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Abstract

Introduction Epidemiological studies have linked dom-

peridone use with serious cardiac arrhythmias, including

sudden cardiac death, but data on age, dose, and duration of

use are limited.

Objectives The aim of this studywas to assess the risk of out-

of-hospital sudden cardiac death associated with domperidone

use versus proton pump inhibitors (PPIs), metoclopramide, or

non-use of all three medications, and to evaluate the risk of

sudden cardiac death in relation to age and domperidone dose.

Methods This was a population-based case-control study

nested in a cohort of subjects aged C2 years in the Clinical

Practice Research Datalink with one or more prescriptions

for domperidone, any PPI, or metoclopramide from 2005 to

2011. Out-of-hospital sudden cardiac death was assessed

by linkage with Hospital Episode Statistics and death cer-

tificates. Controls were matched on age, sex, and medical

practice. The risk of sudden cardiac death in domperidone

users versus risk in users of PPIs or metoclopramide was

evaluated with multivariable conditional logistic regres-

sion; case-crossover analysis addressed possible residual

confounding.

Results From the study cohort (n = 681,104), 3239 sudden

cardiac death cases were matched to 12,572 controls. The

adjusted odds ratio (95 % confidence interval) for sudden

cardiac death with current use of domperidone alone was 1.71

(0.92–3.18) versus non-use of study medications, 1.26

(0.68–2.34) versus current PPI use, and 0.40 (0.17–0.94)

current metoclopramide use. The adjusted odds ratio (95 %

confidence interval) relative to exposure to no study drug for

domperidone [30 mg/day (eight cases, five controls) was

3.20 (0.59–17.3) and 1.65 (0.89–3.07) for age C61 years (27

cases, 49 controls). The odds ratio (95 % confidence interval)

was 3.17 (1.72–5.83) for within-person periods of domperi-

done use versus non-use in the case-crossover analysis.

Conclusions Compared with non-use of any study drug,

current domperidone use was associated with sudden car-

diac death in nested case-control and case-crossover anal-

yses, with a suggestion of higher risk in older persons and

users of higher daily doses.

Key Points

We found an increased risk of sudden cardiac death

associated with current use of domperidone

compared with non-use of study medications.

Certain subgroups of domperidone users, e.g. users

of higher daily doses and those older than 60 years

of age, may be at higher risk than others. The higher

risk is confined to the first 16 days of continuous

treatment.

The risk of sudden cardiac death appears to be

increased in patients receiving metoclopramide and

was an unexpected finding.
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1 Introduction

Domperidone, a peripherally acting dopamine 2-receptor

antagonist with both gastrokinetic and antiemetic actions,

has been on the market since 1978 [1, 2]. It is used for the

treatment of symptoms associated with upper gastroin-

testinal motility disorders such as diabetic gastroparesis,

gastroesophageal reflux, and nausea and vomiting associ-

ated with therapy for Parkinson’s disease and cancer [3, 4].

The cardiovascular safety of domperidone came into

question in the mid-1980s when the injectable formulation

was withdrawn from the market after serious cardiac events,

ventricular arrhythmia, cardiac arrest, and sudden cardiac

death were reported in cancer patients receiving high doses

of domperidone for chemotherapy-related nausea and vom-

iting [2]. In these case reports, intravenous adult doses ranged

from 20 to 200 mg [2]. Since then, information has accu-

mulated about the possible association between oral dom-

peridone and increased risk of ventricular arrhythmia and

sudden cardiac death from spontaneous reports in several

countries [1, 2]. Results from population-based epidemio-

logic investigations have shown an increased risk of sudden

cardiac death or a combined outcome of sudden cardiac

death and serious ventricular arrhythmia in patients currently

exposed to domperidone compared with patients not cur-

rently exposed in routine clinical practice [5–7]. One study

found that exposure to daily doses of domperidone[30 mg

(odds ratio [OR] 11.4; 95 % confidence interval [CI]

2.0–65.2) accounted for most of the effect, but this finding

was based on only four exposed cases and three exposed

controls in the high-dose group [6]. Another study indicated a

higher risk for patients older than 60 years of age [7].

The current cohort study was designed to (i) perform an

in-depth analysis of the potential dose-response effects and

effects of duration of current domperidone exposure on the

risk of sudden cardiac death; (ii) control possible con-

founding by indication by using the comparison with

metoclopramide, a therapeutic alternative to domperidone

[2] and proton pump inhibitors (PPIS); and (iii) evaluate

the influence of possible confounding by personal charac-

teristics on effect estimates using a case-crossover analysis.

At the time the study was planned, there was insufficient

published evidence to suggest an association of the PPIs or

metoclopramide with sudden cardiac death.

2 Methods

2.1 Data Source

The source population was the Clinical Practice Research

Datalink (CPRD)GOLD, a longitudinal, primary healthcare,

electronic medical record database in the UK that contains

data recorded by general practitioners (GPs) as part of their

routine clinical practice [8]. The CPRD GOLD covers

between 7 and 8 % of the UK population (4.6 million sub-

jects as of 2011), with subjects generally representative of

the whole UK population by age and sex [9].

