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Objective: Available evidence suggests that inflammation may be associated with atrial fibrillation (AF). This prospective and observational study 
aimed to assess whether plasma neopterin (NPT) and interleukin-6 (IL-6) levels before and after electrical cardioversion (CV) predict AF recurrence.
Methods: The study was designed as a prospective observational trial. Blood samples were collected (24 hours before, 24 h after CV, and 7 
days after CV) in 60 patients with a dual-chamber pacemakar and preserved left ventricular systolic function who underwent successful CV of 
persistent AF. All significant parameters associated with AF recurrence lasting ≥30 min and detected by pacemaker data logs were evaluated 
in multivariate logistic regression analysis. Echocardiography was performed 7 days after CV in patients with sinus rhythm. The control group 
included 17 subjects without AF.
Results: The analysis included 51 patients who remained in sinus rhythm 7 days after CV. During 12 months of follow-up, AF recurred in 46 pa-
tients. Baseline IL-6 levels did not differ between the two groups, but baseline NPT levels were higher in the study group than in the control group 
(19±7 vs. 11±5 nmol/mL, p<0.001). NPT levels of ≥14.6 nmol/L at baseline and ≥13.3 nmol/L 7 days after CV separated the patients with AF recur-
rence from those without arrhythmia after CV. Only left atrial emptying fraction <38% was an independent predictor of AF recurrence (p=0.03), 
whereas NPT levels of ≥13.3 nmol/L 7 days after CV showed borderline statistical significance (p=0.07).
Conclusion: Increased NPT level was observed in patients with persistent AF. Neither baseline IL-6 and NPT levels nor their changes within 7 
days after CV were predictive of AF recurrence. Further studies are needed to establish the prognostic significance of NPT in patients with AF. 
(Anatol J Cardiol 2016; 16: 563-71) 
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Neopterin and interleukin-6 as predictors of recurrent atrial fibrillation

Introduction

Atrial fibrillation (AF) is the most common arrhythmia in clini-
cal practice. Because of its high prevalence and the lack of fully 
effective therapy, AF remains a challenge in modern medicine. 
Better understanding of the mechanisms responsible for the oc-
currence and maintenance of this arrhythmia would be helpful 
to establish effective treatment strategies.

Available evidence suggests that systemic inflammation may 
be associated with AF and its pathogenesis (1, 2). However, it is still 
unclear whether the inflammatory response is a cause or a conse-
quence of AF. In addition, these pathways may be interrelated. High-
grade systemic inflammation can trigger AF by activation of atrial 
foci in patients with anatomically or electrically susceptible atrial 
substrate. Alternatively, rapid atrial activation during AF induces 
calcium overload that may cause atrial cardiomyocyte apoptosis. 
This cardiomyocyte loss is accompanied by replacement fibrosis 
within the atria, with subsequent anatomical and electrical re-

modeling. However, the precise mechanism by which inflammation 
contributes to the development of AF remains unclear.

C-reactive protein (CRP) and interleukin-6 (IL-6) are the most 
frequently evaluated inflammatory markers in AF research (1, 3–10). 
Other markers of inflammation, such as tumor necrosis factor-α 
(TNF-α) levels, transforming growth factor-β (TGF-β) levels, interleu-
kin-8 (IL-8) levels, and white blood cell count (7, 8, 10–13), were also 
investigated; however, the reported results are equivocal.

Neopterin (NPT) is an immune modulator produced by mono-
cytes/macrophages upon activation by proinflammatory stimuli like 
Th1-type cytokine interferon-gamma. Increased serum NPT levels 
have been reported in patients with coronary artery disease and 
have been shown to be a predictor of future cardiovascular events 
(14–18). Elevated serum NPT levels have also been demonstrated in 
patients with heart failure, and they have been shown to be associat-
ed with left ventricular (LV) enlargement (19, 20) and a high incidence 
of cardiac events (21). Currently, no data are available regarding the 
role and predictive significance of NPT levels in patients with AF.
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The aims of this prospective and observational study were 
as follows: (a) to evaluate plasma NPT and IL-6 levels before 
and after electrical cardioversion (CV) in patients with persis-
tent AF, preserved LV systolic function, and an implanted dual-
chamber pacemaker; (b) to assess whether these inflammatory 
markers predicted arrhythmia recurrence during 12 months of 
follow-up after CV. 

