Hyperglycemia and Antipsychotic Medications

Dan W. Haupt, M.D., and John W. Newcomer, M.D.

Type 2 diabetes mellitus and impaired glucose tolerance are associated with antipsychotic treat-
ment. Risk factors for type 2 diabetes and impaired glucose tolerance include abdominal adiposity,
age, ethnic status, and certain neuropsychiatric conditions. While impaired glucose metabolism was
first described in psychotic patients prior to the introduction of antipsychotic medications, treatment
with antipsychotic medications is associated with impaired glucose metabolism, exacerbation of ex-
isting-type 1 and 2 diabetes, new-onset type 2 diabetes mellitus, and diabetic ketoacidosis, a severe
and potentially fatal metabolic complication. The strength of the association between antipsychotics
and diabetes varies across individual medications, with the largest number of reports for chlorproma-
zine, clozapine; and olanzapine. Recent controlled studies suggest that antipsychotics can impair glu-
cose regulationby, decreasing insulin action, athough effects on insulin secretion are not ruled out.
Antipsychotic.medications induce weight gain, and the potential for weight gain varies across indi-
vidual agents with4arger_effects observed again for agents like chlorpromazine, clozapine, and olan-
zapine. Increased abdominal. adiposity may explain some treatment-related changes in glucose me-
tabolism. However, case reports and recent controlled studies suggest that clozapine and olanzapine
treatment may also be associated-with adverse effects on glucose metabolism independent of adipos-
ity. Dyslipidemiais a feature of type 2 diabetes, and antipsychotics such as clozapine and olanzapine
have al so been associated with hypertriglyceridemia, with agents such as hal operidol, risperidone, and
ziprasidone associated with reductions in plasma triglycerides. Diabetes mellitus is associated with
increased morbidity and mortality.dueto beth acute (e.g., diabetic ketoacidosis) and long-term (e.g.,
cardiovascular disease) complications, A progressive relationship between plasma glucose levels and
cardiovascular risk (e.g., myocardial infarction, stroke) begins at glucose levels that are well below
diabetic or “impaired” thresholds. Increased adiposity and dyslipidemia are additional, independent
risk factors for cardiovascular morbidity and-mortality; Patients with schizophrenia suffer increased
mortality due to cardiovascular disease, withpresumed contributions from a number of modifiable
risk factors (e.g., smoking, sedentary lifestyle, poor-diet, obesity, hyperglycemia, and dyslipidemia).
Patients taking antipsychotic medications should undergo regular monitoring of weight and plasma
glucose and lipid levels, so that clinicians can individualize treatment decisions and reduce iatrogenic

contributions to morbidity and mortality.

H yperglycemia is an underrecognized comorbid
complication of treatment with antipsychotic medi-
cations. This complication may contribute to increases in
morbidity and mortality. Abnormalities in peripheral glu-
cose regulation® and type 2 diabetes mellitus® occur more
commonly in individuals with schizophrenia compared
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with the general population.-While impaired glucose me-
tabolism was first described in psychotic patients prior to
the introduction of antipsychotic -medications, treatment
with antipsychotic medicationsis associated with impaired
glucose metabolism, exacerbation of \existing type 1 and
2 diabetes, new-onset type 2 diabetes'mellitus, and dia-
betic ketoacidosis, a severe and potentially fatal metabolic
complication.

Type 2 diabetes mellitus, formerly referred to as non—
insulin-dependent diabetes or adult-onset diabetes, is as-
sociated with decreased sensitivity to the actions of in-
sulin, sometimes called insulin resistance, along with a
variable and usually progressive defect in 3-cell function
leading to a relative insulin deficiency.® Type 1 diabetes
mellitus, formerly referred to as insulin-dependent or
juvenile-onset diabetes, is aprimary p-cell defect causing
failure to secrete insulin, and this condition has not gener-
ally been associated with schizophrenia. Magjor functions
of insulin include stimulation of glucose disposal into
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skeletal muscle, inhibition of hepatic glucose production,
and inhibition of lipolysisin adipocytes. The intracellular
signal transduction pathway activated by insulin regulates
glucose transport as well as lipid synthesis, contributing
to disturbances in glucose and lipid metabolism in type 2
diabetes. Dyslipidemiais a feature of type 2 diabetes, and
antipsychotics such as clozapine and olanzapine have also
been associated with hypertriglyceridemia, with agents
such as haloperidal, risperidone, and ziprasidone associ-
ated with reductions in plasma triglyceride levels.*®

Risk factors for type 2 diabetes mellitus include family
history, age, adiposity, and ethnicity. In addition, major neu-
ropsychiatric conditionsincluding affective disorders,® Al z-
heimer’ s disease,” and‘schi zophrenia? are further associated
with diabetes. As age increases, therisk of developing type
2 diabetes mellitus increases; and up to 30% of people over
the age of 60 years in the United States have either type 2
diabetes mellitus, of which almost haf of the cases are
unrecognized, or the lesser diagnosis of impaired glucose
tolerance.® Adiposity, especially viscera abdominal adipos-
ity, is strongly associated with skeletal muscle insulin re-
sistance and type 2 diabetes mellitus.® Whites experience a
relatively lower risk of developing type 2:diabetesmellitus
in comparison to most other ethnic groups;including Afri-
cans, Hispanics, Asians (including Indian Asians);-Pacific
Islanders, and the majority of indigenous peoples:2Antipsy-
chotic medicationsinduce weight gain and increase adipos-
ity, suggesting that increased abdominal adiposity may
explain some or all treatment-related changes in glucose
metabolism. However, case reports and recent controlled
studies reviewed below suggest that certain antipsychotic
treatments may also be associated with adverse effects on
glucose metabolism independent of adiposity.

