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Abstract

Background and Aims: Quetiapine is an atypical antipsychotic predominantly

metabolized by the cytochrome P450 3A4 (CYP3A4) enzyme. We studied the risk of

adverse events following coprescription of clarithromycin (a strong CYP3A4

inhibitor) versus azithromycin (not a CYP3A4 inhibitor) in quetiapine users.

Materials and Methods: This was a population‐based retrospective cohort study

from 2004 to 2020 in Ontario, Canada in adult quetiapine users newly co‐prescribed

clarithromycin (n = 16,909) or azithromycin (n = 25,267). The primary outcome was

the composite of hospital encounters with encephalopathy (defined as a diagnosis of

delirium, disorientation, transient alteration of awareness, transient ischemic attack,

or unspecified dementia), a fall, or a fracture within 30 days of new coprescription.

Secondary outcomes were individual components of the composite outcome,

hospital encounter with computed tomography (CT) head scan, and all‐cause

mortality.

Results: Coprescription of clarithromycin versus azithromycin with quetiapine was

associated with a higher risk of the primary composite outcome (365 of 16,909

clarithromycin users [2.2%] vs. 309 of 16,929 azithromycin users [1.8%]; absolute

risk increase, 0.34% [95% confidence interval, CI, 0.04–0.63]; relative risk [RR], 1.19

[95% CI, 1.02–1.38]). This was primarily driven by an increase in fragility fractures

(78 of 16,909 clarithromycin users [0.5%] vs. 45 of 16,923 azithromycin users

[0.3%]; absolute risk increase, 0.20% [95% CI, 0.07–0.32]; RR, 1.74 [95% CI,

1.21–2.52]). Hospital encounters with a CT head scan were higher in clarithromycin

users (220 of 16,909 [1.3%] vs. 175 of 16,923 azithromycin users [1.0%]; absolute

risk increase, 0.27% [95% CI, 0.04–0.50]; RR, 1.26 [95% CI, 1.04–1.54]), but there

was no difference in hospital encounters with encephalopathy, falls, or all‐cause

mortality between macrolide groups.
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Conclusion: Among adults taking quetiapine, concurrent use of clarithromycin

compared with azithromycin was associated with a small but statistically greater 30‐

day risk of a hospital encounter for encephalopathy, falls, or fracture, which was

predominantly related to a higher rate of fragility fractures.
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1 | INTRODUCTION

