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Cardiovascular disease is more common in schizophrenia patients than in the general population, with a hypothesized contribution from

increases in adiposity produced by antipsychotic medications. We sought to test the relationship between adiposity and insulin resistance

using frequently sampled intravenous glucose tolerance tests (FSIVGTTs) to quantify whole-body insulin sensitivity in chronically treated

patients with schizophrenia or schizoaffective disorder and untreated healthy controls. FSIVGTTs, body mass index (BMI), and waist

circumference were obtained in nondiabetic patients (n¼ 63) receiving olanzapine, risperidone, ziprasidone, or first generation

antipsychotics, as well as in healthy controls (n¼ 14). Subject groups (including untreated healthy controls) were matched for BMI and all

treated patient groups were additionally matched for age. Bergman’s minimal model (MinMod) was used to calculate insulin sensitivity

(SI), as well as secondary measures of interest. BMI and waist circumference significantly predicted insulin sensitivity measured as MinMod

SI (F(1,62)¼ 35.11, po0.0001 and F(1,46)¼ 24.48, po0.0001, respectively). In addition, BMI and waist circumference significantly

predicted the acute plasma insulin response to the glucose challenge (AIRG), consistent with a b cell compensatory response to insulin

resistance (MinMod AIRG F(1,65)¼ 22.42, po0.0001 and F(1,49)¼ 11.72, p¼ 0.0013, respectively). Adiposity levels occurring during

antipsychotic treatment are strongly related to insulin resistance, confirming that antipsychotic-induced weight gain can contribute to

increased cardiometabolic risk in this population.
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INTRODUCTION

Patients with schizophrenia have a 20% shorter lifespan
than the general population and a 50% increased risk of
death from medical causes (Harris and Barraclough, 1998).
Cardiovascular disease is the main contributor to medical
morbidity and mortality in the general population, and
patients with schizophrenia are 2.3 times more likely to die
from cardiovascular disease than the general population
(Osby et al, 2000). Key modifiable risk factors for
cardiovascular disease (insulin resistance, smoking, obesity,
hypercholesterolemia, hypertension, inactivity, and hyper-
glycemia) are more prevalent in patients with schizophrenia
than in the general population (Allebeck, 1989; Allison et al,
1999; Dixon et al, 1999; Herran et al, 2000; Davidson et al,
2001; Davidson, 2002). Treatment with antipsychotic
medications has been associated with increases in weight
and other cardiometabolic risk factors (American Diabetes

Association, 2004; Casey et al, 2004; Newcomer, 2005;
Haupt, 2006). Weight gain during antipsychotic treatment
consists primarily of adiposity (Zhang et al, 2004; Graham
et al, 2005) and increased adiposity is an established risk
factor for diabetes and cardiovascular disease in the general
population (Peiris et al, 1989; Koh-Banerjee et al, 2004).
One way to understand the contribution of antipsychotic

medications to the risk for developing diabetes and
cardiovascular disease is to examine the relationship
between adiposity and insulin sensitivity. Although anti-
psychotic-induced increases in adiposity are a key hypothe-
sized mechanism for antipsychotic-associated increases in
the risk of diabetes, reports of adiposity-independent effects
of medications (Houseknecht et al, 2007) and lack of
consistent correlation between weight change and plasma
glucose in short-term clinical trials (Meyer, 2002; Linden-
mayer et al, 2003; Simpson et al, 2004) have led to
uncertainty regarding the importance of weight gain in
contributing to changes in glucose metabolism during
antipsychotic treatment. Specifically regarding the relation-
ship of weight gain to the risk of diabetes, questions have
been raised about the applicability of general population
data to antipsychotic-treated patients with schizophrenia
(Boehm et al, 2004). The hypothesis that increases in
adiposity are a risk factor for diabetes in the general
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population but are not related to the risk of diabetes during
antipsychotic treatment suggests that there may not be a
significant relationship between adiposity and insulin
sensitivity in antipsychotic-treated patients. Although this
alternate hypothesis seems less likely given the established
relationship between adiposity and insulin resistance in
nonpsychiatric samples, and the increased prevalence of
diabetes and cardiovascular disease in treated psychiatric
populations, the relationship between adiposity and insulin
sensitivity is readily testable in treated psychiatric patients.
The sensitivity of techniques used to detect variation in

