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Background: High-dose (pulse) corticosteroid therapy
has been associated with the development of atrial fibril-
lation. This association, however, is mainly based on case
reports.

Methods: To test the hypothesis that high-dose corti-
costeroid exposure increases the risk of new-onset atrial
fibrillation, we performed a nested case-control study
within the Rotterdam Study, a population-based cohort
study among 7983 older adults. Cases were defined as
persons with incident atrial fibrillation between July 1,
1991, and January 1, 2000. Their date of diagnosis was
defined as the index date. All noncases within the Rot-
terdam Study who were alive and eligible on this index
date were used as controls. Subsequently, we compared
the proportion of cases and controls that received a cor-
ticosteroid prescription within 1 month preceding the in-
dex date. Corticosteroid exposure was categorized into
high-dose exposure (oral or parenteral steroid at a daily
dose =7.5 mg of prednisone equivalents) and low-
intermediate—dose exposure (<7.5 mg of prednisone
equivalents or inhaled corticosteroids).

Results: There were 385 eligible cases of new-onset atrial
fibrillation during the study period. The risk of new-
onset atrial fibrillation was significantly higher for per-
sons who received a corticosteroid prescription within
1 month before the index date than for those without
(oddsratio [OR], 3.75; 95% confidence interval [CI], 2.38-
5.87). However, only high-dose corticosteroid use was
associated with an increased risk (OR, 6.07;95% CI, 3.90-
9.42), whereas low-intermediate—dose use was not (OR,
1.42:95% CI, 0.72-2.82). The association of atrial fibril-
lation with high-dose corticosteroid use was largely in-
dependent of the indication for corticosteroid therapy,
since the risk of new-onset atrial fibrillation was not only
increased in patients with asthma or chronic obstruc-
tive pulmonary disease (OR, 4.02;95% CI, 2.07-7.81) but
also in patients with rheumatic, allergic, or malignant he-
matologic diseases (OR, 7.90; 95% CI, 4.47-13.98).

Conclusion: Our findings strongly suggest that pa-
tients receiving high-dose corticosteroid therapy are at

increased risk of developing atrial fibrillation.
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TRIAL FIBRILLATION (AF) 1S

the most common sus-

tained rhythm disorder ob-

served in clinical prac-

tice. Its clinical importance
is highlighted by a high prevalence and se-
rious clinical consequences such as he-
modynamic impairment and ischemic
stroke. The prevalence increases with age
up to 4% in people older than 60 years and
approximately 9% in people older than 80
years.! Atrial fibrillation is associated with
a 4- to 5-fold increased risk of ischemic
stroke,'” and not only permanent AF but
also paroxysmal AF may predispose pa-
tients to systemic embolism.*® Although
AF can occur without detectable disease
(lone AF), it is often associated with heart
disease.” Increasing age, heart failure,
smoking, diabetes mellitus, hyperten-
sion, male sex, left ventricular hypertro-
phy, myocardial infarction, valvular heart
diseases, pulmonary diseases, and hyper-

thyroidism are risk factors for AF.® Acute
temporary causes of AF include alcohol in-
take, excessive coffee intake, surgery, peri-
carditis, myocarditis, and pulmonary em-
bolism.”

In addition, drugs have been associ-
ated with the onset of AF, but knowledge
about the role of drugs in the develop-
ment of AF is scarce.’ High-dose cortico-
steroid therapy has been associated with
the development of AF, but this is mainly
based on case reports.'*!* It is postulated
that high doses of corticosteroids medi-
ate potassium efflux via a direct effect on
the cell membrane, which may induce ar-
rhythmogenesis.'> To our knowledge, epi-
demiologic studies investigating the re-
search hypothesis that corticosteroid
therapy may induce AF have never been
performed. Therefore, we performed a
nested case-control study to test the hy-
pothesis that corticosteroid use increases
the risk of new-onset AF.
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DR METHODS