Hyperglycemia and diabetes mellitus are serious public
health problems. Type 2 diabetes mellitus accounts for
over $100 billion in annual health care expenditures in
the United States.’® Type 2 diabetes mellitus is associated
with both acute complications and chronic complications
related to microvascular and macrovascular disease. Mi-
crovascular disease accounts for much of the chronic mor-
bidity of type 2 diabetes mellitus, in the form of nephropa-
thy, neuropathy, and retinopathy.® For example, diabetic
nephropathy currently accounts for approximately 25% of
cases of end-stage renal failurein the United States.® Acute
metabolic complications of type 2 diabetes mellitus in-
clude diabetic ketoacidosis, an infrequent but potentially
fatal metabolic derangement.™ Macrovascular, or athero-
sclerotic, disease accounts for increased levels of morbid-
ity aswell as mortality in type 2 diabetes mellitus. Diabe-
tesmellitusis associated with marked increasesin the risk
of stroke and myocardial infarction (MI). Moreover, apro-
gressive relationship between hyperglycemia and cardio-
vascular event risk (e.g., M, stroke) begins at plasma glu-
cose levels well below the threshold for diabetes mellitus
or even the less severe conditions of impaired fasting glu-

16

cose and impaired glucose tolerance. Increased adiposity
and dyslipidemia are additional, independent risk factors
for cardiovascular morbidity and mortality. Unfortunately,
individuals with schizophrenia suffer increased mortality
due to cardiovascular disease, with presumed contribu-
tions from anumber of modifiablerisk factors (e.g., smok-
ing, sedentary lifestyle, poor diet, obesity, hyperglycemia,
dyslipidemia). Some of these risk factors may be difficult
for patients to modify on their own, and potential iatro-
genic contributions to cardiovascular risk have under-
standably come under increasing scrutiny.

SCHIZOPHRENIA AND DIABETES

Abnormalities in glucose regulation were first reported
in schizophrenia prior to the introduction of antipsychotic
medications, with early reports indicating a pattern of
insulin resistance in untreated patients.™*>** These early
reports suggested that patients with psychotic disorders
might have some elevated baseline risk for gluco-
regulatory disturbances, prior to any consideration of ad-
verse medication effects. However, these early studies had
anumber of weaknesses, including failureto control for or
consider age, weight, adiposity, ethnicity, or diet. Never-
theless, a number of early reports of impaired glucose
metabolism suggested an association with various psychi-
atric disorders, independent of medication effects. A re-
cent analysis of prescription claims for patients receiving
diabetes-related medications and antipsychotic medica-
tions'similarly suggests that schizophrenia patients suffer
from increased rates of type 2 diabetes mellitus in com-
parison to the general population, largely independent
of which antipsychotic medications patients are treated
with.** However;-the results of this analysis supported by
Eli Lilly and’'Company are in contrast to the results of an
earlier claims‘database~analysis supported by Janssen
Pharmaceutica which reported that specific medications
were associated with elevated risk of diabetes mellitus.™®
The difficulty with interpreting-these conflicting results
may be related to the serious methodological limitations
inherent to analyses involving insurance claims databases.
These limitationsinclude, but are not restricted to, the lack
of any direct measure of glucose metabolismyhigh rates of
polypharmacy, and the lack of verification of psychiatric
diagnosis and whether or not treatment(s) were even re-
ceived. Most importantly, these studies use the prescrip-
tion of a hypoglycemic agent as the indicator for the pres-
ence of diabetes mellitus, while it is well known that
diabetes is routinely underdiagnosed, with up to half the
cases in the United States undetected and untreated. This
suggests that studies using treatment as an indicator for the
presence of disease may seriously underestimate the prev-
alence of diabetes mellitus and may include a degree of
error that undermines the ability to reliably detect differ-
ences between medications.
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ANTIPSYCHOTIC TREATMENT
AND ABNORMAL GLUCOSE METABOLISM

Glucoregulatory disturbances in schizophrenia became
more prominent with the introduction of chlorpromazine
and subsequent antipsychotic medications. Phenothiazine
treatment was quickly observed to contribute to abnor-
malities in glucose regulation,’® including reports of
aggravation of existing diabetes'” and new-onset type 2
diabetes mellitus.”® Phenothiazine treatment has also been
associated with increases in plasma lipid levels,® weight,
and adiposity.® These reports provided an early indication
that patients with~schizophrenia taking antipsychotic
medications were at increased risk for clinically signifi-
cant disturbances in glucese metabolism and for poten-
tially related changes in“lipid metabolism and adiposity.
While low-potency phenothiazine treatment has fre-
quently been associated with abnormalities in glucose
regulation, this association is not_consistently observed
for all older antipsychotics. Higher-potency.agents such as
haloperidol have not generally been associated with di-
abetes mellitus, providing an early_demonstration that
medication effects on glucose regulation'may vary:in mag-
nitude across individual agents. In addition, the market
dominance that haloperidol achieved may have-eontrib-
uted to the decrease in number of reports of antipsychotic-
induced glucose disturbances and the low profile that this
potential adverse event enjoyed for many years. Recent
reports indicate a reemergence of this adverse event in
clinical practice and suggest that certain newer antipsy-
chotic medications may have an even greater propensity
than chlorpromazine to contribute to the development of
diabetes mellitus, dyslipidemia, and increased weight and
adiposity.