insulin sensitivity is an important consideration in study
design and interpretation. Frequently sampled intravenous
glucose tolerance tests (FSIVGTT) provide measures of
insulin sensitivity and b cell function in a single 3-h session.
The FSIVGTT is useful because of its greater sensitivity
compared with the fasting measures, and its significantly
lower cost and complexity than the gold-standard hyper-
insulinemic euglycemic clamp procedure. The FSIVGTT is
more complicated with respect to data collection and
interpretation than fasting assessments or a standard oral
glucose tolerance test, but can be useful in research settings.
Intravenous rather than oral administration of glucose
avoids the variability seen in glucose-absorption rates
through the gastrointestinal tract. Insulin sensitivity, as
assessed by FSIVGTT, is significantly related to adiposity in
studies of healthy human samples (Welch et al, 1990;
Mayer-Davis et al, 1997). Using body mass index (BMI) or
computed tomography as indicators of adiposity, adiposity
has been reported to account for 23% (Karter et al, 1996) to
45% (Macor et al, 1997) of the variance in insulin sensitivity
as measured by FSIVGTT in nonpsychiatric samples.
This study aimed to test the relationship between

adiposity, measured as BMI or waist circumference, and a
FSIVGTT-derived measure of insulin sensitivity, hypothe-
sizing a significant association, similar to what has been
reported in untreated, nonpsychiatric healthy human and
healthy animal subjects. BMI and waist circumference were
used as indirect measurements of adiposity; these measures
(1) are readily available clinically, with BMI especially
offering high test–retest reliability (Reaven, 2005); (2) are
well-correlated with direct measurements of adiposity
(Janssen et al, 2002); and (3) have predictive validity as
indicators of insulin sensitivity even in clinical trial sized
samples (McLaughlin et al, 2003). The secondary aims of
this study were (1) to evaluate the relationship between
adiposity and acute insulin response to glucose loading and

(2) to evaluate adiposity-independent effects of antipsycho-
tic treatment and psychiatric diagnosis on insulin sensitivity
and secretion in BMI-matched treatment groups. Whereas
different antipsychotic medications can induce different
amounts of change in body weight and adiposity during
prospective treatment (American Diabetes Association,
2004; Newcomer, 2005), differences in adiposity that emerge
during treatment can complicate the assessment of adipos-
ity-independent effects, leading this study and others to
match treatment groups for adiposity to better test for
adiposity-independent medication effects.

METHODS

Subjects

Sixty-three nondiabetic patients with schizophrenia and 16
control subjects participated after giving written informed
consent. Studies were approved by the Institutional Review
Boards for Washington University School of Medicine
(WUSM) and the Missouri Department of Mental Health.
Chronically treated patients with DSM-IV schizophrenia or
schizoaffective disorder, aged 18–60 years, were recruited
for study participation. Patients were required to have been
receiving treatment with olanzapine (n¼ 24), risperidone
(n¼ 16), ziprasidone (n¼ 11), or first-generation antipsy-
chotics (n¼ 12) (Table 1), with no greater than 25% changes
in antipsychotic dose over the 3 months before study entry.
Duration of prior treatment ranged from X24 to X3
months (21 subjects X24 months, 8 subjects 18–24 months,
10 subjects 12–18 months, 10 subjects 6–12 months, 14
subjects 3–6 months), with a similar distribution of
treatment duration for each of the treated subject groups,
and no difference in mean duration of exposure
(F(3,33)¼ 1.51, p¼ 0.23). No medication changes of any
kind were permitted for 2 weeks before, or during, the
period of study participation. Patients were recruited
through outpatient clinics associated with Washington
University School of Medicine. Healthy control subjects
(n¼ 14) were recruited through advertising.
Antipsychotic treatment groups were matched for BMI

and age, using a method similar to that used in a previous
study from our group, (Newcomer et al, 2002) excluding
more obese or more or less aged subjects that might
otherwise have been consecutively enrolled into specific
treatment groups to maintain group matching. Whereas
patients tended to have higher BMI and older age in

Table 1 Descriptive Statistics (Mean7SD, Frequency Distribution) for Treated Schizophrenia (n¼ 63) and Untreated Healthy Control
(n¼ 16) Subjects

Subject group Age BMI
Ethnicity white/African
American/unknown Sex M/F

Pack(s) of cigarettes
smoked per day

BPRS total
score Dose

Controls (n¼ 14) 31.2979.00 27.6573.80 12/2/0 10/4 0.0270.08 F F

Risperidone (n¼ 16) 43.13712.41 30.5276.58 6/10/0 13/3 0.7270.41 26.1375.01 5.4472.85