Methods 

The study conducted by the two cardiology centers and was 
designed as a prospective observational trial. We studied patients 
with persistent non-valvular AF referred to Department of Cardiol-
ogy and Electrotherapy Medical University of Gdańsk in Poland 
for CV who had an implanted dual-chamber pacemaker equipped 
with AF detection function. Atrial fibrillation was considered per-
sistent if it lasted 7 days or longer, or if CV was performed within 7 
days of its occurrence. The exclusion criteria were as follows: im-
paired global LV systolic function (LV ejection fraction <45% in the 
echocardiographic study before CV), clinically significant valvular 
disease or prosthetic valve, hyperthyroidism, New York Heart As-
sociation (NYHA) class-III or class-IV heart failure, history of ma-
lignancy or connective tissue disease, anti-inflammatory or im-
munosuppresive treatment, active inflammatory process (based 
on clinical assessment and/or CRP levels of >10 mg/L), myocardial 
infarction, unstable angina, and percutaneous coronary interven-
tion (PCI) or coronary artery bypass grafting (CABG) within 3 
months before the enrollment. The control group consisted of 17 
subjects of similar age and gender as the study group, in whom 
we excluded AF and any cardiovascular disease on the basis of 
their history and medical records. Chronic kidney disease was 
recognized if the glomerular filtration rate, estimated by the Cock-
roft–Gault formula, was <60 mL/min on two consecutive examina-
tions. AF episode duration before CV was calculated on the basis 
of intracardiac recordings obtained from the pacemaker data 
logs, as well as ECG documentation received from the patients.

Adequate anticoagulation was confirmed in all patients in-
cluded in the study. Electrical cardioversion was performed un-
der conscious sedation using a direct-current biphasic shock 
(Medtronic Physio-Control Lifepack 20E, Redmond, USA) applied 
with paddles placed in the anterolateral position at least 10–15 
cm away from the pacemaker can. The shock sequence was 100 
J followed by 200 J. In case of unsuccessful CV, another 200-
J shock was applied. Pacemaker parameters (including sens-
ing and pacing settings and battery status assessment) were 
checked before and directly after CV. CV was considered suc-
cessful if sinus rhythm persisted for 24 h.

Estimated required sample sizes was 46 (β=0.8, α=0.05). Sam-
ple size for repeated measures ANOVA for neopterin was calcu-
lated on the basis of the assumption that the change in the mean 
levels during consecutive measurements was at least 3 units, 
standard deviation was 7, and the correlation between follow-
up measurements was 0.7. The study protocol was approved by 
the local Ethics Committee, and all patients gave their written 
consent to participation in the study.

Study protocol
Patient evaluation included history, physical examination, 

electrocardiogram (ECG), pacemaker interrogation with detailed 
analysis of its data logs and stored ECGs, and blood sampling 
for NPT and IL-6 level measurement. CRP levels were measured 
using the latex-enhanced immunoturbidimetric method (high-
sensitivity CRP assay was not available). On the 7th day after CV, 
echocardiography was performed in patients in sinus rhythm.

Sinus rhythm control and device data logs were evaluated 
during follow-up visits, scheduled at 1, 3, 6, and 12 months af-
ter CV. The study endpoint was AF recurrence lasting at least 30 
min and confirmed by ECG and/or pacemaker data logs. Depend-
ing on the timing of AF occurrence, patients were divided into 
three groups: Group 1–AF recurrence within 7–30 days after CV, 
Group 2–AF recurrence between 31 days and 1 year after CV, 
and Group 3–no AF during 1 year follow-up after CV.

Transthoracic echocardiography was performed using 
a 3.5-MHz phased array transducer (Vivid 3, GE Healthcare, 
USA). Echocardiographic parameters included LV dimensions 
measured at end-systole and end-diastole in the parasternal 
long-axis view. LV end-systolic and end-diastolic volumes were 
calculated from the 2-chamber and 4-chamber apical views. LV 
ejection fraction (LVEF) was calculated by the biplane Simp-
son’s method (22). Left atrial (LA) diameter (in the parasternal 
long-axis view) and LA and right atrial (RA) area (in the apical 
4-chamber view at end-systole) were measured. LA and RA end-
systolic and end-diastolic volumes were calculated from the api-
cal 4-chamber view, and LA and RA emptying fractions (LAEF 
and RAEF, respectively) were determined.