Quetiapine is a widely prescribed second‐generation antipsychotic

agent approved for the treatment of schizophrenia, bipolar disorder,

and major depressive disorder with the extended‐release formula-

tion. There can be side effects with use of quetiapine, particularly

when used off‐label. Despite this, off‐label low‐dose quetiapine

usage now accounts for 92% of prescriptions for nonapproved

indications including behavioral and psychological symptoms of

dementia, anxiety disorders, insomnia, and posttraumatic stress

disorder.1–4 By 2010, quetiapine was the fifth highest‐selling

pharmaceutical medicine with estimated annual sales of $6.8 billion.5

Second‐generation antipsychotics like quetiapine have increased in

popularity due to lower incidence of extrapyramidal symptoms and

tardive dyskinesia.6 Quetiapine exerts its biological effect in

schizophrenia and bipolar disorder through antagonism of dopamine

2 receptors, with recommended daily dosages ranging from 150 to

800mg to achieve full dopamine 2 receptor antagonism.7–9

At low unapproved dosages (frequently ≤25mg daily), quetiapine

predominantly antagonizes histamine‐1 receptor and alpha‐1 adre-

nergic receptors resulting in sedative and anxiolytic effect but may

also be associated with orthostatic hypotension.10 Moreover, in 2005

the United States Food and Drug Administration issued a black box

warning for antipsychotics due to the association with increased

mortality including sudden cardiac death.11,12 Atypical antipsychotic

usage is also associated with increased risk of nonvertebral

osteoporotic fractures, falls, and pneumonia in the elderly.13–17

Further, clinicians often prescribe quetiapine as an alternative to

benzodiazepines,5 but the rates of quetiapine‐related poison control

center calls in France increased from 2011 to 2017 with 21% of cases

being unintentional overdoses.18,19 In the overdose setting, patients

most commonly present with drowsiness, coma, tachycardia, postural

hypotension, and sinus tachycardia with dosages of >1500mg

associated with severe poisoning. In comparison to olanzapine and

risperidone, quetiapine appears to have a lower risk of mortality, but

is associated with higher risk for falls.4

Among second‐generation antipsychotics, quetiapine is also

unique in that it is metabolized predominantly by the cytochrome

P450 3A4 (CYP3A4)4 to the active metabolite norquetiapine.2 Both

quetiapine and norquetiapine are pharmacologically active. When used

concomitantly with a strong inhibitor of CYP3A4, it is recommended

that the quetiapine dosage be reduced by sixfold and titrated to clinical

effect, although no specific guidance is provided for moderate CYP3A4

inhibitors. Clarithromycin and azithromycin are macrolide antibiotics

commonly prescribed for the treatment of community‐acquired

pneumonia. We have previously demonstrated that macrolides are

helpful for assessing population‐based drug interactions as clarithro-

mycin is a moderate inhibitor of CYP3A4 while azithromycin does not

affect CYP3A4 metabolism.20–23

A clinically relevant drug interaction between macrolides and

quetiapine has been observed. A previous study in 19 patients

coadministered erythromycin (which also inhibits CYP3A4) and

quetiapine demonstrated that the elimination half‐life of quetia-

pine increased by 92% and recommended dosage modification of

quetiapine.24 Furthermore, elderly individuals have been found to

have 30–50% slower metabolism of quetiapine than younger

individuals likely related to aging‐related changes in drug

metabolizing enzymes.25 These studies and case reports have

suggested that coadministration of quetiapine with CYP3A4

inhibitors may represent a clinically significant drug–drug interac-

tion risk, with the elderly particularly prone to adverse events

including delirium.26 Therefore, we conducted this population‐

based study to estimate the 30‐day risk for hospitalization with

encephalopathy, falls, or fragility fractures following coprescrip-

tion of clarithromycin compared to azithromycin in adults taking

quetiapine.

2 | MATERIALS AND METHODS

2.1 | Design and setting

We conducted a population‐based, retrospective cohort study

using linked healthcare databases in Ontario, Canada between

June 1, 2002, and March 1, 2020. Ontario has a population of 14.6

million residents who have universal access to hospital care and

physician services, with individuals 65 years of age or older

receiving universal drug coverage (14% of the population or 2

million persons). Emigration from the province, which occurs at a

rate of 0.5% per year, was the only reason for loss to follow‐up.

Individuals under the age of 65 are eligible for drug coverage if

they receive disability support, receive social assistance, or have

high drug costs relative to their income. Data sets were linked

using unique encoded identifiers and analyzed at ICES. The use of
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administrative data in this project was authorized under section 45

of Ontario's Personal Health Information Protection Act which

does not require review by a research ethics board. The full data

set creation plan and underlying analytic code are available from

the authors upon request. The reporting of this study follows the

REporting of studies Conducted using Observational Routinely

Collected Health Data for Pharmacoepidemiology Research

(RECORD‐PE) which is an extension of the STROBE guideline

(Supporting Information: Table S1).

2.2 | Data sources

We ascertained patient characteristics, drug use, covariate informa-

tion, and outcome data using linked administrative databases

(Supporting Information: Table S2). We obtained vital statistics

from the Ontario Registered Persons Database, which contains

demographic information on all Ontario residents ever issued a

health card. We used the Ontario Drug Benefit program database to

determine prescription drug use. This database contains accurate

records of all dispensed outpatient prescriptions, with an error rate

of 0.7%.27 We identified diagnostic and procedural information on

all hospitalizations and emergency department visits from the

Canadian Institute for Health Information Discharge Abstract

Database and the National Ambulatory Care Reporting System

database, respectively. We also obtained diagnostic and procedural

information from the Ontario Health Insurance Plan database,

which includes health claims for physician services. We used the

ICES Physician Database to ascertain drug prescriber information.

Mental health diagnoses were obtained from the Ontario Mental

Health Reporting System.

International Classification of Diseases, 9th revision (ICD‐9; pre‐

2002) and 10th revision (ICD‐10; post‐2002) codes were used to

assess baseline comorbidities in the 5 years before receipt of a

prescription (Supporting Information: Table S3). Only ICD‐10 codes

were used to ascertain outcomes, as all outcomes would have

occurred after implementation of this coding system in April 2002.

Hospital admission and diagnoses are coded by trained personnel

using physician‐recorded diagnoses.

