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Objective: The association of hyperglyce-
mia and hypercholesterolemia with use of
atypical antipsychotics has been docu-
mented in case reports and uncontrolled
studies. The authors’ goal was to assess the
effects of clozapine, olanzapine, risperi-
done, and haloperidol on glucose and
cholesterol levels in hospitalized patients
with schizophrenia or schizoaffective dis-
order during a randomized double-blind
14-week trial.

Method: One hundred fifty-seven patients
with schizophrenia or schizoaffective dis-
order who were inpatients at four hospi-
tals were originally included in the study.
The 14-week trial consisted of an 8-week
fixed-dose period and a 6-week variable-
dose period. Planned assessments in-
cluded fasting glucose and cholesterol,
which were collected at baseline and at
the end of the 8-week period and the fol-
lowing 6-week period.

Results: One hundred eight of the 157 pa-
tients provided blood samples at baseline
and at least at one point after random as-
signment to clozapine, olanzapine, risperi-
done, or haloperidol during the treatment
trial. Seven of these patients had diabetes;
their glucose levels were >125 mg/dl at
baseline. Data from 101 patients were used
for statistical analyses. During the initial 8-
week period there was an overall signifi-

cant increase in mean glucose levels. There
were significant increases in glucose levels
at the end of the 8-week fixed-dose period
for patients given clozapine (N=27) and
those given haloperidol (N=25). The olan-
zapine group showed a significant increase
of glucose levels at the end of the 6-week
variable-dose period (N=22). Fourteen of
the 101 patients developed abnormal glu-
cose levels (>125 mg/dl) during the trial (six
with clozapine, four with olanzapine, three
with risperidone, and one with haloperi-
dol). Cholesterol levels were increased at
the end of the 8-week fixed-dose period for
the patients given clozapine (N=27) and
those given olanzapine (N=26); cholesterol
levels were also increased at the end of the
6-week variable-dose period for patients
given olanzapine (N=22).

Conclusions: In this prospective random-
ized trial, clozapine, olanzapine, and halo-
peridol were associated with an increase
of plasma glucose level, and clozapine and
olanzapine were associated with an in-
crease in cholesterol levels. The mean
changes in glucose and cholesterol levels
remained within clinically normal ranges,
but approximately 14% of the patients de-
veloped abnormally high glucose levels
during the course of their participation in
the study.

(Am | Psychiatry 2003; 160:290-296)

Abnormalities in glucose regulation have been re-
ported in schizophrenia before and after the introduc-
tion of antipsychotic medications (1-6). Hyperglycemia
in the context of treatment with atypical antipsychotic
medications has been documented in several series of
uncontrolled case reports, and clozapine and olanza-
pine have been implicated more frequently than risperi-
done (7-35). Complicating this issue is the observation
that patients with schizophrenia are more likely to de-
velop diabetes mellitus than the general population (4),
regardless of antipsychotic use. In addition, there is a
trend toward an increase in the prevalence of diabetes
mellitus in the general population (36). Large epidemio-
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logical studies have provided conflicting information re-
garding the relative risk of diabetes and exposure to dif-
ferent antipsychotics (33, 37—40). Significant elevations
in triglyceride and cholesterol levels have also been re-
ported in association with atypical antipsychotic treat-
ment (26, 32, 41). However, the truc incidence of both hy-
perglycemia and hypercholesterolemia induced by
different typical or atypical medications is not known at
this time. We had the opportunity to study the effects of
both typical and atypical antipsychotic medications on
glucose and cholesterol levels during a randomized,
controlled, prospective trial in paticnts with suboptimal
response to previous antipsychotic medication.
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Method

The data for this investigation were collected during a random-
ized, double-blind, 14-weck clinical trial of clozapine, olanza-
pine, risperidone, and haloperidol in patients with schizophrenia
or schizoaffective disorder. The primary purpose of the trial was
to investigate the comparative efficacy of atypical antipsychotics
in a group of inpatients with suboptimal therapeutic response to
previous antipsychotic treatments. A brief description of the par-
ent study is provided here; the complete report is available else-
where (42).

