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STUDY OBJECTIVE To evaluate the risk of arrhythmias associated with inhaled anticholinergic (IAC) use
in young patients with asthma.

DESIGN Population-based nested case-control study.
DATABASE IMS LifeLink Health Plan Claims Database.
PATIENTS Patients 5–24 years of age who were diagnosed with asthma and were new users of asthma

controller medications were identified between July 1997 and April 2010. Cases were newly diag-
nosed with arrhythmia and were matched with up to 10 controls based on age, gender, geographic
region, and quarter and year of first controller medication dispensing.

MEASUREMENTS AND MAIN RESULTS Exposure to IACs was determined in the 180 days prior to the event
date, defined as date of arrhythmia claim. Active use was defined as sufficient days’ supply of a pre-
scription to extend through the event date. Among 283,429 patients with asthma, 7656 cases were
matched to 76,304 controls. Most of those included were female (58.8%) and 12 years or older
(73.3%). Active exposure of IACs was observed in 0.69% of cases and 0.18% of controls. Active use
was associated with a 1.56-fold increase in arrhythmia risk compared with nonactive users or non-
users (adjusted odds ratio [ORadj] 1.56, 95% confidence interval [CI] 1.08–2.25]). Risk was highest
among active users of ipratropium (ORadj 1.59, 95% CI 1.08–2.33). Active high-dose users of IACs
(more than 0.114 mg of ipratropium equivalents) had a 69% increase in risk (ORadj 1.69, 95% CI
1.10–2.59), whereas the added risk for active users receiving low-dose IACs (0.114 mg of ipratropi-
um equivalents or less) was not statistically significant (ORadj 1.22, 95% CI 0.53–2.65).

CONCLUSION Use of ipratropium bromide was associated with an increased risk of arrhythmias in
12–24-year-old patients with asthma.
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Asthma affects 20.5 million adults and 6.5
million children in the United States, resulting
in more than 497,000 hospitalizations and 1.8
million emergency department visits annually.1

With a prevalence of 9.6% in children 5–17
years of age, asthma is the most common
chronic condition in the pediatric population.1
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Program guidelines recommend inhaled corticos-
teroids (ICS) in combination with long-acting
b-agonists (LABAs) as treatment for patients
with moderate to severe persistent asthma.2

However, concerns about LABA safety, particu-
larly when used without ICS, highlight the
importance of examining alternative therapies
for asthma treatment.3, 4

Inhaled anticholinergics (IACs) are bronchod-
ilators of choice in the management of chronic
obstructive pulmonary disease (COPD). Use of
IACs for chronic management of asthma is cur-
rently not approved by the U.S. Food and Drug
Administration. However, several studies,
including the Tiotropium Bromide as an Alterna-
tive to Increased Inhaled Corticosteroid in
Patients Inadequately Controlled on a Lower
Dose of Inhaled Corticosteroids (TALC) study,
have shown that IACs may offer an alternative
to a regimen of LABA and ICS in asthma.5, 6

Despite perceived safety, IACs have been associ-
ated with systemic adverse effects including dry
mouth, urinary retention, and tachycardia.7

Tachycardia and other forms of arrhythmia are
of particular importance because they might pre-
cipitate other cerebrovascular and cardiovascular
adverse events.8 Recent studies in patients with
COPD found that IAC use was associated with
increased cardiovascular adverse events includ-
ing stroke, myocardial infarction, and death.9–14

However, there is contradictory evidence regard-
ing this association in the published literature.
Although there are some clinical trials, meta-
analyses, and observational studies that show a
positive association, an equal number show the
contrary. Lack of evidence backed by a well-
designed trial limits our understanding of the
true association. The methodological limitations
of each of the studies conducted thus far are
highlighted elsewhere.15 Moreover, data existing
in the literature pertain to the use of IACs
among the adult population.
The cardiovascular risk of IACs in a young

asthma population is unknown and might be dif-
ferent than the risk observed in an older COPD
population because the COPD population shares
cardiovascular disease risk factors such as
advanced age and smoking tobacco. Further, the
baseline absolute risk of serious cardiac events
in pediatric, adolescent, and young adult popu-
lations is low and not likely to be detected in
clinical trials. Hence the use of observational
data is important in assessing whether IAC use
in asthma is associated with increased cardiovas-
cular risk. Thus the objective of this study was

to investigate the association between IAC use
and arrhythmias in young patients with asthma.

