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Abstract

Non-alcoholic fatty liver disease (NAFLD) is closely related to
insulin resistance, type 2 diabetes mellitus, and obesity. It is
nowadays considered a multisystem disease with a strong as-
sociation with cardiovascular disease and arterial hyperten-
sion, which interfere with changes in the coagulation system.
Coagulation disorders are common in patients with hepatic
impairment and are dependent on the degree of liver dam-
age. Patients with NAFLD may have preserved overall he-
mostatic profile, but many studies suggest a trend toward a
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procoagulant state. Hypercoagulable state in NAFLD patients
may even induce progression of hepatic injury. Endothelial
dysfunction is present in the systemic and portal vein circu-
lation in NAFLD patients, and platelets are being recognized
as modulators of liver diseases through various mechanisms.
Through a literature review, we discuss possible disorders
in the coagulation cascade and fibrinolysis, endothelial dys-
function, and platelet abnormalities in patients with NAFLD.
Considering the processes and mechanisms involved in the
hemostatic abnormalities associated with NAFLD, directly
related to liver disease or indirectly related through inflam-
matory processes and metabolic disorders, several potential
therapeutic targets have been identified and reviewed here.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a common
cause of chronic liver disease worldwide. It is the second
most common reason for liver transplantation in the United
States and is associated with significant mortality.! In paral-
lel with global obesity and the metabolic syndrome epidem-
ic, it is estimated that NAFLD affects approximately 25% of
the adult population.2:3

NAFLD comprises a disease spectrum ranging from sim-
ple steatosis to non-alcoholic steatohepatitis (NASH), which
implies inflammation and hepatocyte ballooning degenera-
tion with the development of progressive fibrosis and finally
cirrhosis.> Of particular concern is a rising incidence of
hepatocellular carcinoma (HCC) in NAFLD patients because
of the high prevalence of the disease and the possibility of
carcinoma development in the earlier stages of the disease,
without significant fibrosis or cirrhosis, making screening
virtually impossible.6-° The lack of HCC surveillance in non-
cirrhotic NAFLD patients results in the advanced stage car-
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cinoma detection with limited treatment options and poor
outcomes.10:11 However, despite significant liver-related
morbidity, the most common cause of death in NAFLD pa-
tients is cardiovascular disease (CVD).12-14

NAFLD develops as a consequence of insulin resistance (IR),
and is considered a hepatic manifestation of the metabolic
syndrome, which recently led to a new concept of the meta-
bolic dysfunction-associated fatty liver disease (MAFLD).>/15
It is closely related to type 2 diabetes mellitus (T2DM) or
impaired fasting glucose, dyslipidemia, obesity or increased
waist circumference, and high blood pressure. Excessive cal-
orie intake and progressive obesity lead to accumulation of
body fat stores resulting in alterations in lipid metabolism and
inflammation with consequent IR and changes in the post-
receptor insulin metabolism pathways.16:17

Consequently, NAFLD is often considered a multisys-
tem disease.!> A strong correlation has been established
with T2DM, CVD, arterial hypertension, and chronic kidney
disease, but an increased risk has also been observed for
NAFLD and various cancers, and neurological and chronic
pulmonary diseases.1418-20 The link between NAFLD and
the aforementioned disorders has not been fully elucidated,
but special attention is given to low-grade chronic inflam-
mation, which is the hallmark of NAFLD patients.

Changes in the gut microbiota with a persistent chronic
inflammatory environment have been implicated in NAFLD
pathogenesis and progression.2:22 Lipopolysaccharides,
bile acids, and short-chain fatty acids all induce liver inflam-
mation, fibrosis and apoptosis by different mechanisms.23
Furthermore, changes in the microbiota and aforemen-
tioned metabolites result in activation of toll-like receptors
on endothelial cells, platelet activation, and platelet-neutro-
phil interaction with subsequent release of proinflammatory
cytokines and prothrombotic factors that contribute to cell
aggregation and thrombus formation.2*

