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Objective: The development of ooth type
I'and type li diabetes after initiation of
some atypical neursleptics has been re-
ported, primarily in studies involving small
series of patients. This study used adminis-
trative data from a large national sample
of patients with a diagnosis of schizophre-
nia to compare the prevalence of diabetes
mellitus in patients receiving prescriptions
for atypical and typical neurnleptics,

Method: All outpatients with schizophre-
nia treated with typical and atypical neu-
roleptics over 4 months in 1999 in the
Veterans Health Administration of the De-
partiment of Veterans Affairs (VA) were in-
cluded in this study. Patients treated with
alvpical neuroleptics were those who re-.
ceived prescriptions for clozapine, olanza-
pine, risperidune, or quetiapine. Patients
with a diagnosis of diabetes were also
identified by using 1CD-9 codes in VA ad-
ministrative databases. The prevalence of
diabetes mellitus across age groups and
among patients receiving prescriptions
for different atypical neuroleptics was ex-
amined wilh multiple logistic regression.

Results: A total of 38,632 patients were
included in the study: 15,984 (41.4%) re-
ceived typica! neuroleptics and 22,648
(58.6%) received any atypical neuroleptic
{1,207 [5.3%)] received clozapine; 10,970
[48.4%], olanzapine: 955 [4.2%), quetia-
pine; and 2,903 [43.7%], risperidone: 387
patients reccived prescriptions for mare
than one atypical neuroleptic). When the
effects of age were controlied, patients
who received atypical neursleptics were
9% mure likely to have diabetes than those
wha receiver typical neuroleptics, and the
prevalence of diabetes was significantly in-
creased for patients who received cloza-
pine, alanzapine, and queliapie, hut not
risperidone, However, fur patients less
than 40 years old, all of the atypical neurg.
leptics were associated with a significantly
increased prevalence of diabetes.

Conclusions: In this large group of pa-
tients with schizophrenia, receipt of a
prescription for atypical neuroleptics was
significantly associated with diabetes
mellitus,
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typical neuroleptics such as clozapine (1), olanza-
pine (23, quetiapine (3), and risperidone (4} have demon-
fficacy in the treatment of schizophrenia with
{rapyriunidat side effects than other neuroleptics
). However, other side effects have been described. The
use ofulanzapine, for examiple, has been associated with
weight gain ()

, exacerbation ofprevimlsly well controlled

abetes mellitus cannot be ascertained definitively from
the repocts thus far. o our knowledge, nearly ail of the
studies of this issue to date are case reports. There have
been exceptions, including two uncontrolled studies (14,
21) and one study {20) that used an unmatched Compri-
s0n group of patients treated with typical neuroleptics. A
naturalistic study of clozapine treatment reported that

diabetes (7), and onset of type Land type H diabetes mellj-
tus (7-9), although a recent report failed to demonstrate
A association between weight gain and development of
¥Perglycemia (10). Cluzapine use has also been associ-
ated with, weight gain in several reports (1 1-14). Afthough
M assuciation between clozapine-induced weight gain
nd the development of either hyperglycemia or diabetes
. Mellitus hyg not been demonstrated (14), there have heen
Severa| feports of hyperglycemia and diabetes mellitus
th type [ and type 11) directly associated with clozapine
,ulse 0. 14-21). There is also a single case report of quetia-
E'ne"dssociated new-onset diabetes mellitus (22).

; 33’[ The degree 10 which patients who receive prescriptions
or Ayl Beuroleptics ate al 1isk tor aevelopment o di-
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30% of patients received a diagnaosis of type 1T diabetes
during the 5-year follow-up {14), This study did not in-
clude a comparison group. In addition, a comparison of
patiertts randomly assigned to receive olanzapine or halo-
peridol and followed over several years failed to deinon-
strate a difference in the incidence of nonfasting glucose
levels equal to 160 mg/dl (10}; the rate of high nonfasting
glucase level was 4.6% after 2.54 years in the olanzapine-
treated patients and 5.0% after 1.15 vears the haloperidol-
treated patients. However, this analysis failed 10 stratity
the data for age, which might have obscured important
differences between the two groups—especially in

younger patients, for whom the baseline rte af dialar.
not as high as in older patients. The authors were also si-
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lent about family histary of dinbetes in these patients and
about ethnicity. However, the two groups did not differ sig-
nificantly in baseline body mass index. A well-matched
comparison group is particularly important, as patients
with schizophrenia, regardless of treatment, have been re-
ported to have a higher rate of diabetes than the general
population (23, 24). For exaimple, Lhe rate of diabetes mel-
litus in the general U5, male population age 20-3% years is
t.1% (25); in patients with schizophienia age 18-44 years,
rates of 5.6%-6.7% have been reported (23).

