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Objective: To investigate the risk for AKI and other adverse outcomes associated with use of atypical antipsychotic drugs versus
nonuse.

Results: Atypical antipsychotic drug use versus nonuse was associated with a higher risk for hospitalization with AKI (relative risk
[RR], 1.73 [95% CI, 1.55 to 1.92]). This association was consistent
when AKI was assessed in a subpopulation for which information
on serum creatinine levels was available (5.46% vs. 3.34%; RR,
1.70 [CI, 1.22 to 2.38]; absolute risk increase, 2.12% [CI, 0.80% to
3.43%]). Drug use was also associated with hypotension (RR, 1.91
[CI, 1.60 to 2.28]), acute urinary retention (RR, 1.98 [CI, 1.63 to
2.40]), and all-cause mortality (RR, 2.39 [CI, 2.28 to 2.50]).

Design: Population-based cohort study.

Limitation: Only older adults were included in the study.

Setting: Ontario, Canada, from 2003 to 2012.

Conclusion: Atypical antipsychotic drug use is associated with an
increased risk for AKI and other adverse outcomes that may explain
the observed association with AKI. The findings support current
safety concerns about the use of these drugs in older adults.

Background: Several adverse outcomes attributed to atypical antipsychotic drugs, specifically quetiapine, risperidone, and olanzapine,
are known to cause acute kidney injury (AKI). Such outcomes
include hypotension, acute urinary retention, and the neuroleptic
malignant syndrome or rhabdomyolysis.

Patients: Adults aged 65 years or older who received a new outpatient prescription for an oral atypical antipsychotic drug (n ⫽
97 777) matched 1:1 with those who did not receive such a
prescription.
Measurements: The primary outcome was hospitalization with AKI
(assessed by using a hospital diagnosis code and, in a subpopulation, serum creatinine levels) within 90 days of prescription for
atypical antipsychotic drugs.

E

ach year, millions of older adults worldwide are prescribed atypical antipsychotic drugs (quetiapine, risperidone, and olanzapine). These drugs are frequently used to
manage behavioral symptoms of dementia, which is not an
approved indication, and such use has raised safety concerns (1, 2). These drugs antagonize ␣-adrenergic, muscarinic, serotonin, and dopamine receptors (3). Acute kidney
injury (AKI) (defined as a sudden loss of kidney function)
from atypical antipsychotic drugs is described in several
case reports (4 – 8). Adverse outcomes potentially attributable to these drugs, such as hypotension, acute urinary
retention, and the neuroleptic malignant syndrome or
rhabdomyolysis, are known to cause AKI (4 –11). Moreover, pneumonia, acute myocardial infarction, and ventricular arrhythmia have been associated with these drugs in
previous population-based studies and AKI may also cooccur with these events (12–14). However, no clinical or
epidemiologic studies have quantified the risk for AKI
from atypical antipsychotic drugs and information on outcomes of hypotension, acute urinary retention, and the
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neuroleptic malignant syndrome or rhabdomyolysis is limited. Such information would contribute to growing
knowledge of potential adverse events from this drug class.
The U.S. Food and Drug Administration warns of an increased risk for death in older patients treated with these
drugs based on analyses of randomized, placebo-controlled
trials (averaging 10 weeks in duration) (1). For these reasons, we did this population-based study of older adults to
investigate the 90-day risk for hospitalization with AKI and
other adverse outcomes from new use of an oral atypical
antipsychotic drug initiated in the nonhospital setting.

METHODS
Design and Setting

We conducted this study at the Institute for Clinical
Evaluative Sciences according to a prespecified protocol
that was approved by the research ethics board at Sunnybrook Health Sciences Centre, Toronto, Ontario, Canada.
Patient informed consent was not required.
We did a population-based, retrospective cohort study
of older adults using linked health care databases in Ontario, Canada. Ontario residents have universal access to
hospital care and physician services, and those aged 65
years or older have universal prescription drug coverage.
The reporting of this study followed guidelines for obser-
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vational studies (Table 1 of the Supplement, available at
www.annals.org) (15).
Data Sources