2.3 | Cohort build and exposure categorization

We established two cohorts of patients in Ontario, Canada with

evidence of a new outpatient prescription for either azithromycin or

clarithromycin of 5–14 days duration, dispensed between June 1,

2002, and March 1, 2020, with concurrent quetiapine usage. The

date of antibiotic dispensing served as the start date for follow‐up,

also referred to as the index date. Azithromycin users were selected

as the referent group. Both clarithromycin and azithromycin in

Ontario are prescribed for near‐identical infections (e.g., respiratory

tract, sinus, and oropharyngeal infections), and typically prescribed by

primary care physicians to patients with similar comorbidities (e.g.,

not significantly different in their risk of hospitalization with

neuroimaging as a proxy for delirium in the absence of another

interacting drug (clarithromycin vs. azithromycin: adjusted relative

risk, RR, 1.04 [95% confidence interval, CI, 0.93–1.18]).20 We a priori

decided not to include the CYP3A4 inhibitor erythromycin, because

in Ontario this drug was prescribed less than once for every 20

clarithromycin prescriptions.20,21 From both groups we excluded the

following patients: (1) age less than 18 years on index date, (2) less

than two prescription for quetiapine in the 210 days before and

including the index date to ensure ongoing quetiapine usage (3)

evidence of more than one antibiotic prescription on the index date

or any other antibiotic prescription in the 30 days before the index

date (4) those who had a hospital discharge or emergency

department visit in the 2 days before index date (to ensure these

were new outpatient antibiotic prescriptions) (5) evidence of usage of

a non‐study antipsychotic agent in the 180 days before and including

the index date (Supporting Information: Table S3) (6) evidence of a

strong CYP3A4 inhibitor on or in the 180 days before and including

the index date (Supporting Information: Table S4). Patients with

multiple eligible antibiotic study prescriptions were restricted to the

first eligible study prescription. Dosage of antibiotics were restricted

to valid dosages of azithromycin (250–500mg daily) and clarithro-

mycin (500–1000mg daily).

2.4 | Outcomes

2.4.1 | Primary outcome

All outcomes were prespecified. We assessed the primary composite

outcome of hospital encounter (hospitalization or emergency

department visit) with encephalopathy, fall, or fragility fracture,

within 30 days following the index date with a maximum follow‐up of

March 31, 2020. Fragility fractures included vertebral, humeral,

radial, ulnar, or pelvic fractures. This composite outcome was

selected given that the main toxicity of quetiapine overdose is

oversedation or coma which may lead to hospital visits for

encephalopathy and given known associations of atypical antipsy-

chotic usage with falls and fractures in the elderly.

We assessed outcomes using ICD‐10 diagnosis codes (Sup-

porting Information: Table S2) that are well‐validated in Ontario,

we have previously used a composite outcome for encephalopathy

which includes delirium, unspecified dementia (unclear diagnosis

of dementia), transient cerebral ischemic attack, disorientation, or

a transient alteration of awareness.28–30 ICD‐10 codes for

encephalopathy have previously been compared to a reference

standard in a cohort of patient undergoing cardiac surgery with a

diagnosis of delirium obtained from the hospital clinical data with

high specificity (98% [interquartile range, IQR, 93%–100%] but low

sensitivity 18% [IQR, 10%–30%].31 In a sensitivity analysis, we

excluded ICD‐10 codes for transient ischemic attacks given that

aphasia has only rarely been reported in patients with delirium

related to quetiapine.32 We used a validated algorithm to identify
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fractures which has been used in previous research studies which

includes hip, forearm, vertebral, humeral, and pelvic fracture ICD‐

10 codes, in addition to physician billing codes.33–35 The follow‐up

period of 30 days was chosen to focus on acute adverse events,

the short duration of antibiotic prescription, and to avoid potential

crossovers between the study groups that might occur with longer

follow‐up.

2.4.2 | Secondary outcomes

We assessed the individual components of our composite primary

outcome separately: hospital encounter with encephalopathy, fall,

fragility fracture. We also assessed a computed tomography (CT) scan

of the brain as a proxy for the work‐up of delirium. Overall all‐cause

mortality was also evaluated.

2.5 | Statistical analyses

Baseline characteristics were reported as frequencies and propor-

tions for categorical measures and mean (standard deviation, SD) or

median (25th percentile, 75th percentile) for continuous variables.

Standardized differences were used to compare baseline character-

istics between clarithromycin and azithromycin users, with a value

greater than 10% indicating imbalance.36

Propensity scores estimating the probability of clarithromycin

prescription were derived using multivariable logistic regression

with 71 measured baseline characteristics. Inverse probability of

treatment weights based on the propensity scores was used to

form a weighted cohort in which the baseline characteristics were

independent of the antibiotic treatment. Patients in the azithro-

mycin group were weighted (propensity score/[1−propensity

score]). This method produced a weighted pseudo‐sample of

patients in the azithromycin group with the same distribution of

measured covariates as the clarithromycin group. Variables

included in the propensity score model are shown in Supporting

Information: Table S5 and were selected to account for potential

confounders.

Logistic regression modeling to estimate odds ratios (ORs) and

95% CIs with and without inverse probability weighting was

performed for the primary and secondary outcomes. Each OR was

approximated to be the RR which was appropriate given the

incidences observed. In all outcome analyses, we interpreted two‐

tailed p values < 0.05 as statistically significant.

