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Abstract: Case evidence suggests that some of the atypical
antipsychotics may induce type 2 diabetes. The objective of this
study was to evaluate the association of antipsychotic treatment
with type 2 diabetes in a large health plan database. Claims data for
patients with psychosis within a health plan of nearly 2 million
members were analyzed using logistic regression. Frequencies of
newly treated type 2 diabetes in patients untreated with anti-
psychotics and among patients treated with quetiapine, risperidone,
olanzapine, and conventional antipsychotics were compared. Based
on exposure measured in months of antipsychotic treatment,
quetiapine and risperidone patients had estimated odds of receiving
treatment for type 2 diabetes that were lower than those of patients
untreated with antipsychotics (not statistically significant); patients
treated with conventional antipsychotics had estimated odds that
were virtually equivalent to those of patients untreated with
antipsychotics; olanzapine alone had odds that were significantly
greater than those of patients untreated with antipsychotics
(P = 0.0247). Odds ratios based on 8 months of screening for
pre-existing type 2 diabetes and assuming 12 months of antipsycho-
With No Type 2 Diabetestic treatment were: risperidone = 0.660
(95% CI 0.311-1.408); olanzapine = 1.426 (95% CI 1.046-1.955);
quetiapine = 0.976 (95% Cl 0422-2.271); and conventional
antipsychotics = 1.049 (95% CI 0.688-1.613). Case reports,
prospective trials, and other retrospective studies have increasingly
implicated olanzapine and clozapine as causing or exacerbating
type 2 diabetes. Few have implicated risperidone while evidence on
quetiapine has been limited. This study supports earlier findings on
risperidone versus olanzapine and builds evidence on quetiapine.
Additional studies are needed to evaluate the association of
antipsychotic treatment with type 2 diabetes.
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typical antipsychotics approved by the Food and Drug

Administration for sale in the United States include
clozapine, risperidone, olanzapine, quetiapine, and recently,
ziprasidone. These agents have a major advantage over
conventional antipsychotics such as haloperidol and perphe-
nazine in that they are less likely to produce extrapyramidal
side effects or elevate prolactin levels while being at least as
effective in treating the symptoms of schizophrenia and
related psychoses.'™'? However, atypical and conventional
antipsychotics have other side effects that need to be
considered when assessing overall safety and efficacy. For
example, risk of agranulocytosis, a very serious and poten-
tially fatal blood disorder, has limited the use of clozapine.'?
This study further investigates the association between anti-
psychotics and type 2 diabetes.

In a number of reported cases, patients became glucose
intolerant after initiating antipsychotic treatment. Most
of these cases involved the atypical antipsychotics cloza-
pine'*~%" and olanzapine,'**"~3* with quetiapine suspected in
and risperidone in 3 cases.*®** The earlier case
literature has also associated some conventional antipsy-
chotics with type 2 diabetes.*'~** Prospective trials involving
relatively small numbers of schizophrenia patients have also
examined the association between antipsychotics and diabe-
tes. Lindenmayer et al** found clozapine, olanzapine, and
haloperidol, but not risperidone, to be associated with an
increase of plasma glucose level. Newcomer et al*® found
olanzapine-treated and clozapine-treated patients to have
significant glucose elevations in comparison to both patients
treated with conventional antipsychotics and to healthy
controls, while risperidone-treated patients had significantly
higher elevations with respect to healthy controls only.

The propensity of antipsychotics to cause weight gain
has been postulated as a frequent but not sole mechanism
by which they may induce type 2 diabetes,'® and many
antipsychotics have been associated with excessive weight
gain in clinical trials and clinical experience.*®*” Potential
mechanisms of glucose dysregulation associated with anti-
psychotics have also been discussed in the literature.*®4°
Central regulation of blood glucose is controlled by the
hypothalamus, and hypothalamic dopamine antagonism by
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some antipsychotics may lead to dysregulated blood glucose
control. Other receptors have also been postulated to be
associated with antipsychotic-induced diabetes, including
serotonin 5-HT A and 5-HT; and histamine-1 ¢

