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Abstract- Background: In our previous studies on the oxidative 
status of patients with paroxysmal atrial fibrillation (PAF) we 
found eight oxidative biomarkers - plasma malondialdehyde 
(Pl-MDA), erythrocyte malondialdehyde (Er-MDA), plasma 
glutathione (Pl-GSH), erythrocyte glutathione (Er-GSH), 
superoxide dismutase (SOD), catalase (CAT), glutathione 
peroxidase (GSH-Px) and glucose-6-phosphate dehydrogenase 
(Glu-6-PhD) - that changed significantly still in the first 
twenty-four hours of the arrhythmia clinical presentation. It is 
exactly their early changes that suggest a correlation of these 
biomarkers with the trigger mechanisms of the rhythm disorder 
which then raise the question of how efficiently they can predict 
PAF occurrence. Aim: To analyse the changes in these oxidative 
biomarkers as predictive for PAF development. Place and 
duration of study: The participants were recruited in 1st 
Cardiology Clinic of St Marina University Hospital, Varna, 
Bulgaria, between October 2010 and May 2012. Patients and 
methods: The oxidative indicators were measured in 51 patients 
(26 men; mean age 59.84 ± 1.60) and 52 controls (26 men; mean 
age 59.50 ± 1.46) matched in age, sex, concomitant diseases, 
harmful habits and body mass index. Blood samples were 
collected once. A dichotomous logistic regression analysis was 
performed to identify the oxidative biomarkers (explanatory 
variables) independently associated with PAF appearance. Eight 
logistic models with a single explanatory variable were considered 
to find statistically significant predictors for PAF. A multiple 
logistic model was used to assess simultaneously the predictive 
value of all statistically significant explanatory variables. Results: 
The logistic regression models with a single explanatory variable 
showed that six of the eight indicators were associated with PAF 
development: Pl-MDA (P=0.03), Er-MDA (P<0.001), Pl-GSH (P< 
0.001), SOD (P< 0.001), CAT (P< 0.001), GSH-Px (P< 0.001). 
The multiple logistic model using all six explanatory variables 
confirmed the results (P=0.006). Constructed models were used to 
obtain adjusted estimate of odds and a prediction success matrix. 
It was found that the multiple logistic model could measure the 
PAF probability using values of these six markers. Conclusion: 
Pl-MDA, Er-MDA, Pl-GSH, SOD, CAT and GSH-Px were found 
to be oxidative biomarkers with predictive value for PAF 
occurrence. In clinical practice for each measured value of these 
biomarkers, the probability of the arrhythmia manifestation could 
be calculated. 
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I. INTRODUCTION 

Biomarkers have emerged recently as invaluable tools for 
modern medicine. They play a crucial role in the detection, 
prognosis and treatment of many diseases. They have also 
been increasingly used for predictive purposes to assess the 
probability of developing a disease, which is of essential 
importance for clinical practice and especially for primary 
prophylaxis [1]-[3]. Atrial fibrillation (AF) is the most 
common arrhythmia disorder, often labeled as the “new 
non-infectious epidemic" [4]. Paroxysmal atrial fibrillation 
(PAF) represents about 25% of all registered cases of AF [5]. 
Since the disorder is known to have a great recurrence rate 
and the thromboembolic events related to it become 
increasingly frequent, the possibility to predict its occurrence 
could be of great significance for clinical practice. In this 
aspect, there have been only a few studies on PAF and 
oxidative biomarkers and it is usually the persistent and the 
permanent type of AF that are investigated [6]-[9]. In our 
research on oxidative status of PAF patients, we have found 
that oxidative stress develops very soon after the onset of the 
arrhythmia [10]-[12]. Eight biomarkers of oxidative stress 
were significantly changed compared with those measured in 
the controls. The levels of plasma malondialdehyde 
(Pl-MDA) (P=0.02) and erythrocyte malondialdehyde 
(Er-MDA) (P<0.001) were elevated while the concentrations 
of plasma glutathione (Pl-GSH) (P<0.001), erythrocyte 
glutathione (Er-GSH) (P<0.001), the activity of glutathione 
peroxidase (GSH-Px) (P<0.001) and glucose-6-phosphate 
dehydrogenase (Glu-6-PhD) (P=0.03) were  decreased (Table 
1). The antioxidant activity of superoxide dismutase (SOD) 
(P<0.001) and catalase (CAT) (P<0.001) increased in a 
compensatory response (Table 1). Because of the early 
changes of these biomarkers we can assume that PAF 
initiation is closely connected with oxidative stress and its 
indicators can bear upon the occurrence of the arrhythmia. 
Therefore we set out to conduct the present study with the 
purpose of investigating the changes of these indicators as 
predictive for the occurrence of the rhythm disorder. 