Methods

This nested case-control study was conducted
within a cohort of children, adolescents, and
young adults with asthma identified in a com-
mercial health insurance claims database.
Because the institutional review board (IRB) at
the University of Illinois at Chicago determined
that this study was not human subjects research,
IRB approval was not needed.

Data Source

Data were obtained from the IMS LifeLink
Health Plan Claims Database (IMS Health Inc.,
Danbury, CT). The database consisted of medi-
cal and pharmaceutical claims for more than 60
million patients across the United States. The
database included demographic information
(e.g., age, gender, and geographic region), dates
of enrollment, inpatient and outpatient diagno-
ses, medical procedures, and prescriptions
dispensed.

Study Cohort

The study cohort consisted of patients who
had an asthma diagnosis (International Classifica-
tion of Diseases, Ninth Revision (ICD-9) code
493.xx) between July 1, 1997, and April 30,
2010, followed by a first-time prescription for an
asthma controller medication. Controller medi-
cations included ICS, LABAs, leukotriene-modi-
fying agents, xanthines, immunomodulators,
mast cell stabilizers, and IACs. The index pre-
scription date was defined as the date each
patient first received a controller medication.
The cohort was limited to those 5–24 years of
age on their index date. Patients were excluded
if they were not continuously enrolled for at
least 6 months prior to the index prescription
date, had a history of arrhythmia, or had con-
genital heart disease. Starting from their index
prescription date, patients were followed until
the first event of arrhythmia or the last date of
enrollment.

Identification of Cases and Controls

A case was identified based on an outpatient
visit, or emergency department visit, or hospital-
ization with an arrhythmia diagnosis (ICD-9
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codes 427.xx, 785.0, 785.1, and 798.xx) during
follow-up.16 The arrhythmia claim date was
defined as the event date. Events were catego-
rized as severe or nonsevere. Severe events were
inpatient hospitalizations or emergency depart-
ment visits with an arrhythmia diagnosis.
Although the primary analysis included all
events, sensitivity analyses included stratification
by event severity.
Potential controls were selected by using an

incidence density sampling approach where all
patients who had not yet experienced an event
and were at risk (i.e., event free and not cen-
sored) on the event date of the corresponding
case were eligible to be sampled as a control. Up
to 10 controls were randomly matched from the
at-risk population based on category of age (5–
11 years or 12–24 years of age), sex, geographic
region, and cohort entry quarter and year and
assigned the case’s event date.17, 18

IAC Exposure

Exposure to IACs was determined in the
180 days before the event date. Based on expo-
sure to any IAC, patients were classified as
active users (sufficient days’ supply to cover the
event date), immediate past users (prescription
ended 1–30 days before event date), past users
(prescription ended 30–180 days before event
date), or nonusers (no prescription in 180 days
before event date).
To standardize the measurement of dose

across IAC drugs (ipratropium and tiotropium)
and formulations, milligrams of ipratropium
equivalents were calculated for active exposure.
The total dose of tiotropium was determined by
multiplying the quantity dispensed per prescrip-
tion by the milligrams in each capsule. This dose
was converted to ipratropium equivalents using
a conversion factor of 7.5, which was obtained by
equating the recommended daily doses of ipratro-
pium (0.136 mg) and tiotropium (0.018 mg)
in COPD because tiotropium is not indicated
for use in asthma. Asthma patients in the TALC
study were also given tiotropium at a dose
recommended for COPD.5 For ipratropium
metered-dose inhalers, the total number of puffs
was determined by multiplying the number of
canisters (quantity dispensed/package size) with
the number of puffs per canister. The total dose
was calculated by multiplying the total the num-
ber of puffs by the amount of ipratropium per
puff. For nebulizers, the total dose was calcu-
lated by multiplying quantity dispensed by the

solution strength. The average daily dose was cal-
culated and categorized into low dose (0.114 mg
or less of ipratropium equivalents) and high
dose (more than 0.114 mg of ipratropium equiv-
alents). The high-dose group was exposed to
more than 0.114 mg of ipratropium equivalents,
which equates to 6.3 inhalations on average
per day. Exposure to individual IACs was also
identified.

