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Objective: Clozapine and olanzapine treatment
has been associated with insulin resistance in non-
obese schizophrenia patients. Much less is known
regarding other agents such as quetiapine. The
objective of this study was to compare matched
olanzapine- and quetiapine-treated schizophrenia
patients and normal controls on measures of glu-
cose metabolism.

Method: A cross-sectional comparison of
quetiapine-treated and olanzapine-treated non-
obese (body mass index < 30.0 kg/m2) schizo-
phrenia subjects (DSM-IV) with matched normal
controls using a frequently sampled intravenous
glucose tolerance test and nutritional assessment
was conducted from April 2002 to October 2004.
Data from 24 subjects were included in the analy-
sis (7 quetiapine, 8 olanzapine, 9 normal controls).

Results: There was a significant difference
among groups for fasting baseline plasma glucose
concentrations (p = .02), with olanzapine greater
than normal controls (p = .01). The insulin sensi-
tivity index (SI) differed significantly among
groups (p = .039); olanzapine subjects exhibited
significant insulin resistance compared to normal
controls (p = .01), but there was no significant
difference for quetiapine versus olanzapine
(p = .1) or quetiapine versus normal controls
(p = .40). SI inversely correlated with quetiapine
dose (p = .0001) and waist circumference (p = .03)
in quetiapine-treated subjects. Insulin resistance
calculated by the homeostasis model assessment
of insulin resistance (HOMA-IR) also differed
significantly among groups (p = .03). The olanza-
pine group had a higher HOMA-IR level than
normal controls (p = .01). There was a significant
difference in glucose effectiveness (SG) among
the groups (p = .049). SG was lower in the olanza-
pine group than in the quetiapine group (p = .03)
and in the olanzapine group compared to normal
controls (p = .049).

Conclusions: Our findings are consistent with
our previous report that nonobese olanzapine-
treated subjects showed insulin resistance,

measured by both HOMA-IR and SI, and reduc-
tion in SG. Studies that include larger samples,
unmedicated patients, and varying durations of
antipsychotic exposure are necessary to confirm
these results.
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everal reports have suggested higher rates of type
2 diabetes mellitus (DM) in patients with schizo-S

phrenia compared to the general population, even before
the introduction of atypical antipsychotics.1 Ryan and col-
leagues2 found evidence of insulin resistance and im-
paired glucose tolerance in 15% of 26 medication-naive
first-episode schizophrenia patients using an oral glucose
tolerance test. Case reports filed with the U.S. Food and
Drug Administration have implicated clozapine, olanza-
pine, and, to a lesser degree, risperidone and quetiapine in
cases of DM and diabetic ketoacidosis.3–6 Aripiprazole
and ziprasidone appear to be the agents least likely to
impair glucose tolerance and increase the risk of DM.7–9
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Several cases of DM developing in the absence of weight
gain and resolving after discontinuation of the antipsy-
chotic have been reported in the literature.3,4 In a review of
45 published cases of new-onset DM or exacerbation
of existing cases, Jin and associates10 noted that 50% of
patients had gained no weight and 42% of new-onset
cases presented with diabetic ketoacidosis, an unusually
high incidence. A possible relationship between DM and
antipsychotic medication has been examined in several
pharmacoepidemiologic studies utilizing 6 large data-
bases,11–17 with clozapine and olanzapine being the drugs
most often implicated. Few reports suggest an association
between quetiapine and new-onset type 2 DM.18–20 How-
ever, Reinstein et al.21 reported a study in which quetiapine
was added to clozapine patients and resulted in reduced
weight and an improvement in glucose metabolism in the
20% of patients who developed DM on clozapine treat-
ment alone.

Clozapine and olanzapine treatment has also been
associated with insulin resistance in nonobese schizophre-
nia patients.22,23 Consistent with this impression, New-
comer and colleagues22 found evidence for increased insu-
lin resistance with olanzapine and clozapine compared
to haloperidol and untreated healthy controls in a non-
randomized cross-sectional study, whereas risperidone ex-
hibited a smaller effect that did not differ from the effect of
haloperidol.22

We24 confirmed Newcomer’s results using frequently
sampled intravenous glucose tolerance tests (FSIVGTTs)
in 36 relatively lean patients (mean body mass index
[BMI] = 25 kg/m2), demonstrating that patients taking clo-
zapine or olanzapine had a significantly greater homeo-
stasis model assessment of insulin resistance (HOMA-IR)
score and lower insulin sensitivity index (SI) suggesting
significant insulin resistance than those taking risperidone.

As a follow-up study, we conducted a cross-sectional
comparison of quetiapine- and olanzapine-treated schizo-
phrenia subjects with matched normal controls using an
FSIVGTT and minimal model analysis.

METHOD

The study was conducted from April 2002 to October
2004. Subjects were recruited from a community mental
health clinic and were studied at the Mallinckrodt General
Clinical Research Center (GCRC) at Massachusetts Gen-
eral Hospital. The study was approved by the Institutional
Review Boards (IRBs) of the Massachusetts General
Hospital and the Massachusetts Department of Mental
Health. Outpatients from the ages of 18 to 65 years with
the diagnosis of schizophrenia or schizoaffective disorder
and a BMI less than 30.0 kg/m2 were eligible for the study
along with normal controls. Normal controls were re-
cruited through IRB-approved announcements for re-
search subjects.

Subjects were excluded on the basis of current sub-
stance abuse; DM; thyroid disease; pregnancy; significant
medical illness including severe cardiovascular, hepatic,
or renal disease; or unstable psychiatric illness. Eligibility
was determined by interview and a chart review for his-
tory and recent laboratory values. No screening labora-
tory tests were performed prior to the procedure. Patients
treated with medications known to affect glucose toler-
ance such as birth control pills containing norgestrel,
steroids, β-blockers, anti-inflammatory drugs (including
daily aspirin and ibuprofen), thiazide diuretics, agents
that induce weight loss, and valproate were excluded from
the study. Potential normal controls taking any psycho-
tropic medication were also excluded. A urine pregnancy
test was performed prior to the study for female subjects
of childbearing potential. Additionally, as the luteal phase
is associated with a reduction in insulin sensitivity,25 men-
struating women (N = 6) were interviewed regarding their
menstrual history and date of last menses, were instructed
to keep a log, and underwent the procedure during the
early follicular phase of their menstrual cycle (days 1–7).