Retrospective studies based on large populations have
also examined the association between antipsychotics and
type 2 diabetes. Hedenmalm et al’®, using a WHO database,
found treatment with clozapine, olanzapine, and risperidone,
but not with haloperidol and chlorpromazine, to be signifi-
cantly associated with glucose intolerance. Sernyak et al’!
compared schizophrenia patients within the U.S. Veterans
Administration system who were treated with the atypicals,
such as clozapine, risperidone, olanzapine, and quetiapine,
versus those treated with conventional antipsychotics and
found all of the atypicals except risperidone to have higher
risk of diabetes. A study by Koro et al>? using data from the
United Kingdom compared schizophrenia patients treated
with risperidone or olanzapine and found olanzapine, but not
risperidone, to be associated with higher risk of diabetes.
Caro et al,>® using a Quebec database of patients treated with
olanzapine or risperidone and with no prior diabetes, found
olanzapine-treated patients to be associated with a higher
risk of developing diabetes. Gianfrancesco et al,>* using data
for psychosis patients within two U.S. health plans, found
olanzapine, clozapine, and conventional antipsychotics, but
not risperidone, to be associated with a significantly higher
risk of diabetes. The study controlled for pre-existing diabetes
and the level of patient exposure to each of the antipsychotics.

The present study applied methods similar to Gian-
francesco et al>* to more recent data, but used more restrictive
criteria to identify type 2 diabetes. Actual treatment for the
disease was required as evidenced by prescription claims for
antidiabetes medications or insulin. The appearance of a type
2 diabetes diagnosis (ie, ICD-CM-9 code) on a medical claim
may simply mean that the patient was examined for this
condition and does not necessarily mean that the patient
tested positively. The examination itself may have been
prompted by the patient’s history, including excessive weight
gain caused by a prior medication. It may also have been
prompted by a perceived risk of diabetes associated with the
newly prescribed antipsychotic.

MATERIALS AND METHODS

Design

This was a retrospective analysis of a Blue Cross/Blue
Shield claims database with nearly 2 million members who
had both medical and drug coverage. The available data
extended from April 1997 through October 2000. Antipsy-
chotic effects on type 2 diabetes were estimated by com-
paring patients with psychosis who received antipsychotic
treatment to patients with psychosis who were not treated
with antipsychotics (controls). This control group was used

© 2003 Lippincott Williams & Wilkins

because psychoses may be linked to diabetes independently
of the use of antipsychotics.>>>®

Patients were identified as having a psychotic disorder
(ICD-CM-9 290.xx-299.xx) and who were either not using
any antipsychotics or on antipsychotic therapy for 60 con-
secutive days or more. Continuous use of antipsychotics and
at least 1 medical claim for psychosis were deemed sufficient
to establish that a patient had psychosis. For individuals not
treated with antipsychotics during the study period, at least 4
medical claims for psychosis were required to establish that
they were psychotic. Patients with psychosis on antipsy-
chotic therapy for less than 60 days were excluded. Because
of the possibility of noncompliance, one 30-day prescription
(the typical size) was judged insufficient to indicate that the
antipsychotic was actually used.

Four categories of antipsychotic therapy were defined:
risperidone, olanzapine, quetiapine, and conventional anti-
psychotics (perphenazine, fluphenazine, trifluoperazine, thi-
othixene, haloperidol, molindone, loxapine, prochlorperazine,
acetophenazine, chlorpromazine, promazine, triflupromazine,
thioridazine, mesoridazine, chlorprothixene). Patients treated
with clozapine were ultimately excluded from the treated
group because the number was too small. Ziprasidone, which
was approved in early 2001, was also not included.

