
The CHA
2
DS

2
-VASc score is a validated tool to predict the 

risk for systemic thromboembolism in patients with atrial 
fibrillation (AF). The score considers congestive heart failure 
(CHF), hypertension, age, female sex, diabetes mellitus, history 
of stroke, and vascular disease [1]. Recent trials failed to demon-
strate a clear temporal association between AF and stroke occur-
rence [2]. Thus, stroke in patients with AF probably involves 
mechanisms additive to cardiac embolism such as myocardial 
fibrosis or hypertrophy, mitral valve disease or other structural 
heart disease, and a pro-inflammatory state. 

 Few biomarkers were demonstrated to be related to increased 
risk of thromboembolism in patients with non-valvular AF: 
•  Higher proportion of immature platelets, known to be 

pro-thrombotic and hyper-reactive, in AF versus in sinus 
rhythm [3] 

•  Soluble CD40 ligand (CD40L), a marker of platelet acti-
vation with inflammatory properties, was shown to predict 
myocardial infarction and stroke [4] 

•  Neutrophil-to-lymphocyte ratio (NLR) was demonstrated 
to be an independent risk factor for spontaneous echo con-
trast in left atrial (LA) appendage and LA thrombus for-
mation [5] 

•  P-selectin, which is expressed on activated platelets and en-
dothelial cells, may predict myocardial infarction, stroke, 
and cardiovascular death [6]

•  E-selectin, a cell adhesion molecule expressed on activated 
endothelial cells, is involved in platelet recruitment and acti-
vation of coagulation cascade [7]

•  Similar to AF patients, the CHA
2
DS

2
-VASc score was recent-

ly demonstrated to have a predictive role for systemic throm-
boembolism and mortality in patients with sinus rhythm and 
no history of AF [8,9]. This was specifically demonstrated in 
patients with heart failure [10,11] and sick sinus syndrome 
(SSS) [12].
The aim of the current study was to examine the level of 

.



these biomarkers of platelet reactivity and turnover (immature 
platelet fraction [IPF], sP-selectin) or inflammation (NLR, C-re-
active protein, CD40L, E-selectin) and to investigate the possi-
ble underlying mechanism of higher stroke risk in patients with 
high CHA2DS2-VASc score and no history of AF. 

Patients in sinus rhythm without acute coronary syndrome 
(ACS)/ST elevation myocardial infarction and without a his-
tory of AF were considered for inclusion in the study. The 
patients were enrolled from cardiology or internal medicine 
departments and from the cardiology outpatient clinic at our 
medical center between March 2018 and December 2020. 
Excluded were patients with anemia (hemoglobin < 10 g/dl), 
thrombocytopenia (absolute platelet count < 120 × 103/µl), 
chronic hemato-oncologic diseases (e.g., leukemia, lympho-
ma), blood products transfusion in the last 30 days, and preg-
nancy. Patient with ACS, an infectious or acute inflammato-
ry disease, or history of AF were also not enrolled. Clinical 
and demographic data were obtained from medical charts. All 
echocardiographic exams were analyzed by a specialized car-
diologist in our center. 

Complete blood count (CBC) was obtained from each pa-
tient for NLR and IPF assessment. NLR was calculated from 
CBC by dividing neutrophil count by lymphocyte count. Cre-
atinine and CRP were obtained from routine blood chemistry 
evaluations. The level of IPF was determined as a part of CBC 
by an autoanalyzer (Sysmex XN-3000, Sysmex America Inc. 
Mundelein, IL, USA), which uses fluorescent dyes containing 
oxazine and ethylene glycol. This system discriminates between 
mature and immature platelets and reports the IPF as percent-
age. Reticulated platelets are displayed as percentage of the total 
optical platelet count (IPF%). IPC was calculated by multiply-
ing IPF and total platelet count, representing the absolute count 
of immature platelets (× 103/µl). The normal reference range for 
IPF% and IPC used in our laboratory (as defined by Sysmex) 
is 1.2–8.6% and 3.6–20.0 × 103/µl, respectively. The analytical 
error in measuring IPF was 3.6%. 

Plasma level of soluble P-selectin, E-selectin and CD40L 
were analyzed using enzyme-linked immuno-adsorbent assay 
(Human P-selectin Quantkine ELISA DPSE00, Human E-se-
lectin Quantkine ELISA DSLE00 and Human CD40L Quant-
kine ELISA DCDL40, R&D systems, Minneapolis, MN, USA). 
The patients were divided into two groups: those with low 
CHA

2
DS

2
-VASc score (male with score 1 or 0 and female with 

2
DS

2
-VASc score (male with 

high CHA
2
DS

2
-VASc score was selected according to the cur-

rent ESC AF guidelines, which differ across genders regarding 

class I indication for anticoagulation treatment in AF patients 
[1]. Female gender was previously shown to be a risk modifier 
for stroke in AF and increases stroke risk in woman who were 

-
tional risk factors [13].