All subjects provided written informed consent. After
providing consent, schizophrenia subjects underwent a di-
agnostic evaluation by a research psychiatrist using the
Structured Clinical Interview for DSM-IV (SCID).26 As-
sessments for psychopathology were not performed on
normal controls.

Subjects were given a diet plan calculated to maintain
body weight and to provide a minimum of 250 g of car-
bohydrate for each of the 3 days prior to the FSIVGTT.
Residential program staff, outreach workers, and family
members assisted subjects to maintain a high carbohy-
drate intake and to guarantee a 12-hour overnight fast
prior to the FSIVGTT. Additionally, research staff had
daily contact with subjects and staff to reinforce the re-
cording of the subjects’ dietary intake and the fasting state
required for the procedure. Subjects were admitted to the
GCRC at 7:00 a.m. on the morning of the test. A complete
nutritional assessment was conducted prior to the initia-
tion of the FSIVGTT.

Nutritional Assessment
Height was measured using a Harpenden stadiometer

(Holtain, Crymmych, U.K.), which was calibrated on a
weekly basis. Subjects were weighed on a digital elec-
tronic scale, and weight was recorded to the nearest
0.1 kg. The percent ideal body weight was determined us-
ing Metropolitan Life Insurance Tables27 using elbow
breadth for frame size determination and actual measured
height. Circumferences were measured at the narrowest
waist, umbilicus waist, iliac waist, and broadest hip (but-
tocks). Waist-hip ratio was calculated as iliac waist mea-
sure relative to the widest hip circumference. Percent
body fat was calculated from biceps, triceps, suprailiac,
and subscapular skinfold measurements.28,29
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A 4-day food record was obtained from each partici-
pant prior to the 3-day high-carbohydrate diet and proce-
dure. Assessment of food intake is important when exam-
ining glucose metabolism, energy expenditure, activity
level, and anthropometric measurements. Energy and nu-
trient intake were analyzed using an extensive nutrient
database (NDS-R; Nutrition Coordinating Center, Univer-
sity of Minnesota, Minneapolis, Minn.).30 Bioelectrical
impedance was used to estimate body composition; the
total conductive volume of the body is equivalent to total
body water. Predictive equations were used to estimate
total body water and percent body cell mass as a function
of impedance, height, weight, age, and gender.31,32 Indi-
rect calorimetry measures were obtained with subjects in
an alert, fasting state, resting with a canopy placed over
their heads for collection of gases. Using a standardized
equation involving respiratory quotient measured through
indirect calorimetry, resting energy expenditure was cal-
culated.33 A quantitative activity questionnaire (Modifi-
able Activity Questionnaire [MAQ]) was used to assess
both leisure and occupational activity components.34

Frequently Sampled Intravenous
Glucose Tolerance Test

One intravenous line was placed in an antecubital
vein in each arm. Baseline fasting blood samples were
drawn for glucose and insulin, complete blood count, ba-
sic chemistry profiles, serum cortisol, lipid profile, and
serum leptin. Glucose at 0.3 g/kg in normal saline was
administered intravenously over 30 seconds at time 0.
Approximately 2-cc blood samples were withdrawn at
–10, –5, 0, 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, 18, 20, 21, 22, 23,
24, 25, 27, 30, 35, 40, 45, 50, 55, 60, 65, 70, 80, 90,
100, 110, 120, 140, 160, and 180 minutes for measure-
ment of glucose and insulin concentration.35–37 Twenty
minutes after the glucose infusion, regular human insulin
at 0.05 units/kg was administered intravenously over 45
seconds. Plasma glucose concentrations and vital signs
were monitored throughout the procedure. Samples for
glucose were collected in a gray-top tube containing so-
dium fluoride and potassium oxalate and analyzed imme-
diately in the Massachusetts General Hospital Chemistry
Laboratory. Samples for insulin were collected in a red-
top tube (no additives). The samples were allowed to clot
at room temperature, spun, separated, and immediately
stored in cloudy Falcon tubes at –80°C.

Laboratory Assays
Laboratory assays were performed by the GCRC Core

Laboratory and the Chemistry Laboratory of the Massa-
chusetts General Hospital. Duplicate fasting plasma glu-
cose was measured with a hexokinase reagent kit (A-gent
glucose test, Abbott Laboratories, South Pasadena, Calif.)
with an intra-assay coefficient of variation (CV) ranging
from 2% to 3%. Insulin immunometric assays were per-

formed using an Immulite analyzer (Diagnostic Products
Corporation, Los Angeles, Calif.) with an intra-assay CV
of 4.2% to 7.6%. Fasting triglyceride and total plasma
cholesterol levels were measured enzymatically38 with an
intra-assay CV of 0.9% to 1.2% and 1.7% to 2.7%, re-
spectively. The high-density lipoprotein (HDL) choles-
terol fraction was measured after precipitation of low-
density and very low–density lipoproteins with dextran
sulfate-magnesium39 with an intra-assay CV of 0.89% to
1.82%. Low-density lipoprotein (LDL) cholesterol values
were estimated indirectly for participants with plasma tri-
glyceride levels less than 4.52 mmol/L.40 Leptin was mea-
sured by a radioimmunoassay with a CV of 3.4% to 8.3%
(Human Leptin, Linco Research, Inc, St. Charles, Mo.).
Cortisol was measured by competitive immunoassay with
an intra-assay CV of 6.8% to 9.0% (Immulite Cortisol,
Diagnostic Products Corporation, Los Angeles, Calif.).

