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Summary
There are limited prospective data evaluating the role of urinary 
F2-IsoP and NOX2 as predictive markers in AF. The aim of this study 
was to analyse the role of urinary prostaglandin PGF2alpha (8-iso-
PGF2α) and NOX2, markers of systemic oxidative stress, in predicting 
cardiovascular (CV) events and mortality in anticoagulated non-valvu-
lar atrial fibrillation (AF) patients. This was a prospective study includ-
ing 1,002 anticoagulated AF patients, followed for a median time of 
25.7 months (interquartile range: 14.8–50.9). All major CV events, CV 
deaths and all-cause deaths were considered as primary outcomes of 
the study. CV events included fatal/nonfatal ischaemic stroke, fatal/
nonfatal myocardial infarction (MI), cardiac revascularisation and 
transient ischaemic attack (TIA). Oxidative stress biomarkers, such as 
urinary 8-iso-PGF2α and serum sNOX2-dp, a marker of NOX2 acti-
vation, were measured. A CV event occurred in 125 patients (12.5 %); 
78 CV deaths and 31 non-CV deaths were registered. 8-iso-PGF2α and 

sNOX2-dp were correlated (Rs=0.765 p< 0.001). A significant in-
creased cumulative incidence of CV events and CV deaths was ob-
served across tertiles for 8-iso-PGF2α and sNOX2-dp. An increased rate 
of all-cause death was observed across tertiles of urinary 8-iso-PGF2α. 
In Cox or Fine and Gray models, 8-iso-PGF2α predicted CV events and 
CV and non-CV deaths. The addition of tertiles of 8-iso-PGF2α to 
CHA2DS2-VASc score improved ROC curves for each outcome and NRI 
for CV events (0.24 [0.06–0.53] p=0.0067). The study shows that in AF 
patients 8-iso-PGF2α and NOX2 levels are predictive of CV events and 
total mortality. F2-IsoP may complement conventional risk factors in 
prediction of CV events.
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Cardiovascular Biology and Cell Signalling

Introduction

Atrial fibrillation (AF) is the most common cardiac arrhythmia 
that is associated with an increased risk of morbidity and mortality 
(1). Ischaemic cardiovascular events are prevalently in the cerebral 
circulation, where AF is particularly associated with ischaemic 
stroke. Even if thromboembolism is the main cause of vascular 
complications, recent studies underscored that atherosclerosis risk 
factors coexist and account for an increased risk of myocardial in-
farction (MI) in a large number of AF patients (2). Thus, experi-
mental and clinical data suggest that athero-thromboembolism 
better defines the pathophysiology and clinical complications of 
AF (3). Oxidative stress has been shown to promote and maintain 

AF with a mechanism related to up-regulation of myeloperoxidase 
and NOX2, the catalytic subunit of NADPH oxidase (4). Thus, up-
regulation of NOX2-derived oxidative stress is evident in AF pa-
tients but its impact on vascular and nonvascular outcomes has 
never been explored (5, 6). Oxidative stress could be implicated in 
the process of vascular disease which complicates the clinical 
course of AF for several reasons (7). Thus, oxidative stress is sug-
gested to play a role in the atherosclerotic process via formation of 
oxidised low-density lipoprotein, which ultimately leads to macro-
phage accumulation within the vessel wall with ensuing promo-
tion of an inflammatory process (8). Also, oxidative stress is impli-
cated in the process of clotting activation (9, 10) as shown by the 
fact that reactive oxidant species (ROS) up-regulate tissue factor 
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(11, 12), a glycoprotein which converts the factor X to Xa (13). 
Finally, ROS play a key role in the process of platelet activation 
(14) via inactivation of nitric oxide (15), a powerful antiplatelet 
molecule, or through the formation of F2-isoprostanes (F2-IsoP), 
which derive from non-enzymatic oxidation of arachidonic acid 
and possess pro-aggregating properties (16). Based on this, it may 
be arguable that oxidative could concur to thrombosis from 
atherosclerotic and thrombo-embolic origin.

Urinary excretion of F2-IsoP, and in particular prostaglandin 
PGF2alpha (8-iso-PGF2α) is a reliable markers of oxidative stress 
(17). Recent study from our group demonstrated that 8-iso-PGF2α 
is partly a result from activation of NOX2, the catalytic sub-unit of 
NADPH oxidase (17) . Accordingly, patients with genetically de-
termined low oxidative stress, disclosed impaired formation of 
F2-IsoP (18). The interplay between 8-iso-PGF2α and cardiovas-
cular disease is still undefined (19–23).Only two follow-up studies 
have been published; the first showing that in patients presenting 
with acute coronary syndrome F2-IsoP levels were predictive of 
30-days cardiac events (24). The second showed no association be-
tween plasma levels of F2-IsoP and coronary heart disease (25) in 
227 coronary patients and 420 controls.

Due to the potentially negative impact of oxidative stress on 
clotting and platelet activation, we hypothesised that in patients 
with AF oxidative stress could be associated with vascular disease 
of thrombotic and thrombo-embolic origin. Thus, the aim of the 
study was to assess the interplay between oxidative stress, as as-
sessed by urinary 8-iso-PGF2α and serum NOX2, and cardiovas-
cular (CV) outcomes in a prospective study of patients suffering 
from AF .

Methods
Study design and patient selection

This was a prospective single-centre study that included 1,002 con-
secutive patients with AF who referred to the atherothrombosis 
centre of the Department of Internal Medicine and Medical 
Specialties of “Sapienza” University of Rome.

All patients were treated with vitamin K antagonists (warfarin/
acenocumarol) initially according to CHADS2 score (26), and 
afterwards according to the CHA2DS2-VASc score (27). Antico-
agulation therapy was monitored by the International Normalized 
Ratio, in a therapeutic range of 2.0–3.0. Quality of anticoagulation 
was evaluated by Time in Therapeutic Range (TTR). The follow-
ing were exclusion criteria: prosthetic heart valves, severe valve 
disease, severe cognitive impairment, chronic infectious diseases, 
autoimmune systemic diseases and active cancer.

