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Objectives: The objective of this study was to investi-
gate risk of diabetes among elderly patients during
treatment with antipsychotic medications.

Design: We conducted a longitudinal, retrospective
study assessing the incidence of new prescription
claims for antihyperglycemic agents during antipsy-
chotic therapy.

Setting: Prescription claims from the AdvancePCS
claim database were followed for 6 to 9 months.

Participants: Study participants consisted of patients in
the United States aged 60� and receiving antipsychotic
monotherapy. The following cohorts were studied: an el-
derly reference population (no antipsychotics: n �
1,836,799), those receiving haloperidol (n � 6481) or thi-
oridazine (n � 1658); all patients receiving any conven-
tional antipsychotic monotherapy (n � 11,546), clozapine
(n � 117), olanzapine (n � 5382), quetiapine (n � 1664),
and risperidone (n � 12,244), and all patients receiving
any atypical antipsychotic monotherapy (n � 19,407).

Measurements: We used Cox proportional hazards
regression to determine the risk ratio of diabetes for
antipsychotic cohorts relative to the reference pop-

ulation. Covariates included sex and exposure
duration.

Results: New antihyperglycemic prescription rates were
higher in each antipsychotic cohort than in the reference
population. Overall rates were no different between
atypical and conventional antipsychotic cohorts. Among
individual antipsychotic cohorts, rates were highest
among patients treated with thioridazine (95% confi-
dence interval [CI], 3.1– 5.7), lowest with quetiapine (95%
CI, 1.3–2.9), and intermediate with haloperidol, olanzap-
ine, and risperidone. Among atypical cohorts, only risperi-
done users had a significantly higher risk (95% CI, 1.05–
1.60; P � 0.016) than for haloperidol. Conclusions about
clozapine were hampered by the low number of patients.

Conclusion: These data suggest that diabetes risk is
elevated among elderly patients receiving antipsy-
chotic treatment. However, causality remains to be
demonstrated. As a group, the risk for atypical anti-
psychotic users was not significantly different than for
users of conventional antipsychotics. (J Am Med Dir
Assoc 2004; 5: 38–46)
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Use of antipsychotic medications among the elderly is
substantial, with as much as half of all repeat prescriptions for
antipsychotics being accounted for by patients over age 65.1 It

has been estimated that 38% to 43% of all elderly patients
residing in skilled care facilities receive antipsychotic medi-
cation,2,3 although as many as 60% to 80% of elderly patients
at facilities for the mentally ill could be receiving such treat-
ment.4,5 Fully 20% of the population aged 80 and older are
affected by dementia,6 and approximately one fourth to one
half of these develop psychotic features that require the use of
an antipsychotic agent.7,8 In addition to being prescribed for
this condition, however, a considerable proportion of antipsy-
chotic prescriptions for the elderly are for use as a tranquilizer
or anxiolytic.9,10

Use of conventional high-potency antipsychotics such as
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haloperidol is associated with high levels of extrapyramidal
symptoms,11,12 to which elderly patients are particularly vul-
nerable.13,14 In contrast, extrapyramidal symptoms in patients
treated with atypical antipsychotics are less common.15 Nev-
ertheless, an issue has been raised recently regarding the safety
of both conventional and atypical antipsychotics, as it has
been suggested that their use could be associated with induc-
tion of insulin resistance and an increased risk of type 2
diabetes mellitus.16–18 For example, one study19 reports that
12% of patients treated with clozapine developed type 2
diabetes compared with a prevalence in the general popula-
tion of 5.1%.20 Some studies appear to associate the use of
specific antipsychotic medications with a higher rate of new-
onset hyperglycemia or type 2 diabetes.16,17,19 This is still a
point of controversy, however, because such studies have
largely relied on case reports and chart reviews and might not
accurately reflect the actual incidence of hyperglycemia
among antipsychotic users relative to the general population,
let alone the population of patients with mental illness. More-
over, the contribution of undiagnosed diabetes or impaired
glucose tolerance among patients before their use of antipsy-
chotics is unknown.21 By contrast, other studies have con-
cluded that antipsychotic use is merely coincidental to an
underlying predisposition to diabetes among patients with
schizophrenia.22

Many attempts to investigate the potential link between
antipsychotic use and an increased risk of diabetes have been
hampered by limited sample size, and studies have yielded
largely inconclusive results. However, a recent analysis21 has
been conducted using a drug prescription claim database
maintained by AdvancePCS (Scottsdale, AZ), the United
States’ largest health plan provider, with more than 75 mil-
lion members linked to 58,000 pharmacies throughout the
country. The analysis suggested that there is a statistically
significant increase in the risk of diabetes during treatment
with either conventional or atypical antipsychotics. However,
large-scale studies of this sort that focus on an elderly popu-
lation have received little attention. Accordingly, the current
analysis was undertaken, using the AdvancePCS prescription
claim database, to investigate the risk of diabetes among
patients aged 60 and older who had been receiving either
conventional or atypical antipsychotic medications.

