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The available literature suggests that patients with schizophrenia are at risk for diabetes mellitus
and taking anti psychotic medication further increases the chance of devel oping non—insulin-dependent
hyperglyecemia. Case reports, chart reviews, and some results from clinical drug trialsimplicate arela-
tionship_between glucose levels and treatment with clozapine or olanzapine in patients with schizo-
phrenia,although a few cases of hyperglycemia have also been reported in patients taking risperidone
and quetiapine’ These studies indicate that hyperglycemiais not dose dependent, isreversible on cessa-
tion of treatment with clozapine or olanzapine, and reappears on reintroduction of these therapies. The
postul ated underlying-mechanismsinvolved in this processin patients with schizophreniainclude (1) a
decreased sensitivity to insulin that is independent of atypical medication, (2) an increased insulin re-
sistance related to atypical/medications, (3) the effects of atypical medications on serotonin receptors,
and (4) overuse of insulin due to weight gain. These mechanisms are discussed in detail, and recom-
mendations for the administration’of atypical antipsychotics are offered. Overweight, ethnicity, family
or personal history of diabetes mellitusor hypertension, and weight gain during the course of treatment
have al been identified as risk factorsin the development of hyperglycemia in patients with schizo-
phrenia. However, it is difficult tocstatistically assess the true incidence of diabetes within each type of
antipsychotic medication group with the exclusive dependence on available case studies and without

proper epidemiologic research.

T raditionally, diabetes mellitus is classified into 3
groups: type 1, type 2, and gestational diabetes mel-
litus. Type 1, or insulin-dependent diabetes mellitus, usu-
aly has its onset in childhood or the early teenage years
and therefore used to be called “juvenile-onset diabetes.”
Individuals with type 1 diabetes mellitus are insulin de-
pendent at all times. Total loss of pancreatic p-islet func-
tion occurs, and its mechanism is probably of autoimmune
and strong genetic origin. The onset of type 2, or non—
insulin-dependent diabetes mellitus, is usually between 30
and 45 years of age. The underlying mechanism relates to
insulin resistance, and, in most cases, these patients can be
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maintained on treatment with oral antiglycemic drugs.
Gestational. diabetes occurs during some pregnancies in
women without a previous history of type 1 or type 2 dia-
betes'and disappears after pregnancy. The type of diabetes
pertinent-to hyperglycemiain patients with schizophrenia
istype 2.

According to” the.American Diabetes Association,’
symptoms of diabetes are-polyuria, polydipsia, unex-
plained weight loss, and hyperphagia. Polyuria is due to
the osmotic changes produced by-high levels of glucosein
the bloodstream that drain the water.out of the tissue com-
partment. Casual plasma glucose levels.of = 200 mg/dL,
a fasting plasma glucose level of > 126 mg/mL, and a
2-hour-postglucose level of =200 mg/dLduring an oral
glucose tolerance test with 75 g of glucose are strong indi-
cators of diabetes. If these criteriaare met on a subsequent
day by any of the 3 methods listed, the diagnosis of diabe-
tesis established.

Type 1 diabetes mellitus can devel op rapidly and some-
times with acute symptoms, whereas type 2 tends to
develop more gradually. A very common risk factor for
type 2 diabetes mellitus is obesity (> 20 Ib [> 9 kg] over
regular weight). Acute ketoacidosis can sometimesbe life-
threatening and can be due to unrecognized diabetes mel-
litus with resulting high glucose and ketone levels. How-
ever, patientswho devel op acute ketoacidosis are generally
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diagnosed and treated. The long-term complications of
diabetes mellitus are extremely important in terms of mor-
bidity and mortality of patients diagnosed with diabetes
mellitus. The main complicationsinclude long-term micro-
vascular effects, such as retinopathies that lead to blind-
ness, nephropathies that culminate in kidney failure, and
peripheral neuropathies, which can be extremely physi-
cally painful. Pain in the legs is one example that can be
attributed to peripheral neuropathies. Additionally, other
long-term outcomes are macrovascular complications due
to high levels of cholesterol and triglycerides, peripheral
vascular complications, and autonomic neuropathies.

