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Background
All antipsychotic medications carry warnings of increased
mortality for older adults, but little is known about
comparative mortality risks between individual agents.
Aims
To estimate the comparative mortality risks of commonly
prescribed antipsychotic agents in older people living in the
community.
Method
A retrospective, claims-based cohort study was conducted of
people over 65 years old living in the community who had
been newly prescribed risperidone, olanzapine, quetiapine,
haloperidol, aripiprazole or ziprasidone (n = 136 393).
Propensity score-adjusted Cox proportional hazards models
assessed the 180-day mortality risk of each antipsychotic
compared with risperidone.
Results
Risperidone, olanzapine and haloperidol showed a

Despite significant safety concerns,1,2 and modest evidence of
efficacy,3–6 antipsychotic medications are widely prescribed
off-label in older adults, often for disruptive behavioural
symptoms of dementia.7,8 In 2005 a meta-analysis of 15 clinical
trials in patients with Alzheimer’s disease or dementia reported
a more than 50% increase in mortality for second-generation
antipsychotics above placebo.1 Subsequent observational studies
reported equal or greater risk for first-generation agents.2,9–13
Starting in 2005, regulatory agencies in the UK and the USA
issued warnings of increased mortality risk for off-label use of
first- and second-generation antipsychotics in elderly patients
with dementia,14,15 but use in older adults, including those with
dementia, has remained substantial.8,16–19 Although the use of
antipsychotics is particularly prevalent in nursing homes, more than
70% of the over 1 million older adults who receive antipsychotics in
the USA are treated outside of institutional settings.20,21 In England
and Wales, approximately 48% of the more than 100 000 older
adults without severe mental illness treated with antipsychotics
reside in the community, and within one primary care trust
15.3% of out-patients in a dementia register were recently found
to be receiving antipsychotic medications.8,22
Much uncertainty remains concerning the comparative safety
of individual antipsychotic agents in older adults. Meta-analyses
of controlled trials and most observational studies are not
adequately powered to compare individual agents with respect
to risk of premature mortality.1,2,9–13 Using a similar analytic
approach to that used in this study, our group recently examined
*Parts of this paper were presented on 17 August 2011 at the 27th International
Conference of the International Society for Pharmacoepidemiology in Chicago,
Illinois, USA.
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dose–response relation in mortality risk. After controlling for
propensity score and dose, mortality risk was found to be
increased for haloperidol (hazard ratio (HR) = 1.18, 95% CI
1.06–1.33) and decreased for quetiapine (HR = 0.81, 95% CI
0.73–0.89) and olanzapine (HR = 0.82, 95% CI 0.74–0.90).
Conclusions
Significant variation in mortality risk across commonly
prescribed antipsychotics suggests that antipsychotic
selection and dosing may affect survival of older people
living in the community.
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comparative mortality risks of antipsychotic medications in
nursing-home residents, a frail population with limited life
expectancy.23 In addition, two prior studies directly or indirectly
compared mortality risks of individual antipsychotic agents in
predominantly male and community-dwelling older US veterans
with dementia.24,25 Despite pronounced differences in
demographic composition, pattern of comorbidity, cognitive
status and frailty between the study populations, these studies
reported similar findings regarding the comparative mortality risk
of individual medications. In comparison with risperidone, an
increased risk was found with haloperidol and a decreased risk
with quetiapine, with no significant difference in risk for
olanzapine. Dosage is a potentially important determinant of
comparative antipsychotic safety. Clinical variations among agents
in community dosing patterns may interact with dose response
to influence mortality risk.23,24 We therefore estimated the
comparative non-cancer mortality of the six most commonly
prescribed antipsychotic drugs, with and without statistical
adjustment for dose, in a national cohort of non-institutionalised
older adults enrolled in the US Medicaid and Medicare
programmes.
Method
To compare non-cancer and cause-specific mortality risks
between individual antipsychotic medications, we conducted a
retrospective, observational cohort study among people 65 years
old or older who were living in the community and had recently
begun antipsychotic treatment. People with clinical diagnoses of
schizophrenia, bipolar disorder or cancer during the 180-day
period preceding the index date were excluded. Our study used
combined service (Medicare Parts A and B) and pharmacy
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(Medicaid) claims from 1 January 2001 to 31 December 2005
for 45 US states, representing over 95% of older people with dual
eligibility living in the community in the USA. The study cohort
was limited to patients with new antipsychotic treatment episodes,
to avoid underascertainment of events that occurred soon after
initiation of antipsychotic therapy.26,27 The study was approved
by the Rutgers University institutional review board. New
treatment episodes were defined by a claim for an antipsychotic
drug immediately preceded by at least 180 days of eligibility
without a claim for any antipsychotic medication or long-term
nursing facility stay. At least one pharmacy claim and one
Medicare service claim were required during the 180 days
preceding the index date to ensure that patients were in contact
with the healthcare system. All baseline variables were constructed
from claims during the 180-day pre-index period. Patients
were excluded if they had a claim for two or more different
antipsychotic drugs at the index date, if the index claim for
antipsychotic medication included no information regarding
days of supply, or if the prescription was for an antipsychotic/
antidepressant combination product.
Antipsychotic medications and follow-up
Antipsychotic medications included risperidone, olanzapine,
quetiapine, haloperidol, aripiprazole and ziprasidone. Other
antipsychotics were used too infrequently to permit meaningful
analysis. We constructed a calendar of antipsychotic exposure
noting start of exposure, drug discontinuation and antipsychotic
switch or augmentation. Antipsychotic discontinuation was
defined as the last day of continuous supply, allowing for a gap
of 7 days to account for late refills. Antipsychotic switch or
augmentation was defined as a fill for an antipsychotic other than
the index agent. Doses were converted into chlorpromazine
equivalents (CPZeq) to assess dose effects across individual
antipsychotics (see online Table DS1).28 Using this conversion
approach, a dose of 2 mg risperidone is approximately equivalent
to 5 mg olanzapine, 75 mg quetiapine, 2 mg haloperidol, 7.5 mg
aripiprazole or 60 mg ziprasidone. An alternative conversion was
used in sensitivity analyses.29
Outcomes
The primary outcome – non-cancer mortality within 180 days
after the index date – was based on death date and cause of death
information from the National Death Index.30,31 Cause-specific
mortality was examined as a secondary outcome using broad
diagnostic categories because misclassification of causes of
death in older populations is likely: death from diseases of
the circulatory system (ICD-10 codes I00–I99),32 death from
cerebrovascular disease (ICD-10 I60-I69), death from diseases of
the respiratory system (ICD-10 J00–J99) and death from other
causes.33
Statistical analysis
We first calculated sociodemographic, clinical and healthcare use
characteristics at baseline for each of the prescribed antipsychotic
subgroups, and estimated event rates for primary and secondary
mortality outcomes with risperidone as the referent agent. To
compare antipsychotics with respect to risk of non-cancer and
cause-specific mortality, we performed crude and adjusted Cox
proportional hazards regressions. Models were fitted at several
levels of adjustment:
(a) unadjusted;
(b) adjusted for gender, ethnicity, age and calendar year;