Olanzapine (n¼ 24) 39.1778.62 32.1374.97 7/16/1 17/7 0.8670.65 28.4476.76 19.69710.49

First generation (n¼ 12) 38.7577.16 30.6076.55 3/9/0 11/1 0.6070.56 27.6476.14 29.12722.87

Ziprasidone (n¼ 11) 36.8279.03 28.7376.03 6/5/0 7/4 0.6770.72 31.0976.06 165.46765.78

Abbreviations: BMI, body mass index; BPRS, brief psychiatric rating scale.
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comparison to controls, BMI matching was maintained
across all treated patient groups, and more broadly across
all subject groups (including treated patients and untreated
healthy controls) (main effect of group on BMI:
F(4,72)¼ 1.67, p¼ 0.17). Subject groups were not ideally
matched for age (main effect of group on age:
F(4,72)¼ 3.08, p¼ 0.021), explained by a slightly younger
untreated healthy control group, with the treated patient
groups well-matched for age (F(3,59)¼ 1.08, p¼ 0.36).
All subjects underwent a medical screening and diag-

nostic evaluation, including the Diagnostic Interview for
Genetic Studies (Nurnberger et al, 1994) (DIGS) and a
review of available medical records, with a final research
diagnosis made by a research psychiatrist using Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition
(American Psychiatric Association, 1994) algorithms. Sub-
jects were additionally excluded for (1) Axis I disorders
except schizophrenia or schizoaffective disorder, and
substance abuse and/or dependence occurring more than
6 months before the study entry; (2) medical conditions that
could confound metabolic assessments, including history of
diabetes mellitus, recognized cardiovascular and respiratory
conditions with hemodynamic compromise or hypoxia,
malignancy, epilepsy, endocrine disease (excluding cor-
rected, stable thyroid abnormalities), fever, dehydration,
nausea, body weight less than 80% of ideal, pregnancy or
high-dose estrogen therapy, narcotic, oral corticosteroid or
spironolactone therapy, or sedative hypnotic withdrawal.
Similarly, no subjects treated with glucose- or lipid-
lowering medications were included for analysis. Subjects
were excluded for type 1 and type 2 diabetes mellitus as
determined by a random glucose of X200 and/or a fasting
glucose of X140mg/dl (World Health Organization, 1985)
based on diagnostic criteria in use at the time of study
initiation. All patients were additionally characterized using
the Brief Psychiatric Rating Scale (Overall, 1974) (BPRS;
18-item, 1–7 scale).
Baseline clinical data as well as mean doses of the primary

antipsychotic treatments for each treated patient group are
listed in Table 1. Twelve of the 63 patients were receiving
first-generation antipsychotics. Of these 12 patients, two
were receiving an oral agent only (one haloperidol 10mg/
day, one thiothixene 5mg/day), six were receiving haloper-
idol decanoate as their only antipsychotic treatment (mean
mg/month¼ 272.227188.76), three were receiving fluphe-
nazine decanoate as their only antipsychotic treatment
(mean mg/month¼ 52.78741.11), and one was receiving
10mg oral haloperidol/day plus 150mg haloperidol decan-
oate every month. Mean antipsychotic dose for first-
generation oral agents (in haloperidol equivalents) is listed
in Table 1. Additionally, six patients in this group were
receiving an anticholinergic medication (benztropine me-
sylate, mean daily mg7SD¼ 2.6771.03).
Twenty-four of the 63 patients were receiving olanzapine

(Table 1). Of these 24, seven were receiving adjunctive
first-generation antipsychotics (one receiving fluphenazine
decanoate 50mg every 2 weeks, one receiving trifluoper-
azine 10mg/day, one receiving haloperidol 20mg/day,
four receiving haloperidol deconoate mean mg/
month¼ 183.337102.74). Six patients were receiving
benztropine mesylate, mean dose 2.571.22mg/day. Three
patients were receiving mood stabilizers: valproate

1500mg/day, lamotrigine 450mg/day, and gabapentin
1800mg/day.
Sixteen of the 63 patients were receiving risperidone