The pathophysiologic processes underlying diabetes
mellitus are complex-and involve disturbances in insulin,
carbohydrate, and fat metabolism. Important features are
the loss of function of the pancreatic p-islets that control
insulin secretion and insulin_resistance at the tissue and
hepatic level. The main function.of'insulinisto help trans-
port glucose from the bloodstream into tissue, predomi-
nately into the tissue of the liver, forming.glycogen, and
into muscle tissue. If hepatic glucose production does not
function properly or if insulin function is«ot sufficient,
hyperglycemiawill result. In patients with type 2.diabetes
mellitus, anumber of factors may contribute’to theillness.
For example, there may be susceptibility genesfor‘diabe-
tes mellitus that code for a human leukocyte antigen that
in turn stimulates cellular autoimmune mechanisms di=
rected at insulin-producing B-islet cells. Autoantibodies
that recognize insulin and glutamic acid decarboxylase;
viral infections, chemicals, and drugs have all been identi-
fied asleading to type 1 diabetes mellitus. Type 2 diabetes
mellitus is due to insulin resistance that may be related to
deficient functioning of the insulin receptor. The underly-
ing receptor deficiency may be due to the membrane gly-
coprotein PC-1, which turns off insulin receptors.

PREVALENCE OF DIABETES MELLITUS

In the General Population

According to the 1995 National Health Interview Sur-
vey,? the prevalence of diabetes mellitus in the general
population of individuals between 18 and 44 years old is
1.2%; in those between 45 and 64 yearsold, itis6.3%. Ina
larger study of the U.S. population older than 20 years,
Harris et al.2 reported a 7.8% prevalence. This prevalence
increases with age and is higher in women, blacks, His-
panics, and Native Americans. As a group, Native Ameri-
cans appear to have the highest prevalence of diabetes
mellitus in the nation.*®

In Schizophrenia Patients Before
the Introduction of Antipsychotic Medications

The available literature on glucose studies in patients
with schizophrenia before the introduction of antipsy-
chotics indicates an enhanced risk for type 2 diabetes
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mellitusin this population, even before considering the ef-
fects of conventional or atypical antipsychotics. Differ-
ences in insulin metabolism between patients with and
without schizophrenia have been documented since 1926.°
Thonnard-Neumann’ reported a 4.2% prevalence of type 2
diabetes mellitusin patients with schizophrenia. In a study
that compared outcomes of insulin loadings in 29 patients
with schizophrenia and 25 normal controls, Braceland et
al B showed that, in subjects without schizophrenia, a nor-
mal curve arrived at its nadir at the 30-minute mark and
showed aloss of > 50% of thefasting value. Thisindicated
that glucose decreased in response to insulin. However, in
the patients with schizophrenia, the nadir of the curve oc-
curred 5 minutes later and showed only a35% reductionin
the glucose load.

Braceland et a. also administered Exton’s 2-dose 1-hour
glucose tolerance test to patients with schizophrenia who
were not taking any antipsychotic treatment.® After glucose
was administered, 65 of 102 patients with schizophrenia
showed a flat or descending curve, indicating an over-
activity of the vagoinsular system. Forty-nine of these 65
patients with schizophrenia showed an abnormal increase
in the second half hour, whereas, in normal subjects, glu-
cose levels showed a decrease during the second half hour.
Thus, patients with schizophrenia demonstrated an atypi-
cal reaction to the glucose tolerance test: the glucose level
after the glucose tolerance test increased more slowly, sub-
sequently declined more gradually, and was higher overall
than'in.normal subjects.

In/Schizophrenia Patients After the
Introduction of Atypical Antipsychotics

After thelintroduction of phenothiazines in 1956, the
prevalenceratesof type 2 diabetes mellitusin patientswith
schizophreniaindicate-a striking development. Thonnard-
Neumann, who reported 4.2% in 1956,” found an increase
t017.2%in 1968.° In most Studies, preval ence rates ranged
from 11%" to 18%,° although arparticularly low value of
2.27% was reported in Australia* It appears that the prev-
alence of diabetes mellitus was aready well known to cli-
nicians during that time. In fact, these cases were referred
to as “phencthiazine diabetes’ in the literature. However,
in the face of the overwhelming improvement shown in
patients with schizophrenia with the introduction of anti-
psychoatics, the occurrence of diabetes mellitus was consid-
ered to be a manageabl e side effect at that time.