Minimal Model Calculations
Insulin sensitivity index, glucose effectiveness (SG),

and the acute insulin response to glucose (AIRg) were
calculated from glucose and insulin values using the
Minimal Model (MINMOD) version 3.0 computer pro-
gram developed by Bergman.36,37,41 SI represents the in-
crease in net fractional glucose clearance rate per unit
change in serum insulin concentration after the intrave-
nous glucose load. SG represents the net fractional glu-
cose clearance rate due to the increase in glucose indepen-
dent of any increase in circulating insulin concentrations
above baseline. AIRg measures the acute (0–10 minutes)
β-cell response to a glucose load calculated by the area
under the curve (AUC) above basal insulin values. AIRg
was assessed as the incremental AUC (calculated by the
trapezoid rule) from 0 to 10 min of the FSIVGTT. The
disposition index (= SI × AIRg), an index of β-cell func-
tion that takes account of prevailing insulin sensitivity
and exploits the hyperbolic relationship between the
two,35,42 was calculated by the method described by Kahn
et al.43 HOMA-IR was calculated by the following for-
mula: fasting insulin (µU/mL) × fasting glucose (mg/dL)/
22.5.44,45

Statistical Methods
The primary outcome variables were fasting glucose

and insulin, HOMA-IR, SI, SG, and AIRg levels. Covar-
iates included lipid concentrations, waist-hip ratios, and
MAQ scores. Descriptive statistics are represented as
mean ± SD. Within-group correlation coefficients were
determined between indices of medication dose and blood
levels, glucose, insulin, HOMA-IR, SI, SG, and AIRg.
Analysis of variance was used to compare the 3 antipsy-
chotic agent groups for the following variables: fasting
plasma glucose concentration, fasting insulin concentra-
tion, SI level, HOMA-IR level, SG level, cortisol level,
serum lipid level, leptin level, BMI, skinfold measure-
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ments (triceps, biceps, suprailiac, subscapular, percent
body fat), bioimpedance analysis of body fat, waist-hip
ratio, widest hip circumference, MAQ score, resting en-
ergy expenditure, dietary assessment variables, duration
of illness, and duration of medication treatment. A cor-
rection for multiplicity was not performed. However, a
closed testing procedure was used so that pairwise com-
parisons were made only if the overall group effect F test
p value was < .05.

Categorical demographic variables were compared be-
tween groups using Fisher exact test and included gender,
race, diagnosis, use of selective serotonin reuptake inhibi-
tors (SSRIs), and family history of DM. Continuous de-
mographic variables were compared using Kruskal-Wallis
test or Wilcoxon test and included age, fasting plasma
glucose concentration, fasting insulin concentration, SI
level, HOMA-IR level, SG level, cortisol level, serum
lipid level, leptin level, BMI, skinfold measurements (tri-
ceps, biceps, suprailiac, subscapular, percent body fat),
bioimpedance analysis of body fat, waist-hip ratio, widest
hip circumference, MAQ score, resting energy expendi-

ture, dietary assessment variables, duration of illness, and
systolic and diastolic blood pressure. The longitudinal
data (3 fasting time points: minute –10, minute –5, minute
0) HOMA-IR was compared between groups by analyz-
ing the variance with repeated measures. A p value < .05
was used to test for statistical significance, and all statisti-
cal tests were 2-tailed.

RESULTS

Thirty subjects signed informed consent, but 5 with-
drew consent (1 normal control, 2 olanzapine, 2 quetia-
pine) prior to participation in the study. Additionally, 1
subject’s procedure was cancelled on the day of the proce-
dure because of inability to fast. Data from 24 subjects
were included in the analysis (7 quetiapine, 8 olanzapine,
9 normal controls). Overall, the procedure was well toler-
ated and all subjects were able to complete all aspects of
the study.

Demographics
For the entire sample (N = 24), the mean ± SD age was

41.3 ± 11.5 years with a mean BMI of 24.4 ± 3.3 kg/m2.
Eighteen participants (75%) were white, 4 (17%) were
African American, 1 (4%) was Asian, and 1 (4%) was
Hispanic; 19 participants (79%) were male. The 3 treat-
ment groups were similar in age, gender, race, BMI, sys-
tolic and diastolic blood pressure, and family histories of
DM and cardiovascular disease. The quetiapine and olan-
zapine groups did not differ for the age at onset, the use
of SSRIs, duration of illness, or duration of medication
treatment (Table 1).

Glucose Metabolism
There was a significant difference among groups for

fasting baseline plasma glucose concentrations (p = .02;
Table 2), with olanzapine larger than normal controls
(p = .01), but no significant difference was found between
olanzapine and quetiapine (p = .4) or quetiapine and nor-
mal controls (p = .1) (Figure 1). Fasting serum insulin
concentrations did not differ among groups (p = .1).

The SI differed significantly among groups (p = .039);
olanzapine subjects exhibited significant insulin resis-
tance compared to normal controls (p = .01), but there
was no significant difference for quetiapine versus olan-
zapine (p = .1) or quetiapine versus normal controls
(p = .40) (Figure 2). SI is inversely proportional to insulin
resistance (lower SI indicates greater insulin resistance or
less insulin sensitivity).36

Insulin resistance calculated by the HOMA-IR also
differed significantly among groups (F = 3.69, df = 46,
p = .03), with olanzapine effect larger than that of normal
controls (t = 2.67, df = 46, p = .01), but no significant
difference between olanzapine and quetiapine (t = 1.76,
df = 46, p = .09) or quetiapine and normal controls

Table 1. Demographics and Blood Pressure of Study
Participantsa

Normal
Quetiapine Olanzapine Controls p

Variable (N = 7) (N = 8)  (N = 9) Value

Gender .83
Male 5 (71) 7 (88) 7 (78)
Female 2 (29) 1 (13) 2 (22)

Age (years), mean ± SD 43 ± 12 46 ± 8 35 ± 12 .56
Race .48

Asian 0 0 1 (11)
Hispanic 0 0 1 (11)
African American 2 (29) 2 (25) 0
White 5 (71) 6 (75) 7 (78)

Family history of diabetes .36
mellitus (first degree)?