We ascertained patient characteristics, drug use, covariate information, and outcome data using records from 5
databases. We obtained vital statistics from the Registered
Persons Database of Ontario, which contains demographic
information on all Ontario residents who have ever been
issued a health card. We used the Ontario Drug Benefit
database to identify prescription drug use. This database
contains highly accurate records—the error rate is less than
1%— of all outpatient prescriptions dispensed to patients
aged 65 years or older (16). We identified diagnostic and
procedural information on all hospitalizations from the
Canadian Institute for Health Information Discharge Abstract Database. We obtained covariate information from
the Ontario Health Insurance Plan database, which includes health claims for inpatient and outpatient physician
services. We identified diagnostic information on all admissions to adult mental health beds from the Ontario
Mental Health Reporting System. We have used these databases to research adverse drug reactions and health outcomes (including AKI) (17–22).
The databases were complete for all variables used in
this study, except for prescriber information (which was
missing for 10.8% of patients in the cohort). Codes from
the International Classification of Diseases, Ninth Revision
(before 2002), and Tenth Revision (after 2002), were used
to assess baseline comorbid conditions in the 5 years before
cohort entry (Table 2 of the Supplement). Codes used to
ascertain outcomes are detailed in Table 3 of the Supplement, which lists only codes from the Tenth Revision because all events would have occurred after implementation
of that coding system. A subpopulation in southwestern
Ontario had information on outpatient serum creatinine
levels available before cohort entry; this group was in the
catchment area of 12 hospitals in which linked laboratory
values were also available (23).
Patients

We established a cohort of older adults with evidence
of a new outpatient prescription for an oral atypical antipsychotic drug (quetiapine, risperidone, or olanzapine) between June 2003 and December 2011. The date of this
prescription served as the index date (cohort entry date) for
the drug recipients. We matched a group of drug nonrecipients similar in health status to the recipients. We randomly assigned an index date to the entire Ontario population according to the index date of the drug recipients.
For example, if more recipients had an index date between
2003 and 2005, a greater proportion of the population
would have been randomly assigned an index date between
2003 and 2005. From these adults, after applying our
exclusions to both groups, we matched a drug nonrecipient to each recipient on the following 11 characteristics: age (within 2 years); sex; residential status
www.annals.org
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Context
Acute kidney injury (AKI) is reportedly associated with
atypical antipsychotic drugs, although the risk has not
been quantified.

Contribution
This population-based cohort study found that persons
who had received a prescription for any of 3 atypical antipsychotic drugs in the previous 90 days had an elevated
risk for hospitalization with AKI. These drugs were also
associated with increased risk for hypotension, acute
urinary retention, and death.

Caution
Only older adults and 3 antipsychotic agents were studied.

Implication
An association with specific adverse events may explain
the increased risk for AKI observed with certain atypical
antipsychotic drugs.
—The Editors

(community-dwelling or long-term care); evidence of
comorbid conditions (dementia, schizophrenia or other
psychotic disorder, bipolar disorder, major depression or
anxiety disorder, Parkinson disease, and chronic kidney
disease); constituency in the subpopulation with available
information on serum creatinine levels; and the logit of the
propensity score for the predicted probability of newly receiving an atypical antipsychotic drug (within a caliper of
⫾0.2 SDs). We derived this propensity score from a logistic regression model and selected 91 variables for inclusion
in the score on the basis of their potential association with
the study outcomes or atypical antipsychotic drug initiation (variables listed in Table 4 of the Supplement) (24).
One of the variables was the Johns Hopkins Adjusted Clinical Group Aggregated Diagnosis Groups (a validated measure of the complexity of comorbid conditions based on
groups of diagnoses) (25, 26).
Before matching, we excluded the following patients
from both groups: those with prescriptions for any antipsychotic drug in the 180 days before their index date to
ensure that the drug was newly prescribed (or had the
potential to be newly prescribed in the case of the nonrecipients); those who were discharged from a hospital in the
2 days before their index date to ensure that drug use was
newly initiated in the nonhospitalized setting (as in Ontario, patients continuing atypical antipsychotic drug treatment initiated in a hospital would have their oral outpatient prescription dispensed the day of or the day after
hospital discharge); and those with evidence of end-stage
renal disease before their index date (because the development of AKI is no longer relevant). Among the drug recipients, those who received a prescription for more than 1
type of antipsychotic drug (for example, a prescription for
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quetiapine and olanzapine) on their index date were excluded to compare mutually exclusive groups in subgroup
analyses. Among the nonrecipients, those who did not have
at least 1 outpatient medication dispensed in the 90 days
before their index date were excluded to ensure that such
persons were able to receive a prescription. Each drug recipient and nonrecipient could be selected only once for
cohort entry.
Outcomes