Various epidemiological, clinical, and animal studies have
reported increased risk of atherosclerosis and arterial and
venous thrombosis in NAFLD patients, and have suggested
abnormalities in coagulation parameters, fibrinolytic pro-
cess, endothelial and platelet dysfunction associated with
IR. However, the use of diverse models and parameters for
each of the investigated components of the hemostatic pro-
cess makes comparisons almost impossible.2>

Therefore, we searched published reports of alterations
in coagulation parameters and endothelial or platelet dys-
function associated with NAFLD. We searched the PubMed
database for English-language articles using the terms non-
alcoholic fatty liver disease (or NAFLD) and coagulation,
non-alcoholic fatty liver disease (or NAFLD) and endothe-
lial dysfunction, non-alcoholic fatty liver disease (or NAFLD)
and platelet dysfunction (or thrombocyte dysfunction).
Another set of publications was identified by searching the
literature cited in the retrieved articles. We excluded pub-
lications that were not focused on NAFLD and coagulation
disorders, platelet, or endothelial dysfunction.

Large disease burden, significant and often devastating
clinical consequences, and the possibility of prevention or
therapeutic intervention in the underlying changes in the he-
mostatic process, make this problem clinically relevant and
important.2> This comprehensive review summarizes the cur-
rent knowledge of alterations of several components of the
hemostatic process associated with NAFLD, based on clinical
trial results, the proposed mechanisms responsible for the
changes, the clinical consequences, and potential therapeutic
targets.

Coagulation changes associated with NAFLD

Hemostasis is a complex physiological process intended
to control the bleeding resulting from a vascular injury. It
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can be divided into three phases. Primary hemostasis is re-
sponsible for the rapid formation of a platelet plug at the
site of the damaged vessel wall. Contraction of the injured
vessel and platelet activation and aggregation mediated by
von Willebrand factor (VWF) occur in this initial phase. The
second phase relies on activation of a coagulation cascade,
in which complex interactions between several coagulation
factors lead to their activation and result in the formation
and deposition of fibrin fibers that stabilize the clot. The
third phase is fibrinolysis, which refers to the activation of
plasminogen and formation of plasmin, which is needed for
the dissolution of the fibrin clot.26

Dysregulation of the coagulation cascade is common
in chronic diseases of the liver, as it is responsible for the
synthesis of most of the coagulation factors.2” In patients
with cirrhosis, impaired synthesis of the coagulation factors
results in an imbalance of procoagulant and anticoagulant
mechanisms, and the predominance of either can result in
prolonged bleeding or thrombotic events. However, altera-
tions in the coagulation system in most cirrhotic patients
simultaneously affect both procoagulant and anticoagulant
mechanisms such that the balance is restored and “rebal-
anced” hemostasis is achieved.2>:27 In the case of NAFLD
situation is even more complex. Obesity, metabolic syn-
drome and NAFLD increase the risk of venous and arterial
thrombosis.2®8 A number of factors are responsible for the
procoagulant state; chronic inflammation, IR, and imbal-
ance of adipokines have been most commonly implicated.2®

Many studies have investigated the impact of obesity,
insulin resistance (IR) and NAFLD on the coagulation sys-
tem. Some studies reported that, as in cirrhosis, the over-
all hemostatic profile is maintained in those with NAFLD,
but most reported a trend toward a procoagulant state in
NAFLD patients.30 A stepwise progression of hemostatic ab-
normalities with the increasing severity of NAFLD has been
described, with the smallest changes noted in patients with
simple steatosis and more severe derangements following
the development of NASH or cirrhosis.31-33 Several studies
suggested that prothrombotic features (increased activity of
procoagulant factors VIII, IX, XI, and XII) in NAFLD patients
correlated with liver fat content. Others found that chang-
es in the plasma procoagulant profile (increased circulat-
ing VIII, IX, XI, vWF, and fibrinogen, hypofibrinolysis and a
prothrombotic structure of fibrin clots) might be driven by
obesity or IR, rather than by an increase in liver fat con-
tent.30.3435 The described alterations may reflect inflamma-
tion of adipose tissue and increased hepatic production of
coagulation factors or their susceptibility to activation.35