Yes 4 (57) 2 (25) 2 (22)
No 3 (43) 6 (75) 7 (78)

Diagnosis .0001
Schizoaffective disorder 2 (29) 0 0
Schizophrenia 5 (71) 8 (100) 0

SSRI used? .05
Yes 3 (43) 1 (13) 0
No 4 (57) 7 (88) 9 (100)

Cigarette smoker? .06
Yes 3 (43) 5 (63) 3 (33)
No 4 (57) 3 (38) 6 (67)

Metabolic syndrome 2 (29) 3 (38) 0 (0) .20
Duration of illness (years), 15 ± 9 20 ± 9 .28

mean ± SD
Dose of antipsychotic agent 607 ± 217 18 ± 8 .20

(mg), mean ± SD
Duration of medication 24 ± 19 34 ± 26 .48

treatment (months),
mean ± SD

Systolic blood pressure 124 ± 10 120 ± 12 115 ± 10 .22
(mm Hg), mean ± SD

Diastolic blood pressure 74 ± 9 80 ± 11 71 ± 6 .24
(mm Hg), mean ± SD

aValues are expressed as N (%) unless otherwise noted.
Abbreviation: SSRI = selective serotonin reuptake inhibitor.
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(t = 0.76, df = 46, p = .45) (Figure 3). The olanzapine
group displayed elevations in HOMA-IR (greater insulin
resistance) compared to normal controls. Although there
was no significant difference among groups for AIRg
(p = .22) or disposition index (p = .52), there was a
significant among-group difference for SG (p = .049),
with olanzapine less than quetiapine (p = .03) and olanza-
pine less than normal controls (p = .049), but no differ-
ence between quetiapine and normal controls (p = .67)
(Figure 4).

Lipids
There were no significant differences comparing total

cholesterol (p = .83), LDL cholesterol (p = .96), and se-
rum triglyceride (p = .28) levels among groups. However,

HDL cholesterol levels significantly differed among
groups (p = .048), with the quetiapine group lower than
normal controls (p = .03), but there was no significant dif-
ference between the olanzapine group and normal con-
trols (p = .06) or between the quetiapine and olanzapine
groups (p = .70) (Table 2).

Nutritional Assessment and Physical Activity
There were no significant differences among groups

for measurements of percent body cell mass; biceps, tri-
ceps, and subscapular skinfold measurements; ideal body
weight; percent ideal body weight; total body fat and total
body water measured by bioelectric impedance; widest
hip measurements; and waist-hip ratio. MAQ total scores
significantly differed among groups (p = .02), with the

Table 2. Baseline Glucose, Metabolism, Hormone, and Lipid Measurements in Participantsa

Within-Group p Valuesb

Quetiapine Olanzapine Normal Controls p Quetiapine Olanzapine Quetiapine
Measurement (N = 7) (N = 8) (N = 9) Value vs Control vs Control vs Olanzapine

Fasting glucose (mg/dL) 91.3 ± 11.2 99.6 ± 12.5 86.1 ± 5.3 .02 .1 .01 .4
Fasting insulin (µU/mL) 6.4 ± 4.0 10.5 ± 6.9 5.2 ± 4.1 .1
Insulin sensitivity index 9.1 ± 6.1 4.0 ± 2.2 12.6 ± 7.7 .039 .4 .01 .1

(×10–4 • min–1 • /µU/mL)
HOMA-IR 1.5 ± 1.0 2.7 ± 1.9 1.0 ± 0.9 .03 .45 .01 .09
Glucose effectiveness (min–1) 0.023 ± 0.007 0.014 ± 0.007 0.022 ± 0.008 .049 .67 .049 .03
AIRg (AUC 0–10) (µU/mL/10 min) 371.4 ± 228.8 808.4 ± 703.0 299.6 ± 181.2 .22
Disposition index (×10–4 min–1) 2240 ± 1904 3379 ± 3588 4082 ± 3295 .52
Cortisol (µg/dL) 13.7 ± 4.0 12.0 ± 4.0 10.6 ± 4.1 .3
Total cholesterol (mg/dL) 179.9 ± 49.6 195.1 ± 61.9 172.4 ± 27.9 .83
High-density lipoprotein (mg/dL) 35.7 ± 3.3 38.7 ± 15.3 52.9 ± 12.0 .048 .03 .06 .7
Low-density lipoprotein (mg/dL) 112.6 ± 49.0 103.7 ± 48.2 97.4 ± 22.8 .96
Triglycerides (mg/dL) 157.9 ± 104.7 199.0 ± 160.6 109.3 ± 76.0 .28
Alkaline phosphate (mg/dL) 77.4 ± 12.2 84.3 ± 13.6 57.6 ± 9.9 .002 .005 .004 .15
AST (SGOT) (min • mL–1) 25.9 ± 6.6 27.8 ± 8.2 25.8 ± 7.5 .4
Leptin (ng/mL) 13.7 ± 15.1 10.2 ± 13.6 5.9 ± 4.6 .47
aValues reported as mean ± SD.
bPairwise comparisons were made only if the overall group effect F test p value was < .05.
Abbreviations: AIRg = acute insulin response to glucose; AST (SGOT) = aspartate aminotransferase, formerly serum glutamic-oxaloacetic

transaminase; AUC = area under the curve; HOMA-IR = homeostasis model assessment of insulin resistance.

aValues expressed as mean ± SD.

Figure 1. Fasting Glucose in Nonobese Schizophrenia
Subjects Treated With Olanzapine (N = 8) or Quetiapine
(N = 7) and Normal Controls (N = 9)a
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Figure 2. Insulin Sensitivity Index in Nonobese
Schizophrenia Subjects Treated With Olanzapine (N = 8) or
Quetiapine (N = 7) and Normal Controls (N = 9)a
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quetiapine group lower than normal controls (p = .003);
there was no significant difference between the olanza-
pine group and normal controls (p = .19), or between the
quetiapine and olanzapine groups (p = .49). There was
also a significant difference among groups for leisure ac-
tivity level (p = .02), with a significant difference bet-
ween the quetiapine group and normal controls (p = .004)
but no significant difference between the olanzapine
group and normal controls (p = .06) or the quetiapine and
olanzapine groups (p = .91). Occupational activity level
(p = .15) did not differ among groups (Table 3). Addition-
ally, the groups did not differ on measures of energy ex-
penditure including resting energy expenditure or respira-
tory quotient.

Food Intake Assessment
There were few statistically significant differences

among groups on food intake calculated on the basis of a
4-day food record (Table 4). The groups did not differ in
total fat level, polyunsaturated fat level, saturated fat
level, total energy (kcal), or total kcal/kg body weight.
Only folate (p = .007) and galactose intake (p = .04) dif-
fered significantly between groups.

Cortisol and Leptin and Correlations
of Antipsychotic Dose and Anthropometric
Measurements With Measures of Glucose Metabolism

There were no significant differences among groups
for fasting serum cortisol and leptin levels. Alkaline

aValues expressed as mean ± SE.