Aithough no pathiephysiologic mechanism connecting
atypical neuroleptic treatment and the developiment of di-
abetes mellitus has been delineated to date, olanzapine
prescription has been associated with weight gain, hyper-
lipidemia, hyperinsulinemia, and insulin resistance (21),
suggesting both direct and indirect mechanisms by which
the medication may be involved in dysregulation of rele-
vant metabolic pathways. Clazapine has also been found
to induce insulin resistance (26). With regurd to weight
galil, a review has estimated that alter 10 weeks of treat-
ment a patient receiving clozapine would gain an average
of 3.99 kg a patient receiving olanzapine, an average of
3.51 kg and a patient receiving risperidone, an average of
2 ki and after 6 weeks of treatment, a patient receiving
quetiapine would gain an average of 2.18 kg.

Thus, although researchers have reported that some pa-
tients treated with the atypical neuroleptics clozapine,
olanzapine, and quetiapine develop diabetes mellitus that
is sometimes, bul not always, reversible, these studies
have involved relatively small groups of patients. Sludies
have also demonstrated that prescription of elanzapine
and clozapine can result in the development of metabolic
abnormalities associated with diabetes mellitus (21, 26).
[ these studies, as well, the nuimbers of patients studied
has been small, In sumniacy, although the asseciation be-
tween atypical neuroleptic preseription and development
of diabetes mellitus has been observed and some poten-
tial pathophysiciegic mechanisms have been elucidated,
the risk of developing diabétes mellitus for patients who
receive prescriptions for atypical neuroleptics has not
heen woll studied.

"I'Kis study used data for a comprehensive national saum-
‘ple of patients treated in the Veterans Health Administia-
tion of the Department of Veterans Affairs (VA) who had a
diagnosis of schizophrenia and received prescriptions for
gitlier typical or atypical neuroleptics to test the hypothe-
sis (hat prescription of atypical neuroleptics is associated
with an increased prevalence of diabetes. Although the
study design precluded an assessment of either a causal
relationship or a inechanism of action, it provided a
means for determining the potential public health risk.
The large number of patients with schizophrenia treated
within the VA system also allowed for examination of the
prevalence of diabetes associated with each of the atypical
neuroleptics available at the time of study—clozapine,
-olanzapine, quetiapine, and risperidone.

Method

Patients

All patients with a diagnosis of schizophrenia during fiscal year
1599 (October 1, 1998, to Scptember 30, 1999) were identitied
through VA waorkivad databases. A diagnosis of schizophirenia was
operationally delined as having at least two uutpatient encourn-
ters in a specialty mental health outpatient clinic tor which cither
the primary or secondary diagnosis was schizophrenia (vosre-
sponding to ICD codes 205.00-295.99).

Data describing patient characteristies such as age, inceme,
gender, ethnicity, receipt of VA compensation or pension, comer-
bid medical and psychiasric dingnoses, hospital utilization, and
zip code of residence were wlso obtained from the VA workload
databases, By using the zip code and data from the American
Hospital Association annuul survey, Lhe distances [rom the cen-
trum of the district designated by the patent’s zip code to the
nearest VA and non-VA hospitals were caleulated (27). We con-
trolled for distance as a proxy measure [or access, since the likeli-
haod of receiving a diagnesis ol diabetes meliitus might increase
with easier access to care,

For all patients identified as having a diagnosis ol schizophre-
nia, records of ali medications prescribed between June (when
data lirst became available) and September (the end of the fiscal
year) of 1999 were obtained from the VA Drug Benefit Manage-
ment Systen Por each patient, the last neuroleplic prescription
written hetween June and Septemher 19949 was identified as the
index preseription. All prescriptions written lor neuroleptics in
the previous wecek were also identified. ffany ol the preseriptions
written during that 7-day period were for clozapine, olanzapine,
quetiapine, or risperidone, then the patient was entered into the
atypical neurcleptic group, regardless ol whether the patieatwas
also prescribed typical neuroleptics at the sume time. 1T patient
received only typicul neuroleptics during that weck, the patient
was entered into the typical neuroieptic group, IFa patient hiud no
neuroleptic prescription wrirten for the entire 4-month period,
the patient was not included in this analysis. Within the aiypical
group, 94% of patients received the same atypical neuroleptic tor
the entire 4-month period and 8.9% also received a prescription
(or a typical neurcleptic (28).