Study Design

The prospective, double-blind trial consisted of two periods:
an B-week, fixed-dose period (period 1) and a 6-week, variable-
dose period (period 2). The fixed-dose target levels were 500 mg/
day for clozapine, 20 mg/day for olanzapine, 8 mg/day for risperi-
done, and 20 mg/day for haloperidol. The actual mean dose levels
for the 101 patients who were included in the statistical analyses
for the current study were 443.7 mg/day (§D=120.2) for clozapine,
20.1 mg/day (SD=1.2) for olanzapine, 8.5 mg/day (SD=2.2) forris-
peridone, and 20.0 mg/day (SD=0.0) for haloperidol at the end of
period 1. At the end of period 2 the mean dose levels were 477.2
mg/day (SD=157.2), 31.4 mg/day (SD=6.0), 11.6 mg/day (SD=3.7),
and 25.8 mg/day (SD=5.1) for clozapine, olanzapine, risperidone,
and haloperidol, respectively.

Benztropine, 4 mg/day, was administered prophylactically to
all patients receiving haloperidol. Patients assigned to atypical
antipsychotics were initially receiving only benztropine placebo,
but if the patient’s psychiatrist determined clinically that the pa-
tient should be treated for extrapyramidal side effects, prescrip-
tions for “benztropine supplements” could be written, resulting
in real benztropine gradually replacing benztropine placebo (up
to 6 mg/day). Propranolol was allowed for the treatment of
akathisia. Lorazepam, diphenhydramine hydrochloride, and
chloral hydrate were permitted as needed for agitation and in-
somnia. No other adjunctive psychotropic medication was al-
lowed in the study.

Subjects

The subjects were inpatients at four hospitals, two in New York
State and two in North Carolina. Patients met DSM-IV criteria for
schizophrenia or schizoaffective disorder and remained hospital-
ized throughout the trial. All patients met the following criteria
for suboptimal treatment response: 1) presence of persistent pos-
itive symptoms (hallucinations, delusions, or marked thought
disorder) after at least 6 contiguous weeks of treatment with one
or more typical antipsychotics at doses equivalent to or greater
than 600 mg/day of chlorpromazine, 2) a poorlevel of functioning
over the past 2 years, and 3) a total score greater than 60 on the
Positive and Negative Syndrome Scale (43). Patients were ex-
cluded from the trial if they had 1) a history of failure to respond
to clozapine, risperidone, or olanzapine; 2) a history of clozapine,
olanzapine, risperidone, or haloperidol intolerance; 3) depot an-
tipsychotic treatment within 30 days before random assignment
to one of the four drugs; or 4) substantial medical illness. After
complete description of the study, written informed consent was
obtained from all patients.

Assessments

Assessments for the present analyses included fasting blood
samples for glucose and cholesterol at baseline (before the first
dose of study medication) and at the end of periods 1 and 2. Pa-
tients were included in the study if their glucose levels at baseline
and at least one other time point during the study were available.
Only results of blood samples collected at morning fasting times
were included in the analyses. Plasma glucose and cholesterol
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levels were determined by enzymatic procedures applying the
Boehringer Mannheim/Hitachi 714 automated chemistry ana-
lyzer and using the standard analytical system packs Glucose/HK
and Cholesterol/HP. Patients’ weight was determined at baseline
and endpoint of each period. Patients’ height was measured at
the time of enrollment in the study. Weight gain was computed as
the absolute and relative (%) change in body weight (kg) between
baseline and study endpoint. Body mass index was computed as
body weight (kg) divided by the square of height (m?).

Statistical Analysis

The principal objective of the analyses described in this report
was to examine change in glucose and cholesterol levels during
treatment with typical and atypical antipsychotics and to deter-
mine the incidence of hyperglycemia during such treatment in
patients who had no known history of diabetes at the time of en-
rollment in the study. Accordingly, patients whose glucose blood
levels at baseline were within normal laboratory limits consti-
tuted the main study group for the statistical analyses.