Treatment episodes were used to identify periods of
antipsychotic use. Treatment episodes were defined as the
time from the date of the first prescription for an anti-
psychotic to the final date of treatment calculated from the
date of the last prescription plus its days’ supply. Identifica-
tion of a prescription as the first prescription in a treatment
episode required that it not be preceded by another pre-
scription for that antipsychotic for at least 90 days. Patients
could have more than 1 treatment episode. In addition, treat-
ment overlaps were possible due to temporary concurrent use
of a prior antipsychotic when transitioning to a new anti-
psychotic therapy.>®

Diabetes observation periods for treated patients
were constructed to lag antipsychotic treatment episodes by
30 days to account for individuals diagnosed and treated for
type 2 diabetes after discontinuation of therapy. A 30-day lag
period is also consistent with the likelihood that any
diabetogenic effects of antipsychotics would take some time
to emerge after initiating therapy. Nearly all of the case
literature reported diabetic effects occurring in excess of
30 days beyond the start of an antipsychotic therapy.

The main goal of the research design was to avoid
arbitrary assignment of diabetes to the antipsychotics being
compared. The use of antipsychotic treatment episodes
rather than index dates to assign diabetes cases insured that
the onset of diabetes was linked to the actual time that an
antipsychotic was used. If treatment episodes with different
antipsychotics overlapped and diabetes occurred within the
overlap (ie, beyond the 30-day lag), the diabetes case was
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assigned to both antipsychotics. While multiple and poten-
tially overlapping antipsychotic treatment episodes for the
same patient raised the possibility of interdependence among
observations, this was judged to be a lesser problem than
that of arbitrary assignment of diabetes. Dropping the 1st or
2nd antipsychotic treatment episode to avoid interdepen-
dence can result in arbitrary assignment and create other bias
if being Ist or 2nd is not random (eg, quetiapine was far
more likely than risperidone and olanzapine to have been a
2nd-line therapy).

For untreated patients, observation periods for type 2
diabetes were constructed using 18 index dates separated
by 2-month intervals and starting on December 1, 1997.
Untreated individuals were randomly assigned with these
starting dates. This procedure was necessary to create
sufficient variation in length of observation period for the
untreated group to avoid confounding period length with the
presence or the absence of antipsychotic treatment. Observa-
tion periods lasted from the selected index date to the end of
the study period (October 31, 2000); only untreated indi-
viduals enrolled for the entire study period were included.

Type 2 diabetes was assumed only if a patient received
treatment for this condition. Those treated for type 2 diabetes
were identified with prescription claims containing National
Drug Codes for antidiabetic medications (1st-generation and
2nd-generation sulfonylureas, biguanides, glucosidase inhib-
itors, meglitinides, and thiazolidinediones) and National
Drug Codes for insulin if individuals also had medical claims
with ICD-CM-9 codes for this condition. Insulin is used
primarily for type 1 diabetes and acute onset diabetic acidosis
secondary to some antipsychotics, whereas antidiabetic medi-
cations are used exclusively for type 2 diabetes. The ICD-
CM-9 codes for type 2 diabetes are 250.x0 and 250.x2.

An interval of 8 months before each diabetes obser-
vation period was used to screen for subjects with prior
evidence of type 2 diabetes. Subjects with medical or
prescription claims for type 2 diabetes during this period
were excluded. The 8-month interval was selected because a
shorter interval would have been less sensitive (greater
likelihood of including patients with pre-existing type 2
diabetes) and a longer interval would have substantially
reduced the sample size.

Analysis

Logistic regression was used to estimate the effects on
odds of acquiring type 2 diabetes treatment for patients
within each of the 4 antipsychotic categories versus controls.
Each of the categories was represented by a continuous
variable, which measured months of antipsychotic treatment,
with zero values for all 4 categories indicating no anti-
psychotic treatment. Because antipsychotic treatment dura-
tion varied among treated psychosis patients, categorical
(1, 0) variables were judged inappropriate for measuring
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patient exposure to each antipsychotic. Several other varia-
bles were specified in the model to control for other patient
characteristics potentially affecting risk of type 2 diabetes or
the likelihood of treatment These included: patient age, sex,
length of observation period (which corresponded to length
of antipsychotic treatment episode for treated psychosis
patients), use of other psychotropic drugs measured in dollars
per month (eg, lithium and SSRIs have been associated with
glucose intolerance),’™®! use of B-blockers measured as a
categorical variable (these antihypertensives have been as-
sociated with higher risk of type 2 diabetes),®* type of
healthcare coverage, type of psychosis, and prior treatment
for weight gain measured as a categorical variable . A dia-
betic event, encompassed by 2 overlapping antipsychotic
therapies, was assigned to both. However, an antipsychotic
treatment episode in which another antipsychotic is also used
is not the same as one involving monotherapy. To account for
this difference and its potential effects, a variable was added
that measured the ratio of other antipsychotic days’ supply to
treatment antipsychotic days’ supply.

