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Abstract
Background—This prospective study examines the effect of clozapine on factors determining
glucose homeostasis.

Method—The sample consisted of all patients commencing clozapine within the South London
and Maudsley hospitals during one year. Growth hormone (GH), insulin-like growth factor-1
(IGF-1), and IGF binding protein-1 (IGFBP-1) were measured in 19 patients (10 female; mean age
31.1 (SD: 5.8); 9 black British/ African, 10 white British) before, and after, an average of 2.5 (SD:
0.9) months of clozapine treatment.

Results—Baseline IGFBP-1 was low. IGFBP-1, GH and IGF-1 were not significantly changed
by clozapine treatment.

Conclusions—Clozapine does not alter GH, IGF, or IGFBP-1 within three months of
commencing treatment, indicating that alteration in glucose tolerance associated with clozapine
treatment involves other mechanisms yet to be elucidated. Baseline abnormalities in IGFBP-1
indicate a pre-existing susceptibility to glucoregulatory dysfunction.
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INTRODUCTION
Clozapine shows unique efficacy, reduced rates of extra-pyramidal side-effects compared to
typical antipsychotics, and is the only antipsychotic licensed for treatment resistant
schizophrenia1. There is, however, increasing evidence linking clozapine treatment with
hyperglycaemia. 384 case reports of abnormal glucose control associated with clozapine
have emerged in the last 8 years2. The majority of such cases occur within three months of
beginning clozapine2. Two retrospective studies found clozapine treatment was associated
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with an increased relative risk of diabetes compared with conventional antipsychotics3;4, and
one found no significant association5.

Experimental studies confirm an adverse effect of clozapine on glucose tolerance. In a cross-
sectional study, impaired glucose tolerance or frank diabetes mellitus was twice as common
in patients taking clozapine compared to patients taking other antipsychotics6. A study of
patients taking clozapine over a five year period found over one third developed diabetes7.
Clozapine is associated with significantly higher glucose levels on oral glucose tolerance
testing than typical antipsychotics8. Clozapine treatment has been found to be associated
with the development of abnormal glucose control in 55% of patients, and significantly
increased fasting glucose levels within 3 months9.

The control of blood glucose levels is complex, involving interaction between hormones,
binding proteins and target tissues. Insulin, insulin-like growth factor-1 (IGF-1), insulin-like
growth factor binding protein-1 (IGFBP-1), and growth hormone (GH) are important
glucoregulatory factors10-13. Insulin and IGF-1, which has functional similarities to insulin,
act to reduce blood glucose levels11;12. Low levels of IGF-1 are associated with an increased
risk of subsequent abnormal glucose control, and are inversely related to glucose levels
measured using an OGTT10. IGFBP-1 is the main binding protein which acts to reduce the
activity of IGF-1, counteracting the hypoglycaemic effect of IGF-1, and is linked with
glucose intolerance12. GH hypersecretion is associated with diabetes mellitus and is linked
to weight gain, insulin resistance and the development of diabetic microvascular
complications13. GH secretion in those with and without diabetes increases hepatic glucose
output and decreases peripheral glucose use, acting to increase blood glucose levels13.

It has been suggested that clozapine acts to cause abnormal glucose control by disturbing the
complex factors governing glucose-insulin homeostasis3;14. Despite findings of marked
alterations in glucose control associated with clozapine treatment, insulin levels and insulin
resistance were not altered by clozapine treatment9. This suggests that clozapine may act to
reduce glucose tolerance through other regulatory factors. IGF-1 levels have been found to
be significantly lower in patients taking clozapine compared to patients taking classical
antipsychotics, leading Melkersson et al to hypothesise that GH levels are abnormal in
patients taking clozapine15. Patients taking clozapine do not show the inverse relationship
between IGFBP-1 and insulin levels found in healthy controls15. Although these findings are
compatible with the hypothesis that clozapine alters glucose-insulin homeostasis, causality
cannot be assumed from cross-sectional studies.

No study has assessed IGF-1, IGFBP-1, and GH levels prospectively, at baseline and again
following initiation of clozapine to establish whether abnormalities in these factors are
related to clozapine treatment. If clozapine alters IGF-1, IGFBP-1, and GH levels this would
further understanding of the mechanism by which clozapine affects glucose control and
weight. We have previously reported the development of marked glucose intolerance
without significant changes in insulin levels associated with commencing clozapine
treatment9. We have therefore gone on to test three hypotheses that could explain the
alteration in glucose tolerance associated with clozapine treatment:

1. clozapine treatment is associated with a reduction in IGF-1 levels

2. clozapine treatment is associated with an elevation in IGFBP-1 levels

3. clozapine treatment is associated with an elevation in GH levels.
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METHOD
The study design and sample characteristics have been described elsewhere9. The South
London and Maudsley NHS Trust local research ethics committee approved the study. In
brief, all patients within the catchment area starting clozapine during 2000-2001 were
invited to participate. After complete description of the study to the subjects, written
informed consent was obtained. The assessment was performed at baseline, before
commencing clozapine, and repeated after a mean 2.5 months (SD: 0.9) of clozapine
treatment.

