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Abstract
Background—Inflammation and oxidative stress are associated with atrial fibrillation (AF).
Statins have antioxidant and anti-inflammatory properties. We tested if atorvastatin reduced AF
recurrence after DC cardioversion (CV) by modifying systemic oxidative stress and inflammation.
(NCT00252967)

Methods and Results—In a randomized, double-blinded, placebo-controlled trial, patients
with atrial fibrillation/flutter (AF) were randomized to receive either atorvastatin 80 mg (n=33) or
placebo (n=31) before CV. Treatment was continued for 12 months or until AF recurred. Serum
oxidative stress markers (ratios of oxidized to reduced glutathione and cysteine, derivatives of
reactive oxygen species, isoprostanes) and inflammatory markers [ high sensitivity C- reactive
protein (hs-CRP), interleukin-6 (IL-6), interleukin-1β(IL-1β), tumor necrosis factor-α (TNFα)]
were measured at baseline and on follow-up. AF recurred in 22 (66.7%) of atorvastatin and 26
(83.9%) of placebo group (p=0.2). The adjusted hazard ratio of having recurrence on atorvastatin
versus on placebo was 0.99 (95% CI: 0.98-1.01, p=0.3). There was no significant difference in the
time to recurrence using Kaplan-Meier survival estimates (median (IR): 29 (2-145) days vs. 22
(7-70) days, p=0.9). While no significant effect was seen on oxidative stress, 2 of 4 inflammatory
markers, IL-6 (adjusted OR: 0.59, 95% CI: 0.35-0.97, p= 0.04) and hs-CRP (adjusted OR: 0.59,
95% CI: 0.37-0.95, p=0.03) were significantly lowered with atorvastatin. Cholesterol levels
significantly decreased with atorvastatin (p=0.03).

Conclusions—High dose atorvastatin did not reduce the recurrence of AF after CV. It reduced
selective markers of inflammation without affecting systemic oxidative stress. Failure of
atorvastatin to prevent AF recurrence may be due to its failure to affect oxidative stress.
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Introduction
Atrial fibrillation (AF) is the most commonly encountered sustained arrhythmia in clinical
practice, with a prevalence of approximately 0.4 to 1% in general population, increasing to
>8% in those over 80 years of age.1, 2 The longer AF persists, the more difficult it becomes
to restore and maintain sinus rhythm.3 These observations suggest that age-related changes
can initiate AF and there exists a positive feedback loop that maintains the arrhythmia.4

There is evidence to support the role of systemic and cardiac inflammation and related
oxidative stress in the initiation and maintenance of AF.5, 6, 7 It has been demonstrated that
patients with AF have elevated levels of inflammatory markers such as C-reactive protein
(CRP), interleukin-6 (IL-6), and tumor necrosis factor α (TNF-α). 8,9,10 CRP has been
shown to be a marker of AF persistence, AF recurrence after electrical cardioversion (CV),
and post-operative occurrence of AF. 8, 11, 12 Gene transcriptional profiles of atrial tissue
from AF patients have shown elevated pro-oxidative gene expression. 13

Hydroxy-methyl-glutaryl-coenzyme A (HMG-CoA) reductase inhibitors or statin drugs are
recognized to have pleiotropic effects.14, 15 Recent studies indicate that statins may play a
role in preventing or reversing atrial remodeling in AF, 16 possibly through their anti-
inflammatory and antioxidant properties.14 In a randomized double-blind placebo-controlled
trial, we tested the hypothesis that high dose statins maintain sinus rhythm following
successful CV in persistent AF by modifying systemic oxidative stress and inflammation.

