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Relevance. Platelet activation and platelet aggregation are central processes in the pathophysiology of coronary heart disease and
thrombosis. The relationship between cardiovascular morbidity and mortality varies with the presence of other concomitant cardiovascular
risk factors.

Objective. To determine the state of platelet hemostasis in patients with essential hypertension (HT), with concomitant non-alcoholic
fatty liver disease (NAFLD).

Materials and methods. 152 patients were examined: 72 men and 80 women. Three groups were identified: I - 46 patients with stage
II HT without concomitant NAFLD, II - 54 patients with NAFLD without HT, group III - 52 patients with HT and concomitant NAFLD.
A study of total platelet count, mean platelet volume (MPV), platelet distribution width (PDW), platelet count (PCT) and spontaneous
platelet aggregation was performed.

Results. The level of mean platelet volume (MPV) in both groups of patients with hepatic steatosis exceeded control values equally
- by 6%, both in patients with NAFLD (p<0.001) and in NAFLD with concomitant hypertension (p<0.01). In patients of the NAFLD
group and hypertension, the relative width of the platelet distribution by volume (PDW) had high values - 2% (p<0.05) higher than in the
control cohort, and 2.4% (p<0.05) than in patients with isolated HT. An increase in the degree of spontaneous aggregation in patients of
all surveyed groups compared to controls. So in patients with HT II stage. spontaneous aggregation increased 2.2 times (p<0.001), while
in both groups of patients with hepatic steatosis, the increase in spontaneous platelet activity was twice as high: in patients with NAFLD
- 4.3 times (p<0.001), in patients with HT II stage. and concomitant NAFLD - 4.1 times (p<0.001).

Conclusion. NAFLD is accompanied by an increased in MPV, the size of which correlates with their functional activity. In patients
with isolated NAFLD, a statistically significant increase in spontaneous platelet aggregation is also observed, which allows considering

NAFLD as one of the risk factors for thrombophilic changes in the primary hemostasis.
Keywords: non-alcoholic fatty liver disease; mean platelet volume; platelet aggregation; hypertonic disease; obesity.

Relevance. In modern society, non-alcoholic fatty liver
disease (NAFLD) is the leading cause of liver disease.
The global prevalence of NAFLD in the world is 25.2%
[1]. Today NAFLD is recognized as a hepatic manifesta-
tion of metabolic syndrome [2]. Metabolic comorbidities
associated with NAFLD include obesity 51.3%, type 2
diabetes mellitus 22.5%, hyperlipidemia 69.2%, metabolic
syndrome 42.5% and hypertension 39.3%. In 2018, Oikon-
omou D. et. al. analyzed the relationship of NAFLD with
hypertension (HT) independently of other components of
the metabolic syndrome, such as obesity and diabetes. It
was found that NAFLD is associated with newly detected
HT, while elevated blood pressure is associated with the
development of fatty liver disease and subsequent progres-
sion of fibrosis [3]. Insulin resistance and activation of the
renin-angiotensin-aldosterone system may provide poten-
tial pathophysiological links between these diseases. In-
hibitors of the renin-angiotensin-aldosterone system have
been studied in NAFLD, their use has created a favorable
profile, reducing insulin resistance and the progression of
fibrosis [3]. The results of this study confirm the existence
of cardiometabolic links between NAFLD and HT.

Therefore, NAFLD should be considered not only as
a liver disease, but also as an early mediator of cardiovas-
cular disease, type 2 diabetes, obesity and dyslipidemia.
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NAFLD is widespread in the general population and is
associated with an increase in cardiovascular morbidity
and mortality [2]. The main mechanisms and pathogen-
esis of the growth of cardiovascular morbidity and mor-
tality in NAFLD are not yet fully understood. Therefore,
we draw our attention to the study of the presence of
thrombogenic conditions in the blood in combination
with NAFLD with one of the most common diseases of
the cardiovascular system - HT.

The primary link responsible for thrombus formation
is platelet hemostasis. The role of platelets in the ath-
erosclerotic process, and later in the pathophysiological
mechanisms of cardiovascular disease, is not limited to
the normal physiological role of platelets in the main-
tenance and implementation of hemostasis, they also
simulate inflammatory responses and immune response.
This interaction contributes to the localized inflamma-
tory response and the progression of the atherosclerotic
process [4].