(c) adjusted for propensity score;
(d) adjusted for high-dimensional propensity score.34
Follow-up began from the day after the index antipsychotic
claim and was censored at the day of discontinuation, antipsychotic switch or augmentation, 10 or more days in hospital,
death, 180 days after index prescription claim, or end of study,
whichever came first. Thirty days were added to the last day of
follow-up for patients who discontinued antipsychotic therapy,
to reduce potential bias from informative censoring if patients
discontinued the drug because of adverse effects experienced
shortly before death. Sensitivity analyses were performed without
the 30-day addition. Propensity scores were calculated using a
non-parsimonious logistic regression model including all variables
presented in Tables 1 and 2. High-dimensional propensity scores
were calculated using an automated algorithm that facilitated
inclusion of many additional potential confounding variables.34
For all comparisons using traditional or high-dimensional
propensity scores, propensity score distributions were plotted,
evaluated for overlap and truncated at the margins of the
propensity score distribution by 2.5% to ensure exclusion of
patients who (based on their characteristics) would be expected
to always receive one treatment over another. Propensity scores
were included as deciles into the regression models. Analyses were
stratified by dementia diagnosis and age group (65–80 years, 581
years) to examine potential heterogeneity in mortality risk. In
addition, we performed a dose–response analysis for all antipsychotics combined and for individual agents with sufficient
sample sizes. For these analyses we constructed three dose strata
based on the dose distributions observed for each individual
antipsychotic and for all antipsychotics combined (online
Table DS2). Lastly, we fitted dose-adjusted models that included
antipsychotic dose (550 mg CPZeq, 50–99 mg CPZeq, 100–149 mg
CPZeq, 5150 mg CPZeq) and high-dimensional propensity score
deciles. Dose–response and dose-adjusted analyses were based
solely on antipsychotic index dose and did not consider dose
changes over follow-up, as the majority of patients did not change
dose between their first two antipsychotic fills (88.2%) or between
their first and last observed antipsychotic fill (83.0%), and there
was no meaningful difference between individual agents (online
Table DS3).
Results
The study cohort comprised 136 393 patients with new antipsychotic treatment episodes (Fig. 1). Risperidone was the most
commonly used agent (36.2%), followed by olanzapine (32.5%),
quetiapine (19.2%), haloperidol (9.6%), aripiprazole (1.4%) and
ziprasidone (1.1%). Median starting doses were 0.5 mg (risperidone),
5 mg (olanzapine), 50 mg (quetiapine), 1 mg (haloperidol), 10 mg
(aripiprazole) and 40 mg (ziprasidone). Mean time to censoring
was 83 days. Censoring times were similar for the second-generation
agents (Table 1), ranging from 77 days (ziprasidone) to 88 days
(olanzapine) but were shorter for haloperidol (63 days). Censoring
most commonly occurred owing to antipsychotic discontinuation
(83.8%) followed by day 180 (13.2%) and death (3.0%). The
cohort was predominantly female, White and had a mean age of
79.1 years. Nearly a third of patients had a diagnosis of dementia.
Although most baseline characteristics were broadly similar
between individual agents, marked differences were evident in
several characteristics. Most notably, patients beginning therapy
with risperidone, haloperidol, quetiapine or ziprasidone had
higher rates of diagnosed dementia than those starting olanzapine
or aripiprazole. Diagnosed depression was highest among patients
beginning therapy with aripiprazole, ziprasidone or quetiapine
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Lack of continuous enrolment
in Medicare and Medicaid during
6 months prior to the index date:
n = 369 485
No prescription/service claim
during 6 months prior to index date:
n = 26 928
Diagnosis of schizophrenia, bipolar
disorder or cancer in 6 months
prior to index date:
n = 26 577
Index claim for non-study antipsychotic:
n = 8736
Two or more antipsychotic prescriptions
filled at index date:
n = 3583
Index fill for combination antipsychotic/
antidepressant product:
n = 577
Missing days’ supply for the
index antipsychotic fill:
n = 3041