Data recorded in the CPRD GOLD include demographic

and lifestyle information; medical diagnoses that are part of

the GP’s routine clinical care; and clinical events, includ-

ing the date of the event, preventive care, specialist refer-

rals and specialty consultation notes, and hospital referrals

[10]. Medical diagnoses are recorded using Read codes,

which have been shown to be valid for a number of clinical

conditions [11]. Electronic prescriptions issued by the GPs

are also recorded, including prescription date, formulation,

strength, quantity prescribed, and route of administration.

Dosing instructions to the patient are contained in free-text

notes. Practices in England accounting for more than 40 %

of subjects in the database are linked individually and

anonymously to hospital episode statistics (HES) data and

to death certificates collected by the office for national

statistics (ONS) [12]. Linkage to this information was

necessary in this study to assess out-of-hospital sudden

cardiac death.

2.2 Study Design

This was a population-based, nested case-control study

using longitudinal data from a single database in the UK

for the years 2005 through 2011.

2.3 Study Population

The study population was selected from all individuals

with permanent registration status in up-to-standard Eng-

lish practices whose data were linkable to HES and ONS

data. A cohort of subjects was identified by the first

exposure to a study drug (domperidone, any PPI medica-

tion, or metoclopramide) after at least 1 continuous year of

enrolment in the CPRD GOLD from 1 January 2005 until

31 December 2011. Subjects were at least 2 years of age

upon cohort entry. Subjects residing in institutions on or

before cohort entry were excluded, as were subjects with a

diagnosis of cancer (other than non-melanoma skin cancer)

at any time before the cohort entry date.

Subjects were followed until the earliest of the last data

collection date at the practice, date of diagnosis of a cancer

other than non-melanoma skin cancer, date of subject

transfer out of the practice, date the practice lost its up-to-

standard status or its link to HES or ONS data, date of

record indicating institutional residence, date of death, or

31 December 2011.
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2.4 Assessment of Outcome

The study outcome was sudden cardiac death occurring out

of the hospital, and was defined as an unexpected natural

death from circulatory arrest, usually due to a life-threat-

ening ventricular arrhythmia, and that was consistent with

an underlying cardiac cause (i.e. no evidence of a non-

cardiac underlying process such as pneumonia responsible

for the death) [5, 13, 14]. To capture out-of-hospital deaths,

any sudden cardiac death that occurred between the

admission date of a hospitalization and 30 days after the

discharge date was excluded.

All deaths occurring during the observation period were

ascertained independently of exposure history by screening

the electronic medical records for Read codes indicating

death, by identifying patients with death recorded as the

reason for transferring out of the practice, and by linkage of

the CPRD GOLD with ONS death certificate information

to obtain date and place of death, underlying cause of

death, and all other causes of death listed on the death

certificate. Causes of death are recorded in the ONS data

using International Statistical Classification of Diseases

and Related Health Problems, 10th Revision (ICD-10)

diagnosis codes. Deaths identified during the study period

were screened for sudden cardiac death using an automated

algorithm based on a published, validated computer case

definition for sudden cardiac death using specific cause-of-

death codes highly predictive of sudden cardiac death [13].

The list of ICD-10 codes in the algorithm, as well as

additional details of case ascertainment, are found in the

published protocol [15].

We excluded expected cases of death in subjects with

evidence of palliative or end-of-life care shortly before the

death by applying an algorithm to all suspected cases of

sudden cardiac death. Cases were excluded if (i) within

45 days before the date of death, codes were recorded for

palliative care or a prescription for end-of-life medication;

or (ii) within 14 days before the date of death, codes were

recorded for at least two specific medications prescribed

for end-of-life care according to the National Health Ser-

vice guidelines for palliative and end-of-life care for cancer

and non-cancer patients (i.e. any morphine, except apo-

morphine, or a potent opioid formulation plus one or more

of cyclizine, haloperidol, levomepromazine, intravenous

metoclopramide, midazolam, glycopyrronium, hyoscine

hydrobromide, or hyoscine butylbromide) [16].

Final cases of sudden cardiac death were cardiac deaths

with an underlying cause-of-death diagnosis code consis-

tent with sudden cardiac death, without an alternative non-

cardiac cause of death (such as pneumonia or substance

overdose), that occurred in a non-institutional setting and

did not have evidence of palliative or end-of-life care

shortly before death. The case index date was the date of

death as verified by death certificate information.

2.5 Exposures

The primary exposure of interest was oral domperidone

(tablets and oral solutions). The two comparator gastroin-

testinal medications were oral metoclopramide and oral

PPIs as a group (omeprazole, lansoprazole, esomeprazole,

pantoprazole, and rabeprazole). The nested case-control

analysis of 28 cases and 52 controls exposed to domperi-

done had one case and one control with rectal exposure to

domperidone. Analyses examining dose of oral domperi-

done excluded these individuals.

2.5.1 Evaluation of Exposure Categories

Using all available recorded prescription information

(prescription dates, quantity prescribed, and prescription

duration), we classified the person-time at risk for each

individual for each study medication over the entire study

period into mutually exclusive continuous intervals of

current use: the time from date of prescription to end of

calculated duration of exposure (duration of prescription

plus 7 days); past use: the 60 days after the end of a current

use time window; and non-use: study person-time outside

of current use or past-use windows. We then cross-classi-

fied all study exposures to create mutually exclusive cate-

gories of current use of each medication alone, combined

current use if there was exposure to more than one medi-

cation (four categories), past use of each medication, and

no exposure to any study drug. Exposure evaluation,

including assessment of dose and duration of domperidone,

was done with the case-control status masked.