Methods
Study design and patient recruitment

In a randomized, double-blind, placebo-controlled trial (NCT00252967), patients with atrial
fibrillation/ flutter (AF) were screened for eligibility. Subjects of both genders, with age ≥18
years and electrocardiographically (ECG) documented AF requiring CV, were enrolled from
clinics at the Atlanta Veterans Affairs Medical Center and Emory University affiliated
hospitals. Atrial fibrillation was defined as the absence of P waves, presence of continuous
atrial electrical activity, and irregular RR intervals on a standard ECG. Atrial flutter was
defined as an absence of P waves and the presence of continuous, regular atrial electrical
activity. The protocol of the study was approved by the appropriate Institutional Review
Boards. A written informed consent was obtained from all subjects. Exclusion criteria
included age <18 years, enrollment in another ongoing trial, paroxysmal AF, hemodynamic
instability, AF ablation within 6 months of enrollment, a contraindication for
anticoagulation, severe valvular heart disease, the presence of a single lead implantable
cardioverter defibrillator, unstable angina, NYHA Class IV heart failure, hyperthyroidism,
uncontrolled hypertension (blood pressure >180/100 at rest) on medications, an illness that
would limit life expectancy to less than 1 year, use of statins within the previous 30 days,
significant coronary artery disease or lipid abnormalities necessitating statin therapy,
implanted devices for active management of arrhythmias by pacing or defibrillation, lack of
access to a telephone, illicit drug use, alcohol abuse, hypersensitivity to atorvastatin by
history, pregnancy, sexually active female subjects not on contraception or surgically
sterilized, and nursing mothers. Subjects with chronic liver disease or abnormal liver
function (elevated transaminases 1.5 times the upper limit of normal (ULN) of laboratory
reference range), severe renal disease (creatinine >200 mmol/L), inflammatory muscle
disease or creatine kinase (CK) >3 times ULN, and concurrent treatment with cyclosporine,
fibrates, or high-dose niacin were also excluded from the study.

Negi et al. Page 2

J Cardiovasc Electrophysiol. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Clinical Data
Baseline demographic and clinical data, including use of antiarrhythmic agents, was
obtained from the medical records and on interview at the index visit. Blood samples were
drawn at the time of entry into the study and on subsequent visits. A baseline transthoracic
echocardiogram was obtained at the time of entry. Chamber dimensions, existing valvular
disease, estimated left ventricular (LV) ejection fraction, LV wall thickness, and the
presence of thrombi were documented.

Interventions
Patients were randomized to enter either the atorvastatin or the placebo limb of study in a
1:1 manner prior to performing CV. Active drug and placebo were administered in identical
appearing tablets and all research personnel and subjects were blinded to the treatment drug.
Identification codes were not broken during the trial. Atorvastatin at a dose of 80 mg daily
was started at the time of randomization. After reconfirming AF, CV was performed 0-7
days after randomization by an independent cardiologist. ECG documentation of the
resulting rhythm was obtained immediately after CV and at 1 hour. Successful CV was
defined as sinus rhythm (SR) achieved and maintained for at least 1 hour after shock
delivery. All subjects were anticoagulated at the time of CV. For subjects who were not
therapeutically anticoagulated (INR>2 for 3 weeks) prior to CV, transesophageal
echocardiogram was performed immediately before CV to exclude the presence of left atrial
appendage (LAA) thrombus. If no LAA thrombus was noted, intravenous (IV) heparin was
administered before CV, and a standard anticoagulation regimen was instituted. If no
recurrence of AF was noted after 1 month after CV, anticoagulation was discontinued at the
discretion of the investigator. Atorvastatin/placebo was continued for 12 months or until the
recurrence of AF. Follow-up visits were undertaken at 1 month, at the time of recurrence,
and when any subject complained of symptoms suggestive of recurrence. At these visits, a
24-hour Holter recording was performed. Compliance with the study medication was
confirmed at each visit by pill count and refills were provided as needed.