The association between CHA2DS2-VASc score, IPF, 
CD40L, NLR, CRP, sP-selectin, and sE-selectin was evaluated.

The study was approved by the local investigational review 
board (ethics committee) of our hospital, and all participants 
provided written informed consent.

The results are presented as the mean ± standard deviation 
(SD) for continuous variables with normal distribution, as 
median with IQR (25th, 75th percentiles) for continuous vari-
ables with abnormal distribution and as number and percent-
age of total patients for categorical data. As IPF, IPC, CD40L, 
NLR, CRP, P-selectin were abnormally distributed, their data 
are presented as median with IQR (25th, 75th percentiles). T 
test was used for comparison of continuous variables. When 
the distribution was abnormal, the Mann-Whitney test was 
applied accordingly. Chi-square test and Fisher’s exact test 
were used for categorical data. A two-sided  < 0.05 was con-
sidered as statistically significant. Statistical analyses were 
performed using IBM Statistical Package for the Social Sci-
ences statistics software, version 21 (SPSS, IBM Corp, Ar-
monk, NY, USA).

A total of 108 consecutive patients in sinus rhythm with no his-
tory of AF were included in the study. Mean age was 58 ± 18 
years, 63 female (58%), 28 (26%) had diabetes. Of the partic-
ipants 52 (48%) had high CHA

2
DS

2

2
DS

2
-VASc 

score. Baseline characteristics of the patients based on the 
CHA

2
DS

2
-VASc score are presented in Table 1. Patients with 

low CHA
2
DS

2
-VASc score were younger (mean age 43.3 ± 9.8 

vs. 74.2 ±10.8 years, < 0.001), had fewer co-morbidities and 
smaller LA area than those with high scores (16, IQR 13.1–19.5 
vs. 21, IQR 19–25 cm²,  < 0.001). Left ventricular ejection 
fraction (LVEF) and anticoagulant treatment were not signifi-
cantly different.

Table 2 describes biomarker's levels according to CHA
2
DS

2
-

VASc score. Soluble P-selectin was higher in the high vs. the 
low CHA

2
DS

2
-VASc group (45 ng/ml [IQR 36–49] vs. 37 ng/ml 

[IQR 28–46], = 0.041). Inflammatory markers (CRP and NLR) 
were significantly elevated as well (CRP 3.1 [IQR 1.7–9.3] vs. 1.6 



[IQR 0.78–5.4] mg/L, < 0.001; NLR 2.7 [IQR 2.1–3.8] vs. 2.1 
[IQR 1.6–2.5],  = 0.001, respectively). The distribution of sP-se-
lectin stratified by CHA

2
DS

2
-VASc score is presented graphically 

in Figure 1A. Interestingly, sP-selectin plasma concentration was 
significantly elevated at CHA2DS2-VASc score 2 compared to 
CHA2DS2-VASc score 0 and 1, with no further elevation follow-
ing CHA2DS2-VASc score increase from 2 to 7. 

The distribution of NLR and CRP stratified by CHA2DS2-
VASc score is presented graphically in Figure 1B and Figure 
1C, respectively.

There were no differences between patients with high and 
low CHA2DS2-VASc scores regarding sE-selectin, CD40 li-
gand, IPF% and IPC [Table 2].

Similar to AF patients, CHA
2
DS

2
-VASc score was demonstrated 

to have a predictive role for systemic embolism and mortality 
in patients with sinus rhythm as well. To the best of our knowl-
edge, this is the first study to evaluate the association between 
inflammatory markers, platelet reactivity, and CHA

2
DS

2
-VASc 

score in patients at sinus rhythm. We found that inflammatory 
markers were elevated in patients with high CHA

2
DS

2
-VASc 

score and sinus rhythm. No difference was found between high 
and low score groups regarding the markers of platelet reactivity 
and turnover. Thus, inflammation is suggested as the possible 
underlying mechanism of higher risk of stroke in subgroups of 
patients with high CHA

2
DS

2
-VASc score and no AF.

The role of inflammatory markers in cardiovascular diseases 
has been extensively studied and their consistent relationship 
has been established in the past. Previous studies determined 
an important role of CRP in cardiovascular disease, diabetes 
mellitus, arterial hypertension, and kidney disease. CRP acts by 
binding to its receptor, CD32/CD64 and induces the inflamma-

-
tantly, CRP has an additional role as a mediator of tissue fibrosis 

independent mechanisms. Moreover, CRP impairs cell regener-
ation by causing the G1 cell cycle arrest [14].