Measurement of plasma NPT and IL-6 levels
Blood samples were collected within 24 h before, 24 h after, 

and 7 days after CV in fasting patients after 30-min rest. Samples 
were centrifuged for 20 min at 4°C and the plasma was stored 
at –70°C until assays. Plasma NPT and IL-6 levels were deter-
mined by the immunoenzymatic method using standard labora-
tory techniques according to manufacturers’ specifications. We 
used Neopterin Brahms No. 99.1 kits, Thermo Scientific, Germa-
ny (values expressed in nmol/L) and Quantikine Human IL-6 No. 
D6050 kits, R&D Systems, USA (values in pg/mL). Patients with 
an AF episode within the first 7 days after CV were excluded from 
the analysis.

Statistical analysis
Data are presented as mean values±standard deviation and 

range, patient numbers, and percentages, or median values with 
the 1st and 3rd quartile [QI; QIII] (interquartile range). Normally 
distributed variables were compared using the Student t-test, 
and the Mann–Whitney U test was used to compare indepen-
dent non-normally distributed variables. Differences between 
categorical variables were assessed using the chi-square test. 
Matched pair variables with normal distribution were com-
pared using matched-pair t test, and otherwise, the Wilcoxon 
matched-pairs signed-ranks test was used to compare indepen-
dent variables. Receiver operating characteristic (ROC) curves 
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were plotted for NPT and IL-6 levels and LAEF, and the area un-
der the curve (AUC) was calculated in order to determine values 
separating the patients with or without AF recurrence during the 
follow-up period. NPT and IL-6 levels 24 h before, 24 h after, and 7 
days after CV were compared using repeated measures ANOVA 
test. Univariate and multiple logistic regression was used to as-
sess the association between an early AF recurrence (between 
1 week and 30 days after CV) and other variables (age, gender, 
AF history and AF episode duration before CV, medications, con-
comitant diseases, echocardiographic parameters, as well as 
plasma NPT and IL-6 levels). Cox proportional hazards analysis 
was performed to identify determinants associated with AF re-
currence during 12 months of follow-up after CV. Variables with 
p≤ 0.2 by univariate analysis were then included in the stepwise 
multivariate analysis. A p value of <0.05 was considered statis-
tically significant. Statistical analysis was performed using the 
STATA software (version 12.1, STATACorp, USA).

Results 

Successful CV was performed in 60 patients (mean age 75±7 
years) with persistent AF with a median duration of 51 days. There 
were no adverse events related to CV, anesthesia, or pacemaker 
malfunction after CV. The final analysis included 51 patients. 
Eight patients in whom AF recurred within the first week after 
CV and one patient whose baseline blood sample was lost were 

excluded from further analysis. The control group consisted of 
17 healthy subjects, including nine men (mean age 74±6 years).

No difference was found in baseline serum CRP levels be-
tween the study group and the control subjects: 2.3±1.7 mg/L 
(range 0.8–8 mg/L) vs. 2.6±1.9 mg/L (range 0.8–8.2 mg/L), p=0.4. 
Baseline NPT levels were significantly higher in the study group 
than in control subjects (19±7 nmol/L vs. 11±5 nmol/L, p<0.001). 
Baseline IL-6 levels did not differ between the study group and 
the control group (Table 1). 

Changes in NPT and IL-6 levels after CV are shown in Table 1. 
NPT levels increased significantly at 7 days after CV compared 
with values obtained at 24 h after CV (p=0.03). Plasma IL-6 levels 
did not change after CV compared with baseline values. 

Atrial fibrillation recurred after successful CV in all but five pa-
tients. AF recurred between 1 week and 30 days after CV (Group 1) 
in 28 patients, between 31 days and 1 year after CV (Group 2) in 18 
patients, and only in five (10%) patients no recurrent AF episodes 
were noted within 12 months after CV (Group 3). The patients who 
remained free from AF for 1 year after CV were all treated with 
class-III antiarrhythmic drugs, whereas those with early AF re-
currence after CV were characterized by lower LAEF (Table 2).