(Table 1). Of those 16, two were receiving anticholinergics
(benztropine mesylate mean daily mg7SD¼ 1.570.71). In
addition, one patient was receiving adjunctive haloperidol
decanoate 200mg every 2–3 weeks, one was receiving
lithium 600mg/day, and one was receiving valproate
1500mg/day.
Eleven of the 63 patients were receiving ziprasidone

(Table 1). Of those 11, four were receiving anticholinergics
(three benztropine mesylate mean daily mg7SD¼
2.8371.89, one trihexyphenidyl 1mg/day). In addition,
one patient was receiving adjunctive haloperidol decanoate
100mg/month, and two patients were receiving valproate
750mg/day.
Of all 63 treated subjects, nine were receiving benzodia-

zepines, two were receiving zolpidem, seven were receiving
antidepressants, eight were receiving antihypertensive
medications, and one was receiving conjugated estrogens
0.625mg/medroxyprogesterone 2.5mg daily.

Procedure

This study used the well-characterized modified FSIVGTT
procedure (Ader et al, 1985; Beard et al, 1986; Bergman
et al, 1987; Bergman, 1989; Welch et al, 1990; Steil et al,
1993) including frequent plasma sampling and a glucose
challenge followed by an insulin challenge (Welch et al,
1990) in combination with a computerized mathematical
model (Bergman’s minimal model, or MinMod), to generate
measures of insulin secretion (AIRG) and insulin sensitivity
(SI) (Matthews et al, 1985; Haffner et al, 1996; Hermans
et al, 1999a, b). Intravenous infusion of glucose is followed
by intravenous infusion of insulin, with frequent blood
sampling (details below). The resulting data are analyzed by
MinMod, which assumes that (1) glucose inhibits its own
production, and increases its own utilization proportional
to its plasma concentration, (2) that insulin acts synergis-
tically with glucose to promote these effects, and (3) the
effects of insulin are proportional to its concentration in a
compartment separate from plasma. The software uses these
assumptions to adjust the values of the differential
equations that describe the model until the recorded pattern
of plasma glucose values is fitted (Bergman, 1989).
The homeostasis model assessment (HOMA) was used

secondarily to calculate an index of insulin resistance
(HOMA IR) using the formula HOMA IR¼ (fasting insulin
(mU/ml)� fasting glucose (mmol/l))/22.5 (Matthews et al,
1985).
Subjects consumed a standardized diet providing

30 kcal/kg body weight/day (50% carbohydrate and 33%
fat), provided to them by Washington University General
Clinical Research Center (GCRC) dietary resources, for
3 days before each study day. There was a small but
statistically significant difference in average daily calories
consumed across subject groups (F(4,70)¼ 2.85, p¼ 0.03)
ranging from 2033 kcal/day consumed by the ziprasidone
group to 2488.5 kcal/day consumed by the control group
(Table 2). However, when the diets were separated into
carbohydrates, fat, and protein for more in-depth analyses,
there were no significant differences between subject groups
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in the average daily consumption of any of the three
categories (F(4,70)¼ 0.38, p¼ 0.82; F(4,70)¼ 1.37, p¼ 0.25;
and F(4,70)¼ 1.05, p¼ 0.39; respectively).
At 0800 on the study days, after an 8–10 h overnight fast

(except for water), two intravenous lines were inserted, one
for infusion and the other for blood sampling, by the
supervising physician and GCRC nursing personnel who
were present throughout the session. Subjects were reclin-
ing at a roughly 451 angle in bed, with one hand kept warm
in a clear acrylic box thermostatically warmed to 501C to
arterialize the blood samples (obtained from Dr Dwight
Matthews, University of Vermont, dmatthew@uvm.edu),
which were drawn from an indwelling catheter in that hand
or forearm. Infusions were made through the contralateral
catheter. A bolus of regular human recombinant insulin
(0.03 U/kg) was given at 20min (Novo Nordisk Pharma-
ceuticals Inc., Princeton, NJ, USA). Blood samples to
measure plasma glucose and insulin concentrations were
drawn at �15, �10, �5, 2, 4, 8, 19, 22, 30, 40, 50, 60, 70, 80,
100, and 180min after the start of the dextrose infusion.
In addition, baseline (�15, �10, �5min) preload fasting
measures of C-peptide and glucagon were collected (an
average of the three values was used for analysis). Our use
of a modified FSIVGTT procedure with 16 sampling times
was derived from previously reported FSIVGTT procedures
with 12–33 sampling times (Bergman et al, 1981; Steil et al,
1993). MinMod is designed to accept a range of sample
timepoints and sample frequencies in its calculation SI and
AIRG. From both a physiologic and mathematical modeling
perspective, the most critical issue in the derivation of SI is
the accuracy and value of plasma glucose and insulin
immediately following the 20-min exogenous insulin infu-
sion. The number and frequency of samples at timepoints
more distal to the insulin infusion have little effect on
MinMod calculations. Our protocol allowed high-density
sampling at the critical baseline and post-glucose and
post-insulin infusion periods, with less frequent sampling at
the end of the study where fewer data are needed to
construct an accurate curve. A urine drug screen was
administered to subjects with any relatively recent medical
record documentation of substance abuse to confirm no
active use.
Waist circumference was determined by placing a tape