Newer antipsychotic medications, like older agents,
have been associated with the occurrence of clinicaly sig-
nificant hyperglycemia. Recent reports indicate that the
strength of this association can vary across different medi-
cations. Hyperglycemia, exacerbation of existing type 1
and type 2 diabetes, new-onset type 2 diabetes mellitus,
and diabetic ketoacidosis have been associated with treat-
ment using clozaping®™* olanzapine,®¥®3425 quetia-
pine, 8485556 and risperidone.>*° A markedly different fre-
guency of reported cases is observed across different
antipsychotic agents that cannot be explained by length of
time on the market or number of prescriptions. Multiple
cases of adverse events such as new-onset diabetes melli-
tus and diabetic ketoacidosis have been reported for
clozapine and olanzapine. A death has been attributed to
olanzapine-related diabetic ketoacidosis in the published
literature.®® Some of the more compelling case reports
concern patients in whom glucoregulatory abnormalities
were observed to improve, then worsen following removal
and reexposure to the putative offending agent. Colli et
al.*® described a 31-year-old man with schizophrenia who
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developed severe hyperglycemia, acidosis (pH = 6.9), and
ketosis 3 months after starting clozapine therapy. His body
mass index (BMI) was 29 kg/m?, and he had gained 3 kg
(6.7 Ib) since starting clozapine. After resolution of his ke-
toacidosis, clozapine was discontinued. Two months later,
his glycosylated hemoglobin (HbA,.) level normalized to
5.9%, with afasting plasmaglucose level of 5.16 mmol/L.
Clozapine was restarted, and 72 hours later, the patient’s
fasting glucose level was 8.49 mmol/L. Discontinuation of
clozapine led again to normalization of the patient’s glu-
cose levels. Koval et a.?” reported a similar case wherein
withdrawal and reexposure to clozapine led to normaliza-
tion, followed by a repeated elevation, of blood glucose
levels.

In contrast, there are relatively few reports describing
an associ ation between diabetes mellitus and quetiapine or
risperidone, and there are no reports for ziprasidone. The
limited reporting for quetiapine and ziprasidone may be
related to the relatively limited use of these agents at the
present time, with ziprasidone just introduced in March
2001. Risperidone has received extensive use, but has
triggered relatively few reports of an association with dia-
betes mellitus, including 1 report of hyperglycemia®” and 1
report of diabetic ketoacidosis in a human immunodefi-
ciency virus (HIV)-infected man.®®* For all of the anti-
psychotic medications, many of the individual cases pro-
vide limited clinical details, preventing the confirmation
of, specific diagnoses (e.g., diabetic ketoacidosis) or limit-
ing the interpretability of events as drug effects indepen-
dent-of other risk factors. For example, it was not noted in
the report_of risperidone-associated diabetic ketoacido-
sis%* that glucose intolerance, dyslipidemia, and lipodys-
trophy ‘are associated with HIV infection® and potentially
increase the risk-of diabetes and diabetic complicationsin
those individuals."Other published reportsto date concern-
ing risperidone describe uncomplicated use in schizophre-
nia patients diagnosed with.comorbid diabetes, with no
similar reports for other agents-at this time.?*%2% On the
basis of case reports alone, it is hot.clear whether the rela-
tively higher frequency of reports of hyperglycemic events
in association with certain medications reflects more
frequent or larger medication effects on glucoregulation
and/or adiposity, or merely areporting bias.

A reasonable hypothesis at this time is‘that many
antipsychotic medications may be capable of disturbing
whole-body glucose metabolism to some degree, with
some agents associated with a greater potential for clini-
cally significant adverse effects than others. These adverse
effects may or may not be restricted to certain vulnerable
individuals. Established risk factors for diabetes include
older age, greater adiposity, and ethnicity (e.g., African
Americans, Hispanic Americans, Asian Americansinclud-
ing Indian Asians, Pacific Islanders, and Native Ameri-
cans).® Evidence to date suggests that diabetes-related ad-
verse events can occur during antipsychotic treatment in
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young, lean whites, as well asin patients with established
risk factors.®* The standard approach to identify the true
incidence of diabetes mellitus associated with different
medi cations, and to identify specific groups of individuals
who may be at increased or decreased risk, is to conduct
an epidemiologic study in a large sample of individuals,
using sensitive indicators for the disease under study.
Unfortunately, no methodologically sound population
studies have been completed to establish the prevalence
of new-onset _diabetes in patients treated with antipsy-
chotic medications. Investigators have made estimates of
new-onset diabetes during clozapine and olanzapine treat-
ment using smaller.samples than the thousands of subjects
that one would preferto include in such studies. The in-
cidence estimates range-from 12% to 36% for cloza-
pine?*+498% and from 6% t0'35% for olanzapine,®*® sug-
gesting that up to approximately 35% of patients treated
with these agents might devel op.comorbid new-onset dia-
betes. These numbers may seem high to some clinicians
and investigators, based on the perception.that high rates
of diabetes mellitus are not generally observed in clinical
practice. However, the underrecognition of diabetes mel-
litusin the general population (i.e., up tohalf thecases are
missed in the United States®), and the possibility’that psy-
chiatrists may be less vigilant than internists and-family
practice physicians with respect to screening for-diabetes;
suggest that it may be unwise to dismissthese reports. The
strength of the analyses cited above??34496485 jsthat they
have relied on American Diabetes Association (ADA) or
World Health Organization (WHO) criteria for the diag-
nosis of diabetes, using fasting plasma glucose values or
the results of oral glucose tolerance tests (OGTTs). The
manufacturers of all of the antipsychotic medications
have large and potentially valuable databases of several
thousand patients taking these agents from the clinical
trials conducted to evaluate safety and efficacy for the
U.S. Food and Drug Administration (FDA). Unfortu-
nately, none of the companies or the FDA had specific
concerns about diabetes mellitus at the time these early
studies were launched, so none of these studies included
fasting or postload plasma glucose values. Instead, ran-
dom plasma glucose values were collected. Whether these
values are fasting or postprandial isunknown, limiting the
value of the data. Random plasma glucose values offer
limited reliability and validity for the sensitive detection
of diabetes mellitus and are not used for screening pur-
poses by the ADA or WHO. Eli Lilly, the manufacturer of
olanzapine, has calculated an incidence of 3.1% for pos-
sible new-onset diabetes mellitus in patients taking olan-
zapine, using athreshold of random plasma glucose value
of 160 mg/dL or higher (dataon file, Eli Lilly, Indianapo-
lis, Ind., 2000). The methodological differences between
the studies make it difficult to reconcile the up-to-10-fold
differences in calculated incidence, 3.1% (data on file,
Eli Lilly, Indianapolis, Ind., 2000) versus 35%,® leaving
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clinicians to guess at the actual incidence and hope for
large population studies that can settle the question. In the
meantime, increased regulatory interest at the local and
national level has been stimulated by the multiple reports
concerning hyperglycemia and diabetes mellitus in asso-
ciation with atypical antipsychotics. During the summer of
2000, the FDA requested that manufacturers of all these
antipsychotic medications provide the FDA with reports
on this topic. Regulatory agencies in other countries, in-
cluding Japan, have taken the further step of requiring
modifications to the package insert for olanzapine to
reflect the risk of hyperglycemia and new-onset type 2
diabetes mellitus.