Figure 3. Homeostasis Model Assessment of Insulin
Resistance (HOMA-IR) in Nonobese Schizophrenia Subjects
Treated With Olanzapine (N = 8) or Quetiapine (N = 7) and
Normal Controls (N = 9)a
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Figure 4. Glucose Effectiveness in Nonobese Schizophrenia
Subjects Treated With Olanzapine (N = 8) or Quetiapine
(N = 7) and Normal Controls (N = 9)a
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Table 3. Anthropometric Measurements of Study Participantsa

Within-Group p Valuesb

Quetiapine Olanzapine Normal Controls Quetiapine Olanzapine Quetiapine
Measurement (N = 7) (N = 8) (N = 9) p Value vs Control vs Control vs Olanzapine

Body mass index (kg/m2) 25.5 ± 4.0 23.7 ± 3.7 24.1 ± 2.3 .7
Bicep skinfold (mm) 8.5 ± 8.3 6.8 ± 5.2 6.0 ± 2.0 .8
Tricep skinfold (mm) 9.0 ± 3.4 15.1 ± 7.1 13.4 ± 6.4 .6
Subscapular skinfold (mm) 15.9 ± 8.5 18.0 ± 6.8 14.7 ± 7.0 .6
Suprailiac skinfold (mm) 18.8 ± 10.5 21.7 ± 10.2 8.7 ± 2.9 .6
Body cell mass (%) 41.3 ± 9.8 42.7 ± 8.2 40.4 ± 4.6 .9
Bioimpedance analysis (% body fat) 24.1 ± 14.6 26.6 ± 7.1 19.1 ± 6.4 .3
Waist (iliac crest) (cm) 94.7 ± 11.5 92.1 ± 9.3 87.7 ± 11.1 .5
Waist/hip ratio 1.0 ± 0.1 1.0 ± 0.1 0.9 ± 0.1 .15
Widest hip (cm) 101.5 ± 9.4 99.1 ± 7.4 99.6 ± 5.2 1.0
MAQ totalc 5.5 ± 5.3 15.5 ± 18.4 21.4 ± 11.4 .02 .003 .19 .49
Occupationalc 0.1 ± 0.3 5.7 ± 11.9 4.7 ± 6.7 .15
Leisurec 5.4 ± 5.4 9.9 ± 14.7 16.7 ± 6.9 .02 .004 .06 .91
Resting energy expenditure (kcal/day) 1615.0 ± 311.0 1648.0 ± 358.1 1614.4 ± 481.1 .97
Respiratory quotient .93 ± .09 .82 ± .15 .91 ± .10 .46
Reactance 59.1 ± 6.5 155.8 ± 259.2 54.2 ± 6.6 .06
Resistance 525.0 ± 77.7 523.5 ± 85.6 406.5 ± 163.1 .07
aValues reported as mean ± SD.
bPairwise comparisons were made only if the overall group effect F test p value was < .05.
cAverage hours of activity/week.
Abbreviation: MAQ = Modifiable Activity Questionnaire.
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phosphate significantly differed among groups (p = .002),
with differences between olanzapine and normal controls
(p = .004) and quetiapine and normal controls (p = .005).
However, the mean values were all within normal limits
and not clinically relevant.

Within treatment groups, fasting glucose and insulin
levels and SG did not correlate with dose of antipsychotic
concentrations. SI significantly inversely correlated with
quetiapine dose (t = –5.98, SE = 0.004, p = .0001) but not
olanzapine dose. Higher doses of quetiapine were asso-
ciated with greater insulin resistance. SI also inversely
correlated with BMI for the entire sample (t = –2.39,
SE = 0.37, p = .03) and for normal controls (t = –2.21,
SE = 0.81, p = .04). Waist circumference (cm) inversely
correlated with SI for the entire sample (t = –2.53,
SE = 0.11, p = .02) and for the quetiapine group (t =
–2.38, SE = 0.18, p = .03) but not the olanzapine group or
normal controls. Greater BMI and waist measurements
were associated with greater insulin resistance. Waist-hip
ratio inversely correlated with SI for the entire sample
(t = –2.31, SE = 17.9, p = .04) but was nonsignificant for
the quetiapine group (t = –2.08, SE = 37.6, p = .054),
olanzapine group (t = 0.19, SE = 29.2, p = .85), and nor-
mal controls (t = –2.05, SE = 25.1, p = .057). AIRg in-
versely correlated with age for the entire sample
(t = –2.21, SE = 7.9, p = .04) and for the olanzapine-
treated subjects (t = –3.53, SE = 17.3, p = .002). The
older the subject, the less β-cell response to the glucose
load. HOMA-IR did not correlate with gender or family
history of DM.

Fasting HDL cholesterol levels correlated with olan-
zapine dose (t = 3.35, SE = 0.38, p = .007). HDL also
correlated with age among the entire sample (t = 2.36,

SE = 0.22, p = .03) and among olanzapine-treated subjects
(t = 2.79, SE = 0.49, p = .01). HDL inversely correlated
with BMI (t = –2.26, SE = 0.79, p = .04). Gender, family
history of DM, race, and smoking status did not correlate
with any of the major outcome measures.

DISCUSSION

Our findings are consistent with our previous report24

that nonobese olanzapine-treated subjects showed sig-
nificant insulin resistance measured by both HOMA-IR
and SI compared to normal controls. Olanzapine-treated
subjects also had significantly higher fasting glucose con-
centrations than normal controls, which also reflects im-
pairment in glucose metabolism. Additionally, quetiapine-
treated patients did not exhibit insulin resistance compared
to normal controls. In this sample, the mean BMI for
olanzapine-treated subjects was 23.7 kg/m2, and, though
not statistically significant, it was less than the mean BMI
for both quetiapine-treated subjects and normal controls.