measure around the abdomen at the level of the iliac crest
snugly without causing skin compression, parallel to the
floor at the end of normal expiration (National Institutes
of Health, 2000). BMI was calculated as the weight in
kilograms divided by the square of the height in meters
(National Institutes of Health, 2000).

Data Analysis

Analysis of covariance (ANCOVA) was used to test the
hypotheses concerning main and interactive effects of
adiposity (BMI or waist circumference) and subject group
(group factor with five levels: risperidone, olanzapine,
ziprasidone, first-generation antipsychotic, and control)
on insulin sensitivity (MinMod SI). Secondary analyses
tested these same effects on pancreatic b-cell function
(MinMod AIRG). Analysis of variance (ANOVA) was further
used to test the secondary hypothesis concerning any main
effect of subject group (group factor with five levels:
risperidone, olanzapine, ziprasidone, first-generation anti-
psychotic, and control) on insulin sensitivity (MinMod SI).
The overall significance level was set at p¼ 0.05.
To ensure group comparability, ANOVA was used to test

for an effect of subject group on either BMI or age. In
addition to effects of BMI (Resnick et al, 1998) and age
(Harris et al, 1998), variables such as ethnicity and smoking
may also be associated with differences in insulin sensitivity
(Resnick et al, 1998). As an additional precaution against
confounders to the interpretation of the results, each of
these variables was individually added as either a covariate
term (ANCOVA) or factor to the main models.

RESULTS

Adiposity significantly predicted insulin sensitivity in
treated patients and untreated healthy controls. Including
all subject groups in the model (five groups: risperidone,
olanzapine, typicals, ziprasidone, and untreated healthy
controls) and adiposity as the covariate term (using BMI or
waist circumference, respectively) in an ANCOVA model
predicting insulin sensitivity, a main effect of adiposity
was detected for MinMod SI (F(1,62)¼ 35.11, po0.0001
and F(1,46)¼ 24.48, po0.0001, respectively, see Figure 1).
Consistent with previous results from nonpsychiatric
human samples, BMI or waist circumference explained a
third of the variance in SI in this sample. Similarly, adiposity
significantly predicted the acute insulin secretory response
to glucose challenge (MinMod AIRG) in treated patients and
untreated healthy controls. In a similar ANCOVA model, a
main effect of adiposity (using BMI or waist circumference,
respectively) was detected for MinMod AIRG (F(1,65)¼
22.42, po0.0001 and F(1,49)¼ 11.72, p¼ 0.0013, respec-
tively, see Figure 2).
There were no consistent effects of medication group on

either insulin sensitivity or secretion, independent of
adiposity. This was indicated by the detection of no

Table 2 Dietary Composition (Mean7SD) for Treated Schizophrenia (n¼ 61) and Untreated Healthy Control (n¼ 14) Subjects

Treatment group Mean daily kcal Mean daily carbohydrates (kcal) Mean daily fats (kcal) Mean daily proteins (kcal)

Risperidone (n¼ 16) 2273.3937357.765 981.4617392.5 1186.4127914.784 373.360774.249

Olanzapine (n¼ 23) 2368.1747285.601 1020.8797428.460 1273.7627884.518 382.743766.432

Control (n¼ 14) 2488.4887308.764 998.9047470.616 1513.17771093.665 393.475765.763

First generation (n¼ 12) 2352.9947402.237 1153.8537349.328 904.6127662.622 403.461754.759

Ziprasidone (n¼ 10) 2033.0457391.541 992.6177300.349 791.7647581.031 350.178768.113
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significant main effects or interactions of subject group on
MinMod SI (F(4,46)¼ 2.32, p¼ 0.07) or MinMod AIRG