The retrieved studies are highly variable regarding the
population, methods used to establish the diagnosis of
NAFLD, and the parameters used to assess the coagulation
system, and are therefore difficult to compare. The study
findings relevant to changes in the coagulation system of
patients with NAFLD are summarized in Table 1.30-48 The
parameters and methods used to measure changes in the
coagulation system are a significant challenge, not only in
clinical studies, but also in everyday clinical practice. Rou-
tinely used coagulation tests such as prothrombin time, ac-
tivated thromboplastin time, or measurement of individual
pro- and anticoagulant factors, cannot assess the overall
hemostatic profile of a patient because of the complex inter-
actions that occur in the coagulation and fibrinolytic cascade
in vivo. That is particularly important and evident in cirrhot-
ic patients because disturbances of the coagulation cascade
render common coagulation tests inadequate.*® The use of
thromboelastography (TEG), viscoelastic testing (VET), and
rotational thromboelastometry (ROTEM) for comprehensive
analysis of coagulation status is being extensively studied in
clinical settings.>9-52 TEG may be usefull in NAFLD patients,
because increased cardiovascular risk may be partially at-
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tributed to altered clot kinetics resulting in lysis-resistant
clots. Further studies are needed to substantiate those find-

- 2 ings.3¢ Although these assays are good for evaluating the
e L =92 global hemostatic profile, they are not widely accessible and
S 5 . are therefore underused in clinical practice.>®
=
3|58 37
K E ?“’ -8;: Endothelial dysfunction associated with NAFLD

The many roles of endothelial cells include providing normal
blood flow through intact blood vessels, regulation of vascular
tone (vasodilatation), modulation of prothrombotic and proco-
agulation processes by controlling the release and function of
coagulation and fibrinolytic factors such as thrombomodulin,
protein C and protein S, thrombin and antithrombin activa-
tion, tissue factor pathway inhibitor (TFPI), platelet activation
and adhesion.>3 Nitric oxide (NO) is a substrate responsi-
ble for maintaining the proper function of endothelial cells.
Physiological NO production is dependent on endothelial nitric
oxide synthase (eNOS), which is largely specific to vascular
endothelium. However, inducible nitric oxide synthase (iNOS)
and neuronal NOS (nNOS) are other isoforms that can pro-
duce NO, but with different biological consequences.>* Shear
stress, vasoconstriction, and insulin promote NO production
by eNOS and iNOS, but it has been shown that iNOS activa-
tion is more prominent in inflammation and can worsen IR
and hyperglycemia, promote oxidative stress, and downregu-
late eNOS, contributing to endothelial dysfunction (ED).5>:56
eNOS activity is impaired in IR, which results in reduced NO
production and subsequently in ED.57 It has been shown that
ED and IR have a reciprocal association connecting cardio-
vascular and metabolic diseases.>® Moreover, insulin and in-
flammation influence vascular homeostasis via NO produc-
tion, which maintains endothelial health by anti-inflammatory
and antithrombotic activity.>® In an extensive review of proin-
flammatory cytokines and adipokines in NAFLD, we reported
that NAFLD should be regarded as a chronic proinflammatory
state essential for the development of ED.0

Intrahepatic ED has been studied in animal models of
NAFLD and other liver diseases.f1-65 Dysfunction of he-
patic sinusoidal endothelial cells is essential for activation

significantly increased and t-PA activity significantly
decreased in patients with liver steatosis as compared to
those without steatosis. Changes were related to concomitant
alterations in plasma triglyceride and insulin concentrations

Plasma levels of fibrinogen, vVWF and PAI-1 activity
were significantly increased in subjects with NAFLD
FVII clotting activity, PAI-1 antigen and activity were

compared to control subjects without steatosis

Findings and conclusions

[a)