2.5.2 Evaluation of Domperidone Dose

We estimated the daily dose for domperidone using

recorded values for the total quantity prescribed, number of

packs, prescription duration, and numeric daily dose, which

is derived from dosage instructions in the CPRD GOLD

free text using an algorithm developed by Shah and Mar-

tinez [17]. Approximately 73 % of domperidone prescrip-

tions in the CPRD on or after 1 January 2005 have a

derived numeric daily dose value recorded. We compared

the electronic numeric daily dose values with the free-text

dosage instructions manually, and modified the recorded

numeric daily dose value or assigned an average value

when the free-text instructions were very clear. We con-

ducted a physician survey for all cases and controls with

missing dose information for domperidone prescriptions

closest to the index date. Questionnaires were sent to the

Out-of-Hospital Sudden Cardiac Death: Use of Domperidone, PPIs, or Metoclopramide 1189



physicians of 44 patients without numeric daily dose

recorded and, for verification, to a random sample of 75

patients with numeric daily dose recorded. Current dom-

peridone exposure was categorized into daily dose cate-

gories of\30, 30, and[30 mg for analyses.

2.5.3 Evaluation of Domperidone Duration

If the numeric duration field was missing or had values that

were not considered reasonable, we derived duration by

dividing the quantity prescribed by the numeric daily dose

value if this field was available. Duration was evaluated in

the physician survey for individuals who had missing dura-

tion information after this estimation. If duration for a par-

ticular exposure episode was still missing after the physician

survey, and the individual had more than one prescription of

domperidone, we estimated duration based on the intervals

between domperidone prescriptions for that individual. If

there was only one prescription for an individual, we

assigned a value corresponding to half the average length of

time between first and second prescriptions for domperidone

among persons with more than one prescription.

2.6 Covariates

Covariates evaluated as potential confounding variables

were selected based on their possible association with

sudden cardiac death and study medication use based on

previous literature [6, 7]. Covariates included medical

conditions evaluated using all available time up to the

index date (history of serious ventricular arrhythmia,

autonomic neuropathy, cerebrovascular disease, ischemic

heart disease or coronary revascularization procedure, heart

failure, cardiomyopathy, valvular heart disease, pulmonary

heart disease, other arrhythmias and conduction disorders,

hypertension, hypercholesterolemia or hyperlipidemia,

severe chronic obstructive pulmonary disease, asthma,

epilepsy, renal impairment, hepatic impairment, gastroin-

testinal conditions, Parkinson’s disease, depression, and

schizophrenia); medications used concomitantly with

domperidone at the index date (cytochrome P450

[CYP] 3A4 inhibitors, QTc-prolonging drugs, and drugs

that may interact with domperidone metabolism); past

medication exposures in the previous 365 days (cardiac

medications, antihypertensives, antiarrhythmic agents, and

gastrointestinal medications other than the study expo-

sures); indicators of healthcare utilization (number of

hospital episodes, hospital days, and physician visits)

during the 365 days before the index date; and lifestyle

variables (body mass index, cigarette smoking, and alcohol

use) in all available history before the index date [18]. The

codes and procedures to assess the covariates can be found

in the publicly available protocol [15].

2.7 Statistical Analyses

Analyses were performed using SAS version 9.3 (SAS

Institute, Inc., Cary, NC, USA) and Episheet [19].

Descriptive analyses included tabulation of individual

characteristics at the cohort entry date and study exposures

using frequency distributions to describe categorical data

and mean, standard deviation, median, and range to sum-

marise continuous data. Incidence rates of sudden cardiac

death during current periods of use of the study medica-

tions were calculated as a measure of the absolute risk and

were expressed per 1000 person-years with corresponding

95 % CIs.

2.7.1 Nested Case-Control Analysis

Up to four controls were matched to each case on case

index date, age, sex, and general practice in which the case

was registered. We first examined the effect of each

covariate individually on the outcome using conditional

logistic regression adjusted only for the matching variables.

We next examined the effect of the study exposures on

sudden cardiac death using conditional logistic regression

adjusted only for the matching variables, with separate

models using different reference categories for current

domperidone exposure. The reference categories were

(i) non-use of either comparator drug class; (ii) current PPI

medication use; and (iii) current metoclopramide use. We

calculated ORs with 95 % CIs as estimates of the risk ratio.

To select variables for the multivariable models, we used a

change-in-estimation procedure to determine whether each

covariate changed the value of the OR for current dom-

peridone exposure on sudden cardiac death without that

covariate by at least 5, 3, and 1 %. For the final multi-

variable model, we included variables that individually

changed the effect estimate by at least 3 % (n = 9) and

added additional variables that changed the estimate by

1 % by applying a forward selection procedure. The final

model adjusted for 19 covariates.

2.7.2 Sensitivity Analysis (Case-Crossover)

To explore the impact of residual confounding on the effect

estimates, we performed a case-crossover analysis using

the final cases of sudden cardiac death from the study

cohort. The case window was the 40 days up to and

including the date of sudden cardiac death, and three

control windows of equal length began 6, 12, and

18 months before the index date of sudden cardiac death.

