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OBJECTIVE:

 

To assess whether newer antipsychotic medica-
tions are associated with weight gain and development of
diabetes.

 

DESIGN:

 

Retrospective cohort study.

 

SETTING:

 

Data from a comprehensive electronic medical
record serving an urban public hospital and a citywide network
of mental health clinics.

 

PATIENTS/PARTICIPANTS:

 

Three thousand one hundred fif-
teen patients at least 18 years old who were prescribed a single
antipsychotic drug for at least 1 year.

 

METHODS:

 

We identified independent predictors of significant
weight gain (

  

≥≥≥≥

 

7%) and new onset of diabetes mellitus in the
first year of antipsychotic drug treatment, using logistic
regression adjusted for demographic characteristics, obesity,
preexisting psychiatric diagnoses, alcohol and drug abuse,
number of primary care, psychiatric clinic, and emergency
department visits, and pretreatment weight.

 

MEASUREMENTS AND MAIN RESULTS:

 

Twenty-five percent of
patients taking older phenothiazines developed significant
weight gain in the first year of treatment compared to 40% of
the patients taking olanzapine (adjusted odds ratio [OR], 2.8;
95% confidence interval [CI], 1.7 to 4.6; 

 

P

 

 < .0001) and 37%
of patients taking risperidone (adjusted OR, 2.3; 95% CI, 1.5
to 3.4; 

 

P

 

 < .0001). New diabetes developed in 3% of patients
taking older phenothiazines was new onset diabetes compared
to 8.0% of patients taking olanzapine (adjusted OR, 1.9; 95%
CI, 1.1 to 3.3; 

 

P

 

 = .03) and 3.5% of patients taking risperidone
(adjusted OR, 0.7; 95% CI, 0.4 to 1.4; 

 

P

 

 = .3). No association
was found between significant weight gain and developing dia-
betes (adjusted OR, 0.7; 95% CI, 0.4 to 1.4; 

 

P

 

 = .4).

 

CONCLUSIONS:

 

Olanzapine and risperidone use was associated
with gaining weight in the first year, but only olanzapine was
associated with developing diabetes mellitus.

 

KEY WORDS:

 

olanzapine; risperidone; diabetes; weight gain;
schizophrenia.

 

J GEN INTERN MED 2004;19:1200–1205.

 

I

 

n the last half-century, several new medications have
been developed to help treat schizophrenia. Initially,

phenothiazines were the only medication available to con-
trol psychotic patients’ agitation and aggression. However,
these medications were found to have many severe and
potentially irreversible side effects including acute dystonia,
akathisia, Parkinsonism, tardive dyskinesia, and weight
gain.

 

1,2

 

 In 1990, the first atypical antipsychotic, clozapine,
was introduced with marked reduction in the risk of
extrapyramidal symptoms and tardive dyskinesia. In the
past 10 years, several other atypical antipsychotic medi-
cations have been approved for clinical use. While there is
some disagreement over whether the atypical antipsychotic
drugs are more effective at alleviating the symptoms of
schizophrenia, the atypical drugs have a clear advantage
in lowering adverse drug effects.

 

3,4

 

However, the new atypical antipsychotic medications,
including olanzapine and risperidone, have been associ-
ated with significant weight gain

 

5–7

 

 and new onset diabetes
mellitus.

 

8–10

 

 Yet, recent epidemiological evidence casts
doubt on the association with diabetes and suggests that
there may be differences in the risk associated with use of
typical versus atypical antipsychotic drugs.

 

11

 

 Moreover,
prior studies have not adjusted for comorbid conditions
that could affect the rate at which patients with schizo-
phrenia gain weight or develop clinical diabetes mellitus.

 

9

 

Therefore, we performed a retrospective case-control study
using data from a large electronic medical record system
serving an inner-city public hospital to determine whether
risperidone and olanzapine were independently associated
with weight gain or the development of diabetes mellitus
among newly treated psychotic patients.

 

METHODS

Study Site and Subjects

 

After approval by the Indiana University (IU) Institu-
tional Review Board, data for this study were obtained
from the Regenstrief Medical Record System (RMRS),

 

12

 

a comprehensive electronic medical record system that
serves as the main clinical data repository for Wishard
Memorial Hospital (Indianapolis’s urban public teaching
hospital), Wishard’s primary and specialty care outpatient
practices, and Midtown Mental Health (a comprehensive
network of 26 tax-supported mental health centers in
Indianapolis). The RMRS contains all inpatient, outpatient,
and emergency department data including diagnoses, dia-
gnostic test results, drug therapy, procedures, vital signs,
and charges from Wishard Hospital and Midtown Mental
Health. These two systems are the main and often the only
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sources of allopathic and mental health care for indigent
persons in Indianapolis. Wishard’s primary care practices
(general internal medicine, pediatrics, and obstetrics and
gynecology) are located on the campus of IU Medical
Center and in five community health centers spread across
Indianapolis.