& 8% of hepatic stellate cells and Kupffer cells.5%.67 Sinusoidal

<T e microthrombus formation is promoted through secretion

i 3o _9 S of several prothrombotic factors and receptors, as well as

20 g E2mY recruitment of neutrophils and platelets, which all contrib-
g 2CE 3 = ute to parenchymal extinction and further fibrosis progres-
S 42 S8 *2 29 sion.68:69 The severity of ED correlates with disease severity
g 9] _gtg oc in the NAFLD spectrum, and indicates the severity of vascu-
alBog ®© 8@ lar wall damage.”’® Not only does NAFLD severity correlate
0|0 Qg with the progression of atherosclerosis, but the evidence
Qlodmc o3
~Te~ ®NO O also suggests that NAFLD is an independent risk factor for
S| E gb e @ the occurrence and progression of CVD.7%7! Thus, proper
Bloss 2 <Zt £ evaluation of ED and identification of the specific and sen-

sitive markers of ED are essential for the prevention and
reversal of both liver and systemic cardiovascular damage.
Relevant clinical studies investigating ED associated with
NAFLD are summarized in Table 2.72-108

Although many studies have shown a correlation be-
tween IR and NAFLD severity, no data on the involvement
of intrahepatic vascular abnormalities in humans are avail-
able.53:109 Although liver-specific markers of ED are lacking,
it is prudent to investigate and recommend NAFLD treat-
ment that modulates IR, as it might benefit sinusoidal en-
dothelial cells, prevent further liver derangement, and im-
prove perfusion within the steatotic liver .110,111

Platelet dysfunction associated with NAFLD

ratio; TFPI, tissue factor pathway inhibitor; PCOS, polycystic ovary syndrome; HOMA-IR, homeostatic model assessment of insulin resistance; IR, insulin resistance; uPA, urokinase plasminogen activator; BMI,

body mass index; TEG, thromboelastography; MTHFR , methylenetetrahydrofolate reductase.

Fibrinogen, vVWF, PAI-1 activity
FVII clotting activity, PAI-1
activity and antigen, t-PA activity

Methods

TAFI, thrombin activatable fibrinolysis inhibitor; t-PA, tissue plasminogen activator; PAI-1, plasminogen activator inhibitor-1; ETP, endogenous thrombin potential; PT, prothrombin time; APTT, activated partial
thromboplastin time; vWF, von Willebrand factor; F, factor; vWF:RCo ,von Willebrand factor ristocetin cofactor activity; BMI , body mass index; NASH, non-alcoholic steatohepatitis; INR, international normalized

Table 1. (continued)

Recent evidence supports a paradigm shift recognizing
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platelets as modulators of liver diseases including NAFLD
via nonthrombotic mechanisms mediated by the interac-
tion of receptors expressed on platelet surface with hepatic
cells.’’2 The mechanisms are not known, and are a matter
of speculation. Reduced platelet count is undoubtedly linked
with NAFLD, but the association seems to be restricted to
more advanced fibrosis stages.30:113 Mean platelet volume
(MPV), an indicator of platelet activity and a potential indi-
cator of prothrombotic state, is increased in patients with
NAFLD, and may be associated with severity of inflamma-
tion and fibrosis.114-116 However, interaction of the MPV with
IR, the main culprit in the development and progression of
NAFLD, remains an open question.!17.118 A study enrolling
100 biopsy-proven NAFLD patients found increased MPV in
patients with increased steatosis, inflammation, balloon-
ing, and fibrosis.30 In patients with familial combined hy-
perlipidemia (FCHL) or metabolic syndrome, NAFLD was
correlated with decreased activity of endogenous secretory
ligand-receptor for advanced glycation-end-products (es-
RAGE), pronounced atherothrombotic abnormalities, with
increased CD40 ligand and endogenous thrombin potential
(ETP) or decreased interleukin (IL) 10 and adiponectin, and
an unfavorable genotypic cluster.!'® The pathogenesis of
NAFLD thus represents a complex relationship of genetics,
adipokine/cytokine secretion, oxidative stress and platelet
activation.