Due to the fact that the production of peripheral plate-
lets is regulated mainly by thrombopoietin, which is
mainly synthesized in the liver, so the level of platelets
in liver disease falls under meticulous study. According
to the results of recent studies, people with NAFLD have
an increased risk of decreased platelet count compared
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to those who do not have NAFLD [5, 6]. However, the
question of the nature of hemostatic complications in
these patients remains open. Therefore, we analyzed the
effect of NAFLD on the state of platelet hemostasis in
patients with isolated NAFLD and the combined course
of NAFLD with HT II.

The objective is determination of the state of platelet
hemostasis in patients with hypertension combined with
non-alcoholic fatty liver disease.

MATERIALS AND METHODS

The study was conducted on the clinical basis of the
Department of Propaedeutics of Internal Medicine Nel
National Medical University named after OO Bogomo-
lets of the Kyiv Clinical Hospital on railway transport
No2 Branch “Health Center” of ““Ukrainian Railways” in
the period 2015-2018. 152 patients were examined: 72
men and 80 women. Patients were divided into groups:
Group I - patients with stage II HT without signs of liver
damage (46 people, age of the examined 58.0 [51.0;
63.0] years); Group II - patients with NAFLD without
HT (54 people, age 54.0 [43.0; 58.0] years); Group I -
patients with stage II HT with NAFLD (52 people, age
57.5 [48.0; 64.5] years). The control group consisted
of 15 practically healthy individuals comparable in age
and sex (age 49.0 [42.0; 55.0] years), who underwent a
preventive examination.

The study was conducted in accordance with the
Code of Ethics of the World Medical Association (Dec-
laration of Helsinki) and approved by the Commission on
Bioethics of the Bogomolets National Medical Univer-
sity, expert opinion Ne97 dated 23.06.2016. All patients
included in the study gave written informed consent to
participate in the study.

All patients underwent general clinical studies. The
laboratory study included determination of total blood
counts, including total platelet count, mean platelet
volume (MPV), platelet distribution width (PDW)
and platelet count (PCT), using an automatic hema-
tology analyzer Mindray BC 2800 (Mindray, China),
with counting technology based on the conductometric
method, in which cells pass through an aperture of
small size.

To achieve this goal, a study of spontaneous plate-
let aggregation was performed. Platelet aggrega-
tion activity was studied using a 230-LA aggrega-
tion laser analyzer (Biola Research and Production
Company, Russia). The critical level of significance
in testing statistical hypotheses was assumed to be
0.05. Non-parametric statistical methods were used
for statistical analysis: U-Mann-Whitney test, Krus-
kal-Wallis H-test, Spearman correlation coefficient,
odds ratio (OR), as small sample sizes were used,
and values in groups were not subject to the law of
normal distribution.

RESULTS AND DISCUSSION

We studied the indicators that characterize platelets:
PDW - the calculated width of the curve of platelet distri-
bution by volume or the relative width of platelet distri-
bution by volume; this is an indicator of platelet hetero-
geneity; PCT — plateletcrit, an indicator that characterizes
the percentage of platelet mass in the blood volume;
MPV —mean platelet volume, which is determined based
on the histogram of platelet distribution.

MPV analysis showed a significant increase in this
indicator only in groups with NAFLD, while in patients
with isolated course of HT the difference was not signit-
icant. The level of MPV in both groups of patients with
hepatic steatosis exceeded the control values to the same
extent - by 6%, both in patients with NAFLD (p<0.001)
and NAFLD combined with HT (p<0.01). Intergroup
comparisons did not reveal significant differences be-
tween the examined groups of patients (Table 1).