Patients included in the study cohort:
n = 136 393
Subset of patients included
in dose–response
and dose-adjusted analyses:
n = 132 414

Fig. 1

Assembly of the study cohort.

and was relatively rare among patients starting haloperidol.
Differences were also apparent in use of other psychotropic
medications during the baseline period, with patients taking
aripiprazole having the highest rate of use of other psychotropic
medications and those taking haloperidol the lowest (Table 2).
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Fig. 2 Mortality hazard ratios for frequently used antipsychotic
medications compared with risperidone as prescribed and
adjusted for dose.
Risperidone is the referent in all comparisons; hdPS, high-dimensional propensity
score; HR, hazard ratio. Dose adjustment was performed with the following
chlorpromazine equivalent dose categories: 550 mg, 50–99 mg, 100–149 mg,
5150 mg.

Dose–response and dose-adjusted analyses
For all study antipsychotics combined, a dose–response relationship
was apparent with hazard ratios of 1.36 (95% CI 1.24–1.49) for
high v. low dose and 1.19 (95% CI 1.10–1.27) for medium v.
low dose (Fig. 3). Among the four most widely used agents, all
but quetiapine showed significant dose response. Haloperidol
demonstrated the strongest dose–response effect. Aripiprazole
and ziprasidone were not used with sufficient frequency to permit
meaningful evaluation of dose–response risk of mortality.
/
1

Haloperidol

High v. low
Medium v. low

Mortality risk at 180 days
Across all agents we observed 4216 non-cancer deaths in 31 090
person-years of follow-up, for an overall non-cancer mortality rate
of 13.6 per 100 person-years. An additional 180 cancer-related
deaths were censored. Unadjusted event rates ranged from 31.4
(95% CI 29.1–33.7) per 100 person-years for haloperidol to 5.8
(95% CI 3.5–8.1) per 100 person-years for aripiprazole (online
Table DS4). Hazard ratios (HRs) calculated at different levels of
adjustment are presented in Table 3. In unadjusted comparisons
with risperidone, haloperidol had a nearly doubled mortality risk,
whereas aripiprazole, quetiapine, ziprasidone and olanzapine
showed risk reductions ranging from 55% (aripiprazole) to 22%
(olanzapine). Estimates for all comparisons moved monotonically
towards the null with increasing levels of adjustment (Table 3).
In analyses adjusted for high-dimensional propensity score,
haloperidol demonstrated a 45% increase in risk and only
quetiapine exhibited a statistically significant reduction in risk
below risperidone (Fig. 2). The excess risk for haloperidol was
greatest early after treatment initiation and attenuated during
follow-up (online Table DS5). No significant difference from the
overall results was observed for any of the specific causes of
mortality (Table 3). Neither age- nor dementia-stratified models
showed marked differences in the pattern of mortality risk
between strata (online Table DS6).
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Fig. 3 Dose–response analysis for antipsychotic medications
and non-cancer mortality.
Analyses were restricted to patients taking solid oral dosage forms of the
antipsychotic drug (n = 132 414). The low-dose group of each agent served as the
reference group for each comparison. Owing to insufficient event numbers in
individual dose strata, no result is presented for aripiprazole or ziprasidone. The
following dose ranges were used: haloperidol low 41 mg, medium 41–4 mg, high
44 mg; risperidone low 40.5 mg, medium 40.5–1 mg, high 41 mg; olanzapine low
42.5 mg, medium 42.5–5 mg, high 45 mg; quetiapine low 425 mg, medium
425–50 mg, high 450 mg; all antipsychotics (in chlorpromazine equivalents) low
550 mg CPZeq, medium 50–75 mg CPZeq, high 475 mg CPZeq. hdPS, high-dimensional
propensity score; HR, hazard ratio.

