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INTRODUCTION
There is no doubt that pathogenetically atrial fibrillation 
(AF) and coronary artery disease (CAD) are character-
ized by prothrombotic state and platelet activation. 
Adequate anticoagulation is the first step and the 
main basis in the management of AF paroxysms [1, 
2]. Platelet conditions represent hemostatic balance 
and can directly affect the prothrombotic state, which 
plays a major role in the supraventricular arrhythmia 
development. Increased mean platelet volume (MPV) 
is the known marker of platelet activation. Also, AF is 
significantly associated with reduced platelets count 
(PC), which can be explained by their overuse and syn-
thesis decrease. The rise of platelets distribution width 
(PDW) also is common for cardiovascular pathology 
and some metabolic states, like diabetes mellitus [3]. 
Platelets also can represent prothrombotic potential 
and atherosclerotic plaque composition. Platelet ac-
tivation in CAD patients is connected with increased 
integrin αIIbβ3 levels [4], which also can be promoted 
by circulatory branched-chain amino acids (AA) [5, 6]. 

Holter ECG monitoring is indicated for patients with 
AF paroxysms for the determination of the best treat-
ment strategy or heart rate control management. For 
stable CAD patients, it is only reasonable in case of 
ischemia cardiac clinical features [7]. So, connections 
between Holter ECG monitoring findings: rhythm 
abnormalities, ST-segment changes, QTs-interval dif-
ferences, and platelets morphological and biochemical 
characteristics are still unexplored. 

AIM
The aim of this study was to investigate the relation-
ships between Holter ECG monitoring findings and 
platelet characteristics in patients with atrial fibrillation 
paroxysm and coronary artery disease. 

MATERIALS AND METHODS
300 patients were separated into three groups: I (CAD) – 
149 patients with CAD without arrhythmias, II (CAD and 
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AF) – 124 patients with AF paroxysm and CAD, and the 
control group (CG) – 27 patients without arrhythmias 
and CAD. Investigated patients were hospitalized and 
observed in the cardiological and therapeutic depart-
ments in the Kyiv City Clinical Hospital No. 12 in 2018-
2023 years. Diagnosis CAD was based on the history 
of coronary artery stenotic changes during invasive 
coronary angiography. Diagnosis of AF paroxysm was 
based on 12 leads electrocardiography at rest. These 
diagnoses were matched the resent ESC guidelines [1, 
2]. Heart failure in stage B or C was found in the I and II 
group of patients [8]. Exclusion criteria included heart 
failure Class III to IV (by New York Heart Association), 
ejection fraction <40%, valvular AF, thyroid pathology, 
chronic kidney disease (Glomerular Filtration Rate, 
GFR <60 mL/min), reported malignancies, pregnan-
cy, inflammatory bowel disease and irritable bowel 
syndrome, probiotics or antibiotics usage for a month 
before the study, vegetarians. Informed consent was 
signed by the all subjects according to the Declaration 
of Helsinki. The study was performed at the base and 
got approval of the Kyiv City Clinical Hospital No. 12 
ethical commission (protocol # 8 from 22/08/2018). 

Holter ECG monitoring (Cardiosens_K, Kharkiv, 2014) in 
V1, aVF, and V5 leads during 24 hours was performed for 
the patients with AF within 24 hours after sinus rhythm 
restoration, and for the patients without AF on the first 
day of observation. PC, MPV, PDW, and platelets-to-leuco-
cytes ratio (PLR) were obtained from the common blood 
count. Platelet AA level was detected by the method of 
ion exchange liquid column chromatography. Patients’ 
blood sampling was made from the cubital vein fasted 
before treatment on the first day of hospitalization. 

Results have been introduced as mean ± standard er-
ror for continuous variables or [95% confidence interval 

(CI)] as a number for categorical variables. Normality 
distribution was checked by the Pearson criterion. Data 
comparison was performed by Wilcoxon signed-rank 
test or Student t-test with two critical regions depend-
ing on the distribution type. Correlation analysis was 
done by the Spearman’s coefficient [9]. All calculations 
were done in MATLAB R2014a (License number 271828, 
MathWorks, Inc., USA). 

RESULTS
In investigated groups, significant differences in age 
and gender, total bilirubin, body mass index (BMI), 
and smoking history were not checked. In the I and II 
groups uric acid (by 22.66% and 30.53% respectively) 
and total cholesterol (TC) (by 32.64% and 43.06% 
respectively) levels were significantly higher and glo-
merular filtration rate (GFR) (by 26.16% and 19.38% 
respectively) were lower versus CG, P<0.05. Also, CG 
patients did not have obesity, stroke, diabetes mellitus, 
or myocardial infarction history, as the I and II groups 
patients. Data are presented in Table 1.