Table 1

Platelet status in the examined groups of patients
(Me [25%; 75%])

Group Platelets, | MPV, fL | PDW,% | PCT, %
10°/L
HT (I) 253 9.7 14.7 0.248
(n=46) [214; [9.2; [14.5; [0.227;
288] 10.1] 14.8] 0.282]
NAFLD (II) 235 9.9%** 14.8 0.241
(n=54) [207.5; [9.7; [14.6; 0.216;
280] 10.3] 14.9] 0.276]
NAFLD+HT | 224 9.9%* 14.9 0.236
(I11) [211; [9.3; [14.6; 0.216;
(n=52) 258.5] 10.3] 15.1] 0.260]
Control 242.5 94 14.6 0.247
[206; [é 1:9.7] [14.4; [0.194;
271] T 14.8] 0.277]
Py p>0.05 p>0.05 p>0.05 p>0.05
Pis p>0.05 p>0.05 p<0.05 p>0.05
Pys p>0.05 p>0.05 p>0.05 p>0.05

Notes: pl-2 - the probability of the difference between
patients of group [ and group I1; p1-3 - the probability of the
difference between patients of group I and group III; p2-3 -
the probability of the difference between patients of group Il
and group 111. The degree of probability of indicators relative
to the surveyed control group: * - p<0.05; ** - p<0.01;
¥k - p<0.001; MPV - mean platelet volume; PDW - the
relative width of the distribution of platelets by volume; PCT
— plateletcrit

Comparative analysis of the relative width of the
distribution of platelets by volume (PDW) showed the
highest values in the combined course of NAFLD and
HT. In patients from this group PDW was 2% (p<0.05)
higher than in the control cohort, and 2.4% (p<0.05) than
in patients with isolated HT.

The level of plateletcrit (PCT), as well as the level
of platelets in any of the examined groups did not differ
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significantly compared with the control cohort and in the
intergroup analysis. Given that the study included pa-
tients with NAFLD only in the stage of hepatic steatosis,
and did not include patients with steatohepatitis, fibrosis
and cirrhosis of the liver, so the difference in PCT and
platelet counts did not differ significantly.

It should be noted that we separately performed the
distribution of patients by MPV values that exceeded
the average of healthy individuals. This allowed us to
detect a more pronounced and statistically significant
increase in the frequency of high degrees of spontaneous
and induced aggregation in patients with NAFLD and in
combination with NAFLD with HT (Fig. 1).

tendency to spontaneous thrombosis, and, accordingly,
the risk of thrombogenic complications. We determined
the spontaneous platelet aggregation in groups of patients
with HT, NAFLD and combined pathology. After analyz-
ing the data obtained, a significant increase in the degree
of spontaneous aggregation in patients of all examined
groups compared with the control. So in patients with HT
spontaneous aggregation increased 2.2 times (p<0.001),
while in both groups of patients with hepatic steatosis,
the increase in spontaneous platelet activity was twice as
high: in patients with NAFLD - 4.3 times (p<0.001), in
patients with HT and concomitant NAFLD - 4.1 times
(p<0.001) (Fig. 2.).
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Fig. 1. The chance to find an increased mean platelet volume among the
examined groups of patients

The results of the analysis proved that NAFLD was
associated with a higher average platelet volume - MPV
greater than 9.35 fL, the odds ratio was 10.75 (2.483-
46.539) (p<0,001) under conditions of very high sen-
sitivity 91.5%), and the average values of specificity
(Sp=50%) of this method in relation to the control. The
combined course of NAFLD with HT of the II degree
was also associated with the increased average volume of
thrombocytes. - the odds ratio reached 3.0 (0.803-11.211)
(p=0.097) with high specificity (Sp=75%) and average
values of the sensitivity of the method (Se=50%) to the
control. In patients with HT, the frequency of large values
of MPV, although higher than the control cohort, but did
not reach a statistically significant difference (OR=2.75
(0.732-10.333), p=0.129) relative to control. Thus, the
additional distribution of the incidence of high MPV
values among the examined groups of patients confirmed
the relationship between NAFLD and the increase in
mean platelet volume.

Therefore, after analyzing the obtained data, we noted
that the level of MPV was significantly higher among pa-
tients with NAFLD, regardless of the presence or absence
of concomitant stage 11 HT.

The next step was to study the functional activity of
platelets - spontaneous aggregation.