A prespecified sensitivity analysis using receipt of a CT scan of

the head in emergency department as an alternative definition of

encephalopathy. Post hoc sensitivity analyses included restricting

only to quetiapine immediate release formulations which may have a

more immediate profound sedating effect, and an E‐value analysis for

unmeasured confounding. We performed all analyses using SAS

version 9.4 (SAS Institute).

3 | RESULTS

3.1 | Baseline characteristics

From June 1, 2002, to March 1, 2020, we identified 42,176

quetiapine users with a new macrolide prescription (16,909 were

prescribed clarithromycin and 25,267 azithromycin) who met the

study criteria. Over the accrual period, the number of prescriptions

for clarithromycin began to decline in 2012 but was still widely co‐

prescribed with quetiapine throughout the period of observation

(Supporting Information: Table S6). The study flow diagram for

creation of the cohorts is shown in Figure 1.

Both clarithromycin and azithromycin groups were well

balanced on demographics, comorbidities, medication usage, and

healthcare utilization before and following weighting with a mean

age of 57. In the overall cohort, 37% of individuals were older

adults (age ≥ 65), and 64% were female. The prevalence of

psychiatric disorders was high in the cohorts: 34% had bipolar

disorder, 28% had schizophrenia or another psychotic disorder,

and 49% had unipolar depression or anxiety. In the prior year, 12%

of individuals had an episode of encephalopathy, 10% had a fall,

and 4% had experienced a fragility fracture. Following propensity

score‐based weighting, standardized differences were <10% for all

baseline characteristics (Table 1 and Supporting Information:

Table S7).

3.2 | Prescription information

Family physicians provided 85% of quetiapine prescriptions, and 77%

of participants were taking high‐dose quetiapine defined as >25mg

per day. Median (25th percentile, 75th percentile) daily quetiapine

dosages were 53.6 mg (37.5–150) in azithromycin users and 75mg

(50–150) in clarithromycin users (Supporting Information: Table S8).

Immediate‐release formulations comprised 97% of overall quetiapine

prescriptions. Median (25th percentile, 75th percentile) duration of

prescription of macrolide antibiotic was 5 (5–5) days in azithromycin

users and 10 (7–10) days in clarithromycin users (Supporting

Information: Table S9).

3.3 | Primary composite outcome

There were 844 hospitalizations or emergency department visits for

encephalopathy, fall, or fragility fracture within 30 days of initiating

a macrolide antibiotic over the study period. After propensity score

weighting, the risk of the primary composite outcome was 19%

higher in new clarithromycin users in comparison to new azithro-

mycin users (365 of 16,909 patients taking clarithromycin [2.2%] vs.

309 of 16,923 patients taking azithromycin [1.8%]; absolute risk

increase, 0.34% [95% CI, 0.04–0.63]; RR, 1.19 [95% CI, 1.02–1.38];

Table 2).
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3.4 | Secondary outcomes

Clarithromycin usage was associated with a higher risk of hospital

encounter with a fragility fracture (78 of 16,909 patients taking

clarithromycin [0.5%] vs. 45 of 16,923 patients taking azithromycin

[0.3%]; absolute risk increase, 0.20% [95% CI, 0.07–0.32]; RR, 1.74 [95%

CI, 1.21–2.52]). Hospital encounter with a CT head scan was more

common among clarithromycin users (220 of 16,909 patients taking

clarithromycin [1.3%] vs. 175 of 16,923 patients taking azithromycin

[1.0%]; absolute risk increase, 0.27% [95% CI, 0.04–0.50]; RR, 1.26 [95%

CI, 1.04–1.54]). There was no significant difference in hospital encounters

for encephalopathy (181 of 16,909 patients taking clarithromycin [1.1%]

vs. 148 of 16,923 patients taking azithromycin [1.8%]; absolute risk

increase, 0.20% [95% CI, −0.01 to 0.41]; RR, 1.23 [95% CI, 0.99–1.53]),

falls (164 of 16,909 patients taking clarithromycin [1.0%] vs. 154 of

16,923 patients taking azithromycin [0.9%]; absolute risk increase, 0.06%

[95% CI, −0.15 to 0.27]; RR, 1.07 [95% CI, 0.85–1.35]), nor all‐cause

mortality (232 of 16,909 patients taking clarithromycin [1.4%] vs. 204 of

16,923 patients taking azithromycin [1.2%]; absolute risk increase, 0.17%

[95% CI, −0.07 to 0.41]; RR, 1.14 [95% CI, 0.94–1.38]).