Covariates

Potential confounders were identified in the
180 days prior to the event date. These included
comorbidities associated with arrhythmia (i.e.,
hyperthyroidism, rheumatic fever, obesity, myo-
carditis, cardiomyopathy, and ischemic heart
disease)19–21; concomitant active use of other
asthma medications (i.e., short-acting b-agonists
[SABAs], oral corticosteroids, ICS, LABAs, leu-
kotriene-modifying agents, mast cell stabilizers,
immunomodulators, and xanthines); concomi-
tant active use of medications with anticholiner-
gic effects (i.e., antiarrhythmic agents,
antibacterials, antidepressants, antiemetics, anti-
histamines, antimalarial agents, antimigraine
agents, antipsychotics, calcium channel blockers,
cough, cold, and allergy medications, and opioid
analgesics)22, 23; and severity of asthma. Severity
of asthma in the 180 days prior to the event
date was assessed by using previously estab-
lished proxy measures including number of
asthma-related emergency department visits,
number of SABA canisters dispensed, use of oral
corticosteroids, and number of acute asthma
exacerbations.24, 25 Acute asthma exacerbations
were identified by a prescription for oral corti-
costeroids filled within 7 days of an outpatient
encounter for asthma.

Statistical Analysis

The association between IACs and arrhyth-
mias expressed as an odds ratio (OR) with 95%
confidence interval (95% CI) was determined by
using multivariate conditional logistic regression.
In developing adjusted models, all covariates
associated with both exposure and outcome in
univariate analyses were first selected. Covariates
that modified the OR estimate for exposure to
IACs by 10% or more were included in the final
model.26 Covariates in the final model included
asthma severity measures (number of asthma-
related emergency department visits, number of
acute exacerbations, use of oral corticosteroids,
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number of SABA canisters), concomitant use of
other asthma medications (SABAs, ICS, oral cor-
ticosteroids), comorbid conditions (ischemic
heart disease, cardiomyopathy), and concomitant
use of systemic drugs with anticholinergic effects
(antibacterials, antidepressants, cough, cold, and
allergy medications, opioid analgesics). Separate
analyses were conducted to determine OR esti-
mates for exposure to ipratropium, tiotropium,
and combination (ipratropium-albuterol) anti-
cholinergics. All statistical analyses were con-
ducted by using Stata, v.11.0 (StataCorp, College
Station, TX).

Sensitivity Analyses

Several sensitivity analyses were conducted to
evaluate the robustness of the study results.
First, separate analyses of severe and nonsevere
events were conducted. Second, patients who
switched to IACs after using SABAs in the imme-
diate past were excluded because of concern that
prescribers may have switched these patients
because of symptoms suggesting SABA-associ-
ated palpitations. The association in severe and
nonsevere events excluding immediate past
SABA users was reassessed. Third, in response to
differences in prevalence of cardiovascular risk
factors between cases and controls, patients with
ischemic heart disease and cardiomyopathy were
excluded. Last, the cohort was stratified by age
category.

Results

A total of 283,429 patients met the inclusion
criteria. Within this cohort, 7656 cases were
matched to 76,304 controls (Figure 1). The ana-
lytic population was mostly female (58.8%) and
12 years or older (73.3%) (Table 1). The median
duration of follow-up was 458 days (interquar-
tile range 180–913 days). During follow-up, the
incidence rate of arrhythmia was 1.45 cases per
10,000 person-days. Cases were more likely to
have comorbidities that increased arrhythmia
risk, more likely to have severe asthma, and
more commonly receiving systemic drugs with
anticholinergic effects.
The top five arrhythmia diagnoses among

cases were palpitations (35.5%; ICD-9 code
785.0), tachycardia (24.8%; ICD-9 code 785.1),
cardiac dysrhythmia (17.8%; ICD-9 code 427.9),
other rhythm disorders (14.5%; ICD-9 code
427.89), and sinoatrial node dysfunction (1.5%;
ICD-9 code 427.81). There were seven cases