The average Holter monitoring lasted for 22,13±0.22 
hours in average. The I and II groups were characterized 
by significant decrease in minimum heart rate (HR) 
(13.82% and 11.36%, consequently) and average (9.38% 
and 14.14%, consequently) versus the CG, P<0.05. In the 
II group had a significant rise in supraventricular ecto-
pic beats (SVEs) per hour, total SVEs, single SVEs, pair 
SVEs, ventricular ectopic beats (VEs) per hour, total VEs, 
single VEs, and pair VEs, AF paroxysm, and its duration 
versus the I group, P<0.05. ST -segment deviations were 
not found in the CG.  It was no significant difference in 
ST-segment changes between I and II groups, P<0.05. 
The data are presented in Table 2.

Table 1. Baseline characteristics of the study groups, mean ± standard error
Characteristic /group I group II group CG

Age (years) 67.71±3.90 67.96±0.94 56.25±2.18

Men (%) 48.99 47.97 48.15

Smoking (%) 51.01 41.46 40.74

History of myocardial infarction (%) 30.87+ 26.02# 0

History of stroke (%) 8.72+ 8.13# 0

Diabetes mellitus (%) 18.12+ 14.63# 0

Obesity (%) 8.84+ 12.0# 0

BMI (kg/m2) 27.02±0.33 26.93±0.43 27.12±2.10

Total bilirubin (mmol/l) 11.3±0,09 12.4±0,08 11.7±0.11

Uric acid (mmol/l) 380.5±28.16+ 404.9±36.11# 310.2±29.12

GFR (ml/min) 62.03±2.31+ 67.73±1.98# 84.01±5.48

TC (mmol/l) 5.73±0.37+ 6.18±0.31# 4.32±0.21

Notes: +-p<0.05 I group – CG; #-p<0.05 II group – CG
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In the II group, a significant depletion in PC (12.20%) 
and a rise in MPV (9.30%) and PLR (41.12%) was revealed 
versus the I group, P <0.05. In the I group, a significant 
decline in PC (21.25%) and a growth in MPV (33.58%), 
PDW (20.31%), and PLR (12.37%) was detected versus 
the CG, P <0.05. In the II group, a significant decrease in 
PC (30.85%) and a rise in PDW (20.31%), MPV (46.00%), 
and PLR (58.58%) was observed versus the CG, P <0.05. 
The data are shown in Fig. 1.

In the II group, a significant rise in isoleucine (10.73%), 
and leucine (12.63%) and a decline in serine (5.06%), 
threonine (23.05%), valine (30.83%), glycine (32.21%) 
levels were found versus the I group, P <0.05. In the 
I group was found a significant growth in isoleucine 
(12.41%) and a decline in serine (9.31%), glycine 
(19.73%), and taurine (20.26%), levels versus the CG, 
P <0.05. In the II group, a significant increase in leu-
cine (10.20%), isoleucine (24.47%), and a fall in serine 
(13.90%), taurine (19.84%), valine (27.87%), threonine 
(29.37%), and glycine (45.59%) levels were obtained 
versus the CG, P <0.05. The data are presented in Fig. 2. 

The correlation analysis between platelets morpho-
logical characteristics, amino acids spectrum, and 
Holter ECG monitoring indexes is shown in Table 3 
and Table 4.

DISCUSSION
Holter ECG monitoring is a significant part of the inves-
tigation in patients with AF paroxysms and CAD [7]. In 
our study, we selected patients with CAD and without 
arrhythmias and CG using Holter ECG monitoring. 
That’s why, these groups had significantly lower levels 
of supraventricular and ventricular rhythm abnormali-
ties, and CG had no ST episodes. According to our data 
patients with AF and CAD are characterized by a rise 
in MPV and PLR and a decrease in PC. These results 
were expected according to the literature data [4, 5]. 
Platelet characteristics are deeply connected with in-
flammation, myocardial fibrosis, and remodeling [10]. 
Also, PC, MPV, and PLR significantly correlated with su-
praventricular arrhythmias. According to the literature 
data, an increase in PLR can be an independent indi-
cator of ventricular repolarization and depolarization 
heterogeneity [11]. The rise of MPV is associated with 
platelet activation, which is characterized by intra-
cellular calcium exchange disturbances and can lead 
to electrolyte disbalance [12]. In animal experiments, 
platelet activation is connected with cellular hypoxia 
[13], which is also important in arrhythmia pathogenesis 
[1]. At the same time, PDW is mostly correlated with 
ST-segment changes. According to some data, PDW 

Fig. 1. Platelet morphological charac-
teristics in investigated patients. 
Notes: *-P<0.05 I-II groups; +-P<0.05 
I group – CG; #-P<0.05 II group – CG.