Platelet aggregation is the primary link in the com-
plex mechanism of thrombus formation. The study of
spontaneous aggregation reflects the thrombophilic ac-
tivity of the blood at the initial stage of coagulation, the
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Fig. 2. Spontaneous platelet aggregation in different groups of patients in
comparison with the control group by the Mana-Whitney method

Note: The degree of probability to the control group: ***
- p<0,001

An intergroup comparison of spontaneous platelet
aggregation was also performed. The comparison with
a group of patients with HT showed that the degree of
spontaneous aggregation was higher among patients in
both groups with NAFLD: both in combination with HT,
and in isolated NAFLD - 1.9 times (p<0.001) compared
with the group of patients with HT. Probable difference
between the values of spontaneous aggregation between
NAFLD and NAFLD groups with HT not installed. The
rate of spontaneous aggregation changed only in the
group of combined course of NAFLD with HT and was
2.3 times (p<0.001) higher than in healthy patients, and
to the same extent - 1.7 times (p<0.001) higher than in
patients with isolated course of HT, and independent
NAFLD. The time of spontaneous platelet aggregation
increased in all groups of patients equally - three times
(p<0.001), compared with control values.

After analyzing the relationships between the val-
ues of mean platelet volume and the level of spon-
taneous aggregation, we showed the existence of a
weak positive correlation between the level of MPV
and the degree of spontaneous aggregation (r=0.246;
p<0.05) (Fig. 3). Such a connection is probably due
to the content of a larger number of granules in the
platelets of a larger volume. with endothelial cells and
leukocytes [8].
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Fig. 3. Correlation spontaneous platelet aggregation by value of mean
platelet volume in four groups

Note: r — the Spearman correlation.

Having studied the data of spontaneous platelet ag-
gregation, we found that in patients with HT there is an
increase in the functional activity of platelets, which
corresponds to the literature data [9], the severity of ag-
gregation increases significantly with the addition of
NAFLD. In patients with isolated NAFLD, a statistically
significant increase in spontaneous platelet aggregation
is also observed, which allows us to consider NAFLD
as one of the risk factors for thrombophilic changes in
the primary link of hemostasis. Also, we noted that the
level of MPV was significantly higher among patients
with NAFLD, regardless of the presence or absence of
concomitant stage Il HT. Given that in the general pop-
ulation, elevated levels of MPV (but not platelets) are
associated with ischemic diseases, including acute myo-
cardial infarction, as well as with an increased incidence
of restenosis after myocardial infarction. The risk of
stroke increases with increasing MPV, and the likelihood
of greater brain damage increases. Increased MPV also
has a strong and independent association with venous
thromboembolic disease, even in the absence of trauma,
surgery, immobilization [7, 10]. Therefore, the growth
of this indicator among patients with NAFLD should be
considered as an additional risk factor for thrombogenic
complications.

Thus, summarizing the data obtained, we can state
that we found an increase in the degree of spontaneous
platelet aggregation in patients with HT indicates a high-
er risk of thrombotic events compared to healthy individ-
uals. At the same time, the presence of both independent
nosological form and combination with HT in patients
with NAFLD increases the activity of platelets almost
twice compared to the isolated course of HT, which in-
dicates a more significant shift of blood towards throm-
bophilic changes.

CONCLUSIONS

In patients with HT there is an increase in platelet
aggregation activity by 2.2 times (p<0.001), the severity

of which progresses significantly with the addition of
NAFLD - an increase of 4.1 times (p<0.001). In patients
with isolated nonalcoholic fatty liver disease there is
an increase in spontaneous platelet aggregation by 4.1
times (p<0.001), which allows us to consider NAFLD
as one of the risk factors for thrombophilic changes in
the primary link of hemostasis. NAFLD is accompanied
by an increase in mean platelet volume (MPV) of 6%
(p<0.001), the size of which correlates with their func-
tional activity (r=0.246 (p<0.05)). Therefore, the increase
in MPV in patients with NAFLD and in combination with
NAFLD with HT is an additional factor in increasing the
prothrombogenic activity of the blood.
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CTAH TPOMBOLUUTAPHOI'O TEMOCTA3Y Y XBOPUX HA I'TTEPTOHIYHY XBOPOBY
Y NOE€AHAHHI 3 HEAJIKOI'OJIBHOIO KMPOBOIO XBOPOBOIO INMEYIHKHA

basxicenosa H.M.
Hayionanvnuii meouunuii ynigepcumem imeni O.0O. bocomonvys, Kuis, Yxpaina

dr.bazhenova@gmail.com

AKTyanbHicTb. AKTUBAILsI TPOMOOLMTIB i iX arperaiii € HeHTpaJbHUMU Nporiecamu B rarodisiosorii imemMivyHoi XBopoOH cepiis.
B3aemMo3B’5130K ceplLieBO-CyIMHHOT 3aXBOPIOBAHOCTI Ta CMEPTHOCTI 3MiHIOETHCS B 3aJI€XKHOCTI BiJl HAsIBHOCTI iHIIMX CYIIyTHIX ceplie-
BO-CYIMHHUX (paKTOPiB pU3HKY.