Mortality risks of antipsychotic medications

Table 1

Characteristics of the sample categorised by antipsychotic prescription

Patients, n (%)
Dose (CPZeq), n (%)a
550 mg
50–99 mg
100–149 mg
5150 mg

Demographic characteristics
Male, n (%)
Age, years: mean (s.d.)
Age group, n (%)
65–70
71–75
76–80
81–85
86–90
91–95
96–100
Ethnicity, n (%)
White
African American
Hispanic
Other/unknown

Risperidone

Olanzapine

Quetiapine

Haloperidol

Aripiprazole

Ziprasidone

136 393 (100.0)

49 333 (36.2)

44 296 (32.5)

26 130 (19.2)

13 159 (9.6)

1908 (1.4)

1567 (1.1)

27 639
14 391
3907
1793

577
20 669
14 272
7710

12 519
8523
2797
1904

116
696
602
471

388
627
338
171

43 821
49 470
24 185
14 912

Time to censoring, days: mean (s.d.)
Year of index date, n (%)
2001
2002
2003
2004
2005

Full cohort

(32.1)
(36.3)
(17.7)
(10.9)

83.3 (51.7)
15 513
31 963
32 520
30 583
25 814

(11.4)
(23.4)
(23.8)
(22.4)
(18.9)

(56.0)
(29.2)
(7.9)
(3.6)

83.4 (52.2)
5973
11 882
11 227
11 381
8870

(12.1)
(24.1)
(22.8)
(23.1)
(18.0)

(1.3)
(46.7)
(32.2)
(17.4)

88.0 (51.2)
5688
13 313
12 534
7978
4783

(12.8)
(30.1)
(28.3)
(18.0)
(10.8)

10 643 (24.0)
78.3 (8.2)

(47.9)
(32.6)
(10.7)
(7.3)

85.8 (53.9)

2582
4564
2269
2863

(19.6)
(34.7)
(17.2)
(21.8)

62.8 (40.7)

(6.1)
(36.5)
(31.6)
(24.7)

82.1 (59.8)

(24.8)
(40.0)
(21.6)
(10.9)

76.5 (48.8)

(17.7)
(24.8)
(20.6)
(18.6)
(18.3)

NAb
NAb
383 (20.1)
696 (36.5)
820 (43.0)

80
189
360
472
466

6622 (25.3)
77.8 (8.1)

3291 (25.0)
81.8 (8.3)

473 (24.8)
75.9 (7.6)

378 (24.1)
76.7 (7.9)

580 (30.4)
407 (21.3)
397 (20.8)
274 (14.4)
168 (8.8)
72 (3.8)
NAb

444
300
340
246
151
66
20

(28.3)
(19.1)
(21.7)
(15.7)
(9.6)
(4.2)
(1.3)

829
310
167
261

(52.9)
(19.8)
(10.7)
(16.7)

1445
3306
5301
7615
8463

(5.5)
(12.7)
(20.3)
(29.1)
(32.4)

2327
3264
2715
2441
2412

32 521 (23.8)
79.1 (8.3)

11 114 (22.5)
80.0 (8.3)

25 486
24 209
27 376
25 917
19 664
10 747
2994

(18.7)
(17.8)
(20.1)
(19.0)
(14.4)
(7.9)
(2.2)

7753
7948
9864
10 028
7993
4429
1318

(15.7)
(16.1)
(20.0)
(20.3)
(16.2)
(9.0)
(2.7)

9293
8614
8973
7933
5817
2973
693

(21.0)
(19.5)
(20.3)
(17.9)
(13.1)
(6.7)
(1.6)

5970
5152
5251
4701
3073
1577
406

(22.9)
(19.7)
(20.1)
(18.0)
(11.8)
(6.0)
(1.6)

1446
1788
2551
2735
2462
1630
547

(11.0)
(13.6)
(19.4)
(20.8)
(18.7)
(12.4)
(4.2)

73 730
22 620
12 811
27 232

(54.1)
(16.6)
(9.4)
(20.0)

26 393
9405
4336
9199

(53.5)
(19.1)
(8.8)
(18.7)

24 419
5899
3883
10 095

(55.1)
(13.3)
(8.8)
(22.8)

14 734
3609
2981
4806

(56.4)
(13.8)
(11.4)
(18.4)

6346
3126
1168
2519

(48.2)
(23.8)
(8.9)
(19.1)

1009
271
276
352

(52.9)
(14.2)
(14.5)
(18.5)

(5.1)
(12.1)
(23.0)
(30.1)
(29.7)

CPZeq, chlorpromazine equivalent; NA, not applicable.
a. After conversion to chlorpromazine equivalents, based on the subset of patients receiving tablets or caplets.
b. Not applicable as cell size 510.