In arecent and extensive study of U.S. national schizo-
phrenia samples, Dixon et al.'? examined the incidence of
type 2 diabetes mellitus in 3 sample groups with schizo-
phrenia: patients on Medicare (N = 14,182), patients on
Medicaid (N =6066), and patients from a field study
(N =719; Table 1). The investigators established a life-
time prevalence of type 2 diabetes mellitus of 14.9% and
a current prevalence of 10%. The mean age of all indivi-
duals with schizophreniawas 43 years. In terms of gender
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Table 1. Gender and Race Correlates of Diabetes: Field Study, Medicaid, and

Medicare Samples From U.S. National Schizophrenia Samples*

incidence of diabetes was determined using
prescription claimsfor antidiabetic agentsin

Gender Race the general population cohort and in those

Men  Women Whites Blacks  Other who also received a prescription for asingle

Sample (%) (%) p (%) (%) Races(%) p antipsychotic medication. When patients re-
(N =719) . S

Medicaid 43 150 <001 94 116 132 <01 chotics were compared, there was no signif-

(N = 6066) icant difference in the risk of developing

Medicare 8.8 16.7 <.001 11.7 15.5 114 <.001 diabetes, which ranged from 3.0 to 3.4 for

(N =14,182) s . .

2Adapted fron Dixon et al.*?

most drugs (relative risk = 0.966, confidence

and ethnicity in the‘stbgroups, there was a significantly
higher prevalence of female patients, black patients, and
“others’ (ethnicity unspecified), indicating a higher risk
for these individuals. Most, Of these patients were treated
with typical antipsychotics.

International studies have revealed similar results.
Tabata et al.™ found that the prevalence of .type 2 diabetes
mellitus in patients with schizophreniain Japan was 8.8%,
compared with 5% in age- and sex-matched sedentary of -
fice workers. In an Italian sample, MuKherjee et-al.* re-
ported a 12.9% incidence of type 2 diabetes mellitusin the
50- to 59-year-old age group of patients with schizophre-
nia and 18.9% in the 60- to 69-year-old age group. The
onset of psychosis usually preceded the onset of diabetes
mellitus. In the general Italian population, the incidence
was 3% and 5.5%, respectively.

ATYPICAL ANTIPSYCHOTICS AND HYPERGLYCEMIA

In reviewing case reports of hyperglycemia and diabe-
tes mellitus during treatment with atypical antipsychotics
since 1994, clozapine stands out as the agent most fre-
quently associated with hyperglycemia (17 reports),>=!
followed by olanzapine (10 reports).}"?*3*3 Case reports
of glucose dysregulation associated with quetiapine (4 re-
ports) 234041 or rigperidone (2 reports)®*? appear less fre-
quently in the literature. In 1 report, risperidone was ad-
ministered to a patient with preexisting insulin-dependent
diabetes mellitus (IDDM).* IDDM was controlled except
during periods of acute exacerbation of psychosis when
the patient failed to maintain his diet. However, it is diffi-
cult to statistically assess the true incidence of diabetes
within each type of antipsychotic medication group given
the exclusive dependence on available case studies and the
lack of proper epidemiologic research.

In the absence of such data, it is difficult to assess the
relative risk of developing new-onset diabetes mellitus
while on antipsychotic therapy. Datafrom 2 large database
studies*“*® provide somewhat opposite results. The first is
a study using the Advance PCS prescription claim data-
base, which contains more than 300 million prescription
claims per year for more than 50 million members.* The
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interval [Cl] =0.8t0 1.1, p = .6). At the same
time, the relative risk of 1.7 for quetiapine
was the lowest for all of the tested antipsy-
chotics. The hazard ratio for quetiapine climbed to levels
comparable with those of the other antipsychotics when
used inthetop quartile of the dosing range. These data sup-
port the hypothesis that hyperglycemia may be related
more closely to the underlying pathophysiology of schizo-
phreniathan to the drugs administered for treatment.

In a contrasting study using claims data from 7933 pa-
tients with psychosis within health plans encompassing
2.5 million lives, Gianfrancesco et al.* reported on the fre-
quency of newly reported diabetes mellitus in untreated
patients and in patients treated with risperidone, olanza-
pine, clozapine, and high- and low-potency conventional
antipsychotics. At 12 months of treatment, the odds of
having diabetes mellitus for risperidone-treated patients
were not significantly different from those of untreated
patients (OR = 0.88, 95% Cl = 0.37 to 2.07). The odds of
developing diabetes mellitus with olanzapine, clozapine,
and_ high-potency conventional antipsychotics were sig-
nificantly-higher than with risperidone (p < .05).