Fig. 2. Platelets amino acids profile in 
investigated patients, μmol/l. 
Notes: *-P<0.05 I-II groups; +-P<0.05 I 
group – CG; #-P<0.05 II group – CG.
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is directly connected with GPIIb/IIIa receptor activity 
[14], which is associated with increased risks of MI [15].

Besides, patients with AF and CAD had a significant 
increase in platelet isoleucine, and leucine and a signif-
icant decrease in threonine, serine, glycine, and valine 
levels in our study. Platelet glycine, alanine, serine, thre-
onine, valine, and leucine levels are mostly correlated 
with arrhythmias due to obtained data. According to 
the previous data, an increase in circulating levels of 
leucine and tyrosine and a decrease in glycine, serine, 
and alanine levels are associated with cardiovascular 
diseases. Serine is a precursor of glycine synthesis. 
Glycine has antihypertensive, antioxidative, anti-in-
flammatory, and metabolic effects [6]. According to 
some data, glycine can counteract angiotensin II, which 
prevents left ventricular hypertrophy and stimulates 

growth factor β and endothelin-1, which prevents myo-
cardial fibrosis [16]. Moreover, activation of myocardial 
glycine receptors provides ischemic conditioning in 
experiments [17]. Also, alanine, serine, threonine, and 
their exchange violations regulate Ca2+ dependent 
kinase 2 activity and myocardial sarco/endoplasmic 
reticulum (SR) Ca2+ ATPase pump, which changes Ca2+ 
handling proteins exchange, reduce Ca2+ uptake, and 
prevent O-GlcNAcylation induced increase in Ca2+ leak 
[18, 19]. Leucine participates in electrical remodeling 
processes by modulation of L-type Ca2+ channels and 
excitation-contraction activity [20]. Valine is responsible 
for fatty acid oxidation in cardiomyocytes, which leads 
to antioxidative properties, but on the other hand, 
sometimes it can suppress glucose oxidation in cardiac 
tissue [21].

Table 2. Holter ECG monitoring indexes in investigated groups, mean ± standard error or mean [95% CI]

Characteristic /group I group II group CG

Maximum HR, bpm 110.20±2.48 106.6±3.89 109.8±3.97

Minimum HR, bpm 45.6±1.68 46.9±1.66 # 52.91±1.30 +

Average HR, bpm 66.98±0.99 * 63.46±1.24 # 73.91±2.20 +

SVEs total 36 [95% CI 24-43] * 729 [95% CI 331-982] # 7 [95% CI 0-15] +

SVEs single 32 [95% CI 24-43] * 502 [95% CI 307-766] # 7 [95% CI 0-15] +

SVEs pair 0 [95% CI 0-3] * 27 [95% CI 8-42] # 0 +

SVEs group 0 [95% CI 0-1] 5 [95% CI 0-9] # 0 +

SVT 0 [95% CI 0-1] 0 [95% CI 0-1] # 0 +

Longest SVT, sec. 0 [95% CI 0-16] 0 [95% CI 0-42] # 0 +

SVEs per hour 8 [95% CI 3-17] * 38 [95% CI 11-112] # 0 [95% CI 0-2] +

AF paroxysm 0 * 0 [95% CI 0-1] # 0

Longest AF paroxysm, sec. 0 * 0 [95% CI 0-44] # 0

VEs total 0 [95% CI 0-3] * 3 [95% CI 0-15] # 0 [95% CI 0-1] +

VEs single 0 [95% CI 0-3] * 3 [95% CI 0-15] # 0+

VEs pair 0 [95% CI 0-2] * 3 [95% CI 0-15] # 0+

VEs group 0 [95% CI 0-1] 0 [95% CI 0-2] # 0+

VT 0 0 0

Longest VT, sec. 0 0 0

VE’s per hour 14 [95% CI 5-19] * 32 [95% CI 17-41] # 0 [95% CI 0-1] +

Pauses more than 3 sec 0 0 0

Longest pauses, sec. 0 0 0

Changes ST segment, quantity 
episodes 0 [95% CI 0-3] 0 [95% CI 0-6] # 0 +

Maximum ST depression, μV 0 [95% CI 0-118] 0 [95% CI 0-124] # 0 +

Maximum ST elevation, μV 0 [95% CI 0-133] 0 [95% CI 0-112] # 0 +

Maximum ST episode duration, 
minutes 2 [95% CI 1-5] 2 [95% CI 1-5.5] # 0 +

Notes: +-p<0.05 I group – CG; #-p<0.05 II group – CG; *-p<0.05 I-II groups; HR – heart rate; AF – atrial fibrillation; SVE – supraventricular ectopic 
beats; VE - ventricular ectopic beats; SVT – supraventricular tachycardia, VT – ventricular tachycardia.
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1.  Patients vwith atrial fibrillation paroxysm and cor-
onary artery disease characterized by a significant 
increase in mean platelet volume (9.30%) and 
platelet-to-leucocyte ratio (41.12%) and a significant 
decrease in platelets count (12.20%), P<0.05;