Logistic regression generated an odds ratio for each
of the variables specified in the model. The odds ratio for
each of the 4 variables measuring antipsychotic exposure
measured the degree (%) by which some base probability of
type 2 diabetes was greater due to 1 month of treatment with
that antipsychotic. The base probability depended on other
characteristics of the population to which the antipsychotic
was applied. Odds ratios for months of antipsychotic
treatment >1 were obtained by increasing the 1-month odds
ratio to a power equal to the desired months of treatment. The
same interpretation applies to other continuous variables
specified in the logistic model. This is standard procedure for
continuous variables in logistic regression.®?

RESULTS

A total of 6582 patients with psychosis received at
least 60 consecutive days of antipsychotic therapy during the
study period, whereas 10,296 received no antipsychotic
treatment. For the treated patients, there were 2860 treatment
episodes identified for risperidone, 2703 for olanzapine, 922
for quetiapine, and 2756 for conventional antipsychotics.
About 30% of the treated patients had more than 1 treatment
episode with either the same or a different antipsychotic.
Also, treatment episodes with different antipsychotics over-
lapped in 27% of the observations.

Patients treated with antipsychotics were somewhat
younger than untreated patients and had a larger proportion
of males (Table 1). Observation periods among untreated
patients were almost twice as long as those of treated
patients, increasing the likelihood of observing type 2
diabetes in that group. Although treated and untreated
patients differed considerably with respect to type of psy-
chosis, major depression was the most common diagnosis in
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both groups (38% and 76%, respectively) and schizophrenia
occurred at low rates (14% and 1%, respectively). Untreated
patients had a lower per-capita use of other psychotropic
medications and of B-blockers, and a lower percentage
indicating a prior problem with weight gain.

Differences in patient characteristics also existed
among the 4 antipsychotic categories. Observation period
and duration of treatment were longest for conventional
antipsychotics and shortest for quetiapine, which may be
explained by its relative newness to the market at the time
of the data collection [April 1997-October 2000]. Patients
treated with quetiapine had the highest per-capita use of other
psychotropic medications and the highest percentage of
patients indicating a prior problem with weight gain; both of
these conditions may be partly explained by the fact that
patients treated with quetiapine were 2 to 3 times more likely

to have been switched from another antipsychotic. Patients
treated with conventionals had the highest percent using
B-blockers while those treated with risperidone had the
lowest, consistent with the average ages of these 2 groups.
The breakdown of patients by type of psychosis was roughly
similar among the antipsychotic categories.

Table 2 shows frequencies of treated type 2 diabetes
among the antipsychotic categories. Across all groups, type 2
diabetes treatment tended to be relatively more frequent
among patients with longer observation periods. Overall,
patients treated with antipsychotics had higher rates of type 2
diabetes treatment than patients untreated with antipsy-
chotics. While this suggests that antipsychotics as a class
have diabetic effects, the differences were not large. Among
the 4 antipsychotic categories, risperidone and quetiapine
had the lowest percentages of patients treated for type 2

