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he atypical neuroleptic clozapine has been demon-
strated to be superior to standard antipsychotics in

Undiagnosed Hyperglycemia in
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Background: Clozapine has been demon-
strated to be superior to typical neuroleptics in
reducing refractory symptoms in patients with
schizophrenia, but it has also been associated
with hyperglycemia and diabetes mellitus. This
study was designed to investigate the proportion
of undiagnosed impaired fasting glucose and dia-
betes mellitus in patients prescribed clozapine at
8 Department of Veterans Affairs (VA) medical
centers.

Method: All patients diagnosed by the VA in
New England with ICD-9 schizophrenia from
Oct. 1, 1999, to Sept. 30, 2000, who received a
prescription for clozapine were identified, and
an attempt was made to obtain a fasting plasma
glucose (FPG) test. All patients were also charac-
terized as to whether they were diagnosed as dia-
betic prior to the screening FPG. Patients not pre-
viously diagnosed as diabetic were divided into 2
groups: normal FPG (< 110 mg/dL) and elevated
FPG (≥ 110 mg/dL). Clinical and sociodemo-
graphic characteristics of the 2 groups were
compared using chi-square and t tests.

Results: Overall, 121 patients were not
previously diagnosed as diabetic and received
an FPG. Ninety-three (77%) had a normal FPG,
and 28 (23%) had an elevated plasma glucose—
including 17% with impaired fasting glucose and
6% with diabetes. Patients with hyperglycemia
were significantly older (p = .007) and more
commonly codiagnosed with bipolar disorder
(p = .04).

Conclusion: Hyperglycemia was common in
patients receiving clozapine who had not been
previously diagnosed as diabetic. These patients
should be considered a group at high risk to de-
velop diabetes mellitus and deserve both close
monitoring and early intervention at the first
sign of the onset of either diabetes or impaired
glucose tolerance.

(J Clin Psychiatry 2003;64:605–608)

T
reducing the treatment-refractory symptoms of patients
with schizophrenia while inducing fewer extrapyramidal
side effects.1–7 However, there have been several reports
of hyperglycemia and diabetes mellitus (type 1 and type
2) associated with clozapine use,8–15 and clozapine has
been found to induce insulin resistance.16

In a recent examination17 of approximately 38,000 pa-
tients with schizophrenia who were prescribed neurolep-
tics in the Department of Veterans Affairs (VA), patients
prescribed clozapine were 25% more likely to be diag-
nosed with diabetes than those receiving typical neurolep-
tics, after controlling for potentially confounding factors.
A formal research study conducted in northern Sweden13

demonstrated that 22% of patients receiving clozapine
had an abnormality of glucose metabolism compared with
10% of patients receiving depot neuroleptics.

Not only has an increased rate of diagnosed diabetes
mellitus been observed in patients receiving clozapine,
there is the high likelihood that even this rate is an under-
estimate of the total number of patients treated with cloza-
pine who have diabetes. The American Diabetes Associa-
tion (ADA) estimates that 50% of patients with type 2
diabetes are undiagnosed.18 The current study was de-
signed to determine the proportion of undiagnosed diabe-
tes mellitus and impaired fasting glucose (IFG) in a group
of patients with schizophrenia being prescribed clozapine
at 8 VA medical centers in New England.
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METHOD

Patients
This study builds on data obtained from a quality

of care initiative pursued throughout VA medical centers
in New England. Using VA workload databases, all pa-
tients diagnosed with schizophrenia during fiscal year
2000 (October 1, 1999, to September 30, 2000) were
identified. A diagnosis of schizophrenia was operation-
ally defined as having at least 2 outpatient encounters
in a specialty mental health outpatient clinic with either
a primary or secondary diagnosis of schizophrenia—
corresponding to the Ninth Revision, International Clas-
sification of Diseases (ICD-9) codes 295.00–295.99.19

The ICD-9 is a commonly used coding scheme that en-
compasses both psychiatric and medical disorders.

Data describing patient characteristics such as age, in-
come, gender, race, and ethnicity; receipt of VA compen-
sation or pension; comorbid medical and psychiatric di-
agnoses; and the number and type of clinic visits were
also obtained from VA administrative databases.

For all patients identified as having a diagnosis of
schizophrenia, records of all medications prescribed
during fiscal year 2000 were obtained from the VA’s
Drug Benefit Management System. If during the last
week in which a prescription was received one of those
prescriptions was written for clozapine, the patient
was identified as receiving clozapine at the medical
center indicated on the prescription. All of the names
of patients identified as receiving clozapine at any
of the VA medical centers in the New England region
(VISN 1)—Connecticut; Providence, R.I.; Bedford,
Boston, Brockton, and Northampton, Mass.; White
River Junction, N.H.; and Togus, Me.—were then dis-
tributed to the appropriate medical center. Each medical
center then attempted to obtain a fasting plasma glucose
(FPG) on each of the patients identified and actually
receiving clozapine.

