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Cardiac arrhythmia as an adverse effect of noncardiac
drugs has been an issue of growing importance during
the past few years. In this population-based study, we
evaluated the risk for serious cardiac arrhythmias during the use of several noncardiac QTc-prolonging drugs
in day-to-day practice, and subsequently focused on
several specific groups of patients who could be extremely vulnerable for drug-induced arrhythmias. We
performed a case-control study in which patients (cases),
hospitalized for nonatrial cardiac arrhythmias from
1987 to 1998, were compared with their matched controls regarding current use of QTc-prolonging drugs.
Odds ratios (OR) and 95% confidence intervals (CI) were
calculated using multivariate conditional logistic regression, adjusting for potential confounding factors. Data
were obtained from the PHARMO record linkage system. We identified 501 cases, 39 of whom used QTc-

prolonging drugs. A statistically nonsignificant increased risk for arrhythmias (OR 1.2, 95% CI 0.8 to 1.9)
was observed in patients who received QTc-prolonging
drugs. A clearly increased risk of arrhythmias was, however, found in patients with a history of asthma (OR 9.9,
95% CI 1.0 to 100) and in patients using potassiumlowering drugs (OR 5.3, 95% CI 1.1 to. 25.9). Our data
do not suggest that there is a strong overall association
between the use of QTc-prolonging drugs and hospitalization for cardiac arrhythmias in the population at
large. However, there appears to be clinically relevant
associations of patients with a history of asthma and
patients taking potassium-lowering drugs. The use of
QTc-prolonging drugs should therefore be either avoided
or monitored closely in these specific patients. 䊚2003 by
Excerpta Medica, Inc.
(Am J Cardiol 2003;91:59 – 62)

ardiac arrhythmias as an adverse effect of noncardiac drugs has been an issue of growing imporC
tance in medical science during the last few years,

