellitus and
IGT. The subjects in the clozapine group were younger,
had a shorter duration of disease, and had been treated
with the current neuroleptic agent for a shorter period of
time than those in the control group. However, since the
prevalence of diabetes increases with increasing age, one
should expect a higher prevalence of type 2 diabetes mel-
litus and IGT in the oldest group, i.e., in the group of pa-
tients treated with depot neuroleptics, than in the cloza-
pine group. Also a shorter exposure to the drug, as in the
clozapine-treated group, should signify a decreased risk
of developing a side effect such as diabetes mellitus com-
pared with a longer drug exposure.

Another possibility is that the neuroleptic medication
has already been discontinued in patients who have devel-
oped type 2 diabetes mellitus or IGT. This would lead to
an underestimation of the risk to develop this adverse ef-
fect. Moreover, the occurrence of other adverse drug reac-
tions that could have led to termination of the drug treat-
ment might also suggest an underestimation of the risk. In
fact, blood glucose concentrations were also studied in 10
of the total 26 patients who had either discontinued the
clozapine treatment or moved from the area before the
present study was performed. Before discontinuation, 4 of
these subjects had at least 1 random blood glucose value
above 10 mmol/L and 2 of them had undergone OGTT.
One of these subjects could be classified as having type 2
diabetes mellitus and 1 as having IGT according to the re-
sult of the OGTT. Two of the 4 patients with hyperglyce-
mia  discontinued clozapine treatment because of granu-
locytopenia and agranulocytosis, respectively.

The pathophysiology of decreased glucose tolerance in
clozapine users is unknown, but is presumably related to
the pharmacologic properties of the drug. Weight gain dur-
ing clozapine treatment is a well-recognized adverse ef-
fect30 that may be related to altered glucose homeostasis.

Table 4. Doses of Clozapine and Serum Concentrations of Clozapine and Its Metabolites
Desmethylclozapine and Clozapine-N-Oxide

Subjects With Subjects With Normal
Type 2 DM or IGT Blood Glucose Levels

Na Mean SD Range Nb Mean SD Range p Value

Dose, mg/d 13 338 179 100–625 46 367 163 12.5–625 .59
Serum concentrations,

nmol/L
Clozapine 12 2151 1387 507–4888 40 1666 1257 27–5320 .50
Desmethylclozapine 12 1312 1037 207–2660 40 824 565 21–2748 .11
Clozapine-N-oxide 12 165 139 0–501 40 150 141 0–578 .85

aAnalysis of clozapine and its metabolites was not performed in 1 subject due to practical reasons.
bA total of 47 subjects were classified as having normal blood glucose levels. Dose was not reported in
1 subject. Analysis of clozapine and its metabolites was not performed in 7 subjects due to practical
reasons.
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The mechanism of weight gain remains to be established,
but could be related to the noradrenergic and serotonergic
antagonistic effects of clozapine or the drug’s ability to al-
ter plasma cortisol concentrations.31 However, the body
weights of the patients with IGT or type 2 diabetes mellitus
in the clozapine group were not higher than in those show-
ing normal glucose metabolism. In rats, results of in vivo
and in vitro studies have suggested that chlorpromazine can
produce a hyperglycemic response by suppression of insu-
lin release.18 Since clozapine and chlorpromazine share
some properties regarding their receptor affinity profiles, it
is possible that clozapine also can suppress insulin release.

In 2 of the patients who had terminated treatment with
clozapine before the start of this study, both hyperglycemia
(type 2 diabetes mellitus and IGT, respectively) and leuko-
penia (agranulocytosis and granulocytopenia, respectively)
were observed concomitantly, suggesting a possible com-
mon mechanism. Desmethylclozapine, the major metabo-
lite of clozapine, has been reported to be more toxic than
clozapine itself. It has been suggested that this metabolite
is involved in the pathophysiology of agranulocytosis,32 al-
though an additional vulnerability factor seems to be nec-
essary. The levels of both parent compound and clozapine-
N-oxide in our subjects classified as having IGT or type 2
diabetes mellitus were similar to those in the subjects with
normal glucose homeostasis (Table 4). Interestingly, how-
ever, the concentration of desmethylclozapine tended to be
higher in patients with type 2 diabetes mellitus and IGT
than in patients in the normoglycemic group (Table 4). The
difference, however, was not statistically significant.

In conclusion, this observational study indicates that
subjects treated with clozapine might have an excess risk
of developing hyperglycemia or diabetes mellitus com-
pared with subjects treated with conventional depot neuro-
leptics. Physicians should be aware of this possible and
potentially severe adverse effect. Since blood sampling al-
ready is performed in clozapine-treated subjects, monitor-
ing of blood glucose concentrations would be easy and
inexpensive to perform. However, conclusive recommen-
dations as to how often and how long such monitoring
should be performed cannot be given from our present
data. Further studies of clozapine are needed to confirm
these findings and to explain the possible mechanism lead-
ing to an increased susceptibility to diabetes or IGT.

Drug names: allopurinol (Zyloprim and others), amoxapine (Asendin),
chlorpromazine (Thorazine and others), clozapine (Clozaril), diazepam
(Valium and others), fluphenazine (Prolixin and others), haloperidol
(Haldol and others), ipratropium bromide (Atrovent), levothyroxine
(Synthroid and others), loxapine (Daxolin, Loxitane), perphenazine (Tri-
lafon), salicylic acid (SalAc and others).
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