SETTING

This study was conducted as part of the Rotterdam Study (RS),'
a prospective population-based cohort study on the occur-
rence and determinants of disease and disability in elderly per-
sons. In 1990, all inhabitants of Ommoord, a suburb of Rot-
terdam in the Netherlands, who were 55 years or older and who
had lived in the district for at least 1 year were invited to par-
ticipate in the study. Of the 10 275 eligible persons, 7983 (78%)
participated. Participants gave informed consent and permis-
sion to retrieve information from medical records. At base-
line, trained interviewers administered an extensive question-
naire during a home interview covering socioeconomic
background and medical history, among other topics. During
subsequent visits to the study center, additional interviewing,
laboratory assessments, and clinical examinations were per-
formed, including recording of electrocardiograms (ECGs). Fol-
low-up examinations were carried out periodically (every 4 to
5 years). Data on all drug prescriptions dispensed to partici-
pants by automated pharmacies are routinely stored in a data-
base. Information on vital status is obtained at regular time in-
tervals from the municipal authorities in Rotterdam. The medical
ethics committee of the Erasmus Medical Center, Rotterdam,
the Netherlands, approved the study.

For the present study, all participants were observed from
baseline until they had incident AF, died, or reached the end
of the study period on January 1, 2000, whichever came first.
Because we had pharmacy dispensing records as of January 1,
1991, that included a medication history of at least 6 months,
all cases of incident AF before July 1, 1991, were excluded from
the analyses.

CASES AND CONTROLS

Three methods were used to assess new cases of atrial fibrilla-
tion. In the first method, ECGs were recorded at baseline and
during follow-up examinations at the research center with an
ACTA electrocardiograph (Esaote Biomedica, Florence, Italy),
stored digitally, and subsequently analyzed by the modular ECG
analysis system (MEANS).""'? The reported sensitivity and speci-
ficity of the MEANS program in coding arrhythmias is high
(96.6% and 99.5%, respectively).'® To verify the diagnosis of
AF, all ECGs indicating a diagnosis of AF or atrial flutter or
any other rhythm disorder were recoded independently by
2 physicians who were blinded to the MEANS diagnosis. The
judgment of a cardiologist was asked and taken as decisive in
case of persistent disagreement.

For the second method, general practitioners participating
in the RS sent computerized information on selected diseases
to the researchers of the RS on a weekly basis. Specially trained
follow-up assistants verified this information using general prac-
titioner records and hospital discharge letters. A senior physi-
cian examined all information and coded the events according
to the International Statistical Classification of Diseases and Re-
lated Health Problems, 10th Revision (code 148).

For the third method, data on AF were acquired by linkage
to a national registry of all hospital discharge diagnoses in the
Netherlands. All diagnoses of AF were subsequently verified.

Those who developed AF during a serious disease result-
ing in death very shortly after the detection of AF and where
AF was not the cause of the serious disease were not consid-
ered as having AF. Furthermore, AF during myocardial infarc-
tion and during cardiac operative procedures were not in-
cluded as new cases if the condition disappeared in a few days
and did not reappear. Persons with prior or prevalent AF at base-

line detected by any case identification method were ex-
cluded. Also, persons with incident AF discovered coinciden-
tally by screening, protocol, or standard hospitalization ECGs
during the study period were excluded as were those with un-
known date of AF onset. For all cases of newly identified AF
during follow-up, the earliest date of diagnosis (from general
practitioner records, ECG, or hospitalization) was taken as the
index date.

To each case we matched all persons in the cohort who were
alive and at risk for new-onset AF on the index date of the cor-
responding case. The controls received the index date of the
cases to which they were matched.

EXPOSURE DEFINITION

In the research area, there were 7 fully computerized pharma-
cies linked to 1 network. During the study, all participants filled
98% of their prescriptions in 1 of these 7 pharmacies. Data on
all dispensed drugs from January 1, 1991, were available in a
computerized format on a day-to-day basis. The data included
the date of prescribing, the total amount of drug units per pre-
scription, the prescribed daily number of units, and product
name.