In‘most instances, hyperglycemia is not dose depen-
dent, is reversible.on cessation of treatment with olanza-
pine or clozapine, ‘and-reappears on the reintroduction of
clozapine or olanzapine-~The time to occurrence ranges
from 10 days to 18 months,-with an average of 3 months.
An interesting observation-by Mir and Taylor®® is that
there is a clear difference in the time to emergence of hy-
perglycemia or ketoacidosis for patients treated with clo-
zapine compared with olanzapine. These adverse condi-
tions may take twice as long to occur-in patients treated
with olanzapine than in those treated with,, clozapine.
However, the authors acknowledge that patients taking
clozapine are generally monitored more closely, and there-
fore hyperglycemia may simply be detected earlier in
these patients. We have observed from prevailing litera-
ture that, among the traditional neuroleptics, chlorproma-
zine""*® and thioridazine are the most frequently associ-
ated with diabetes mellitus.

It seems that schizophrenia in itself is a risk factor
for type 2 diabetes mellitus. This risk is enhanced if the
patient is prescribed clozapine or olanzapine, and it is
enhanced somewhat |ess with risperidone, quetiapine, and
some low-potency conventional neuroleptics. One common
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Table 2. Olanzapine-Treated Patients With Elevated Glucose Levels in 2

Studies of Inpatients With Refractory Schizophrenia (N = 55)*

dards (> 126 mg/dL). These rates are not
higher than the incidence rates of hypergly-

Patients With = 1
Elevated Glucose Level
Who Returned to
Normal Glucose Levels
on Continued Treatment

Patients With
Persistent

Patients With
> 1 Elevated

cemia or diabetes reported in alarge survey
of the U.S. population (6%-8%).% The 3 pa-
tients who devel oped a persistent increasein
glucose levels (> 140 mg/dL) had a personal

Criterion for Hyperglycemia  Glucose Level With Olanzapine or family history of diabetes. The patients
Elevated Glucose N % N % NN % treated with olanzapine showed a significant
Glucose > 140 mg/dL 3 55 6 109 3/6  50.0 increaseinweight (7.2 1b[3.2 kg]); however,
Glucose > 126 mg/dL 4 72 9 164 49 444

3Data from Lindenmayer et al.* and Smith et al.*

further analysis revealed no relationship be-

Figure 1. Levels of Glucose at Baseline and During Treatment
With Olanzapine (A) and.Change in Glucose Values During
Treatment With Olanzapine(B) (N = 55)*
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factor among clozapine, olanzapine, and low-potency con-
ventional neurolepticsis atricyclic molecular structure. A
possible hypothesis, then, is that the glucose metabolism
of patients with schizophrenia is especially sensitive to
drugs with this particular molecular structure.

Data from our own studies differ from the case reports
on the tendency of olanzapine and clozapine to be associ-
ated with increased occurrence of hyperglycemia or type
2 diabetes mellitus and are more consistent with the results
from analyses reviewed above of large databases of patients
on treatment with antipsychotic drugs. For example, in 2
studies®™* with a total of 55 treatment-refractory patients
with schizophrenia participating in evaluations of the effi-
cacy of olanzapine on clinical symptoms and cognition, we
measured glucose levels at baseline, before starting olan-
zapine, and at several timepoints during 5 months of treat-
ment (Table 2, Figure 1). Although these blood samples
were drawn early in the morning, we cannot be sure that
thesewere all fasting glucose levels. During treatment with
olanzapine, only 3 (5.5%) of 55 patients had persistently
elevated glucose levels by World Health Organization stan-
dards (> 140 mg/dL), and 4 (7.2%) of 55 had persistently
elevated glucose by American Diabetes Association stan-
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tween weight or weight increase and glucose
levels or increase in glucose levels. Racial
trends were observed: African American and Hispanic pa-
tients tended to have an increase in maximum glucose lev-
els during treatment with olanzapine, whereas white pa-
tients tended to show a small decrease in glucose levels.

Preliminary data from another chart-review study® we
performed of 82 patients at the same institution, which sur-
veyed routine nonfasting glucose and lipid levelsin patients
treated with olanzapine or clozapine, also showed low rates
of hyperglycemia using the >126 mg/dL or > 140 mg/dL
cutoff points for random glucose levels. Hyperglycemia
occurred at rates of 3.7% to 4.5% and 0% to 3.1% in
patients treated with olanzapine and clozapine, respec-
tively. However, there was a relatively high proportion of
patients with increased triglyceride levels (> 250 mg/dL)
among the clozapine- and olanzapine-treated patients.