The relationship between change in glucose and cholesterol
levels and antipsychotic medication was investigated by analysis
of covariance (ANCOVA). Changes in glucose and cholesterol lev-
els between baseline and the end of period 1 and between base-
line and the end of period 2 were used as the dependent variables;
aseparate analysis was performed for each of the two measures in
each of the two study periods. Last observation carried forward
analysis was used within the respective study periods. Type of
medication (treatment group) was used as the independent vari-
able. Glucose and cholesterol levels at baseline were used as co-
variates. Post hoc analyses (Tukey'’s Studentized range test for
pairwise comparisons) for glucose and cholesterol levels were
conducted between the medication groups. We conducted paired
t tests to examine specific differences between baseline of period
1 and period 2 for each medication group for both glucose and
cholesterol levels.

To investigate change over time in terms of transitions from
normal to abnormal metabolic ranges, we constructed shift ta-
bles for each of the two study periods by using each of the two lab-
oratory indexes (glucose and cholesterol). An abnormal glucose
level was defined in our study as >125 mg/dl on the basis of one of
the criteria of the American Diabetes Association (44); an abnor-
mal cholesterol level was defined as greater than 200 mg/dl.

Since the main study group comprised patients whose baseline
glucose blood levels were within normal range, the shift tables for
glucose change (in each group) contained only two cells (normal
to elevated, normal to normal) because each patient in the main
group could exhibit one of two potential transition sequences be-
tween baseline and the end of a study period (i.e., normal to ele-
vated or normal to normal). We used chi-square analysis to com-
pare the proportion of patients who shifted from normal to
abnormal glucose levels within each treatment group.

For cholesterol changes, the shift tables for each study group
comprised four cells because elevated cholesterol values could
occur in the main study group at baseline. Specifically, each of the
four cells in a two-by-two shift table represented one of four po-
tential transition sequences for each patient: normal to elevated,
elevated to normal, normal to normal, elevated to elevated. Since
the observations in a two-by-two shift table are not independent
of each other, the analysis of the shift tables was based on McNe-
mar's test.

Relationship between weight gain and change in blood levels
of glucose and cholesterol was investigated by ANCOVA. Weight
gain was used as the dependent variable. Change in blood levels
and medication group were used as independent variables; base-
line weight and blood level at baseline were used as covariates. An
interaction between blood level change and medication group
was included in the model. Separate ANCOVAs were performed
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TABLE 1. Change in Glucose Levels of 101 Inpatients With Schizophrenia or Schizoaffective Disorder Over 14 Weeks of

Treatment With Four Antipsychotic Medications

Baseline 8 Weeks 14 Weeks
Change From Change From
Glucose Level Glucose Level Baseline Glucose Level Baseline
(mg/dl) (mg/dl) (mg/dl) Analysis (mg/dl) (mg/dl) Analysis

Medication N Mean SD N Mean SD Mean SD t P N Mean SD Mean SD t p
Clozapine 28 93.1 10.5 27 1106 296 7 A 305 292 <0.001 17 98.6 19.5 4.4 17.1 1.06 ns.
Haloperidol 25 826 14.8 25 91.0 111 8.4 177 237 <0.03 20 926 17.7 10.6 252 1.90 n.s.
Olanzapine 26 91.7 14.0 26 936 19.2 19 169 057 n.s. 22 1055 304 143 255 262 <0.02
Risperidone 22 94.0 13.0 22 926 173 -3 149 041 n.s. 14 97.2 19.8 27 122 084 n.s.

for glucose and cholesterol. We also conducted a correlation anal-
ysis between change in body weight and change in glucose level
as well as change in cholesterol level for each medication group.

Results

Demographic and Basic Descriptive Data

Altogether, 157 patients entered the double-blind trial
(42); 133 patients provided fasting glucose levels at some
point during the study. Of these, seven were excluded for
lack of baseline glucose level and 18 were excluded for lack
of glucose levels at points during the study. This resulted
in 108 patients who were included in the present report.
Seven of these patients, diagnosed as having diabetes, had
elevated glucose levels (>125 mg/dl) at baseline and were
therefore not included in the main study group; their re-
sults are presented separately in this report. The remain-
ing 101 patients constitute the main study group for statis-
tical analyses.