Persons who received a corticosteroid prescription for oral,
rectal, parenteral, or inhaled use within 1 month before the in-
dex date were defined as exposed; all others were considered
nonexposed. Corticosteroid exposure was categorized as high-
dose exposure (oral, parenteral, or rectal steroids with daily dose
equivalent to =7.5 mg of prednisone; ie, supraphysiologic doses)
and low-intermediate—dose exposure (oral, parenteral, or rec-
tal steroids with daily doses equivalent to <7.5 mg of predni-
sone or inhaled corticosteroids; ie, approximately equivalent
to or less than the physiologic range of endogenous glucocor-
ticoid secretion).?® Exposed persons were further categorized
as new users (first prescription) and prior users to compare the
risk for developing AF between new users and persons who had
used steroids before.

To study potential confounding or effect modification by
asthma and/or chronic obstructive pulmonary disease (asthma/
COPD) status, stratified analyses were conducted for presence
or absence of asthma/COPD as proxied by the dispensing of
more than 2 bronchodilator prescriptions prior to the index
date.

COFACTORS

The following patient characteristics were individually as-
sessed as potential confounders: age (on index date), sex, hy-
pertension, heart failure, myocardial infarction, diabetes melli-
tus, body mass index (calculated as weight in kilograms divided
by the square of height in meters), smoking status (current,
former, or never), total serum cholesterol level, hyperthyroid-
ism, and prevalence of left ventricular hypertrophy on the ECG.
Hypertension was defined as systolic blood pressure higher than
160 mm Hg and diastolic blood pressure higher than 100 mm Hg
or use of any antihypertensive drug. Criteria for prevalent and
incident myocardial infarction and heart failure have been de-
scribed in detail elsewhere.?'"** Diabetes mellitus was defined
as a random or postload glucose level of 200 mg/dL or higher
(=11.1 mmol/L) and/or the use of blood glucose lowering medi-
cation prior to the index date.

Data on use of other medications within 1 month before the
index date, such as antihypertensives (vasodilators, diuretics,
B-blockers, calcium antagonists, and angiotensin-converting en-
zyme inhibitors) and antiasthmatic agents (other than inhaled
corticosteroids) were obtained from pharmacy records and ana-
lyzed as potential confounders.
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Table 1. Baseline Characteristics of the Study Population*
Cases Controls
Characteristic (n =385) (n=6364) OR (95% Cl)
Men 174 (45) 2554 (40) 1.00
Women 211 (55) 3810 (60) 0.64 (0.52-0.79)
Age, mean = SD, y 729+7.8 68.8+89 1.08(1.06-1.09)
Hypertension 175 (46) 2105 (33) 1.55 (1.27-1.91)
Heart failure 23 (6) 153 (2)  2.06 (1.34-3.17)
Prior myocardial infarction 90 (23) 741 (12) 2.14 (1.68-2.72)
Diabetes mellitus 65 (17) 618 (10) 1.76 (1.35-2.30)
Smoking status
Current 84 (22) 1452 (23) 1.43 (1.05-1.96)
Former 175 (46) 2611 (41) 1.39 (1.06-1.89)
Never 122 (32) 2213 (35) 1.00
Left ventricular hypertrophy 29 (8) 248 (4)  1.88 (1.28-2.76)
Hyperthyroidism 11 (3) 243 (4)  0.78 (0.43-1.43)
BMI, mean + SD 27.0+3.8 26.3+3.7 1.05(1.03-1.08)
Total cholesterol, mmol/L 65+12 6.6+1.2 0.97(0.89-1.06)

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by the square of height in meters); Cl, confidence interval; OR, odds
ratio.

Conventional unit conversion factor: To convert cholesterol to milligrams
per deciliter, divide by 0.0555.

*Unless otherwise noted, data are reported as number (percentage) of
subjects.