TECHNIQUES FOR STUDYING
GLUCOSE METABOLISM

Another approach to understanding the effects of medi-
cations on glucose metabolism is through controlled stud-
ies that sensitively measure the key parameters of glucose
metabolism, insulin secretion, and insulin action. The
available measurements of glucose metabolism, generally
in order of increasing sensitivity, reliability, and/or valid-
ity, are random plasma glucose level, HbA ; level, fasting
plasmaglucose level, fasting plasmainsulin level, homeo-
static model assessment (HOMA) calculations of insulin
resistance,®® OGTTs, intravenous glucose tolerance tests
(IVGTTs), frequently sampled IVGTTs with minimal-
maodel _.measures of insulin sensitivity and other param-
eters,®” and the gol d-standard measure of glucose disposal,
euglycemic clamps. All of these techniques are now being
applied to the study of medication effects on glucose
metabolism.

Pharmaceutical. companies have large data sets of ran-
dom glucosevalues ffom their clinical trials (e.g., sample
from thousands.of subjects) that might be used to charac-
terize treatment effects on plasma glucose level. As noted
above, however, random ‘glucose testing offers limited
sensitivity, reliability, and validity for detecting treatment-
related disturbances in glucose metabolism, and these
analyses have failed to regject the null hypothesis (i.e., no
difference in glucose effects between treatments). The
optimistic interpretation of such negativefindings is that
power was adequate to detect effects if they were really
there, and thus the medications tested may not signifi-
cantly elevate plasma glucose levels. A more conservative
interpretation of these negative findings, with unknown
treatment effect sizes for random glucose level and power
difficult to estimate, is that the results may include type 2
error. We believe it remains difficult to form conclusions
about the real effect of treatments on plasma glucose level
on the basis of negative findings from analyses of random
glucose values.

Fasting plasma glucose values and plasma glucose val-
uesfollowing oral glucose loading, unlike random glucose

J Clin Psychiatry 2001;62 (suppl 27)



Figure 1. Fasting and Postload Plasma Glucose and Insulin
Level in Patients Treated With Typical Antipsychotics,
Clozapine, Olanzapine, or Risperidone and Control Subjects®
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®Data from Newcomer et al.**®® Plasma glucose and insulin values at
fasting and postglucose timepoints during a modified oral glucose
tolerance test in patients with schizophrenia (N = 48) treated with
either typical antipsychotic medication (N = 17), clozapine (N = 9),
olanzapine (N = 12), or risperidone (N = 10) and untreated healthy
control subjects (N = 31). Significant time x treatment group
interactions for both glucose and insulin were accompanied

by effects of treatment group at various timepoints.

*p <.05.

tp<.10.

levels, are used by the ADA and WHO to diagnose diabe-
tes mellitus, as well as the less severe conditions of im-
paired fasting glucose and impaired glucose tolerance.
Fasting and postload glucose values have established sen-
sitivity, reliability, and validity for characterizing distur-
bances in glucose metabolism. Studies with relatively
small sample sizes are common in the diabetes literature
when sensitive and reliable measures are used, and the
effect under study is of sufficient magnitude to produce
adequate power to detect effects with that sample size.
Newcomer et al.>*% reported on the results of fasting and
postload plasma glucose and insulin level in patients
treated with newer antipsychotic agents (clozapine,
N =9; olanzapine, N =12; risperidone, N =10) com-
pared with patients treated with typical antipsychotics
(primarily haloperidol and fluphenazine, N =17) and
untreated healthy control subjects (N = 31; Figure 1).
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Subjects with diabetes were excluded in order to observe
medication effects on glucoregulation in schizophrenia
patients who did not have clinicaly identifiable gluco-
regulatory abnormalities, and groups were matched for
adiposity and age. Olanzapine-treated patients had sig-
nificant (SD, 1.0-1.5) glucose elevations at fasting and
al postload timepoints during an OGTT, in comparison
to untreated healthy controls as well as patients receiving
typical antipsychotics. Clozapine-treated patients had
significant (SD, 1.0-1.5) glucose elevations at fasting and
75 minutes postload, again in comparison to untreated
controls and patients receiving typical antipsychotics.
Risperidone-treated patients had similar €elevations in
fasting and postload glucose levels, but these differences
were significant only in comparison to untreated healthy
controls. When comparing risperidone-treated patients
and those receiving typical antipsychotic medications
and when comparing patients receiving typical antipsy-
chotics and untreated healthy controls, no significant dif-
ferences in plasma glucose values were detected at any
timepoint. Treatment-related increases in plasma insulin
and C-peptide suggested treatment effects on insulin re-
sistance, rather than a primary defect in insulin secretion.
The results of this study indicate that certain newer anti-
psychotic treatments are associated with adverse effects
on glucose regulation, which can vary in severity inde-
pendent of adiposity. In clinical practice, where patients
are not matched for adiposity and patients treated with
¢lozapine and olanzapine can gain more weight and adi-
posity, observed differencesin plasmaglucose levels may
be larger.