Table 1. Oxidative stress markers in patients with PAF 
and controls 

 
Oxidative stress biomarkers 

 
Patients with 
PAF 

 
Controls 

Pl-MDA (nmol/mg protein) 0.143±0.007  0.125±0.004 
Er-MDA (nmol/mg Hb) 1.368±0.069  0.386±0.027 
Pl-GSH (ng/mg protein) 64.966±1.281 75.001±1.392 

Er-GSH (ng/mg Hb) 997.004±32.603  1347.002±32.61
3  

GSH-Px (nmol/min/mg Hb) 25.004±0.814  30.114±0.854 

Glu-6-PhD 
(nmolNADP+min/mg) 

2.499±0.102  2.903±0.149 

SOD (U/mg Hb) 8.463±0.255  5.808±0.135  
CAT (E240/min/mg Hb) 7.362±0.251 4.760±0.121 
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II. MATERIAL AND METHODS 

A. Study Population 
For the investigation of these oxidative biomarkers, 338 
patients with PAF (episodes lasting < 48 hours) were screened 
to the study. The arrhythmia episode duration until 
hospitalization was precisely determined for each patient by 
his medical history. The diagnosis was made on the base of 
ECG performed immediately after hospitalization. The 
exclusion criteria eliminated 282 patients from the study (see 
exclusion criteria). The sinus rhythm in the remaining 56 
patients (31 men, 25 women) was restored after they received 
propafenone according to the established regimen [13]. After 
balancing the gender structure of study patients, 51 patients 
(26 male, 25 female) with mean age of 59.84 ± 1.60 years 
(31-77 years) were selected for the study. A total of 169 
subjects were screened as controls and 52 of these were 
included in the study (26 men, 26 women, mean age 
59.50±1.46 years, range 30-76 years). The exclusion criteria 
were the same for both patients and controls. The controls had 
no evidence for AF in their history or in their ECG studies 
until the performance of the study. 

Exclusion criteria: 

1. Cardiovascular diseases: ischemic heart disease, chronic 
heart failure, refractory hypertension, implanted devices to 
treat arrhythmias, inflammatory or congenital heart diseases, 
moderate or severe acquired valve diseases, 
cardiomyopathies; 

2. Other diseases – renal or hepatic failure, diseases of the 
central nervous system, history of inflammatory or infectious 
diseases three months prior to the study, neoplastic or 
autoimmune disorders, chronic lung diseases, diseases of the 
endocrine system (except type 2 diabetes mellitus, noninsulin 
dependent, well controlled); 

3. Hormone replacement therapy, receipt of contraceptives, 
systematic receipt of analgesics; 

4. Patients unable to determine the onset of the arrhythmia; 
5. Persistent rhythm disorder after the 24th hour scheme of 

propafenone; restoration of sinus rhythm by means of 
electrical cardioversion (only for the patients); 

6. Evidence of AF episode (only for the controls). 
The study was conducted in the First Clinic of Cardiology at 
St. Marina University Hospital in Varna, Bulgaria, between 
October 2010 and May 2012 after obtaining approval from 
the University Hospital Research Ethics Committee and in 
compliance with the Helsinki Declaration [14]. The 
participants were included in the study after signing a written 
informed consent. 

A. Sample Collection and Analytic Methods 

Blood samples from patients and controls were taken once. 
For the patients it was immediately after their admission in the 
hospital. All blood samples were collected and stored in 
accordance with the requirements of analytical methods that 
had been described in details elsewhere [10]-[12]. Eight 
oxidative biomarkers were measured and evaluated in every 
blood sample: Pl-MDA, Er-MDA, Pl-GSH, Er-GSH, SOD, 
CAT, GSH-Px and Glu-6-PhD. 
A. Statistical analysis 

The logistic regression model was used in the present study to 
identify the statistically significant, PAF-occurrence related 
predictive biomarkers among those we measured.   