(0.09%; ICD-9 code 798.xx) of sudden/instanta-
neous death. Most of the events (83.1%) were
identified from outpatient visits; the remainder
were hospitalizations (8.9%) or emergency
department visits (8.0%).
Overall IAC exposure was small, with 0.69%

of cases and 0.18% of controls having active
exposure (Table 2). Ipratropium was the pre-
dominantly used IAC with active exposure in
0.65% of cases and 0.16% of controls. Active
exposure to tiotropium was observed in 0.04%
of cases and 0.02% of controls. Among active
users of any IAC, 0.53% of cases and 0.12% of
controls used a high average daily dose (more
than 0.114 mg of ipratropium equivalents).
Compared with nonusers, active users of IACs

were at increased risk of arrhythmia (adjusted
odds ratio [ORadj] 1.56, 95% CI 1.08–2.25)
(Table 2). Those in the high-dose group were at

Figure 1. Schematic of the patient selection process for the
study cohort. Data from IMS Health, LifeLinkTM Health Plan
Claims Database, From 1997 to 2010.
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the highest risk for arrhythmia (ORadj 1.69, 95%
CI 1.10–2.59), whereas the risk in the low-dose
group was not statistically significant (ORadj

1.22, 95% CI 0.53–2.65) compared with nonus-
ers. The sample size of the active tiotropium
users was too low to determine if the risk of
arrhythmia differed by a specific anticholinergic.
However, the risk observed in ipratropium
monotherapy users (ORadj 1.59, 95% CI 1.08–
2.33) was higher than that observed in combina-

tion ipratropium-SABA users (ORadj 1.20, 95%
CI 0.74–1.94) who did not have a statistically
significant elevated risk.
The increased risk of arrhythmia in active

users of IACs found in the main analysis was
consistent across various sensitivity analyses
(Figure 2). Active use of IAC had a higher mag-
nitude of increased risk of arrhythmia in severe
events (ORadj 3.39, 95% CI 1.39–8.24) compared
with nonsevere events (ORadj 1.38, 95% CI

Table 1. Characteristics of Analytic Population

Characteristic Cases (n, %) (n=7656) Controls (n, %) (n=76,304) ORunadjusted (95% CI)

Age, yrs
5–11 2044 (26.7) 20,406 (26.7) –
12–24 5612 (73.3) 55,898 (73.26) –
Sex
Male 3155 (41.21) 31,448 (41.21) –
Female 4501 (58.79) 44,856 (58.79) –
Comorbidities
Hyperthyroidism 49 (0.64) 102 (0.13) 4.81 (3.42–6.78)
Rheumatic fever 7 (0.09) 12 (0.02) 5.07 (1.96–13.14)
Obesity 296 (3.87) 1317 (1.73) 2.30 (2.02–2.62)
Myocarditis 2 (0.03) 2 (0.0026) 10 (1.40–70.99)
Ischemic heart disease 60 (0.78) 50 (0.07) 12.16 (8.33–17.74)
Cardiomyopathy 27 (0.35) 11 (0.01) 24.54 (12.17–49.48)
Markers of asthma severity
Emergency department visits
0 5492 (71.73) 64,205 (84.14) Reference
< 6 1828 (23.88) 10,946 (14.35) 1.99 (1.88–2.11)
≥ 6 336 (4.39) 1153 (1.51) 3.62 (3.18–4.11)
SABA canisters
< 6 7500 (97.96) 75,183 (98.53) Reference
≥ 6 156 (2.04) 1121 (1.47) 1.39 (1.17–1.65)
OCS use 1507 (19.68) 9710 (12.73) 1.72 (1.62–1.83)
Number of acute exacerbations
0 6581 (85.96) 70,261 (92.08) Reference
< 6 577 (7.54) 4564 (5.98) 1.40 (1.28–1.53)
≥ 6 498 (6.5) 1479 (1.94) 3.75 (3.37–4.18)
Concomitant use of asthma medications
SABA 1144 (14.94) 6613 (8.67) 1.97 (1.83–2.11)
OCS 344 (4.49) 578 (0.76) 6.64 (5.77–7.64)
ICS 909 (11.87) 6757 (8.86) 1.48 (1.36–1.60)
LABA 496 (6.48) 3776 (4.95) 1.37 (1.23–1.51)
LTMA 680 (8.88) 5391 (7.07) 1.30 (1.19–1.42)
MCS 13 (0.17) 107 (0.14) 1.21 (0.68–2.17)
Immunomodulators 2 (0.03) 9 (0.01) 2.22 (0.48–10.28)
Xanthines 4 (0.05) 24 (0.03) 1.67 (0.58–4.80)
Concomitant use of drugs with anticholinergic effects
Antiarrhythmic agents 1 (0.01) 0 (0) –
Antibacterial agents 835 (10.91) 3537 (4.64) 2.57 (2.37–2.80)
Antidepressants 701 (9.16) 2623 (3.44) 2.87 (2.63–3.14)
Antiemetics 39 (0.51) 38 (0.05) 10.62 (6.75–16.71)
Antihistamines 506 (6.61) 3679 (4.82) 1.41 (1.28–1.55)
Antimalarial agents 11 (0.14) 56 (0.07) 1.89 (0.98–3.63)
Antimigraine agents 35 (0.46) 106 (0.14) 3.30 (2.25–4.83)
Antipsychotics 171 (2.23) 470 (0.62) 3.71 (3.10–4.43)
Calcium channel blockers 23 (0.30) 48 (0.06) 4.79 (2.91–7.87)
Cough, cold, and allergy medications 264 (3.45) 1416 (1.86) 1.91 (1.67–2.19)
Opioid analgesics 199 (2.60) 466 (0.61) 4.36 (3.68–5.15)