The window was selected based on the average duration of

domperidone exposure plus 10 days to account for poten-

tial carryover effects. A case or control window was con-

sidered exposed if a prescription date for domperidone, a
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PPI medication, or metoclopramide occurred within the

time window. ORs were estimated using conditional

logistic regression on the self-matched sets, separately for

each of the three exposures.

3 Results

3.1 Description of Study Cohort

The final study cohort comprised 681,104 subjects (Fig. 1).

The initial study medication at cohort entry was a PPI in

89.2 % of subjects, metoclopramide in 6.9 % of subjects,

and domperidone in 5.3 %of subjects (Table 1). Themedian

age at cohort entry was 55 years (range 2–110 years), and

57 % were females. Subjects treated with PPIs alone were

older (median age 57 years) than subjects treated with

domperidone alone (median age 41 years) or metoclo-

pramide alone (median age 39 years). The proportion of

females was higher among users of metoclopramide alone

(73.4 %) or domperidone alone (69.9 %) than users of PPIs

alone (55 %). Subjects were in the database for an average of

approximately 8 years before cohort entry, which was sim-

ilar for users of the three medications.

3.2 Incidence of Sudden Cardiac Death

The final case count for sudden cardiac death was 3282,

among 2,122,382 person-years of follow-up (Fig. 1). The

overall incidence rate per 1000 person-years for sudden

cardiac death was 1.55 (95 % CI 1.50–1.61) (see Table S1

in the electronic supplementary material). During person-

time with current use of the study medications with or

without exposure to the other study medications, the inci-

dence rate per 1000 person-years was 4.47 (3.59–5.49) for

domperidone, 5.17 (4.12–6.41) for metoclopramide, and

2.65 (2.54–2.77) for the PPI medications. The incidence

rate per 1000 person-years was 0.87 (0.82–0.92) during

person-time with no use of any of the study medications.

Of the 3282 cases of sudden cardiac death, 43 could not

be matched with at least one control, resulting in 3239 total

cases in the nested case-control analysis. A total of 12,572

controls were matched to these cases. There were 28 cases

and 52 controls with current exposure to domperidone

alone at the index date (see Table S2 in the electronic

supplementary material for exposure status to the study

medications at the index date). The results for conditional

logistic regression models of each individual covariate on

sudden cardiac death without the exposure variables is

shown in Table S3 of the electronic supplementary

material.

The ORs for sudden cardiac death for the exposure

groups adjusted only for the matching variables is shown in

Table 2. Multivariable adjustment resulted in attenuation

of the OR for all three medication groups: current dom-

peridone use: adjusted OR 1.71 (95 % CI 0.92–3.18);

current PPI use: adjusted OR 1.35 (95 % CI 1.21–1.51);

and current metoclopramide use: adjusted OR 4.31 (95 %

Fig. 1 Cohort creation and

assessment of deaths. CPRD

clinical practice research

datalink, HES hospital episode

statistics, ONS office for

national statistics,

PPI proton pump inhibitor
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CI 2.33–7.98). Compared with use of PPIs, during periods

of current domperidone use, the adjusted OR for sudden

cardiac death was 1.26 (95 % CI 0.68–2.34). An inverse

association resulted when current domperidone use was

compared with current metoclopramide use (adjusted OR

0.40; 95 % CI 0.17–0.94).

3.3 Dose and Duration of Domperidone

There were 246 subjects (92 cases and 154 controls) with

current domperidone exposure at the index date, of whom

59 (24 %) had missing daily dose information. There were

15 questionnaires for which the physician could not be

reached or refused participation. Surveys were sent to the

remaining 44 physicians to obtain dose information, and 37

questionnaires (84 %) were completed and returned; of

these, 34 (92 %) contained dose information. We also

sampled subjects with dosage information to verify the

numeric daily dose information recorded in the CPRD

GOLD, and sent 75 questionnaires to practices willing to

participate; 47 questionnaires (63 %) were received, with

dose being recorded in 44 of these questionnaires (94 %).

For 40 of these (91 %; 95 % CI 79–97), the numeric daily

dose value derived from the CPRD GOLD algorithm

agreed with the value derived from the physician ques-

tionnaire. In the remaining four questionnaires, the dose

reported by physicians was lower than that recorded in the

CPRD GOLD. Using all sources of information, we were

able to estimate the average daily dose for 241 of 246

subjects (98 %) exposed to domperidone at the index date.

Using only numeric daily dose values recorded in CPRD

GOLD would have resulted in missing information for 54

domperidone-exposed subjects (22 %).

Among subjects exposed to domperidone alone at the

index date, the OR of sudden cardiac death compared with

no exposure was highest for those exposed to more than

30 mg/day (adjusted OR 3.20; 95 % CI 0.59–17.34)

(Table 3). The adjusted OR for those exposed

to\30 mg/day was 1.96 (95 % CI 0.44–8.76) and 1.48

(95 % CI 0.69–3.19) for 30 mg/day. All estimates had very

wide 95 % CIs due to the low number of subjects.

Compared with no exposure, current exposure to dom-

peridone alone for less than 16 days resulted in a higher

OR for sudden cardiac death (adjusted OR 4.06; 95 % CI

1.55–10.67) than exposure for at least 16 days (adjusted

OR 0.97; 95 % CI 0.42–2.26) (Table 4).