(F(4,49)¼ 0.23, p¼ 0.92) in these ANCOVA models using
waist circumference as an indicator of adiposity. Using BMI
as the indicator of adiposity in those models, there were no
interactions with subject group on either MinMod AIRG or
MinMod SI and no main effect of subject group on MinMod
AIRG (F(4,65)¼ 0.23, p¼ 0.92). There was a main effect of
subject group on MinMod SI using BMI as the indicator of
adiposity (F(4,62)¼ 2.57, p¼ 0.05), but Bonferroni–Dunn
post hoc comparisons detected no significant differences in
SI between any two individual subject groups.
In general, adiposity was also a predictor of measured

values for other indices of glucose and lipid metabolism. A
significant main effect of BMI or waist circumference, with
no significant main effect of, or interaction with, subject
group was detected on several variables. A main effect of
BMI was detected for fasting triglyceride (F(1,65)¼ 4.18,
p¼ 0.045), average fasting insulin (F(1,66)¼ 44.04,
po0.0001), HOMA IR (F(1,66)¼ 37.16, po0.0001), and
HOMA b cell function (F(1,66)¼ 39.96, po0.0001). A main

effect of waist circumference was detected for average
fasting insulin (F(1,50)¼ 34.64, po0.0001), HOMA IR
(F(1,50)¼ 30.12, po0.0001), and HOMA b cell function
(F(1,50)¼ 31.99, po0.0001). No significant effect of BMI or
waist circumference on fasting plasma glucose was detected.
Exploratory analyses of other variables reported to be

related to adiposity in nonpsychiatric populations also
showed an effect of adiposity in treated subjects. A
significant main effect of BMI on total cholesterol
(F(1,67)¼ 4.56, p¼ 0.037), average baseline C-peptide
(F(1,67)¼ 39.26, po0.0001), and fasting glucagon
(F(1,67)¼ 7.19, p¼ 0.0092) was detected, with no main
effect of or interaction with subject group. A main effect
of waist circumference on systolic blood pressure (BP)
(F(1,51)¼ 4.50, p¼ 0.039), diastolic BP (F(1,51)¼ 5.00,
p¼ 0.0298), average baseline C-peptide (F(1,51)¼ 40.96,
po0.0001), and fasting glucagon (F(1,51)¼ 6.20,
p¼ 0.0161) was detected, with no main effect of or
interaction with subject group. There was a significant
interaction between waist circumference and subject group
in the prediction of diastolic BP (F(4,51)¼ 2.58, p¼ 0.0482).
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Figure 1 Insulin sensitivity (SI) calculated using MiniMod in healthy
controls and treated schizophrenia patients as a function of BMI
(R2¼ 0.338) and waist circumference (R2¼ 0.331), with regression lines
and 95% confidence intervals displayed.
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Figure 2 Acute insulin response (AIRG) to intravenous glucose
administration in healthy controls and treated schizophrenia patients as a
function of BMI (R2¼ 0.229) and waist circumference (R2¼ 0.165), with
regression lines and 95% confidence intervals displayed.
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The primary finding that adiposity, but not disease or
medication condition, significantly contributes to the
variance in insulin sensitivity and secretion was not altered
by including in the model factors such as ethnicity, smoking
status, or by including or excluding the subjects receiving
concomitant medications, all of which might be hypo-
thesized to confound the interpretation of results. In an
ANCOVA model incorporating smoking status (ie current
packs per day) and ethnicity, respectively, the main effect of
BMI on MinMod SI remained significant (F(1,52)¼ 7.71,
p¼ 0.0076 and F(1,51)¼ 24.61, p¼ 0.0001, respectively),
with no main effect of subject group (F(4,52)¼ 0.66,
p¼ 0.62 and F(4,51)¼ 1.63, p¼ 0.182, respectively), no
main effect of smoking status (F(1,52)¼ 0.81, p¼ 0.37) or
ethnicity (F(1,51)¼ 3.31, p¼ 0.075), and no significant two-
or three-way interactions involving BMI, subject group, and
either ethnicity or smoking status. Similar results were
found for MinMod AIRG.