Each patient was instructed to have blood drawn for
plasma glucose analysis as early in the day as possible
before eating or drinking anything. However, for the pur-
poses of this study, a test was considered to be fasting
only if the treating clinician was in agreement. For each
patient receiving clozapine, a summary sheet was filled
out that recorded the patient’s vital signs, weight and
height, the date of the blood draw, whether the test was
judged by the treating clinician to be fasting or random,
and the glucose value. Following ADA guidelines,20 all
FPG ≥ 126 mg/dL were repeated, on average several
weeks later, to confirm the diagnosis of diabetes.

All plasma glucose concentrations were measured
at the various medical centers using the Olympus AU640
Chemistry Analyzer that employs the hexokinase G-6-
PDH method to determine the amount of glucose present
in the plasma; with this method, a coefficient of variance

of < 2% is reported (Olympus Optical Co., Ltd., Tokyo,
Japan).

Use of these administrative data for research purposes
was approved by the VA Connecticut Institutional Review
Board.

Analysis
All patients who (1) were currently receiving cloza-

pine, (2) were not identified as diabetic prior to FPG
screening, and (3) had an FPG result available were in-
cluded in the analysis. These patients were divided into
2 groups: those with an FPG < 110 mg/dL and those with
an FPG ≥ 110 mg/dL (109 mg/dL represents the upper
limit of normal in this test).20 The initial analysis consisted
of t tests and chi-square tests comparing the 2 groups with
respect to demographic and clinical variables. For a sec-
ond analysis, the groups were divided into 3 subgroups:
normal (FPG < 110 mg/dL), IFG (FPG = 110 mg/dL to
< 126 mg/dL), and diabetic (FPG ≥ 126 mg/dL). The sub-
groups were compared with respect to the same demo-
graphic and clinical variables described previously using
analyses of variance and chi-square tests.

RESULTS

Patients with a diagnosis of schizophrenia who re-
ceived clozapine (N = 168) were identified within VISN
1. For 20 of these patients, an FPG was not successfully
obtained, although 27 additional patients were identified
as diabetic prior to the FPG screening. Of the 121 patients
not previously diagnosed as diabetic for whom an FPG
was obtained, 93 (77%) had normal fasting blood sugar
results (< 110 mg/dL), and 28 (23%) had a fasting blood
sugar ≥ 110 mg/dL—with 21 (17%) having a result be-
tween 110 and 126 mg/dL and 7 (6%) having a re-
sult ≥ 126 mg/dL. Of the 7 with a result ≥ 126 mg/dL, 6
had second FPG ≥ 126 mg/dL. All 6 of these patients ap-
peared clinically to have type 2 diabetes.

When patients (N = 93) with a normal FPG value were
compared with those (N = 28) with an FPG ≥ 110 mg/dL,
those with elevated FPG values were significantly older
(mean ± SD years = 51.21 ± 9.34 vs. 46.16 ± 8.30; F =
7.53, df = 1,119; p = .007) and were significantly more
likely to have comorbid bipolar disorder (N = 7 [25%]
vs. N = 9 [9.7%]; χ2 = 4.40, df = 1, p = .04). There were
no other significant differences between the 2 groups
(Table 1).

Lastly, when the patients not previously identified
as diabetic were divided into 3 subgroups—normal
(FPG < 110 mg/dL), IFG (FPG = 110 mg/dL to < 126
mg/dL), and diabetic (FPG ≥ 126 mg/dL)—those patients
with IFG were observed to be significantly older than the
diabetic group, whereas the diabetic group had a signifi-
cantly (p < .05) greater body mass index than either the
normal or IFG groups (Table 2).
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DISCUSSION

Nearly one quarter (23%) of all nondiabetic patients
with schizophrenia treated with clozapine in 8 VA medical
centers had hyperglycemia. Within the group of patients
with hyperglycemia, 21% (6/28) had second FPG ≥ 126
mg/dL—representing 6% of the entire nondiabetic
sample.

Patients with second FPG ≥ 126 mg/dL are defined by
the ADA to be diabetic,20 and the risks associated with this
illness are well described.21 However, recent data also
suggest that the glucose intolerance associated with FPG
results between 110 and 126 mg/dL is also associated with
increased cardiovascular morbidity and mortality even
without the onset of frank diabetes22,23 and that the onset

of frank diabetes can be prevented
by lifestyle changes once the risk is
identified.24

Several limitations to this study
deserve mentioning. The reliability
of patients’ compliance with fasting
prior to drawing the FPG is unclear.
It is worth noting that physicians as-
sessed whether patients had fasted,
and 12% (20/168) of the patients
judged to be nonfasting were ex-
cluded from further analysis. While
some of the FPG results may have
been from nonfasting patients, this
screening measure favors sensitivity
over specificity. It is also unclear
whether the proportion of false re-
port of fasting in patients with
schizophrenia is any greater than in
the general population. Follow-up
fasting plasma glucose monitoring
was confirmatory in 86% (6/7) of
patients with an initial FPG ≥ 126
mg/dL.