We followed patients for 90 days after the index date
to assess the prespecified outcomes. We chose 90 days to
focus on acute adverse events, avoid potential crossovers
between the 2 groups that might occur with longer followup, and mimic the duration of follow-up described in clinical trials of atypical antipsychotic drugs in older patients
(1, 2, 27). The primary outcome was hospitalization with
AKI. The secondary adverse outcomes were known causes
of AKI (hospitalization with hypotension, acute urinary
retention, the neuroleptic malignant syndrome or rhabdomyolysis, pneumonia, acute myocardial infarction, and
ventricular arrhythmia) and all-cause mortality. The diagnosis codes used to identify the outcomes and information
on their accuracy are presented in Table 3 of the Supplement (28 –30). For hospitalization records, up to 25 diagnosis codes can be assigned per hospitalization (for example, codes for AKI or rhabdomyolysis). Therefore, patients
with codes for multiple study outcomes were accounted for
in the assessment of each outcome.
We previously examined the validity of the database
code for hospitalization with AKI used in the current
study. In this previous validation study (30), the database
code for AKI identified a median increase in serum creatinine level of 98 mol/L (1.11 mg/dL) (interquartile range
[IQR], 43 to 200 mol/L [0.49 to 2.26 mg/dL]) at the
time of hospital presentation from the most recent value
before hospitalization. The absence of such a code represented no statistically significant change in serum creatinine level (6 mol/L [0.07 mg/dL]; IQR, ⫺4 to 20
mol/L [⫺0.05 to 0.23 mg/dL]) (30). Although specificity
was greater than 95%, the sensitivity of the hospital diagnosis was limited for milder forms of the condition. Particularly, the incidence of AKI as defined by the diagnosis
code can be underestimated up to 5-fold when compared
with definitions using serum creatinine measurements. For
this reason, we examined a subpopulation with linked hospital laboratory values and defined hospitalization with
AKI by evidence of an absolute increase in serum creatinine level of 27 mol/L (0.31 mg/dL) or more from baseline or a relative increase of 50% or more (31).

expressed the risk for an outcome in relative and absolute
terms. We estimated odds ratios and 95% CIs using conditional logistic regression, which accounted for matching.
The conditional logistic regression model was adjusted for
local health integration network, which refers to 14 geographically defined health authorities in Ontario that are
responsible for regional administration of different health
care services (including regional physicians’ offices, hospitals, community mental health and addiction centers, community health centers, and long-term care facilities) (33).
Odds ratios can be interpreted as relative risks (RRs), and
such an interpretation was appropriate given the odds ratios observed. Absolute risk increase for the outcomes diagnosed in the hospital is underestimated because the codes
used to identify the conditions are insensitive.
Using tests for interaction, we analyzed the primary
outcome of AKI in the following 4 prespecified subgroups:
antipsychotic drug type (quetiapine, risperidone, or olanzapine); antipsychotic drug dose (high or low [high dose
was defined by a higher-than-median starting daily dose for
the study cohort [⬎25 mg/d for quetiapine, ⬎0.5 mg/d
for risperidone, and ⬎2.5 mg/d for olanzapine]); evidence of chronic kidney disease; and residential status
(community-dwelling or long-term care). In Ontario, the
validated algorithm for chronic kidney disease identifies
older adults with a median estimated glomerular filtration
rate of 38 mL/min/1.73 m2 (IQR, 27 to 52 mL/min/
1.73 m2), whereas its absence identifies those with a median estimated glomerular filtration rate of 69 mL/min/
1.73 m2 (IQR, 56 to 82 mL/min/1.73 m2) (34).
To assess the temporality and robustness of our primary findings, we reapplied the exclusion criteria to our
existing cohort on the day that preceded the index date by
180 days. After reapplying exclusions, we followed the retained matched pairs for the 90-day outcomes and estimated odds ratios and 95% CIs using conditional logistic
regression. Because there was no plausible reason why the 2
groups would differ in outcomes before the initiation of an
atypical antipsychotic drug, we reasoned that null associations would enhance assertions that the 2 groups were similar in baseline risk for the study outcomes. We did all
analyses with SAS, version 9.3 (SAS Institute). In all outcome analyses, we interpreted 2-tailed P values less than
0.05 as statistically significant.
Role of the Funding Source

The study design and conduct, opinions, results, and
conclusions in this article are those of the authors and are
independent of the funding sources.

Statistical Analysis

RESULTS

We compared baseline characteristics between atypical
antipsychotic drug recipients and nonrecipients using standardized differences (32). This metric describes differences
between group means relative to pooled SD and, when
greater than 10%, indicates a meaningful difference. We

Cohort selection is presented in the Appendix Figure
(available at www.annals.org), and baseline characteristics
are presented in Table 5 of the Supplement. There
were 122 610 atypical antipsychotic drug recipients and
1 204 613 nonrecipients before matching. The recipients
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Table 1. 90-Day Risk for Hospitalization With AKI and Other Adverse Outcomes and All-Cause Mortality in Atypical
Antipsychotic Drug Recipients and Nonrecipients After the Index Date
Events, n (%)*

Variable

Drug Recipients
(n ⴝ 97 777)
AKI
Other adverse outcomes
Hypotension
Acute urinary retention
The neuroleptic malignant syndrome or rhabdomyolysis
Pneumonia
Acute myocardial infarction
Ventricular arrhythmia
All-cause mortality

Relative Risk
(95% CI)†

Absolute Risk
Increase (95% CI), %

Nonrecipients
(n ⴝ 97 777)

1002 (1.02)

602 (0.62)

1.73 (1.55–1.92)

0.41 (0.33–0.49)

384 (0.39)
329 (0.34)
99 (0.10)
1692 (1.73)
652 (0.67)
214 (0.22)
6666 (6.82)

215 (0.22)
170 (0.17)
69 (0.07)
1137 (1.16)
492 (0.50)
151 (0.15)
2985 (3.05)

1.91 (1.60–2.28)
1.98 (1.63–2.40)
1.36 (0.96–1.92)
1.50 (1.39–1.62)
1.36 (1.20–1.53)
1.47 (1.18–1.82)
2.39 (2.28–2.50)

0.17 (0.12–0.22)
0.16 (0.12–0.20)
0.03 (0.00–0.06)
0.57 (0.46–0.67)
0.16 (0.10–0.23)
0.06 (0.03–0.10)
3.76 (3.58–3.95)

AKI ⫽ acute kidney injury.
* Events (and the proportion of patients with an event) were assessed by using hospital diagnosis codes. For some outcomes, such as the neuroleptic malignant syndrome or
rhabdomyolysis, this underestimates the true event rate because these codes have high specificity but low sensitivity.
† The conditional logistic regression model was adjusted for local health integration network, which refers to 14 geographically defined health authorities in Ontario
responsible for regional administration of different health care services (including regional physicians’ offices, hospitals, community mental health and addiction centers,
community health centers, and long-term care facilities).

were older than the nonrecipients and were more likely to
reside in a long-term care facility. The recipients were more
likely to be diagnosed with dementia, psychiatric diseases,
Parkinson disease, and cardiovascular diseases. A total of
97 777 drug recipients were successfully matched to
97 777 nonrecipients. The 2 groups were well-balanced
and showed no meaningful differences in the 91 measured
baseline characteristics (Table 5 of the Supplement) (demographics, comorbid conditions, concurrent medication
use, and health care contacts and use). The mean age was
80.7 years, 23.8% of patients resided in a long-term care
facility, and 53.8% had a diagnosis of dementia. The most
frequently prescribed atypical antipsychotic drug was risperidone (n ⫽ 44 707; 45.7%), followed by quetiapine
(n ⫽ 34 498; 35.3%) and olanzapine (n ⫽ 18 572;
19.0%). The median starting daily dose for quetiapine was
25 mg/d (IQR, 25 to 50 mg/d); for risperidone, 0.5 mg/d
(IQR, 0.3 to 0.6 mg/d); and for olanzapine, 2.5 mg/d
(IQR, 2.5 to 5.0 mg/d). When prescriber information was
available (n ⫽ 87 228; 89.2%), the most frequent prescribers were family physicians (n ⫽ 71 714; 82.2%) followed
by psychiatrists (n ⫽ 5925; 6.8%) and geriatricians (n ⫽
4104; 4.7%). Baseline distribution of the region of Ontario (local health integration network) was well-balanced
in matched recipients and nonrecipients (Table 5 of the
Supplement). Baseline characteristics were similar in a subpopulation of patients with available serum creatinine levels (1796 matched pairs of drug recipients and nonrecipients) (Table 6 of the Supplement).
The primary outcome was 90-day hospitalization with
AKI assessed by using a hospital diagnosis code (Table 1).
Atypical antipsychotic drug use versus nonuse was associated with a higher risk for hospitalization with AKI
when assessed by using a hospital diagnosis code (1002 of
97 777 recipients [1.02%] vs. 602 of 97 777 nonrecipients
[0.62%]; RR, 1.73 [95% CI, 1.55 to 1.92]; absolute risk
www.annals.org
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increase, 0.41% [CI, 0.33% to 0.49%]). In the subpopulation with available information on serum creatinine levels, atypical antipsychotic drug use versus nonuse was associated with a higher risk for hospitalization with AKI (98
of 1796 recipients [5.46%] vs. 60 of 1796 nonrecipients
[3.34%]; RR, 1.70 [CI, 1.22 to 2.38]; absolute risk increase, 2.12% [CI, 0.80% to 3.43%]).
The secondary outcomes assessed using hospital diagnosis codes are presented in Table 1. Atypical antipsychotic drug use versus nonuse was associated with a higher
90-day risk for hospitalization with hypotension (RR, 1.91
[CI, 1.60 to 2.28]), acute urinary retention (RR, 1.98 [CI,
1.63 to 2.40]), pneumonia (RR, 1.50 [CI, 1.39 to 1.62]),
acute myocardial infarction (RR, 1.36 [CI, 1.20 to 1.53]),
and ventricular arrhythmia (RR, 1.47 [CI, 1.18 to 1.82]).
The relative risk for the neuroleptic malignant syndrome or
rhabdomyolysis was not significant (RR, 1.36 [CI, 0.96 to
1.92]). Atypical antipsychotic drug use versus nonuse was
also associated with a higher 90-day risk for all-cause mortality (RR, 2.39 [CI, 2.28 to 2.50]).
Subgroup analyses are presented in Table 2. Antipsychotic drug type and dose did not influence the association
between atypical antipsychotic drug use and hospitalization
with AKI (interaction P ⫽ 0.10 and 0.59, respectively).
Similarly, the presence of chronic kidney disease did not
influence the observed association (interaction P ⫽ 0.16).
The absolute increase in the incidence of AKI associated
with atypical antipsychotic drug use versus nonuse was
greater in patients with chronic kidney disease (absolute
risk increase, 1.28% [CI, 0.72% to 1.84%]) than in those
without chronic kidney disease (absolute risk increase,
0.34% [CI, 0.26% to 0.41%]). The association between
drug use and AKI was higher in community dwellers (RR,
1.90 [CI, 1.67 to 2.16]) than in long-term care residents
(RR, 1.46 [CI, 1.14 to 1.71]) (interaction P ⬍ 0.01).
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Table 2. The Association Between Atypical Antipsychotic Drug Use and Hospitalization With AKI*
Variable

Events/At Risk, n/N (%)†

Relative Risk
(95% CI)‡

Interaction
P Value

Absolute Risk
Increase (95% CI), %

Drug Recipients

Nonrecipients

Antipsychotic drug type
Quetiapine
Risperidone
Olanzapine

372/34 498 (1.08)
457/44 707 (1.02)
173/18 572 (0.93)

194/34 498 (0.56)
305/44 707 (0.68)
103/18 572 (0.55)

2.00 (1.66–2.41)
1.59 (1.36–1.86)
1.76 (1.35–2.30)

0.10
0.10
0.10

0.52 (0.38–0.65)
0.34 (0.22–0.46)
0.38 (0.20–0.55)

Antipsychotic drug dose§
High
Low

372/34 644 (1.07)
630/63 133 (1.00)

214/34 644 (0.62)
388/63 133 (0.61)

1.80 (1.51–2.15)
1.73 (1.51–1.97)

0.59
0.59

0.46 (0.32–0.59)
0.38 (0.29–0.48)

Chronic kidney disease㛳
Yes
No

305/7656 (3.98)
697/90 121 (0.77)

207/7656 (2.70)
395/90 121 (0.44)

1.61 (1.33–1.96)
1.82 (1.60–2.07)

0.16
0.16

1.28 (0.72–1.84)
0.34 (0.26–0.41)

Residential status
Community-dwelling
Long-term care

733/74 468 (0.98)
269/23 309 (1.15)

400/74 468 (0.54)
202/23 309 (0.87)

1.90 (1.67–2.16)
1.46 (1.14–1.71)

⬍0.01
⬍0.01

0.45 (0.36–0.53)
0.29 (0.11–0.47)

AKI ⫽ acute kidney injury.
* Assessed in subgroups defined by antipsychotic drug type, antipsychotic drug dose, evidence of chronic kidney disease, and residential status. Sets of drug recipients and
nonrecipients were matched on the presence of chronic kidney disease and residential status. For antipsychotic drug type and dose, matched sets were categorized according
to this characteristic in drug recipients.
† AKI (and the proportion of patients with the event) was assessed by using a hospital diagnosis code. The true event rate of AKI is underestimated for some outcomes because
the code for AKI has high specificity but low sensitivity.
‡ The conditional logistic regression model was adjusted for local health integration network, which refers to 14 geographically defined health authorities in Ontario
responsible for regional administration of different health care services (including regional physicians’ offices, hospitals, community mental health and addiction centers,
community health centers, and long-term care facilities).
§ High dose was defined as ⬎25 mg/d for quetiapine, ⬎0.5 mg/d for risperidone, and ⬎2.5 mg/d for olanzapine. Low dose was defined as ⱕ25 mg/d for quetiapine,
ⱕ0.5 mg/d for risperidone, and ⱕ2.5 mg/d for olanzapine.
㛳 Chronic kidney disease was identified by using an algorithm of hospital diagnosis codes validated for older adults in the study region (34). The algorithm identified patients
with a median estimated glomerular filtration rate of 38 mL/min/1.73 m2 (interquartile range, 27–52 mL/min/1.73 m2), whereas its absence identified patients with a median
estimated glomerular filtration rate of 69 mL/min/1.73 m2 (interquartile range, 56 – 82 mL/min/1.73 m2).

When we repeated the analysis by following retained
eligible matched pairs from the day that preceded the index
date (cohort entry date) by 180 days, there was no observed association with 90-day risk for study outcomes,
except for pneumonia (RR, 0.87 [CI, 0.79 to 0.97]) (Table
7 of the Supplement).

DISCUSSION
In this population-based cohort study of older adults,
we observed that new use of an atypical antipsychotic drug
was common in routine care and associated with a higher
90-day risk for hospitalization with AKI. Drug use was also
associated with an increased risk for other adverse outcomes, including hypotension, acute urinary retention,
pneumonia, and acute cardiac events. These outcomes are
known potential causes of AKI.
We also observed a higher 90-day risk for all-cause
mortality after new use of an atypical antipsychotic drug
(6.8% in recipients vs. 3.1% in nonrecipients). This finding is similar to the results from randomized trials. In
2005, the U.S. Food and Drug Administration issued a
black-box warning based on the analyses of 17 randomized, placebo-controlled trials (averaging 10 weeks in duration) that showed an approximate 1.6- to 1.7-times greater
risk for death in older patients with dementia treated with
atypical antipsychotic drugs versus placebo (incidence of
death, 4.5% vs. 2.6%) (1). A meta-analysis of randomized,
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placebo-controlled trials (10 to 12 weeks in duration) also
provided supporting evidence for the warning (27).
The current available evidence calls for a careful reevaluation of prescribing atypical antipsychotic drugs in older
adults, especially for the unapproved indication of managing behavioral symptoms of dementia (35). The drugs
should be used only after other approaches have been exhausted; when prescribed, patients must be warned about
potential adverse effects. Proactive clinical monitoring
shortly after initiation seems reasonable (for example, serum creatinine and blood pressure measurement, and if
readily available, a bladder scan to detect urinary retention). When patients present with AKI, atypical antipsychotic drugs should be considered a potential cause and be
promptly discontinued if feasible.
In our study, although the incidence of AKI was
slightly increased in patients prescribed a high versus a low
initial dose of the atypical antipsychotic drug, the observed
difference in risk by dose was not statistically significant.
Although an association between drug use and AKI was
seen in both community dwellers and long-term care residents, it was more pronounced in community dwellers.
Older adults residing in the community may have less
follow-up surveillance than those living in a long-term care
facility. Further, long-term care residents may be relatively
more predisposed to AKI than community dwellers, such
www.annals.org
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that additional risk posed by the atypical antipsychotic
drug use is not as pronounced.
Our study has several strengths. To our knowledge,
this is the first population-based study of AKI resulting
from antipsychotic drugs. Population-based studies complement information generated from clinical trials by providing the opportunity to study uncommon but important
adverse drug reactions with adequate statistical power, inclusive of vulnerable groups who are not enrolled in clinical trials, and allowing effects to be studied in routine
practice, where treatments and monitoring are less regimented than in trials (13, 14, 36, 37). We found that use
of these drugs in routine care was common, which provided good precision for estimates of associated effects that
are generalizable.
Several limitations need to be considered. As with all
observational studies, our study is subject to confounding
by unmeasured health characteristics that may have differed between patients who did and did not receive an
antipsychotic drug. The very impetus for an atypical antipsychotic drug prescription (such as severe behavioral challenges that may compromise oral intake) may have predisposed recipients to AKI and other adverse outcomes.
However, such confounding probably does not explain the
entire observed association. First, we did not detect a difference in 90-day risk for the study outcomes between the
2 groups when the cohort was examined 180 days before
an atypical antipsychotic drug was initiated. This suggests
the recipients and nonrecipients had a similar baseline risk
for the study outcomes. Second, the association is supported by many case reports and the known biological effects of these drugs (4 –14). Last, we used the “new user
design” and followed study patients for a short duration
(90 days) to show a temporal association with the risk for
acute adverse outcomes soon after initiation of an atypical
antipsychotic drug (38).
The elevated risk for AKI after initiation of an atypical
antipsychotic drug may have been underestimated because
the diagnosis code for AKI is insensitive (30). To address
this concern, we supplemented our findings in a subpopulation with available serum creatinine levels and observed
consistent results. It should be noted that patients who had
AKI without hospitalization were not considered in this
study. In addition, we generalize our findings only to older
adults because we could not reliably study younger patients
with our data sources. Finally, we can apply our findings
only to quetiapine, risperidone, and olanzapine—the most
commonly used atypical antipsychotic drugs in our region.
Nonetheless, similar caution should extend to aripiprazole,
ziprasidone, paliperidone, and other atypical antipsychotic
drugs because the U.S. Food and Drug Administration
warning for mortality risk in older patients with dementia
extends to the entire class of atypical antipsychotic drugs
(1, 2).
In conclusion, atypical antipsychotic drugs are associated with an increased risk for AKI and other adverse outwww.annals.org
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comes that may explain the observed association with AKI.
The findings support current safety concerns about the use
of these drugs in older adults.
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Appendix Figure. Study flow diagram.

Ontario residents aged 66 y or older who received a new oral
outpatient prescription for an atypical antipsychotic drug
(quetiapine, risperidone, or olanzapine) between June 2003 and
December 2011 (n = 215 543)

Excluded from the atypical antipsychotic drug
recipient group (n = 92 933)
Prescriptions for any antipsychotic drug in the 180 d
before the index date: 58 212
Discharged from a hospital in the 2 d before the
index date: 28 802
Evidence of end-stage renal disease before the
index date: 1065
A prescription for more than 1 type of antipsychotic
drug on the index date: 4854

Atypical antipsychotic drug
recipients (n = 122 610)

Unmatched (n = 24 833)

Atypical antipsychotic drug
recipients (n = 97 777)
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Ontario residents aged 66 y or older who did not receive a new
oral outpatient prescription for any antipsychotic drug between
June 2003 and December 2011 (n = 1 726 930)

Excluded from the atypical antipsychotic drug
nonrecipient group (n = 522 317)
Prescriptions for any antipsychotic drug in the 180 d
before the index date: 34 232
Discharged from a hospital in the 2 d before the
index date: 13 298
Evidence of end-stage renal disease before the
index date: 6047
Did not receive at least 1 outpatient medication
in the 90 d before the index date: 468 740

Atypical antipsychotic drug
nonrecipients (n = 1 204 613)

Unmatched (n = 1 106 836)

Atypical antipsychotic drug
nonrecipients (n = 97 777)
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