METHODS

Study Design and Patient Sample

This longitudinal study was conducted retrospectively to
compare the risk of new development of diabetes mellitus
among selected antipsychotic cohorts drawn from the Advan-
cePCS prescription claim database. The validity and reliabil-
ity of their prescription database has been verified indepen-
dently. Over 300 million prescription claims per year are
processed in this database for more than 50 million members
covered by over 2000 managed care plans and employers.
Most claims were submitted by pharmacies handling the out-
patient prescription needs for these patients, although some
prescriptions were filled in long-term care settings. Only pa-
tients who maintained coverage with AdvancePCS were fol-

lowed; if patients discontinued their coverage, they were
censored from the analysis. This analysis examines the data
from patients aged 60 and older, amounting to a total patient
sample of nearly two million patients. Because this was an
examination of only the potential effects of exposure to an-
tipsychotic medications, diagnostic information was not cap-
tured. Information regarding patients’ ethnicity was also not
available. For the purposes of this analysis, patients were
examined both together as a single geriatric population (all
patients aged �60 years) and stratified as two separate sub-
groups, a younger one consisting of patients aged 60 to 74 and
an older one of patients aged 75 and older.

Inclusion/Exclusion Criteria

Patients who were qualified for prescription claims through
AdvancePCS for the entire 12 months before enrollment
were eligible for inclusion in the analysis. No obvious differ-
ences were seen in the number of patients using a diabetes
medication when comparing a 12-month preenrollment pe-
riod versus a 24-month preenrollment period; thus, the 12-
month preenrollment period was used.21 The exclusion crite-
ria applicable to all cohorts included (1) a preexisting history
of diabetes mellitus, as evidenced by a prescription claim for
any antihyperglycemic medication during the 12-month pe-
riod before enrollment; (2) a prescription claim for any anti-
psychotics within the 6-month period before the enrollment
date; and (3) absence of information on sex or year of birth.

Cohort Studies

A “general patient population” cohort, consisting of all
subjects who had made any AdvancePCS-covered prescrip-
tion claim during a 2-month enrollment window (January 1 to
February 29, 2000), was used as a standard reference popula-
tion. Patients in the general population cohort must not have
made a claim for any diabetes drug for at least 12 months
before enrollment. In addition, they must not have received a
prescription for an antipsychotic for at least 6 months before
and 6 months after enrollment.

Only patients who were prescribed a single antipsychotic
were included in the antipsychotic cohorts for this study,
regardless of indication for antipsychotic therapy. The anti-
psychotic cohorts studied consisted of the following: (1) pa-
tients receiving haloperidol monotherapy; (2) patients receiv-
ing thioridazine monotherapy; (3) all patients receiving
monotherapy with any single conventional antipsychotic, re-
ferred to as the “combined conventional antipsychotic” co-
hort; (4) patients receiving clozapine monotherapy; (5) pa-
tients receiving olanzapine monotherapy; (6) patients
receiving quetiapine monotherapy; (7) patients receiving
quetiapine monotherapy; (8) patients receiving risperidone
monotherapy; and (9) all patients receiving monotherapy
with any single atypical antipsychotic, referred to as the
“combined atypical antipsychotic” cohort. Antipsychotic
agents included both conventional antipsychotics (chlor-
promazine, chlorprothixene, fluphenazine, haloperidol, loxap-
ine, mesoridazine, molindone, perphenazine, pimozide, pro-
chlorperazine, promazine, thioridazine, thiothixene,
trifluoperazine, and triflupromazine) and atypical antipsychot-
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ics (clozapine, olanzapine, quetiapine, and risperidone). Hal-
operidol and thioridazine were chosen as separate cohorts
from among the conventional antipsychotics as a result of
their sufficient numbers, whereas the remaining conventional
antipsychotics individually formed less than 10% of the total
prescriptions for typical antipsychotics, yielding cohorts that
were too small for analysis. Clozapine was included as a
separate cohort from among the atypical antipsychotics as a
result of the intense focus it has received for a possible
association with diabetes risk.