Baseline plasma NPT levels of ≥14.6 nmol/L separated the 
patients with and without AF recurrence during the follow-up 
with a sensitivity and specificity of 73% and 57%, respectively. 
AUC for baseline NPT levels were 0.68 [95% confidence inter-
val (CI) 0.49–0.87, Fig. 1a]. The strongest predictor of AF recur-
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Table 1. Plasma levels of neopterin and interleukin-6 measured 24 h before, 24 h after, and 7 days after successful electrical cardioversion in 
patients with persistent atrial fibrillation and in subjects in the control group

  Control group 24 h before CV 24 h after CV 7 days after CV P
      Before vs. 24 h  
      vs. 7 days after CV

Neopterin, nmol/L 11±5* (5.8–26) 19±7* (6.3–38) 17.8±7Δ (7.7–35) 19.8±8Δ (6.4–37) <0.05

Interleukin-6, pg/mL 3.4±5 (0.7–20) 3.6±4 (0.3–19) 4.8±5 (0.4–20) 3±2.7 (0.2–12) 0.5
CV - electrical cardioversion. Repeated-measures ANOVA test was used to compare cytokine levels 24 h before vs. 24 h after vs. 7 days after electrical cardioversion. 
*P<0.001 (Student t-test); ΔP=0.03 (matched-pair t-test)
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Figure 1. Receiver-operator characteristic curve analysis of (a) the plasma neopterin (NPT) levels before electrical cardioversion (CV) and (b) that 
at 7 days after CV for separation of patients with or without atrial fibrillation recurrence
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rence was NPT levels at 7 days after CV, with the cutoff value of 
≥13.3 nmol/L; AF recurrence was predicted with a sensitivity and 
specificity of 81% and 75%, respectively. AUC for the NPT levels 
at 7 days after CV was 0.84 (95%CI 0.69–0.99, Fig. 1b).

When comparing NPT and IL-6 levels after CV in the three 
groups of patients (Table 3), the only difference was borderline 
lower NPT levels (p=0.09) at 24 h after CV in subjects with no 
AF recurrence during 12 months of follow-up (Group 3) than in 
patients with AF recurrence (Groups 1 and 2). We found no sig-
nificant differences in IL-6 levels between Groups 1, 2, and 3. 

However, using a repeated measures ANOVA test, we found that 
changes in IL-6 levels were significant when consecutive IL-6 
level measurements were compared (p=0.04), and a trend was 
noted near significant borderline (p=0.07) when comparing the 
three groups of patients (Fig. 2).

Analysis of echocardiographic parameters in the three groups 
(Table 2) showed that LAEF was significantly lower in patients with 
early AF recurrence (p<0.001). The cutoff value of LAEF of <38% could 
predict AF recurrence with a sensitivity and specificity of 71% and 
70%, respectively. AUC for LAEF was 0.69 (95%CI 0.45–0.92, Fig. 3).

Table 2. Clinical characteristics of patients in relation to the timing of the first atrial fibrillation recurrence after electrical cardioversion

Variable Group 1 (n=28) Group 2 (n=18) Group 3 (n=5) P

Age, years  76±6 (67–85) 75±7 (60–90) 75±14 (54–88) 0.7

Male gender, % 15 (54) 9 (50) 5 (100) 0.1

BMI, kg/m2 29±6 (24–42) 28±3 (20–34) 31±3 (28–35) 0.2

AF episode duration before CV, days 52 [QI 6; QIII 104] 47 [QI 35; QIII 83] 58 [QI 3; QIII 151] 0.9

AF history, years  5 [QI 2.8; QIII 7.3] 4.2 [QI 2.9; QIII 9.2] 1.7 [QI 0.6; QIII 4.4] 0.18