Merta: BU3HAUUTH CTaH TPOMOOIIMTAPHOTO FEMOCTA3y y MAlLli€HTIB 3 TiNepToHiYHOI0 XBop0o60to (I'X), moe1HAHOIO 3 HEANKOTOIEHOI0
JKUPOBOIO xBopoOoro newinky (HAXKXIT).

Martepiaaun Ta metoan. O6crexeno 152 narienra: 72 vonosika i 80 xinok. Bunineno Tpu rpynu: I — 46 xBopux I'X II cranit, 11 —
54 nmauientn 3 HAXXII 6e3 I'X, 11l rpyna — 52 nanienra 3 I'X II crazii 3 cymyrasoro HAYKXIL. [TpoBoauiocs gociipkeHHs 3araibHoT
KIUJIBKOCTi TPOMOOLIUTIB, cepenHboro 00’ eMy Tpombouutis (MPV), mupunu posnoniny Tpomborwmrie (PDW) Ta Tpombokpury (PCT) i
CTHOHTAHHOI arperawniifHoi 31aTHOCTi TPOMOOIMTIB.

Pesyabrarn. PiBens MPV B 000X rpymnax Haii€HTiB 3i CT€aT030M MEUiHKM EPEBHILYBAB KOHTPOIbHI 3HAUYEHHS OAHAKOBOIO MipOIO
—Ha 6 %, sk y xBopux Ha HAXXII (p<0,001), Tak i Hra HAXXII, noennany 3 I'X II ct. (p<0,01). ¥ nauienris rpynu HAXXII ta ['X
II ct. PDW mana HaliBuii 3HaueHHst — Ha 2% (p<0,05) BuIe, Hi’k B KOHTPOJIBHIM Koropri, Ta Ha 2,4 % (p<0,05), HiX y nauieHTiB 3
izonpoBaHoro ['X II ct. Criocrepirany 36ibIIeH s CTYTICHsT CIIOHTAHHOT arperaii y mamieHTiB BCiX 00CTeKEHUX Pyl y MOPiBHSAHHI 3
koHTposieM. Tak, y mauientiB 3 I'X Il ct. cionranna arperauisi 3pocrana B 2,2 pa3u (p<0,001), B Toit yac B 060X rpynax XBOpHX, sKi
CTpakJaJli Ha CTeaTo3 MEYiHKH, MiABUIIEHHS CIIOHTAHHOT aKTUBHOCTI TpoMOouuTiB Oy10 BABivi BUIuM: y mamnienTis 3 HAXXIT -8 4.3
pazu (p<0,001), y mauientiB 3 'X II ct. i cymytasoro HAXXII — B 4,1 pasis (p<0,001).
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Bucnosku. HAXXII cynpoBoaKy€ThCst 3pOCTaHHSIM CEPEAHBOT0 00’ €My TPOMOOIMTIB, PO3MIp SKMUX KOpEoe 3 IX (yHKIioHAb-
HOIO aKTHBHicTIO. ¥ manieHTiB 3 i30mpoBaHor0 HAXXIT Takox crioctepiraeTbesi CTATUCTUYHO 3HAYYIIE TIOCHIICHHS CIOHTAHHOT arpera-
i TpoMOoLMTIB, 110 K03BoNsE posrsinaty HAXXIT sk onun 3 akropi pusuky TpoMOOQinTiYHUX 3MiH NEPBUHHOT JJAHKK FeMOCTa3y.

KarouoBi cioBa: HeasKoronpHa )XHPOBa XBOpoOa MediHKH, cepeHiii 06°eM TPOMOONHUTIB, arperarisi TpOMOOIHTIB, TiepTOHIYHA
XBOp00a, OXUPIiHHS.
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AKTyaJIbHOCTb. AKTHBAIMS TPOMOOIMTOB M MX arperanyy SBISIOTCS LEHTPATEHBIMU TPOIeccaMy B MaToQU3MOTIOTHH UIIEMH-
yeckoit Oone3nu cepana. B3anMocBs3b cepaeuHo-coCyIUCTOi 3a0071€BaEMOCTH ¥ CMEPTHOCTH MEHSIETCS B 3aBUCUMOCTH OT HAJIMUHS
JIPYTHX COMYTCTBYIOMINX CEPAEIHO-COCYAUCTHIX (PaKTOPOB PUCKA.