The enrollment window for subjects in the antipsychotic
cohorts was December 1, 1998, through February 29, 2000.
Subjects who started therapy during this period and continued
treatment with the same single antipsychotic were included in
the antipsychotic cohorts. Patients receiving antipsychotics
were studied for as long as they had continuous therapy and
did not terminate AdvancePCS coverage. The data cutoff
point for this study was August 31, 2000. For all antipsychotic
cohorts, patients who received more than one antipsychotic
during the enrollment window were excluded. The earliest
date during the enrollment window that any patient filed a
prescription claim, either an antipsychotic agent in the case of
the antipsychotic cohorts or a nonantipsychotic agent in the
case of the general patient population, was considered the
enrollment date for that subject.

Incidence of Diabetes Mellitus

New onset of diabetes mellitus during antipsychotic expo-
sure was identified by claims for any medication indicated for
the treatment of diabetes regardless of the route of adminis-
tration. For the purposes of this analysis and of the language
in this report, the incidence of new prescriptions for antihy-
perglycemic medications is equated with the incidence of
new-onset diabetes without regard to clinicians’ standards for
diagnosis or choices of treatment. To identify the timing of
onset of new cases of diabetes, the date of the first antihyper-
glycemic agent prescribed after the enrollment date was con-
sidered the start of antidiabetic therapy. Each patient in the
antipsychotic cohort was tracked for new onset of diabetes
from the enrollment date to the time that the antipsychotic
was discontinued for more than 15 days, or until the data
cutoff point, whichever came first.

Comparison of Risk Between Cohorts

To compare the risk of developing diabetes among cohorts,
both incidence density and risk ratios were determined. Inci-
dence of diabetes for antipsychotic cohorts might not be
linearly related to time, with more cases being experienced
earlier during treatment exposure. Annualization of incidence
density might therefore be likely to inflate the true incidence.
Also, differences in incidence between cohorts could be par-
tially accounted for by differences in mean age, sex, and the
amount of exposure to antipsychotics among cohorts. To
control for these variables in the estimation of the risk of
diabetes, the Cox proportional hazards regression was used to
determine the risk ratio of diabetes for antipsychotic cohorts
relative to the general AdvancePCS population, matching
the antipsychotic cohort with the reference population by age

(�60 years, 60–74 years, or �75 years). Several Cox propor-
tional hazard models were analyzed with the “PHREG” (pro-
portional hazards regression) procedure in SAS (Statistical
Analysis Systems, SAS Institute, Cary, NC) using covariates
for sex and duration of exposure. For comparisons of diabetic
risk among the atypical antipsychotic treatment groups, the
haloperidol cohort was used as a reference standard because of
its status as the most widely used conventional antipsychotic
agent. The alpha level for statistical significance was 0.05.

RESULTS

Observational Results

A total of 30,953 elderly outpatients who had received
prescriptions for antipsychotic treatment were included in this
analysis (Tables 1 and 2), and an additional 1,836,799 out-
patients from the general population who had received pre-
scriptions for other, nonantipsychotic medications were used
as the standard for comparison. Prescriptions for atypical
antipsychotic medications (Table 2) outnumbered those for
conventional antipsychotics (Table 1) by nearly 70%. In
terms of raw numbers of patients, relative rates of prescribing
for the atypical agents were as follows: risperidone � olanza-
pine � quetiapine � clozapine. For conventional antipsy-
chotic agents, prescription rates were highest for haloperidol,
followed by thioridazine, and finally by all other conventional
agents. It was noted that, in terms of chlorpromazine equiv-
alents (doses converted to an equivalent daily dose of chlor-
promazine, based on minimum effective doses23) and relative
to dose recommendations for older patients with schizophre-
nia, the mean administered doses were low for thioridazine
(36.1 mg chlorpromazine equivalents), risperidone (75.0 mg),
quetiapine (87.2 mg), haloperidol (90.0 mg), and clozapine
(90.3 mg), but moderate to high for olanzapine (165.0 mg).
Mean durations of treatment were, for the most part, in the
vicinity of 70 to 100 days. The one exception was clozapine,
which was administered for a mean duration of over 140 days.