Insulin resistance is a potential precursor of type 2
DM and is pathogenetically linked to an increased risk of
cardiovascular events.46 The insulin resistance syndrome
originally included hyperinsulinemia, impaired glucose
tolerance, hypertension, increased plasma triglycerides,
and decreased HDL cholesterol.47 Other features were
observed such as visceral adiposity, small dense LDL, ex-
aggerated postprandial lipids, increased plasma plasmino-
gen activator inhibitor-1, and decreased sex hormone–
binding globulin levels.48 These metabolic abnormalities
have, in turn, been associated with cardiovascular disease
individually and together have been found to greatly in-
crease cardiovascular mortality.49 Metabolic syndrome is a

Table 4. Nutrient Intake in Study Participants Based on a 4-Day Food Recorda,b

Within-Group p Valuesb

Quetiapine Olanzapine Normal Controls Quetiapine Olanzapine Quetiapine
Measurement (N = 7) (N = 8) (N = 9) p Value vs Control vs Control vs Olanzapine

Total energy (kcal) 1982.0 ± 443.7 2260.0 ± 837.3 2319.2 ± 734.5 .6
Total body weight (kcal/kg) 90.6 ± 44.3 76.1 ± 12.4 76.0 ± 15.1 1.0
Protein (% total energy) 15.3 ± 4.4 14.6 ± 3.0 14.1 ± 2.2 .7
Total fat (g) 71.4 ± 15.2 90.4 ± 45.9 86.9 ± 34.8 .9
Fat (% total energy) 32.6 ± 3.2 36.4 ± 10.3 33.8 ± 7.1 .6
Cholesterol (mg) 286.3 ± 138.8 313.9 ± 214.6 280.7 ± 103.0 1.0
Polyunsaturated fat (g) 13.6 ± 5.9 19.6 ± 15.5 17.0 ± 7.3 .8
Saturated fat (g) 27.0 ± 6.4 29.5 ± 12.7 31.4 ± 13.6 .9
Polyunsaturated to saturated 0.5 ± 0.2 0.7 ± 0.4 0.6 ± 0.2 .5

fat ratio (g)
Starch (g) 121.2 ± 34.7 109.9 ± 56.0 131.7 ± 38.7 .8
Glucose (g) 26.7 ± 13.2 32.6 ± 30.8 32.7 ± 16.5 .4
Fructose (g) 22.2 ± 11.8 28.9 ± 30.7 30.8 ± 14.1 .3
Galactose (g) 0.4 ± 0.4 0.0 ± 0.1 0.7 ± 0.6 .04 .5 .02 .07
Lactose (g) 14.2 ± 10.3 15.6 ± 6.0 20.4 ± 10.7 .4
Maltose (g) 3.8 ± 2.8 1.2 ± 1.0 3.8 ± 3.1 .2
Sucrose (g) 50.6 ± 45.6 55.3 ± 28.4 53.8 ± 26.1 .7
Alcohol (g) 1.0 ± 2.4 2.9 ± 7.0 7.0 ± 16.3 .3
Folate (mcg) 433 ± 111 263 ± 123 589 ± 223 .007 .11 .01 .03
aValues reported as mean ± SD.
bPairwise comparisons were made only if the overall group effect F test p value was < .05.
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high-risk constellation of lipid waist measurements, blood
pressure, and fasting glucose risk factors to be targeted
for intensified therapy.50 The diagnosis of metabolic
syndrome can be made when 3 or more of the risk deter-
minants are present. In this study, despite the normal
mean BMI, 29% of quetiapine-treated patients and 38%
of olanzapine-treated patients met the criteria for meta-
bolic syndrome, while none of the normal controls met
this criteria.

We replicated our findings24 of reduced SG in
olanzapine-treated subjects compared to normal controls
and quetiapine-treated subjects. Possible mechanisms of
reduced SG may be the blocking of glucose transporters.51

Roughly two thirds of SG, in humans, represents a dis-
posal effect and one third a suppression of glucose pro-
duction in the liver.52,53 Olanzapine has been found to im-
pair the insulin-mediated suppression of hepatic glucose
production in dogs,54 but this has not been well studied in
humans. Additionally, a reduction in β-cell functioning,
measured by AIRg and disposition index, was not ob-
served in this study.

Quetiapine subjects showed significantly lower activ-
ity levels measured by MAQ compared to normal con-
trols. Schizophrenia patients may be less likely to work
and exercise than the general population. Exercise
expends calories and promotes leanness, while lowering
blood glucose and improving insulin sensitivity.55 As
measures of physical activity were lower in the quetiapine
group than normal controls in our sample, one might
expect a reduction in SI or elevations in HOMA in the
quetiapine group since exercise and physical activity are
known to increase SI and improve insulin resistance.
However, this was not evident in this study and quetiapine
subjects did not differ from normal controls on any mea-
sure of glucose metabolism.

The inverse correlation SI and quetiapine dose must be
interpreted with caution. SI also inversely correlated with
waist circumference in quetiapine-treated subjects. As
the sample size was small, the degree of impact of each
factor could not be determined. It also appeared that, in
quetiapine-treated subjects, doses below 600 mg were not
associated with insulin resistance. A further study of glu-
cose metabolism in subjects treated with higher doses of
quetiapine is warranted.

There are a number of limitations to this study. The
small sample size may limit the interpretation of our find-
ings. However, the addition of normal controls greatly
strengthens our findings in olanzapine-treated subjects.
Nevertheless, normal controls may be quite different from
medication-free schizophrenia patients, as schizophrenia
patients may be at greater risk for a number of medical
disorders including DM.56 The exclusion of nonobese
subjects may also limit the generalizability of this study.
Obese schizophrenia patients should have a greater de-
gree of insulin resistance than the subjects in this study.

Previous treatment with other antipsychotic agents may
have had an undetermined impact on the results. The im-
pact of duration of exposure to antipsychotic drugs and
treatment with other antipsychotic agents, as well as pos-
sible differences in vulnerability in schizophrenia patients
compared to normal subjects, requires further study. Stud-
ies that include larger samples, unmedicated patients, and
varying durations of antipsychotic exposure will help to
address these limitations.

Finally, this study confirms the association of treat-
ment with olanzapine and impairment of glucose metabo-
lism in patients with schizophrenia. Guidelines for patient
education, risks assessments, and monitoring of weight,
fasting glucose, and lipids are currently in place for atypi-
cal antipsychotic agents.7–9 It has been recommended that
considerations in the choice of antipsychotic agents in-
clude patients’ individual risk for type 2 DM, hyperlipi-
demia, and weight gain along with individual drugs’ asso-
ciation with these medical disorders.7–9

Drug names: aripiprazole (Abilify), clozapine (Clozaril, FazaClo, and
others), haloperidol (Haldol and others), ibuprofen (Motrin, Ibu-tab,
and others), olanzapine (Zyprexa), quetiapine (Seroquel), risperidone
(Risperdal), ziprasidone (Geodon).