3.4 Subgroup Analyses

When stratified by age, the OR for sudden cardiac death

with current use of domperidone (27 exposed cases and 49

exposed controls) was highest in the group aged 61 yearsT
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or more (adjusted OR 1.65; 95 % CI 0.89–3.07). There was

only one case of sudden cardiac death with current expo-

sure to domperidone at the index date in the youngest age

group (2–60 years) and three exposed controls; therefore,

the point estimate in this group was very unstable.

In other subgroup analyses, many estimates were

unstable (see Table S4 in the electronic supplementary

material), but the results indicated that for current dom-

peridone use, the risk of sudden cardiac death was higher

among persons without diagnosed diabetes than with,

among persons with concurrent exposure to CYP3A4

inhibitor medications than without, and among persons

with concurrent exposure to group 1 QTc-prolonging

medications (current or past use) at the index date than

without.

3.5 Case-Crossover Analysis

A total of 2271 cases had at least one control window, and

1154 cases had three control windows. Results of the

individual conditional regression models for each study

exposure revealed that within-person periods of current use

of domperidone, with or without another study exposure,

were associated with an increase in risk of sudden cardiac

death (conditional OR 3.17; 95 % CI 1.72–5.83) compared

with periods of non-use of any study medication. Periods of

Table 2 Sudden cardiac death by study exposures, nested case-control analysis: results of unadjusted and multivariable conditional logistic

regression

Exposure category

(categories are mutually exclusive)

SCD cases

[N = 3239]

Controls

[N = 12,572]

Matched

ORa
95 % CI Adjusted

ORb
95 % CI

N % N %

Reference level: no exposure to any study drug

Current exposure to domperidonec 28 0.9 52 0.4 3.23 2.02–5.16 1.71 0.92–3.18

Current exposure to PPI 1935 59.7 6499 51.7 1.72 1.57–1.89 1.35 1.21–1.51

Current exposure to metoclopramide 37 1.1 44 0.3 5.15 3.29–8.06 4.31 2.33–7.98

Current combined exposured 96 3.0 154 1.2 3.62 2.77–4.73 2.68 1.87–3.83

Past exposure to any study drug 341 10.5 1330 10.6 1.47 1.27–1.70 1.20 1.01–1.43

No exposure to any study drug 802 24.8 4493 35.7 Reference Reference

Reference level: current exposure to PPI

Current exposure to domperidonec 28 0.9 52 0.4 1.88 1.18–2.99 1.26 0.68–2.34

Current exposure to PPI 1935 59.7 6499 51.7 Reference Reference

Current exposure to metoclopramide 37 1.1 44 0.3 2.99 1.92–4.65 3.19 1.73–5.88

Current combined exposured 96 3.0 154 1.2 2.10 1.62–2.73 1.98 1.40–2.81

Past exposure to any study drug 341 10.5 1330 10.6 0.85 0.75–0.97 0.89 0.75–1.05

No exposure to any study drug 802 24.8 4493 35.7 0.58 0.53–0.64 0.74 0.66–0.83

Reference level: current exposure to metoclopramide

Current exposure to domperidonec 28 0.9 52 0.4 0.63 0.33–1.18 0.40 0.17–0.94

Current exposure to PPI 1935 59.7 6499 51.7 0.33 0.21–0.52 0.31 0.17–0.58

Current exposure to metoclopramide 37 1.1 44 0.3 Reference Reference

Current combined exposured 96 3.0 154 1.2 0.70 0.42–1.17 0.62 0.31–1.25

Past exposure to any study drug 341 10.5 1330 10.6 0.29 0.18–0.45 0.28 0.15–0.52

No exposure to any study drug 802 24.8 4493 35.7 0.19 0.12–0.30 0.23 0.13–0.43

OR odds ratio, CI confidence interval, PPI proton pump inhibitor, SCD sudden cardiac death, BMI body mass index, GP general practitioner,

hERG human Ether-à-go-go-Related Gene
a OR matched for age, sex, and practice. The 12,572 controls were matched to cases as follows: 70 cases with one control each, 54 cases with

two controls each, 66 cases with three controls each, and 3049 cases with four controls each. Twenty-eight cases and 52 controls were exposed

solely to domperidone at the index date
b OR matched for age, sex, and practice, and adjusted for the following covariates: history of serious ventricular arrhythmia, myocardial

infarction, heart failure, valvular heart disease including valve replacement, cardiomyopathy, other arrhythmia or conduction disorder, epilepsy,

depression, group 2 QTc-prolonging drugs, drugs that affect hERG, digoxin, diuretics, laxatives, b-blockers, BMI, alcohol use, smoking history,

number of GP visits, and number of hospital admissions
c Includes one case and one control with rectal exposure to domperidone
d Current exposure to more than one study drug: domperidone ? PPI, domperidone ? metoclopramide, PPI ? metoclopramide, or

domperidone ? PPI ? metoclopramide
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current use of metoclopramide, with or without another

study exposure, were also associated with an increase in

risk of sudden cardiac death (conditional OR 3.08; 95 % CI

1.67–5.66); however, periods of current use of PPIs were

not associated with an increase in risk of sudden cardiac

death (conditional OR 1.02; 95 % CI 0.87–1.19) (Table 5).