A number_of investigators are using other sensitive
techniques. to/ ‘evaluate glucose metabolism in recent
and ongoing studies. For example, Henderson et al.* re-
ported on the restlts of frequently sampled IVGTTs with
minimal-model. analysis;, examining adiposity-matched
patients treated with clozapine, olanzapine, and risperi-
done. Higher postload plasma-glucose values were ob-
served in clozapine- and olanzapine-treated subjects, as
compared with those taking risperidone. In a minimal-
model analysis, insulin sensitivity ‘was,significantly re-
duced in the clozapine- and olanzapine-treated subjects,
compared with those treated with risperidone. Glick et
al .*° recently reported HOMA insulin resistance dataindi-
cating significant increases in insulin resistance after 6
weeks of olanzapine, but not ziprasidone, treatment in
268 randomly assigned patients. Avram et al.** have pub-
lished the only report to date describing the use of a
euglycemic clamp study, along with OGTT and IVGTT,
on the same patient, to investigate glucose regulation in a
patient who developed diabetic ketoacidosis while taking
clozapine. These techniques indicated increased insulin
resistance in this patient. Ongoing studies from this labo-
ratory and others will produce additional results using
IVGTT and clamp techniques.
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ANTIPSYCHOTIC TREATMENT
AND WEIGHT GAIN

Prior to the introduction of newer, atypical antipsy-
chotic medications, patients with schizophrenia were ob-
served to have a higher mean BMI than personsin the gen-
eral population.” Clinically significant weight gain was
first observed during treatment with chlorpromazine,™
with low-potency typical agents demonstrating more of an
effect on weight than higher-potency agents.?®™>" A causal
effect of antipsychotic treatment to induce weight gain has
been established in double-blind, randomized, placebo-
controlled clinical .trials submitted to the FDA. Certain
newer medications-appear to have larger effects on weight
gain than older agents, inducing excessive weight gain in
up to 50% of adult patients,”* with children and adoles-
cents apparently susceptible to'still larger effects.” Indi-
vidual antipsychotic treatments/produce weight gain of
varying magnitude,”®"®"" with the most prominent effects
linked to clozapine™™®® and olanzapine.®* Among the
newer antipsychotic medications, clozapine-and olanza-
pine have the largest effects on short- and longer-term
weight gain. Although weight gain tends to‘plateau be-
tween 6 and 12 months, some individualsimay continue to
gain weight over longer periods, with progressive-weight
increases reported during 46 months of clozapine treat-
ment in one recent studly, 37078798285

With the exception of indirect adiposity estimates using
BMI (kg/m?) and waist-hip circumference ratio, few direct
data are available on the effects of antipsychotic treatment
on whole-body or regional adiposity. These missing data
have physiologic and clinical significance. Increased adi-
posity, and particularly abdominal adiposity, is a predictor
of cardiovascular morbidity and mortality in men and
women.”®%8 |ncreased abdominal adiposity, especially
visceral abdominal adiposity, iswell known to increase in-
sulin resistance and contribute to hyperglycemia and dia-
betes.®® A recently identified hormone, resistin, appearsto
contribute to this association between abdominal adiposity
and skeletal muscle insulin resistance.® Clinical experi-
ence suggests that weight gain during antipsychotic treat-
ment primarily involves anincreasein total body fat, rather
than elements of fat-free mass (e.g., water, muscle).

The working hypothesis for many clinicians and re-
searchers has been that treatment-induced increases in ab-
dominal adiposity are primarily responsible for treatment-
related hyperglycemia. The hypothesisis supported by the
apparently higher frequency of reported cases of diabetes
or other glucoregulatory disturbances during treatment
with agents that are also associated with more weight gain.
Indeed, awealth of past research supports the concern that
increased adiposity will increase insulin resistance and in-
crease the risk for diabetes mellitus. The hopeful view that
antipsychotic-induced weight gain will not tend to increase
insulin resistance in patients taking these drugs requires
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one to hypothesize a protective factor in this population
that would reduce the otherwise predictable effect of adi-
posity on insulin sensitivity. Higher rates of diabetes and
cardiovascular mortality in this patient population argue
against that view. In addition, it remains possible that
weight gain may not always be required for the develop-
ment of hyperglycemia and its complications. Differences
in plasma glucose level and other indices have been ob-
served in the controlled studies™®® noted above, even
when subjects are matched for adiposity. Examination of
previous case reports reinforces the concept that weight
gain is not necessary for the development of hyperglyce-
mia and related complications. Notably, more than 25%
(8/28) of the cases we counted®*° involving diabetic keto-
acidosis were associated with no weight gain or weight
loss. Fewer (15% or 4/27) cases of hyperglycemia and
new-onset diabetes (not involving ketosis or acidosis)
were associated with the absence of weight gain. In gen-
eral, development of hyperglycemia occurred over a few
months, while the onset of symptoms occurred within 1 to
2 weeksin afew of the cases.

COMPLICATIONS OF HYPERGLYCEMIA

Diabetic ketoacidosis is an acute-to-subacute-onset,
potentially fatal, severe metabolic disturbance character-
ized by hyperglycemia, hyperketonemia, and metabolic
acidosis. Symptoms of diabetic ketoacidosis include nau-
Sea,'vomiting, anorexia, lethargy, and altered mental sta-
tus. Until recently, it had been widely accepted that dia-
betic ketoacidosis was rare in type 2 diabetes and was
usually associated with severe physiologic stressors. How-
ever, high rates of diabetic ketoacidosis in type 2 diabetes
mellitus“have ‘been reported in various ethnic groups.*
More recently,-it hasbeen recognized that not only is dia-
betic ketoacidosis comimon in type 2 diabetes, but this
complication may not be restricted to higher-risk groups.
In amultiethnic population,-Balasubramanyam et a.'* ob-
served that nearly 40% of cases‘of diabetic ketoacidosis
were associated with type 2 diabetes mellitus, and that
amost half of the patients with type 2-diabetes mellitus
who presented with diabetic ketoacidosis had not been
previously diagnosed with type 2 diabetes.mellitus. Ap-
proximately half of these individuals had noe identifiable
stressor associated with the onset of diabetic ketoacidosis.
Mortality rates from diabetic ketoacidosis range from
2% up to 20% or higher.”? Factors that influence the out-
come of diabetic ketoacidosisinclude the patient’s age and
general health, along with the time el apsed between symp-
tom onset and diagnosis and treatment. Clinicians and
investigators can reasonably be concerned that patients
taking antipsychotic medications may tend to take longer
than the general population to identify signs and symp-
toms of diabetic ketoacidosis and then to work with care
providers to initiate treatment. Finally, while monitoring
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can diagnose type 2 diabetes mellitus, diabetic ketoacido-
sishas a sudden and precipitous onset, making monitoring
for this complication difficult or impossible. Clinicians,
other caregivers, and patients must be educated to recog-
nize the signs and symptoms of this infrequent but serious
complication.