STATISTICAL ANALYSIS

Conditional logistic regression analyses were performed to es-
timate odds ratios (ORs) and 95% confidence intervals (Cls)
for the association between the use of corticosteroids and AF.
To adjust for potential confounders, cofactors associated with
the occurrence of AF were included 1 by 1 in the age- and sex-
adjusted model. Cofactors that changed the point estimate by
more than 5% were maintained in the multivariate model. Strati-
fied analyses were performed for subjects undergoing cortico-
steroid treatment for asthma/COPD and for subjects with other
indications. In extra analyses, we defined a sum score of risk
factors from O through 8 including the following risk factors
for AF: heart failure, myocardial infarction, hypertension, smok-
ing, diabetes mellitus, left ventricular hypertrophy, asthma/
COPD, and body mass index (high or low). This sum score was
analyzed as a continuous variable and used for stratification
around the median. All statistical analyses were performed us-
ing SPSS-PC version 11.0 (SPSS Inc, Chicago, Ill).

o TS

During the follow-up period, we identified 435 cases of
new-onset AF after July 1, 1991. After exclusion of 50
cases of AF for which the date of onset was unknown or
AF was discovered coincidently, 385 cases were eligible
for this study. Table 1 lists the baseline characteristics
for cases and controls. Cases were on average older than
controls, more often male, and had on average a higher
body mass index. Also, cases were more likely to have
hypertension, prior myocardial infarction, heart failure,
diabetes mellitus, and left ventricular hypertrophy on ECG
and were more likely to be current or former smokers at
baseline, after adjustment for age and sex.

The risk of new-onset AF was significantly higher for
corticosteroid users than for those who were unexposed
(OR, 3.75;95% CI, 2.38-5.87). The risk of new-onset AF

Table 2. Association Between New-Onset Atrial Fibrillation
and Corticosteroid Therapy
Corticosteroid Cases, No. ORt OR%
Prescription* (n = 385) (95% CI) (95% CI)
No 342 1.00 1.00
Yes 43 4.08 (2.97-5.61) 3.75(2.38-5.87)
Daily dose
Low-intermediate 14 1.96 (1.15-3.34) 1.42 (0.72-2.82)
dose
High dose 29 8.58 (5.86-12.55) 6.07 (3.90-9.42)
User status
First prescription 4 6.2 (2.3-16.5) 6.0 (2.2-16.2)
=1 Prescriptions 39 3.97 (2.85-5.53) 3.49 (2.17-5.62)
before

Abbreviations: CI, confidence interval; OR, odds ratio.

*In the 30 days before the index date.

TAdjusted for age and sex.

FAdjusted for age, sex, myocardial infarction, heart failure, body mass
index, use of antihypertensives, and use of bronchodilators in the month
before the index date.

was dose dependent in that exposure to low or interme-
diate daily doses was associated with a nonsignificant risk
increase (OR, 1.42; 95% CI, 0.72-2.82), while high-
dose exposure was associated with a more than 6-fold
increased risk (OR, 6.07;95% CI, 3.90-9.42) (Table 2).
Newly exposed persons had a somewhat higher risk for
AF than persons who had received corticosteroids be-
fore (OR, 6.0;95% CI, 2.2-16.2 vs OR, 3.49;95% CI, 2.17-
5.62), but this difference was not statistically significant
(Table 2).

The association of AF with high-dose corticosteroid
use was largely independent of the indication for corti-
costeroid therapy, since the risk of new-onset AF was sig-
nificantly higher both in patients with asthma/COPD (OR,
4.02; 95% CI, 2.07-7.81) and in patients with rheu-
matic, allergic, or malignant hematologic diseases (OR,
7.90; 95% CI, 4.47-13.98) (Table 3).