Risperidone al so influences glucose regulation. For ex-
ample, in acontrolled study that we are currently perform-
ing, the most striking case of hyperglycemia and diabetes
occurred in.a patient who had been previously treated for
approximately 2 yearswith risperidone (A. Khandat, M.D.;
M. Wahab, M.D:;. J.-PL., et al., manuscript submitted).

In contrast to patients described in case reports by oth-
ers, the patients in‘our studies who were treated with olan-
zapine or clozapine showed relatively low rates of hyper-
glycemia or diabetes. Thereasons for the variance of our
findings with those reported by-ether investigators is not
clear. Our hospital has a large number of patients who
have been hospitalized continuously for long periods and
serves a relatively high percentage of African American
and Hispanic patients. Because these patients are at in-
creased risk for developing diabetes, our results should
have been biased toward finding higher ratés of hyper-
glycemia rather than the relatively low rates we reported.
One explanation for our findings may lie in the possibility
of selective screening. Consequently, we do not have a
simple explanation for our somewhat different results.

Further information on the relative risk for hyper-
glycemia associated with treatment with atypical antipsy-
chotics comes from a study from Newcomer et al. com-
paring 48 patients with schizophrenia with 31 healthy
controlswho were matched for body massindex (BMI) and
age.>! Seventeen subjects were treated with typical neuro-
leptic medication; 9, with clozapine; 12, with olanzapine;
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and 10, with risperidone. Patients who had diabetes melli-
tus or possible diabetes mellitus were excluded from the
study. All patients had normal glucose levels at the start of
the study. Although not significant statistically, aslight dif-
ference in mean glucose pretesting levels existed, with the
healthy controls having the lowest mean and the olanzapine-
treated group having the highest mean. When challenged
with a modified glucose tolerance test (i.e., 75-minute-
postglucose challenge), the olanzapine-treated group dis-
played significant elevations in postload glucose levels at
all timepoints, in comparison to those of untreated controls
and hal operidol-treated subjects. Thefinding wassimilar for
patients treated with-clozapine, with an additional striking
finding that mean glucose level s continued to rise at the 75-
minute measurement. There were no significant differences
between patients receiving typical antipsychotics and con-
trols at any timepoints. Withregard to patients treated with
risperidone, mean glucose levelswere significantly differ-
ent at 45 and 75 minutes postload glucose, but only com-
pared with the control group.

When plasma insulin levels during the.same modified
glucose tol erance test were examined, the mean for patients
receiving clozapine and olanzapine was significantly higher
than that of those receiving haloperidol -and, controls 75
minutes after administration of insulin. This'suggests that
patients receiving clozapine or olanzapine may-generate
higher levels of insulin. One possible explanation forthisis
that their insulin is less effective because of changesinthe
sensitivity of insulin receptors or in the effect of insulin on
mechanisms involved in glucose transport.

UNDERLYING MECHANISMS

Decreased Tissue Sensitivity to Insulin

Severa hypotheses have been postulated for the im-
paired glucose regulation in patients with schizophrenia, in-
dependent of the introduction of atypical medication. Even
before the neuroleptic age, patients with schizophrenia
showed adelay in thereturn of blood sugar to anormal level
after administration of an intravenous dextrose solution.®
Inan early attempt to explain these findings, Medunaet al >
theorized that this disturbance of carbohydrate metabolism
might be dueto alow insulin level in the blood, slow mobi-
lization of insulin, or the overactivity of some product of
the endocrine system that inhibits the production of normal
insulin. Patients with schizophrenia acquire an augmented
tolerance to insulin, which increases with the duration of the
psychosis and especially in the later stages.*

Increased Insulin Resistance

Insulin resistance is a characteristic feature of patients
with impaired glucose tolerance, particularly those with
type 2 diabetes mellitus. Newcomer et al.>' proposed in-
sulin resistance and decreased insulin secretion due to de-
creased pancreatic p-cell function in the development
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of type 2 diabetes mellitus. Similarly, clozapine and olan-
zapine were viewed as associated with hyperglycemia
through a mechanism of insulin resistance. Homeostasis
model assessment (HOMA) was used to assess insulin
resistance and B-cell function using fasting glucose and
insulin concentrations. HOMA measures of insulin re-
sistance and p3-cell function have been validated for char-
acterizing diabetes and impaired glucose tolerance in
population-based studies. Newcomer et al.** found in-
creases in HOMA insulin resistance values in patients
treated with olanzapine and clozapine compared with pa-
tients receiving typical antipsychotic medication. These
increases suggest that clozapine and olanzapine might be
associated with increased insulin resistance (independent
of differences in adiposity).