Brief explanation of the model: 
Assume that a response (dependent) variable y  is a 

dichotomous categorical variable (presence or absence of 
PAF) and that, for given values of the explanatory variables 
(the investigated oxidative markers) the probabilities for the 
two categories are p  and (1 )p− . The odds of dichotomous 

response are given by the following equation: 

/(1 )odds p p= − . 

The function ln[ /(1 )]p p−  (logarithm of odds) is called a logit 

function. The dichotomous logistic regression model assumes 
that the logistic function can be modeled as a linear function 
of a vector of n  explanatory variables 1 2( , ,..., )nx x x x : 

0 1 1( ) ... n nd x x xβ β β= + + +  
Given a random sample of N  observations 

1 2( , , ,..., ), 1,2,...,i i i iny x x x i N= , the maximum likelihood 

estimator 0 1
ˆ ˆ ˆ ˆ( , ,..., )nβ β β β of the model parameters vector 

0 1( , ,..., )nβ β β β  can be obtained. The estimator β̂  can be used 

to obtain the estimator for the probability of PAF 

manifestation ( ) ( )( )ˆ ˆˆ exp / 1 expi i ip x xβ β= +
 
for each of the N 

observations. Testing of hypothesis concerning the regression 
parameters can include test of single parameter, test involving 
several parameters from the same regression, and joint tests 
involving parameters from different regressions. In logistic 
regression, tests for contribution of one or more parameters 
from the same regression are usually constructed with a large 
sample Wald’test [15], with test statistic  

ˆ ˆ ˆ[ ( )] 1Q VarT
W β β β= −

, where ˆ( )Var β  is the estimated 

covariance sub-matrix for the relevant parameters. This 

statistics is approximately distributed as a ( )2 nχ  random 

variable with n degrees of freedom under the null hypothesis 

that n-dimensional vector ̂β  is equal 0
�

. 

In comparison to the multiple linear regression models, the 

coefficient vector ̂ iβ  must be interpreted differently:  

• The coefficients ̂ iβ  were interpreted as estimates of ln 

odds. 
• A marginal one unit increase in xi  brings an increase in ln 

odds of the amount of ̂iβ . 

The confidence intervals were calculated for the odds ratio 
estimates by taking the exponent of upper and lower 
endpoints of the asymptotic confidence interval for the log 
odds. Descriptive statistics were applied for the calculation of 
mean values, standard error of the mean (SEM) and relative 
shares. The analysis of the hypotheses for differences of two 
means and relative share equality was done by Student's t-test 
at the 0.05 level. The results were presented as mean ± SEM 
or n(%). Data analysis was carried out by the specialized 
statistical package STATISTICA, Version 10.0 [16]. 

III. RESULTS AND DISCUSSION 

A. Clinical Characteristics of Patients and Control Group 
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The patients were statistically matched to the controls in the 
following parameters: number of participants in a group, 
mean age, gender structure, concomitant diseases, 
dyslipidemia, received treatment (until hospitalization), 
frequency of harmful habits and body mass index (BMI) 
(Table 2). Most of these have been found to affect the 
oxidative status of patients [17], [ 18]. We considered 
therefore that matching the two groups by these parameters 
made the comparison between them as objective as possible 
and would be a good basis for getting correct results from the 
logistic regression analysis. 

Table 2. Clinical characteristics of patients with PAF and 
the control group 

 Patients with 
PAF 

Control 
group 

P 

Number in group 51 52 0.89 

Age (years) 59.84±1.60  59.50±1.46  0.87 

Men/Women  26/25 26/26 1/0.
93 

Concomitant 
diseases 
Hypertension 
Type 2 diabetes 
mellitus  

 
37 (72.54%) 
3 (5.88%) 

 
34 
(65.38%) 
2 (3.84%) 

 
0.44 
0.62 

Dyslipidemia 4 (7.84%) 3 (5.77%) 0.69 

Drugs for 
hypertension  
and dyslipidemia 
Beta blockers 
ACE inhibitors 
Sartans 
Statins 
Metformin 

 
 
19 (37.35%) 
15 (29.41%) 
11 (21.57%) 
4 (7.84%) 
3 (5.88%) 
 