Financial disclosure: Dr. Henderson has received grant/research
support from AstraZeneca and Pfizer and has received honoraria
from Pfizer, Bristol-Meyers Squibb, and Janssen. Dr. Evins has re-
ceived grant/research support from GlaxoSmithKline and Janssen.
Dr. Freudenreich has received grant/research support from Pfizer.
Dr. Cather has received honoraria from Eli Lilly. Dr. Goff has
received research funding from Cortex Pharmaceuticals, Janssen,
Cephalon, GlaxoSmithKline, and Organon; has received honoraria
from Eli Lilly, Janssen, AstraZeneca, Pfizer, and Bristol-Myers
Squibb; and has served on the advisory boards of Eli Lilly, Janssen,
AstraZeneca, Pfizer, Bristol-Myers Squibb, GlaxoSmithKline, and
Organon. Drs. Copeland, Nguyen, Cagliero, and Schoenfeld; Mss.
Borba, Daley, and Zhang; and Mr. Hayden report no other significant
commercial relationships relevant to the study.

REFERENCES

1. Dixon L, Weiden P, Delahanty J, et al. Prevalence and correlates of
diabetes in national schizophrenia samples. Schizophr Bull 2000;26:
903–912

2. Ryan MC, Collins P, Thakore JH. Impaired fasting glucose tolerance in
first-episode, drug-naive patients with schizophrenia. Am J Psychiatry
2003;160:284–289

3. Koller E, Schneider B, Bennett K, et al. Clozapine-associated diabetes.
Am J Med 2001;111:716–723

4. Koller EA, Doraiswamy PM. Olanzapine-associated diabetes mellitus.
Pharmacotherapy 2002;22:841–852

5. Koller EA, Cross JT, Doraiswamy PM, et al. Risperidone-associated
diabetes mellitus: a pharmacovigilance study. Pharmacotherapy 2003;
23:735–744

6. Koller EA, Weber J, Doraiswamy PM, et al. A survey of reports of
quetiapine-associated hyperglycemia and diabetes mellitus. J Clin
Psychiatry 2004;65:857–863

7. American Diabetes Association, American Psychiatric Association,
American Association of Clinical Endocrinologists, North American
Association for the Study of Obesity. Consensus development conference
on antipsychotic drugs and obesity and diabetes. J Clin Psychiatry 2004;
65:267–272

8. Goff DC, Cather C, Evins AE, et al. Medical morbidity and mortality in
schizophrenia: guidelines for psychiatrists. J Clin Psychiatry 2005;66:
183–194



© COPYRIGHT 2006 PHYSICIANS POSTGRADUATE PRESS, INC. © COPYRIGHT 2006 PHYSICIANS POSTGRADUATE PRESS, INC.

Atypical Antipsychotic and Glucose Metabolism

J Clin Psychiatry 67:5, May 2006 797

9. Marder SR, Essock SM, Miller AL, et al. Physical health monitoring
of patients with schizophrenia. Am J Psychiatry 2004;161:1334–1349

10. Jin H, Meyer JM, Jeste DV. Phenomenology of and risk factors for new-
onset diabetes mellitus and diabetic ketoacidosis associated with atypical
antipsychotics: an analysis of 45 published cases. Ann Clin Psychiatry
2002;14:59–64

11. Lund BC, Perry PJ, Brooks JM, et al. Clozapine use in patients with
schizophrenia and the risk of diabetes, hyperlipidemia, and hypertension:
a claims-based approach. Arch Gen Psychiatry 2001;58:1172–1176

12. Buse JB, Cavazzoni P, Hornbuckle K, et al. A retrospective cohort study
of diabetes mellitus and antipsychotic treatment in the United States.
J Clin Epidemiol 2003;56:164–170

13. Gianfrancesco FD, Grogg AL, Mahmoud RA, et al. Differential effects
of risperidone, olanzapine, clozapine, and conventional antipsychotics on
type 2 diabetes: findings from a large health plan database. J Clin Psychi-
atry 2002;63:920–930

14. Koro CE, Fedder DO, L’Italien GJ, et al. An assessment of the
independent effects of olanzapine and risperidone exposure on the
risk of hyperlipidemia in schizophrenic patients. Arch Gen Psychiatry
2002;59:1021–1026

15. Sernyak MJ, Leslie DL, Alarcon RD, et al. Association of diabetes melli-
tus with use of atypical neuroleptics in the treatment of schizophrenia.
Am J Psychiatry 2002;159:561–566

16. Kornegay CJ, Vasilakis-Scaramozza C, Jick H. Incident diabetes associ-
ated with antipsychotic use in the United Kingdom general practice
research database. J Clin Psychiatry 2002;63:758–762

17. Caro JJ, Ward A, Levinton C, et al. The risk of diabetes during olanza-
pine use compared with risperidone use: a retrospective database
analysis. J Clin Psychiatry 2002;63:1135–1139

18. Sobel M, Jaggers ED, Franz MA. New-onset diabetes mellitus associated
with the initiation of quetiapine treatment [letter]. J Clin Psychiatry 1999;
60:556–557

19. Domon SE, Cargile CS. Quetiapine-associated hyperglycemia and hyper-
triglyceridemia [letter]. J Am Acad Child Adolesc Psychiatry 2002;41:
495–496

20. Meyer JM, Leckband SG, Loh C, et al. Quetiapine-induced diabetes
with metabolic acidosis. Int Clin Psychopharmacol 2004;19:169–171

21. Reinstein MF, Sirotovskaya LA, Jones LE, et al. Effect of clozapine-
quetiapine combination therapy on weight and glycaemic control.
Clin Drug Investig 1999;18:99–104

22. Newcomer JW, Haupt DW, Fucetola R, et al. Abnormalities in glucose
regulation during antipsychotic treatment of schizophrenia. Arch Gen
Psychiatry 2002;59:337–345

23. Henderson DC, Cagliero E, Gray C, et al. Clozapine, diabetes mellitus,
weight gain, and lipid abnormalities: a five-year naturalistic study. Am J
Psychiatry 2000;157:975–981

24. Henderson DC, Cagliero E, Copeland PM, et al. Glucose metabolism in
patients with schizophrenia treated with atypical antipsychotics agents: a
frequently sampled intravenous glucose tolerance test and minimal model
analysis. Arch Gen Psychiatry 2005;62:19–28

