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Relation of inflammatory and oxidative markers to the occurrence
and recurrence of persistent atrial fibrillation

Israrci atriyum fibrilasyonu olusumu ve nuksunun serum oksidatif stres ve
yangi belirtecleri ile iligkisi
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ABSTRACT

Objectives: There is increasing evidence linking inflam-
mation and oxidative stress to atrial fibrillation (AF). In this
study, we tested the hypothesis that C-reactive protein
(CRP) and oxidative stress markers can predict the recur-
rence of persistent AF after successful pharmacological car-
dioversion. A possible relationship with AF occurrence was
also investigated.

Study design: Using a case-control study design, CRP,
catalase, superoxide dismutase (SOD), and malondialde-
hyde (MDA) levels of 42 patients (23 female, 19 male; mean
age 58.4+13.6 years) with documented persistent AF epi-
sodes were compared with 21 controls (9 female; 12 male;
mean age 58.1+6.9 years).

Results: Overall AF patients were followed for 6 months,
and 17 showed recurrence. Then, they were divided into
two groups (recurrence and no recurrence) and compared
with each other. CRP, SOD, and MDA levels were signifi-
cantly higher in AF patients compared with controls. How-
ever, only CRP levels were significantly higher in patients
with AF recurrence compared to those without recurrence.
Conclusion: Increased markers of inflammation and oxida-
tive stress are found in patients with persistent AF, suggest-
ing that inflammation and oxidative stress may be associ-
ated with the presence of arrhythmia.

A trial fibrillation (AF) is the most common arrhyth-

ia encountered in clinical practice. Its preva-
lence has continuously increased during the past few
decades, mainly due to the aging of the population and

OZET

Amac: Atriyum fibrilasyonu (AF) ile yang! ve oksidatif stres
arasinda giderek artan sayida kanitlar ortaya ¢ikmaktadir.
Bu calismada, C-reaktif protein (CRP) ve oksidatif stres be-
lirteclerinin, 1srarci AF’nin basaril farmakolojik kardiyoversi-
yonu sonrasi nukst dngorebilecegi yonundeki hipotez test
edildi. Ayrica, bu belirteclerin AF gelisimi ile olasi iligkisi de
arastirildi.

Calisma plani: Olgu-kontrol yontemi kullanilarak, kanitlan-
mis Israrci AF atagl gegiren 42 hastanin (23 kadin, 19 er-
kek; ort. yas 58.4+13.6 y1) CRP, katalaz, superoksit dismu-
taz (SOD) ve malondialdehit (MDA) seviyeleri, 21 olguluk
kontrol grubu (9 kadin, 12 erkek, ort. yas 58.1+6.9 yil) ile
karsilastiridi.

Bulgular: AF’li tum hastalar 6 ay boyunca izlendi ve bu
sure boyunca 17’sinde AF nuks etti. Bdylece, AF’li hastalar
nuks gosteren ve gostermeyenler olmak Uzere iki gruba ay-
rildi ve ayni belirtecler kullanilarak birbiriyle karsilastirildi.
CRP, SOD ve MDA seviyeleri kontrol grubuna gore AF’li
hastalarda anlaml olarak yuksekti. Bununla birlikte, sade-
ce CRP seviyeleri niks etmeyenlerle karsilastirildiginda
nuks gorulen AF’li hastalarda anlamli olarak yuksekti.
Sonuc: Yang! ve oksidatif stres belirteglerinin israrci AF’li
hastalarda yuksek bulunmasi, aritminin varligi ile yangi ve
oksidatif stresin iliskili olabilecegini dusundurmektedir.

the improved survival of patients with other cardiovas-
cular diseases.!'"?! Although it appears to be the result
of a complex interaction between electrophysiologic,
metabolic, ischemic, and hemodynamic disorders,
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along with genetic factors, etiology and pathophysiol-
ogy have not been fully clarified yet.?> Despite the
use of antiarrhythmic agents for sinus rhythm main-
tenance, a considerable proportion of patients expe-
rience a relapse of AF.I%! In the past, classic factors
known to influence AF history included the presence
of left ventricular dysfunction, left atrial (LA) en-
largement, age, arrhythmia duration, and history of
hypertension.® It has been shown that atrial remod-
eling is responsible for high recurrence rates after
cardioversion. Inflammation might play an important
role in this process,” though conflicting data exist in
the literature. Several studies have demonstrated that
C-reactive protein (CRP) might predict recurrence af-
ter successful cardioversion;!'*!3 however, other stud-
ies have failed to reproduce these results.[41¢]

In this study, we aimed to investigate the relation-
ship of inflammation and oxidative stress to AF.