Pacing indications

 Sick sinus syndrome, % 15 (54) 8 (50) 3 (60) 1.0

 2nd or 3rd degree atrio-ventricular block, % 13 (46) 8 (50) 2 (40) 1.0

Percentage of atrial pacing, % 66±31 68±249 67±35 0.5

Percentage of ventricular pacing, % 57±18 54±16 55±26 0.6

Arterial hypertension, % 23 (82) 16 (89) 5 (100) 0.7

Coronary artery disease, % 9 (32) 6 (33) 2 (40) 1.0

Heart failure, % 10 (36) 10 (56) 1 (20) 0.3

Diabetes, % 9 (32) 6 (33) 3 (60) 0.5

Chronic obstructive pulmonary disease, % 4 (14) 3 (17) 0 (0) 1.0

Dyslipidemia, % 23 (82) 13 (72) 5 (100) 0.5

Chronic kidney disease, % 13 (46) 9 (50) 1 (20) 0.5

CHA2DS2-VASc score 2.4 2.2 2.3 0.7

LVEF, % 54±6 (45–65) 56±5 (46–62) 58±6 (52–64) 0.2

Left atrial diameter, mm 47±3 (40–53) 45±3 (38–52) 48±5 (43–53) 0.08

Left atrial area, cm2 29±4 (23–38) 28±5 (21–40) 31±5 (28–41) 0.3

Right atrial area, cm2 25±4 (20–36) 26±4 (18–32) 27±4 (22–33) 0.6

LAEF, % 34±4 (26–44) 39±5 (31–49) 39±6 (30–44) <0.001

RAEF, % 35±5 (24–46) 35±7 (23–45) 37±2 (31–41) 0.5

Antiarrhythmic drugs

 Class I, % 4 (14) 4 (22) 1 (20) 0.9

 Class III, % 10 (36) 6 (33) 5 (100) 0.02

ACEI or ARB, % 18 (64) 11 (61) 4 (80) 0.8

Statin, % 23 (82) 14 (78) 5 (100) 0.7

Vitamin K antagonists, % 27 (96) 17 (94) 5 (100) 1.0

Acetylsalicylic acid, % 3 (11) 2 (11) 0 (0) 1.0
Group 1 - AF between 1 week and 30 day after CV; Group 2 - AF between 31 day and 1 year after CV; Group 3 - no AF within 1 year after CV; ACEI - angiotensin-converting enzyme 
inhibitor; AF - atrial fibrillation; ARB - angiotensin II receptor blocker; CHA2DS2-VASc - congestive heart failure, Hypertension, Age >75 years (doubled), Diabetes; LAEF - left atrial 
emptying fraction; LVEF - left ventricular ejection fraction, Stroke (doubled) - Vascular disease, Age 65–74 years; RAEF - right atrial emptying fraction, Sex category (calculates stroke 
risk in patients with non-valvular atrial fibrillation); CV - electrical cardioversion.
Kruskal–Wallis test or the one-way ANOVA was used to compare the multiple groups depending on whether data fit the assumptions of normality
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We performed analyses using age, gender, AF history, AF 
episode duration before CV, comorbidities, echocardiographic 
parameters, medications, and plasma NPT and IL-6 levels to 
identify predictors of AF recurrence within 30 days after CV 
(Table 4). None of these variables was found to predict the risk 
of early AF recurrence. In the Cox proportional hazard analy-
sis (with the endpoint of AF recurrence during 12 months after 
CV), univariate models revealed that LVEF and NPT levels at 
7 days after ≥13.3 nmol/L were independent predictors of AF 
recurrence after CV (Table 5). In stepwise multivariate analy-
sis, LAEF of <38% was the only independent predictor of AF 
recurrence, whereas LVEF (p=0.052) and NPT levels of ≥13.3 
nmol/L at 7 days after CV (p=0.07) were of borderline statisti-
cal significance.

Discussion 

In our study, we focused on the possible relation between in-
flammation and AF, examining changes in NPT and IL-6 levels in 
patients with preserved LV systolic function who underwent CV 
of persistent AF. We found elevated plasma NPT levels in patients 
with persistent AF. We showed that NPT levels of ≥14.6 nmol/L 
before CV predicted AF recurrence during the follow-up with a 
sensitivity and specificity of 73% and 57%, respectively. More 
importantly, NPT levels of ≥13.3 nmol/L at 7 days after CV could 
predict arrhythmia recurrence with a sensitivity and specificity of 
81% and 75%, respectively. Neither NPT and IL-6 levels at base-
line nor their changes within 7 days after CV were predictive for 
AF recurrence during 12 months of follow-up, although NPT levels 
of ≥13.3 nmol/L at 7 days after CV showed borderline statistical 
significance in multivariate analysis (p=0.07). Among various clini-
cal variables, only low LAEF (<38%) by echocardiography was an 
independent predictor of AF recurrence. Our findings are in agree-