Measurement of systemic oxidative stress and inflammation
Plasma levels of markers of systemic oxidative stress and inflammation were obtained at
baseline, 1 and 12 months and upon recurrence, whichever occurred sooner. Markers of
systemic oxidative stress included the ratio of oxidized to reduced cysteine (CyS/CySS), the
ratio of oxidized to reduced glutathione (GSH/GSSG), F2-Isoprostanes (IsoPs), and
derivatives of reactive oxygen metabolites (DROMs). 17 Standard methods for measurement
of the ratios of oxidized to reduced cysteine and glutathiones were used.18 Redox potentials
were calculated using the Nernst equation.17 More negative values corresponded to
increased oxidation. Concentration of DROMs was determined using spectrometry (505
nm).19 IsoPs were quantified by gas chromatography/mass spectrometry using computer
interference. 20

Systemic inflammatory markers measured included high sensitivity CRP (hs-CRP),
interleukin-6 (IL-6), interleukin 1β (IL-1β), and tumor necrosis factor-α (TNF-α). All
inflammatory markers were measured using commercially available assay kits.

Primary Endpoint
The primary endpoint of the study was time to first ECG documentation of recurrence of
AF. Subjects with a 12-lead ECG demonstration of AF or ≥ 30s duration of the arrhythmia
on Holter or telemetry recordings were considered to have reached the primary endpoint.
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Statistical Analysis
Sample size was calculated based on the assumption that the 12-month recurrence rate of AF
after CV in controlled trials ranged between 50% with the use of antiarrhythmic drugs to
70% in control group. 21 To observe a significant difference with α level of 0.05 and a
power of 0.80, 25 patients were needed in each group. Categorical variables were compared
using Fischer exact/Chi square test. All continuous data were checked for normal
distribution. Continuous variables with normal distribution were analyzed using Student t
test while those with skewed distribution were compared using Mann-Whitney test. Cox
proportional hazards regression models were used to compute univariate and multivariate
hazard ratios for AF recurrence in the two groups. Time to recurrence was analyzed using
the Kaplan-Meier survival curves for placebo and treatment groups and compared using the
log rank test.

Results
Sixty-four of 524 subjects screened for the eligibility criteria were randomized to receive
either atorvastatin 80 mg (n=33) or placebo (n=31). Four hundred twenty eight screened
subjects did not meet the eligibility criteria, mostly secondary to current statin use or an
indication for statin use, and 32 subjects declined to participate in the study. Baseline
demographic and clinical characteristics of the study subjects are presented in Table 1. The
two groups were statistically similar in all baseline variables.

The duration between randomization and CV ranged between 0-7 days in both groups. There
were no cases of spontaneous conversion to sinus rhythm between randomization (i.e., start
of the study drug) and CV in either group. Kaplan-Meier survival curves for both groups are
shown in Figure 1. Survival estimates showed no significant difference in the time to AF
recurrence with atorvastatin 80 mg and placebo. (median (IR, interquartile range): 29
(2-145) days versus 22 (7-70) days, p=0.9). Using Cox proportional hazards regression
analysis, there was no difference in AF recurrence in atorvastatin 80 mg and placebo groups
on both univariate analysis (unadjusted hazard ratio: 1.0, 95% CI: 0.99-1.0, p=0.17) and
after adjusting for the available potentially confounding demographic, clinical, and
pharmacological variables (adjusted hazard ratio: 0.99, 95% CI: 0.98 -1.01, p=0.14). Eight
(24.2%) patients on atorvastatin 80 mg and 7 (22.6%) on placebo had a recurrence in AF
within the first 24 hours following successful CV (p=1.0). Even on excluding these patients,
there was no significant difference in the time to recurrence of AF in the two groups
(median (IR): 34 (25-391) days versus 30 (18-70) days, p=0.6) (Figure 1).