Similar results were found in a study that compared in-
sulin resistance in olanzapine-treated patients with schizo-
phreniawith ziprasidone-treated patients with schizophre-
nia® Body weight, fasting serum insulin concentrations,
HOMA insulin resistance, cholesterol, and triglycerides
were significantly elevated in the olanzapine group com-
pared with baseline, suggesting a worsening of insulin re-
sistance with olanzapine, even after accounting for weight
changes. A role for insulin antibodies during treatment
with clozapine or olanzapine has also been suggested®;
however, there is at present no evidence that insulin anti-
bodies lead to increased insulin resistance.

Insulin resistance can develop due to abnormalities at
any step in the signaling pathway, including alterations in
insulin_receptor kinetics and signaling mechanisms. It is
possible that atypical antipsychotics induce insulin resis-
tance directly at the insulin receptor site by altering bind-
ing characteristics. Alternatively, atypical antipsychotics
may decrease the-number or half-life of insulin-sensitive
glucose transporters, or they may interfere with transporter
trafficking from.the microsome to the plasma membrane.>®
The latter hypothesis has been suggested by studies dem-
onstrating that chronic expesureto high concentrations of
glucose and insulin reduces the subsequent ability of insu-
linto maximally stimulate glucose transport transl ocation.*”

Hyperlipidemia and Hyperglycemia

Another mediating factor for hyperglycemia is weight
gain. Both increased insulin secretion and hyperleptinemia
may be the mechanism underlying weight gain in patients
treated with atypical antipsychotics, especially olan-
zapine.® In a study of 14 olanzapine-treated patients,
Melkersson et al.*® found that 21% of the patients had
elevated fasting blood glucose levels, indicating hyper-
glycemia, and most patients al so had hyperinsulinemiaand
hyperlipidemia. Triglyceride concentrations were corre-
lated with blood glucose and insulin levels. Since hyper-
lipidemiaand hypertriglyceridemiamay be associated with
insulin resistance, the authors proposed that enhanced
insulin secretion may be secondary to insulin resistance.
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Hyperinsulinemia was demonstrated by low insulin-
dependent insulin-like growth factor binding protein-1,
suggesting that there was no insulin resistance at the he-
patic level. However, it is not clear whether treatment with
olanzapine caused hyperinsulinemia by inducing direct
peripheral insulin resistance at the cellular level or by an
indirect effect on lipid metabolism with secondary insulin
resistance and hyperinsulinemia. Insulinisknown to stimu-
late leptin production in adipocytes,® and insulin resistance
with hyperinsulinemia has been associated with increased
leptin levels.® Hence, elevated |l eptin levelsin olanzapine-
treated patients may be due to increased insulin levels and
insulin resistance. L.eptin is known to affect pancreatic
[-cell function, where hoth inhibitory and stimulatory ef-
fects on insulin secretion have been reported.®

Effects of Atypical Antipsychotics
on Serotonin Receptors

Wirshing et al.* postul ate that the effects of olanzapine
and clozapine on serotonin may partly explain the devel-
opment of insulin resistance. Olanzapine/and clozapine
both have markedly increased binding affinity to.5-HT,,
5-HT,,, and 5-HT, receptors compared with-haloperidol
and other conventional neuroleptics. Both‘olanzapine and
clozapine have much greater affinities for 5-HTsxc than
for 5-HT,, receptors. It has been demonstrated’in rats>
that 5-HT,c antagonism plays a role with the weight'gain
liability of atypical antipsychotics, and 5-HT,, antago:
nism and 5-HT ,c antagonism are processesinvolved in the
mechanism of action of the newer atypical antipsychotics.
Furthermore, clozapine, risperidone, and olanzapine block
5-HT—induced hyperglycemiain rodents.

The 5-HT, and 5-HT,, serotonin receptors may have
opposite effects on glucose homeostasis. For example, the
agonism of 5-HT,, receptors decreases blood glucose lev-
els, while the antagonism decreases insulin levels and
thereby produces hyperglycemia. Decreased serum insulin
levels are secondary to 5-HT,,—induced decreases in pan-
creatic f3-cell responsiveness to blood sugar levels. In pre-
disposed subjects, this effect might be sufficient to cause
diabetes mellitus.