After conversion to chlorpromazine equivalents, marked
differences in dose distributions were observed among agents
(Tables 1 and DS2). Most notably, 56% and 48% of risperidone
and quetiapine use respectively were at doses below 50 mg CPZeq,
with significantly lower proportions for olanzapine (1%),
aripiprazole (6%) and haloperidol (20%). Conversely, use at doses
of 100 mg CPZeq or above was significantly more common for
aripiprazole (56%), olanzapine (50%) and haloperidol (39%)
compared with risperidone (11.5%) and quetiapine (18%). At
the low end of the spectrum these differences are largely
attributable to differences in the lowest available tablet strength,
e.g. 0.25 mg (12.5 mg CPZeq) for risperidone and 2.5 mg (50 mg
CPZeq) for olanzapine. In analyses controlled for CPZeq dose
categories and high-dimensional propensity scores, haloperidol
was associated with an 18% (95% CI 6–33) increase in risk,
whereas aripiprazole (HR = 0.62, 95% CI 0.40–0.97), quetiapine
(HR = 0.80, 95% CI 0.72–0.89) and olanzapine (HR = 0.82, 95%
CI 0.74–0.90) had appreciably decreased non-cancer mortality
risks (Fig. 2). Point estimates remained essentially unchanged
following restriction to patients initially taking doses commonly
used for both comparators (data not shown). Dose–response and
dose-adjusted findings using an alternative CPZeq conversion
algorithm were consistent with results shown above (data not
shown).29
Discussion
In a large, community-based cohort of people over 65 years old,
significant differences were evident in mortality risk during the
first 6 months of treatment with commonly prescribed antipsychotics. As prescribed and as compared with risperidone,

mortality risk was substantially higher for haloperidol and lower
for quetiapine. No marked difference in mortality risk was
observed between risperidone and olanzapine. Confidence
intervals for aripiprazole and ziprasidone were wide owing to
infrequent use of these drugs during the study period, warranting
further study of their comparative mortality risks in older adults.
Dose–response in mortality risk was observed for haloperidol,
risperidone and olanzapine, but not for quetiapine. Adjusting
for dose in the analysis markedly reduced the magnitude of excess
mortality risk observed for haloperidol and lowered the risk
associated with olanzapine. Stratified analyses provided no
evidence of treatment effect heterogeneity by age group or presence of dementia.
In several respects our results confirm those from previous
studies that directly compared individual antipsychotic agents.23,24
Hazard ratio point estimates for comparisons with risperidone
across the three studies ranged from 1.45 to 1.81 for haloperidol,
from 0.99 to 1.06 for olanzapine and from 0.74 to 0.83 for
quetiapine. Indirect contrasts based on comparisons of individual
antipsychotics with non-use showed similar findings.25
Aripiprazole and ziprasidone were only examined in one previous
study,23 where no differences in mortality risk in relation to
risperidone were observed. It may be noted that the higher risk
observed for haloperidol in this study (HR = 1.81) compared with
our community study (HR = 1.45) might be the result of higher
haloperidol doses prescribed in nursing homes. Whereas 21.7%
of initial haloperidol prescriptions in the nursing home were
over 4 mg, only 13.9% were over 4 mg in the community-based
cohort.23 An increased mortality risk for haloperidol compared
with risperidone is also broadly consistent with reports of
greater mortality risk associated with first- v. second-generation
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Table 2

Clinical characteristics and prescribing history of the sample
Full cohort
n = 136 393

Risperidone
n = 49 333

Olanzapine
n = 44 296

Psychiatric morbidity, n (%)
Dementia
Depression
Anxiety
Delirium
Non-schizophrenia psychosisa

43 183
26 523
4049
6949
11 866

(31.7)
(19.5)
(3.0)
(5.1)
(8.7)

17 543
8939
1322
2612
4859

(35.6)
(18.1)
(2.7)
(5.3)
(9.9)

11 400
8637
1341
1734
3126

(25.7)
(19.5)
(3.0)
(3.9)
(7.1)

Cardiovascular morbidity, n (%)
Myocardial infarction
Arrhythmias
Ischaemic heart disease
Hypertension
Congestive heart failure

6467
10 897
9073
84 747
26 208

(4.7)
(8.0)
(6.7)
(62.1)
(19.2)

2518
3901
3166
30 615
9863

(5.1)
(7.9)
(6.4)
(62.1)
(20.0)

1698
3481
3057
27 285
7766

(3.8)
(7.9)
(6.9)
(61.6)
(17.5)

Cerebrovascular disease, n (%)

23 703 (17.4)

8912 (18.1)

6842 (15.5)

4621 (17.7)

2769 (21.0)

288 (15.1)

271 (17.3)

Other comorbidities, n (%)
Diabetes
Parkinson’s disease

40 043 (29.4)
5201 (3.8)

14 844 (30.1)
1312 (2.7)

12 169 (27.5)
1234 (2.8)

7874 (30.1)
2186 (8.4)

4034 (30.7)
354 (2.7)

634 (33.2)
56 (2.9)

488 (31.1)
59 (3.8)

54 409 (39.9)
71 807 (52.7)
10 177 (7.5)

19 141 (38.8)
26 441 (53.6)
3751 (7.6)