As shown in Tables 1 and 2, a higher proportion of patients
in the older group of patients had prescriptions for antipsy-
chotics compared with the younger group (�75 years: 21,742
patients compared with a corresponding general population of
690,545 patients, or an equivalent frequency of 32 per thou-
sand; 60–74 years: 9211 of 1,146,254 patients, or an equiva-
lent frequency of 8 per thousand). The older group of patients
had a higher proportion of females relative to the younger
subgroup, both overall and within each drug cohort, presum-
ably reflecting age-related changes in demographics. Mean
doses of each drug were lower among the older patients
relative to their corresponding drug-matched younger coun-
terparts. Mean treatment durations were much longer among
the clozapine-treated patients relative to the other drug co-
horts, both overall and within each of the two age subgroups.

Comparison of Antipsychotic Users and Nonusers

Compared with the general patient population of patients
aged 60� who received only nonantipsychotic prescriptions,
an increased risk of development of diabetes was seen in every
antipsychotic cohort (Table 3). The risk was lowest for the
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quetiapine cohort, with patients nevertheless being approxi-
mately twice as likely to have received a new prescription for
antihyperglycemic medication as patients in the general pa-
tient population, whereas patients receiving thioridazine had
the greatest risk, being four times as likely to have received
new antidiabetic treatment. Risk did not appear to be related
to dose, however, because the two groups with the highest risk
ratios, thioridazine and risperidone, were also associated with
the lowest relative doses.

A comparison of patients within each of the stratified age
groups (Table 3) showed the risk ratio (RR) among younger
patients (60–74 years of age) to be highest for the risperidone
(RR � 5.1) and haloperidol (RR � 5.0) cohorts. It should be
pointed out, however, that the number of younger patients in
the clozapine cohort was too low to permit a meaningful statis-
tical analysis, and therefore no comparisons could be made
regarding the risk ratio in patients treated with clozapine com-
pared with the other antipsychotics. Among older patients
(75�), diabetes risk was highest for the clozapine and thiorid-
azine cohorts. In fact, older patients receiving clozapine had the
highest risk of any subgroup, being 5.8 times as likely as older
patients in the reference population to have received new an-
tidiabetic treatment. This figure takes into account the longer
duration of exposure in the clozapine cohort, because the Cox
proportional hazards regression analysis was adjusted for dura-
tion of exposure as well as sex. However, this figure must
nevertheless be regarded as tentative, again as a result of the

large confidence interval associated with this small group of
patients. Younger patients receiving quetiapine were unique in
being the only subgroup not to have a significantly higher risk of
diabetes (95% confidence interval [CI], 0.5–2.7; P � 0.794)
than their age-matched general reference population; similarly,
among older patients, quetiapine use was temporally associated
with the lowest risk of any cohort compared with their age-
matched general patient population.

Comparison of Atypical Antipsychotic Users and
Conventional Antipsychotic Users

The risk for patients receiving prescriptions for atypical
antipsychotics was not significantly different from that for
patients taking conventional antipsychotics (Table 4).
This was true for the overall patient sample (95% CI,
0.92–1.25; P � 0.382) and within each age-stratified group
(aged 60 –74: 95% CI, 0.74 –1.22; P � 0.686; aged �75:
95% CI, 0.97–1.44; P � 0.104). For a comparison of
diabetes risk among the different drug cohorts, risk ratios
were calculated using the haloperidol drug cohort as the
reference population (Table 4). Of the atypical antipsychot-
ics, only the risperidone cohort had a significantly higher
diabetes risk relative to haloperidol. This was seen both over-
all (95% CI, 1.05–1.60; P � 0.016) and among the older
patients (95% CI, 1.05–1.75; P � 0.019). Among younger
patients (60–74 years of age), the quetiapine cohort was again
seen to have the lowest risk of diabetes, with an incidence rate

Table 1. Characteristics of Patients Receiving Conventional Antipsychotics versus the General Patient Population

Characteristic General Patient
Population

Conventional Antipsychotics

All
Agents

Haloperidol Thioridazine

All patients, aged �60
No. of subjects 1,836,799 11,546 6481 1658
Age, mean (SD) 72.1(8.3) 78.4(9.1) 80.8(8.4) 77.8(9.1)
Percent males 39.2 43.1 39.8 35.3
Treatment duration days (SD) 70.2(75.9) 68.5(69.8) 84.7(87.2)
Dose (mg/day)

mean (SD) 1.8(3.4) 36.1(43.4)
CPZ equivalents 90.0 36.1

Patients aged 60–74
No. of subjects 1,146,254 3778 1389 564
Age mean (SD) 66.7(4.4) 67.8(4.4) 68.6(4.4) 67.4(4.4)
Percent males 41.1 47.6 46.2 34.0
Treatment duration days (SD) 69.7(80.0) 67.4(71.4) 83.9(88.5)
Dose (mg/day)