3.5 | Sensitivity analyses

In a sensitivity analysis restricted to immediate‐release quetiapine

formulations, use of clarithromycin remained associated with a higher

F IGURE 1 Study flow diagram describing the cohort creation of azithromycin and clarithromycin users after applying inclusion and exclusion
criteria.
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TABLE 1 Baseline characteristics of quetiapine users with new prescription for azithromycin and clarithromycin before and following
weighting.

Characteristic, n (%)

Unweighted Weighteda

Azithromycin
(n = 25,267)

Clarithromycin
(n = 16,909)

Standardized
difference (%)

Azithromycin
(n = 16,923)

Clarithromycin
(n = 16,909)

Standardized
difference (%)

Demographics

Age (years), mean (SD) 57.7 (20.2) 57.2 (19.9) 3 56.9 (16.7) 57.2 (19.9) 1

Age ≥65 10,194 (40.0) 6306 (37.3) 6 6207 (36.7) 6306 (37.3) 1

Female 16,130 (63.8) 10,813 (63.9) 0 10,756 (63.6) 10,813 (63.9) 1

Income quintile

1 (lowest income) 9257 (36.6) 6438 (38.1) 3 6457 (38.2) 6438 (38.1) 0

2 5679 (22.6) 3621 (21.4) 3 3662 (21.6) 3621 (21.4) 0

3 4260 (16.9) 2760 (16.3) 2 2760 (16.3) 2760 (16.3) 0

4 3322 (13.2) 2286 (13.6) 1 2265 (13.4) 2286 (13.5) 0

5 (highest income) 2749 (10.9) 1804 (10.7) 1 1779 (10.5) 1804 (10.7) 1

Long‐term care 3011 (11.9) 2910 (17.2) 15 2868 (16.9) 2910 (17.2) 1

Rural residence 2423 (9.6) 1456 (8.6) 3 1488 (8.8) 1456 (8.6) 1

Comorbidities in the prior 5 years

Charlson comorbidity index,
mean (SD)b

0.49 (1.2) 0.5 (1.2) 0 0.5 (0.95) 0.49 (1.2) 2

Acute kidney injury 1213 (4.8) 569 (3.4) 7 548 (3.2) 569 (3.4) 1

Alcoholism 1097 (4.3) 756 (4.5) 1 757 (4.5) 756 (4.5) 0

Angina 2734 (10.8) 1972 (11.7) 3 1989 (11.8) 1972 (11.7) 0

Atrial fibrillation/flutter 3710 (14.7) 2198 (13) 5 2150 (12.7) 2198 (13) 1

Bipolar disorder 8622 (34.1) 5732 (33.9) 0 5713 (33.8) 5732 (33.9) 0

Cancer 2041 (8.1) 1267 (7.5) 2 1256 (7.4) 1267 (7.5) 0

Chronic kidney disease 2639 (10.4) 1439 (8.5) 6 1410 (8.3) 1439 (8.5) 1

Chronic liver disease 2226 (8.8) 1385 (8.2) 2 1404 (8.3) 1385 (8.2) 0

Chronic lung disease 10,109 (0.4) 7289 (43.1) 6 7297 (43.1) 7289 (43.1) 0

Congestive heart failure 2558 (10.1) 1628 (9.6) 2 1601 (9.5) 1628 (9.6) 0

Coronary artery disease 5405 (21.4) 3676 (21.7) 1 3669 (21.7) 3676 (21.7) 0

Delirium 1476 (5.8) 817 (4.8) 4 792 (4.7) 817 (4.8) 0

Dementia 6312 (25) 4393 (26) 2 4270 (25.2) 4393 (26) 2

Diabetes 4009 (15.9) 2339 (13.8) 6 2318 (13.7) 2339 (13.8) 0

Encephalopathy 2889 (11.4) 1970 (11.7) 1 1940 (11.5) 1970 (11.7) 1

Falls (1 year prior) 2533 (10) 1630 (9.6) 1 1609 (9.5) 1630 (9.6) 0

Fractures (1 year prior) 1043 (4.1) 683 (4) 1 673 (4) 683 (4) 0

Hypotension 595 (2.4) 367 (2.2) 1 357 (2.1) 367 (2.2) 1

Hypertension 11425 (45.2) 7487 (44.3) 2 7446 (44) 7487 (44.3) 1

Myocardial infarction 658 (2.6) 380 (2.2) 3 376 (2.2) 380 (2.2) 0

Osteoporosis 2198 (8.7) 1454 (8.6) 0 1489 (8.8) 1454 (8.6) 1

Parkinson's disease 1110 (4.4) 802 (4.7) 1 779 (4.6) 802 (4.7) 0
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TABLE 1 (Continued)

Characteristic, n (%)

Unweighted Weighteda

Azithromycin
(n = 25,267)

Clarithromycin
(n = 16,909)

Standardized
difference (%)