For the group of patients identitied as having a diagnosis ol
schizophrenia and receiving neuroleptic medications, compulter-
ized administrative data were examined for record of a diagnosis
of diabetes mellitus. A patient was operationally defined as hav-
ing a diagnosis ol diabetes mellitus it the patient had at least one
outpatient encounler ov inpatient stay with either a primary 1
secondary diagnosis of diabetes mellitus (corresponding to 1L
codes 250.00-250.99) during the 4-month period for which the
prescribing data were available,

Analysis

Because of the strong relationship belween age and develop-
ment of diabeles {25), the patients in both the atypical and typical
neuraleptic groups were stratilied into five age groups: under 40,
an-49, 50-54, 60-64, and uver 70 years. Within each age division,
the percentages of patients withy o diagnosis of diabetes in the
atypical and typicul neuroleptic grouips were compared with o
s(usre tesis.

To address pulentially confounding faciors, we used logistic re-
gressiou analysis to caleulate udds ratios for the associarion of
atypical neuroleptic prescription and the diagnosis of diabetes
within each of the age strala, controlling for the effects of the de-
mographic, diagnoestic, and treatment factors listed in Table L.

These analyses were then repeated to examine the prevalence
of diabetes mellitus associated with cach atypical neurcleptic, A
series of four dichotomous variables was included in these analy-
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TABLE 1. Characteristics of Patients With Schizophrenia Receiving Prescriptions for Atypical and Typical Neuroleptic
Medication Within Department of Veterans Affairs (VA) Health Services in a 4-Month Period in 1993

Patients Receiving
Prescriptions for
Atypical Neuroleptics

Patients Receiving
Prescriptions for
Typical Neuroleptics

Characteristic {N=22,648) (N=15,984) Analysis
Mean sD Mean 5D t df n
Age {years) 50.7 11.5% 54,5 11.7 31.6 33980.3 0000
Inceme {doltars/year) 14,149.49 16,973.88  15,034.72 16,902.82 51 38630 <().0001
Distance to nearest VA hospital (miles) 248 91.0 22.0 B80.1 3.2 368283 <0.002
N % N % ¥? df o

Female 1,369 6.0 71 4.4 46.9 1 <0.0001
African American 5,689 251 3,983 24.9 02 1 0.65
Hispanic 345 4.2 696 4.4 nas 1 0.38
VA service-connected compensation (rating of degree of

disabifity}

10%-50% 3,049 13.5 2,284 14.3 5.4 1 0.02

=50% 9,763 428 7,672 48.0 100.6 1 <0.0001
Comorbid diagnosis

Organic brain syndrome or Alzheimer’s disease 1,805 8.0 993 6.2 431 1 0.0001

Substance abuse 5,407 239 2,489 15.6 397.0 1 <0.0041

Aleohol abuse/dependence 4,202 18.6 1,877 1.7 3278 1 <0.0001
Nenalcohol abuse/dependence 3,655 16.1 1,565 98 323.0 1 <0001

Major depression or bipolar disorder 9,619 42,5 4,539 28.4 79%.5 1 <0.0001

Posttraumatic stress disorder 3,200 14.1 1,452 9.1 225.2 1 <(.0001

Neurgsis or adjustment disorder 4,591 203 2,159 135 2973 1 <(.0001

Personality disorder 1,724 7.6 683 4.3 178.8 1 <0001

Other psychiatric diagnosis 2,274 10.0 1,026 6.4 157.3 1 <0.0001
Bays hospitalized in peychiatric facility in the previous year

1-18 3,182 14.0 1,284 8.0 3318 1 <0001

>18 3,389 15.0 1,061 6.6 637.3 1 <0.0001
Atypical neuroleptic prescribed?