Measures of systemic oxidative stress and inflammation at baseline and 1 month after CV
are compared between the two study groups in Table 2. While there was no significant
difference in the systemic oxidative stress at 1 month between the atorvastatin and placebo
groups, 2 of 4 inflammatory markers, IL-6 (unadjusted OR: 0.69, 95% CI: 0.48-0.99) and
hs-CRP (unadjusted OR: 0.79, 95% CI: 0.65-0.95), were significantly lower in the
atorvastatin group. The difference in effect sizes for IL-6 and hs-CRP was maintained in a
multivariate analysis even after adjustment for age, gender, body mass index (BMI),
smoking status, chronic medical conditions, and renin-angiotensin system inhibitors (IL-6,
adjusted OR: 0.59, 95%CI: 0.35-0.97; hs-CRP, adjusted OR: 0.58, 95% CI: 0.37-0.94). The
efficacy of the study drug was assessed by comparing total cholesterol levels at baseline and
on 1-month follow-up visit. While there was no change in the placebo group (163.3 ± 38.4
versus 166.3 ± 47.2 mg/dl, p=0.17), patients on atorvastatin 80 mg showed a significant 23%
reduction in the mean cholesterol levels (183.5 ± 37.3 versus 142.0 ± 45.4 mg/dl, p=0.03).
Safety was monitored by an independent board, and no major side-effects requiring
discontinuation of treatment or reduction in dosage were reported during the study period.
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Discussion
Inflammation, oxidative stress, and atrial fibrosis have all been considered as novel potential
therapeutic targets for upstream therapy in the treatment and prevention of AF. Statins have
been shown to have pleiotropic effects.14, 15 Nevertheless, clinical trials conducted so far
have shown conflicting results with regards to the benefits of statins in the prevention of
recurrence of AF after CV.22, 23, 24, 25 In this study, we showed that, despite reducing some
inflammatory markers and total cholesterol in the study group, high dose atorvastatin did not
affect the recurrence of AF after CV.

Our findings are consistent with those of recent trials. In an open, controlled multicenter
study, 24 there was no reduction in the recurrence rate of AF after CV with pravastatin 40
mg daily. In another recent randomized, placebo controlled, multicenter study, atorvastatin
80 mg showed no benefit over placebo in maintaining SR in patients after successful CV.25

A subgroup analysis of the Antihypetensive and Lipid Lowering Treatment to prevent Heart
Attack Trial (ALLHAT), found that assignment to pravastatin did not alter the incidence of
AF in the study population.26

Systemic and cardiac oxidative stress and increased cardiac NADPH oxidase activity have
been associated with AF.5,17,27,28,29 Statins have activity against NADPH oxidases.30, 31

Nevertheless, statin use did not alter systemic oxidative stress in our trial. It is possible that
the NADPH oxidase is not the major source of oxidative stress in the myocardium, unlike in
blood vessels. Alternatively, it may be that the major source of oxidative stress in persistent
AF shifts away from the NADPH oxidase over time. The GISSI-HF group compared the
effect of rosuvastatin 10 mg with placebo on the incidence of new AF in heart failure
patients. Though they demonstrated a statistically significant improvement in the new AF
group, chronic AF patients showed no benefit with statin therapy.32 However, consistent
with our data, statin therapy did lower hs-CRP levels in this study. Increased NADPH
oxidase activity may contribute to the initiation of AF, but, once established, the oxidative
stress driving AF may be derived from sources that are not affected by statins. Thus,
NADPH oxidase may have a role in acute onset AF as seen after surgery, 31 but not in
established AF. This could explain why agents altering NADPH oxidase signaling, such as
renin-angiotensin inhibitors and statins, would be more effective in acute setting like post-
operative AF and less effective in chronic longstanding AF. Consistent with this idea, a
recent large trial looking at angiotensin receptor blockade in prevention of recurrence of AF
showed no benefit in established AF.33

While 2 of 4 markers of systemic inflammation were lowered with high dose statin in our
study, there was no significant effect on the time to recurrence after CV. This may imply
that though high dose statins have a systemic anti-inflammatory action, it may not
necessarily translate into reduction in AF recurrence. The findings, however, do not rule out
the role of localized or specific forms of cardiac inflammation in the initiation, maintenance,
and recurrence of AF. Moreover, the cause and effect relationship of inflammation and AF
is not clear. The current evidence is inconclusive whether inflammation causes AF or the AF
itself generates inflammation. 34, 35

Observational studies that showed a benefit of statin therapy on recurrence rates of AF after
CV involved a patient population that was older with a significant prevalence of coronary
artery disease. 36 It may be possible that statins have greater efficacy against vascular rather
than cardiac inflammation or that statins do not affect the relevant inflammatory cascades
responsible for perpetuation of chronic AF. Subjects with coronary artery disease were
largely excluded in our study, since these patients had a preexisting indication for statin use.
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Oxidative stress measures were not altered in our trial. Thus, it remains to be determined if
oxidative stress contributes to maintenance of AF. Systemic oxidative stress has been linked
to persistent AF. 17 Several antioxidants including ascorbate, Probucol and N-acetylcysteine
have been studied in AF. 37,38,39,40 While these studies support the role of oxidative stress
in pathophysiology of AF, they do not clarify its source.