The pathophysiology of NAFLD may involve lysosomal
acid lipase (LAL), an enzyme that hydrolyzes triglycerides
and cholesteryl esters in several types of hepatic cells and
bone marrow-derived monocyte-macrophages. A decrease
of platelet LAL has been associated with NAFLD severity in
humans.120 It increased lipophagy and cholesterol accumu-
lation, promoting activation of platelet metabolism, migra-
tion, and aggregation, thus inducing their proinflammatory
ability. 121,122

A detailed study of the involvement of platelets in the
pathophysiology, development, and progression of NAFLD
in animal and cell-culture models reported that platelet
number, activation, and aggregation were not affected by
steatosis or IR, but were increased in NASH.!2! Platelet-
derived glycoprotein Ib, primarily involved in platelet ad-
hesion/activation but not platelet aggregation, was also
involved in the pathogenesis of fibrosis and hepatocellular
carcinoma.!?! The findings have been corroborated in re-
cent human studies that described a protective role of as-
pirin in NAFLD progression.123:124 The findings of the most
relevant clinical studies of platelet dysfunction in NAFLD are
summarized in Table 3.77,114-118,120,123-128

Discussion

NAFLD is a hepatic manifestation of the metabolic syndrome,
and many NAFLD risk factors overlap with those predispos-
ing patients to atherosclerosis and CVD. Studies investigat-
ing the natural history of the disease have shown that over-
all mortality is increased in NAFLD and is most often caused
by CVD.129-131 Increased mortality is probably multifacto-
rial, depending on genetic predisposition, low-grade chronic
inflammation, imbalance in proinflammatory cytokines and
adipokines, oxidative stress, platelet abnormalities, ED and
alteration of hemostasis, coagulation and fibrinolysis cas-
cade, which have all been implicated in the development of
CVD in NAFLD patients (Fig. 1). ED is the best characterized
contributor to CVD in NAFLD, and leads to abnormal blood
flow, vessel plaque formation and atherosclerosis.!3! ED is
present in both the systemic and portal vein circulation in
NAFLD patients.”2 Long-term follow-up demonstrated that
NAFLD patients had a 55% increased risk of CVD after 30
years, and many studies have shown that NAFLD is an inde-

Ogresta D. et al: Coagulation dysfunction in NAFLD

pendent risk factor for CVD occurrence.131,132,133

Prothrombotic and procoagulant imbalance in patients
with NAFLD results in an increased risk of clinically signifi-
cant thrombotic events in the systemic circulation and por-
tal venous system. Increased risk of portal vein thrombo-
sis, venous thrombosis, and pulmonary embolism has been
reported in liver transplant recipients with NASH.134-137 A
recent meta-analysis found a significant positive association
between NAFLD and portal vein thrombosis.138 Increased
central obesity and leptin/adiponectin ratio in non-cirrhotic
NAFLD patients were independent risk factors associated
with development of portal vein thrombosis.13°

A hypercoagulable state may induce progression of he-
patic injury in NAFLD patients. Hepatocyte injury might be
caused by microthrombosis of hepatic veins and arteries,
abnormal circulation, liver congestion, ischemia and hepat-
ocyte apoptosis, which consequently lead to NASH and even
to cirrhosis.25:140 Activation of the coagulation cascade was
shown to be related to the development of steatohepatitis
and fibrosis in an animal model of NAFLD.141,142 Increased
intrahepatic coagulation, as demonstrated by increased
thrombin generation and hepatic fibrinogen deposition, was
responsible for hepatic inflammation and fibrosis independ-
ent of lipid accumulation and injury, and was mediated by
the thrombin receptor, protease activated receptor-1.143
Obliterative lesions of small intrahepatic portal and hepatic
veins that formed as a consequence of microthrombi forma-
tion were associated with parenchymal remodeling during
fibrogenesis. Microthrombi formation was related to several
thrombotic risk factors, including deficiency of protein C,
antithrombin III and plasminogen, factor V Leiden muta-
tion, and was associated with the extent of fibrosis in NAFLD
and chronic viral hepatitis.144