OR = odds ratio; CI = confidence interval; SABA = short-acting b-agonists; OCS = oral corticosteroids; ICS = inhaled corticosteroids;
LABA = long-acting b-agonists; LTMA = leukotriene-modifying agents; MCS = mast cell stabilizers. Data from IMS Health, LifeLinkTM

Health Plan Claims Database, from 1997 to 2010.
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0.91–2.10). When SABA to IAC switchers were
excluded (11 patients: 5 cases, 2 severe, 3 non-
severe, and 6 controls), active users of IAC did
not have a statistically significant increased risk
of arrhythmia (ORadj 1.39, 95% CI 0.95–2.04).
The magnitude of effect differed in severe and
nonsevere events, with active exposure in severe

events having a larger effect (ORadj 2.96, 95% CI
1.15–7.60) than in nonsevere events (ORadj

1.26, 95% CI 0.82–1.96).
Excluding patients with ischemic heart disease

or cardiomyopathy, the ORadj for active use was
1.52 (95% CI 1.05–2.21). When stratifying by
age, we found a higher magnitude of increased

Table 2. Exposure to Inhaled Anticholinergics and the Risk of Arrhythmia

Exposure
Cases (n, %)
(n=7656)

Controls (n, %)
(n=76,304)

ORunadjusted

(95% CI)
ORadjusted

(95% CI)

Exposure to IACs
Nonusers 7502 (97.98) 75,595 (99.07) Reference Reference
Active users 53 (0.69) 137 (0.18) 3.95 (2.86–5.44) 1.56 (1.08–2.25)
Immediate past users 32 (0.42) 154 (0.20) 2.10 (1.43–3.09) 1.24 (0.82–1.87)
Past users 69 (0.9) 418 (0.55) 1.66 (1.28–2.15) 1.16 (0.88–1.52)
Exposure to ipratropium monotherapy
Nonusers 7511 (98.10) 75,633 (99.12) Reference Reference
Active users 50 (0.65) 125 (0.16) 4.08 (2.92–5.68) 1.59 (1.08–2.33)
Immediate past users 29 (0.38) 146 (0.19) 2.00 (1.34–3.00) 1.16 (0.75–1.79)
Past users 66 (0.86) 400 (0.52) 1.66 (1.27–2.16) 1.15 (0.87–1.52)
Exposure to combination IACs
Nonusers 7573 (98.91) 75,853 (99.40) Reference Reference
Active users 28 (0.37) 94 (0.12) 3.01 (1.96–4.60) 1.20 (0.74–1.94)
Immediate past 18 (0.24) 104 (0.14) 1.74 (1.05–2.88) 1.02 (0.60–1.75)
Past users 37 (0.48) 253 (0.33) 1.47 (1.03–2.08) 1.05 (0.73–1.52)
Dose of active IAC exposure
Not exposed 7605 (99.33) 76,171 (99.82) Reference Reference
Low-dose (≤ 0.114 mg of ipratropium equivalents) 10 (0.13) 40 (0.05) 2.55 (1.27–5.11) 1.22 (0.53–2.65)
High-dose (> 0.114 mg of ipratropium equivalents) 41 (0.53) 93 (0.12) 4.50 (3.10–6.52) 1.69 (1.10–2.59)