Since most of the high-dose corticosteroid users had
other known risk factors for AF, we performed 2 extra
analyses. In an age- and sex-adjusted analysis including
the sum score as a continuous variable, the measures
of association became stronger. For the high-dose group,
the OR became 6.43 (95% CI, 4.38-9.45), while it was
6.07 (95% CI, 3.90-9.42) in the multivariate analysis. For
the high-dose asthma/COPD group, the OR became 4.33
(95% CI, 2.27-8.27), while it was 4.02 (95% CI, 2.07-
7.81) in the multivariate analysis. For the high dose in
other diseases group, the OR became 9.88 (95% CI, 5.72-
17.07), while itwas 7.90 (95% CI, 4.47-13.98) in the mul-
tivariate analysis. Second, we performed an extra analy-
sis in which we categorized the study population in 2
mutually exclusive groups: individuals with O to 2 risk
factors for AF and individuals with 3 or more risk fac-
tors (we stratified on the median number of risk factors
in the study population). In both groups, we found a simi-
lar risk for AF in high-dose corticosteroid users (ad-
justed for age, sex, and number of risk factors). In the
stratum with 0 to 2 risk factors, the OR was 7.09 (95%
CI, 3.62-13.90), while in the stratum with 3 to 8 risk fac-
tors, the OR was 6.09 (95% CI, 3.81-9.76).
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DR COMMENT

This population-based study shows that current use of
high-dose corticosteroids is associated with an in-
creased risk of new-onset AF. This association was found
in patients with and without asthma/COPD.

Wei et al®® recently reported an increased risk of hos-
pitalization for cardiovascular disease (myocardial in-
farction, heart failure, and ischemic stroke) in high-
dose corticosteroid users. The researchers explained this
finding among others by the (long-term) cardiovascular
adverse effects of corticosteroids, such as hypertension,
diabetes mellitus, and obesity, which are independent risk
factors for cardiovascular disease. In our study, the find-
ing of an increased risk of AF, especially in new, high-
dose users, suggests that there is also a potential direct
arrhythmogenic effect. Arrhythmogenic effects (includ-
ing life-threatening arrhythmias) following corticoste-
roid pulse therapy have been described before in case re-
ports'®*#26 and in a recent case-control study.?” Several
mechanisms are likely to be involved in the develop-
ment of AF in patients treated with (high-dose) cortico-
steroids. First, it has been postulated that high-dose cor-
ticosteroids mediate (local) potassium efflux via a direct
effect on the cell membrane, which may induce arrhyth-
mogenesis."” Second, high doses of glucocorticosteroids
can have mineralocorticosteroid effects, such as reten-
tion of sodium and fluid, which may cause hyperten-
sion, left atrial enlargement, and congestive heart failure—
all known risk factors for AF.?® Other proposed
mechanisms are development of late potentials, pro-
found peripheral vasodilatation, and anaphylactic reac-
tions.?”*° However, there is yet no conclusive evidence
for any of these mechanisms. In our study population,
there were few cases with AF without any underlying car-
diovascular risk factor. Therefore, we think that high-
dose corticosteroid therapy may act as a trigger rather
than as a single cause for AF, which would be in line with
the earlier described trigger-substrate relation in drug-
induced AF.?

In a recent case-control study, Huerta et al*’ reported
a positive association between short-term oral cortico-
steroid therapy and cardiac arrhythmias (including AF)
in persons with asthma/COPD. The association was not
investigated in persons without asthma/COPD. Conse-
quently, confounding by indication could not be ex-
cluded. However, in our study we found an association
in patients with and without asthma/COPD.

The fact that we found an association only in pa-
tients receiving high-dose steroid exposure is in line with
the study by Huerta et al,?” who also found no associa-
tion with the use of inhaled corticosteroids (low-dose ste-
roid exposure) and cardiac arrhythmias. We also found
an increased risk for AF in recent new corticosteroid us-
ers as well as in persons who used corticosteroids be-
fore, supporting the hypothesis that corticosteroids have
a potential direct arrhythmogenic effect (Table 2). That
new corticosteroid users seem to have an even higher risk
to develop AF than persons who also used corticoste-
roids before might be explained by the fact that all new
users who developed AF (n=4) were high-dose users. The