Cardiovascular diseases and NAFLD share common un-
derlying processes associated with metabolic syndrome and
IR, which makes it difficult to distinguish the changes in
coagulation associated with liver disease from those associ-
ated with IR, obesity, and metabolic risk factors. The func-
tion of liver parenchyma is usually well preserved in sim-
ple steatosis and NASH, but is impaired in advanced liver
disease, resulting in possibly decreased procoagulant and
anticoagulant factors levels and rebalanced hemostasis.
The risk of thrombosis or hemorrhage in the cirrhotic liver
greatly depends on individual patient factors.25:136

The available data on the changes in the coagulation
system associated with NAFLD are conflicting. The main
drawback is that most studies used noninvasive methods
to establish an NAFLD diagnosis, and the grade of steato-
sis and fibrosis stage were rarely confirmed by liver biopsy.
On the other hand, studies with biopsy-confirmed NAFLD
and staging usually recruited few patients. Another problem
is that most studies assayed the concentrations or activ-
ity of one or more components of the coagulation cascade
that do not necessarily reflect their effects in vivo, and few
assessed blood coagulation capacity, clot structure, or fi-
brinolysis. The differences are largely a consequence of the
lack of widely available and reliable tests of procoagulant or
fibrinolytic activity and the balance between procoagulant
and anticoagulant drivers. However, use of thromboelastog-
raphy could improve the care of these patients and assist in
decision-making when introducing anticoagulant therapy or
in the assessment of bleeding risk.51/52

Considering all the processes and mechanisms involved
in the hemostatic abnormalities associated with NAFLD, di-
rectly related to liver disease or indirectly related through
inflammatory processes and metabolic disorders, several
potential therapeutic targets can be identified. Omega-
3-polyunsaturated fatty acids (w-3 PUFAs) are recognized
as safe and effective modulators of systemic inflammation,
and may be beneficial in preventing NAFLD/NASH progres-
sion.145,146 A meta-analysis found that w-3 PUFA improved
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Table 3. (continued)

Study population Findings and conclusions Reference

Methods

Arslan N et

MPV was significantly higher in obese adolescents,
NAFLD patients. MPV was significantly higher in

Retrospective study of 128 obese

Assessment of MPV values

al., 2010117

adolescents divided in two groups:

patients with IR. There was a positive correlation
between MPV and HOMA-IR. MPV was inversely

patients with NAFLD and patients

without NAFLD + control group

correlated with HDL cholesterol and platelet count

Kilciler G et
al., 2010127

No significant correlation was found between MPV

and CIMT. No difference in MPV values between

60 biopsy-proven NAFLD subjects

and 54 healthy controls

Assessment of MPV values and CIMT

subjects with NAFLD and controls was established

70 patients with NAFLD and 60 healthy Patients with NAFLD had higher MPV, lower

controls. NAFLD diagnosis established
by ultrasound and blood testing

Ozhan H et

Assessment of MPV values

al., 2010128

platelet count and higher body mass index

CIMT, carotid artery intima-media thickness; CV, cardiovascular; eNOS, endothelial nitric oxide synthase; HOMA-IR, homeostatic model assessment for insulin resistance; hs-CRP, high sensitivity C-reactive

protein; IL, interleukin, FCHL, familial combined hyperlipidemia; IR, insulin resistance; LAL, lysosomal acid lipase; MPV, mean platelet volume, PDW, platelet distribution width; MS, metabolic syndrome; NAFLD,

non-alcoholic fatty liver disease; NASH- non-alcoholic steatohepatitis; PDGF-B, platelet-derived growth factor beta; PT, prothrombin time, PTT, partial thromboplastin time; RAGE, advanced glycation-end-product.
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plasma lipids, triglycerides, and markers of liver injury but
without significant improvement of liver histology.14> w-3
and w-6 PUFAs are essential components of platelet phos-
pholipid membranes, and w-3 and w-6 PUFA supplementa-
tion has been used for a long time for prevention of CVD.147
The benefits of w-3 PUFAs on platelet function may prevent
thrombotic incidents, tissue ischemia, liver tissue remodu-
lation, and disease progression.2>:148