25. Valdes CT, Elkind-Hirsch KE. Intravenous glucose tolerance test-derived
insulin sensitivity changes during the menstrual cycle. J Clin Endocrinol
Metab 1991;72:642–646

26. Spitzer RL, Williams JB, Gibbon M, et al. The Structured Clinical Inter-
view for DSM-III-R (SCID). 1: history, rationale, and description. Arch
Gen Psychiatry 1992;49:624–629

27. Metropolitan Life Foundation. Metropolitan height and weight tables.
Stat Bull Metrop Insur Co 1983;64:2–9

28. Durnin JV, Womersley J. Body fat assessed from total body density and
its estimation from skinfold thickness: measurements on 481 men and
women aged from 16 to 72 years. Br J Nutr 1974;32:77–97

29. Lohman TG, Roche AF, Martorell R. Anthropometric Standardization
Reference Manual. Champaign, Ill: Human Kinetics Books; 1988

30. Schakel SF, Sievert YA, Buzzard IM. Sources of data for developing
and maintaining a nutrient database. J Am Diet Assoc 1988;88:
1268–1271

31. Lukaski HC, Bolonchuk WW, Hall CB, et al. Validation of tetrapolar
bioelectrical impedance method to assess human body composition.
J Appl Physiol 1986;60:1327–1332

32. Kushner RF. Bioelectrical impedance analysis: a review of principles
and applications. J Am Coll Nutr 1992;11:199–209

33. Ritz R, Cunningham J. Indirect calorimetry. In: Kacmarek RM, Hess D,
Stoller JK, eds. Monitoring in Respiratory Care. St Louis, Mo: Mosby-
Year Book, Inc; 1993

34. Kriska A, Caspersen C. A collection of physical activity questionnaires
for health-related research. J Am Coll Sports Med 1997;29:S73–78

35. Bergman RN, Phillips LS, Cobelli C. Physiologic evaluation of factors
controlling glucose tolerance in man: measurement of insulin sensitivity
and β-cell glucose sensitivity from the response to intravenous glucose.
J Clin Invest 1981;68:1456–1467

36. Bergman RN. Lilly lecture 1989. Toward physiological understanding
of glucose tolerance: minimal-model approach. Diabetes 1989;38:
1512–1527

37. Bergman RN, Watanabe R, Rebrin K, et al. Toward an integrated
phenotype in pre-NIDDM. Diabet Med 1996;13:S67–77

38. McNamara J, Schaefer E. Automated enzymatic standardized lipid
analyses for plasma lipoprotein fractions. Clin Chim Acta 1987;166:1–8

39. Warnick G, Benderson J, Albers J. Dextran sulfate-Mg2+ precipitation
procedure for quantitation of high-density-lipoprotein cholesterol. Clin
Chem 1982;28:1379–1388

40. Friedewald W, Levy R, Fredrickson D. Estimation of the concentration
of low density lipoprotein cholesterol in plasma, without use of the pre-
parative ultracentrifuge. Clin Chem 1972;18:499–502

41. Bergman RN, Prager R, Volund A, et al. Equivalence of the insulin
sensitivity index in man derived by the minimal model method and
the euglycemic glucose clamp. J Clin Invest 1987;79:790–800

42. Kahn RS, Davidson M, Siever L, et al. Serotonin function and treatment
response to clozapine in schizophrenic patients. Am J Psychiatry 1993;
150:1337–1342

43. Kahn SE, Prigeon RL, McCulloch DK, et al. Quantification of the
relationship between insulin sensitivity and β-cell function in human
subjects: evidence for a hyperbolic function. Diabetes 1993;42:
1663–1672

44. Perez-Martin A, Raynaud E, Hentgen C, et al. Simplified measurement
of insulin sensitivity with the minimal model procedure in type 2 diabetic
patients without measurement of insulinemia. Horm Metab Res 2002;
34:102–106

45. Hermans MP, Levy JC, Morris RJ, et al. Comparison of insulin sensitiv-
ity tests across a range of glucose tolerance from normal to diabetes.
Diabetologia 1999;42:678–687

46. DeFronzo RA, Ferrannini E. Insulin resistance: a multifaceted syndrome
responsible for NIDDM, obesity, hypertension, dyslipidemia, and athero-
sclerotic cardiovascular disease. Diabetes Care 1991;14:173–194

47. Reaven GM. Banting lecture 1988. Role of insulin resistance in human
disease. Diabetes 1988;37:1595–1607

48. Haffner SM, Miettinen H. Insulin resistance implications for type II
diabetes mellitus and coronary heart disease. Am J Med 1997;103:
152–162

49. Isomaa B, Almgren P, Tuomi T, et al. Cardiovascular morbidity and mor-
tality associated with the metabolic syndrome. Diabetes Care 2001;24:
683–689

50. Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive Summary of The Third Report of The
National Cholesterol Education Program (NCEP) Expert Panel on Detec-
tion, Evaluation, And Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III). JAMA 2001;285:2486–2497

51. Dwyer DS, Pinkofsky HB, Liu Y, et al. Antipsychotic drugs affect glu-
cose uptake and the expression of glucose transporters in PC12 cells.
Prog Neuropsychopharmacol Biol Psychiatry 1999;23:69–80

52. Ader M, Ni TC, Bergman RN. Glucose effectiveness assessed under
dynamic and steady state condition: comparability of uptake versus
production components. J Clin Invest 1997;99:1187–1199

53. Best J, Kahn S, Ader M, et al. Role of glucose effectiveness in the
determination of glucose tolerance. Diabetes Care 1996;19:1018–1030

54. Ader M, Catalano K, Ionut V, et al. Differential Metabolic Effects
Between Atypical Antipsychotic Agents in Normal Dogs. Presented
at the 63rd annual meeting of the American Diabetes Association;
New Orleans, La; June 13–17, 2003

55. Zimmet P. Kelly West Lecture 1991. Challenges in diabetes epidemiol-
ogy: from West to the rest. Diabetes Care 1992;15:232–252

56. Ryan MC, Thakore JH. Physical consequences of schizophrenia and
its treatment: the metabolic syndrome. Life Sci 2002;71:239–257


	Table of Contents