 
 
17 
(32.69%) 
14 
(26.92%) 
9 (17.31%) 
3 (5.77%) 
2 (3.84%) 
 

 
 
0.62 
0.78 
0.58 
0.69 
0.62 
 

Harmful habits 
Smoking* 
Drinking 
alcohol** 

 
8 (15.69%) 
7 (13.72%) 

 
7 (13.46%) 
6 (11.53%) 

 
0.75 
0.74 

BMI (kg/m²)  23.85±0.46 24.95±0.45 0.09 

* No more than half a box of cigarettes per week. 
Hospitalized patients had not smoked at least 24-48 hours 
before onset of arrhythmia. The lab tests for the controls were 
done after a 48-hour non-smoking interval. 

** No more than 1-2 drinks/week. Hospitalized patients 
had not drunk alcohol at least 48 hours before onset of 
arrhythmia. The lab tests for the controls were done after a 
48-hour nondrinking interval. 
We found from the case history that patients had been 
admitted to the ward very soon after the onset of rhythm 
disorder. The statistical analysis showed that until admission 
the AF episodes lasted 8.14 ± 0.76 hours on the average 
(minimum 2 hours and maximum 24 hours). 

A. Logistic Regression Data Analysis 
The primary purpose of the constructed logistic models was to 
study the impact of the oxidative markers on the response 

variable – the presence or the absence of PAF. To examine the 
bivariate relationships between PAF and each of the eight 
markers, single variable logistic regression models were 
estimated. The analysis showed that six of the oxidative 
biomarkers were statistically significant for PAF 
manifestation, namely: Pl-MDA, Er-MDA, Pl-GSH, SOD, 
CAT and GSH-Px (Table 3). Levels of Er-GSH and 
Glu-6-PhD activity were not predictive because P was greater 
than 0.05. 

Table 3. The parameters of estimated single variable 
logistic regression models 

 
 
Oxidativ
e 
Biomark
er 
 
 

 
 

0β̂
 

 
 

1̂β
 

 
 
P- level 
(Wald’s 
x2) 

 
 
Odds 
Ratio-  
unit 
chang
e (OR) 

 
 
Odds 
Ratio 
95%Confi
dential 
Interval  
(CI) 
 

Pl-MDA  
-1.70 12.63 

0.033 2.14  1.33-30.23 

Er-MDA  
-6.84 9.42 

0.000004  23.28 6.31-73.71 

Pl-GSH 
7.89 -0.11 

0.00003  4.39 1.37-17.68 

Er-GSH 
0.38 -0.00

06 0.37 0.89  

SOD -10,07 1,47 0.0000005 24.92 13.16-49.9
0 

CAT  -10,09 1,74 0.0000002  50.53 29.34-110.
16 

GSH-Px 3,911 -0,14 0.0002  4.50 1.51-48.18 

Glu-6-Ph
D 

-0,04 0,007 0.97 0.99  

 
To illustrate the information presented in Table3, let examine 
in details the relationship between PAF and the variable 
Er-MDA. The fitted logistic regression model has the 
equation 

ln[ /(1 )] 6.84 9.42Er-MDAp p− = − +   

The fitted equation indicated (1̂ 0β > ) that the higher the 

levels of Er-MDA, the greater the probability p for PAF 
presence. The range of values of Er-MDA in the sample were 
0.63 (nmol/mg Hb) to 2.7 (nmol/mg Hb). The range of values 
for probability were therefore given by 

exp( 6.84 9.42*0.63)
[ (0.63)] 0.288,

1 exp( 6.84 9.42*0.63)

exp( 6.84 9.42*2.7)
[ (2.7)] 0.998.