METHODS

resulting in regulatory action concerning several
drugs.1 Because of the seriousness of this adverse
effect, regulatory action has sometimes already been
taken after a few case reports, before the actual risk
has been quantified in large population-based studies.
For only a few of all QTc-prolonging drugs, studies
have unequivocally shown a causal relation between
the use of the drugs and the occurrence of cardiac
arrhythmias. The use of antihistamines has been associated with an increased risk for cardiac arrhythmias.2
In contrast, no increased risk for serious rhythm disorders was observed in patients who took cisapride,3
although its use has been linked to the occurrence of
cardiac arrhythmias in several case reports.4,5 In this
population-based study, we evaluated the risk for serious cardiac arrhythmias and the use of several noncardiac QTc-prolonging drugs in day-to-day practice.
Subsequently, we focused on several specific groups
of patients who may be quite vulnerable to druginduced arrhythmias.
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Setting: Data were obtained from the PHARMO
record linkage system (Utrecht, The Netherlands),
which contains drug-dispensing records from community pharmacies and linked hospital discharge records
of a defined population of approximately 330,000
residents of 8 medium-sized cities in The Netherlands.
The computerized drug-dispensing histories contained data on the type and quantity of the dispensed
drug, type of prescriber, dispensing date, and prescribed dose and daily regimens. Drugs were coded
according to the Anatomical Therapeutic Chemical
Classification. Hospital discharge records were coded
according to the International Classification of Diseases, 9th revision, clinical modification.
Design: We conducted a case-control study in
which patients were compared with their matched
controls regarding current exposure to QTc-prolonging drugs. Cases were defined as patients hospitalized
for nonatrial cardiac arrhythmias (ventricular or nonspecified) for the first time from 1987 to 1998 (Table
1). We only used primary hospital discharge records
to exclude patients with noniatrogenic conditions,
which may have been caused by myocardial infarction
or heart failure. Controls were sampled from all noncases present in the PHARMO cohort at the hospitalization date of the corresponding case (index date).
Controls were matched for age (5-year bands), gender,
and practice area in a 1:4 ratio. Cases as well as
controls had to be in the PHARMO population at least
1 year before the index date.
Exposure definition: Current exposure to QTc-prolonging drugs was investigated. These included non0002-9149/03/$–see front matter
PII S0002-9149(02)02998-3
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comitant use of these inhibitors increases blood
plasma levels. The multiplication factor was an average of increases in maximum plasma concentrations
found in pharmacokinetic studies.9,19,20 Duration of
ICD Code
Arrhythmia
n
use was only calculated for chronic therapies (exclud427.1
Paroxysmal ventricular tachycardia
90 (18.0%)
ing antihistamines and antibiotics) as days of use since
427.2
Paroxysmal tachycardia, unspecified
6 (1.2%)
first prescription. If ⬎1 QTc-prolonging drug was
427.41 Ventricular fibrillation
46 (9.2%)
used at the index date, individual doses were added
427.42 Ventricular flutter
1 (0.2%)
and the shortest duration of use was taken.
427.5
Cardiac arrest
22 (4.4%)
427.60 Premature beats, unspecified
2 (0.4%)
Potential confounders: The association between the
427.69 Other (ventricular) premature beats
19 (3.8%)
use of QTc-prolonging drugs and hospitalization for
427.89 Other specified cardiac dysrhythmias 199 (39.7%)
cardiac arrhythmias in this population-based study
427.9
Cardiac dysrhythmia, unspecified
116 (23.2%)
may be confounded by secondary factors that were
Total
501 (100%)
associated with both the exposure and the outcome,
ICD ⫽ International Classification of Diseases, 9th edition.
such as confounding by indication.21 We therefore
adjusted the calculated associations
for concomitant use of drugs that can
lower blood potassium levels (non–
TABLE 2 Main Characteristics of Patients Hospitalized for Cardiac Arrhythmias
potassium-sparing diuretics,22 laxa(cases) and Their Matched Controls
tives,23,24 corticosteroids for systemic
Cases
Controls
use,25 and systemic ␤2 agonists25,26).
(n ⫽ 501) (%)
(n ⫽ 2,204) (%)
We also adjusted calculated associaMen
286 (57.1%)
1144 (57.1%)
tions for current treatment for arrhythMean age (SD)
64.9 (15.0)
64.9 (15.0)
mias, number of hospitalizations in the
Yr of index date
year before the index date, and history
1987–1990
97 (19.4%)
388 (19.4%)
of cardiac disease, asthma,27 and dia1991–1994
168 (33.5%)
672 (33.5%)
1995–1998
236 (47.1%)
944 (47.1%)
betes mellitus.28 To control for the last
History of diabetes mellitus
66 (13.2%)
225 (11.2%)
3 factors, proxies obtained from our
History of asthma
81 (16.2%)
347 (17.3%)
data were used—ⱖ2 previous preHistory of cardiac disease*
298 (59.5%)
484 (24.2%)
scriptions for cardiac, antidiabetic, or
Hospitalization for any reason in yr before*
152 (30.3%)
261 (13.0%)
asthma/chronic obstructive pulmonary
Current use of any QTc-prolonging drug
39 (7.8%)
120 (6.0%)
Current use of antiarrhythmics*
111 (22.2%)
104 (5.2%)
disease drugs, and/or previous hospi†
Current use of any potassium-lowering drug*
125 (25.0%)
300 (15.0%)
talization for ischemic heart disease,
heart failure, coronary artery bypass
*Statistically significant difference at ␣ ⫽ 0.05.
†
Cases used significantly more non–potassium-sparing diuretics.
graft surgery, and percutaneous transluminal coronary angioplasty, and diabetic causes or asthma.
sedating antihistamines,2 classic as well as atypical
Effect modification: The risk for hospitalization for
antipsychotics,6 tricyclic and tetracyclic antidepres- drug-induced arrhythmias may differ among several
sants,7 ketanserin,8 cisapride,3,9 halofantrine,10 penta- subpopulations of our study population. We investimidine,11 macrolide antibiotics (erythromycin and cla- gated whether the risk differed between gender, age
rithromycin),12,13
fluoroquinolones,14
cotrimox- groups (⫾65 years) and patients with and without
15
several diseases (asthma, diabetes mellitus, cardiac
azole, glibenclamide,16 and probucol.17
A patient was defined as a current user if the index disease) or possible interfering medications (potassidate fell between the dispensing date and the theoret- um-lowering drugs, antiarrhythmic drugs)
ical end date of the prescription. The theoretical end
Data analysis: Odds ratios (ORs) and 95% confidate equals the dispensing date plus the legend dura- dence intervals (CIs) were calculated using condition of drug use, the latter being calculated by dividing tional logistic regression. All statistical analyses were
the number of units dispensed by the prescribed daily performed using SPSS 10.0 (SPSS Inc., Chicago, Ildose. The legend of duration of drug use is extended linois).
with a 10% surplus order to control for irregular drug
use or early drug collection from the pharmacy.
RESULTS
High dosage (either caused by metabolic drug-drug
During the study period of 1987 to 1998, a total of
interactions9 or overdosing)18 may be a risk factor for 501 cases of ventricular or nonspecified cardiac ardrug-induced arrhythmias. Futhermore, the duration rhythmia were identified in the study population. This
of use may influence the risk of drug-induced arrhyth- corresponds to an incidence of about 16 new cases per
mias. Dosage was calculated as standard doses (de- 100,000 inhabitants per year. The most commonly
fined daily doses) per day. For patients taking drugs reported arrhythmia was “other specified cardiac dysthat inhibit metabolism (CYP3A4 for cisapride, some rhythmias,” followed by “cardiac dysrhythmia, unantihistamines and terfenadine, CYP2D6 for some specified” and “paroxysmal ventricular tachycardia”
antipsychotics), the doses of the QTc-prolonging (see Table 1).
About 57% of the cases were men (mean age
drugs were multiplied by a factor of 2, because conTABLE 1 Number of Various Hospitalizations for Ventricular
and Nonspecified Cardiac Arrhythmias in PHARMO 1987 to
1998
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TABLE 3 Current Use of Specific QTc-prolonging Drugs
Among Cases and Controls
Cases
(n ⫽ 501)
Second generation antihistamines
Classical antipsychotics
Atypical antipsychotics
Tri- or tetracyclic antidepressives
Cisapride
Fluoroquinolones*
Cotrimoxazole
Glibenclamide
Any QTc-prolonging drug†