Azithromycin
(n = 16,923)

Clarithromycin
(n = 16,909)

Standardized
difference (%)

Peripheral vascular disease 256 (1) 152 (0.9) 1 153 (0.9) 152 (0.9) 0

Respiratory infection 12,295 (48.7) 8173 (48.3) 1 8163 (48.2) 8173 (48.3) 0

Rheumatoid arthritis 1269 (5) 873 (5.2) 1 871 (5.1) 873 (5.2) 0

Schizophrenia or other
psychotic disorders

6922 (27.4) 4746 (28.1) 2 4743 (28) 4746 (28.1) 0

Seizure 327 (1.3) 182 (1.1) 2 176 (1) 182 (1.1) 1

Stroke/TIA 770 (3) 605 (3.6) 3 589 (3.5) 605 (3.6) 1

Unipolar depression or
anxiety disorder

12,341 (48.8) 8229 (48.7) 0 8279 (48.9) 8229 (48.7) 0

Ventricular tachycardia 76 (0.3) 36 (0.2) 2 38 (0.2) 36 (0.2) 0

Prescribing physician characteristics

Family physician 21,543 (85) 14,322 (85) 0 14,303 (84.5) 14,322 (84.7) 1

Healthcare contacts in prior year

Hospitalizations, mean (SD) 0.3 (0.9) 0.3 (0.9) 2 0.3 (0.7) 0.3 (0.9) 1

ER visits, mean (SD) 1.7 (3.6) 1.8 (3.5) 0 1.8 (2.9) 1.8 (3.5) 0

Primary care physician visits,
mean (SD)

15.8 (16.7) 16.9 (17.2) 7 16.9 (14) 16.9 (17.2) 0

CT head (prior 365 days) 3756 (14.9) 2444 (14.5) 1 2416 (14.3) 2444 (14.5) 1

MRI head (prior 365 days) 688 (2.7) 499 (3) 2 485 (2.9) 499 (3) 1

Electroencephalography
(prior 365 days)

427 (1.7) 274 (1.6) 1 274 (1.6) 274 (1.6) 0

Medication use (120 days)

Number of unique drugs
prescribed, mean (SD)

4.21 (6) 3.8 (5.7) 7 3.7 (4.6) 3.8 (5.7) 2

Acetylsalicylic acid (ASA) 306 (1.2) 229 (1.4) 2 221 (1.3) 229 (1.4) 1

Anticonvulsants 1868 (7.4) 923 (5.5) 8 903 (5.3) 923 (5.5) 1

Antidepressants 5766 (22.8) 3671 (21.7) 3 3611 (21.3) 3671 (21.7) 1

Antiemetics 175 (0.7) 137 (0.8) 1 138 (0.8) 137 (0.8) 0

Antihistamines 14 (0.1) 18 (0.1) 0 3184 (18.8) 3189 (18.9) 0

Antihypertensives 5446 (21.6) 3189 (18.9) 7 10 (0.1) 18 (0.1) 0

Antiparkinson drugs 60 (0.2) 34 (0.2) 0 39 (0.2) 34 (0.2) 0

Antispasmodic drugs 27 (0.1) 18 (0.1) 0 355 (2.1) 350 (2.1) 0

Antipsychotics 489 (1.9) 350 (2.1) 1 14 (0.1) 18 (0.1) 0

Barbiturates 29 (0.1) 23 (0.1) 0 17 (0.1) 23 (0.1) 0

Benzodiazepines 3382 (13.4) 2235 (13.2) 1 2209 (13.1) 2235 (13.2) 0

Beta‐blockers 2991 (11.8) 1724 (10.2) 5 1699 (10) 1724 (10.2) 1

Bisphosphonates 1605 (6.4) 1092 (6.5) 0 1062 (6.3) 1092 (6.5) 1

Cholinesterase inhibitor 2154 (8.5) 1622 (9.6) 4 1574 (9.3) 1622 (9.6) 1

Digoxin 333 (1.3) 254 (1.5) 2 243 (1.4) 254 (1.5) 1

(Continues)
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risk for the primary composite outcome (363 of 16,633 patients

taking clarithromycin [2.2%] vs. 303 of 16,645 patients taking

azithromycin [1.8%]; absolute risk increase, 0.36% [95% CI,

0.06–0.66]; RR,1.20 [95% CI, 1.03–1.41]). We conducted an

additional sensitivity analysis, for the primary composite outcome

excluding transient ischemic attack (TIA) from the definition for

encephalopathy given that it would be rare for quetiapine toxicity to

be coded as aTIA. Using this alternative definition of encephalopathy

our results remained similar with a 19% increased risk of the primary

composite outcome in new clarithromycin users: (358 of 16,909

patients taking clarithromycin [2.1%] vs. 304 of 16,923 patients

taking azithromycin [1.8%]; absolute risk increase, 0.32% [95% CI,

0.02–0.61]; RR, 1.18 [95% CI, 1.01–1.38]).