Clozapine 1,207 5.3

Glanzapine 10,970 48.4

Quetiapine 955 4.2

Risperidone 9,903 43,7

" Number of patients receiving prescriptions tor any atypical neuroleptic is less than the total for the individual atypical neuroleptics betause
some patients received prescriptions for more than one atypical neuroleptic.

ses Lo represent each of the atypical medications available al the
time of the study.

[ a final analysis the five age groups were combined in a single
analysis with age as a covariate to determine the population-wide
prevatence of diabetes in association with atypical neurcleptic
prescription and in association with each particular atypical
mivdication.

Results

In the 4-month study period, 38,632 patients identified
with schizophrenia received a prescription for a neurolep-
tic, Of those patients, 22,648 {58.6%) received an index pre-
seription for an atypical nearoleptic and 15,984 (41.4%) re-
ceived an index prescription for typical neuroleptics alone.
A comparison of the two groups is presented in Table L.
Significant differences were examined by using t tests for
continuous variables and chi-square tests for dichotomous
variables.

Compared to the patients who received prescriptions for
typical neuroleptics, the patients who received prescrip-
tions for atypical neuroleptics were significantly younger
and had less income. They were significantly more likely to
be lemale and have another psychiatric diagnosis, includ-
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ing organic brain syndrome or Alzheimer’s dementia, sub-
stance abuse, major depression or bipolar disorder, post-
traumatic stress disarder, neurosis or adjustment disorder,
pecsonality disorder, or other, unspecified, psychiatric dis-
order. Patients in the atypical group tived significantly fur-
ther from the nearest VA hospital and were significantly
more likely to have been hospitalized. Patientsin the typi-
cal neuroleptic group were more likety to be receiving ser-
vice-connected compensation from the VA,

Patients who received atypical neuroteptic medications
demonstrated a statisticaily significant higher rate of diag-
nosis of diabetes in the three youngest age strata (Figure
1). Among patients less than 40 years old, for example,
8.75% of those receiving an atypical neuroleptic had a di-
agnosis of diabetes mellitus, compared to 6.43% of those
receiving typical neuroleptics (x2=7.24, df=1, p=0.007).
This relationship was also observed in the 40-49-year age
group {15.89% versus 13.93%) (x?=9.81, df=1, p=0.002) and
in the 50--59-year age group {22.73% versus 20.56%) (x%=
8.53, df=1, p=0.003). No significant association was ob-
served in either the 80-69-year group or the group age 70
and older. Comparing acioss all ages, 18.84% of the pa-
tients who received a prescription for an atypical neuro-
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FIGURE 1. Percentage of Patients With Schizophrenia Re-
ceiving Prescriptions for Atypical and Typical Neuroleptic
Medication Who Also Had a Diagnosis of Diabetes Méllitus

W Patients recelving typical neuroleptics {(N=15,984)
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leptic and 18.64% of those who received a prescription for
a typical neuroleptic also had a dingnosis of diabetes, a
nonsignificant ditference. :
The adjusted odds ratios lor the eatire group and each of
the age groups are presented in Table 2. For the entire
graup (all ages), the odds of having a dingnosis of diabetes
mellitus were significantly greater for patients receiving
any atypical newroleptic and, specifically, for patients re-
ceiving clozapine, olanzapine, and quetiapine, bul not ris-
peridone. (it the under-40-year age group, the odds were
significantly greater for all of the atypical neuroleptics. In
the 40-49-year-old age group, a prescription for clozapine,
olanzapine, or quetiapine was associated with significantly
increased odds for having a dingnosis of diabetes mellitus,
but a risperidone prescription was not. [n the 50-58-year
age group, only olanzapine and risperidone were associ-
ated with a signiticantly increased prevalence of a diagno-
sis of diabetes, In the 60-69-year age group, clozapine was
asseciuted with a significantly decreased prevalence.