Thus, we excluded 52 patients (4.7 %) and 950 patients were in-
cluded in the study cohort. At baseline, all patients provided 
written informed consent. During the first visit, patient’s medical 
history and anthropometric data were recorded. A standard 
12-lead electrocardiogram was also performed. A sample of urine 
was collected from all patients. The presence of CV risk factors 
such as arterial hypertension, diabetes mellitus and heart failure, 
was assessed using international definitions (28–30).

Power calculation

We planned a power of 90 % and a type I error rate of 5 %, compar-
ing a survival probability in the first tertile of 88 % and 75 % in the 
third tertile. Consequently, 72 events in the first and last tertile 
combined were planned in order to guarantee the prescribed power.

Outcome events

All major CV events, CV deaths and all-cause deaths were con-
sidered the primary outcome of the study. CV events included fatal 
and nonfatal ischaemic stroke, fatal and nonfatal MI, cardiac rev-
ascularisation/coronary artery bypass surgery and transient is-
chaemic attack (TIA). Diagnosis of MI was made according to the 
universal definition proposed by the Joint ESC/ACCF/AHA/WHF 
Task Force (31). The occurrence of stroke was determined on 
clinical manifestations and confirmed by radiological findings. 
TIA was defined according to the Classification of Cerebro-
vascular Diseases III (32). If a patient died within four weeks of 
stroke or MI, this event was recorded as fatal stroke or fatal MI. 
CV death was defined unless an unequivocal non-CV cause of 
death was confirmed by a central adjudication committee. Adjudi-
cation of events was performed by a committee (FV, PP) who did 
not participate to the recruitment of patients and was unaware of 
the clinical and laboratory characteristics of any enrolled patient.

The study protocol was approved by the Sapienza University in-
stitutional review board and was conducted in accordance to the 
declaration of Helsinki (33). The trial was registered at Clinical-
Trials.gov (Identifier: NCT01882114).

Laboratory analyses

Urinary samples were added with the antioxidant butylated hy-
droxytoluene at final concentration of 20 µmol/l and immediately 
stored at –80 °C until use. Urinary 8-iso-PGF2α (8-iso-PGF2α) was 
measured in triplicate for each sample by a validate EIA assay 
method (16). 8-iso-PGF2α concentration was corrected for re-
covery and creatinine excretion and expressed as pg/mg of urinary 
creatinine. Intra-assay and inter-assay coefficients of variation 
were 2.1 % and 4.5 %, respectively.

Day-to-day variation of urinary 8-iso-PGF2α showed a good 
stability of 8-iso-PGF2α (Kendall tau-b 0.962, p< 0.001). The 
paired t-test did not reject the null hypothesis (p = 0.173).

To quantify NOX2 activity, we measured serum levels of 
sNOX2-dp (soluble NOX2-derived peptide), a marker of NOX2 
activation, by ELISA method as previously described by Pignatelli 
et al. (34) Blood samples were kept for 60 minutes at 37 °C and 
centrifuged at 300g; serum was stored at –80 °C. Values were ex-
pressed as pg/ml; intra-assay and inter-assay coefficients of vari-
ation were 5.2 % and 6 %, respectively.

Statistical analysis

Categorical variables were reported as counts (percentages); con-
tinuous variables were expressed as mean ± standard deviation 
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(SD) or median and interquartile range (IQR) unless otherwise in-
dicated. Independence of categorical variables was tested by Chi2 
test. Normal distribution of parameters was assessed by Kolmogo-
rov–Smirnov test. Student unpaired t test and Pearson product-
moment correlation analysis were used for normally distributed 
continuous variables. Appropriate nonparametric tests (Mann-
Whitney U test and Spearman rank correlation test) were em-
ployed for all the other variables. To assess reproducibility of uri-
nary 8-iso-PGF2α measurement, Wilcoxon match-pairs signed-
ranks tests and Kendall tau-b test were performed.

After dividing the AF population into tertiles according to 
8-iso-PGF2α values, the cumulative risk was estimated using a Ka-
plan–Meier method for all-cause mortality. The survival curves of 
the three groups were then formally compared using the log-rank 
test. Survival analysis was performed also dividing populations ac-
cording to tertiles of sNOX2-dp. Cox proportional hazards analy-
sis was used to calculate the adjusted relative hazards of all-cause 
mortality by each clinical variable. The conditional hazard on CV 
events and CV death, due to the competing risk nature of the data, 
was evaluated using a proportional sub-distribution hazards Fine 

and Gray model, and Gray test at univariate analysis. We therefore 
report the sub-distribution hazard ratios (sHR) rather than the 
HR, but the former have the same interpretation as the latter. 
Given our mainly predictive aims, at multivariate analysis we se-
lected the model with a forward stepwise procedure, and at each 
step included the predictor minimizing the Akaike Information 
Criterion (AIC). The procedure was stopped as soon as the AIC 
could not be decreased by inclusion of an additional predictor.

Only p-values < 0.05 were considered as statistically significant. 
To test the predictive value of CHA2DS2-VASc score with and with-
out the best oxidative stress biomarker resulting from multivariate 
analysis, we compared time-dependent receiver-operating charac-
teristic (ROC) curve against CV events, CV deaths and all-cause 
mortality as dependent variables. The area under the curve for the 
ROC curve reflects the c-index and represents the ability of a score 
to predict CV risk. We also calculated the Net Reclassification Index 
(NRI), as described by Pencina et al. (35). For calculating the NRI 
we used the following category thresholds for the distribution of sur-
vival: 0, 0.25, 0.5, 0.75, 1; as suggested by French et al (36). However, 
NRI was seen to be substantially insensitive to location of cut points.