Statins reduce cholesterol biosynthesis by inhibiting
3-hydroxy-3-methyl-glutaryl-coenzyme A reductase. They
also have anti-inflammatory, antioxidant and antifibrotic
activity, all of which may benefit NASH treatment,149.150
Among their pleiotropic effects, antiatherogenic proper-
ties are of special interest regarding prevention of athero-
thrombotic events in NASH patients.50:151 Statins have
antioxidative, antiproliferative and anti-inflammatory prop-
erties that can improve endothelial function and reduce the
risk of sudden cardiac death and deep vein thrombosis.152
There is also evidence that statins may improve other com-
ponents of NAFLD, including steatosis and liver fibrosis,
but they are currently not indicated for the treatment of
NAFLD.>150 However, statins are often prescribed to pa-
tients with NAFLD and metabolic syndrome as lipid-lower-
ing agents and for prevention of cardiovascular events.!50
In patients with CAD and increased liver enzymes, statins
have been associated with reduced cardiovascular mortal-
ity and improvement in liver function tests.!>3 Statins have
positive effects on ED, which is also present in hepatic si-
nusoids. The parenchymal extinction hypothesis suggests
that microthrombosis of hepatic sinusoids triggers inflam-
mation and liver fibrosis, and is possibly mediated by de-
rangements in the coagulation cascade, including protein C
deficiency, increased factor VIII expression and thrombin
activation.154 Statins increase protein C activity and de-
crease formation of von Willebrand factor and generation
of thrombin by coagulation cascade activation, thus pre-
venting activation of hepatic stellate cells and fibrosis pro-
gression.15%156 In animal models, statins protect against
thrombosis of the portal vein and hepatic sinusoids as well
as against ischemic hepatitis. The mechanisms include
anti-inflammatory activity and decreased release of von
Willebrand factor, which is a key prothrombotic factor in
the cirrhotic liver.150

Fenofibrate is a peroxisome proliferator-activated recep-
tor-a agonist with beneficial effects in reducing triglycerides
and decreasing synthesis of apolipoproteins. In addition,
fenofibrate has shown anti-inflammatory properties that
have been associated with reduced hepatic expression of
tumor necrosis factor-a (TNF-a), decreased macrophage
infiltration following inhibition of liver expression of mono-
cyte chemoattractant protein-1, intercellular adhesion mol-
ecule-1 and vascular adhesion molecule-1.157 Peroxisome
proliferator-activated receptor-a gene expression different-
ly affects lipid metabolism and inflammation in apolipopro-
tein E2 knock-in mice.158 Peroxisome proliferator-activated
receptor-a agonists also have beneficial effects on tissue
microcirculation.1>” By inhibiting various mediators of vas-
cular damage, inflammation, lipotoxicity, and reactive oxy-
gen species formation, they prevent ED, thrombosis, and
consequent microvascular complications. In the liver, their
antioxidant activity can help reduce necrosis, inflammation,
and fibrosis, but the data are inconclusive.!57

Microbiota composition and metabolites such as lipopol-
ysaccharides, bile acids, and short-chain fatty acids are
important regulators of liver and systemic metabolism.15°
Dysbiosis of gut microbiota may be another link between
NASH and coagulation disorders. Various strategies have at-
tempted to modify gut microbiota and NASH development
including antibiotic treatment, fecal transplantation, and al-
teration of gut metabolites. New and emerging treatments
aimed at influencing both NASH development and coagu-
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Fig. 1. Possible alterations in the coagulation cascade, fibrinolysis, platelet and ED associated with non-alcoholic fatty liver disease, with mechanisms
responsible for potential prothrombotic and procoagulant imbalance in patients with NAFLD. CRP, C-reactive protein; F, factor; IL-6, interleukin 6; NO, nitric
oxide; PAI-1, plasminogen activator inhibitor-1; ROS, reactive oxygen species; TNF-a, tumor necrosis factor-a; vWF, von Willebrand factor.