Table 3. Plasma inflammatory marker levels and their changes in serial blood samples in the three groups of patients with different timing of the 
first atrial fibrillation recurrence after electrical cardioversion. Plasma blood samples were obtained 24 h before (I), 24 h after (II), and 7 days 
(III) after successful cardioversion

Cytokine Group 1 Group 2 Group 3 P 
  AF between 1 week AF between 31 no AF within  
  and 30 day after day and 1 year after 1 year after 
  CV (n=28) CV (n=18) CV (n=5)

CRP, mg/L 2.1±1.6 (0.7–7) 2.5±2 (0.7–8) 2.6±1.6 (0.8–5) 0.7

NPT I, nmol/L 18.5±7 (6–38) 20.7±8 (9–34) 14±1 (13–16) 0.22

NPT II, nmol/L 18.4±7 (8–33) 18.5±8 (10–35) 11.8±2 (9–15) 0.09

NPT III, nmol/L 20.4±9 (6–37) 21±8 (8–35) 13.8±2 (11–15) 0.23

IL-6 I, pg/mL 4.2±5 (0.3–19) 2.1±2 (0.4–8) 7.3±7 (1.3–15) 0.17

IL-6 II, pg/mL 5.1±5 (0.4–20) 5.4±3 (0.4–10) 1±0.5 (0.7–1.5) 0.15

IL-6 III, pg/mL 2±1.8 (0.3–5) 3.1±3 (0.2–12) 1.6±1.5 (0.7–3.3) 0.9
AF - atrial fibrillation; CRP-C - reactive protein (at baseline); CV - electrical cardioversion; IL-6 - interleukin 6; NPT - neopterin.
Kruskal–Wallis test or the one-way ANOVA was used to compare the multiple groups depending on whether data fit the assumptions of normality

Se
ns

iti
vi

ty

1 - Specificity
Area under ROC curve=0.69 (95% CI 0.45–0.92)

1.00

0.75

0.50

0.25

0.00

0.00 0.25 0.50 0.75 1.00

Figure 3. Receiver-operator characteristic curve analysis of left atrial 
emptying fraction by echocardiography for separation of patients with 
or without atrial fibrillation recurrence
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ment with the study by Ökçün et al. (23) who showed that LAEF 
<30% on transesophageal echocardiography was a predictor of AF 
recurrence during 6 months of follow-up after CV. It should be em-
phasized that we adopted a very strict criterion of AF recurrence 
in our study; this was AF episode lasting ≥30 min and detected 
by pacemaker data logs. Similarly strict criteria have been imple-
mented in some studies which assessed the outcome of AF abla-
tion. AF recurrence criterion, we adopted, may explain the high 
percentage of patients with AF relapse during 12-month observa-
tion in our study, in comparison with about 50% of patients with AF 
recurrence in epidemiological studies with different methodology.

Interleukin-6 is one of the most important factors that di-
rectly stimulate CRP synthesis (an acute phase reactant) in 
hepatocytes. Despite some inconsistent results, the majority of 
studies have indicated that high plasma CRP and IL-6 levels cor-
relate with the presence and duration of AF (11, 24). It has been 
demonstrated that elevated CRP and IL-6 levels are associated 
with the risk of immediate CV failure and AF recurrence after CV 
(9, 25–27). Moreover, the prognostic value of these inflammatory 
markers was documented and both CRP and IL-6 levels could 
predict cardiovascular events, development of heart failure, and 
all-cause mortality (28–30) irrespective of the presence of car-
diovascular disease (31–34). 

Elevated plasma NPT levels were reported in conditions 
characterized by increased cellular immune response, such as 

inflammation, autoimmune and malignant diseases, and after 
organ transplantation (18, 35). NPT levels are considered an in-
direct indicator of oxidative stress induced by NPT in these con-
ditions. Growing evidence indicates a role of NPT in cardiovas-
cular risk stratification. NPT has been indicated as a predictor 
of LV dysfunction in patients with chronic stable coronary artery 
disease (36). It was associated with mortality among survivors of 
an acute myocardial infarction (15) and with an increased car-
diac event rate in patients with heart failure (21). Data on NPT 
in patients with AF are very limited. Barani et al. (11) examined 
inflammatory factors in patients with critical limb ischemia and 
found a significantly higher serum NPT levels in those with AF 
than in patients in sinus rhythm. Rubaj et al. (37) reported a sig-
nificant decrease in NPT levels at 1 week of biatrial pacing in 
comparison to right atrial appendage pacing. 