Table 1: Baseline characteristics.

Age (years)

Persistent/permanent AF

Male gender no. (%)

CHA2DS2-VASc score

Total cholesterol (mg/dl)

Triglycerides (mg/dl)

Fasting blood glucose (mg/dl)

TTR (%)

Urinary 8-iso-PGF2α (pg/mg creat)#

sNOX2-dp (pg/ml) #

Hypertension (%)

Diabetes mellitus (%)

Heart failure (%)

History of stroke/TIA (%)

History of MI (%)

Anti-platelet drugs (%)

ACE inhibitor/ARBs (%)

β blockers (%)

Calcium channel blockers (%)

Statins (%)

Antiarrhythmic drugs (%)

# Data expressed as medians [interquartile ranges]. AF: atrial fibrillation, TTR: time in therapeutic range, 
TIA: transient ischaemic attack, MI: myocardial infarction, ACE: angiotensin converting enzyme, ARBs: 
angiotensin receptor blockers, 8-iso-PGF2α: prostaglandin PGF2alpha, sNOX2-dp: soluble NOX2-derived 
peptide.

Overall

n=950

73.3 ± 8.8

58.5

55.5

3.49 ± 1.64

180.6 ± 45.4

124.7 ± 64.7

101.2 ± 29.3

63.9 ± 16.9

104.5 [60–177]

9 [6–19]

84.9

18.5

16.1

16.5

24.8

20.6

63.4

33.4

28.9

36.6

33.2

Cardiovascular event

No (n=827)

72.9 ± 8.9

57.3

55.8

3.41 ± 1.63

179.8 ± 42.7

124.5 ± 63.0

101.2 ± 28.4

64.2 ± 16.9

100 [54–161]

9 [6–18]

84.7

17.5

15.2

14.7

22.8

19.9

63.8

32.7

31.4

39.4

33.9

Yes (n=123)

76.5 ± 7.5

67.5

56.1

4.34 ± 1.51

185.5 ± 61.4

126.4 ± 75.7

101.8 ± 35.1

59.3 ± 16.7

160 [120–320]

13 [8–24]

87

26.0

27.6

29.3

40.7

26.0

61.8

27.7

29.5

35.7

27.6

P-value

< 0.001

0.032

0.951

< 0.001

0.335

0.816

0.870

0.095

< 0.001

< 0.001

0.515

0.023

0.001

< 0.001

< 0.001

0.115

0.672

0.050

0.675

0.440

0.115
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All tests were two-tailed and analyses were performed using 
computer software packages (SPSS-18.0, SPSS Inc. and R version 
2.15.3).

Results

All patients were followed for a median time of 25.7 months (IQR: 
14.8–50.9 follow-up range: 3 to 60 months) yielding a total of 2,377 
person-years of observation. Fifty-two (5.2 %) patients were lost at 
follow-up. Baseline clinical characteristics are shown in ▶ Table 1.

In the whole cohort mean age was 73.3 ± 8.8 years, and 55.5 % 
of patients were male. Mean CHA2DS2-VASc Score was 3.49 ± 
1.64. Of 950 patients, 416 (41.5 %) had paroxysmal, whilst 586 
(58.5 %) had persistent/permanent AF. Patients with persistent/
permanent AF had a higher mean CHA2DS2-VASc Score com-
pared to patients with paroxysmal AF (3.7 ± 1.7 vs 3.3 ± 1.6, 
p< 0.001).The mean TTR in the entire cohort was 63.9 ± 16.9 %; 
there was no difference in TTR between patients with persistent/

permanent versus those with paroxysmal AF (63.9 ± 17.0 vs 63.8 ± 
17.0, p=0.960).

A CV event occurred in 125 patients (12.5 %), including 13 
MIs, 18 fatal MIs, 13 cardiac revascularisations, 18 ischaemic 
strokes, nine fatal ischaemic strokes, three TIAs and 51 vascular 
deaths. Overall, there were 109 deaths, of which 78 were CV 
deaths and 31 non-CV deaths. Among non-CV deaths, 23 were re-
lated to complications of neoplastic diseases diagnosed during fol-
low-up, whilst three were acute respiratory failures, three acute 
renal failures and two acute abdomens.

Patients experiencing a CV event were older (p< 0.001), had a 
higher CHA2DS2-VASc Score (p< 0.001) and more frequently suf-
fered from diabetes (p=0.023); also, they more frequently had and 
a clinical history of HF (p=0.001), stroke/TIA (p< 0.001) and MI 
(p< 0.001) and persistent/ permanent AF (p=0.032).

Univariate analyses for clinical variables according to each out-
come are reported in Suppl. Table1 (available online at www.throm
bosis-online.com).

Figure 1: Kaplan-Meier curves estimates of survival free from all-cause mortality according to tertiles of urinary 8-iso-PGF2α. Green line: lower 
tertile, yellow line: second tertile, brown line: third tertile of 8-iso-PGF2α.
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56–167] vs 110 pg/mg [IQR 60–180] p=0.202) and sNOX2-dp (8 
pg/mg [IQR 6–18] vs 10 pg/mg [IQR 6–20] p=0.191).

Considering oxidative stress biomarkers, we found a significant 
difference at baseline of median levels of 8-iso-PGF2α (160 pg/mg 
[IQR 120–320] vs 100 pg/mg [IQR 54–161] p< 0.001) and 
sNOX2-dp (13 [8–24] pg/ml vs 9 [6–18] pg/ml p< 0.001) between 
patients who did and did not experience a CV event (▶ Table 1).

Baseline characteristics of patients according to tertiles of 8-iso-
PGF2α are listed in Suppl. Table 2 (available online at www.throm
bosis-online.com).