OR = odds ratio; CI = confidence interval; IAC = inhaled anticholinergic.
Effect estimates were adjusted for asthma severity (number of short-acting b-agonist [SABA] canisters dispensed, number of asthma-related
emergency department visits, number of acute exacerbations, use of oral corticosteroids in the 180 days before the event date); concomitant
use of SABAs, inhaled corticosteroids, oral corticosteroids, antibiotics, antidepressants, cold and allergy medications, opioid analgesics; ische-
mic heart disease; cardiomyopathy. Data from IMS Health, LifeLinkTM Health Plan Claims Database, from 1997 to 2010.

Figure 2. Riskof arrhythmia in the sensitivity analyses. IAC = inhaled anticholinergic; SABA = short-acting b-agonists. Data
from IMS Health, LifeLinkTM Health Plan Claims Database, from 1997 to 2010.
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risk among patients 12–24 years of age (ORadj

1.72, 95% CI 1.15–2.57) compared with those
5–11 years of age (ORadj 1.03, 95% CI 0.41–2.60).

Discussion

In a cohort of patients 5–24 years of age with
asthma who were new users of controller medi-
cines, it was found that active use of IACs was
associated with an increased risk of arrhythmia.
The effect was stronger in patients 12–24 years
of age and was more strongly associated with
severe cases of arrhythmia. Further, among
patients actively exposed to IACs, those with
higher average daily doses were at a greater risk
for arrhythmia. Active users of ipratropium were
at a higher risk (ORadj 1.59, 95% CI 1.08–2.33)
than those using combination ipratropium-SABA
(ORadj 1.20, 95% CI 0.74–1.94). However, sam-
ple size was limited with respect to tiotropium
use.
Results from this study are consistent with lit-

erature reporting a positive association between
use of IACs and cardiovascular-related adverse
events and deaths in patients with COPD. The
Lung Health Study reported an increase in supra-
ventricular tachycardia and cardiovascular deaths
(p=0.027) among smokers randomized to smok-
ing cessation and ipratropium bromide compared
with placebo.9 A retrospective cohort study of
patients with newly diagnosed COPD13 reported
a 29% increase in the risk of acute coronary syn-
drome, heart failure, or dysrhythmia (adjusted
hazard ratio 1.29, 95% CI 1.21–1.38) associated
with anticholinergic exposure. A systematic
review10 reported a higher frequency of arrhyth-
mias in tiotropium exposed compared with pla-
cebo (OR 2.33, 95% CI 1.11–4.88). A meta-
analysis reported an increased risk of myocardial
infarction (ORadj 1.52, 95% CI 1.04–2.22) and
cardiovascular death (ORadj 1.92, 95% CI 1.23–
3.00) among COPD patients using IACs.14 How-
ever, these studies were conducted in COPD
patients with inherent cardiovascular risk factors
such as advanced age and smoking histories. The
current study examined the association between
IACs and arrhythmias in a younger population
with asthma who were at a considerably lower
risk for cardiovascular diseases. The fact that an
increased risk was observed lends creditability to
a potential drug effect.
SABAs are the bronchodilators of choice in

asthma. It has been shown that some people are
more prone to experiencing the cardiovascular
effects of b-agonists compared with others due