In our study, we found significantly higher NPT levels in pa-
tients with persistent AF than in healthy subjects. In addition, 
NPT levels at 7 days after CV were significantly higher than in 
control subjects. This may suggest that an immune response 
with activation of monocytes/macrophages is involved in the in-
flammatory reactions during AF. However, the lack of changes in 
NPT levels after CV may suggest that in patients with persistent 
AF in whom sinus rhythm was successfully restored, normaliza-
tion of NPT levels requires a longer time than normalization of 
CRP and IL-6 levels (3). 

Table 4. Univariate and multivariate predictors of atrial fibrillation recurrence between 1 week and 30 days after electrical cardioversion

Variable Univariate analysis  Multivariate analysis

  OR [CI 95%] P OR [CI 95%] P

Age, years 1.07 (0.96–1.19) 0.24

Gender, male=1 0.99 (0.19–4.94) 0.9

AF history, years 1.15 (0.89–1.49) 0.3

AF episode duration before CV, days 1.003 (0.99–1.02) 0.6

Coronary artery disease 3.42 (0.38–31.08) 0.3

Diabetes 1.43 (0.25–8.23) 0.7

Chronic obstructive pulmonary disease  0.95 (0.09–9.31) 0.9

Chronic kidney disease  2.28 (0.39–13.05) 0.4

Left ventricular ejection fraction, % 0.86 (0.72–1.03) 0.09 0.79 (0.54–1.15) 0.2

Left atrial diameter, mm 1.06 (0.85–1.32) 0.6  

Left atrial emptying fraction <38% 3.18 (0.62–16.24) 0.16 10.35(0.29–36.24) 0.2

NPT I, nmol/L  1.11 (0.96–1.28) 0.17 0.96 (0.65–1.41) 0.8

NPT II, nmol/L 1.31 (0.99–1.72) 0.05 1.79 (0.61–5.24) 0.3

NPT III, nmol/L 1.26 (0.96–1.65) 0.09 1.32 (0.66–2.61)  0.4

IL-6 I, pg/mL 1.09 (0.82–1.45) 0.5  

IL-6 II, pg/mL 0.98 (0.81–1.17) 0.8  

IL-6 III, pg/mL 0.93 (0.62–1.41) 0.7  

ACEI/ARB 2.85 (0.56–14.52)  0.21  

Statin 0.75 (0.08–7.12) 0.8  
ACEI - angiotensin-converting enzyme inhibitor; AF - atrial fibrillation; ARB - angiotensin II receptor blocker; CI - confidence interval; CV - electrical cardioversion; IL-6 - interleukin-6; 
NPT - neopterin; OR - odds ratio
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In our study, we found no significant differences in baseline 
IL-6 and CRP levels between patients with persistent AF and con-
trol subjects. This is not consistent with other studies that docu-
mented increased levels of these inflammatory factors in patients 
with persistent AF. However, our findings are plausible in the con-
text of the inflammation pathway, because CRP is a downstream 
product and IL-6 is the most important stimulus for its release. In 
our study, we excluded patients with increased CRP levels and 
comorbidities that may cause inflammation. Moreover, most pa-
tients were treated with statins and this may have influenced the 
results, because it was demonstrated that statin administration 
results in significant decrease of CRP levels (38–40). On the other 
hand, the fact that NPT levels, but not IL-6 levels, were increased 
in our sample may indicate NPT as a promising marker of AF in-
duced inflammation and oxidative stress, possibly identifying a 
patient phenotype vulnerable to AF recurrence.