PATIENTS AND METHODS

Forty-two patients (23 female/19 male, mean age
58.4+13.6 years) diagnosed with persistent AF ac-
cording to the European Society of Cardiology
(ESC) 2010 AF guidelines 17 and 21 age and gender
matched healthy volunteers (12 male/9 female, mean
age 58.1+6.9 years) were prospectively enrolled in the
study. Exclusion criteria were as follows: left ventric-
ular ejection fraction <50%, unsuccessful pharmaco-
logical cardioversion, chronic inflammatory disease,
current inflammatory disease, acute or chronic infec-
tion, acute coronary syndrome, uncontrolled hyper-
tension, any operation in the last 60 days, any degree
of stenotic valve disease, severe valve regurgitation,
LA diameter >50 mm, hyperthyroidism, chronic ob-
structive pulmonary disease, chronic kidney disease,
chronic liver disease, cerebrovascular disease, and
malignancy.

All patients provided a detailed history and under-
went a physical examination, 12-lead ECG, and trans-
thoracic echocardiography. Pharmacological cardio-
version with oral propafenone (600 mg single bolus
and 150 mg three times daily) and the appropriate
parenteral heparin dose were then administered. Res-
toration of sinus rhythm in 24 hours was considered
successful cardioversion. All study subjects provided
signed informed consent, and the study protocol was
approved by the ethics committee of our institution.

All patients were followed  pppreviations:
for six months while being  ,r  uiat fibrisiation
treated with beta blockers and ~ CRP  C-reactive protein
propafenone. Per the recom- ¢ 'é';:;fj;’;fme’y g
mendation of the ESC 2010 14 Lefiatrial
AF  guidelines,!'”  warfarin =~ MP4 Malondialdehyde

. . X SOD  Superoxide dismutase

or acetylsalicylic acid was
added. After one month, all of the patients were re-
evaluated with 12-lead ECG and provided a detailed
history; they were asked about palpitation episodes,
adjustment to medications, and possible side effects.
All of the patients were reevaluated monthly by tele-
phone. If they had suspicious symptoms, 12-lead ECG
and, if necessary, ambulatory ECG was performed. It
was considered a recurrence if an AF episode was de-
tected on 12-lead ECG or ambulatory ECG.

After six months of follow-up, 24 patients (15
male/9 female, mean age 55.8+16.5 years) were still
maintaining sinus rhythm, while 17 patients (13 fe-
male/4 male, mean age 62+7.2 years) showed AF
recurrence. Thus, patients were divided into two
groups: group 1, persistent AF patients with normal
sinus rhythm, and group 2, persistent AF patients with
AF recurrence.

Blood samples

Blood samples were collected from all patients before
cardioversion. All blood samples were drawn from a
vein in the forearm and collected into 5-ml Vacutainer
tubes containing potassium ethylenediaminetetraac-
etate (EDTA). The samples were centrifuged at 1000
g at 4°C for 10 minutes to separate the pellets and the
supernatant. The supernatant was removed cautious-
ly. Erythrocytes were washed three times using 0.9%
NaCl solution to remove residuals. The mixed solu-
tion containing erythrocytes and saline was centri-
fuged at 1000 g at 4°C for 10 minutes following each
process. Hemolysates were prepared directly from
washed red cells to measure biochemical parameters.