Twenty-eight patients were randomly assigned to treat-
ment with clozapine, 25 to haloperidol, 26 to olanzapine,
and 22 to risperidone. The mean age of the study group
was 40.33 years (SD=9.4). Eighty-five patients were men,
and 16 were women. The clozapine group had a 25:3 male-
to-female ratio, the haloperidol group 20:5, the olanzapine
group 22:4, and the risperidone group 18:4 (p=0.81, n.s.,
two-sided Fisher's exact test). Overall, patients were more
likely to be diagnosed with schizophrenia (N=89) than
with schizoaffective disorder. Twenty-nine (28.7%) of the
patients were Caucasian, 59 (58.4%) were African Ameri-
can, 11 (10.9%) were Hispanic, and two (2.0%) were Asian-
Pacific Islander.

Analysis of variance revealed a statistically significant
difference among the four groups in baseline glucose lev-
els (F=4.0, df=3, 100, p<0.01). Post hoc analyses (Tukey’s
Studentized range test for pairwise comparisons) for glu-
cose levels at baseline showed that patients in the cloza-
pine and risperidone groups showed significantly (p<0.05)
higher levels than those in the haloperidol group. No other
group baseline difference relevant for the present analysis
showed statistical significance in the analyses.

Patient Attrition

The completion rate for the full 14-week trial was 72.3%
(N=73) among the 101 patients who were included in the
main study group. There was no significant difference
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among the treatment groups in the proportion of patients
completing the trial: 17 (60.7%) of 28 for clozapine, 20
(80.0%) of 25 for haloperidol, 22 (84.6%) of 26 for olanza-
pine, and 14 (63.6%) of 22 for risperidone.

Change in Glucose Levels Over Time

Descriptive information for change in glucose over time
is displayed in Table 1. ANCOVA analyses indicated that
differences among treatment groups reached significance
in period 1 (F=4.4, df=3, 99, p=0.006) but not in period 2 (F=
1.14, df=3, 72, n.s.). The increase in mean glucose blood
levels over time reached statistical significance in the clo-
zapine and haloperidol groups after 8 weeks. There was a
statistically significant increase in the olanzapine group af-
ter 14 weeks (Table 1). No significant change in glucose was
detected in the risperidone group. All increases in mean
glucose levels remained within the normal clinical range.
However, 14 (13.9%) of the 101 paticnts developed abnor-
mal glucose levels (>125 mg/dl) at some point during ran-
domized treatment (Table 2). African American patients
were represented at a higher proportion (11 {18.6%)] of 59)
than white patients (three [10.3%] of 29) or Hispanic pa-
tients (none of 11) in the subgroup who displayed abnor-
mal glucose. Differences among the three ethnic groups
failed to reach statistical significance. The treatment group
difference in the proportion of patients with a shift from
normal to abnormally elevated glucose levels in periods 1
and 2 was not statistically significant, although there was a
numerical trend for clozapine to show a higher number of
shifts than the other three groups during period 1.

The seven patients who had elevated baseline glucose
levels and who had diabetes mellitus were treated with an-
tihyperglycemic agents during the study. The results for
these patients were not included in the analysis of the
main study group. As indicated by the data in Table 3, glu-
cose levels decreased over the treatment period in five of
these seven patients.

Change in Cholesterol Levels Over Time

Table 4 displays descriptive data for mean changes in
cholesterol levels in period 1 and period 2. Differences
among treatment groups reached significance in period 1
(F=10.4, df=3, 99, p<0.04) and marginal significance in pe-
riod 2 (F=2.65, df=3, 72, p=0.06). Post hoc pairwise analy-
ses (Tukey’s Studentized range tests) for period 1 revealed
that the difference between the clozapine and haloperidol
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TABLE 2. Glucose Levels and Other Characteristics of 14 Patients With Schizophrenia or Schizoaffective Disorder Who De-
veloped Abnormally High Glucose Levels (>125 mg/dl) Over 14 Weeks of Treatment With Four Antipsychotic Medications