3
6
1
8
3
5
2
13
39

(0.6%)
(1.2%)
(0.2%)
(1.6%)
(0.6%)
(1.0%)
(0.4%)
(2.6%)
(7.8%)

Controls
(n ⫽ 2,204)
20
20
1
37
8
4
8
29
120

(1.0%)
(1.0%)
(⬍0.1%)
(1.8%)
(0.4%)
(0.2%)
(0.4%)
(1.4%)
(6.0%)

*Statistically significant difference at ␣ ⫽ 0.05.
†
Some patients used ⬎1 QTc-prolonging drug: therefore, numbers do not
add up.

approximately 65 years). Thirty-nine patients (7.8%)
were on a QTc-prolonging drug on the index date
compared with 6.0% of the controls. Two patients and
3 controls were also receiving drugs that inhibited
cytochrome P-450 metabolism.
Characteristics of the cases and controls are listed
in Tables 2 and 3. Compared with controls, more
patients had a history of cardiac disease, were hospitalized in the year before the index date, and took
antiarrhythmic medication or drugs that could lower
blood potassium levels at the index date.
Compared with nonusers, patients who were using
QTc-prolonging drugs more often had a history of
diabetes (34% vs 10%) or cardiac disease (40% vs
31%), were hospitalized more often in the year before
the index date (26% vs 16%), and took potassiumlowering drugs more often (24% vs 17%). These patients were also significantly older than the nonusers
(69 vs 65 years, respectively).
Current use of any QTc-prolonging drug was not
statistically significantly associated with an increased
risk of hospitalization for cardiac arrhythmias. This
estimate did not change after adjustment for potential
confounding factors (adjusted OR 1.2, 95% CI 0.8 to
1.9). Patients taking higher dosages (⬎1 defined daily
dose) appeared to be slightly more at risk than patients
taking lower dosages (ⱕ1 defined daily dose) compared with nonusers (adjusted OR 1.4, 95% CI 0.6 to
3.2 vs OR 1.2, 95% CI 0.7 to 1.9). Also, the risk for
drug-induced arrhythmias appeared to occur within
the first 2 months of use (adjusted OR 3.4, 95% CI 1.1
to 10.3). The risk in patients taking their long-term
medication for ⬎2 months was 1.0 (95% CI 0.6 to
1.7). When looking at individual drug classes, the
association between use and hospitalization for cardiac arrhythmias was most pronounced for fluoroquinolones (adjusted OR 4.2, 95% CI 1.0 to 17.7). The
95% confidence limits of this estimate, however, are
relatively wide.
Of the subgroups of patients studied, those with a
history of asthma (adjusted OR 9.9, 95% CI 1.0 to
100) and those taking potassium-lowering drugs (adjusted OR 5.3, 95% CI 1.1 to 25.9) were most prone to
develop cardiac arrhythmias while on QTc-prolonging