18 551 (41.9)
22 831 (51.5)
2914 (6.6)

10 494 (40.2)
13 653 (52.3)
1983 (7.6)

4764 (36.2)
7134 (54.2)
1261 (9.6)

786 (41.2)
972 (50.9)
150 (7.9)

673 (43.0)
776 (49.5)
118 (7.5)

12.4 (6.7)

11.9 (6.5)

12.7 (6.7)

13.2 (7.0)

11.4 (6.4)

13.5 (6.9)

12.7 (6.6)

2.2 (3.8)

2.2 (3.6)

2.2 (3.8)

2.5 (4.1)

2.2 (3.5)

2.2 (3.8)

2.2 (3.4)

5.3 (12.4)

5.6 (12.8)

4.6 (11.4)

5.7 (13.2)

5.9 (12.4)

5.5 (12.0)

7.2 (14.5)

General indicators of comorbidity
Charlson comorbidity indexb
0–1
2–5
45
Number of different prescription
drugs received, mean (s.d.)
Number of out-patient visits,
mean (s.d.)
Time in hospital, days:
mean (s.d.)
History of psychotropic
prescriptions, n (%)
Antidepressants
Hypnotic agents
Other psychoactive agentsc
Dementia medication

67 928
58 386
10 036
33 720

(49.8)
(42.8)
(7.4)
(24.7)

23 369
19 443
3354
13 384

(47.4)
(39.4)
(6.8)
(27.1)

22 833
19 694
3412
9231

(51.6)
(44.5)
(7.7)
(20.8)

Quetiapine
n = 26 130

8518 (32.6)
6671 (25.5)
960 (3.7)
1661 (6.4)
2345 (9.0)
1281
2015
1780
16 590
4745

15 051
12 604
2187
7338

(4.9)
(7.7)
(6.8)
(63.5)
(18.2)

(57.6)
(48.2)
(8.4)
(28.1)

Haloperidol
n = 13 159

Aripiprazole
n = 1908

Ziprasidone
n = 1567

4676
1118
286
713
1039

(35.5)
(8.5)
(2.2)
(5.4)
(7.9)

538
706
75
116
274

(28.2)
(37.0)
(3.9)
(6.1)
(14.4)

508
452
65
113
223

(32.4)
(28.8)
(4.2)
(7.2)
(14.2)

822
1254
884
8011
3245

(6.3)
(9.5)
(6.7)
(60.9)
(24.7)

68
128
95
1233
315

(3.6)
(6.7)
(5.0)
(64.6)
(16.5)

80
118
91
1013
274

(5.1)
(7.5)
(5.8)
(64.7)
(17.5)

4526
4933
740
2835

(34.4)
(37.5)
(5.6)
(21.5)

1241
963
202
503

(65.0)
(50.5)
(10.6)
(26.4)

908
749
141
429

(58.0)
(47.8)
(9.0)
(27.4)

a. Includes hallucinations, paranoid states, other non-organic psychoses and senile psychotic conditions.
b. Individual comorbidities defined based on at least one hospital admission or at least one out-patient visit with the respective ICD codes. The Charlson index is included in the
propensity score models as a continuous variable.
c. Includes barbiturates, non-benzodiazepine anxiolytics, stimulant and attention-deficit hyperactivity disorder medication, lithium, valproate, carbamazepine and lamotrigine.

antipsychotics.2,9–12 Taken together, these findings suggest that
at the doses used in clinical practice differences in mortality risks
between individual agents are largely consistent across diverse
populations of older adults.
Consistent with the nursing-home study, higher as compared
with lower dosing tends to carry greater mortality risk for older
people living in the community.23 Higher risk of mortality is
associated with higher doses of risperidone, olanzapine and
haloperidol, but not quetiapine. Potential pharmacological
explanations for the absence of a dose–response relationship for
quetiapine, which was observed in both studies, remain
incompletely understood.35,36 Because dose–response analyses in
both studies were empirically constructed based on each agent’s
observed dose distribution, a simple explanation for the lack of
dose response for quetiapine is that there is less variation in
clinical quetiapine dosing than for most other antipsychotics (Table
DS2). As greater clinical experience accumulates with aripiprazole
and ziprasidone in older patients, it will be important to assess
the dose-related mortality risks of these medications.
Adjustment for dose in the analysis markedly altered the
magnitude – and for some medications the direction – of the
individual agent mortality effect estimates. Assuming the validity
of the dose equivalencies used in our study, this suggests that
mortality differences between antipsychotics are partially a
function of dosing differences in clinical practice rather than the
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pharmacodynamic properties of individual agents. Particularly,
the excess mortality risk of haloperidol compared with risperidone
may be at least partially due to more aggressive dosing. Previous
studies did not report significant changes in their findings after
dose adjustment.23,24 The differences among studies in individual
agent dose-adjusted mortality effect estimates could be due to
differences in dose-adjustment methods or patient populations.23,24
No substantial comparative risk difference between patient
groups with and without clinical dementia diagnoses was evident
in this or in our companion nursing-home study.23 The current
regulatory advisories specifically relate to the treatment of elderly
patients with dementia.14,15,19 In light of the widespread use of
antipsychotics in the out-patient treatment of older people without
a dementia diagnosis, safety considerations specific to this
population are important.37 Because the relative risks of
antipsychotic-related mortality in older adults appear to be similar
in out-patient groups with and without a dementia diagnosis,
concerns raised by the regulatory advisories may apply equally
to older patients without dementia. Although our study did not
include an untreated comparison group and therefore cannot
directly address the question whether antipsychotics increase
mortality risk in patients without dementia compared with no
treatment, the dose–response findings in mortality risk are
consistent with an increased absolute mortality risk associated
with antipsychotic medications.