We selected patients who had ever been prescribed
olanzapine, risperidone, or one of the following typical anti-
psychotic drugs: chlorpromazine, flufenazine, mesoridazine,
piperacetazine, thioridazine, triavil, or trifluoperazine. If a
patient was prescribed more than one of these drugs, the
first recorded prescription was used in the analysis. The
date of this first recorded prescription of a target anti-
psychotic drug was the inception date for the patient in the
study cohort. We excluded patients less than 18 years of
age at the time of their first antipsychotic drug prescription
and those who were treated with their initial antipsychotic
drug for less than 1 year. Further, we excluded patients
prescribed haloperidol (which is most often used in this
practice for reasons other than schizophrenia, mainly
among older adults) or selected phenothiazines (e.g., pro-
methazine) that are mainly prescribed as anti-emetics.
For the analysis of weight gain, we only included patients
with weights recorded both before and during their first
year of antipsychotic drug treatment. Weight is routinely
recorded at all primary care, specialty care, and mental
health visits. For the analysis of new onset diabetes, we
excluded patients with no prior weight measurement and
those who, prior to first antipsychotic drug prescription,
had any of the following evidence of diabetes: any diagnosis
of type 1 or type 2 diabetes, treatment with any antidiabetic
medication, more than one recorded blood glucose value
greater than 200 mg/dl, or a single glycated hemoglobin
greater than 9%.

 

Data Extraction

 

From each patient’s RMRS medical record, we
extracted the following information from all data available
on or before the inception date (i.e., first recorded antip-
sychotic drug treatment): demographic data (age, gender,
and race), the last recorded weight, the diagnosis of
obesity, use of benztropine, evidence of diabetes mellitus
(as described above), selected measures of prior outpatient
health care utilization, and previously recorded mental
health diagnoses (i.e., schizophrenia, depression, anxiety,
bipolar disorder, personality disorder, dementia, alcohol
dependence, or elicit drug abuse). Then, for the year fol-
lowing each patient’s inception date, we extracted any
evidence of new onset diabetes mellitus and the highest
recorded weight. Weight gain of 7% or more was considered
clinically significant and is consistent with the Food and
Drug Administration’s definition of significant weight gain
for studies of psychotropic drugs.

 

13

 

 Each dichotomous
variable was coded 1 if evidence was found in the patient’s
electronic medical record prior to first antipsychotic drug
treatment, or coded 0 if no such evidence was found.

 

Statistical Analysis

 

To assess the effects of olanzapine and risperidone treat-
ment on the incidence of new onset diabetes and weight
gain of 7% or more, we used univariable and multivariable
conditional logistic regression.

 

14

 

 The multivariable ana-
lyses adjusted for demographic data, comorbid psychiatric
diagnoses, the preexisting diagnosis of obesity, benztro-
pine use, and prior outpatient health care utilization (as
described above). These adjusting variables were selected
to account for intensity of observation and additional
potential risk factors for weight gain and the develop-
ment of diabetes. To maximize the power of the analysis,
we performed multivariate statistical analyses separately
for olanzapine versus typical phenothiazines, and risperidone
versus typical phenothiazines. A two-sided 

 

P

 

 value 

 

≤

 

 .05
was considered significant in all analyses.

The study was performed under a contract with Bristol-
Myers Squibb that established the outcomes to be assessed
(weight gain and the development of diabetes). However, the
sponsor had no role in how these dependent variables were
defined, the selection of other independent variables or how
they were defined, or in the analyses.