2.  Patients with atrial fibrillation paroxysm and coronary 
artery disease characterized by a significant increase 
in platelet isoleucine (10.73%), leucine (12.63%), and 
a significant decrease in serine (5.06%), threonine 
(23.05%), valine (30.83%) and glycine (32.21%) levels 
in comparison with coronary artery disease patients 
without atrial fibrillation, P<0.05;

3.  Platelets count, mean platelet volume, and plate-
let-to-leucocyte ratio correlated with supraventric-
ular extrasystoles per hour (r=-0.352, r=0.308, and 
r=0.359, consequently), P<0.05;

4.  Platelet distribution width correlated with ST-seg-
ment changes (r=0.371), P<0.05;

5.  Platelet threonine, serine, glycine, alanine, and valine 
levels negatively correlated with supraventricular ar-
rhythmias: total supraventricular extrasystoles (r=-0.374, 
r=-0.358, r=-0.402, r=-0.307, r=-0.312, respectively) and 
supraventricular extrasystoles per hour (r=-0.374, r= 
-0.358, r=-0.402, r=-0.307, r=-0.312, respectively), P<0.05;

We established that platelet lysine, taurine, cysteine, 
and phenylalanine levels correlated with ST-segment 
episodes. Cysteine is a precursor of taurine, they are 
sulfur contains amino acids. As reported, taurine and 
cysteine have strong anti-ischemic properties. Taurine is 
a trigger for osmotic preconditioning, by its antioxidant 
properties. Cysteine inhibits vascular endothelial growth 
factor and hypoxia-inducible factor 1-alpha [22, 23]. Also, 
according to the latest data in experiments lysine can 
prevent cardiac fibrosis and apoptosis by influencing 
cardiomyocytes mitochondria, sarcolemma, and archi-
tecture [24]. In animal models, an increase in circulated 
phenylalanine is closely associated with cardiac aging: 
fibrosis, ectopic activity, and inflammation [25].

So, the role of platelets’ morphological and biochemi-
cal features in arrhythmia pathogenesis in CAD patients 
is important and needs further investigation.

CONCLUSIONS
The features of platelet characteristics, Holter ECG 
monitoring indexes, and their correlations in patients 
with coronary artery disease and atrial fibrillation were 
described in our study:

Table 3. Correlation matrices between Holter ECG monitoring indexes and platelet morphological characteristics 
Holter ECG monitoring indexes / 

Platelet morphological characteristics PC MPV PDW PLR

Maximum HR 0,196 -0,050 0,145 0,153

Minimum HR 0,347* -0,188 -0,214 0,116

Average HR 0,377* -0,360* -0,012 0,382*

SVE total -0,377* 0,374* 0,272 -0,119

SVE single -0,399* 0,374* 0,247 -0,154

SVE pair -0,301* 0,366* 0,130 -0,014

SVE group -0,047 0,363* 0,196 0,002

SVT 0,043 0,197 0,008 0,326*

Longest SVT 0,052 0,194 0,008 0,329*

SVEs per hour -0,352* 0,308* 0,211 0,359*

AF paroxysm -0,164 0,451* 0,163 0,357*

Longest AF paroxysm -0,155 0,456* 0,178 0,341*

VE total -0,323* 0,420* 0,172 -0,203

VE single -0,364* 0,434* 0,270 -0,131

VE pair 0,047 0,050 0,136 0,115

VE group 0,041 0,020 0,075 0,041

VE’s per hour -0,123 0,159 0,035 -0,221

Changes ST segment 0,028 0,101 0,371* -0,096

Maximum ST depression 0,053 0,098 0,385* -0,08

Maximum ST elevation 0,070 0,084 0,271 -0,08

Maximum ST episode duration 0,041 0,092 0,308* -0,08

Notes: *- correlations with moderate or strong force (r>0.3 or r<-0.3), P<0.05. HR – heart rate; AF – atrial fibrillation; SVE – supraventricular ectopic 
beats; VE - ventricular ectopic beats; SVT – supraventricular tachycardia, VT – ventricular tachycardia.
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Table 4. Correlation matrices between Holter ECG monitoring indexes and platelets morphological characteristics, P<0.05
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Notes: *- correlations with moderate or strong force (r>0.3 or r<-0.3), P<0.05. 
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The role of platelet amino acids spectrum abnormalities 
should be deeply investigated in further studies and 
possible approaches to their correction.

6.  Platelet lysine, taurine, cysteine, and phenylalanine 
levels correlated with ST-segment changes (r=-0.319, 
r=-0.344, r=-0.376, and r=0.317, consequently), P<0.05.
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