Comments

The primary result of this study using MinMod analysis of
FSIVGTT data is that BMI and waist circumference
significantly predict insulin sensitivity in antipsychotic-
treated patients with schizophrenia and schizoaffective
disorder as well as in untreated healthy controls. These
results extend previous studies that describe the association
between adiposity and insulin sensitivity in nonpsychiatric
subjects, indicating that this association is similarly
observed in patients with schizophrenia and schizoaffective
disorder treated with antipsychotic medications. The
amount of variance in insulin sensitivity (33–34%) that
was explained by adiposity in this study is consistent with
previous results from a variety of nonpsychiatric human
subject samples; these results do not support the perspec-
tive that the relationship between adiposity and insulin
sensitivity is fundamentally different in patients treated
with antipsychotics as compared with untreated humans
without psychiatric disease. Whereas patients’ level of
adiposity can certainly be a function of medication effects,
additional nonadiposity-related medication effects or schi-
zophrenia-related effects might add to or interact with the
large effect of adiposity on these parameters. However, this
study did not detect significant adiposity-independent
effects (ie effects of medication group or disease group)
on insulin sensitivity, or on the initial insulin response to
glucose. These results strongly suggest that the effect of
adiposity on insulin sensitivity in patients receiving
antipsychotic treatment is relatively large as compared with
adiposity-independent effects.
Some previous studies in antipsychotic-treated psychia-

tric patients have conducted post hoc or exploratory
examinations of the relationship of weight or adiposity to
measures of glucose metabolism, sometimes failing to detect
a significant relationship between weight change and some
indication of altered metabolism (Meyer, 2002; Linden-
mayer et al, 2003; Simpson et al, 2004). Despite the
limitations of some of these analyses, the results have
prompted questions about the association between anti-
psychotic-related changes in weight or adiposity and risk
for disturbances in glucose metabolism (Boehm et al, 2004).
Failure to detect significant correlations involving weight

and glucose metabolism in some previous studies may, in
part, be related to the common use of fasting plasma
glucose as the indicator of glucose metabolism. Changes in
fasting plasma glucose in response to increasing insulin
resistance are initially buffered by compensatory increases
in insulin secretion that prevent hyperglycemia as long as
pancreatic b cell reserve remains available. Therefore,
studies of relatively short duration in patients who still
have reserve insulin secretory capacity would not be
expected to observe changes in fasting plasma glucose
despite adiposity-related increases in insulin resistance,
whereas patient samples with limited b cell reserve (eg,
older subjects with an extended prior duration of insulin
resistance) might manifest increases in fasting plasma
glucose in relation to increased insulin resistance within
short time frames. The current sample of patients is likely to
be representative of many published schizophrenia samples.
In the current study, a significant correlation was observed
between adiposity and pancreatic b cell insulin secretory
response to glucose loading (measured as AIRG), suggesting
some degree of intact b cell response to insulin resistance.
Consistent with this, the current study found no correlation
between adiposity and fasting plasma glucose. The use of a
validated measure of insulin sensitivity in this study,
instead of fasting glucose, allowed the demonstration of
an important effect of adiposity on glucose metabolism. It
should be noted that had this study used only fasting
plasma glucose as a measure of glucose metabolism, it
would have been unable to detect the deleterious effect of
increasing adiposity.
The current study did not provide evidence that

adiposity-independent effects of medications or psychiatric
disease state make a significant contribution to insulin
sensitivity or the acute insulin response to glucose. No
significant effect of treatment group or interaction with
treatment group (olanzapine, risperidone, ziprasidone,
first-generation antipsychotics, and untreated healthy con-
trols) on insulin sensitivity or acute insulin response was
detected. It should be noted that the failure to detect an
effect of treatment group on insulin sensitivity may be a
type II error, and studies with similar sample size have,
previously, detected such treatment group effects (New-
comer et al, 2002; Henderson et al, 2005). However, the
‘adiposity-independent’ effects of treatment group pre-
viously reported in these studies were detected when
subjects were similarly matched for adiposity using BMI,
which in some individuals or cohorts might fail to account
for treatment group-related differences in intramuscular or
abdominal fat; in this way, treatment group effects detected
in those studies may actually be accounted for by treatment
group-related differences in adiposity. In addition, unlike
other studies, this study provided a dietary control for all
subjects, reducing treatment group-related differences in
total calorie and fat intake. This procedure may have
obscured medication-related differences in food preference
and calorie intake that might have contributed to the
treatment group differences in insulin sensitivity observed
in other studies. In any case, direct effects of antipsychotic
medications on insulin sensitivityFie those not mediated
by adiposityFmay be relatively small and more difficult to
experimentally detect in comparison to the larger effects of
adiposity on insulin sensitivity.
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The current findings are relevant to the prediction of risk
for adverse health outcomes related to decreased insulin
sensitivity. Decreases in insulin sensitivity are an important
early event in the development of the insulin resistance
syndrome (Reaven, 2005) and the metabolic syndrome
(National Cholesterol Education Program, 2002), which are
major risk factors for cardiovascular disease and type 2
diabetes mellitus. The predictive effect of adiposity in this
study was found across all treatment conditions, including
untreated healthy controls and all medication groups. The
strong relationship between adiposity and insulin sensitivity
is consistent with numerous prior reports of intravenous
glucose tolerance testing in nonpsychiatric populations,
(Welch et al, 1990; Karter et al, 1996; Macor et al, 1997;
Mayer-Davis et al, 1997) and consistent with an emerging
consensus regarding the importance of increased adiposity
in psychiatric populations.
There were limitations to this study. Owing to the interest