 

RESULTS

 

Between 1972 and 2000, we identified 3,115 adults at
least 18 years of age who were treated for at least 1 year
with one of the target antipsychotic drugs: 438 (14%) were
first prescribed olanzapine, 482 (15%) risperidone, and
2,195 (70%) a typical phenothiazine (Fig. 1). Risperidone
was first prescribed in 1994, while olanzapine was first
prescribed in 1996. Table 1 contains descriptive statistics
for all 3,115 study patients. Of those taking a typical
phenothiazine, 870 (40%) were prescribed thioridazine, 503

FIGURE 1. Numbers of eligible subjects, antipsychotic drug
treatment, cases of significant weight gain (≥7% body weight),
and new onset diabetes during the first year of antipsychotic
drug therapy.
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(23%) chlorpromazine, 409 (19%) fluphenazine, 267 (12%)
trifluperazine, 140 (6%) perphenazine, 5 (0.2%) mesorid-
azine, and 1 (0.04%) piperacetazine. Approximately half of
the study patients were men and half African American.
In the first year of antipsychotic drug therapy, 25% of
patients initially prescribed a typical phenothiazine had
significant weight gain compared with 40% for patients
taking olanzapine and 37% of those on risperidone. Also, 3.2%
of patients on a typical phenothiazine developed evidence
of new onset diabetes compared with 8.0% of those taking
olanzapine and 3.5% of patients taking risperidone.

We identified predictors of weight gain among the
1,002 patients who had a weight recorded both before their
first antipsychotic drug treatment and during the following
year. Of these 1,002 patients, 161 were treated with olan-
zapine, 40% of whom had significant weight gain; 203 were
treated with risperidone (37% with significant weight gain);
and 638 were treated with a typical phenothiazine (25%
with significant weight gain) (see Fig. 1 and Table 1). As
shown in Table 2, adjusting for baseline weight, psychiatric
comorbid conditions, and number of primary care, psychi-
atric clinic, and emergency department visits, olanzapine
was significantly associated with significant weight gain
compared with those on typical phenothiazines, the refer-
ence group (adjusted odds ratio [OR], 2.8; 95% confidence
interval [CI], 1.7 to 4.6; 

 

P

 

 < .0001). Likewise, risperidone
was associated with significant weight gain (adjusted OR,
2.3; 95% CI, 1.5 to 3.4; 

 

P

 

 < .0001).

We identified predictors of new onset diabetes mellitus
among the 2,737 patients who had a previously recorded
weight and no prior evidence of diabetes at the time of first
antipsychotic drug treatment. Of these, 363 were taking
olanzapine, of whom 8.0% developed diabetes mellitus in
their first year on antipsychotic drug therapy; 398 were

Table 1. Characteristics of Adult Patients at First Treatment with an Antipsychotic Drug

First Antipsychotic Drug Prescribed

Characteristic
Olanzapine 

(n = 438)
Risperidone 

(n = 482)
Typical Phenothiazine 

(n = 2,195)

Female gender, % 49.3 51.9 57.8
Black race, % 45.1 47.9 47.9
Mean age, y (SD) 42.9 (12.0) 42.4 (14.5) 42.6 (14.9)
Mean number of years on drug (SD) 2.3 (1.2) 2.3 (1.5) 6.0 (4.8)
Schizophrenia, %* 35.2 22.6 0.2
Depression, % 17.1 18.5 5.0
Anxiety, % 10.5 11.0 5.6
Personality disorder, % 14.4 11.4 3.1
Dementia, % 6.2 9.3 1.6
Alcohol dependence, % 29.0 28.0 6.8
Drug abuse, % 15.3 12.7 1.8
Obesity, % 10.7 13.1 4.7
Benztropine, % 46.6 41.3 20.4
Primary care visits (mean, SD) 5.6, 11.7 5.3, 10.4 0.4, 2.1
Mental health visits (mean, SD) 66.2, 132.4 36.6, 100.9 0.5, 6.1
Emergency room visits (mean, SD) 9.8, 14.9 9.8, 16.2 2.0, 5.0
Mean weight, lb (SD) 185.4 (46.6) 187.6 (50.6) 168.6 (45.2)
≥7% weight gain during the 

first year of antipsychotic drug 
treatment, %

39.8 37.0 24.9

New onset diabetes in the first 
year of antipsychotic drug 
treatment, %

8.0 3.5 3.2

* All diagnoses were those available in patients’ electronic records prior to the visit in which the first antipsychotic drug was prescribed.
SD, standard deviation.