CRP levels were assessed by means of particle
enhanced immunonephelometry using BN Systems
(Dade Behring BN 100, Germany). Erythrocyte cata-
lase (CAT) activity was measured using the Beutler
test at 230 nm based on the rate of hydrogen perox-
ide decomposition by CAT; activity was expressed
as units per gram hemoglobin (U/gHb).I'" Superox-
ide dismutase (SOD) activity was measured using
Fridovich’s method." This method uses xanthine
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and xanthine oxidase to produce superoxide radi-
cals which react with p-iodonitrotetrazolium violet
to generate a red formazan measured at 505 nm. The
result was expressed as units per gram hemoglobin
(U/gHDb). Lipid peroxidation of plasma samples was
measured by the method of Ohkawa et al.*"! based on
thiobarbituric acid-reactive malondialdehyde (MDA)
formation by absorption at 532 nm; lipid peroxidation
was expressed as nmol/ml.

Statistical analysis

All data were processed using the SPSS statistical
software (version 11.0), and a p value of less than 0.05
was considered significant. The Mann-Whitney U-
test was used to analyze the statistical significance of
measurable values, and the chi-square test was used
for non-measurable values.

RESULTS

Basic characteristics

During the six months of follow-up, 24 of 42 patients
maintained sinus rhythm, while 17 patients showed
recurrence. One patient died during the study peri-
od. Basic patient characteristics are shown in Table
1. The control group and the overall AF group were
statistically similar for the following parameters: age,

Table 1. Basic patient characteristics

gender, body mass index, smoking, hypertension, dia-
betes mellitus, left ventricular ejection fraction, angio-
tensin-converting enzyme, and angiotensin receptor
blocker medications. Left atrium diameter (38.1+5.2
and 33.3+2.7; p<0.001) was significantly higher in the
overall AF group compared with the controls.

Age, body mass index, smoking, hypertension, di-
abetes mellitus, LA diameter, angiotensin-converting
enzyme, and use of angiotensin receptor blocker were
similar for group 1 and group 2. There were more fe-
male patients in group 2 compared with group 1 (13
[76.5%] and 9 [37.5%], respectively; p=0.025).

Relationship of AF to oxidative stress parameters
and CRP

Oxidative stress parameters and CRP levels are shown
in Table 1 and Table 2. CRP levels were significantly
higher in overall AF patients compared with the con-
trols. MDA and SOD levels were also significantly
higher in overall AF patients compared with the con-
trols. However, in the AF subgroups, only CRP levels
were significantly higher in the AF recurrence group
compared with the AF group with no recurrences. Al-
though oxidative stress parameter levels were differ-
ent for groups 1 and 2, the difference was not statisti-
cally significant.

Controls Overall AF group
(n=21) (n=42) p
n Y% Mean+SD n Y% Mean+SD

Age (years) 58.1+6.9 58.4+13.6 NS
Female 9 42.9 23 548 NS
Body mass index (kg/m?) 29.1+2.1 20.8+5.4 NS
Smoking 2 9.5 5 11.9 NS
Hypertension 9 42.9 18 429 NS
Diabetes mellitus 2 9.5 5 11.9 NS
Ejection fraction (%) 64.5+£3.4 64.4+5.2 NS
Left atrium diameter (mm) 33.3+2.7 38.1£5.2 <0.001
ACE, ARB 9 429 22 524 NS
C-reactive protein 3.41+0.36 7.41+4.23 <0.001
Catalase 0.51+0.44 0.64+0.52 NS
Malondialdehyde 6.54+7.17 12.6+x11.4 0.006
Superoxide dismutase 24347.7+33662.1 31538.1+26073.2 0.001

AF: Atrial fibrillation; ACE: Angiotensin converting enzyme; ARB: Angiotensin receptor blocker; NS: Non-significant.
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Table 2. Comparison of demographic data, inflammation and oxidative stress parameters between groups

