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Clozapine, Diabetes Mellitus, Hyperlipidemia,
and Cardiovascular Risks and Mortality:
Results of a 10-Year Naturalistic Study

David C. Henderson, M.D.; Dana D. Nguyen, Ph.D.;
Paul M. Copeland, M.D.; Doug L. Hayden, M.A.; Christina P Borba, M.P.H.;
Pearl M. Louie, M.D.; Oliver Freudenreich, M.D.; A. Eden Evins, M.D.;
Corrine Cather, Ph.D.; and Donald C. Goff, M.D.

Objective: The goal of this 10-year naturalistic
study was to examine, in clozapine-treated pa-
tients, the change in cardiovascular risk factors
following clozapine initiation and the mortality
estimates from cardiovascular disease.

Method: Data were collected from medical
records from January 1992 to December 2003
and included age, gender, race, diagnosis, family
history of diabetes, and age at clozapine initiation
for clozapine-reated patients with schizophrenia
or schizoaffective disorder (DSM-IV criteria).
Clozapine dosage and laboratory results were
recorded at 12-month intervals,

Results: At the time of clozapine initiation,
the mean + SD age of the 96 patients studied was
36.5 £ 7.9 years; 28% (N = 27) were women. The
Kaplan-Meier estimate for 10-yesr mortality from
cardiovascular disease was 9%. African American
and Hispanic American’patients exhibited elevat-
ed risk of cardiovascular disease=related mortal-
ity (odds ratio [OR] =7.2,p=.09; OR = i1.3,

p = .04, respectively) compared to white patients.
Body mass index (BMI) significantly increased
the odds ratio of mortality {OR = 1.2, p <.01).
The Kaplan-Meier estimate for new-onset dia-
betes mellitus was approximately 439, and His-
panic American (OR = 4.3, p =.027) and African
Arnerican (OR = 11.3, p = 0001} patients showed
zizvated risks of developing diaberes mailitus
compared Lo white patients. Additionally, BMI
{OR = 1.11, p = .0008}, t0tal cholesterol level
{OR = 1.006. p = .04), and serum triglyceride
level (OR = 1.002, p = .04) madestly increased
the adds ratio for the development of diabetes
mellitus.

Conclusions: These results support the hy-
pothesis that clozapine-treated patients appear
10 be at risk for death from cardiovascular disease
secondary to clozapine-associated medical disor-
ders such as abesity, diabetes, hypertension, and
hyperlipidemia. ™" =~ . /. ' :
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FT{ igh rates of medical morbidity .and increased
f }Li risk of mortality have -long been associated
with schizophrenia. Clozapine remains the treatment of
choice for treatment-resistant schizophrenia and associ-
ated disorders because of its greater efficacy and relative
lack of extrapyramidal side effects compared to conven-
tional antipsychotic medications.! Growing concerns with
clozapine treatment are related to side effects such as
weight gain, hyperglycemia, hyperlipidemia, and byper-
tension.™ Fontainz et al.* estimated the expected iap ot
of antipsychotiz-inducad weight gain on mortality raws
and incidence of impairad glucose tolerance (1GT) and
hiypertension using raw data from 5209 respondenis from
the Framinghain Heart Study. Results indicated that the
estimated deleterious effects of weight gain were greater
for people with higher body mass index (BMI) at base-
line, people with greater degrees of weight gain, men, and
older persons. Additionally, the effect of weight gain on
IGT and hypertension was deleterious regardless of base-

line BMIL. : e

Psychiotrepic medications, 1in, general, may. produce
significant weight gain.” In our 5-year naturalistic study,
we found that weight gain with-clozapine did not plateau
until the fourth year.? Umbricht and colleagues® reported
that almost half of 82 patients gained 20% or more of their
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body weight during clozapine treatment for up to 90
months, A 7% aor greater increase in weight is considered
the standard indicator for extreme weight gain in clinical
trials. An increase in body weight of 7% or greater is gen-
erally regarded as a high-risk event,

A large number of published case reports have also
linked treatment-emergent type 2 diabetes mellitus to the
use of atypical agents, with clozapine and olanzapine
most frequently cited.” Clozapine treatment has been as-
sociated with insulin resistance independent of adiposity
in schizophrenia patients.* When insulin resistance oc-
curs, the body attempts to overcome this resistance by
secreting more insulin, resulting in hyperinsulinemia.
Abnormalities associated with insulin resistance include
glucose intolerance, hypertension, a prothrombic state,
and dyslipidemia. These metabolic abnormalities have
been associated with metabolic syndrome and cardiovas-
cular disease individually and together have been found to
greatly increase cardiovascular mortality.’