NLR, a widely available marker of inflammation, is asso-
ciated with arterial stiffness and high coronary calcium score. 
Moreover, it is associated with clinical outcomes in stable coro-
nary artery disease and short- and long-term mortality in patients 
with ACS. Recently, NLR was reported as a prognostic marker 
after coronary artery bypass grafting [15]. Farah and Samra [16] 
found that NLR levels were higher in patients with stroke than 
in healthy controls. In addition, NLR levels were significantly 
higher in patients with moderate/severe stroke assessed by the 
NIHSS versus in patients with minor stroke. In a meta-analysis 
performed by Santos and colleagues [17], CHADS

2
 was able to 

identify patients at risk of stroke, regardless of whether AF was 
present or not. Similarly, in our study we compared NLR lev-



els between patients with different CHA
2
DS

2
-VASc score and 

found higher NLR levels in the high CHA
2
DS

2
-VASc group. 

An additional important finding of our study is the as-
sociation between high CHA

2
DS

2
-VASc score and increased 

levels of soluble P-selectin (sP-selectin). P-selectin is a car-
bohydrate-recognizing cell adhesion molecule expressed 
on activated platelets and endothelial cells. sP-selectin was 

shown to induce cytokine production by monocytes and en-
courage the recruitment of leukocytes to inflammatory and 
hemorrhagic sites. P-selectin also plays a role in leukocyte 
activation and adhesion, generation of reactive oxygen spe-
cies and the expression of blood coagulation factors [18]. 
sP-selectin is significantly elevated (threefold to fourfold) in 
patients with cardiovascular atherosclerotic disease, and can 
predict the risk of future myocardial infarction, stroke, and 
cardiovascular death [6].

In our study low dose aspirin use was more prevalent in 
high vs. low CHA

2
DS

2
-VASc group (61.5% vs. 1.8% respec-

tively, < 0.001). Low doses of aspirin that markedly inhibit 
platelet COX-1 activity, as manifested by a profound decline 
in platelet-derived serum TxB2 concentrations, were not shown 
to have a detectable effect on serum CRP levels [19]. Aspirin, 
at all concentrations, inhibits arachidonic acid but not throm-
bin-induced platelet aggregation. The thrombin-induced platelet 

platelet GPIIb-IIIa expression, are not affected by aspirin in-
hibition of COX-1. Hence, aspirin has no effect on our study’s 
analyzed inflammatory markers (CRP, NLR, sP-selectin) [20]. 
Patients with high CHA

2
DS

2
-VASc score in our study were in 

average 30 years older than those with low score and had more 
co-morbidities associated with persistent low-level inflamma-
tion, such as diabetes mellitus, chronic renal, and chronic heart 
failure. Indeed, inflammatory markers defining low level in-
flammation (CRP, NLR) were elevated in this patient group. 
There is accumulating evidence that inflammation plays an im-



portant role in the etiology of stroke and other cardiovascular 
diseases in addition to traditional risk factors such as arterial 
hypertension and hyperlipidemia [21,22]. Moreover, Bonaccio 
and colleagues [23] demonstrated  that low grade inflammation 
is an independent risk factor for total mortality in an apparent-
ly healthy adult general population. The presence of low-level 
inflammation may therefore explain the association of adverse 
cardiovascular events in patients with sinus rhythm and elevated 
CHA2DS2-VASc score.

In our study high CHA2DS2-VASc score patients had larg-
er LA (21 vs. 16,  < 0.001 ) and a higher systolic pulmonary 
artery pressure (SPAP) (31 vs. 23, < 0.001). LA enlargement 
is the hallmark of structural remodeling of LA. It can be an in-
dicator of diastolic dysfunction as a consequence of aging, di-
abetes and hypertension. Not surprisingly LA size was higher 
in high CHA

2
DS

2
-VASc group. LA enlargement was shown to 

be associated with inflammation and oxidative stress in patients 
at higher risk for AF [24]. However, inflammation might be a 
pathogenic driver for pulmonary vascular remodeling and ele-
vated SPAP [25].

The main limitation of this study is the small study group; how-
ever, despite its small size we showed significant differences 
in inflammatory markers between the two groups. Due to the 
small size of the study, we could not look into subgroups of 
patients (such as heart failure or SSS). The clinical implications 
of our findings remain to be determined, and larger studies are 
warranted. 

Patients in sinus rhythm with high CHA
2
DS

2
-VASc score have 

higher inflammatory markers and sP-selectin levels compared 
to patients with low score. These findings may explain the high-
er rate of adverse cardiovascular events in several groups of 
patients with sinus rhythm and elevated CHA

2
DS

2
-VASc score.