In an additional analysis, we excluded individuals (<6) with

evidence of a trauma code on the same day as the CT head to

exclude differences in trauma evaluations. After this exclusion, the

finding of higher rates of hospital encounters with a CT head scan

among clarithromycin users remained unchanged with an absolute

risk increase of 0.27% [95% CI, 0.04–0.50]; RR, 1.26 [95% CI,

1.04–1.55]).

E‐value analysis was used to determine the extent to which

unmeasured confounding would be required to negate the observed

results.37 For the primary composite outcome the E‐value was 1.67

and 1.16 for the lower bound of the 95% CI, which indicates that the

observed risk ratio for the primary outcome of 1.19 could be

explained by an unmeasured confounder with an association

between the exposure and outcome with a risk ratio of 1.67 above

and beyond the measured confounders, and the confidence interval

for the primary composite outcome could be moved to the null by an

unmeasured confounder associated with both the exposure and

outcome by a risk ratio of 1.16 each, indicating a relatively modest

association. The E‐value was 2.87 for the association with fragility

fracture and 1.71 for the lower bound of the 95% CI.

4 | DISCUSSION

In this study, the coprescription of clarithromycin, as compared to

azithromycin, with quetiapine was associated with a 19% increase in

the relative risk of the primary composite outcome of a hospital

encounter with encephalopathy, fall, or fragility fracture with an

absolute risk increase of 0.34%. This outcome was primarily driven by

a hospital encounter for a fragility fracture which was likely caused by

falls given the short duration of medication usage.

TABLE 1 (Continued)

Characteristic, n (%)

Unweighted Weighteda

Azithromycin
(n = 25,267)

Clarithromycin
(n = 16,909)

Standardized
difference (%)

Azithromycin
(n = 16,923)

Clarithromycin
(n = 16,909)

Standardized
difference (%)

Diuretics 3076 (12.2) 2058 (12.2) 0 2012 (11.9) 2058 (12.2) 1

Oral hypoglycemics 1769 (7) 970 (5.7) 5 928 (5.5) 970 (5.7) 1

Insulin 586 (2.3) 366 (2.2) 1 350 (2.1) 366 (2.2) 1

Lithium 254 (1) 142 (0.8) 2 134 (0.8) 142 (0.8) 0

NSAIDs (excluding ASA) 1401 (5.5) 887 (5.2) 1 891 (5.3) 887 (5.2) 0

Opioids 2461 (9.7) 1546 (9.1) 2 1516 (9) 1546 (9.1) 0

Overactive bladder
medications

435 (1.7) 284 (1.7) 0 271 (1.6) 284 (1.7) 1

Statins 4464 (17.7) 2255 (13.3) 12 2198 (13) 2255 (13.3) 1

Steroids 696 (2.8) 410 (2.4) 3 399 (2.4) 410 (2.4) 0

QT‐interval prolonging drugs 3700 (14.6) 2454 (14.5) 0 2444 (14.4) 2454 (14.5) 0

Quetiapine dosage

≤25mg/day 6188 (24.5) 3870 (22.9) 4 3826 (22.6) 3870 (22.9) 1

>25mg/day 19,079 (75.5) 13,039 (77.1) 4 13,097 (77.4) 13,039 (77.1) 1

Abbreviations: CT, computed tomography; ER, emergency department; MRI, magnetic resonance imaging; NSAID, nonsteroidal anti‐inflammatory drug;

SD, standard deviation; TIA, transient ischemic attack.
aWeighted using inverse probability of treatment weighting, based on propensity scores. The propensity score was estimated using multivariable logistic

regression with covariates (defined in Supporting Information: Table 7). Patients in the reference group (azithromycin) were weighted as (propensity
score/[1−propensity score]).
bThe Charlson Comorbidity Index was calculated based on hospital admission data in the 3‐year period before the index date. The Charlson score

considers each person with a hospital admission with the disease of interest. For each person, it assigns a point score based on disease mortality risk and
sums them to generate an overall score of disease burden. The final risk scores range between 0 and 13, with higher values associated with higher
mortality. Each disease in the index has an assigned weight of 1,2,3, or 6, with HIV/AIDS and metastatic cancer having the highest weight of 6.
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These results support that a clinically significant adverse drug