While diabetic ketoacidosis is an uncommon com-
plication of diabetes mellitus, common complications of
diabetes include microvascular disease (e.g., retinopathy,
nephropathy,. neuropathies) and macrovascular disease
(e.g., cardiovascular and cerebrovascular disease). While
diabetes-related'microvascul ar disease produces consider-
able morbidity, macrovascular disease is associated with
morbidity as well~as‘mortality. Even hyperglycemia in-
volving glucose levels below the diagnostic threshold for
diabetes has been clearly @ssociated with increased cardio-
vascular morbidity and mortality, A series of studies®®®
indicates a progressive relationship between hyperglyce-
mia and cardiovascular event risk (e.g:, MlI, stroke), and
this progressive relationship begins at'glucose levels well
below diabetic thresholds. The combination of hyper-
glycemia, dyslipidemia, and abdomina adiposity, often
associated with hypertension, is strongly predictive of
increased cardiovascular morbidity andC_mortality.'®
Gerstein et al.*® reported that the odds ratio for-Min pa-
tients diagnosed with diabetes mellitus (i.e., fasting plasma
glucose level = 126 mg/dL) was 5.49 (95% confidence
interval = 3.34t09.01), amorethan 5-fold increase inrisk
compared with controls. Subjects with levels of hyper-
glycemiaconsistent with impaired fasting or impaired glu-
cose tolerance had increased odds ratios for M| ranging
from 3.22 to 4.08, respectively. Excluding diabetics and
those with impaired glucose control, and adjusting for
smoking, adiposity, and triglyceride levels, an increase in
postprandia plasma glucose level as small as 21 mg/dL
was sufficient to increase MI risk 1.6 times. Results like
these suggest that patients taking antipsychotic medica-
tions, like other members of the general population, may
not need to reach clinical criteria for diabetes mellitus
to be at increased risk for cardiovascular morbidity and
mortality.

Well-described independent multivariate risk factors
for MI include smoking, hypertension, obesity, sedentary
lifestyle, and hyperlipidemia, as well as hyperglycemia.
Many patients taking antipsychotic medications are at
increased risk for M| based on high rates of smoking and
sedentary lifestyles. Additional risk factorslike elevations
in weight and plasma glucose and lipid levels can further
increaserisk. The degree to which these “ modifiable” risk
factors are readily modified by patients with psychotic
disorders remains to be seen. To the extent that risk fac-
tors like increased weight, adiposity, and plasma glucose
and lipid levels can be modified by treatment with spe-
cific agents, these risk factors may turn out to be more
“maodifiable” than other risk factorsin this population.
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Schizophrenia patients have been shown to have in-
creased rates of cardiac mortality,’®* with most studies
completed prior to the introduction of newer antipsy-
chotic agents. A further understanding of medication
effects on weight and glucose and lipid levels can offer
physicians an important opportunity to address potential
iatrogenic sources of increased cardiovascular morbidity
and mortality. A recent analysis by Fontaine et al.® un-
derscores the dilemma faced by psychiatrists when trying
to balance antipsychotic effectiveness with adverse reac-
tions such as weight gain. With data from the public use
data set of the Framingham Heart Study, an analysis was
performed that was designed to estimate the effect of
weight gain on the number of deaths and new cases of im-
paired glucose tolerance and hypertension over a 10-year
period beginning in 1999. Fontaine and colleagues'®* cal-
culate that while clozapine might prevent 492 suicide
deaths per 100,000 schizophrenia patients, the weight
gain associated with treatment is predicted to cause an
additional 416 deaths.

POSSIBLE MECHANISMS OF
ANTIPSYCHOTIC-INDUCED HYPERGLYCEMIA

Decreased sensitivity (increased resistance) to insulin
action as well as decreased insulin secretion due to de-
creased p-cell function are involved in type 2 diabetes
mellitus.*®® Controlled studies conducted to date suggest
treatment effects on insulin resistance, rather than a pri-
mary“defect in insulin secretion.®**®* Insulin resistance
during(antipsychotic treatment may arise from increased
abdominal adiposity, or possibly is a direct effect of anti-
psychotic medications on glucose transporter function.
Dwyer et al.”® recently reported effects of antipsychotic
medi cations'on glucose transporter function, suggesting a
structure-function relationship in which similar drugs
(e.g., olanzapine and clozapine) that achieve relatively
higher intracellular concentrations may similarly bind to,
and interfere with the function of;-the glucose transporter
proteins. This affinity for glucosetransporters can be hy-
pothesized to underlie clinical observations of decreased
sensitivity to insulin action in vivo, but‘additional clinical
and basic studies are needed.