Several risk factors for coronary disease, including
cigarette smoking, obesity, hypertension, elevated serum
lipids, and diabetes mellitus, have been identified in
the general population, Because these factors are supra-
additive, the risk for cardiac disease is increased almost
12-fold in individuals who have all 5 risk factors com-
pared to those who have none.” The purpose of the
present study was to examine in clozapine-treated sub-
Jects the change in risk factors for cardiovascular disease,
as well as the rate and estimates of diabetes mellitus and
cardiovascular disease—related mortality, after clozapine
initiation, over a 10-year period.

METHOD

Following institutional review board approval, 96 pa-
tients with schizophrenia or schizoaffective disorder
(DSM-1V criteria) who had been treated with clozapine
for up to 10 years from January 1992 to December 2003
were examined for known diabetes and cardiovascular
risk factors." Cardiovascular risk was tabulated using
the following criteria: race (African A merican, Hispanic/

e
i

Lating Amcrican, Asiza American) = 1 poing BRil =227
)

kg/m® =1 point; hypertension (sysiolic blood pressure

2 140 mm Hg or diastolic blood pressure 2 80 mm Ig) =
I peint; diabetes mellitus = 1 point; cigarette smoking = 1
point; history of left ventricular hypertrophy, myocardial
infarction, or cerebrovascular accident = 1 point; total
cholesterol level 2 200 mg/dL or serum triglyceride level
2 150 mg/dL = 1 point; and male gender =1 point. Car-
diovascular risk factors were tabulated at l-year intervals
over a 10-year period.

Autopsy repoits and all medical records were reviewed
by a research psychiatrist {D.C.H.) to determine the cause
of death. When cardiovascular disease was identified, all
records were carefully reviewed to determine if any evi-
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dence of clozapine-associated myocarditis or cardiomy-

opathy was present prior to the death such as persistent

tachycardia, left ventricular hypertrophy, a prolonged cor-
rected QT interval, eosinophilia, dyspnea on exertion, -+

exercise intolerance, or edema.!?

Statistical Analysis

This study examined time to development of diabetes
mellitus and death from cardiovascular disease associated
with clozapine treatment at 12-month intervals over a
10-year period. Baseline and follow-up descriptive statis-
tics were tabulated, Weight, serum cholesterol level, and
serum triglyceride level were treated as continuous vari-
ables and analyzed by means of longitudinal methods.
The Cox proportional hazards regressions were used to
test the association between the covariates (age, ethnicity,
BMLI, total cholesterol level, serum triglyceride level, sys-
tolic and diastolic blood pressure, smoking, and diabetes
mellitus) and death from cardiovascular disease and the
development of diabetes mellitus. Age, race, and gender
were analyzed as baseline covariates, and BMI, total cho-
lesterol level, clozapine total daily dose, serum triglycer-
ide level, and weight were analyzed as time-dependent
covariates. Each covariate was analyzed separately, ;

Time was used as a stratum and ties were handled with
the discrete option in the SAS PHREG procedure (SAS
Institute Inc., Cary, N.C.). This replaces the proportional
hazards model with the discrete logistic model so that
odds ratios rather than hazard ratios are computed. The
Kaplan-Meier estimate of time to development of diabe-
tes mellitus and cardiovascular death were computed,
Changes from baseline in weight, BMI, total cholesterol
level, and serum triglyceride level were analyzed by using
a mixed-effects model. This model has fixed linear term
for time and random intercept and linear term for time for
each patient. The fixed effects estimate the mean trajec-
tory of the change from baseline, and the random effects
allow a separate trajectory for each patient. All p values
are 2-tailed, and a p value < .03 was considered evidence
for staiistical significance.

CivEp T mepe
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Baseline demographic and laboratery measures are
presented in Table 1. Sixty-nine subjects (72%) were men
and 27 (28%) were women. The mean + SD age at cloza-
pine initiation was 36.5+ 7.9 years; 6 subjects (6%) were
African Americans, 4 (4%} were Hispanic Americans, and
1 (1%) was an Asian American. The mean length of trear-
ment with clozapine was 90 + 37 months.

The random slopes inodel indicated that BMI in-
creased significantly over time; the linear coefficient
was 0.033 kg/m*month, (SE =0.005, t = 6.48, df =94,
p <.0001). Weight also increased significantly over time
(inear coefficient of 0.2] Ib/month, SE =0.03, t = 6.29,
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