A significant increased cumulative incidence of CV events and 
CV deaths across tertiles of urinary 8-iso-PGF2α was observed 
(Gray test p< 0.0001 for each outcome) (see Suppl. Figure 2A and 
B, available online at www.thrombosis-online.com).

An increased rate of all-cause death was observed across tertiles 
of urinary 8-iso-PGF2α (Log-Rank Rest: p< 0.001 for all-cause 
mortality) (▶ Figure 1).

A significant increased rate of vascular events was also ob-
served for tertiles of sNOX2-dp; CV events (p< 0.001), CV deaths 
(p=0.008) and all-cause death (p=0.001).

In a multivariate stepwise Cox regression analysis age, history 
of stroke/TIA and tertiles of 8-iso-PGF2α predicted CV events 
(▶ Table 2 a) and CV deaths (▶ Table 2 b). All-cause mortality was 
predicted by tertiles of 8-iso-PGF2α, age, and history of MI/cardiac 
revascularisation (▶ Table 2 c).

Pignatelli, Pastori et al. Urinary isoprostanes, NOX2 and atrial fibrillation

Oxidative stress biomarkers and vascular events

In the whole cohort, median value of 8-iso-PGF2α was 104.5 pg/
mg (IQR 60–177) of urinary creatinine and median value of 
sNOX2-dp was 9 pg/ml [IQR 6–19]; 8-iso-PGF2α and sNOX2-dp 
were significantly correlated (Rs=0.765 p< 0.001).

No differences between patients with paroxysmal and persist-
ent/ permanent AF were found for 8-iso-PGF2α (100 pg/mg [IQR 

Table 2: Hazard ratios, based on a Cox proportional model, of cardio-
vascular events (a), cardiovascular death (b) and all-cause mortality 
(c), according to selected variables.

a) Cardiovascular events

Variables

Tertiles of 8-iso-PGF2α: 2nd vs 1st

Tertiles of 8-iso-PGF2α: 3rd vs 1st

Age

History of stroke/TIA

HF

History of MI/cardiac revascularisation

Diabetes

Persistent/permanentb AF

b) Cardiovascular death

Variables

Tertiles of 8-iso-PGF2α: 2nd vs 1st

Tertiles of 8-iso-PGF2α: 3rd vs 1st

Age

History of stroke/TIA

HF

History of MI/cardiac revascularisation

Diabetes

Persistent/permanent AF

c) All-cause mortality

Variables

Tertiles of 8-iso-PGF2α: 2nd vs 1st

Tertiles of 8-iso-PGF2α: 3rd vs 1st

Age

History of stroke/TIA

HF

History of MI/cardiac revascularisation

Diabetes

Persistent/permanent AF

HR: hazard ratios CI: confidence interval, 8-iso-PGF2α: prostaglandin 
PGF2alpha, TIA: transient ischaemic attack, MI: myocardial infarction, HF: 
heart failure, sNOX2-dp: soluble NOX2- derived peptide.

sHR

5.90

10.70

1.05

1.73

1.47

1.48

1.54

1.15

sHR*

4.08

6.23

1.08

1.87

1.36

1.64

1.53

1.30

HR*

3.23

4.61

1.08

1.54

1.06

1.80

1.57

1.42

95 %CI

2.67

4.91

1.03

1.16

0.92

0.97

0.99

0.80

95 %CI

1.70

2.64

1.04

1.13

0.75

0.97

0.87

0.77

95 %CI

1.68

2.45

1.05

0.99

0.65

1.17

0.98

0.91

13.00

23.30

1.08

2.59

2.33

2.24

2.38

1.71

9.78

14.72

1.12

3.10

2.44

2.77

2.69

2.19

6.21

8.69

1.11

2.39

1.73

2.75

2.51

2.22

P-value

< 0.001

< 0.001

< 0.001

0.007

0.100

0.065

0.052

0.500

P-value

0.002

< 0.001

< 0.001

0.015

0.310

0.064

0.140

0.330

P-value

< 0.001

< 0.001

< 0.001

0.056

0.825

0.007

0.059

0.119

Table 3: Hazard ratios, based on a Cox proportional model, of cardio-
vascular events (a), cardiovascular death (b) and all-cause mortality 
(c), according to tertiles of 8-iso-PGF2α, sNOX2-dp and 
CHA2DS2-VASc Score.

a)   Cardiovascular events

Variables

Tertiles of 8-iso-PGF2α: 2nd vs 1st

Tertiles of 8-iso-PGF2α: 3rd vs 1st

CHA2DS2-VASc score

*After adjusting for tertiles of sNOX2-dp.

b)  Cardiovascular death

Variables

Tertiles of 8-iso-PGF2α: 2nd vs 1st

Tertiles of 8-iso-PGF2α: 3rd vs 1st

CHA2DS2-VASc score

*After adjusting for tertiles of sNOX2-dp.

c) All-cause mortality

Variables

Tertiles of 8-iso-PGF2α: 2nd vs 1st

Tertiles of 8-iso-PGF2α: 3rd vs 1st

CHA2DS2-VASc Score

*After adjusting for tertiles of sNOX2-dp. 8-iso-PGF2α: prostaglandin 
PGF2alpha.

sHR*

5.31

9.40

1.33

sHR*

3.86

5.77

1.36

HR*

2.78

3.46

1.29

95 %CI

2.41–11.67

4.03–21.96

1.20–1.49

95 %CI

1.59–9.33

2.17–15.33

1.18–1.57

95 %CI

1.51–5.12

1.75–6.84

1.15–1.45

P-value

< 0.001

< 0.001

< 0.001

P-value

0.003

< 0.001

< 0.001

P-value

< 0.001

< 0.001

< 0.001
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Multivariable analysis was also repeated using urinary 8-iso-
PGF2α and sNOX2-dp as continuous variables (see Suppl. Table 3, 
available online at www.thrombosis-online.com).