1 exp( 6.84 9.42*2.7)

p d

p d

− += =
+ − +

− += =
+ − +  

Constructed model was used to obtain prediction success 
matrix for presence (code “1”) and absence (code “0”) of PAF 
in our sample: 
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Table 4. The prediction success matrix for the oxidative 
biomarker Er-MDA 

Classification of cases: Er-MDA Percent correct: 93.14% 

Observe
d 

Predicted - 
0 

Predicted - 1 Percent 
correct 

0 48 4 92.30769 
1 3 47 94.00000 

In conclusion, the marker MDA investigated in erythrocytes 
(Er-MDA) was a predictor for the development of the rhythm 
disorder and the correctly predicted cases by the statistical 
model were 93.14%. Data from Table 3 show that Pl-MDA 
was also a predictive factor for the development of  PAF 
(P=0.03), and the probability of the arrhythmia manifestation 

grew with the increase of its values    (1̂β =10.26). The logistic 

regression model correctly classified 59.22% of the observed 
cases in our sample (OR 2.14, 95%CI 1.33-30.23). It is well 
known that MDA is one of the main products of oxidative 
degradation of lipids. The high levels of this aldehyde are 
indicative of enhanced lipid biomolecules oxidation. It can 
serve as an indirect sign of increased levels of reactive oxygen 
species [19], [ 20]. MDA is frequently used as a biomarker in 
assessing the in vivo oxidative stress [21]. Considering the 
above facts, we could draw the conclusion that the intensified 
oxidative processes, and accordingly the elevated levels of 
oxidative damage indicators, could be associated with 
increased probability of developing PAF. GSH is a “key” 
non-enzymatic antioxidant agent in the living; it is a 
compulsory co-factor of GSH-Px, an important antioxidant 
enzyme [22]. The GSH/GSH-Px system is of crucial 
importance for the antioxidant defense system [23]. The 
lower levels of Pl-GSH indicated an increased probability for 

the development of PAF (P<0.001; 1̂β = -0.11). The statistical 

model made accurate predictions in 67.65% of the cases in the 
study sample (OR 4.39, 95%CI 1.37-17.68). A decrease in the 
activity of GSH-Px was associated with increased probability 

of the arrhythmia occurence (P<0.001; 1̂β = -0.14) and 

67.96% of the study cases were correctly classified by the 
logistic model we used (OR 4.50, 95%CI 1.51-48.18). The 
exhaustion of GSH/GSH-Px system potential made 
occurrence of PAF more likely to happen. The enzymes SOD 
and CAT are the first and most important line of enzymatic 
antioxidant protection in the human body [24], [ 25]. Their 
increased activities are indirect indicators of wide pro-oxidant 
damage [26], [27]. Changes in their activity were also 
predictive for the development of the arrhythmia (P<0.001). 
Increased values led to increased probability of the rhythm 

disorder ( 1̂β =1.47; 1̂β =1.74 respectively). The logistic 

model we used correctly predicted respectively 82.52% and 
87.38% of the diagnosed cases (OR = 24.92, 95%CI 
13.16-49.90; OR = 50.53, 95%CI 29.34-110.16). Single 
variable logistic regression models determined Er-MDA, 
Pl-GSH, SOD and CAT as the predictors of PAF (OR=23.28, 
95%CI 6.31-73.71; OR=4.39, 95%CI 1.37-17.68; OR=24.92, 
95%CI 13.16-49.90; OR=50.53, 95%CI 29.34-110.16).  To 
determine how the explanatory variables (oxidative 
biomarkers) together predict the probability, a multiple 

logistic regression model was fitted using all outlined above 
six predicative markers. The fitted model was given by 
d(x)= – 20,35+ 9.29(Pl-MDA)+ 13.42(Er-MDA)– 
0.207(Pl-GSH)+1.51(SOD)+ 
+2.42(CAT) –0.29(GSH-Px) 
The P-level of x2- Wald’test test statistic for these relevant six 
parameters was 0.0006. The specific mathematical model we 
developed for calculating the probability of occurrence of 
PAF could be used in clinical practice to determine more 
precisely the need for and duration of antiarrhythmic therapy. 

IV. CONCLUSION 

The previously established early change in the oxidative 
biomarkers Pl-MDA, Er-MDA, Pl-GSH, Er-GSH, SOD, CAT, 
GSH-Px and Glu-6-PhD in PAF allow us to suggest a close 
relation between oxidative stress and the arrhythmia 
occurence. The results of the logistic regression analysis 
indicate that changes in six of these indicators - Pl-MDA, 
Er-MDA, GSH, SOD Pl-, CAT and GSH-Px – are 
independently associated and are reliable predictors for the 
development of the rhythm disorder. By calculating the values 
of these biomarkers, we could predict the percentage 
probability of future occurrence of PAF. 
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