interaction exists between clarithromycin and quetiapine in a

predominantly elderly population. This is in keeping with previous

work which has clearly shown that CYP3A4 inhibitor drug interac-

tions have clinically significant adverse effects with a wide range of

common medications including calcium channel blockers,21,23 stat-

ins,22 and calcineurin inhibitors.38

Off‐label prescription for quetiapine is an increasing phenome-

non with a 300% increase in prescriptions for quetiapine by family

physicians between 2005 and 2012 in Canada compared to 37.1%

for olanzapine, and 37.4% for risperidone.2 Efforts have been made

to attempt to curtail excessive off‐label use of quetiapine, and peer

comparison letters on prescribing habits have been successful in

primary care providers.39

Notably, prescriptions for clarithromycin in our study declined

over time, potentially as recognition of adverse events related to this

medication have increased. Beyond the adverse events investigated

in this study, the CLARICOR trial which included 4733 patients with

stable coronary artery disease, found that clarithromycin was

associated with increased cardiovascular mortality over 10‐year

follow‐up although the precise mechanism is unknown.40 However,

despite decreasing clarithromycin prescriptions, given the wide-

spread nature of quetiapine prescriptions, CYP3A4 drug interactions

remain relevant in daily clinical practice. For example, nirmatrelvir/

ritonavir (Paxlovid) has emerged as a common medication used to

reduce COVID‐19 disease severity. Ritonavir is a well‐known strong

CYP3A4 inhibitor, specifically used to boost the plasma concentra-

tion of nirmatrelvir. Therefore, coadministration of Paxlovid with

quetiapine could lead to similar CYP3A4 inhibition‐mediated adverse

effects observed in this study, and guidance has been issued

regarding coprescriptions with medications metabolized by

CYP3A4.41

In our study, the point estimates for all‐cause mortality were

higher among clarithromycin users but this was not statistically

significant after weighting. Both clarithromycin and azithromycin are

known to be associated with a prolonged QT interval which may

rarely be associated with Torsades de Pointes.42 However, previous

studies have demonstrated that macrolide antibiotics compared to

nonmacrolide antibiotics were not associated with a higher 30‐day

risk of arrhythmia or all‐cause mortality suggesting that arrhythmia is

unlikely to be the principal mechanism underlying the adverse events

observed in this study.43

Prior population‐based studies have found that the new receipt

of an atypical antipsychotic including quetiapine is associated with a

54% increased risk of a serious fall and a 51% increased risk of

nonvertebral osteoporotic fracture.15 A prior meta‐analysis of 19

observational studies which included 544,811 participants with

80,835 fractures found that antipsychotic usage was associated with

higher risk of fractures including a 47% increased risk among

quetiapine users.44 In our study, we found a 74% higher risk of

hospital encounter with fragility fracture among new clarithromycin

users in comparison to new azithromycin users but did not find a

statistically significant difference in the risk of fall between groups,

suggesting that we were able to detect a difference in falls more

likely to be injurious leading to fragility fractures.

Strengths of this study include the large number of participants,

and the rich population‐based databases used to assess outcomes

from an interaction between quetiapine and macrolide antibiotics

which allow for external generalizability of our findings. We used

propensity score‐based weighting which resulted in well‐balanced

study groups across a wide number of demographics and comorbid-

ities. The outcomes in this study have previously been used in other

pharmacoepidemiology studies to evaluate adverse events of

baclofen on encephalopathy and we confirmed the robustness of

our results in sensitivity analyses including restricting to only

immediate release formulations.28–30

This study has several limitations. Although study groups were

well balanced on a wide variety of demographics, comorbidities,

medication usage, and healthcare utilization, residual confounding

remained a possibility. E‐value analysis indicated that the association

for the primary composite outcome was modest, and that residual

confounding with a risk ratio of 1.67 could markedly attenuate the

association found in this study although a residual confounder with a

risk ratio of 2.87 would be required to negate the association with

fragility fractures. Indeed, since CYP3A4 is involved in the metabo-

lism of nearly half of all prescription medications,45 inhibition of

CYP3A4 could have contributed to other drug–drug interactions in

this cohort, although baseline usage of other common CYP3A4

substrates was well balanced and we excluded those with a

prescription for another strong CYP3A4 inhibitor. In addition, the

definition of encephalopathy in this study was broad although we

performed a sensitivity analysis using an alternative definition of

encephalopathy which excluded TIA, which did not change the

underlying conclusion. While a trend towards a higher rate of a

hospital encounter with encephalopathy was noted, this did not

reach statistical significance despite rates of CT scans of the head, a

common component of the workup for delirium, being more frequent

in clarithromycin users.

In conclusion, in this study, we found that new prescription for

clarithromycin was associated with increased fragility fracture risk

when co‐prescribed with quetiapine, and clinicians should consider

this drug interaction when considering macrolide antibiotic prescrip-

tion in the elderly.
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