4 Discussion

We found an adjusted OR of 1.71 (95 % CI 0.92–3.18) for

out-of-hospital sudden cardiac death associated with cur-

rent exposure to domperidone relative to no use of any

study medication after adjustment for multiple potentially

confounding factors. The finding that the OR in the case-

crossover analysis was higher than the adjusted OR in the

nested case-control analysis suggests that the elevated

adjusted effect cannot be explained by unresolved con-

founding by time-invariant intrinsic factors. One possible

explanation is that some within-subject factors could have

introduced additional confounding in the opposite direction

of the confounders in the nested case-control analysis.

Another possibility is the appearance of a new diagnosis

shortly before the index date that would have been adjusted

for in the case-control analysis but could confound the

case-crossover analysis. Alternatively, it could be that the

results of the two analyses were not comparable because

the case-crossover design captured only intermittent rather

than chronic use of the medication, while the nested case-

control analysis included both. The analyses stratified by

Table 3 Evaluation of dose of current oral domperidone exposure on risk of sudden cardiac death, nested case-control analysis: results of

multivariable conditional logistic regression, reference group non-use of any study drug

Exposure category

(categories are mutually exclusive)

SCD cases Controls Matched ORa 95 % CI Adjusted ORb 95 % CI

N % N %

Current exposure to single oral domperidone alonec

(estimated average daily dose) [mg/day]

\30 4 0.1 10 0.1 2.32 0.72–7.44 1.96 0.44–8.76

30 15 0.5 35 0.3 2.60 1.41–4.79 1.48 0.69–3.19

[30 8 0.2 5 0.0 9.07 2.95–27.88 3.20 0.59–17.34

No exposure to any study drug 802 24.8 4493 35.7 Reference Reference

OR odds ratio, CI confidence interval, SCD sudden cardiac death, BMI body mass index, GP general practitioner, hERG human Ether-à-go-go-

Related Gene
a OR matched for age, sex, and practice
b OR matched for age, sex, and practice and adjusted for the following covariates: history of serious ventricular arrhythmia, myocardial

infarction, heart failure, valvular heart disease including valve replacement, cardiomyopathy, other arrhythmia or conduction disorder, epilepsy,

depression, group 2 QTc-prolonging drugs, drugs that affect hERG, digoxin, diuretics, laxatives, b-blockers, BMI, alcohol use, smoking history,

number of GP visits, and number of hospital admissions
c Oral exposure only; analysis excludes one case and one control with rectal exposure and one control for whom dose could not be determined

Table 4 Evaluation of duration of current domperidone exposure on risk of sudden cardiac death, nested case-control analysis: results of

multivariable conditional logistic regression, reference group non-use of any study drug

Exposure category

(categories are mutually exclusive)

SCD cases Controls Matched ORa 95 % CI Adjusted ORb 95 % CI

N % N %

Current exposure to domperidone alone

(estimated duration of current exposure episode) [days]

\16 16 0.5 14 0.1 6.64 3.21–13.71 4.06 1.55–10.67

16 or more 12 0.4 38 0.3 1.94 1.01–3.73 0.97 0.42–2.26

No exposure to any study drug 802 24.8 4493 35.7 Reference Reference

OR odds ratio, CI confidence interval, SCD sudden cardiac death, BMI body mass index, GP general practitioner, hERG human Ether-à-go-go-

Related Gene
a OR matched for age, sex, and practice
b OR matched for age, sex, and practice and adjusted for the following covariates: history of serious ventricular arrhythmia, myocardial

infarction, heart failure, valvular heart disease including valve replacement, cardiomyopathy, other arrhythmia or conduction disorder, epilepsy,

depression, group 2 QTc-prolonging drugs, drugs that affect hERG, digoxin, diuretics, laxatives, b-blockers, BMI, alcohol use, smoking history,

number of GP visits, and number of hospital admissions
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duration of current domperidone exposure provide evi-

dence to support this explanation as the increased risk for

sudden cardiac death was concentrated in the first 15 days

of domperidone exposure. However, such a pattern is also

consistent with, among other possibilities, depletion of

susceptibles or a decrease in dose after 15 days because the

indication for which the drug was prescribed has abated.