Glucose Level (mg/dl)

Baseline Body Mass Baseline Age

Patient  Treatment Ethnicity Gender Index (kg/m?) Weight (kg)  (years) Baseline 8 Weeks 14 Weeks
1 Clozapine African American Male 30.1 82.0 54 102 193 95
2 Clozapine White Male 18.1 55.3 65 84 145 —
3 Clozapine African American Male 303 95.4 44 80 177 —
4 Clozapine African American Male 18.2 51.8 40 93 144 87
5 Clozapine African American Male 226 57.4 51 110 149 158
6 Clozapine African American Male 237 76.8 52 108 120 131
7 Haloperidol White Male 34.2 81.6 43 100 107 132
8 Olanzapine African American Male 33.0 98.2 48 107 135 202
9 Olanzapine African American Male 30.6 102.0 59 112 128 150
10 Olanzapine African American Female 30.6 73.5 43 123 97 147
11 Olanzapine African American Male 27.4 83.8 41 95 126 113
12 Risperidone White Male 26.6 81.5 43 108 155 —
13 Risperidone African American Male 325 88.5 55 108 97 135
14 Risperidone African American Male 44,7 105.7 34 713 101 132

TABLE 3. Glucose Levels and Other Characteristics of Seven Patients With Schizophrenia or Schizoaffective Disorder Who
Had Abnormally High Glucose Levels (>125 mg/dl) Before Treatment With Three Antipsychotic Medications?

Glucose Level (mg/dl)

Baseline Body Mass Baseline Age
Patient  Treatment Ethnicity Gender Index (kg/m?) Weight (kg)  (years) Baseline 8 Weeks 14 Weeks
i Haloperidol African American Male 26.2 79.2 46 190 127 120
2 Olanzapine White Male 29.5 82.8 54 436 360 —
3 Olanzapine Hispanic Male 303 80.0 47 297 49 253
4 Olanzapine African American Male 26.5 72.2 56 127 214 —
5 Risperidone African American Male 333 82.7 56 255 147 169
6 Risperidone African American Male 22.8 62.2 48 303 217 254
7 Risperidone African American Male 245 739 54 135 242 —

3 None of the patients randomly assigned to reserpine treatment had abnormally high baseline glucose levels.

groups reached statistical significance (p<0.05). Analo-
gous analyses for period 2 indicated no significant differ-
ences among the four treatment groups.

As shown in Table 4, there was an increase in cholesterol
level in the clozapine and olanzapine groups in period 1.
Cholesterol level elevation in the clozapine group in pe-
riod 2 was of a similar magnitude to that seen in period 1,
but it failed to reach statistical significance. The choles-
terol increase in the olanzapine group reached statistical
significance in period 2. No significant change over time in
cholesterol was detected in the haloperidol and risperi-
done groups. All mean cholesterol increases remained
within normal clinical range. The analysis of shift tables
for cholesterol revealed no significant change over time in
terms of transitions from normal to abnormal levels in any
of the four treatment groups.

Relationship Between Weight Increase
and Metabolic Changes

Weight gain in the parent study has been described else-
where (45). In the current subgroup, the largest weight
gain was seen with olanzapine (mean change=7.3 kg, SD=
7.6) (paired t=4.94, df=27, p<0.0001), followed by cloza-
pine {mean change=4.8 kg, SD=6.1) (paired t=4.1, df=26,
p<0.0003) and risperidone (mean change=2.4 kg, SD=6.3)
(paired t=1.79, df=21, p=0.09). There was minimal weight
gain with haloperidol (mean change=0.9 kg, SD=5.7) (n.s.).
ANCOVA indicated no main effect or treatment interac-
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tion for the relationship between glucose change and
weight gain at endpoint.