TABLE 1. Profile of Psychosis Patients

Without With
Antipsychotic  Antipsychotic
Treatment Treatment Risperidone  Olanzapine  Quetiapine  Conventionals
Age
Mean (SD) 39.5 (14.3) 37.5 (15.1) 334 (16.3) 37.1(14.5)  35.6 (14.5) 43 (12.6)
Median 42 40 36 39 38 44
Sex
Female 0.64 0.59 0.55 0.57 0.65 0.64
Male 0.36 0.41 0.45 043 0.35 0.36
Type of health care coverage
Managed care 0.66 0.62 0.65 0.62 0.59 0.61
Indemnity 0.34 0.38 0.35 0.38 0.41 0.39
Observation period
Mean (SD) length in months 18.2 (10.6) 9.7 (9.7) 9.1 (8.9) 8.7 (8.7) 7.1 (6.2) 12.1 (11.8)
Median length in months 17.3 5.9 5.7 5.5 5 7.3
Antipsychotic treatment duration
Mean (SD) length in months NA 9.9 (9.8) 94 (9.1) 9 (8.9) 7.5 (6.3) 12.3 (12)
Median length in months NA 6.1 6 5.6 5.3 7.4
Diagnosis
Schizophrenia 0.01 0.14 0.1 0.11 0.1 0.18
Bipolar and manic 0.16 0.35 0.36 0.37 0.37 0.32
Major depressive 0.76 0.38 0.39 0.39 0.43 0.36
Other psychoses 0.07 0.13 0.15 0.13 0.1 0.14
Use of other psychotropic drugs
Mean (SD) dollars per month 57 (7 96 (120) 98 (120) 99 (108) 112 (151) 86 (118)
Median dollars per month 30 67 68 71 81 54
{3-Blocker use (percent of patients) 8.03 10.04 7.34 11.17 10.41 12.01
Concurrent use of other antipsychotics
Percent of patients NA 27 22 27 33 31
Prior weight gain problem
Percent of patients 1.4 2.3 2.2 2.3 4 2
NA, not applicable.
© 2003 Lippincott Williams & Wilkins 331
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TABLE 2. Frequency of Type 2 Diabetes Treatment Among
Antipsychotic Categories

Treated for

Total Diabetes Percent
Without antipsychotic treatment
<4 months observation 1090 0 0.0
4--8 months observation 1083 0 0.0
8-12 months observation 1077 3 0.3
>12 months observation 6439 84 1.3
With antipsychotic treatment
<4 months observation 1995 3 0.2
4-8 months observation 1479 3 0.2
8--12 months observation 721 7 1.0
>12 months observation 1055 17 1.6
Risperidone
<4 months observation 619 2 0.3
4-8 months observation 483 ] 0.2
8—12 months observation 244 0 0.0
>12 months observation 329 2 0.6
Olanzapine
<4 months observation 687 1 0.1
4-8 months observation 467 i 0.2
8-12 months observation 234 3 1.3
>12 months observation 331 10 3.0
Quetiapine
<4 months observation 266 0 0.0
4-8 months observation 219 1 0.5
8-12 months observation 83 1 1.2
>12 months observation 114 i 0.9
Conventionals
<4 months observation 423 0 0.0
4-8 months observation 310 0 0.0
8~12 months observation 160 3 1.9
>12 months observation 281 4 1.4

diabetes, while olanzapine and conventional antipsychotics
had the highest.

Table 3 presents odds ratios for type 2 diabetes
treatment for the 4 antipsychotic categories versus no anti-
psychotic treatment, as estimated using logistic regression.
Antipsychotic exposure was captured by variables measuring
duration of treatment. Additional variables were specified to
control for other differences among the groups that could
also affect the odds of type 2 diabetes treatment. The number
of observations was 14,914, with 117 treated for type 2
diabetes. Olanzapine alone had odds of type 2 diabetes
treatment that were significantly greater (P = 0.0247) than
those of patients untreated with antipsychotics (OR = 1.03 for
1 month of olanzapine treatment). This suggests that 1 month
of treatment with olanzapine increased the likelihood of
type 2 diabetes treatment by 3% above that of untreated
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psychosis patients. Risperidone and quetiapine had estimated
odds that were lower than for untreated patients (not sig-
nificant), whereas conventional antipsychotics had odds that
were virtually equivalent to untreated patients.

