HEPATOLOGY COMMUNICATIONS, VOL.2,NO. 12,2018

Use of Antiplatelet Agents Is Inversely
Associated With Liver Fibrosis in Patients
With Cardiovascular Disease

Katharina Schwarzkopf

! Joerg Bojunga,1 Sabrina Riischenbaum,’ Yolanda Martinez,' Marcus M. Miicke,' Florian Seeger,2

Fabian Schoelzel,! Stefan Zeuzem,' Mireen Friedrich-Rust,l and Christian M. Lange1

Platelets participate in the development of liver fibrosis in animal models, butlittle is known about the benefit of antiplatelet
agents in preventing liver fibrosis in humans. We therefore explored the relationship between the use of antiplatelet agents
and liver fibrosis in a prospective cohort study of patients at high risk of liver fibrosis and cardiovascular events. Consecutive
patients undergoing elective coronary angiography at the University Hospital Frankfurt were prospectively included in the
present study. Associations between use of antiplatelet agents (acetyl salicylic acid, P2Y12 receptor antagonists) and liver
fibrosis were assessed in regression models, and the relationship between platelet-derived growth factor beta (PDGF-f)
serum concentration, platelets, liver fibrosis, and use of antiplatelet agents was characterized. Out of 505 included patients,
337 (67%) received antiplatelet agents and 134 (27%) had liver fibrosis defined as a FibroScan transient elastography (TE)
value 7.9 kPa. Use of antiplatelet agents was inversely associated with the presence of liver fibrosis in univariate and multi-
variate analyses (multivariate odds ratio [OR], 0.67; 95% confidence interval [CI], 0.51-0.89; P = 0.006). Use of antiplatelet
agents was also inversely associated with FibroTest values (beta, —0.38; SD beta, 0.15; P = 0.02). Furthermore, there was a
significant correlation between platelet counts and PDGF-B serum concentration (rho, 0.33; P < 0.0001), but PDGF-p
serum levels were not affected by antiplatelet agents. Conclusion: There is a protective association between the use of anti-
platelet agents and occurrence of liver fibrosis. A randomized controlled trial is needed to explore causality and the potential
of antiplatelet agents as antifibrotic therapy in patients at risk for liver fibrosis progression. (Hepatology Communications

2018;2:1601-1609).

onalcoholic fatty liver disease (NAFLD) is
one of the most common causes of chronic
liver diseases among adults in Western coun-
tries.”) The term NAFLD covers a wide disease spec-
trum from varying grades of steatosis to nonalcoholic
steatohepatitis, which can progress to liver cirrhosis
and hepatocellular carcinoma in a relevant proportion
of affected individuals.>? In addition to liver-related

morbidity and mortality, there is a close relationship
between NAFLD and cardiovascular disease (CVD)
as NAFLD can be considered a hepatic manifestation
of the metabolic syndrome.(2’3) The presence of liver
fibrosis further increases the risk of developing CVD
as well as mortality from CVD.*® In view of these
facts, international guidelines recommend screening

for CVDs in patients with NAFLD."®

Abbreviations: AST; aspartate aminotransferase; BMI, body mass index; CAD, coronary artery disease; CAP, controlled attenuation parameter;
CI, confidence interval; CVD, cardiovascular disease; HSC, hepatic stellate cell; LSEC, liver sinusoidal endothelial cell; NAFLD, nonalcoholic
Jfatty liver disease; OR, odds ratio; PDGF-P, platelet-derived growth factor beta; TE, transient elastography.
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Therapeutic modalities to improve NAFLD and
liver fibrosis in general are insufficient. There is emerg-
ing evidence that platelets play an important role in
the establishment and progression of liver disease.”’
Platelets release factors, such as PDGF-f, chemokine
(C-X-C motif) ligand 4, or serotonin, that participate
in liver fibrosis progression either by direct activa-
tion of hepatic stellate cells (HSCs) or by recruiting
inflammatory cells to the liver.”) Serotonin released by
platelets could also reduce blood flow in the hepatic
microcirculation by activating the contraction of HSCs
or liver sinusoidal endothelial cells (LSECs).1%!V
Furthermore, platelets sequestrate in the liver sinusoids
during liver damage where they license LSECs to
express chemokine receptors; this further amplifies the
hepatic influx of innate and adaptive immune cells.”’
Although antiplatelet strategies have been shown to
have a beneficial effect in animal models of chronic
liver disease, little is known about the potential to
ameliorate liver fibrosis of antiplatelet medications in
humans.” In the present study, we explored the rela-
tionship between the use of antiplatelet agents and the
presence of liver disease in a large prospective study of

patients with CVD.