Oxidative stress biomarkers and CHA2DS2-VASc score

We performed a Cox regression analysis using the composite vali-
dated CHA2DS2-VASc score as covariate of tertiles of urinary 
8-iso-PGF2α and tertiles of sNOX2-dp instead of individual vari-
ables.

Only tertiles of 8-iso-PGF2α and CHA2DS2-VASc score were 
predictors for CV events, CV deaths and all-cause mortality 
(▶ Table 3). Since tertiles of 8-iso-PGF2α were the only indepen-
dently associated to CV events in addition to CHA2DS2-VASc 
score, we investigated if 8-iso-PGF2α might improve the predictive 
value of CHA2DS2-VASc score against CV events. Thus, we added 
one point for patients in the second tertile of 8-iso-PGF2α and 2 
points for patients in the third tertile.

The predictive value of CHA2DS2-VASc score plus tertiles of 
8-iso-PGF2α was significantly improved compared to 
CHA2DS2-VASc score alone for CV events, CV deaths and for all-
cause mortality (see Suppl. Figure 1, available online at www.
thrombosis-online.com; for c-indexes see ▶ Table 4). NRI signifi-
cantly improved only for CV events by adding tertiles of 8-iso-
PGF2α to CHA2DS2-VASc score, allowing a net reclassification of 
24 % of patients at risk for CV events (NRI 0.24 [0.06–0.53] 
p=0.0067). A trend for all-cause mortality was also found (▶ Table 4).

Discussion

In this prospective study, for the first time we show that urinary 
8-iso-PGF2α levels are associated to CV events, CV and all-cause 
mortality in anticoagulated AF patients.

Increased values of F2-IsoP have been detected in patients with 
atherosclerotic risk factors such as hypertension, diabetes, dyslipi-
daemia, smoking, obesity and metabolic syndrome (19–23). Inter-
ventional studies demonstrated that modulation of risk factors re-
sulted in changes of F2-IsoP values. For example, in patients with 
familial or polygenic hypercholesterolaemia, statin treatment was 
associated with a parallel decrease of serum cholesterol and 
F2-IsoP values (37, 38).

Most, but not all studies, demonstrated that F2-IsoP were 
higher in patients with established coronary heart disease and 
were correlated with the severity of disease (39–41).

The relationship between F2-IsoP and vascular outcomes has 
been investigated by LeLeiko et al., who measured serum F2-IsoP 
in 108 patients with acute coronary syndrome (24). Higher levels 
of F2-IsoP were found in patients experiencing cardiac events in a 
30-day follow-up (24). The association between F2-IsoP and vas-
cular events was also explored by a retrospective study in patients 
who experienced fatal or nonfatal coronary events during a follow-
up of about six years (25). This study, did not find a significant dif-
ference in plasma F2-IsoP between cases and controls (25).

In order to further explore the interplay between oxidative 
stress and cardiovascular events, we prospectively analysed the oc-
currence of CV events in the AF setting, which is known to have a 
clinical history complicated by stroke and MI. To define CV 
events, we included clinical outcomes that could be of athero-
sclerotic or thromboembolic origin such as MI or ischaemic 
stroke, respectively. The novelty of the present study is in the sig-
nificant association between urinary isoprostanes and cardiovas-
cular events indicating that oxidative stress identifies an AF popu-
lation at higher risk of stroke and MI. Such association was inde-
pendent from atherosclerotic risk factors and a history of CV 
events. The association between urinary isoprostanes and CV 
events is biologically plausible as oxidative stress has a negative in-
fluence not only on endothelial cells (42–44) but also on other cells 
implicated in the thrombotic process such as platelets and mono-
cytes (45, 46). We cannot exclude the possibility that the associ-
ation between 8-iso-PGF2α and vascular outcomes of athero-
sclerotic or thrombo-embolic origin reflect multiple impacts of 
F2-IsoP on mechanisms potentially accounting for atherosclerosis 
or thrombo-embolic complications (45, 47).

The association between oxidative stress as assessed by F2-IsoP 
and CV events was further corroborated by analysis of sNOX2-dp, 
which is a marker of NOX2 activation (34). We focused our atten-
tion on NOX2 because this enzyme is one of the most important 
cellular producers of ROS (48). Furthermore, NOX2 plays a major 
role in the formation of F2-IsoP as suggested by impaired F2-IsoP 
formation in patients with hereditary deficiency of NOX2, and by 
the significant correlation between the two variables in the present 
study (45). Consistently with F2-IsoP analysis, sNOX2-dp was sig-
nificantly increased and independently predicted CV events sug-
gesting this enzymatic pathway as a trigger of oxidative stress in 
AF population.

While the association between oxidative stress and cardiovas-
cular death is not surprising, taking into account that 8-iso-PGF2α 
independently predicted all CV events, an unexpected finding of 
the present study is the significant association between 8-iso-

Table 4: C-indexes and Net Reclassification Indexes for CHA2DS2-VASc score with and without tertiles of urinary 8-iso-PGF2α.

CV events

CV deaths

All-cause mortality

CV: cardiovascular; NRI: Net Reclassification Index; 8-iso-PGF2α: prostaglandin PGF2alpha.

CHA2DS2-VASc 
Score

0.67 [0.61–0.74]

0.68 [0.59–0.76]

0.65 [0.57–0.73]

CHA2DS2-VASc score + 
 tertiles of 8-iso-PGF2α

0.72 [0.67–0.78]

0.72 [0.65–0.80]

0.69 [0.63–0.76]

P-value

0.0005

0.0090

0.0087

NRI

0.24 [0.06–0.53]

0.09 [-0.12–0.31]

0.12 [-0.05–0.49]

P-value

0.0067

0.2106

0.0628
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pathway may represent a novel tool to investigate the role of ox-
idative stress in the vascular progression of AF.