mean (SD) 2.7(6.0) 48.7(58.7)
CPZ equivalents 135.0 48.7

Patients aged �75
No. of subjects 690,545 7768 5092 1094
Age mean (SD) 81.0(5.0) 83.5(5.7) 84.2(5.7) 83.1(5.6)
Percent Males 36.1 40.9 38.0 35.9
Treatment duration days (SD) 70.4(73.8) 68.8(69.4) 85.1(86.5)
Dose (mg/day)

mean (SD) 1.5(2.3) 29.6(30.9)
CPZ equivalents 75.0 29.6

SD, standard deviation; CPZ, chlorpromazine.
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in this younger subgroup of 0.97% and a risk ratio significantly
lower than that of haloperidol. The older subgroup of quetia-
pine users, however, showed no significant difference from
haloperidol. The risk ratio for the olanzapine group was not
significantly different from that of the haloperidol reference
group, either overall or in either age subgroup. Relative to the
risperidone cohort, the olanzapine group had a risk ratio of
0.97 (95% CI, 0.76–1.24; P � 0.814). The risk for clozapine
also was not different overall from that of the haloperidol

reference group. In terms of incidence rates, however, cloza-
pine had the highest percentage of new cases of diabetes, both
overall (5 of 117 [4.27%]) and in the older subgroup (4 of 65
[6.15%]), but this must again be taken in the context of the
low overall numbers of patients in the clozapine cohort.

DISCUSSION

This analysis is consistent with earlier reports that patients
who receive antipsychotic medications could be at increased

TABLE 2. Characteristics of Patients Receiving Atypical Antipsychotics versus the General Patient Population

Characteristic General Patient
Population

Atypical Antipsychotics

All Agents Clozapine Olanzapine Quetiapine Risperidone

All Patients aged �60
No. of subjects 1,836,799 19,407 117 5382 1664 12,244
Age mean (SD) 72.1 (8.3) 79.2 (8.8) 75.2 (7.2) 77.4 (9.1) 76.9 (8.5) 80.4 (8.4)
Percent males 39.2 35.2 45.3 34.2 40.4 34.8
Treatment duration days (SD) 97.6 (89.8) 141.2 (124.3) 102.0 (96.1) 99.2 (86.9) 95.1 (86.6)
Dose (mg/day)

mean (SD) 77.9 (120.9) 4.4 (3.8) 64.6 (83.5) 1.0 (0.8)
CPZ equivalents 90.3 165.0 87.2 75.0

Patients aged 60–74
No. of subjects 1,146,254 5433 52 1961 619 2801
Age mean (SD) 66.7 (4.4) 68.1 (4.4) 68.6 (4.3) 67.7 (4.5) 68.0 (4.4) 68.5 (4.4)
Percent Males 41.1 38.7 48.1 38.0 42.2 38.2
Treatment duration days (SD) 91.4 (86.9) 149.0 (131.7) 93.9 (91.2) 95.9 (83.4) 87.7 (83.1)
Dose (mg/day)

mean (SD) 114.0 (160.1) 5.1 (4.3) 75.8 (86.9) 1.2 (1.0)
CPZ equivalents 132.2 191.3 102.3 90.0

Patients aged �75
No. of subjects 690,545 13,974 65 3421 1045 9443
Age mean (SD) 81.0 (5.0) 83.6 (5.7) 80.5 (3.9) 83.0 (5.7) 82.3 (5.3) 83.9 (5.7)
Percent males 36.1 33.8 43.1 32.1 39.4 33.8
Treatment duration days (SD) 100.0 (90.7) 135.0 (118.8) 106.6 (98.5) 101.1 (88.8) 97.3 (87.6)
Dose (mg/day)

mean (SD) 49.1 (64.4) 4.0 (3.4) 58.0 (80.7) 0.9 (0.7)
CPZ equivalents 57.0 150.0 78.3 67.5

SD, standard deviation; CPZ, chlorpromazine.