127

Table 3. New-Onset Atrial Fibrillation and Corticosteroid
Therapy in Different Patient Groups
Cases,
Corticosteroid No. ORt OR%
Prescription* (n = 385) (95% CI) (95% CI)
In patients with asthma
and/or COPD
None 43 1.00 1.00
Low-intermediate 13 1.46 (0.78-2.76) 1.40 (0.73-2.70)
dose
High dose 13 4.71(2.51-8.81) 4.02 (2.07-7.81)
In patients with other
diseases
None 299 1.00 1.00
Low-intermediate 1 0.78 (0.11-5.55)  0.57 (0.08-4.24)
dose
High dose 16§ 10.78 (6.50-17.83) 7.90 (4.47-13.98)

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary
disease; OR, odds ratio.

*In the 30 days before the index date.

tAdjusted for age and sex.

FAdjusted for age, sex, myocardial infarction, heart failure, body mass index,
user status, and use of antihypertensives in the month before the index date.

§Steroid indication: polymyalgia rheumatica, rheumatoid arthritis, (acute)
bronchitis, allergic skin reaction, multiple myeloma, and non-Hodgkin
lymphoma.

more long-term users who developed AF (n=39) in-
cluded a mix of high-dose (n=25) and low-intermediate—
dose users (n=14). The higher relative risk in patients
with rheumatic, allergic, or malignant hematologic dis-
eases than in patients with asthma/COPD (Table 3) could
be explained by the fact that the prescribed steroid doses
are usually highest in the first patient group.

Several aspects of validity need to be discussed. Selec-
tion bias is unlikely because cases and controls were de-
rived from a prospective, population-based cohort study,
and controls came from the same study base as cases. In-
formation bias is unlikely because data on drug use were
prospectively gathered. Since corticosteroids are only avail-
able by prescription, pharmacy records provide complete
coverage. Compliance with systemic corticosteroid regi-
mens is usually good because such patients are often seri-
ously ill. Misclassification of the diagnosis of AF is un-
likely and would be random because the outcome was
assessed independently of the exposure.

Diagnosis bias is a potential problem: patients who are
ill and need corticosteroids may undergo more ECGs.
However, we think that diagnosis bias is negligible in our
study because we excluded all cases of AF that were dis-
covered by screening, protocol, or standard hospitaliza-
tion ECGs. We restricted the analyses to symptomatic
cases who presented themselves spontaneously. Misclas-
sification of the index date is possible, because the date
of diagnosis is not always the same as the date of onset
of AF. To decrease the degree of misclassification of in-
dex date, we excluded AF cases with an unknown date
of onset. In our study, it is unlikely that confounding ex-
plains our results because we were able to adjust for many
important potential confounders. Moreover, confound-
ing by indication is not likely to explain the association.
We were able to study the association in persons with
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asthma/COPD and in those with other indications for cor-
ticosteroid therapy. This makes it highly unlikely that the
indications asthma or COPD, which are independent risk
factors for AF 3! confounded our results.

The patients who received high-dose corticosteroids
for other indications than asthma or COPD and who
developed AF (n=16) received corticosteroid therapy
for various indications: polymyalgia rheumatica (n=6),
rheumatoid arthritis (n=1), (acute) bronchitis (n=4),
allergic skin reaction (n=1), as concomitant therapy for
multiple myeloma (n=1) and non-Hodgkin lymphoma
(n=1), and unknown indications (n=2). As these indi-
cations are so heterogeneous, we do not expect that
these diseases confounded our results. Moreover, the
strong risk increases make residual confounding
unlikely.

In conclusion, our findings suggest that patients re-
ceiving high-dose corticosteroid therapy are at in-
creased risk of developing AF. Therefore, careful moni-
toring of these patients by clinical examination and by
performing an ECG before and after high-dose (pulse)
therapy could increase the chance to diagnose and treat
this serious arrhythmia as early as possible. Because per-
sons who develop AF are at increased risk of serious car-
diovascular complications such as heart failure and is-
chemic stroke and have a chance to develop chronic AF,
early detection of AF is essential.
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