Serotonin receptor activity has also been hypothesized
to be involved in glucose control, with both 5-HT,, and
5-HT, receptors implicated. However, the exact roles of
these receptors appear complex.’® Based on current data,
the rank order of in vitro affinities of relevant antipsy-
chotics for serotonin receptors does not fit well with the
rank order of their effects on glucose regulation. Earlier
studies have suggested that phenothiazines decrease in-
sulin secretion™® or release catecholaminesthat inturnin-
hibit insulin secretion,'”” or that chlorpromazine has some
other anti-insulin action,'® but these results have not been
replicated.
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OTHER PSYCHOACTIVE MEDICATIONS

Schizophrenia patients are commonly treated with mul-
tiple psychoactive medications in addition to antipsy-
chotics. Antidepressants and mood stabilizers have also
been associated with alterations in glucose metabo-
lism.®*® Some of these agents, such as tricyclic anti-
depressants and mood stabilizers, may exert some of their
effect on plasma glucose levels as a result of the weight
gain they can.induce. There may also be unknown direct
effects of these agents on glucose metabolism. Valproate,
for example, has'been associated with insulin resistance
and elevated plasma insulin levels.™® The combination
of multiple agents-that exacerbate hyperglycemia may
produce additive, or even synergistic, effects on gluco-
regulation, but no controlledinvestigations have addressed
these issues. With respect toantidepressants, tricyclic anti-
depressants may worsen glucoregulation,”® while selec-
tive serotonin reuptake inhibitors may have a beneficial
effect on glucoregulation.**® Monoamine.oxidase inhibi-
tors have been associated with lowered plasma glucose
levels, with the hydrazine monoamine ‘oxidase inhibitors,
such as phenelzine, associated with morerobust effects.**

MONITORING RECOMMENDATIONS

Patients taking antipsychotic medications should un-
dergo regular monitoring of weight and plasmaglucose and
lipid levels, so that clinicians can individualize treatment
decisions and reduce risks for morbidity and mortality. The
ADA recommends routine screening for diabetes beginning
at age 45 years in whites without other risk factors for
diabetes. If results are within normal range, repeat testing
is recommended every 3 years thereafter. However, the
ADA recommends beginning surveillance at an earlier age,
and more frequent monitoring, in individuals with any of
the following risk factors for diabetes and cardiovascular
disease: obesity, afirst-degreerelative with diabetes, mem-
bership in ahigh-risk ethnic population, previousdiagnosis
of gestational diabetes or delivery of a baby larger than 9
pounds (4.1 kg), hypertension (> 140/90 mm Hg), a high-
density lipoprotein level <35 mg/dL, triglyceride level
= 250 mg/dL, or previous diagnosis of impaired fasting
glucose (fasting plasma glucose level = 110 mg/dL but
<126 mg/dL) or impaired glucose tolerance (OGTT
revealing 2-hour postload glucose level of = 140 mg/dL but
< 200 mg/dL).2

Many neuropsychiatric illnesses, including depression,
Alzheimer’s dementia, and bipolar affective disorder, as
well as schizophrenia, are associated with increased rates
of diabetes mellitus or impaired glucose regulation.>®” As
discussed above, many medications taken by patients with
these disorders may also have effects on glucose regul ation.
Therefore, the presence of these neuropsychiatric disorders
and the use of certain medications that may interfere with
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glucose regulation should, using the logic of the ADA rec-
ommendations, justify more frequent monitoring of plasma
glucose levels, beginning at a younger age than 45 years.
When one considers that many patients with psychiatric
disordersalready have additional, ADA-defined risk factors
such as obesity, nonwhite ethnic status, and dyslipidemia,
it seems reasonable that these individuals should certainly
be targeted for increased monitoring.

Diabetes screening and monitoring can be accom-
plished using avariety of clinically available methods, but
these vary in sensitivity, convenience, interpretability, and
validity. The clinically available methods include assess-
ment of random plasma glucose level, HbA . level, fasting
plasma glucose level, and the 2-hour postload plasma glu-
cose level from an OGTT. Random glucose values are dif-
ficult to interpret, far less reliable than other measures, and
validated for diagnosis only at higher values associated
with poorly controlled disease (e.g., > 200 mg/dL). HbA .
testing has not achieved wide acceptance or standardiza-
tion of nationwide laboratory standards and remains insen-
sitive at lower values (i.e., an HbA . level outside normal
limitsis very likely to indicate disease, whereas an HbA
level within normal limits cannot exclude disease).

The ADA recommends that fasting and 2-hour postload
plasma glucose values be used to screen for and diagnose
diabetes mellitus (= 126 mg/dL and = 200 mg/dL, respec-
tively).® Similarly, fasting and 2-hour postload plasmaglu-
cose values can also be used to diagnose impaired fasting
and impaired glucose tolerance (= 110 mg/dL and = 140
mg/dL,_respectively).® We recommend checking fasting
plasmalglucose level annually in al patients treated with
any.antipsychotic medication. We also recommend check-
ing fasting plasma glucose level prior to and after starting
or changing antipsychotic therapy. In higher-risk individu-
as (e.g., African"American, obese, smoker, with family
history of diabetes mellitus, and with cardiovascular dis-
ease), an OGTT could he obtained initialy, followed by
serial fasting plasma glucose values obtained at 3- to
6-month intervals. In particularly. high-risk individuals,
one should consider obtaining a second fasting plasmaglu-
cose level within the first weeks of treatment when starting
or changing antipsychotic medications.

Glucose monitoring should be performed.in addition to
weight monitoring due to the additional risk that weight
gain poses for hyperglycemia and type 2 diabetes. In addi-
tion, clinicians should consider monitoring fasting triglycer-
ide levels or lipid profiles in patients treated with antipsy-
chotic medications. While there are currently fewer data
available to guide the development of monitoring recom-
mendationsfor lipids, it islikely that increased risk factors
for diabetes mellitus and for cardiovascular disease would
also increase the need for monitoring for dyslipidemia.

Patients with plasma glucose and/or lipid values out-
side, and perhaps nearly outside, the normal range require
areferral to aprimary care physician and nontrivial efforts
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at diet and exercise interventions. As such, it is important
for psychiatrists to establish close working collaborations
with primary care physicians such as internists or family
practice physicians. This collaboration is necessary to
integrate difficult decisions about the management of
diabetes mellitus and hyperglycemia along with difficult
psychiatric treatment decisions.

TREATMENT RECOMMENDATIONS

While afull'review of the management of diabetes mel-
litus is beyond the'scope of this review, clinicians need to
be aware of their.options in the management of hypergly-
cemia, impaired glucose tolerance, and diabetes mellitus.
In patients who are experiencing elevations of blood glu-
cose level, the question of whether to change medications
must also be considered. There'is no standard approach to
these issues, and management/must be individualized
based on personal and family medical history and other
risk factors.