Table 3. Development of Diabetes Mellitus During Treatment With Antipsychotics, Relative to the General Population of the Same Age Group*

Cohort All Patients (aged >60) Patients (aged 60–74) Patients (aged >75)

Risk
Ratio

95% CI P Value Risk
Ratio

95% CI P Value Risk
Ratio

95% CI P Value

Conventional antipsychotics
All combined 3.6 3.1–4.1 �0.001 4.5 3.7–5.6 �0.001 3.2 2.7–3.8 �0.001
Haloperidol 3.2 2.7–3.9 �0.001 5.0 3.6–6.8 �0.001 2.8 2.2–3.5 �0.001
Thioridazine 4.2 3.1–5.7 �0.001 4.1 2.4–6.9 �0.001 4.3 3.0–6.3 �0.001

Atypical antipsychotics
All combined 3.5 3.2–3.8 �0.001 4.1 3.5–4.8 �0.001 3.3 3.0–3.7 �0.001
Clozapine 3.1 1.0–9.5 0.051 † † † 5.8 1.9–17.8 0.002
Olanzapine 3.6 3.0–4.2 �0.001 3.8 2.9–5.0 �0.001 3.5 2.8–4.3 �0.001
Quetiapine 1.9 1.3–2.9 0.001 1.1 0.5–2.7 0.0794 2.5 1.6–3.9 �0.001
Risperidone 3.7 3.3–4.2 �0.001 5.1 4.2–6.3 �0.001 3.4 2.9–3.9 �0.001

* Cox proportional hazards regression analysis adjusted for sex and duration of exposure.
† Too few patients in cohort to yield meaningful comparison.
CI, confidence interval.
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risk of hyperglycemia or diabetes mellitus. Even among the
patients who received quetiapine, the cohort that had the
lowest risk ratio of any of the antipsychotic cohorts, the
likelihood of receiving a new prescription for antidiabetic
treatment was seen to be nearly twice that of the general
reference population of geriatric patients, whereas a greater
than fourfold risk was seen among patients receiving thiorid-
azine. In the middle of the spectrum of risk in our study were
patients who received the remaining antipsychotics, consist-
ing of, in descending order of risk, risperidone, olanzapine,
and haloperidol. The results from the clozapine cohorts were
inconclusive as a result of the considerably lower numbers of
patients involved, which prevented a reliable assessment of
clozapine’s relative risk.

Further analysis of risk among the atypical antipsychotic
cohorts, using the haloperidol cohort as the reference popu-
lation, appeared to corroborate this relative order of risk,
because quetiapine was uniquely found to have a significantly
lower risk relative to the haloperidol cohort among younger
patients (aged 60–74), whereas the risperidone cohort was
uniquely found to have a significantly higher risk both overall
and among the older patients (aged 75�). However, it is
possible that this latter finding is simply a reflection of the
substantially larger size of the patient cohort. In this analysis,
the risk of diabetes in the olanzapine cohort was not signifi-
cantly different from that of patients treated with haloperidol.

This, in itself, is a noteworthy finding, because studies have
reported an increased risk of diabetes24,25 or glucose dysregu-
lation26 in patients treated with olanzapine compared with
patients treated with haloperidol or other conventional anti-
psychotics. Clozapine had the highest risk ratio in the sub-
group of patients aged 75 and older, on the order of nearly six
times that of the reference population. However, the findings
for clozapine throughout the rest of this analysis were incon-
clusive as a result of the small size of the clozapine cohort and
low number of prescriptions for antihyperglycemic medica-
tions that were reported.

The prevalence of diabetes has been reported to be two to
four times greater in patients with schizophrenia than in the
general population,27 and numerous analyses have concluded
that patients with schizophrenia who receive antipsychotics,
particularly the atypical antipsychotics, could have an in-
creased risk of hyperglycemia.17,28,29 For example, outpatients
with schizophrenia who received atypical antipsychotics were,
as a whole, 9% more likely to have an International Classi-
fication of Diseases, 9th revision, diagnosis of diabetes than
those receiving conventional antipsychotics.25 Moreover, pa-
tients receiving treatment with clozapine, olanzapine, or
quetiapine have been reported to have significantly higher
prevalences of diabetes relative to those receiving conven-
tional antipsychotics, whereas patients receiving risperidone
did not.25 Glucose tolerance tests, too, have shown that

Table 4. Development of Diabetes Mellitus Among Selected Antipsychotic Cohorts*

Cohort No. of
Patients in
Cohort

New
Cases No.
(%)

Risk
Ratio

95% CI P Value

All patients (aged �60)
All conventionals 11,546 238 (2.1) (1.0)
Haloperidol 6481 118 (1.8) (1.0)
All atypicals† 19,407 515 (2.7) 1.1 0.9–1.3 0.382
Clozapine‡ 117 5 (4.3) 1.4 0.6–3.5 0.464
Olanzapine‡ 5382 142 (2.6) 1.2 0.9–1.5 0.209
Quetiapine‡ 1664 29 (1.7) 0.7 0.5–1.1 0.136
Risperidone‡ 12,244 339 (2.8) 1.2 1.1–1.6 0.016