Heab: onpenenyuts cocTosiHUE TPOMOOLMTAPHOTO TeMOCTa3a y MalMeHTOB ¢ TUIepTOHnYecKkoi Oone3Hsio (I'B), ¢ comyTcTByromeit
HEaJIKOroJIbHOM k1poBoit Oose3uHbto neuenu (HAXBIT).

Marepuaasbl u metoabl. O6cnenoBano 152 nanuenta: 72 myxuunsl 4 80 xeHiuH. Boinenens! Tpu rpynnst: I —46 6onssbix ['b 11
craquu, I — 54 marmenta ¢ HAXKBII 6e3 I'B, 111 rpynma — 52 nanmenta ¢ I'b 11 cragun ¢ comyreryromeit HAXBII. TIpoBomunock rcc-
JIeZI0BaHKE O0IIETO KOIMIECTBAa TPOMOOLIMTOB, cpeaHero oobema Tpombountos (MPV), mupuns! pacnpenenenus tpomooruros (PDW),
tpomboxpura (PCT) n cioHTaHHO# arperaoHHoi CocoOHOCTH TPOMOOILIUTOB.

PesyabTatel. YpoBens MPV B 06enx rpymnmax MalueHTOB CO CTEATO30M MEYEHH MPEBbIIIAl KOHTPOIbHbIE 3HAYEHUsI B paBHOM cTe-
neHu — Ha 6 %, kak y 6onbHbix HAXBII (p <0,001), Tak u npu HAXBII ¢ conmyrersyromeii I'b 11 cr. (p<0,01). Y nauueHToB rpynmst
HAXGBII u I'b II ct. PDW umena Bbicokue 3Hauenus — Ha 2 % (p<0,05) Bbliue, 4eM B KOHTpOJIbHOU Koropre, U Ha 2,4 % (p<0,05), uem
y marueHToB ¢ uzoiaupoanHoii I'b 11 ct. Habnmronanyu yBenmueHne cTeneHd CIOHTAaHHOU arperaiuy y MarieHToB BeeX 00CIeTOBaHHbIX
TPYII 110 CpaBHEHMIO ¢ KOHTposieM. Tak, y manuentos ¢ I'b 11 cT. cnonTanHas arperanus Bo3pactaia B 2,2 pasa (p<0,001), B To Bpemst
B 00eux rpymnmnax O0JIbHBIX, CTPAAAIOIINX CTEATO30M ME€YEHH, TOBBIIIEHNE CIIOHTAHHO! aKTUBHOCTH TPOMOOLIMTOB OBLTO BABOE BBIIIE: Y
naurentoB ¢ HAXBII — B 4.3 paza (p<0,001), y nauuenros ¢ I'b II ct. u conyrcrytomeit HAXKBII — B 4,1 paza (p<0,001).

BoiBoabl. HAXKBII conpoBokiaercst pocToM cpeHero oobeMa TpoMOOIMTOB, pa3Mep KOTOPBIX KOPPETHPYeT ¢ MX (yHKIIMOHAb-
HOI akTHBHOCTBI0. Y nanueHToB ¢ uzoauposaHHoi HAJKBII takke HaOmonaercs cTaTUCTUYECKU 3HAYMMOE YCHIIEHHE CHOHTAHHON
arperarmy TpoMOonuToB, 4To Mo3BoiseT paccmarpusarh HAXKBII xak oxun u3 ¢akTopoB prcka TpoMOOGUINIECKIX U3MEHEHUH TIep-
BHUYHOTO 3BEHA FEMOCTa3a.

KaroueBbie cj10Ba: HeaaKoOroabHas >KUPOBast 00JIE3Hb MEYEHH, CpeaHMI 00beM TPOMOOLIUTOB, arperamus TpoMOOIUTOB, THIIEPTO-
HHUYecKast 60JIe3Hb, 0XHUPEHHE.
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