TABLE 4 Adjusted Odds Ratios (OR) and 95% Confidence
Intervals (CI) of Cardiac Arrhythmias in Subgroups of Users of
QTc-prolonging Drugs
Subgroup

OR

95% CI

Overall
Men
Women
Age ⬍65 yrs
Age ⱖ65 yrs
History of diabetes mellitus
No history of diabetes mellitus
History of asthma
No history of asthma
History of cardiac disease
No history of cardiac disease
Current use of any potassium-lowering
drug
No current use of potassium-lowering
drugs
Current use of antiarrhythmic drugs
No current use of antiarrhythmic drugs

1.2
1.1
1.4
0.7
1.6
1.1
1.2
9.9
1.0
1.5
—*
5.3

0.8–1.9
0.6–2.0
0.8–2.7
0.3–1.8
1.0–2.6
0.1–9.5
0.7–2.1
1.0–100
0.6–1.6
0.8–2.9

1.3

0.8–2.1

1.7
1.3

0.2–13.6
0.8–2.3

1.1–25.9

*Not possible to calculate because of lack of power.

drugs. Results of the logistic regression are listed in
Table 4.

DISCUSSION
Our findings do not support the hypothesis that the
use of QTc-prolonging drugs results in increased hospitalization rates for cardiac arrhythmias (OR 1.2,
95% CI 0.8 to 1.9). This may be because the clinical
impact of the use of these drugs is not very high in the
general population or that in day-to-day practice the
drugs are avoided in high-risk groups.
Our findings indicate that patients with a history of
asthma or those taking potassium-lowering drugs are
most prone to develop cardiac arrhythmias.
Cardiac arrhythmias that require hospitalization are
not the only type of clinically relevant arrhythmia that
can result from drug use. When drug-induced QTc
prolongation results in sudden death,6 patients will not
be admitted to the hospital. Therefore, the cases we
studied are not representative of all relevant arrhythmias that may have occurred. Because it is very difficult to identify fatal arrhythmia cases outside the
hospital, we were unable to address this issue. We
believe, however, that an increased risk of arrhythmias
leading to hospital admissions will also manifest itself
in an increased risk of sudden death.
Another factor that may have influenced our results
is the fact that we were not able to verify whether all
cases were real cases of ventricular arrhythmias. Until
the present time, we were unable to review the electrocardiographic evidence for the different arrhythmias. However, we excluded all cases of atrial arrhythmias from our analyses, and when restricting the
analysis to only the proved ventricular arrhythmias,
comparable results were found despite loss of power.
In our study, we used drug-dispensing records
from community pharmacies. Patients who picked up
their medication, however, might not have actually
taken the prescribed drugs. This possible lack of com-
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pliance may have overestimated the actual exposure,
and thus biased our results toward the null hypothesis.
The increased risk in patients taking potassiumlowering drugs can be explained by the fact that low
extracellular potassium reduces the delayed rectifier
potassium ion current (IKr),29 which is also blocked by
QTc-prolonging drugs. Drugs reducing blood potassium included non–potassium-sparing diuretics, laxatives, corticosteroids for systemic use, and systemic
␤2 agonists. Diuretics are used for lowering blood
pressure. Patients taking these drugs may have other
cardiac diseases that cause the higher risk for druginduced arrhythmias. A similar bias may have occurred with patients using systemic ␤2 agonists for
treating asthma. Asthma, and not the reduction in
blood potassium, may have caused the increased risk
we found.26,30
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