Discussion

This study demonstrated, overall, a signiticant associa-
tion between prescription of clozapine, nlanzapine, and
quettapine, but not risperidone, and dingnosis of diabetes
meliitus, compared with prescription of typical neurolep-
tics. In analyses that controlled for age, the strongest effect
was observed in patients less than 40 years old (odds ra-
tio=1.63, 95% Cl=1.23-2.16), and each of the atypical neu-
roleptics was associated with an increased prevalence of
diabetes mellitus in at least two of the age groups, These
results are consistent with recent reports of significantly
higher serum glucose levels in patients randomly assigned
to olanzapine, compared to those receiving haloperidol
(10), even without adjustments for age.

TABLE 2. Logistic Regression Analysis of Association Be-
tween Prescription of Atypical and Typical Neuroleptic
Medication and Presence of a Diagnosis of Comorbid
Diabetes Mellitus in Patients With Schizophrenia, by Age
Group

Age Group and Medication Odds  95% Cenfidence

Prescribed - Ratio Interval D
All ages

Any typical {N=15,984)

Any atypical (N=22,648)* 1.09 1.03-1.1% 0.002
Clozapine {N=1,207) 1.2% 1.07-1.46 <(.005
Glanzapine (N=

10,970) i1 j.04-1.18 <U.002
Quetiapine (N=955) 1.3 1.11-1.55 <0.002
Risperidone (N=9,903) 1.05 0.98-1.12 0.15

<40 years

Any typica! (N=1,105)

Any atypical (N=3,076)% 1.63 1.23-2.16 0.001
Clozapine (N=232) 213 1.36-3.35% <0.002
Olanzapine {N=1,474) 1.64 1.23-2.21 0.00049
Queliapine {(N=165) 1.82 1.05-3.15 <{1.04
Risperidone [N=1,267) 1.51 1.12-2.04 <(1LOU8

40—49 years

Any typical (N=4 980)

Any atypical (N=8,479)" 116 1.04-1.28 <0006
Cozapine (N=5066) 143 1.13-1.81 <003
Olanzapine (N—4,203) 1.19 1.06G-1.34 <().003
Quetiapine (N=368) 1.86 1.43-2.41 0.0001
Risperidone {(N=3,518) 1.04 09z2-1.17 155

50-59 years

Any typical (N=5,065)

Any alypicat (N=6,648)* 1.16 1.06-1.27 (1002
Clozapine (N=3.22) T07 0.88-154 0.28
Olanzapine {(N=3,256) 116 1.04-1.29 =(.008
Quetiapine (N=281} 119 0.89-1.59 1.24
Risperidone {N=2,891) T.13 1.01-1.26 <{).05

60--69 years

Any typical (N=2,547)

Any atypical {N=2,453)" .90 0.79-1.03 .14
Clozapine [N=69) 0.50 0.26-0.96 <i).4
Olanzapine (N=1,172) 0.90 0.77-1.07 0.23
Quetiapine (N=92} 0.90 0.55-1.46 10.66
Risperidone (N=1,1560) 0.94 .80 110 0.44

=70 years

Any Lypical (N=2,287)

Any atypical (N=1,992) 1.01 0.87-1.17 1,91
Clozapine (N=18) 161 0.59-4.37 0.3%
Clanzapine (N=865) 0.99 0.82-1.19 0.91
Quetiapine (N=49) 0.62 0.30-1.28 0.19
Risperidone (N=1,071) 1.02 0.86-1.21 0.82

2 Number of patients receiving prescriptions for any atypical neure
leptic is less than the total for the individual atypical neuruleptics
because sume palients received prescriptions for mere than one
atypical neuroleptic.

The obscrvation that there are no overall differences in
the rates of diabetes mellitus in the older age groups sug-
gests that those with the predilection to develop diabetes
in these age groups have already done so, and those left,
lacking the diathesis for its development, will not develop
diabetes despite being exposed to atypical neurolepti
Thus the increased prevalence associated with atypical
antipsychotics may be thought of hastening the onset of
diabetes rather than precipirating it de novo. The observa-
tion of no difference at older ages may also suggest that, in
those groups, age may be a inore important risk factor for
comerbid diabetes than the neuroleptic prescribed.