in matching for adiposity, which is not possible during
prospective treatment with medications that have differ-
ential effects in this area, this study was not a prospective,
randomized trial. Such trials including detailed measures of
insulin sensitivity are underway, and will be useful for
quantifying treatment-induced changes in adiposity and
related treatment-induced changes in insulin sensitivity.
The use of chronically treated, stable outpatients in this
study, rather than more acutely ill inpatients, may not
capture early treatment-induced changes in insulin sensi-
tivity that could occur in advance of changes in adiposity
(Houseknecht et al, 2007). However, the use of stable
outpatients provides the benefit of minimizing potentially
confounding metabolic effects of acute psychological stress,
most notably acute elevations in plasma cortisol, which
have been shown to affect insulin sensitivity and pancreatic
b cell function (Bjorntorp and Rosmond, 2000). On a related
note, studies of acutely ill psychiatric populations may
overestimate insulin resistance that might be attributable to
schizophrenia in general, owing to these acute metabolic
effects of stress (Ryan et al, 2003; Reynolds, 2006). This
study also contained subjects taking concomitant medica-
tions, which have the potential to obscure the effects of
individual antipsychotic medications. However, the signifi-
cance of the primary result that BMI strongly predicts
MinMod SI was not changed when subjects taking different
concomitant medications were serially removed from the
analysis. This study used BMI or waist circumference as an
indicator of adiposity, rather than a direct measure of
whole-body or regional adiposity that could provide better
sensitivity to detect effects of interest. It should be noted,
however, that BMI has well-established predictive validity
for insulin sensitivity (Karter et al, 1996), and is a readily
available measure in clinical practice with high test-retest
reliability.
Although the results of this study indicate that adiposity

is a significant predictor of insulin sensitivity, adiposity
alone does not predict all the variance. In this study,
adiposity as estimated by BMI or waist circumference
explained on average approximately 33–34% of the variance
in insulin sensitivity (Figure 1). Studies using FSIVGTTs in
nonpsychiatric samples to determine the predictive value of
BMI on insulin sensitivity, have reported that BMI explains
from 23% (Karter et al, 1996) to 45% (Macor et al, 1997) of

the variance in insulin sensitivity. Additional contributions
to variance in insulin sensitivity may come from genotype
(Valle et al, 1998; Lebovitz, 1999; Watanabe et al, 1999;
Elbein et al, 2000; Baroni et al, 2001; McIntyre and Walker,
2002) and fitness level (Reaven, 2003).
In summary, this study confirms that adiposity is a

significant predictor of insulin sensitivity during antipsy-
chotic treatment. A decrease in insulin sensitivity is a key
event in the development of physiological changes asso-
ciated with the insulin resistance syndrome and the
metabolic syndrome, leading to increased risk for cardio-
vascular disease and type 2 diabetes mellitus. Increases in
adiposity that occur as a result of antipsychotic treatment
should be anticipated to potentially increase insulin
resistance and cardiometabolic risk as much as other
causes of increased adiposity. The predictive effect of
adiposity on insulin sensitivity can be readily observed
using the clinically available measures of BMI and waist
circumference, supporting the value of these measures in
recent guidelines concerning risk management during
antipsychotic therapy (American Diabetes Association,
2004).
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