Patients and Methods
PATIENTS

The present analysis is a substudy of a prospec-
tive monocenter trial assessing the relationship
between NALFD and coronary artery disease (CAD)
(ClinicalTrial.gov NCT01638832). The original trial
included 576 consecutive patients undergoing elec-
tive coronary angiography at the cardiology depart-
ment of the University Hospital Frankfurt between
January 2012 and October 2014. Indications for cor-
onary angiography were suspected first-time mani-
testation of CAD or suspected progression of known

ARTICLE INFORMATION:

HEPATOLOGY COMMUNICATIONS, December 2018

CAD in >88% of patients. Main exclusion criteria of
the primary study were acute myocardial infarction,
ascites, pregnancy or breastfeeding, and age younger
than 18 years; details are described in Friedrich-Rust
et al.™ Clinical and demographic variables as well as
laboratory test results were obtained before coronary
angiography.

Patients were included in the present subanalysis if
a valid TE test result to determine the degree of liver
fibrosis was obtained (details below). Informed con-
sent was obtained from all participants, and the study
protocol was approved by the ethics committee of the
University of Frankfurt.

Clinically significant CAD was defined as the
presence of relevant coronary stenosis (i.e., 275%
stenosis of the vessel diameter). Liver fibrosis was pri-
marily assessed by TE using a FibroScan 502 touch
device (Echosens, Paris, France) with the FibroScan
M-Probe (3.5 MHz; shear wave frequency 50 Hz;
depth of measurement 25-65 mm). To detect liver
fibrosis, we chose a TE cutoff value of 7.9 kPa. In
addition, serologic testing for liver fibrosis was per-
formed using the FibroTest.™® Controlled attenuation
parameter (CAP) was used to quantify hepatic ste-
atosis. A CAP cutoft value of 234 dB/m was used to
define the presence of steatosis." Nonalcoholic ste-
atohepatitis was suspected in cases of a CAP value 2324
dB/m in combination with a TE value 7.9 kPa in the
absence of alcohol consumption >10 g/day or 20 g/day

in female and male study participants, respectively.

QUANTIFICATION OF PDGF-B
SERUM CONCENTRATION

PDGF-p serum quantification was performed in the
subgroup of patients for whom stored serum samples
were available. PDGF-p in serum was quantified using

the Human PDGF-BB Quantikine Enzyme-Linked
Immunosorbent Assay Kit (R&D Systems) according
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to the manufacturer’s instructions. Samples and standard
curve values were measured at 450 nm on an EnVision

2104 Multilabel Plate Reader (Perkin Elmer).

STATISTICAL ANALYSES

Associations of outcomes with continuous or
dichotomic variables were assessed in linear and logistic
regression models, respectively. After univariate analy-
ses, multivariate analyses were performed for signifi-
cant associations. Multivariate models were obtained
by backward selection, using P > 0.15 for removal from
the model. Group differences were assessed by means
of ? contingency tables or Wilcoxon-Mann-Whitney
U tests, as appropriate.

Results
STUDY POPULATION

A total of 505 patients were included in the pres-
ent study based on the above defined inclusion
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criteria. Of the included patients, 134 (27%) had liver
fibrosis defined as a FibroScan TE value 7.9 kPa.
Demographic and clinical characteristics of patients
according to the presence or absence of liver fibrosis are
shown in Table 1. Of the entire study population, 337
(67%) were on antiplatelet therapy at the time of study
inclusion, i.e., the time of assessment for liver fibrosis.
Of those, 162 (48%) patients were receiving mono-
therapy with acetyl salicylic acid, 26 (8%) patients were
receiving monotherapy with a P2Y12 receptor antag-
onist (clopidogrel, prasugrel, or ticagrelor), and 149
(44%) patients were receiving combination therapy
with antiplatelet agents of both classes. