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ABSTRACT

BACKGROUND: Donepezil, rivastigmine
and galantamine are popular cholinester-
ase inhibitors used to manage the symp-
toms of Alzheimer disease and other
dementias; regulatory agencies in several
countries warn about a possible risk of
rhabdomyolysis with donepezil, based on
information from case reports. Our goal
was to investigate the 30-day risk of admis-
sion to hospital with rhabdomyolysis asso-
ciated with initiating donepezil versus
other cholinesterase inhibitors.

METHODS: We conducted a retrospective
cohort study in Ontario, Canada, from
2002 to 2017. Participants were adults
aged 66 years or older with a newly dis-

pensed prescription for donepezil com-
pared with rivastigmine or galantamine.
The primary outcome was hospital admis-
sion with rhabdomyolysis (assessed using
hospital diagnostic codes) within 30 days
of a new prescription of a cholinesterase
inhibitor. Odds ratios were estimated
using logistic regression, with inverse
probability of treatment weights calcu-
lated from propensity scores.

RESULTS: The average age in our 2 groups
was 81.1 years, and 61.4% of our popula-
tion was female. Donepezil was associated
with a higher risk of hospital admission
with rhabdomyolysis compared with riv-
astigmine or galantamine (88 events in

152300 patients [0.06%)] v. 16 events in
68053 patients [0.02%]; weighted odds
ratio of 2.21, 95% confidence interval
[CI] 1.52-3.22). Most hospital admissions
with rhabdomyolysis after donepezil use
were not severe, and no patient was
treated with acute dialysis or mechanical
ventilation.

INTERPRETATION: Initiating donepezil is
associated with a higher 30-day risk of
admission to hospital with rhabdomyol-
ysis compared with initiating rivastig-
mine or galantamine. The proportion of
patients who develop severe rhabdomy-
olysis within 30 days of initiating donep-
ezilis very low.

holinesterase inhibitors are the most common medica-

tions used to alleviate symptoms of Alzheimer disease and

other dementias. Alzheimer disease is thought to be asso-
ciated with central acetylcholine deficits, and donepezil is the
leading acetylcholinesterase inhibitor used to treat the condition.!
In 2013, more than 2 million prescriptions for donepezil were dis-
pensed in Canada.?® Rivastigmine and galantamine are 2 other
commonly used cholinesterase inhibitors. Each drug has a differ-
ent chemical structure but all inhibit the central breakdown of
acetylcholine through reversible inhibition of cholinesterases.**¢
Doneperzil is a piperidine derivative that is renally excreted.® Riv-
astigmine is a carbamate derivative, renally excreted, that also
inhibits butyrylcholinesterase.>® It is often considered “pseudo-
irreversible” owing to its long-acting inhibition.” Galantamine is a
phenanthrene alkaloid, hepatically excreted, and affects the regu-
lation of nicotinic acetylcholine receptors.>®

In January 2015, Health Canada issued a postmarket surveillance
warning about a risk of rhabdomyolysis with donepezil use, based on
1 case report in Canada and 88 cases internationally.® In original ran-
domized controlled trials (RCTs) of donepezil, muscle cramps, but
not rhabdomyolysis, were a mentioned adverse effect.®2° In February
and July of 2015, respectively, the US Food and Drug Association and
the European Medicines Agency recommended updated product
monographs with a similar warning of rhabdomyolysis.}**2 The time
interval of onset of rhabdomyolysis after donepezil use is unknown,
although many of the case reports submitted to Health Canada
comment that events occurred after the treatment was started or the
dose increased. The Pharmacovigilance Databases of the United
States and Canada showed that rhabdomyolysis was reported
more often in patients using donepezil compared with other cholin-
esterase inhibitors (odds ratio [OR] 11.00, 95% confidence interval
[CI] 10.39-27.41).2 There have been no published case reports of
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rhabdomyolysis associated with either rivastigmine or galan-
tamine.**** One online review from the Pharmaceuticals and Medical
Devices Agency of Japan suggests that a risk may be present with the
latter of these 2 agents, but the report contains no cited references or
expert statements to support the claim.¢

We conducted this population-based cohort study to deter-
mine whether initiating donepezil is associated with a higher
30-day risk of hospital admission with rhabdomyolysis compared
with rivastigmine or galantamine.

Methods

Study design

We conducted a population-based retrospective cohort study of
older adults in Ontario, Canada, using linked health care databases
through ICES. The province of Ontario has about 14 million residents,
16% (2.3 million) aged 65 years or older.’” Ontario residents have uni-
versal access to hospital care and physician services through a
government-funded single-payer system, and older residents have
universal outpatient prescription drug coverage. Reporting of this
study follows guidelines for observational studies using routinely col-
lected health care data (Supplemental Table 1, Appendix 1, available
at www.cmaj.ca/lookup/suppl/doi:10.1503/cma;j.190337/-/DC1).18

Data sources
We ascertained patient characteristics, prescription drug dispens-
ing and outcome data using records from large health care data-
bases linked using unique, encoded identifiers. The Ontario Drug
Benefit Database contains records of outpatient prescriptions dis-
pensed to patients aged 65 years or older, with an error rate of less
than 1%. The Registered Persons Database has demographic and
vital status information on all Ontario residents. The ICES Phys-
ician Database contains information on physician specialization
and demographics. The Ontario Mental Health Reporting System
houses information on mental health encounters. The Canadian
Institute for Health Information (CIHI) Discharge Abstract Database
has diagnosis and procedural information on all hospital admis-
sions in Ontario. The Ontario Health Insurance Plan database con-
tains billing claims for inpatient and outpatient physician services.
The Ontario Laboratory Information System has laboratory mea-
surements for a subpopulation of Ontario residents. We have pre-
viously used these population-based databases to research
adverse drug events, including rhabdomyolysis.20-2

Databases were complete for all variables except rural location
and income quintile, both with less than 0.5% missing, as well as
prescriber information with missing data ranging from 11% to
18%. The emigration rate from the province is low (0.5% per year)
and is the only reason for lost follow-up.?* Based on CIHI guide-
lines, trained personnel in Ontario hospitals review medical charts
to code diagnoses and procedures using the International Classifi-
cation of Diseases (ICD) coding system. These personnel consider
only physician-recorded diagnoses and do not review laboratory
results. In this study, the codes used to assess baseline comorbidi-
ties are from the International Classification of Diseases, 9th Revi-
sion (ICD-9) and International Statistical Classification of Diseases
and Related Health Problems, 10th Revision (ICD-10) (Supplemental

Table 2, Appendix 2, available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.190337/-/DC1), while codes identifying a hospital
admission with rhabdomyolysis (M628, T796) include only those
from ICD-10, as events occurred after the implementation of this
revision. To comply with privacy regulations, the exact number of
participants was suppressed when there were 5 or fewer partici-
pants, and was reported as fewer than 6.

Patients
We established a cohort of older adults in Ontario with a newly dis-
pensed outpatient prescription for a study cholinesterase inhibitor
(donepezil, rivastigmine or galantamine) between June 2002 and
March 2017. All 3 drugs were available in Ontario’s provincial drug
formulary as of 2002. The dispensing date served as the start date for
follow-up, also referred to as the index date. We excluded the follow-
ing patients: i) those in their first year of eligibility of prescription drug
coverage (those between age 65 and 66 yr) to avoid incomplete med-
ication historyj i) those who had a dispensed prescription for donep-
ezil, rivastigmine or galantamine in the 180 days before the index
date, to ensure that patients were new users; iii) those with more
than 1 cholinesterase inhibitor dispensed on the index date, to com-
pare mutually exclusive groups; iv) those with end-stage renal dis-
ease; v) those discharged from hospital in the 2 days before the index
date, to ensure these were new outpatient prescriptions; and vi)
those with an invalid dose of cholinesterase inhibitor recorded in the
database. If patients had more than 1 eligible prescription, the first
was selected, and patients could enter the cohort only once.
Patients on rivastigmine or galantamine were considered
together for a larger sample comparison group.

Primary outcome

We followed patients for 30 days after the index date, as the median
(25th, 75th percentile) time of donepezil usage in our cohort was
30 days (15 to 30 d). Additionally, a follow-up period of 30 days pre-
vents crossovers between the groups, which could occur with a lon-
ger period. Lastly, the Health Canada warning indicates that most
cases of rhabdomyolysis occurred after initiating or increasing the
dose of donepezil.® Our primary outcome was a hospital admission
with rhabdomyolysis assessed with diagnostic codes. In our prov-
ince, hospital admissions with rhabdomyolysis codes identified
patients with a peak mean serum creatine kinase concentration of
7169 (standard deviation [SD] 36395) U/L during their stay in hospi-
tal. These codes have been used in other studies.?’ As with other
laboratory diagnostic codes, we expect them to show high specifi-
city (> 99%) but low sensitivity (sensitivity of hospital admission
with acute kidney injury based on serum creatinine is 62%; with
hyperkalemia based on serum potassium is 14%; and with hypona-
tremia based on serum sodium is 11%).2>%"

Additional analyses

We performed several additional analyses, as well as descriptively
examined characteristics of hospital admissions with rhabdomy-
olysis after donepezil use. First, we assessed the risk of hospital
admission with rhabdomyolysis in patients dispensed donepezil
versus a similar group of nonusers — patients with the same
exclusion criteria, but no use of a cholinesterase inhibitor in the
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180 days before index date. We randomly assigned the index date
(a phantom cholinesterase initiation date) to all patients in the
nonuser group based on the distribution of prescription dates in
the donepezil user group. While we would expect a higher chance
of potential confounding with such a comparison, the results help
address the theoretical concern that interpreting the risk with
donepezil versus rivastigmine or galantamine is influenced if the
latter protects against rhabdomyolysis. Second, similarly, we
assessed the risk of hospital admission with rhabdomyolysis in
patients dispensed either rivastigmine or galantamine, versus a
similar group of nonusers: again, we randomly assigned the index
date to the nonuser group based on the distribution of the pre-
scription dates in the rivastigmine or galantamine group. Third,
we compared the risk of rhabdomyolysis after donepezil use
against that of patients initiating any statin, a well-known cause of
drug-induced rhabdomyolysis;**-! the comparison provides clini-
cal context in which to interpret the risk of donepezil-induced
rhabdomyolysis. For this analysis, the same inclusion and exclu-
sion criteria were applied, but instead of a cholinesterase inhibi-
tor, patients had a prescription for a statin that met the criteria,
with no evidence of other statin use in the 180 days before the
index date. Fourth, we assessed whether baseline statin use modi-
fied the association between donepezil versus rivastigmine or
galantamine and the risk of rhabdomyolysis. In this analysis, we
stratified individuals by baseline statin status, to examine poten-
tial interaction by concurrent statin usage. Given statins’ indepen-
dent association with rhabdomyolysis, we aimed to determine
whether statin use increased the risk of rhabdomyolysis associ-
ated with donepezil use versus rivastigmine or galantamine.
Finally, we evaluated the risk of hospital admission with bowel
obstruction in users of donepezil versus rivastigmine or galan-
tamine. This analysis was decided a priori as bowel obstruction
was not expected to be associated with cholinesterase inhibitor
type. We reasoned that a null association with this outcome
would increase the credibility of any observed association with
rhabdomyolysis. All additional analyses used the same selection
criteria as our primary cohort, unless otherwise mentioned.

Statistical analysis

We compared baseline characteristics between users of donepe-
zil to rivastigmine and galantamine using standardized differ-
ences. This measurement assesses differences between group
means as a percentage of the pooled standard deviation, with a
difference less than 10% considered negligible.? We used logistic
regression models to estimate odds ratios and 95% confidence
intervals. Odds ratios approximate relative risk when the event is
rare (as for our outcome).

Using a logistic regression model, we derived a propensity
score for the predicted probability of receiving a new prescrip-
tion for donepezil versus rivastigmine or galantamine given a set
of 83 baseline characteristics. As the rivastigmine and galan-
tamine group was significantly smaller than the donepezil group,
we elected to weight (rather than match) on the propensity score
using inverse probability of treatment weights. We did use
matching in several additional analyses when doing so did not
result in a substantial loss of the study sample: i) users of donep-

ezil versus nonusers of cholinesterase inhibitor; ii) users of riv-
astigmine and galantamine versus nonusers of cholinesterase
inhibitor; and iii) users of donepezil versus those of statins. In
these analyses, we matched 1:1 to the study drug users (donepe-
zil, or rivastigmine or galantamine) on the logit of the propensity
score (+ 0.2 SD) using a greedy matching algorithm without
replacement. In each case, a new propensity score predicting the
probability of receiving the study drug of interest was created.

Ethics approval

Data usage was authorized under section 45 of Ontario’s Per-
sonal Health Information Protection Act, which does not require
review by a research ethics board.

Results

The cohort selection is presented in Figure 1. After exclusions, we
identified 220353 patients with a new dispensed prescription for
donepezil (n = 152300), or rivastigmine or galantamine (n =
68053). The baseline characteristics of the 2 groups without any
statistical method of adjustment were nearly identical. Select
baseline characteristics are presented in Table 1 (full data pre-
sented in Supplemental Table 3, Appendix 3, available at www.
cmaj.ca/lookup/suppl/doi:10.1503/cmaj.190337/-/DC1).

Results of the primary outcome are presented in Table 2.
Donepezil was associated with a small but statistically significant
higher risk of hospital admission with rhabdomyolysis compared
with rivastigmine or galantamine (88 events in 152300 patients
[0.06%] v. 16 events in 68053 patients [0.02%]; weighted odds
ratio of 2.21, 95% CI 1.52 to 3.22).

Patient with an oral outpatient prescription
for donepezil, rivastigmine or galantamine

from June 1, 2002 to Mar. 1,2017
n=263812

Excluded n=54514

« Data cleaning — missing DOB or sex,
death before index date n =345

+ Age <66 yr on index date n=1104

« Prior donepezil, rivastigmine
or galantamine use n=19 985

+ More than 1 cholinesterase inhibitor
n=9308

+ End-stage renal disease n=1015

+ Hospital discharge in 2 days before
or on prescription date n=11055

+Invalid dose* n=11702

Patients included in cohort n=220 353

« Donepezil n=152 300
« Rivastigmine or galantamine n =68 053

Figure 1: Cohort selection. *Valid doses were 2.5-25.5 mg/d for donepezil,
1.5-13.5 mg/d for rivastigmine, and 2-26 mg/d for galantamine. This was
based on half the initial recommended dose to half of the smallest tab avail-
able, added to the maximum recommended dose (e.g., the recommenda-
tions for donepezil are 5-23 mg/d). Note: DOB = date of birth.
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Table 1 (part 1 of 2): Select baseline characteristics

Unweighted

Rivastigmine or
Donepezil, no. (%)t galantamine, no. (%)t

Standardized

Weighted*

Rivastigmine or
Donepezil, no. (%)t galantamine, no. (%)t

Standardized

Characteristic n=152300 n=68053 difference, %% n=152300 n=152161 difference, %%
Demographics
Age, yr, mean = SD 81.2+6.6 80.9+6.6 5 81.2+6.6 81.2+10.0 0
Women 94254 (61.9) 40956 (60.2) 3 94254 (61.9) 94122 (61.9) 0
Year of cohort entry
2002-2004 25908 (17.0) 13863 (20.4) 9 25908 (17.0) 25502 (16.8) 1
2005-2007 27767 (18.2) 17 274 (25.5) 18 27767 (18.2) 27756 (18.2) 0
2008-2010 30605 (20.1) 18 487 (27.2) 17 30605 (20.1) 30830 (20.3) 0
2011-2013 34771 (22.8) 10 245 (15.0) 20 34771 (22.8) 34998 (23.0) 0
2014-2017 33249 (21.9) 8184 (12.0) 27 33249 (21.9) 22 547 (14.8) 0
Long-term care 15415 (10.1) 9813 (14.4) 13 15415 (10.1) 18 266 (12.0) 6
Rural 20046 (13.2) 7489 (11.0) 7 20046 (13.2) 20535 (13.5) 1
Income quintile
1 (lowest) 30579 (20.1) 14 245 (20.9) 2 30579 (20.1) 30669 (20.2) 0
2 31615 (20.8) 14313 (21.0) 0 31615 (20.8) 31637 (20.8) 0
3 29 899 (19.6) 13 257 (19.5) 0 29 899 (19.6) 30257 (19.9) 1
4 30038 (19.7) 13104 (19.3) 1 30038 (19.7) 30110 (19.8) 0
5 (highest) 29 641 (19.5) 12891 (18.9) 2 29 641 (19.5) 29488 (19.4) 0
Comorbidity
Atrial fibrillation 12961 (8.5) 6113 (9.0) 2 12961 (8.5) 12953 (8.5) 0
Coronary artery 43339 (28.5) 21600 (31.7) 7 43339 (28.5) 43265 (28.4) 0
disease
Chronic liver disease 4071 (2.7) 1928 (2.8) 1 4071 (2.7) 4020 (2.6) 0
Chronic lung disease 36418 (23.9) 17082 (25.1) 3 36418 (23.9) 36307 (23.9) 0
Chronic kidney 12089 (7.9) 5505 (8.1) 1 12089 (7.9) 12188 (8.0) 0
disease
Depression 21834 (14.3) 11121 (16.3) 6 21834 (14.3) 21905 (14.4) 0
Diabetes mellitus 25056 (16.5) 11570 (17.0) 1 25056 (16.5) 25094 (16.5) 0
Heart failure 22811 (15.0) 11349 (16.7) 5) 22811 (15.0) 22 863 (15.0) 0
Parkinson disease 7710 (5.1) 5660 (8.3) 13 7710 (5.1) 8022 (5.3) 1
Peripheral vascular 2495 (1.6) 1228 (1.8) 2 2495 (1.6) 2487 (1.6) 0
disease
Seizure disorder 1505 (1.0) 787 (1.2) 2 1505 (1.0) 1492 (1.0) 0
Sepsis 1889 (1.2) 894 (1.3) 1 1889 (1.2) 1929 (1.3) 0
Stroke 7629 (5.0) 4315 (6.3) 6 7629 (5.0) 7688 (5.1) 0
Prescribing physician characteristic
Specialty
Cardiology 351(0.2) 87(0.1) 3 351(0.2) 170 (0.1) 2
General practice 97 325 (63.9) 40176 (59.0) 10 97 325 (63.9) 91 886 (60.4) 7
Geriatric medicine 18 764 (12.3) 10371 (15.2) 8 18 764 (12.3) 23 848 (15.7) 10
Nephrology 86 (0.1) 47 (0.1) 0 86 (0.1) 107 (0.1) 1
Neurology 8565 (5.6) 4312 (6.3) 3 8565 (5.6) 8879 (5.8) 1
Other 10 387 (6.8) 5394 (7.9) 1 10387 (6.8) 11469 (7.5) 3
Rural practice 14 456 (9.5) 4970 (7.3) 8 14 456 (9.5) 12943 (8.5) 3
ACE inhibitors 43752 (28.7) 21012 (30.9) 5 43752 (28.7) 43906 (28.9) 0
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Table 1 (part 2 of 2): Select baseline characteristics

Unweighted

Rivastigmine or
Donepezil, no. (%)t galantamine, no. (%)T

Standardized

Weighted*

Rivastigmine or

Donepezil, no. (%)t galantamine, no. (%)t Standardized

Characteristic n=152300 n=68053 difference, %% n=152300 n=152161 difference, %%
Angiotensin receptor 18042 (11.8) 7975 (11.7) 0 18 042 (11.8) 17918 (11.8) 0
blockers

Antidepressants 40 251 (26.4) 20102 (29.5) 7 40251 (26.4) 40630 (26.7) 1
Antiepileptics 6417 (4.2) 2902 (4.3) 0 6417 (4.2) 6430 (4.2) 0
Antipsychotics 15559 (10.2) 9798 (14.4) 13 15559 (10.2) 15 807 (10.4) 0
B-blockers 39857 (26.2) 18794 (27.6) 3 39857 (26.2) 39717 (26.1) 0
Calcium channel 38049 (25.0) 17485 (25.7) 2 38 049 (25.0) 37863 (24.9) 0
blockers

Colchicine 45 (0.0) 16 (0.0) 1 45 (0.0) 39 (0.0) 0
Fibrates 1912 (1.3) 958 (1.4) 1 1912 (1.3) 1918 (1.3) 0
Diuretics 39977 (26.2) 18 700 (27.5) 3 39977 (26.2) 39962 (26.3) 0
Histamine-2 receptor 8610 (5.7) 4530 (6.7) 4 8610 (5.7) 8562 (5.6) 0
antagonist

Statins 60433 (39.7) 27 197 (40.0) 1 60 433 (39.7) 60366 (39.7) 0

Note: ACE = angiotensin-converting enzyme, SD = standard deviation.

*Individuals were weighted using inverse probability of treatment weights, based on propensity scores, to create a weighted cohort in which exposure groups were balanced across all

measured baseline characteristics.
tUnless stated otherwise.

tStandardized difference assesses between-group means as a percentage of the pooled standard deviation, with a difference less than 10% considered negligible.

Table 2: Primary outcome analysis: hospital admission with rhabdomyolysis

Unweighted Weighted
Exposure Events, no. (%) OR (95% CI) Events,* no. (%) OR (95% CI)
Donepezil 88/152 300 (0.06) 2.46 (1.44-4.19) 88/152 300 (0.06) 2.21(1.52-3.22)
Rivastigmine or 16/68 053 (0.02) Referent 39.78/152 161 (0.03) Referent

galantamine

Note: Cl = confidence interval, OR = odds ratio.

*Weighted events are not true event rates in the rivastigmine or galantamine group, but frequencies based on weighted analysis.

Additional analyses

In the 88 donepezil users who were admitted to hospital with
rhabdomyolysis, the median (25th, 75th percentile) length of
hospital stay was 12 days (8 to 22.5). Fewer than 6 patients died
during their stay in hospital. Nine patients (10%) were admitted
to the intensive care unit, although none of the 88 donepezil
users received mechanical ventilation, nor acute dialysis.

In patients dispensed donepezil compared with a similar
cohort of nonusers, donepezil was associated with a higher risk
of hospital admission with rhabdomyolysis (72 [0.06%] v. 44
[0.03%] events, respectively; OR 1.64, 95% Cl 1.13-2.38) (Supple-
mental Table 4, Appendix 4, available at www.cmaj.ca/lookup/
suppl/doi:10.1503/cmaj.190337/-/DC1). In patients dispensed riv-
astigmine or galantamine compared with a similar cohort of non-
users, there was no difference in the risk of hospital admission
with rhabdomyolysis (16 [0.03%] v. 29 [0.05%] events, respec-

tively; OR 0.55, 95% Cl 0.30 to 1.02) (Supplemental Table 5,
Appendix 5, available at www.cmaj.ca/lookup/suppl/doi:10.1503
/cmaj.190337/-/DC1).

The risk of hospital admission with rhabdomyolysis in new
users of donepezil versus new users of statins was not statistically
different (37 [0.05%] v. 47 [0.06%] events, respectively; OR 0.79,
95% Cl 0.51-1.21) (Supplemental Table 6, Appendix 6, available at
www.cmaj.ca/lookup/suppl/doi:10.1503/cma;j.190337/-/DC1).

There was no evidence that baseline statin use modified the
observed association between donepezil versus rivastigmine or
galantamine and the risk of rhabdomyolysis (p value for interac-
tion 0.28) (Supplemental Table 7, Appendix 7, available at www.
cmaj.ca/lookup/suppl/doi:10.1503/cmaj.190337/-/DC1).

A significant difference in hospital admission with bowel
obstruction between users of donepezil and users of rivastigmine
or galantamine was neither expected nor observed (85 [0.06%]
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v. 46 [0.07%] events, respectively; adjusted OR 0.85, 95% CI 0.59-
1.23) (Supplemental Table 8, Appendix 8, available at www.cmaj.
ca/lookup/suppl/doi:10.1503/cmaj.190337/-/DC1).

Interpretation

Dementia is a common problem in our aging society, with almost
10 million patients given a new diagnosis worldwide each year.
Safety concerns have been raised regarding the risk of rhabdomy-
olysis with donepezil, the leading acetylcholinesterase inhibitor
used to treat dementia. Overall, there is a paucity of literature on
this risk. In this study we aimed to better characterize the risk of
donepezil-related rhabdomyolysis. Compared with rivastigmine or
galantamine, in relative terms, donepezil was associated with a
2-fold higher risk of hospital admission with rhabdomyolysis.

The biological mechanism of donepezil-associated rhabdomyol-
ysis is unknown. Acetylcholine is known to play a role in action
potential transmission across the neuromuscular junction, leading
to muscle contraction.® Theoretically, preventing the breakdown of
acetylcholine may lead to abnormalities in muscle contraction and
ultimately rhabdomyolysis. This area warrants further research.

The 30-day incidence of hospital admission with rhabdomyol-
ysis for patients initiated on donepezil was 6 in 10000 prescrip-
tions (0.06%), or about 1 in every 1667 prescriptions. As shown
with other laboratory-based diagnoses,>* we expect that diag-
nosis codes underestimate the true incidence of rhabdomyolysis,
particularly when one considers milder forms of the condition or
cases in which the patient was not admitted to hospital. The
magnitude of this underestimation is uncertain. However, if one
assumed that the diagnostic codes underestimate true incidence
by 10-fold, there would still be only 1 more hospital admission
with rhabdomyolysis for every 300 patients initiated on donepe-
zil, compared with other cholinesterase inhibitors.

If patients on donepezil describe symptoms of muscle cramp-
ing, it would be prudent to consider a diagnosis of rhabdomyoly-
sis and measure creatine kinase levels. Fortunately, in our analy-
sis, hospital admissions with rhabdomyolysis were not extreme
in their severity. In patients at high risk of rhabdomyolysis,
including a prior history of the condition, it may be reasonable to
initiate a different cholinesterase inhibitor.

Statin-induced rhabdomyolysis is a well-recognized adverse
drug event.?®-3! The risk of hospital admission with rhabdomyolysis
was not significantly different between new users of donepezil
compared with any type of statin, which may help put our results
into clinical context. We did not find that coprescription of a statin
and donepezil heightened risk of rhabdomyolysis, while we appre-
ciate that our analysis had adequate statistical power only to
detect a large interaction. All statins were assessed together.
There are differences in metabolism depending on the statin that
may increase risk of rhabdomyolysis, which may have limited the
interpretation of these results.

Our study has several strengths. Our sample size of more
than 150000 donepezil users provided the opportunity to study
an uncommon but important adverse event. In our primary
analysis, there was a marked similarity of measured baseline
characteristics in the 2 groups of cholinesterase inhibitor users,

reducing concerns that the observed association with rhabdo-
myolysis was confounded. Our findings proved robust in several
additional analyses.

Limitations

There are several limitations to our study. First, this is a retro-
spective cohort study using administrative health care data-
bases, without information on medication adherence or patient
symptoms. All observational studies remain subject to concerns
about residual confounding. Second, we could not accurately
capture falls in our administrative data, which is another com-
mon reason for rhabdomyolysis in older patients.*® Third, as only
adults older than 65 years were included in our study, the results
may not be generalizable to dementia in younger adults, which
can be more variable and secondary to other comorbidities.®
Next, we excluded patients with doses outside recommended
routine prescribing practices. There may be additional risks if
patients take a dose higher than that recommended. Fifth, while
rivastigmine and galantamine have different mechanisms of
action, they were considered together for reasons of sample size,
given the rarity of the outcome. With the medications combined,
there are still only 16 events in our follow-up. To comply with pri-
vacy regulations for minimizing the chance of identification of a
study patient, at ICES numbers of patients are suppressed in the
case of 5 or fewer patients (reported as fewer than 6), so report-
ing the results of the 2 medications separately was not meaning-
ful. This limits conclusions about either drug separately,
although no published studies provide data to support a risk of
rhabdomyolysis with either of these medications. Lastly, creatine
kinase levels were not available for most of our cohort, and only
rhabdomyolysis events associated with a hospital admission
were considered; therefore, less severe cases of rhabdomyolysis
may have been missed.

Conclusion

The findings of this population-based cohort study support regula-
tory agency warnings about the risk of donepezil-induced rhabdo-
myolysis. Reassuringly, the 30-day incidence of a hospital admission
with rhabdomyolysis after initiating donepezil remains low.
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