Limitations
Although a large number of patients were screened, the ubiquitous use and indications for
statin therapy limited enrollment. Even if statins were to prove efficacious in larger trials;
based on our findings, it is unlikely that the effect would be through alterations in systemic
inflammation or oxidative stress. On the other hand, we excluded subjects with significant
coronary artery disease and dyslipidemia. The effect of statin use on recurrence of AF in this
population remains unknown. Finally, this study is relevant only to patients with persistent
AF, and as discussed above, post-operative or new onset AF may respond differently.

Recurrence rate was slightly higher in our study when compared to that seen in other trials,
with a significant portion of recurrence early after CV.24, 25, 26, 40 It is possible that the
study sample was derived from a high risk population. Long-standing AF leads to
anatomical and electrical remodeling, and fibrosis of atrial tissue causing chronicity and
high recurrence rate.

Conclusions
High dose atorvastatin did not reduce the recurrence of AF after CV. It reduced selective
markers of inflammation without affecting systemic oxidative stress. Failure of atorvastatin
to prevent AF recurrence may be due to its failure to affect oxidative stress.
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Figure 1.
Kaplan-Meier survival curves showing the time to AF recurrence in the atorvastatin 80 mg
and placebo groups after successful cardioversion. (Left) for all trial subjects (p=0.9). (Right)
excluding subjects with a recurrence within 24 hours (p=0.6).
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Table 1

Comparison of baseline characteristics in the atorvastatin 80 mg and placebo groups

Patient characteristics Atorvastatin 80 mg
(n=33)

Placebo
(n=31) P value

Age (years) 58.2±11.6 58.9±13.9 0.91

Gender (male) 27 (81.8%) 26 (83.9%) 1.0

Race (white) 28 (84.8%) 26 (83.9%) 1.0

Current smokers 8 (24.2%) 5 (16.1%) 0.54

BMI (kg/m2) 33.1±12.2 34.4±12.2 0.67

Hypertension 17 (51.5%) 15 (48.4%) 1.0

Diabetes mellitus 4 (12.1%) 1 (3.2%) 0.36

Ischemic heart disease 4 (12.1%) 4 (12.9%) 1.0

Previous cardiac surgery 1 (3%) 2 (6.5%) 0.61

Previous cardioversion 18 (54.5%) 12 (38.7%) 0.22

Heart rate (/minute) 84.8±20.5 86.8±18.9 0.67

Systolic BP (mm Hg) 131.8±26.7 126.8±21.3 0.41

Diastolic BP (mm Hg) 82.5±16.0 78.9±11.3 0.30

Ejection fraction (%) 49.2±15.0 46.9±15.7 0.62

LA dimension (mm) 46.5±6.2 45.8±8.1 0.79

Total cholesterol (mg/dl) 183.5±37.3 163.3±38.4 0.07

Baseline medical therapy

Antiarrhythmic 17 (51.5%) 16 (51.6%) 1.0

Coumadin 29 (87.9%) 28 (90.3%) 1.0

β blockers 16 (48.5%) 21 (67.7%) 0.14

RAAS inhibitors 11 (33.3%) 16 (51.6%) 0.22

Diuretics 9 (27.3%) 13 (41.9%) 0.29

Data are presented as means ± standard deviation for continuous variables and numbers (percentages) for categorical variables. All continuous
variables presented in the table have a normal distribution. BMI, Body mass index; BP, Blood pressure; LA, Left atrium; RAAS, Renin angiotensin
aldosterone system.
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