No information was available
about the other medications the pa-
tients were receiving. Many medica-
tions have been implicated in alter-
ing glucose metabolism—including
β-blockers and thiazide diuretics,25

along with common psychiatric med-
ications such as valproic acid and
tricyclic antidepressants.26 While use
of these medications may be at least
a partial explanation of why patients
in this study with a comorbid diagno-
sis of bipolar disorder were signifi-
cantly more likely to have an abnor-
mal FPG, it should be acknowledged
that at least one study27 has shown an

increased prevalence of type 2 diabetes among patients
with bipolar and schizoaffective disorder independent of
psychotropic drug use.

It is important to remember that this study was not de-
signed to reach any conclusion concerning the causes of
diabetes or hyperglycemia or their overall incidence in
patients receiving clozapine. Rather, we were interested
in how often hyperglycemia or diabetes mellitus goes un-
diagnosed in this particular treatment population. Simi-
larly, these data do not allow a comparison of proportions
of occult hyperglycemia attributable to clozapine and to
other atypical or typical neuroleptics.

Among all patients initially identified as receiving clo-
zapine, 27 were identified as diabetic prior to screening.
As a result of the screening process, 6 patients were iden-

Table 1. Comparison of Groups by Fasting Plasma Glucose (FPG) Result
FPG < 110 mg/dL FPG ≥ 110 mg/dL

(N = 93) (N = 28) Analysis

Characteristic N % N % χ2/F df p

Comorbid diagnosis
Any substance abuse 15 16.1 6 21.4 0.42 1 .52
Other psychoses 10 10.8 4 14.3 0.26 1 .61
Bipolar 9 9.7 7 25 4.40 1 .04
Major depression 14 15.1 4 14.3 0.01 1 .92
Dysthymia 10 10.8 6 21.4 2.14 1 .14
PTSD 7 7.5 4 14.3 1.19 1 .28
Other anxiety disorder 8 8.6 5 17.9 1.92 1 .17
Personality disorder 5 5.4 2 7.1 0.12 1 .73

Men 87 93.6 27 96.4 0.33 1 .57
African American 9 9.7 3 10.7 0.03 1 .87
Hispanic 1 1.1 0 0 0.30 1 .58
Married 6 6.5 4 14.3 1.74 1 .19
Divorced/separated 17 18.3 5 17.9 0.00 1 .96

Mean SD Mean SD

Age, y 46.2 8.3 51.2 9.3 7.53 1,119 .007
BMIa 28.8 4.8 28.6 5.5 0.04 1,114 .84
Annual income $19,142 $8917 $18,985 $13,051 0.01 1,119 .94
Most recent GAF score 36.55 14.77 36.83 14.86 0 1,67 .94
Visits previous year

Psychiatry/substance abuse 120 147 155 225 0.96 1,117 .36
Primary care 4.1 4.6 4.8 6.2 0.39 1,117 .53
Outpatient medicine 3.6 4.3 4.3 4.6 0.58 1,117 .45

a[weight (kg)]/[height (meters)]2.
Abbreviations: BMI = body mass index, GAF = Global Assessment of Functioning scale,

PTSD = posttraumatic stress disorder.

Table 2. Comparison of Groups on Age and Body Mass Index (BMI)
FPG Result (mg/dL)

A B C Analysis

< 110 110 ≤ FPG < 126 ≥ 126 p Paired
Comparator (N = 93) (N = 21) (N = 7) F df  Value Comparison

Age, y
Mean 46.2 51.7 49.7 3.88 2,118 .023 B > A
(SD) (8.3) (10.0) (7.3)

BMIa

Mean 28.8 27.3 33.1 3.29 2,113 .041 C > B, A
(SD) (4.8) (5.0) (5.1)

a[weight (kg)]/[height (meters)]2.
Abbreviation: FPG = fasting plasma glucose.
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tified as diabetic after second FPG ≥ 126 mg/dL, yielding
a proportion of approximately 4.5 cases of known di-
abetics for each previously unknown diabetic. Although
this rate is much lower than the 1:1 ratio reported in the
general population, it is consistent with clozapine patients
receiving more medical monitoring than the general
population and still illustrates the value of screening
programs.

In sum, among nondiabetic patients with schizophre-
nia treated with clozapine in this study, nearly one quarter
had an elevated fasting blood sugar screening. Given this
proportion of previously undiscovered diabetes, we sug-
gest that patients receiving clozapine should be consid-
ered a group at high risk to develop diabetes mellitus and
that they deserve both close monitoring and early inter-
vention at the first sign of the onset of either diabetes or
impaired glucose tolerance.

Drug names: clozapine (Clozaril and others), valproic acid (Depakene
and others).
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