Although atypical antipsychotics have some activity at
5-HT,, sites, they are more potent at 5-HT ,,,c Sitesand thus
may alter glucose homeostasis. Two specific 5-HT,,,c re-
ceptor agonists, (x)-2,5-dimethoxy-4-iodoamphetamine
and a-methyl-5-HT, have been shown to induce hypergly-
cemia.®? K etanserin, a specific antagonist of 5-HT ¢, was
shown to have blocked the intraperitoneal 5-HT—mediated
induction of hyperglycemia. At the same time, admin-
istration of ritanserin, an antagonist of 5-HT,, g,c receptors,
caused no alteration in blood glucose levels® Thus,
5-HT,,,c receptors appeared to have effects opposite from
those of 5-HT,, receptors in the glucose homeostatic net-
work. It istherefore difficult to predict the outcome of the
simultaneous blockade of 5-HT,, and 5-HT,,, receptors
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that occurswith atypical antipsychotics. Consequently, any
serotonergic link between atypical antipsychotics and
hyperglycemia remains speculative.

Overutilization of Insulin Due to Weight Gain

Drugs that antagonize serotonergic transmission, like
atypical antipsychotics, have been found to increase food
intake and thus produce weight gain. The degree of weight
gain is correlated with each drug’s affinity for H, recep-
tors. Clozapine and olanzapine have been shown to induce
significant weight gain in patients with schizophrenia,
more than that induced by risperidone.®*® H, antagonism is
well known to cause weight gain and is the suspected
mechanism by which conventional medications cause
weight gain. Risperidone has less H, antagonism com-
pared with olanzapine and clozapine and may therefore
cause less weight gain and be less of arisk factor for the
eventual development of hyperglycemia. Thus, one poten-
tial mechanism of diabetes mellitus induction is weight
gain, caused by an increase in adipose tissue that in turn
leads to insulin insensitivity, glucose intolerance, and, if
sufficiently severe, diabetes mellitus. It has been calcu-
lated that there isa 4.5% increase in risk for type 2 diabe-
tes mellitus with every kilogram increase in weight.®

Our group examined weight gain in 151 treatment-
refractory patients with schizophreniawho were randomly
assigned to clozapine, olanzapine, risperidone, or halo-
peridol and treated for 14 weeks at conventional dose
ranges (P. Czobor, Ph.D.; J. Volavka, M.D., Ph.D.; B. B.
Sheitman, M.D., et al., manuscript submitted). All subjects
had been treated for years with antipsychotics and had
a history ‘of .suboptimal antipsychotic response. The high-
est net’ weight ‘gain was seen in patients treated with
olanzapine’(mean.+ SD = 5.4 = 4.6 kg [12.0 = 10.2 1b]),
followed by that_in- patients treated with clozapine
(mean=4.2 + 4.7 kg-[9:3 = 10.4 1b]). Both of these in-
creases from baseline weight-were statistically significant.
Patients taking risperidone-showed a modest increase in
weight (mean=2.3+ 2.8 kg [5:1.+ 6.2 |b]), and those
treated with haloperidol had basically no weight gain
(mean =0.2 = 0.2 kg [0.4 = 0.4 |b]). Patients who had the
greatest weight gain demonstrated the-best antipsychotic
response. Consequently, weight gain remains‘aliability in
patients who have been treated with various)antipsy-
chotics and continues to occur throughout the medication
period. Allison et al.®® arguethat if aweight loss of aslittle
as 5% in obese individuals can result in clinically mean-
ingful reductions in morbidity and risk of early mortality,
then weight increases of just 5% in these individuals could
result in corresponding increases in morbidity and risk of
early mortality.

Besidesthe postul ated serotonergic effects of olanzapine
and clozapine, some investigators suggest that the sedative
effects of these atypical antipsychotics could lead to less
activity and less caloric utilization.® Anticholinergic activ-
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ity contributes to weight gain because of increased thirst
that leads to increased intake of caloric drinks. Because
weight gain eventually plateaus, the mechanism involved
may be the resetting of controls that tend to maintain
weight. However, the current literature does not support
this hypothesis.