Among the control variables, age was highly signifi-
cant (P < 0.0001), as would be expected for type 2 diabetes.
Because age was a continuous variable expressed in years,
its odds ratio indicates the percent increment in the odds of
type 2 diabetes treatment as an individual aged by 1 year.
Logically, the length of the observation period also affected
the likelihood of observing type 2 diabetes ( P < 0.0001). Use
of B-blockers was associated with higher odds of diabetes
treatment (P = 0.0002). Significantly lower odds were asso-
ciated with bipolar disorder (P = 0.01) and major depression
(P = 0.0015) in comparison to other psychoses, which
included alcohol-related and drug-related disorders. While
schizophrenia also had lower estimated odds, this was not
statistically significant. Other factors, such as patient use of
other psychotropic drugs and prior weight gain problems,
were not statistically significant.

In Table 4, the odds ratios estimated for 1 month
of antipsychotic treatment were converted to 12 months of
treatment by increasing the 1-month odds ratios to a power of
12.9 Ninety-five percent confidence intervals for these are
also shown. The 12-month odds ratio of olanzapine was
highest (1.426), implying a 42.6% greater likelihood of
type 2 diabetes than among untreated patients.

DISCUSSION

A possible relationship between antipsychotics, par-
ticularly the atypical antipsychotics olanzapine and cloza-
pine, and type 2 diabetes has been suggested in a number of
case reports'*> and at least 2 prospective trials.****. A
recent study by Glick et al®® comparing olanzapine and
ziprasidone showed that after only 6 weeks of treatment with
olanzapine, weight, fasting insulin, total cholesterol, and
triglycerides rose significantly compared with ziprasidone.
Evidence that antipsychotics have differential effects on
weight gain also suggests that they may have differential
effects in causing or exacerbating type 2 diabetes, with
excess body weight as a major risk factor for this disease.
According to 2 comprehensive studies,*®*” olanzapine and
clozapine are more likely to cause excessive weight gain
than other antipsychotics.

Because of the small numbers involved, case findings
and prospective trials may be limited in their ability to
demonstrate statistical associations between specific anti-
psychotics and type 2 diabetes, particularly over the diverse
patient populations using these medications. To overcome
this limitation and to provide an alternative source of
evidence, this study and earlier studies®*~>* used health plan
data to investigate the medical histories of thousands of
patients with psychosis. The current study, which used

© 2003 Lippincott Williams & Wilkins
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TABLE 3. Logistic Regression Results: Treated Type 2 Diabetes Among Psychosis Patients

Model 1 (Treatment Duration)

Variable Odds Ratio Pr > x*
Antipsychotic treatment duration (yes = months; no = 0)

Risperidone 0.966 0.2848
Olanzapine 1.030 0.0247
Quetiapine 0.998 0.9593

Conventionals 1.004 0.8099
Age 1.055 0.0001

Sex (male = 1) 1.200 0.2947
Observation period (months) 1.067 0.0001

Other psychotropic drugs (dollars per month) 0.999 0.4068
(3-Blocker use (yes = 1; no = () 2107 0.0002
Concurrent antipsychotics (ratio of days supply) 0.971 0.9589
Coverage (managed care = 1; indemnity = 0) 0.819 0.2461

Schizophrenia (yes = 1; no = 0) 0.445 0.1076
Bipolar/manic (yes = 1; no = 0) 0.444 0.0100
Major depressive (yes = 1; no = 0) 0.449 0.0015
Prior weight gain problem (yes = 1; no = 0) 0.960 0.9364

Number treated for type 2 diabetes (1) = 117; number not reporting type 2 diabetes (0) = 14,797, total observations = 14,914. Patients with diabetes medical
claims during observation but without prescription claims for antidiabetics or insulin are excluded. This group cannot be definitely classified as having or not
having type 2 diabetes. Patients untreated with antipsychotics are represented by zeros for each of the four specified antipsychotic categories.

methods similar to Gianfrancesco et 31,54 is more restrictive

than earlier studies in that treatment of type 2 diabetes with
oral hypoglycemic medications or insulin was required as
evidence of this disease.