Assessment
A fasting blood sample was taken for the measurement of GH, IGF-1, and IGFBP-1. GH
and IGF-1 were analysed using the Nichols Advantage automated chemiluminescence
immunoassay system, Nichols Institute Diagnostics, 2002. IGFBP-1 was assayed manually
using ELISA kits (Medix Biochemica IGFBP-1, Diagenics, 2002). Within and between
assay variation was <6% for GH values <6.1 mU/l (sensitivity: 0.3 mU/l), <7.5% for IGF-1
values <106 nmol/l (sensitivity:0.8 nmol/l), and <7.5% for IGFBP-1 values <118 μg/l
(sensitivity: 0.4 μg/l). Body mass index (BMI=weight (kg)/ height2 (m)), diet, and
medications were recorded. Clozapine and norclozapine levels were measured using high
performance liquid chromatography (within- and between-assay precision across the
concentration range was <6% and <5% respectively for clozapine, and <7.5% and <5.5%
respectively for norclozapine, and assay sensitivity was 0.01mg/l for both)16.

DATA ANALYSIS
Paired sample t-tests were used to compare mean IGF-1, IGFBP-1, and GH levels pre and
post clozapine treatment. Correlations between measures of insulin homeostasis and
clozapine and norclozapine levels were tested using Pearson’s product moment correlation.

RESULTS
Nineteen subjects completed the study (10 female; mean age 31.1 (SD: 5.8); 9 black British/
African, 10 white British). Mean dose of clozapine at follow-up was 344mg (SD: 101), and
mean serum levels of clozapine and norclozapine were 0.44 mg/l (SD: 0.21), and 0.24 mg/l
(SD: 0.09) respectively.

Table 1 shows the BMI, GH, IGF-1 and IGFBP-1 levels pre and post clozapine. There were
no significant differences in GH, IGF or IGFBP-1 before and on clozapine treatment: GH
(t=1.8, df= 15, p=0.088), IGF-1 (t=0.58, df=15, p=0.57), and IGFBP-1 (t=1.2, df=15,
p=0.24). There was no correlation between change in BMI, clozapine and norclozapine
blood levels and GH (p=0.14, p=0.7, p=0.06 respectively), IGF-1 (p=0.88, p=0.5, p=0.6
respectively), or IGFBP-1 (p=0.15, p=0.5, p=0.4 respectively) levels on clozapine.

DISCUSSION
This is the first direct evidence that clozapine treatment does not alter IGF-1, IGFBP-1 and
GH, despite, as previously reported, a highly significant increase in glucose levels during the
course of clozapine treatment 9. The present findings refute our initial hypotheses that this is
due to changes in glucose homeostatic factors (see introduction), and have important
implications for the mechanism by which clozapine affects glucose control. The findings
extend previous research by indicating that clozapine does not act to cause glucose
intolerance through alterations in these measures of glucose-insulin homeostasis, and do not
support the hypothesis suggested by Melkersson’s et al that clozapine alters GH secretion15.
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Additionally IGF-1 and GH levels were within the normal population range10;11. IGFBP-1
levels were low, however, compared to normal population data and the levels reported for
patients taking clozapine by Melkersson et al15. Low IGFBP-1 levels are consistent with
pre-existing elevated insulin levels10, suggesting insulin resistance, and have been reported
in patients taking other antipsychotics17.

Methodological considerations
It is possible that the sample size was insufficient to detect alterations, however, it is larger
than previous samples, and has >99% power to detect a change of 1 SD15. It could be the
time frame was too short to detect changes. Previous studies, however, indicate that the
effect of clozapine on glucose control occurs rapidly, within months of commencing
treatment. Therefore, if changes in GH, IGF-1, IGFBP-1 cause alterations in glucose control,
then alterations should occur over the period of our study. As GH secretion is pulsatile, one-
off sampling may be less informative than repeated sampling13. Although this is unlikely to
explain the lack of differences between the two time points, the risk of a type II error is
increased and studies using repeated sampling may be warranted. The low IGFBP-1 levels
indicate a pre-existing abnormality, which may be related to current medication. This does
not, however, alter the key finding, as the sample was clinically representative of patients
commencing clozapine.

Implications
The results indicate that the mechanism by which clozapine alters glucose control is
independent of GH, IGF-1 and IGFBP-1, and suggests a direct effect such as an alteration in
central glucose sensing. Clozapine has been reported to affect central glucose
regulation18;19. Such an effect would be consistent with the relatively rapid onset of changes
independent of changes in IGF-1, IGFBP-1, and GH. A further implication of these findings
is the evidence of baseline abnormalities in IGFBP-1, which may reflect prior antipsychotic
treatment effects or a pathophysiological effect of schizophrenia.

Future work is now indicated, correlating GH, IGF-1 and IGFBP-1 levels with glucose and
insulin levels, and investigating whether the low IGFBP-1 levels reported in the sample
prior to commencing clozapine are secondary to prior antipsychotic treatment or other
factors. Further follow-up may indicate whether there are longer-term effects of clozapine
on GH, IGF-1 and IGFBP-1.

Clozapine is a uniquely efficacious treatment but can be associated with the development of
diabetes mellitus. The results of this study indicate that this is not through alterations in the
GH, IGF or IGFBP-1 control of glucose homeostasis, but may be through other actions
intrinsic to the drug.
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Table 1

Showing no difference between mean values of factors controlling glucose homeostasis at baseline and
follow-up after clozapine treatment.

Baseline (SD) Follow-up (SD) 95 % Confidence interval

BMI (kg/m2) 28.9 (7.2) 29.72 (6.8) +1.69 to −0.39

IGF 1 (nmol/l) 25.5 (8.7) 24.7 (9.1) −2.18 to 3.81

IGFBP 1 (μg/l) 3.1 (3.7) 2.4 (2.8) −0.41 to 1.55

GH (mU/l) 1.1 (1.7) 0.61 (1.1) −0.13 to 1.69
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