Both the typical and atypical treated groups demon-
strated very high rates of diabetes mellisus. The rate of di-
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abetes mellitus in the general U.S. male population age
20-39 years is 1.1% (25), whereas we observed rates of
6.2%-8.7%. These findings are consistent with previous re-
ports of rates of 5.6%—6.7% in U.S. patients with schizo-
phrenia age £8-44 years (23),

Several methodological limitations deserve mention,
First, although this study examined data from more than
38,000 patients with a diagnosis of schizophrenia who re-
ceived prescriptions for neuroleptics, the narrow time
tframe of 4 months yielded a virtual cruss-sectiona! samn-
ple, precluding determination of the tempural refation-
ship between the prescription of neuroleptics and the de-
velopment of diabetes mellitus. It is possible, therefore,
that patients may have been switched from an atypical to
either a typical neurnleptic or another atypical sccondary
to development of diaberes before the 4-month prescrip-
tinn window. Such a switch would have the practical con-
sequence of underestimating the risk for those medica-
tions more likely to cause diabetes and overestimating the
visk for those medications less likely to cause the disease.

Second, data on changes in weight in patients who re-
ceived prescriptions for atypical neuroleptics were also
unavailahle. These data might have clarilied one potential
mechanisi ol action lor the development of diabetes.

Third, the patients who received prescriptions for typical
neuroleptics may have been less likely to tuke the medica-
Hons because of their side effect profiles than were those
wilh prescriptions for the alypical neuroleptics. Thus, even
if both groups of neuroleptics were equally likely to cause
diabetes, more cases of diabetes might be seen in the atyp-
ical group it paticnts were taking iore of their prescritved
medication. We think, however, that this explanation is un-
likely because cmpirical data show that, although patients
taking utypical newroleptics are more likely to continue on
those medications for an extended perind of time, they are
no more likely Lo take the prescribed dosage than patients
who lake typical neuroleptics (29).

Fourth, this study relied on screening an administrative
‘dlatabase for appropriate ICD-9 codes to identify cases of
diabetes mellites. Although the validity of this method has
not been established empirically, there is no reason to be-
lieve that this method would vesalt in any bias in the as-
signment of cuses of diabetes to either the typical or atyp-
tcal neuroleplic groups.

Finulty, several possible alternative explanations for our
ubservaticn deserve comment. First, it is possible that pa-
licnts with preexisting diabetes mellitus were selectively
switched to atypical neuroleptics. This explanation is un-
likely, since the literature has simplicated atypical neuro-
leptics in potentially inducing or exacerbating diabetes
Mellitus. [t is more likely that clinicians, aware of case re-
hotts asserting a connection between some atypical neu-
roleptics and diabetes mellitus, might have avoided these
medications in patients with diabetes, artificially decreas-
ing our ability to detect an association. It is also possible,
however, that clinicians who were aware of the potential
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risks could have chosen to monitor blood stgars more
carefully in patients taking atypical neuroleptics, thereby
identifying additional cases of diabetes and inflating the
effect size.

A second alternative interpretation is that both atypicul
neuroleptic prescription and receipt of a diagnosis of diabe-
tes could be associated with more severe forms of schizo-
phrenia. i more severe cases of schizophrenia have a
higher risk of diabetes meliitus, then more symptomatic
patients may be both more likely to receive atypical anti-
psychotics and to be at greater risk for diabetes, although
the atypical neuroleptics are not the causal agent, Al-
though we cannot rute out these potentially confounding
associarions, we have attempted to adjust for them by co-
varying the etfect of several measures of severity in our
analyses.

Third, it is possible that receipt of atypical neuroleptics
and having a dingnosis of diabetes both reflect a higher
overall quality of medical care, including careful medical
monitoring and state-of-the-art psychopharmacology.

Thug, aithough this study in a large national sample has
demonstrated a substantial and stalistically significant as-
sociation between atypical neuroleptic prescription and
diabetes mellitus, it did not definitively establish a causal
relationship. The results are, however, strongly sugeestive
ofsuch a relationship and detmonstrate both the potential
magnitude and public health importance of this associa-
tion, as well as the potential utility of menitoring patients
who receive atypical neuroleptics for signs and symptoms
ot diabetes mellitus.

Ina recent comprehensive review of the effectiveness of
atypicat neuroleptics, Geddes et al. (30) concluded that
the primary benefit of atypical antipsychotics was in re-
ducing side cffects. (fit is established that these medica-
tons reduce the risk of extrapyramidal symptoms but in-
crease the risk of diabetes, the visk/benefit ratio of these
medications might be significantly altered.
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