Mortality risks of antipsychotic medications

Table 3

Hazard ratios of death within 180 days
Hazard ratio (95% CI)
Adjusted

Unadjusted
Age, gender, ethnicity and year
Non-cancer mortality
Risperidone
Olanzapine
Quetiapine
Haloperidol
Aripiprazole
Ziprasidone
Cause-specific mortality
Circulatory system
Risperidone
Olanzapine
Quetiapine
Haloperidol
Aripiprazole
Ziprasidone
Cerebrovascular disease
Risperidone
Olanzapine
Quetiapine
Haloperidol
Aripiprazole
Ziprasidone
Respiratory system
Risperidone
Olanzapine
Quetiapine
Haloperidol
Aripiprazole
Ziprasidone
Other
Risperidone
Olanzapine
Quetiapine
Haloperidol
Aripiprazole
Ziprasidone

1.0
0.78
0.66
1.97
0.45
0.64

Propensity score

High-dimensional propensity score

(0.72–0.84)
(0.60–0.73)
(1.79–2.16)
(0.30–0.67)
(0.44–0.93)

1.0
0.87
0.71
1.88
0.54
0.74

(0.80–0.94)
(0.64–0.78)
(1.71–2.06)
(0.36–0.81)
(0.51–1.09)

1.0
0.91
0.75
1.63
0.60
0.75

(0.84–0.98)
(0.68–0.83)
(1.48–1.79)
(0.40–0.89)
(0.51–1.11)

1.0
0.99
0.81
1.45
0.66
0.87

(0.91–1.07)
(0.73–0.89)
(1.31–1.60)
(0.42–1.02)
(0.59–1.30)

1.0
0.83 (0.75–0.92)
0.68 (0.60–0.78)
2.02 (1.79–2.29)
0.45 (0.26–0.78)
0.70 (0.43-1.15)

1.0
0.93
0.74
1.89
0.56
0.84

(0.84–1.04)
(0.64–0.84)
(1.67–2.15)
(0.32–0.98)
(0.51–1.37)

1.0
0.97
0.81
1.63
0.63
0.89

(0.88–1.08)
(0.70–0.92)
(1.43–1.85)
(0.37–1.10)
(0.53–1.45)

1.0
1.06
0.83
1.45
0.70
0.92

(0.95–1.18)
(0.72–0.95)
(1.26–1.65)
(0.38–1.28)
(0.53–1.59)

1.0
0.73
0.64
2.23
0.20
0.50

(0.56–0.94)
(0.46–0.88)
(1.66–3.00)
(0.03–1.45)
(0.12–2.01)

1.0
0.82
0.72
2.07
0.27
0.62

(0.63–1.07)
(0.51–1.00)
(1.53–2.78)
(0.04–1.94)
(0.15–2.51)

1.0
0.86
0.80
1.76
0.33
0.62

(0.66–1.12)
(0.57–1.12)
(1.30–2.38)
(0.05–2.35)
(0.15–2.50)

1.0
0.97
0.87
1.61
0.36
0.37

(0.74–1.27)
(0.62–1.23)
(1.17–2.20)
(0.05–2.59)
(0.05–2.66)

1.0
0.81
0.67
1.88
0.80
0.34

(0.66–0.99)
(0.52–0.87)
(1.46–2.40)
(0.35–1.79)
(0.08–1.35)

1.0
0.85
0.71
1.87
0.97
0.38

(0.69–1.04)
(0.54–0.92)
(1.45–2.40)
(0.43–2.20)
(0.09–1.54)

1.0
0.86
0.71
1.63
0.94
0.36

(0.70–1.05)
(0.55–0.93)
(1.26–2.10)
(0.42–2.14)
(0.09–1.47)

1.0
0.90
0.85
1.38
1.51
0.47

(0.73–1.11)
(0.65–1.11)
(1.06–1.79)
(0.65–3.52)
(0.12–1.91)

1.0
0.69
0.62
1.91
0.28
0.66

(0.60–0.80)
(0.52–0.74)
(1.61–2.26)
(0.12–0.68)
(0.34–1.28)

1.0
0.77
0.66
1.85
0.33
0.75

(0.67–0.89)
(0.55–0.79)
(1.56–2.19)
(0.13–0.79)
(0.39–1.46)