A significant main effect for the association of choles-
terol change and weight gain at endpoint was found for
the four groups combined (F=12.01, df=1, 99, p=0.0008).
Exploring the correlation between weight increase and
cholesterol increase in each individual group, we found a
significant association in the clozapine group (r=0.5, df=
27, p=0.008) and in the olanzapine group (r=0.4, df=26, p=
0.035). To investigate whether these associations were in-
dependent of baseline values, initial cholesterol levels and
baseline weight were introduced as covariates in the anal-
yses. Results indicated that the association in the cloza-
pine group remained statistically significant (t=-2.37, df=
1, 26, p<0.03), whereas the association in the olanzapine
group obtained marginal significance (t=-1.93, df=1, 25,

=0.06). There was no association between baseline body
mass index and increase in cholesterol level.

Discussion

We believe that this is the first report comparing the si-
multaneous effects of four antipsychotic medications on
two important metabolic measures indexing glucose and
lipid metabolism in patients with chronic schizophrenia
who had a history of partial antipsychotic treatment re-
sponse and who were randomly assigned to one of the
four treatments under double-blind conditions. We found
that clozapine and haloperidol were associated with sig-
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TABLE 4. Change in Cholesterol Levels of 101 Patients With Schizophrenia or Schizoaffective Disorder Over 14 Weeks of

Treatment With Four Antipsychotic Medications

Baseline 8 Weeks 14 Weeks

Cholesterol Cholesterol Change From Cholesterol Change From

Level (mg/dl) Level (mg/dl) Baseline (mg/dl) Analysis Level (mg/dl) Baseline (mg/dl) Analysis
Treatment N Mean SD N Mean SD Mean SD t o} N Mean SD Mean SD t p
Clozapine 28 1742 31.7 27 189.0 31.7 147 30.5 250 <0.02 17 1965 35.1 16.3 396 1.70 n.s.
Haloperidol 25 176.5 322 25 171.7 27.7 -49 127 137 n.s. 20 171.7 36.2 -4.4 252 0.77 n.s.
Olanzapine 26 1798 374 26 1921 339 123 28.1 222 <004 22 1976 36.2 20.1 268 3.52 <0.002
Risperidone 22 1842 304 22 1884 48.2 4.2 29.7 0.66 n.s. 14 188.8 49.2 9.2 36.7 0.94 n.s.

nificantly elevated mean glucose levels after 8 weeks of
treatment, that olanzapine was associated with signifi-
cantly elevated glucose levels after 14 weeks of treatment,
and that risperidone was not associated with significant
increases, The mean increases were modest and remained
within clinically normal ranges, but approximately 14% of
patients (six given clozapine, four given olanzapine, three
given risperidone, and one given haloperidol) developed
abnormally high glucose levels (>125 mg/dl) during the
course of their study treatment. Clozapine showed a trend
toward a higher number of patients shifting glucose levels
from normal baseline levels to clinically abnormal levels
after 14 weeks of treatment. Changes in glucose levels
were independent of weight increase in all four treatment
groups, despite significant weight gains, which were high-
est for olanzapine, followed by clozapine and risperidone
Interestingly, in the small subset of patients with preexist-
ing diabetes (N=7), antipsychotic treatment did not ap-
pear to have a deleterious effect on glucose metabolism.

In a nonrandomized study that compared the same
three atypical and typical antipsychotics as our study, sim-
ilar results were found for clozapine and olanzapine (46).
When challenged with a modified glucose tolerance test,
the olanzapine-treated and clozapine-treated groups had
significant elevations in postload glucose levels at all time
points compared with untreated control subjects and ha-
loperidol-treated patients. In addition, mean glucose lev-
els were significantly higher in the risperidone-treated
group than in the control group.