One of the indications for domperidone, nausea and vom-

iting is, typically, a short-term condition, thus the use of

domperidone for this indication may be greatest in the first

15 days after prescription. Finally, it is possible that the

increased OR for short-term use could reflect protopathic

bias. Vomiting and nausea are non-specific symptoms of

many syndromes and diseases that can trigger the pre-

scription of domperidone or other gastrointestinal medi-

cations. If these symptoms are related to a condition that

can suddenly terminate in death, then the prescription

would be associated with, but not be the cause of, the

outcome. As an example, episodes of severe dizziness with

nausea and vomiting can be symptoms of prolonged QT

Table 5 Risk of sudden cardiac

death with domperidone

exposure: case-crossover

analysis, results of individual

conditional logistic regression

models for each of the three

study exposures

N Number of control windows exposed ORa 95 % CI

3 2 1 0

Total cases in each modelb 2271

Domperidone usec 3.17 1.72–5.83

Cases with three control windows 1154

Case window exposed 34 8 10 3 13

Case window unexposed 1120 3 0 6 1111

Cases with two control windows 661

Case window exposed 12 6 2 4

Case window unexposed 649 1 5 643

Cases with one control window 456

Case window exposed 12 6 6

Case window unexposed 444 2 442

PPI usec 1.02 0.87–1.19

Cases with three control windows 1154

Case window exposed 625 412 115 57 41

Case window unexposed 529 48 72 73 336

Cases with two control windows 661

Case window exposed 384 266 86 32

Case window unexposed 277 40 56 181

Cases with one control window 456

Case window exposed 282 230 52

Case window unexposed 174 51 123

Metoclopramide usec 3.08 1.67–5.66

Cases with three control windows 1154

Case window exposed 20 7 4 0 9

Case window unexposed 1134 0 2 7 1125

Cases with two control windows 661

Case window exposed 13 3 4 6

Case window unexposed 648 1 5 642

Cases with one control window 456

Case window exposed 20 9 11

Case window unexposed 436 2 434

OR odds ratio, CI confidence interval, PPI proton pump inhibitor
a From conditional logistic regression on the matched sets. Separate models were constructed for each of

the three study exposures
b Of the 3282 cases of sudden cardiac death in the study, 2271 had at least one control window identified

and were included in the case-crossover analysis
c With or without use of another study medication
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interval, torsades de pointes, or other severe ventricular

arrhythmias, which, if not diagnosed and treated, can ter-

minate in sudden cardiac death. Prodromic symptoms of

coronary heart disease could mimic those of gastrointesti-

nal disease (i.e. gastroesophageal reflux) and could be the

reason for prescribing domperidone or other gastrointesti-

nal medication. However, an increased OR was not

observed with the PPI medications.

The current nested case-control analysis included 28

cases with current domperidone exposure, of 3239 sudden

cardiac death cases, and 52 controls with current domperi-

done exposure, of 12,572 controls; results are consistent with

previously published population-based case-control studies

conducted in databases in The Netherlands and Canada [5–

7]. The study by Straus et al. [5] described 9 of 775 cases and

15 of 6297 controls exposed to domperidone but was

designed to look at non-cardiac QTc-prolonging drugs as a

class, not domperidone alone, and found an adjusted OR for

sudden cardiac death of 3.8 (95 % CI 1.57–9.7). A second

study in the same primary care database designed to look

specifically at current domperidone use versus no use found

an adjusted OR for sudden cardiac death of 1.99 (95 % CI

0.80–4.96), based on ten exposed cases of 1304 and 28

exposed controls of 13,480 [6]. A nested case-control study

in the Canadian Saskatchewan databases, with 169 exposed

(of 1608) cases with sudden cardiac death or serious ven-

tricular arrhythmia and 481 exposed (of 6428) controls,

found an adjusted OR for sudden cardiac death or serious

ventricular arrhythmia of 1.59 (95 % CI 1.28–1.98) for

current domperidone use compared with no use [7]. Neither

study in The Netherlands included a control group of indi-

viduals exposed to other gastrointestinal medications with

indications similar to domperidone. In our study, the fully

adjusted comparison of current use of domperidone with

current use of PPIs resulted in an OR of 1.26 (95 % CI

0.68–2.34), similar to the value reported in the Canadian

study of 1.44 (95 % CI 1.12–1.86).

With the comparison group of non-use of domperidone

or PPIs, stratified analyses in the Canadian study suggested

a slightly higher risk for subjects older than 60 years of age

(OR 1.64) compared with those younger than 60 years of

age (OR 1.10), but there were few cases and controls aged

60 years or younger [7]. The current study also found a

higher risk of sudden cardiac death in subjects older than

60 years of age with domperidone use alone than in

younger subjects, but the estimate in younger subjects was

statistically unstable. Despite the finding that over half of

the subjects using domperidone in the entire study expo-

sure cohort were aged 41 years or younger at cohort entry,

there was only one case of sudden cardiac death and three

controls aged 60 years and younger with current exposure

to domperidone alone at the index date. Of the three

aforementioned studies, only the study by van Noord et al.

[6] included an analysis of domperidone dosage and sudden

cardiac death risk; the study found an OR of sudden cardiac

death of 11.4 (95 % CI 2.0–65.2) associated with daily

doses[30 mg (four cases and three controls) and 1.02

(95 % CI 0.23–4.42) associated with a daily dose of 30 mg

(4 cases and 15 controls), but small sample sizes yielded

imprecise ORs. Our study also found the highest OR

associated with daily doses[30 mg. Although we had

twice as many cases (n = 8) exposed to more than

30 mg/day of domperidone, the number was still insuffi-

cient to evaluate smaller groupings of doses in this

category.

Our results provide support for the 1 September 2014

European Medicines Agency restrictions on the use of

domperidone-containing medicines in the EU, particularly

reduction of the recommended adult dose to 10 mg up to

three times daily, and the contraindication for use in

patients with impaired cardiac conduction, underlying

cardiac disease such as congestive heart failure, and

coadministration with CYP3A4 inhibitor QTc-prolonging

medications [20]. An unexpected finding in our study was

that current exposure to oral metoclopramide alone was

associated with a fourfold adjusted increase in the risk of

sudden cardiac death, which resulted in an inverse asso-

ciation when current use of domperidone alone was com-

pared with current use of metoclopramide alone.