1.0
0.81
0.69
1.63
0.37
0.74

(0.70–0.93)
(0.57–0.82)
(1.37–1.93)
(0.15–0.90)
(0.38–1.44)

1.0
0.87
0.71
1.46
0.45
0.89

(0.75–1.01)
(0.59–0.86)
(1.22–1.74)
(0.18–1.09)
(0.46–1.73)

Study limitations
Our study is subject to several limitations. First, residual
confounding is a potential source of bias if unobserved variables
affect antipsychotic choice, dose and risk of mortality. Severity
of dementia and dementia-related behavioural symptoms, which
are not directly observable in claims data, may have confounded
the observed associations. However, our companion nursinghome study, which had access to clinical measures of dementia
severity and behavioural symptoms from nursing staff ratings,
did not observe changes in mortality estimates when these ratings
were added to the propensity score models.38 Second, we aimed
to estimate comparative mortality risks for antipsychotics at
clinically equivalent doses by adjusting for chlorpromazineequivalent dose categories. However, the chlorpromazine dose
equivalency schedule, which was developed for schizophrenia
treatment, has uncertain applicability to the lower antipsychotic
doses used in older patients without psychosis. The dose-adjusted
findings in our study thus have to be interpreted with appropriate
caution. Nevertheless, our findings were robust using two different
conversion algorithms.28,29 Third, dose analyses were based on the
antipsychotic dose of the index prescription and might therefore
have introduced dose misclassification if titration schedules varied
across agents. Because dose changes during follow-up occurred in
only a small minority of patients, the effects of such misclassification
are likely to be limited. Fourth, considerable uncertainty exists

about the intended clinical indications for antipsychotic treatment
in our study population. Although patients with schizophrenia,
bipolar disorder or cancer were excluded, only about a third of
patients had a clinical diagnosis of dementia. Underascertainment
of dementia in claims data is well recognised,39,40 resulting from
both underdiagnosis of dementia in clinical practice (particularly
in the early stage of the disease, where diagnostic sensitivity has
been estimated at 9–41%),41 and incomplete coding of diagnosed
dementia.42 It is thus likely that considerably more than a third of
the patients in our study had at least early-stage dementia. Fifth,
our study was limited to comparisons between antipsychotic
agents commonly used in the USA during the years 2001–2005
and therefore could not provide estimates of the comparative
mortality risk associated with newer agents or agents not
approved in the USA such as amisulpride. Finally, our results
are limited to the first 6 months of treatment and therefore do
not inform the long-term comparative safety of antipsychotic
treatment, and no comparison is presented with patients not
receiving antipsychotic medication.

Implications
Clinicians treating older people with dementia should balance
evidence of mortality risks and other adverse effects with efficacy
in managing disruptive and potentially dangerous behaviour.4,43–45
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Generally, antipsychotics should be reserved for patients with
psychotic and severe mood symptoms that cause significant
distress and to situations with immediate risk of harm to the
patient or others, and should be avoided as a treatment of
cognitive deficits. Treatment with antipsychotics should target
specific symptoms, be initiated at low dose and used for short
periods, and should not be initiated until medications and
alternative treatable medical conditions that might cause or
exacerbate behavioural symptoms have been excluded.45,46 For
many patients non-pharmacological options may offer a safer
treatment alternative but the evidence base for these interventions
remains underdeveloped and barriers exist to their widespread
implementation.47–49 If antipsychotic therapy is initiated the
choice of medication should be guided by patient preferences
and predisposition regarding these agents’ adverse effects profiles
including their comparative mortality risks,45 as well as each
agent’s efficacy for the targeted symptom. For global behavioural
symptoms in dementia, aripiprazole, olanzapine and risperidone
show similar small but statistically significant benefits, with less
robust evidence for the benefit of quetiapine.4
Current efforts in both the UK and the USA aim to reduce
antipsychotic prescribing in older adults without severe mental
illness.50,51 However, because antipsychotic use in this population
is likely to remain significant, evidence regarding the comparative
safety of these agents remains important. The comparative
pharmacoepidemiological safety studies to date paint a largely
consistent picture regarding the comparative mortality risks of
the most widely used antipsychotic agents, particularly at doses
commonly used in clinical practice.23,24 Because the newer agents
aripiprazole and ziprasidone were less commonly used during the
study periods, greater uncertainty remains about the comparative
risks of these agents and particularly their dose–response profiles.
This study suggests that dose adjustment markedly affects the
comparative mortality risks associated with individual agents.
Comparative data on the effectiveness of individual agents across
the dose spectrum is therefore needed to better inform benefit–
risk assessment and agent selection. Even in the absence of such
data, current guidelines supported by the dose–response findings
of this and other observational studies suggest that if in specific
cases where the potential benefit is likely to outweigh the
adverse effects the decision to use antipsychotic medications is
made, it is critical to select the smallest dose effective for the
targeted behaviour through careful dose titration, especially for
haloperidol.43,46,52
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