Acknowledgement
The study was supported by Sapienza University of Rome, Grant 
Code “Pignatelli Progetto Ricerca Sapienza 2011”.

Data Access, Responsibility, and Analysis
Francesco Violi, Pasquale Pignatelli and Daniele Pastori had full 
access to all the data in the study and takes responsibility for the 
integrity of the data and the accuracy of the data analysis.

Author Contributions
Pasquale Pignatelli: study design and coordination, data analysis 
manuscript elaboration. Daniele Pastori: study design and coordi-
nation, data analysis manuscript elaboration. Roberto Carnevale: 
laboratory analysis, data collection. Roberto Cangemi: data analy-
sis manuscript elaboration, Alessio Farcomeni: data analysis 
manuscript elaboration. Cristina Nocella: laboratory analysis , data 
collection. Simona Bartimoccia: laboratory analysis , data collec-
tion. Tommasa Vicario: laboratory analysis, Data Collection. Mi-
rella Saliola laboratory analysis, Data Collection. Gregory Y. H.: 
writing and editing of the manuscript. Francesco Violi: study coor-
dination, writing and editing of the manuscript.

Conflicts of interest
None declared.

References
1. Benjamin EJ, Wolf PA, D’Agostino RB, et al. Impact of atrial fibrillation on the 

risk of death: the Framingham Heart Study. Circulation 1998; 98: 946–952.
2. Soliman EZ, Safford MM, Muntner P, et al. Atrial fibrillation and the risk of 

myocardial infarction. J Am Med Assoc Intern Med 2014; 174: 107–114.
3. Violi F, Loffredo L. Thromboembolism or atherothromboembolism in atrial fi-

brillation? Circulation Arrhythm Electrophysiol 2012; 5: 1053–1055.
4. Van Wagoner DR. Oxidative stress and inflammation in atrial fibrillation: role 

in pathogenesis and potential as a therapeutic target. J Cardiovasc Pharmacol 
2008; 52: 306–313.

5. Kim YM, Guzik TJ, Zhang YH, et al. A myocardial Nox2 containing NAD (P)H 
oxidase contributes to oxidative stress in human atrial fibrillation. Circ Res 
2005; 97: 629–636.

6. Cangemi R, Celestini A, Calvieri C, et al. Different behaviour of NOX2 acti-
vation in patients with paroxysmal/persistent or permanent atrial fibrillation. 
Heart 2012; 98: 1063–1066.

Pignatelli, Pastori et al. Urinary isoprostanes, NOX2 and atrial fibrillation

PGF2α and total mortality. It is possible that such association is 
merely due to the fact that mortality of AF patients was prevalently 
due to CV death, which was independently associated with 8-iso-
PGF2α. We cannot exclude the possibility that 8-iso-PGF2α pro-
duction may reflect a pathogenetic mechanism not solely related 
to the CV system. In fact, most of non-CV deaths were due to 
mortality from cancer. Therefore, it is possible that the association 
between 8-iso-PGF2α and total mortality could be dependent 
upon enhanced 8-iso-PGF2α formation secondary to cancer cells 
replication.

The study has implications and limitations. Previous studies 
have shown that oxidative stress is associated with aging (49, 50), 
therefore it is possible that the association between oxidative stress 
and vascular outcomes is an epiphenomenon of the interplay be-
tween age and vascular disease. However, we did not find an as-
sociation between isoprostanes and age likely because the age 
range of our population is not large. Further study is therefore 
necessary to address this issue in a larger population with a wider 
age variation.

Even if the interplay between 8-iso-PGF2α and CV events may 
suggest a cause-effect relationship between oxidative stress and 
atherosclerotic complications, an interventional study with drugs 
that inhibit 8-iso-PGF2α is mandatory to support such hypothesis. 
At this regard, we and others have shown that statins may be poten-
tial candidates, as they behave as antioxidants via the down-regu-
lation of 8-iso-PGF2α -derived from NOX2 activation (51–53), and 
may prevent cardiovascular disease including AF (54).

Analysis of 8-iso-PGF2α may represent a useful biomarker for a 
better prediction of vascular outcomes in AF patients. Although 
this is suggested by the increased predictive value of 
CHA2DS2-VASc score when combined with 8-iso-PGF2α, we be-
lieve that further studies with larger sample size are necessary to 
validate a new score that includes 8-iso-PGF2α.

In conclusion, for the first time we show that in AF patients 
F2-IsoP are predictive of CV events and mortality. The simulta-
neous NOX2 activation indicates that this enzymatic pathway is 
implicated in 8-iso-PGF2α over-production. Inhibition of NOX2 

What is known about this topic?
• Oxidative stress has been shown to promote and maintain atrial 

fibrillation (AF).

• NOX2-derived oxidative stress plays a key role in AF patients.

• 8-iso-PGF2α is partly a result from activation of NOX2, the 
 catalytic sub-unit of NADPH oxidase. 

What does this paper add?
• Urinary isoprostanes are predictive of cardiovascular events in 

anticoagulated AF patients.

• We found a significant association between urinary 8-iso-PGF2α 
and total mortality.

• Analysis of sNOX2-dp, a marker of NOX2 activation, confirmed 
the involvement of this enzymatic pathway as a trigger of ox-
idative stress in AF population.

Abbreviations

Atrial fibrillation (AF), Akaike Information Criterion (AIC), Cardio -
vascular (CV), F2-isoprostanes (F2-IsoP), Interquartile range (IQR), 
Myocardial infarction (MI), Net Reclassification Index (NRI), Reactive 
oxidant species (ROS), Receiver-operating characteristic (ROC), 
 Soluble NOX2-derived peptide (sNOX2-dp), Subdistribution hazard 
ratios (sHR), Time in Therapeutic Range (TTR), Transient ischaemic 
 attack (TIA), Urinary prostaglandin PGF2alpha (8-iso-PGF2α).