Thediagnosisof diabetes mellitus providesclearer treat-
ment guidelines than the diagnoses'of hyperglycemia or
impaired glucose tolerance. A well-described-approach to
the treatment of diabetes mellitus includes’EDA “approved
hypoglycemic agents (i.e., insulin, sulfonylureas-such as
glipizide, biguanides such as metformin, thiazolidinediones
such as rosiglitazone) and nontrivial diet and exercise
interventions. Current management of type 2 diabetes mel-
litus also includes control of triglyceridelevels, blood pres-
sure, and adiposity. However, if noncompliance limits the
effectiveness of these intensive management schemes, then
one must consider the contribution of medications, includ-
ing antipsychotics, to the presentation and severity of the
problem. Even when optimal management of diabetes mel-
litus is successful, there will always be a question as to
whether the patient could be best served by treatment with
an equally efficacious antipsychotic that does not require
intensive medication and lifestyle interventions to maintain
normoglycemia.

If hyperglycemiarises to the level of impaired glucose
tolerance or impaired fasting glucose, then nontrivial diet
and exercise interventions should be employed, along with
control of triglyceride levels, blood pressure, and adipos-
ity. However, there are currently no FDA-approved indi-
cationsfor insulin or hypoglycemic agentsin patients with
impaired glucose control. The Diabetes Prevention Pro-
gram, sponsored by the National Institute of Diabetes and
Digestive and Kidney Disorders, has addressed the use of
pharmacologic approaches for the treatment of impaired
glucose control, with early results indicating the impor-
tance of diet and exercise goals that may or may not be
easy for psychotic patients to achieve.’?

The patient who has hyperglycemiathat does not rise to
the level of impaired glucose tolerance or impaired fasting
glucose also has no current indication for pharmacologic
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hypoglycemic agents. However, these patients should be
targeted for the same nonpharmacologic interventions
used in patients with higher levels of hyperglycemia (e.g.,
diet and exercise), and lipid levels and blood pressure
should be appropriately controlled. This is due in part to
the concern that progressive and continuously increasing
risk for cardiac eventsis associated with even these lower
levels of hyperglycemia. When afrank diagnosis of diabe-
tes mellitus does not necessitate a referral to a primary
care physician, it may be even moreimportant for psychia-
trists to monitor and modify risk factors like elevationsin
plasma glucose.

Clinicians have been facing and will continue to face
decisions concerning the contribution of specific medica-
tionsto weight, glucose, and lipid problems and whether a
medication switch is indicated. These decisions cannot
be made easily, given the risk of psychiatric symptom
exacerbation during medication changes. Some patients
require ongoing treatment with their current antipsychotic
medication (i.e., treatment-resistant patients taking cloza-
pine or patients who have failed treatment with every
other available atypical antipsychotic), even when adverse
events emerge with those treatments. However, many
more patients will experience adverse events such as
weight gain without a clear requirement that they remain
on treatment with that specific antipsychotic agent versus
other agents associated with less weight gain. Psychiatry
remains a branch of medicine in which clinicians are con-
stantly. evaluating the efficacy and adverse events associ-
ated-with specific psychiatric medications in the context
of the patient’s overall medical health. For example, while
the high-potency typical antipsychotics such as haloperi-
dol may-be ‘@ssociated with relatively smaller effects on
glucose levels and weight compared with some atypical
antipsychotics; we would agree with most clinicians that
thisis not an argument-for, returning most patients to treat-
ment with older, typical<agents. The many advantages of
atypical antipsychotics with respect to reduced side ef-
fects, superior tolerability, improved cognition, and clini-
cal outcomes argue for the continued use of these agents.
However, many patientsin clinical practice have not been
exposed to an adequate trial of all of the various atypical
antipsychotics due, for example, to excellent-€éfficacy with
their current atypical agent. When these patients experi-
ence significant weight gain or are diagnosed with diabe-
tes mellitus, impaired glucose control, or “merely” lower
levels of hyperglycemia, we believe that treatment with
other atypical antipsychotics should be considered. Obvi-
ously, careful informed consent becomes critical during
such decision-making.

CONCLUSION

Increased adiposity is an established risk factor for
cardiovascular morbidity and mortality. Antipsychotic
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medications cause weight gain, with larger effects for
certain medications. Hyperglycemia and diabetes are also
associated with increased morbidity and mortality due to
both acute and long-term complications. Recent reports
indicate an association between antipsychotic medications
and both hyperglycemia and diabetes mellitus, with some
of the same medications associated with more weight gain
also associated with larger increases in plasma glucose
level. Further research is needed to understand thein vivo
physiology of antipsychotic treatment effects on glucose
and lipid metabolism and adiposity. This information will
be particularly important for the numerous patients who
already possess.one or more additional risk factors for
diabetes or cardiovascular disease (e.g., obesity, smoking,
hypertension, hyperglycemia, ethnic status, dyslipidemia).
The clinical management of-diabetes mellitus and cardio-
vascular disease in psychotic patients will always be a dif-
ficult proposition, increasing theneed to identify effective
prevention strategies and to understand the role of psychi-
atric medications in contributing to-risk..Patients taking
antipsychotic medications should undergo‘regular moni-
toring of weight, plasma glucose levels, and plasma lipid
levels, so that clinicians can individualize treatment deci-
sions and reduce iatrogenic contributions ta.morbidity and
mortality.

Drug names: chlorpromazine (Thorazine and others), clozapine (Cloza-
ril and others), glipizide (Glucotrol and others), haloperidol (Haldal-and
others), metformin (Glucophage), olanzapine (Zyprexa), phenelzine
(Nardil), quetiapine (Seroquel), risperidone (Risperdal), rosiglitazone
(Avandia), ziprasidone (Geodon).

Disclosure of off-label usage: The authors have determined that, to the
best of their knowledge, no investigational information about pharma-
ceutical agents has been presented in this article that is outside U.S.
Food and Drug Administration—approved labeling.
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