Interleukin-6 is a pleiotropic proinflammatory cytokine that is 
produced not only by immune cells but also by endothelial cells, 
vascular smooth muscle cells, and ischemic cardiomyocytes 
(41). A recent meta-analysis (42) has demonstrated that IL-6 is 
not associated with AF recurrence after CV, as it was shown in 
our study. Our results are not consistent with the studies that 
reported increased plasma IL-6 levels in patients with AF (1, 3, 
5, 10, 11, 28) but our study group was small and highly selected 

compared to large cohort studies that included as many as 47000 
subjects (43) or epidemiological cross-sectional studies (1, 44, 
45). However, similarly to Leftheriotis et al. (8), we found a rapid 
decrease in the IL-6 level following CV in patients who main-
tained sinus rhythm during the follow-up. 

In our study, NPT and IL-6 levels and their changes within 7 
days after CV were not useful for predicting AF recurrence dur-
ing 12 months of follow-up. Among various clinical variables, only 
low LAEF by echocardiography was an independent predictor of 
AF recurrence after CV. Of note, our data on AF recurrence were 
obtained by means of dual-chamber pacemakers that enable a 
very accurate determination of AF recurrences. 

Study limitations

Clearly, our study included a relatively small overall patient 
sample and a small number of patients in the study group with 
no AF recurrence during the follow-up after CV. The study group 
was heterogeneous in regard to concomitant diseases and AF 
history but in our opinion, this group was representative for most 
patients with AF referred for CV to our center. We cannot ex-
clude a potential deleterious effect of permanent ventricular 
pacing on the development of AF in our patients. Furthermore, 
additional measurements of NPT and IL-6 levels performed at 

Table 5. Predictors of atrial fibrillation recurrence during 12 months after electrical cardioversion

Variable Univariate analysis  Multivariate analysis

  HR [CI 95%] P HR [CI 95%] P

Age, years 1.003 (0.98–1.04) 0.8  

Gender, male=1 0.92 (0.51–1.67) 0.8  

AF history, years 0.99 (0.93–1.07) 0.9  

AF episode duration before CV, days 1.001 (0.99–1.006) 0.7  

Coronary artery disease 0.90 (0.48–1.71) 0.7  

Diabetes 0.75 (0.39–1.41) 0.4  

Chronic obstructive pulmonary disease  1.18 (0.53–2.65) 0.7  

Chronic kidney disease  1.23 (0.68–2.24) 0.5  

Left ventricular ejection fraction, % 0.94 (0.89–0.99) 0.03 0.93 (0.86–1.00) 0.052

Left atrial diameter, mm 1.01 (0.94–1.09) 0.7  

Left atrial emptying fraction <38% 1.78 (0.97–3.27) 0.06 2.36 (1.09–5.09) 0.03

NPT I, nmol/L  1.02 (0.98–1.06) 0.4  

NPT II, nmol/L  1.03 (0.99–1.07) 0.15 0.99 (0.93–1.06) 0.8

NPT III, nmol/L 1.02 (0.98–1.07) 0.3  

NPT III≥13.3 nmol/L  2.81 (1.10–7.16) 0.03 3.21(0.90–11.5) 0.07

IL-6 I, pg/mL 0.98 (0.90–1.07) 0.7  

IL-6 II, pg/mL 1.05 (0.97–1.14) 0.19 1.04 (0.95–1.13) 0.4

IL-6 III, pg/mL 0.97 (0.84–1.12) 0.7  

ACE/ARB 0.82 (0.44–1.52)  0.5  

Statin 0.69 (0.33–1.44) 0.3  
ACEI - angiotensin-converting enzyme inhibitor; AF - atrial fibrillation; ARB - angiotensin II receptor blocker; CI - confidence interval; CV - electrical cardioversion; IL-6 - interleukin-6; 
NPT - neopterin; OR - odds ratio
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later intervals could provide additional data on the changes of 
these markers during a longer follow-up. It would also be inter-
esting to obtain data on hs-CRP levels changes following CV but 
we were unable to measure this parameter in our laboratory.

Conclusions 

Patients with persistent AF and preserved LV systolic func-
tion have significantly higher NPT levels. Restoration of sinus 
rhythm did not cause changes in NPT or IL-6 levels within 1 week 
after CV but NPT levels of ≥13.3 nmol/L at 7 days after CV predict-
ed AF recurrence with high sensitivity and specificity. Further 
studies are needed to determine the potential significance of 
NPT measurements in clinical practice, and whether this inflam-
matory marker plays any role in the pathogenesis of AF.
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