We reviewed reports of hyperglycemia and diabetes
mellitus during treatment with atypical antipsychotics
since 1994 (7-35) and found that the majority of cases in-
volved clozapine (N=20), followed by olanzapine (N=13).
There are fewer case reports involving quetiapine (N=3),
and the four case reports involving risperidone are recent.
There is not enough information on the occurrence of dia-
betes mellitus with ziprasidone at this time. However, the
frequency of case reports, which suffer from many limita-
tions and reporting biases, is neither a true indication of
incidence nor a measure of the relative risk of developing
hyperglycemia. The rate found in the current study—
14%—is about double the incidence rates of diabetes re-
ported in a large survey of the U.S. population (6%—-8%)
(47) and somewhat higher than the current prevalence
rate of 10% found by Dixon et al. (4) in an extensive study
of three national U.S. schizophrenia samples.
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Weight gain was not associated with hyperglycemia in
our study. However, in a retrospective analysis of 573 pa-
tients receiving olanzapine for 39 weeks and more, Kinon
et al. (48) found that the median nonfasting glucose at
endpoint was marginally associated with weight change
(p<0.10). This trend may relate to the longer drug exposure
in the Kinon study.

Among the traditional neuroleptics, chlorpromazine (49)
and thioridazine (50, 51) are the agents most closely associ-
ated with diabetes mellitus, although the associations are
weaker than those with olanzapine or clozapine. In our
study, the typical antipsychotic haloperidol was associated
with an elevation of mean glucose lcvels within a clinically
normal range. Haloperidol has been reported to increase
insulin resistance and to be associated with higher fasting
glucose levels in obese women compared with control sub-
jects (52). Haloperidol has also been reported to be associ-
ated with higher glucose levels in schizophrenia subjects
than control subjects during the glucose tolerance test
(53). Increased insulin resistance in peripheral tissues can
be caused by hyperprolactinemia (54, 55) and may be in-
volved in the mechanism underlying hyperglycemia in pa-
tients treated with typical antipsychotics. Alternatively, our
observation of increased glucose after haloperidol could
be related to the low baseline levels in the haloperidol sub-
group; we cannot exclude the possibility that regression to
the mean underlies this increase.

We also found statistically significant increases in mean
cholesterol levels after treatment with olanzapine and clo-
zapine, which remained overall within normal clinical
range. There was no elevation in cholesterol levels with
risperidone and haloperidol. Weight gain at endpoint was
significantly related to cholesterol elevations in the cloza-
pine group and marginally in the olanzapine group. A sim-
ilar association between elevated cholesterol and weight
gain during olanzapine treatment was reported by Kinon
et al. (48). Our findings are consistent with open-label and
retrospective data demonstrating a greater association of
olanzapine and clozapine treatment than risperidone
treatment with increases in cholesterol and triglycerides
(32, 56). Henderson et al. (57) found significant increases
in both fasting cholesterol and triglycerides in a group of
81 patients treated with clozapine. It appears that the
more pronounced effect of antipsychotic treatments on
lipid metabolism may be on triglycerides (58-61), which
were not measured in the present study. Meyer (32) postu-
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lated that antipsychotics with a dibenzodiazepine-derived
structure (e.g., clozapine, olanzapine) may be associated
with significant elevating effects on fasting triglyceride
levels and with lesser effects on cholesterol levels.

Limitations of our study include the attrition of our
study group during period 2. Although the attrition was
governed by clinical factors, it was comparable among the
four treatment groups. Given that attrition, we feel that the
data for period 1 are more robust. In addition, period 2 al-
lowed for a variable dose of the antipsychotic medication
in contrast to the fixed-dose design of period 1. This may
have been an additional factor influencing our results. Fi-
nally, the duration of 8 weeks for period 1 was relatively
short and may not have been sufficient to allow for more
changes in glucose and cholesterol levels to emerge.

Given the concerns regarding endocrine dysregulation
in the context of treatment with atypical medications, we
recommend that baseline and 6-month monitoring of fast-
ing plasma glucose levels, glycated hemoglobin, fasting
cholesterol, and triglycerides be obtained in routine clini-
cal practice with all antipsychotics in order to monitor the
risk for development of hyperglycemia and hypercholes-
terolemia. Fasting insulin assessment, a particularly sensi-
tive measure for glucose control dysregulation, should be
performed in patients at particular risk. Baseline weight
and regular follow-up weight measurements are further
recommended. Given the serious implications for morbid-
ity and mortality attributable to diabetes and elevated cho-
lesterol, clinicians need to be aware of these risk factors
when treating patients with chronic schizophrenia.
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