Patients aged 60–74
All conventionals 3778 100 (2.7) (1.0)
Haloperidol 1389 39 (2.8) (1.0)
All atypicals† 5433 159 (2.9) 1.0 0.7–1.2 0.686
Clozapine‡ 52 1 (1.9) § § §

Olanzapine‡ 1961 53 (2.7) 0.8 0.5–1.2 0.297
Quetiapine‡ 619 6 (1.0) 0.3 0.1–0.7 0.003
Risperidone‡ 2801 99 (3.5) 1.1 0.8–1.7 0.481

Patients aged �75
All conventionals 7768 138 (1.8) (1.0)
Haloperidol 5092 79 (1.6) (1.0)
All atypicals† 13,974 356 (2.6) 1.2 1.0–1.4 0.104
Clozapine‡ 65 4 (6.2) § § §

Olanzapine‡ 3421 89 (2.6) 1.3 1.0–1.8 0.065
Quetiapine‡ 1045 23 (2.2) 1.1 0.7–1.7 0.807
Risperidone‡ 9443 240 (2.5) 1.4 1.1–1.8 0.019

* Cox proportional hazards regression analysis adjusted for sex and duration of exposure.
† Versus all conventional antipsychotics.
‡ Versus haloperidol.
§ Too few patients in cohort to yield a meaningful comparison.
CI, confidence interval.
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patients receiving clozapine, olanzapine, or risperidone could
have higher plasma glucose levels than patients receiving
haloperidol or chlorpromazine.26 As a consequence, differ-
ences in diabetes medication prescription rates in this study
could be the result of differences in the characteristics of the
populations for which the antipsychotics were prescribed, for
example, differences in the percentage of patients with schizo-
phrenia or dementia.

Large-scale studies of the hypothesized link between diabe-
tes and antipsychotic use have until recently been lacking.
Many analyses that have been reported have relied on isolated
case reports that are lacking matched controls of healthy
subjects from the general population.18,30–33 Such results
have been largely inconclusive as a result of various method-
ologic limitations, and causality remains an issue. Previous
analyses of information from claims databases typically have
merely examined the overall incidence of diabetes, rather
than the onset of new diagnoses of diabetes,25 or have omitted
use of a reference cohort of patients not receiving antipsy-
chotics.34 For their part, tests of glucose metabolism in pa-
tients receiving antipsychotics have typically used healthy,
untreated control subjects but no healthy subjects exposed
acutely to antipsychotics,35 which might have provided infor-
mation regarding the effect of the treatment itself rather than
simply about differences between the patients being tested.
Some have interpreted these results as indicative that antip-
sychotics themselves could induce hyperglycemia either
through direct effects on pancreatic mechanisms36 or second-
arily through induction of body weight increases.37 With
respect to the latter, nearly all of the atypical antipsychotics
have been reported to be associated with increased appetite
and weight gain.38 This appears to be an unlikely explanation
of the changes occurring in the present analysis, because the
incidence of weight gain in response to antipsychotic treat-
ment among elderly patients, particularly those with demen-
tia, tends to be overshadowed by a greater incidence of weight
loss.39,40 Moreover, weight gain is more highly associated with
use of the atypical antipsychotics, whereas increased risk of
hyperglycemia was also seen in the current analysis among
patients receiving conventional antipsychotics. On the other
hand, others have proposed that antipsychotics could merely
exacerbate an underlying predisposition to diabetes in pa-
tients with schizophrenia41; alternatively, the use of antipsy-
chotics could be entirely coincidental to a preexisting comor-
bidity for diabetes among the schizophrenic population.22,42

The association between schizophrenia and diabetes was re-
ported as early as the 1920s,43 well before the development of
modern antipsychotic medications, and it has been suggested
that schizophrenia is itself the clinical manifestation of a
metabolic disorder that can be thought of as “cerebral diabe-
tes.”44 On the other hand, although there could be an asso-
ciation between the clinical condition of schizophrenia and
risk of diabetes, the contribution of any schizophrenia-linked
predisposition to hyperglycemia in the current analysis was
likely to have been minimal, because neuroleptics are more
frequently prescribed to the elderly for agitation or psychosis
associated with dementia, not for schizophrenia.9 Unfortu-
nately, important information on patients’ baseline glucose

levels, underlying comorbidities, and risk factors was not
available. As a result, the contribution of patients’ preexisting
conditions to the observed increases in the incidence of
antihyperglycemic prescriptions is not known, and caution
should certainly be exercised in equating “new” prescriptions
for antihyperglycemic medications with the appearance of
new-onset diabetes.