ASSESSING RISK FACTORS

Overall, it-appears that various factors have to be com-
bined to increase the risk of type 2 diabetes mellitus in
patients with schizophrenia who are taking antipsychotic
medication. A helpful model to interpret the various find-
ings is an additive-riskymodel. Risk factors that increase
the probability of developing diabetes mellitus are being
diagnosed with schizophrenia, being overweight prior to
onset of treatment (BMI > 30 kg/m?), and experiencing a
weight increase of more than 10% during treatment. A pre-
vious history of glucose dysregulation and hypertension
(> 140/90 mm Hg) further increase the'risks of developing
type 2 diabetes mellitus. Demographic risk factorsinclude
ethnicity (African Americans and Hispanics have higher
probabilities) and a family history of -diabetés-mellitus.
From an analysis of individual case studies, however, Mir
and Taylor*® emphasized that at |east two thirdsof patients
had no personal history of hyperglycemia and“that’ at
least half of the subjects had no family history of “hyper-
glycemia. Although history was not always reported,-the
authors stressed that an absence of a personal or family
history did not prevent patients with schizophrenia who
were treated with atypical antipsychotics from developing
hyperglycemia.

Among the atypical antipsychotics, review of pub-
lished case studies and a few small case series suggests
that treatment with clozapine or olanzapine may further
increase the risk for the development of diabetes mellitus.
More research on the effects of quetiapine is required to
establish if it poses arisk for diabetes mellitus in patients
with schizophrenia. The risk of developing diabetes melli-
tus with treatment with risperidone appears to be some-
what less than that with clozapine and olanzapine. Based
on early study results, ziprasidone, which has recently
been released, may have a low liability in this regard.>
However, firm conclusions about the relative risk for de-
velopment of hyperglycemia in the context of antipsy-
chotic treatment can only come from large epidemiologic
studies with patients on treatment with various antipsy-
chotics and adequate control populations.

CONCLUSION AND
RECOMMENDATIONS

Even before the introduction of antipsychotic medica-

tion, abnormalities in glucose regulation were reported
in patients with schizophrenia. Phenothiazine diabetes
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was well known to clinicians and was reported in 1956.”
Hyperglycemia during treatment with atypical antipsy-
chotics has been well documented, with clozapine and
olanzapine being implicated over risperidone. Presently,
datawith quetiapine and ziprasidone are somewhat limited
and need further attention. However, the true incidence of
hyperglycemia induced by different atypical medications
is not known and will be definitively resolved only with
data from proper epidemiologic studies. The mechanisms
underlying glucose dysregulation during treatment with
antipsychotics are not fully known, but probably involve
the development of insulin resistance.

Our recommendation is to perform a risk-benefit
analysis based on an additive risk model and to include the
patient in the discussion of his/her treatment plans. If the
patient has a high-risk profile, clinicians should consider
changing or tailoring the antipsychotic treatment to the risk
factors that relate to the particular patient.

Baseline and 6-month monitoring of fasting plasma
glucose levels, fasting cholesterol levels, and triglyceride
levels is recommended during treatment with all antipsy-
chotics. In addition, in patients from high-risk groups, we
recommend measurements every 3 months of the glyco-
sylated hemoglobin levels, because this allows regular
monitoring of glucose level elevations over time.

Baseline weight and regular follow-up weight measure-
ments are al so recommended to monitor the risk for devel-
opment of hyperglycemia. If weight gain occurs, a weight
reduction program should be immediately implemented.

If-hyperglycemia devel ops during treatment with atypi-
cal medications, the patient’s fasting plasma glucose level
should be measured. If the results are questionable, a glu-
cose tolerance test should be performed, and the risk-
benefit factors for-treatment with the antipsychotic should
be reassessed. Alternatives to be considered are continuing
with the same antipsychotic medication together with an
antiglycemic drug regimen-or switching to a different
antipsychotic. Clinicians should-consider using quetiapine
or ziprasidone in a patient who-develops hyperglycemia
while treated with clozapine, olanzapine, or risperidone
and who requires a change of medication.

Further studies are needed to elucidate the underlying
mechanisms contributing to hyperglycemiainpatientswith
schizophreniawho are treated with atypical antipsychoatics.
Given the implications for increased morbidity-and mor-
tality dueto diabetes, clinicians need to be aware of therisk
factors for hyperglycemia and their management.

Drug names: chlorpromazine (Thorazine and others), clozapine (Cloza-
ril and others), haloperidol (Haldol and others), olanzapine (Zyprexa),
quetiapine (Seroquel), risperidone (Risperdal), 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 |abeling.
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