For personal or educational use only. No other uses without permission. All rights reserved.
Note: Uncorrected proof, epub ahead of print online

Downloaded from www.thrombosis-online.com on 2014-11-18 | ID: 1001046464 | IP: 151.100.96.183



Thrombosis and Haemostasis 113.2/2015 © Schattauer 2015

8 Pignatelli, Pastori et al. Urinary isoprostanes, NOX2 and atrial fibrillation

7. Kvietys PR, Granger DN. Role of reactive oxygen and nitrogen species in the 
vascular responses to inflammation. Free Rad Biol Med 2012; 52: 556–592.

8. Sigala F, Kotsinas A, Savari P, et al. Oxidized LDL in human carotid plaques is 
related to symptomatic carotid disease and lesion instability. J Vasc Surg 2010; 
52: 704–713.

9. Gorlach A. Redox regulation of the coagulation cascade. Antiox Redox Signal 
2005; 7: 1398–1404.

10. Leopold JA, Loscalzo J. Oxidative risk for atherothrombotic cardiovascular dis-
ease. Free Rad Biol Med 2009; 47: 1673–1706.

11. Herkert O, Gorlach A. Redox control of tissue factor expression in smooth 
muscle cells and other vascular cells. Meth Enzymol 2002; 352: 220–231.

12. Golino P, Ragni M, Cirillo P, et al. Effects of tissue factor induced by oxygen free 
radicals on coronary flow during reperfusion. Nature Med 1996; 2: 35–40.

13. Mackman N, Tilley RE, Key NS. Role of the extrinsic pathway of blood coagu-
lation in hemostasis and thrombosis. Arterioscl Thromb Vasc Biol 2007; 27: 
1687–1693.

14. Freedman JE. Oxidative stress and platelets. Arterioscl Thromb Vasc Biol 2008; 
28: s11–16.

15. Violi F, Pignatelli P. Platelet NOX, a novel target for anti-thrombotic treatment. 
Thromb Haemost 2014; 111: 817-823.

16. Fam SS, Morrow JD. The isoprostanes: unique products of arachidonic acid ox-
idation-a review. Curr Med Chem 2003; 10: 1723–1740.

17. Carnevale R, Iuliano L, Nocella C, et al. Relationship Between Platelet and Uri-
nary 8-Iso-PGF2alpha Levels in Subjects With Different Degrees of NOX2 
Regulation. J Am Heart Assoc 2013; 2: e000198.

18. Violi F, Pignatelli P, Pignata C, et al. Reduced atherosclerotic burden in subjects 
with genetically determined low oxidative stress. Arterioscl Thromb Vasc Biol 
2013; 33: 406–412.

19. Hummel SL, Seymour EM, Brook RD, et al. Low-sodium dietary approaches to 
stop hypertension diet reduces blood pressure, arterial stiffness, and oxidative 
stress in hypertensive heart failure with preserved ejection fraction. Hyperten-
sion 2012; 60: 1200–1206.

20. Loffredo L, Martino F, Carnevale R, et al. Obesity and hypercholesterolemia are 
associated with NOX2 generated oxidative stress and arterial dysfunction. J 
Pediatr 2012; 161: 1004–1009.

21. Davi G, Chiarelli F, Santilli F, et al. Enhanced lipid peroxidation and platelet ac-
tivation in the early phase of type 1 diabetes mellitus: role of interleukin-6 and 
disease duration. Circulation 2003; 107: 3199–3203.

22. Angelico F, Loffredo L, Pignatelli P, et al. Weight loss is associated with im-
proved endothelial dysfunction via NOX2-generated oxidative stress down-
regulation in patients with the metabolic syndrome. Int Emerg Med 2012; 7: 
219–227.

23. Loffredo L, Carnevale R, Perri L, et al. NOX2-mediated arterial dysfunction in 
smokers: acute effect of dark chocolate. Heart 2011; 97: 1776–1781.

24. LeLeiko RM, Vaccari CS, Sola S, et al. Usefulness of elevations in serum choline 
and free F2)-isoprostane to predict 30-day cardiovascular outcomes in patients 
with acute coronary syndrome. Am J Cardiol 2009; 104: 638–643.

25. Woodward M, Croft KD, Mori TA, et al. Association between both lipid and 
protein oxidation and the risk of fatal or non-fatal coronary heart disease in a 
human population. Clin Sci 2009; 116: 53–60.

26. Gage BF, Waterman AD, Shannon W, et al. Validation of clinical classification 
schemes for predicting stroke: results from the National Registry of Atrial Fibril-
lation. J Am Med Assoc 2001; 285: 2864–2870.

27. European Heart Rhythm A, European Association for Cardio-Thoracic S, 
Camm AJ, et al. Guidelines for the management of atrial fibrillation: the Task 
Force for the Management of Atrial Fibrillation of the European Society of Car-
diology (ESC). Eur Heart J 2010; 31: 2369–2429.

28. Mancia G, De Backer G, Dominiczak A, et al. 2007 Guidelines for the manage-
ment of arterial hypertension: The Task Force for the Management of Arterial 
Hypertension of the European Society of Hypertension (ESH) and of the Euro-
pean Society of Cardiology (ESC). Eur Heart J 2007; 28: 1462–1536.

29. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes 
mellitus and its complications. Part 1: diagnosis and classification of diabetes 
mellitus provisional report of a WHO consultation. Diabetic Med 1998; 15: 
539–553.