These findings extend the recent work of Buse and cowork-
ers,21 who reported the results of an analysis from the Advan-
cePCS database, of which the present results represent a
subset. Their analysis involved 58,751 patients aged 18 and
older who had received prescriptions for antipsychotics. The
results of the present analysis largely reflect their findings in
the broader patient population,21 with higher risks occurring
during treatment with all antipsychotics relative to the refer-
ence population but no difference in risk between conven-
tional and atypical antipsychotics. Risk ratios for the various
cohorts were quite similar between the two analyses, despite
the differences in patient ages. Both studies showed the high-
est risk to be found in the thioridazine cohort and the lowest
in the quetiapine cohort. One notable difference, however,
was the finding by Buse that patients aged 65� who received
atypical antipsychotics had higher risks of diabetes than did
patients aged 45 to 64, implying that, at least among patients
receiving atypical agents, increasing age could be a risk factor
for diabetes. By contrast, the present analysis showed that, for
haloperidol and risperidone, the confidence intervals were in
fact lower among patients aged �75 years than among those
aged 60 to 74 years. It would appear, then, that any age-
related increase in risk could have already reached a maxi-
mum by the time patients had entered their seventh decade of
life. Alternatively, it could be that the older patients, having
received considerably lower doses of antipsychotic, could
merely have been exposed to a correspondingly lower risk of
pharmacologically induced hyperglycemia. Both of these pos-
sibilities are, of course, entirely speculative. However, this
latter hypothesis seems less likely, because weight increase
with olanzapine and risperidone treatment appears uncorre-
lated with dose.45 Moreover, hyperglycemic and euglycemic
clamp studies failed to show a direct effect of risperidone or
olanzapine on insulin production and/or sensitivity. Finally, it
is likely that there are differences in the diagnostic mix of the
two age groups, with the younger group containing a higher
percentage of patients with schizophrenia and the older group
containing a higher percentage of patients with dementia.
Eventual differences in diabetes risk between these diagnostic
groups could explain the differences between the two age
groups.

A number of limitations of this analysis warrant mention.
For example, no psychiatric diagnostic data were available,
and no assessment was possible to determine the confounding
effects of other nonantipsychotic drugs that could have hy-
perglycemic potential such as beta-adrenergic antagonists,
thiazide diuretics, corticosteroids, or protease inhibitors.46 In
addition, no data were available on patients’ baseline body
mass index or family histories of diabetes, which might have
provided crucial information regarding preexisting risk, and
patients were not systematically randomized to their drug
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cohort; rather, assignments were made based on the clinical
choices of attending physicians. Finally, treatment exposures
were of limited duration, lasting for the most part for just 21⁄2
to 3 months. These relatively short treatment-exposure peri-
ods may not have been sufficient to fully evaluate potential
treatment effects, although some reports have suggested that
the majority of cases of new-onset diabetes incurred during
treatment with antipsychotics occur within 3 to 6
months.32,47,48 The short period in which an acute need for
antihyperglycemic medications does appear to increase in the
present analysis is therefore somewhat surprising. One expla-
nation could be that the development of hyperglycemia is not
entirely the result of the administration of antipsychotic
agents, but could in fact be the result of a threshold effect in
an already impaired patient population. Possibly ameliorating
some of the concerns over the limitations of this analysis is
the fact that it involved nearly 31,000 antipsychotic-treated
patients and a control population of nearly two million pa-
tients, and it might therefore be reasonably expected that,
with such a large sample, a fair degree of balancing took place
between drug cohorts for such possible risk factors as obesity,
family histories of diabetes, and the relative proportions of the
different conditions for which these medications were being
prescribed.

CONCLUSION

These data indicate that the incidence of new cases of
diabetes could be higher among elderly patients who receive
prescriptions for antipsychotic medications than among those
not receiving antipsychotics. The risk of developing diabetes
was highest overall for patients treated with thioridazine. Risk
in the overall atypical antipsychotic cohort was not signifi-
cantly higher than that for the overall conventional antipsy-
chotic cohort. Among the individual atypical antipsychotic
cohorts, the risperidone group’s risk uniquely was significantly
higher than haloperidol’s. In conclusion, the risk of diabetes
could be higher for patients using any antipsychotic, and
clinicians must be cognizant of it, regardless of the antipsy-
chotic selected.
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