Our study used a large primary care database linked to

death certificate data, and contributed additional informa-

tion to previously published population-based studies by

providing (i) an in-depth analysis of the potential effects of

dose and duration of current domperidone exposure on the

risk of sudden cardiac death; (ii) evaluation of metoclo-

pramide and PPIs as comparator medications; and (iii) a

case-crossover analysis to evaluate the possible impact of

residual confounding by personal characteristics on risk

estimates. An innovation of the study was the exclusion of

cases with evidence of palliative care in a short period of

time before death, in addition to excluding, to the extent

possible, expected deaths and deaths of non-cardiac origin.

Some potential limitations of the study include a possible

risk for indication and protopathic bias despite the design

because serious ventricular arrhythmia can be accompanied

by nausea, and antiemetic medications may be adminis-

tered. Also, although we excluded patients with cancer,

domperidone and metoclopramide can be used for pallia-

tive care in diseases other than cancer; UK guidelines

indicate that side effects of analgesics used for palliative

care are nausea and vomiting, which are common in opi-

oid-exposed patients and can be prevented by access to an

antiemetic, e.g. metoclopramide [16]. Additional terminal

patients with sudden cardiac death might not have been

identified by our algorithm if they were prescribed oral

domperidone or metoclopramide for side effects of
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palliative care. We did not exclude controls with evidence

of palliative care because the prevalence among controls

(0.09 %) was negligibly small, and the exclusion of only

cases with ‘known’ causes will yield nearly the same result

as the valid approach of excluding all such subjects [21].

Exposure misclassification could result because data are

based on electronic recorded prescriptions issued by GPs

without information on dispensed prescriptions and actual

medication use by the patient. This issue could be partic-

ularly problematic for a drug such as domperidone, for

which the usual recommended dose was variable during the

time of the study (i.e. 10–20 mg orally three to four times

daily), and which is often prescribed for ‘as needed’ use.

Over half of the patients received a single prescription

(median number of prescriptions per patient was one),

making it difficult to ascertain the real dose taken or the

real duration of the treatment. We used several approaches

to lessen this potential misclassification, including revising

the numeric daily doses derived from dosing instructions,

surveying physicians, and conducting sensitivity analyses

with different assumptions for the mean duration of the

standard prescription. The results were consistent and did

not indicate a great degree of misclassification. Misclassi-

fication of the outcome is also possible, even with the

linkage to ONS data for cause of death, particularly if no

autopsy was performed and there was uncertainty about the

cause of death. In addition, cardiac arrests that did not

result in sudden death because of increased public access to

automated external defibrillators, and specialized cardiac

emergency services would not have been captured in this

study. It is unlikely that outcome misclassification or

likelihood of successful resuscitation would be differential

with respect to the study exposures, and therefore would

likely have a minimal impact on the study effect estimates.

The increase in the risk of sudden cardiac death among

patients with metoclopramide exposure was unexpected. In

a prior study, users of metoclopramide did not show an

increase in risk of ventricular arrhythmia compared with

users of PPIs [22], but spontaneous events of QT prolon-

gation have been reported with metoclopramide exposure,

mainly via the intravenous route and in critically ill sub-

jects [23–28]. A recent surveillance report from the EU-

ADR network (http://www.euadr-project.org) which

included over 20 million individuals, found that metoclo-

pramide and domperidone were among nine drugs that

satisfied criteria as prime suspects for drug-related acute

myocardial infarction, with effect estimates similar to the

results for sudden cardiac death in our study [29]. Another

publication reported on subjects presenting with long QT

syndrome and torsade de pointes in a wide network of 51

collaborating hospitals in Berlin, Germany. Metoclo-

pramide was the drug related in the causality assessment in

four (one probable and three possible) of 35 confirmed

cases that were considered drug related [30]. A case-

crossover study conducted in Taiwan’s Longitudinal

Health Insurance Database that was published while our

manuscript was under review also found that the odds of

ventricular arrhythmia were elevated for both domperidone

and metoclopramide (during periods of current exposure

compared with periods of no exposure) [31]. The adjusted

OR for domperidone use compared with non-use was 1.56

(95 % CI 1.41–1.72), based on 1644 exposed case periods

and 1148 exposed control periods among 24,356 cases of

ventricular arrhythmia. Compared with metoclopramide

exposure, the OR for domperidone was close to the null

value (adjusted OR 1.06; 95 % CI 0.91–1.23) [31]. We had

considered metoclopramide to be a better comparator

group than the PPIs since the indications for metoclo-

pramide and domperidone are more similar than those for

the PPIs and domperidone; in fact, no patient in the case-

control analysis was exposed to domperidone and meto-

clopramide concomitantly, and age and other characteris-

tics of users of domperidone were closer to those of users

of metoclopramide than those of users of PPIs. The

increase in risk among patients with metoclopramide

should be evaluated in additional studies, given that

metoclopramide is the alternative treatment to domperi-

done for some indications.

5 Conclusions

We found an increased odds of sudden cardiac death

associated with current use of domperidone compared with

non-use of study medications after adjusting for multiple

potentially confounding factors, and also accounting for

time-invariant intrinsic factors. The results suggested that

the increased odds were concentrated in the first 15 days of

exposure, in patients aged 60 years and older and in those

taking more than 30 mg/day. This study is consistent with

prior epidemiologic studies on the risk of sudden cardiac

death with the use of domperidone, and identifies patient

subgroups at increased risk. An unexpected finding of this

study was the higher risk of sudden cardiac death associ-

ated with current exposure to oral metoclopramide than to

oral domperidone. This finding should be further evaluated.
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