30. Dickstein K, Cohen-Solal A, Filippatos G, et al. ESC Guidelines for the diag-
nosis and treatment of acute and chronic heart failure 2008: the Task Force for 
the Diagnosis and Treatment of Acute and Chronic Heart Failure 2008 of the 
European Society of Cardiology. Developed in collaboration with the Heart 

Failure Association of the ESC (HFA) and endorsed by the European Society of 
Intensive Care Medicine (ESICM). Eur Heart J 2008; 29: 2388–2442.

31. Thygesen K, Alpert JS, White HD, et al. Universal definition of myocardial in-
farction. Circulation 2007; 116: 2634–2653.

32. Special report from the National Institute of Neurological Disorders and Stroke. 
Classification of cerebrovascular diseases III. Stroke 1990; 21: 637–676.

33. World Medical A. World Medical Association Declaration of Helsinki. Ethical 
principles for medical research involving human subjects. Bull WHO 2001; 79: 
373–374.

34. Pignatelli P, Carnevale R, Cangemi R, et al. Atorvastatin inhibits gp91phox 
circulating levels in patients with hypercholesterolemia. Arterioscl Thromb 
Vasc Biol 2010; 30: 360–367.

35. Pencina MJ, D’Agostino RB, Pencina KM, et al. Interpreting incremental value of 
markers added to risk prediction models. Am J Epidemiol 2012; 176: 473–481.

36. French B, Saha-Chaudhuri P, Ky B, et al. Development and evaluation of multi-
marker risk scores for clinical prognosis. Stat Methods Med Res 2012 July 5 
[Epub ahead of print]■■■.

37. Davies SS, Roberts LJ, 2nd. F2-isoprostanes as an indicator and risk factor for 
coronary heart disease. Free Rad Biol Med 2011; 50: 559–566.

38. Puccetti L, Santilli F, Pasqui AL, et al. Effects of atorvastatin and rosuvastatin on 
thromboxane-dependent platelet activation and oxidative stress in hypercholes-
terolemia. Atherosclerosis 2011; 214: 122–128.

39. Shishehbor MH, Zhang R, Medina H, et al. Systemic elevations of free radical 
oxidation products of arachidonic acid are associated with angiographic evi-
dence of coronary artery disease. Free Rad Biol Med 2006; 41: 1678–1683.

40. Wang B, Pan J, Wang L, et al. Associations of plasma 8-isoprostane levels with 
the presence and extent of coronary stenosis in patients with coronary artery 
disease. Atherosclerosis 2006; 184: 425–430.

41. Kim JY, Hyun YJ, Jang Y, et al. Lipoprotein-associated phospholipase A2 activity 
is associated with coronary artery disease and markers of oxidative stress: a 
case-control study. Am J Clin Nutr 2008; 88: 630–637.

42. Violi F, Sanguigni V, Carnevale R, et al. Hereditary deficiency of gp91 (phox) is 
associated with enhanced arterial dilatation: results of a multicentre study. Cir-
culation 2009; 120: 1616–1622.

43. Violi F, Sanguigni V, Loffredo L, et al. Nox2 is determinant for ischaemia-in-
duced oxidative stress and arterial vasodilatation: a pilot study in patients with 
hereditary Nox2 deficiency. Arterioscl Thromb Vasc Biol 2006; 26: e131–132.

44. Hirase T, Node K. Endothelial dysfunction as a cellular mechanism for vascular 
failure. Am J Physiol Heart Circ Physiol 2012; 302: H499–505.

45. Pignatelli P, Carnevale R, Di Santo S, et al. Inherited human gp91phox deficien-
cy is associated with impaired isoprostane formation and platelet dysfunction. 
Arterioscl Thromb Vasc Biol 2011; 31: 423–434.

46. Saha P, Modarai B, Humphries J, et al. The monocyte/macrophage as a thera-
peutic target in atherosclerosis. Curr Opin Pharmacol 2009; 9: 109–118.

47. Morrow JD. Quantification of isoprostanes as indices of oxidant stress and the 
risk of atherosclerosis in humans. Arterioscl Thromb Vasc Biol 2005; 25: 
279–286.

48. Maghzal GJ, Krause KH, Stocker R, et al. Detection of reactive oxygen species 
derived from the family of NOX NADPH oxidases. Free Rad Biol Med 2012; 53: 
1903–1918.

49. Ward WF, Qi W, Van Remmen H, et al. Effects of age and caloric restriction on 
lipid peroxidation: measurement of oxidative stress by F2-isoprostane levels. J 
Gerontol Series A Biol Sci Med Sci 2005; 60: 847–851.

50. Montine TJ, Neely MD, Quinn JF, et al. Lipid peroxidation in aging brain and 
Alzheimer’s disease. Free Rad Biol Med 2002; 33: 620–626.

51. Reilly SN, Jayaram R, Nahar K, et al. Atrial sources of reactive oxygen species 
vary with the duration and substrate of atrial fibrillation: implications for the 
antiarrhythmic effect of statins. Circulation 2011; 124: 1107–1117.

52. Pignatelli P, Carnevale R, Pastori D, et al. Immediate antioxidant and antipla-
telet effect of atorvastatin via inhibition of Nox2. Circulation 2012; 126: 92–103.

53. Pignatelli P, Carnevale R, Di Santo S, et al. Rosuvastatin reduces platelet recruit-
ment by inhibiting NADPH oxidase activation. Biochem Pharmacol 2012; 84: 
1635–1642.

54. Bang CN, Gislason GH, Greve AM, et al. Statins reduce new-onset atrial fibril-
lation in a first-time myocardial infarction population: a nationwide propensity 
score-matched study. Eur J Prevent Cardiol 2014; 21: 330-338.

For personal or educational use only. No other uses without permission. All rights reserved.
Note: Uncorrected proof, epub ahead of print online

Downloaded from www.thrombosis-online.com on 2014-11-18 | ID: 1001046464 | IP: 151.100.96.183