The frequency of type 2 diabetes treatment was
compared among patients with psychosis who were untreated
with antipsychotics and those treated with risperidone,
olanzapine, quetiapine, and conventional antipsychotics.
Because of important differences among the groups, logistic
regression was used to more accurately estimate antipsy-
chotic effects on the odds of type 2 diabetes treatment.
Antipsychotic exposure was measured in treatment duration
(months). Olanzapine alone had odds of type 2 diabetes
treatment that were significantly greater than those of
patients with psychosis who were untreated with antipsy-
chotics (P = 0.0247). The odds ratio of olanzapine based on
12 months of treatment was 1.426, suggesting a 42.6%
greater likelihood of type 2 diabetes than in untreated
patients with psychosis.

While not reported, this study did address another
measure of antipsychotic exposure, dosage level. As with
Gianfrancesco et al,>* antipsychotic dose (measured in
risperidon-equivalent milligrams) was specified as an alter-
native measure, but did not achieve statistical significance.
Antipsychotic dose is less efficient than duration of treatment.
It is dependent on patient body weight, so that different doses
may imply the same degree of antipsychotic exposure for

© 2003 Lippincott Williams & Wilkins

patients with different body weights. While patient weight
is not reported in claims data, the relationship between
antipsychotic dose and body weight was reflected in the fact
that male daily doses averaged 28% higher than female doses.
Also, the average dose (the only practical way of capturing
this effect) does not reflect the varying dosage levels and their
timing during the course of treatment. Consequently, the
average dose may be weakly related to diabetes.

The sampling units in this study were antipsychotic
treatment episodes rather than patients. Because some
patients had more than 1 treatment episode, interdependence
of sampling units was considered as a potential statistical
problem. Multiple antipsychotic treatment episodes for the
same patient may violate the independence of sampling units
if the type 2 diabetes is linked to inherent patient character-
istics (eg, genes). However, the mechanism(s) through which

TABLE 4. Odd Ratios Converted to 12-Month Treatment
Duration

Odds Ratio Confidence Interval
Risperidone 0.660 0.311-1.408
Olanzapine 1.426 1.046-1.955
Quetiapine 0.976 0.422-2.271
Conventionals 1.049 0.688-1.613
333
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antipsychotics may cause type 2 diabetes is still unknown,
and there is little reason to assume that inherent patient
characteristics play a key role. Also, interdependence of
sampling units can be caused by other factors (eg, 2 different
patients being treated by the same physician). The boundaries
set by antipsychotic treatment episodes are crucial for
accurate assignment of diabetes cases. When patients use
multiple antipsychotics for varying durations, the use of the
patient as the sampling unit may result in arbitrary asso-
ciations. Assignment of diabetes to an antipsychotic should
depend not only on whether the patient was treated with that
antipsychotic, but on when the diabetes occurred in relation
to the treatment.

The approach taken in this study was conservative in
that diabetes cases were counted as such only if there was
treatment with oral hypoglycemic medications or insulin.
This excluded a considerable number of cases in which type 2
diabetes appeared as a diagnosis on medical claims but for
which there was no subsequent treatment. While these may
have reflected mild cases of glucose intolerance, they may
have also reflected patients who tested negative for this
condition. A diagnosis of type 2 diabetes may appear on a
medical claim if a patient is examined for this condition, but
does not necessarily mean that the patient tested positively.
Because examination for type 2 diabetes may not be random,
but may depend on perceptions of diabetes risk associated
with the newly prescribed antipsychotic, dependence on
medical claims may create bias.

Under this more conservative approach, patients treated
with olanzapine alone were shown to face higher odds of type
2 diabetes than patients with psychosis untreated with
antipsychotics. In contrast, risperidone and quetiapine had
estimated odds that were less than those of untreated patients,
although this difference was not statistically significant. With
regard to the risk of type 2 diabetes, these atypical anti-
psychotics appear to be safer than olanzapine.
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