Table 2. Independent Multivariable Predictors of ≥≥≥≥ 7% 
Weight Gain in the First Year of Antipsychotic Drug Therapy

Independent 
Variables OR 95% CI χχχχ2 P Value

Olanzapine use 2.8 1.7 to 4.6 17.8 <.0001
Risperidone use 2.3 1.5 to 3.4 15.4 <.0001
Schizophrenia 0.7 0.4 to 1.2 1.8 .2
Depression 1.2 0.8 to 1.7 0.7 .4
Anxiety 1.2 0.8 to 1.9 1.1 .3
Personality disorder 0.8 0.5 to 1.5 0.5 .5
Dementia 0.8 0.4 to 1.4 0.8 .4
Alcohol abuse 1.1 0.7 to 1.6 0.1 .8
Drug abuse 1.1 0.6 to 2.0 0.02 .9
Obesity 1.3 0.8 to 2.0 1.2 .3
Cognitive dysfunction 1.1 0.8 to 1.6 0.2 .6
Primary care visits 0.98 0.97 to 1.0 0.28 .1
Mental health visits* 1.0 1.0 to 1.01 0.6 .4
Emergency visits 1.0 1.00 to 1.02 2.5 .1
Baseline weight, lb 0.99 0.96 to 0.99 38.2 <.0001

* Odds ratio for 10 visits.
OR, adjusted odds ratio; CI, confidence interval.
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treated with risperidone (3.5% developed diabetes); and
1,976 were treated with a typical phenothiazine (3.2%
developed diabetes). As shown in Table 3, olanzapine use
was a significant predictor of developing new onset diabetes
(adjusted OR, 1.9; 95% CI, 1.1 to 3.3; 

 

P

 

 = .03). But risperidone
use was not associated with an increased risk of developing
diabetes (adjusted OR, 0.7; 95% CI, 0.4 to 1.4; 

 

P

 

 = .3).
To assess whether the increased risk of new onset dia-

betes associated with olanzapine use was associated with
weight gain, we repeated the multivariable logistic regres-
sion analyses of new onset diabetes in the subset of 744
(112 taking olanzapine, 150 taking risperidone, and 482
taking typical phenothiazines) who had no prior evidence
of diabetes and had weights recorded both before first treat-
ment with antipsychotic drugs and during the first year of
treatment. We then included in the multivariable analysis
an indicator of significant weight gain (

 

≥

 

7% body weight)
during the first year of antipsychotic drug therapy. Signi-
ficant weight gain was not significantly associated with the
development of evidence of new onset diabetes in this sub-
group (OR, 0.7; 95% CI, 0.4 to 1.4; 

 

P

 

 = .4), while olanzapine
remained a significant independent risk factor for the
development of diabetes (adjusted OR, 2.2; 95% CI, 1.0 to
5.0; 

 

P

 

 = .05).
The use of atypical antipsychotic drugs was con-

founded by time: once atypical antipsychotic drugs became
available in this practice in 1994, few patients were pre-
scribed typical antipsychotic drugs as initial therapy.

 

15

 

However, we identified 104 patients begun on typical
phenothiazines after 1994. We repeated our multivariable
analyses including only these 104 patients and those
receiving olanzapine or risperidone. The resulting odds
ratios for olanzapine and risperidone were slightly lower for
weight gain (1.8 and 1.6, respectively) but similar for devel-
oping new onset diabetes (1.7 and 0.7) to those in the

primary analysis. However, all confidence intervals included
one because of the smaller number of patients taking
typical phenothiazines.

 

DISCUSSION

 

In accord with previous research,

 

16

 

 we found that
patients taking either olanzapine or risperidone had sig-
nificant weight gain as compared to patients taking typical
phenothiazines. Several explanations have been proposed
for gaining weight while taking atypical antipsychotic
drugs.

 

17–19

 

 Atypical antipsychotic medications may have an
affinity for dopamine, serotonin, and histamine receptors
that could lead to increased eating and weight gain.

 

6

 

 Unfor-
tunately, efforts to ameliorate this effect using behavior
treatments or additional medications to modify serotonin
and histamine receptor actions have had limited suc-
cess.

 

20,21

 

 Genetic studies performed to date have failed to
identify which patients taking atypical antipsychotics are
at increased risk for weight gain.

 

22,23

 

Prior case reports and studies of the association of
atypical antipsychotics with weight gain and diabetes have
been criticized for not controlling for the weight gain and
increased incidence of diabetes that may be associated
with schizophrenia itself or the use of typical antipsychotic
drugs.

 

9,24–26

 

 We therefore compared patients taking olan-
zapine or risperidone with patients taking typical pheno-
thiazines and confirmed the increased relative risk of
developing diabetes mellitus among patients taking
olanzapine.

 

27

 

 However, we did not find that patients taking
risperidone have an increased risk of developing diabetes
in relation to patients taking typical phenothiazines.

 

10,26

 

In fact, the multivariable odds ratio was in the other direction,
though not significantly different from 1.0.