lation disorders include sevelamer. It is a hydrophilic bile
acid sequestrant that was found to alter liver fibrosis by im-
proving the intestinal barrier and fecal excretion of lipopoly-
saccharides and reducing the concentration of lipopolysac-
charides in the liver.23,160 positive effects of sevelamer on
endothelial and vascular function, as well as on reduction
of atherosclerotic risk have been confirmed in many studies
in chronic kidney disease patients. Human studies on seve-
lamer in NASH patients and its presumed positive effect on
associated coagulation disorders are eagerly awaited.161

The available data on the alterations in the hemostat-
ic mechanisms associated with metabolic syndrome and
NAFLD suggest the evaluation of possible anticoagulation
and antiplatelet therapy in these patients. Patients with ad-
vanced cirrhosis treated by enoxaparin had lower incidence
of portal vein thrombosis, lower rates of hepatic decom-
pensation, and improved survival.162 Although the study
included patients with various etiologies of cirrhosis, the
possibility of preventing portal vein thrombosis and slow-
ing the rate of disease progression by thromboprophylaxis
seems intriguing. On the other hand, administration of anti-
coagulation therapy is complicated by derangements in the
coagulation cascade associated with advanced liver disease.
Updated clinical practice recommendations of the American
Society of Gastroenterology (AGA), consider direct-acting
anticoagulants (DOACSs), relatively safe and effective in sta-
ble cirrhosis. In patients with advanced stages of liver dis-
ease more evidence is needed. Warfarin is allowed in high-
ly selected patients with Child-Turcotte-Pugh class C and
thrombotic incidents, although anticoagulation in general is
not recommended in such patients.49

The benefit of antiplatelet agents in preventing liver fi-
brosis was investigated in a prospective cohort study of
patients at high risk of liver fibrosis and cardiovascular
events.124 The study showed a protective effect of antiplate-

let agents (acetyl salicylic acid and P2Y12 receptor antago-
nists including clopidogrel, prasugrel, or ticagrelor) on liver
fibrosis assessed by transient elastography. Furthermore,
implementation of antiplatelet therapy (aspirin/clopidogrel,
ticagrelor) reduced fibrosis and NASH-induced HCC possi-
bly by reducing intrahepatic platelet infiltration and plate-
let-immune cell interaction, mitigating cytokine driven liver
damage.!12 There is a lack of evidence, with gaps in our
knowledge to allow recommendations on that topic, but it
seems prudent to conclude that anti-inflammatory, antiag-
gregation and anticoagulation therapy could prove ben-
eficial, given the overlap of metabolic syndrome and liver
disease, with derangements in several components of he-
mostasis, and CVD.

Conclusions

There is evidence that endothelial vascular dysfunction,
platelet abnormalities, and alterations in factors involved in
the coagulation cascade and fibrinolysis may all contribute
to a prothrombotic state in patients with NAFLD. The altera-
tions could be triggered by low-grade chronic inflammation.
Involvement of multiple organs and organ systems results
in high morbidity and mortality of NAFLD patients.

We have just started to scratch the surface of numerous
possibilities revealed by the role of platelets, ED, and chang-
es in the coagulation system and liver damage in terms of
treatment, and management of NAFLD. As some data sug-
gest that hypercoagulability is associated with NAFLD, it
would be prudent to estimate benefits from anticoagulant
and/or antiaggregation therapy in patients with NAFLD.

Currently available data of the role of platelets and al-
terations in the coagulation system are scarce and often
conflicting, underlining the emerging need for larger, pro-
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spective studies with well-defined patient groups and com-
prehensive tests for the assessment of hemostatic pro-
files. Identification of cytokines and/or receptors involved
in platelets, immune cell reactions, mediators of ED, and
triggers of coagulation abnormalities responsible for liver
damage and adverse cardiovascular outcomes could be
extremely useful for developing new pharmacological and
therapeutic options. Future studies recruiting more patients
with a well-defined NAFLD diagnosis and stage, careful se-
lection of methods and clinically valuable indicators of indi-
vidual hemostatic profiles are eagerly awaited.
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