to a genetic polymorphism.27–29 Therefore,
patients who switched to IAC therapy from
SABAs could potentially be systematically differ-
ent than those who remained on SABAs, with
differences in the polymorphism noted previ-
ously or other differences between the groups.
Specifically, we were concerned that any effect
observed with anticholinergics may be due to
confounding by indication, where those patients
using IACs were at highest risk. This may be
particularly true among patients switched to an
IAC because they may have experienced cardio-
vascular adverse effects from their SABA. To
evaluate this, patients switching from SABAs to
IACs were excluded, which led to a 17% reduc-
tion in the effect estimate. This does not exclude
the possibility of confounding by indication
explaining the results. However, when this was
repeated for severe versus nonsevere cases,
severe cases were still found to have a signifi-
cantly elevated risk associated with active expo-
sure to IACs, reinforcing the potential
anticholinergic drug effect.
The findings in this study are particularly

important given recent efforts that focused on
evaluating tiotropium efficacy in treating
patients with asthma. The TALC study found
that combination tiotropium and ICS was supe-
rior to doubling the dose of ICS but not inferior
to combination LABA and ICS.5 Although the
TALC results are promising from an efficacy
standpoint, the sample size is inadequate for
alleviating potential safety concerns associated
with anticholinergic treatment in patients with
asthma. Given the event rate observed in this
analysis and that TALC included 174 patients, it
is not surprising there were not any cardiovascu-
lar adverse events reported in the TALC study.
Although the current investigation was observa-
tional, it was conducted using a large popula-
tion-based data set that included a broader range
of patients and a longer duration of follow-up
compared with randomized controlled trials
investigating the effectiveness of IACs in chronic
asthma management. Therefore when coupling
current findings with recent efficacy evidence,
more evidence is clearly needed on IAC safety
in asthma patients before their use in asthma
management.
Importantly, the TALC study focused on tiot-

ropium and not ipratropium, which was the pre-
dominant IAC in this analysis. There was
limited sample size with respect to patients
exposed to tiotropium. Nevertheless, these
results raise important questions about the

RISK OF ARRHYTHMIAS WITH IPRATROPIUM IN YOUNG ASTHMATICS Adimadhyam et al 321



cardiovascular safety profile of anticholinergics
in patients with asthma.
Further evidence of the drug effect is provided

by the results from the analysis excluding
patients with comorbid heart disease. These
patients are at a higher risk for arrhythmia. In
fact, the proportion of patients with comorbid
heart disease was higher in the cases (1.13%)
compared with controls (0.08%). However, after
excluding those with comorbid heart conditions,
active exposure to IACs was still associated with
a 52% increased risk for arrhythmia.
Several limitations to our study need to be

considered when interpreting the results. First,
exposure was defined based on prescription fills
recorded in administrative data, which may not
be indicative of actual drug use. Active users of
anticholinergics were classified into low- and
high-dose groups based on the quantity dis-
pensed. Hence patients were possibly misclassi-
fied if they were not taking the medication as
dispensed. However, it is not likely that this
misclassification was different between cases and
controls.
Second, the outcome of arrhythmic events was

defined based on a wide range of ICD-9 codes
placed anywhere in the medical claim. Although
inclusion of ICD-9 codes such as 785 (palpita-
tions) could potentially be secondary to arrhyth-
mia, we thought it was important to detect any
signal of cardiovascular events in a population
of children, adolescents, and young adults.
Third, there was no information on frequency

of symptoms to determine asthma severity, a
potential confounder in the association between
IACs and arrhythmia. Exacerbations of asthma
carry a theoretical arrhythmogenic risk due to
multiple pathophysiologic events such as
hypoxia, hypercapnia, and elevated intrathoracic
pressures, which in turn have an effect on car-
diac blood return.30–32 However, proxy measures
for asthma exacerbations such as asthma-related
emergency department visits, SABA canisters dis-
pensed, and number of acute exacerbations in
the 180 days before the event date were adjusted
for in the analysis.

Conclusion

In this analysis, the use of inhaled ipratropi-
um was associated with an increased risk of
arrhythmia in adolescents and young adults with
asthma compared to non-users. Patients 12–
24 years of age and those prescribed ipratropi-
um were at an increased risk for arrhythmia. It

should be noted that the absolute risk was low.
Nevertheless, health care providers are advised
to be cautious before incorporating anticholiner-
gics into the chronic management of asthma.
This risk may also be important to consider in
other populations where predisposition to
arrhythmia is increased. Further research on
IAC therapy in chronic asthma management is
needed to understand the potential risks more
fully.
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