Group 1 Group 2
(n=24) (n=17) p
n % Mean+SD n % Mean+SD

Age (years) 55.3+17 57.1+4.5 NS
Female 9 37.5 13 765 0.025
Body mass index (kg/m?) 29.2+6.3 30.9+5.2 NS
Smoking 4 16.7 5.9 NS
Hypertension 10 417 7 41.2 NS
Diabetes mellitus 4 16.7 5.9 NS
Ejection fraction (%) 63.4+5.4 66.1+5.8 0.061
Left atrium diameter (mm) 38.2+4.9 37.8+5.4 NS
ACE, ARB 10 417 12 706 NS
C-reactive protein 5.04+1.02 11.41+4.55 <0.001
Catalase 0.51+0.36 0.84+0.62 NS
Malondialdehyde 14.1£14.3 10.5+6.4 NS
Superoxide dismutase 32109.7+30473.4 30731+£19054.3 NS

AF: Atrial fibrillation; ACE: Angiotensin converting enzyme; ARB: Angiotensin receptor blocker; NS: Non-significant.

DISCUSSION

In this study, we investigated the relationship of oxi-
dative stress parameters and CRP levels to persistent
AF occurrence and recurrence. In conclusion: (1)
CRP, MDA and SOD levels were higher in persistent
AF patients; (2) only CRP levels were higher in recur-
rent persistent AF patients; (3) recurrence was more
common in female patients; and (4) LA diameters
were higher in overall persistent AF patients com-
pared with the control group.

The results of this study suggest that inflammation
and oxidative stress are related to persistent AF oc-
currence.

Inflammation and AF

In the past few years, much attention has been de-
voted to assessing the role of inflammation in AF.
Several studies using markers of inflammation, such
as CRP and interleukin-6, have indicated higher lev-
els of both parameters in AF patients compared with
sinus rhythm controls.?'?¥ It has been demonstrated
that AF is associated with high sensitivity CRP levels
and larger LA dimensions, and higher inflammation
status during sinus rhythm potentially increases the
risk of AF occurrence during the follow-up period.?*
Furthermore, previous studies found that high sensi-

tivity CRP levels were significantly higher in patients
with paroxysmal and chronic AF than in normal con-
trols. High sensitivity CRP levels were also higher in
chronic AF patients than in the paroxysmal AF group.
(251 CRP has also been independently associated with
early AF recurrence in the first month after successful
cardioversion.!'!J

Oxidative stress and AF

Existing data in the literature regarding oxidative
stress and AF are not as clear as data for inflamma-
tion and AF. Fewer studies on oxidative stress and AF
have been completed. It has been found that patients
with post-operative AF after cardiac surgery had sig-
nificantly higher serum total peroxide levels compared
with patients in sinus rhythm six hours after surgery.
(261 Furthermore, Leftheriotis et al.?”! postulated that
MDA and nitrotyrosine were reliable predictors of
sinus thythm maintenance after the first cardioverted
episode of persistent lone AF. Our study findings sup-
port a relationship between AF development and oxi-
dative stress. Conversely, the levels of oxidative stress
markers (SOD and MDA) seem to be unrelated to AF
recurrence.

In conclusion, most studies of inflammation, oxi-
dative stress, and AF have been performed with het-
erogeneous groups of patients, and many of those pa-
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tients have had underlying heart diseases which might
have confounded inflammation and oxidative stress
marker results. Also, patients with long-lasting AF
have been included. Usually, electrical cardioversion
has been preferred.!!37-3%

We tried to choose a homogenous patient popula-
tion; only persistent AF patients with successful phar-
macological cardioversion using only propafenone
were enrolled. The aim was to investigate the predic-
tive role of inflammation and oxidative stress markers
in detecting recurrence rates after successful pharma-
cological cardioversion using only one type of antiar-
rhythmic agent in patients with only one type of AF.

Limitations

Due to the relatively small number of patients in-
cluded in this study, the study may have lacked suf-
ficient statistical power to detect certain associations.
Measurements of marker levels before the onset of AF
could not be obtained, since our patients were urgently
admitted to the hospital and AF onset time could not
be predicted. Insufficient data on AF duration is also
an important limitation of this study. In addition, we
cannot exclude the possibility that asymptomatic epi-
sodes of self-limited AF occurred in the sinus rhythm
patient group after cardioversion.

Conflict-of-interest issues regarding the authorship or
article: None declared
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