We also found no evidence that the development of
diabetes among patients taking olanzapine was associated
with weight gain. These results support previous reports
that also failed to find a significant link between weight
gain, treatment with an atypical antipsychotic drug, and
development of frank diabetes mellitus.

 

9,24–26

 

 Our data
therefore support the hypothesis that weight gain is not the
cause of diabetes mellitus among patients taking atypical
antipsychotics but suggest that the development of dia-
betes is due to an independent effect of atypical antipsychotic
drugs on metabolism.

 

8,9,26,28

 

There were dramatically fewer preexisting psychiatric
diagnoses in the electronic medical records of patients
taking typical antipsychotic drugs. This could have been due
to a number of factors: there may actually be an increasing
incidence of psychiatric disease in the inner city or, more
likely, an enhanced recognition of comorbid psychiatric
conditions by treating physicians. There could also have
been changes in billing systems that may have stimulated
increased recording of comorbid diagnoses. However, we
included all of these diagnoses in the multivariable ana-
lysis, and none was a significant predictor of weight gain or
diabetes in the first year of antipsychotic drug therapy.

Table 3. Independent Multivariable Predictors of New Onset 
Diabetes in the First Year of Antipsychotic Drug Therapy

Independent 
Variables OR 95% CI χχχχ2 P Value

Olanzapine use 1.9 1.1 to 3.3 5.0 .03
Risperidone use 0.7 0.4 to 1.4 1.1 .3
Schizophrenia 1.1 0.5 to 2.3 0.02 .9
Depression 1.3 0.7 to 2.5 0.7 .4
Anxiety 1.1 0.5 to 2.2 0.06 .8
Personality disorder 1.1 0.5 to 2.3 0.04 .8
Dementia 1.8 0.8 to 4.4 1.8 .2
Alcohol abuse 1.7 0.9 to 2.9 3.1 .08
Drug abuse 2.0 1.0 to 4.3 3.3 .07
Obesity 2.6 1.4 to 4.8 8.7 .003
Cognitive dysfunction 0.7 0.4 to 1.1 2.0 .2
Primary care visits 1.02 0.99 to 1.05 2.0 .2
Mental health visits* 1.0 0.96 to 1.02 0.7 .4
Emergency visits 1.0 0.98 to 1.0 0.0 .9

* Odds ratio for 10 visits.
OR, adjusted odds ratio; CI, confidence interval.
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We also found that a lower weight at the time of anti-
psychotic drug therapy was a significant multivariable
predictor of weight gain (Table 2). This may represent
regression to the mean: some of these psychiatric patients
may have had eating disorders—both over- and under-
eating—and in both conditions baseline weight would be
inversely associated with change in weight in response to
antipsychotic drug therapy.

This study has several limitations. It was performed
using data from inner-city patients receiving care at pub-
licly financed mental health clinics with a high prevalence
of African Americans who are at greater risk of both weight
gain and diabetes.

 

29–31

 

 This may limit the generalizability
of our results to other populations. Because only the out-
patient medicine and mental health clinics routinely
measured patient weight, the selective availability of weights
may have introduced biases for which our case-control
design may not have adequately adjusted. The analyses are
also confounded by time: once atypical antipsychotic med-
ications became available, few typical phenothiazines were
prescribed as first-choice antipsychotic drugs.

 

15

 

 Thus, we
could adequately adjust the multivariable analyses for the
year of first antipsychotic drug treatment. Temporal changes
in the environment or health care delivery may have affected
the risk of gaining weight or developing diabetes.

 

32,33

 

 Reli-
ance on medical records rather than uniform independent,
prospective assessments of diabetes may have introduced
measurement bias, especially if providers monitored for
weight gain or diabetes more intensively among patients
treated with atypical antipsychotic drugs.

 

34

 

 However, the
lack of an affect of risperidone on the risk of diabetes makes
this bias less likely. Finally, patients’ heights were not
routinely available, which prevented us from calculating
body mass index and determining the extent to which
the observed weight gain is related to clinical obesity.

Our results contribute to the growing evidence that
atypical antipsychotic medications, especially olanzapine,
have clinically significant metabolic side effects including
weight gain and the development of diabetes mellitus. How-
ever, the development of diabetes mellitus among patients
taking olanzapine did not appear to be associated with
weight gain. Additional studies are needed to further delin-
eate the metabolic causes of increased risk of diabetes
among patients treated with olanzapine or other atypical
antipsychotic drugs. A greater understanding of these
metabolic disturbances is likely to improve the clinical
management of patients prescribed antipsychotic medications.
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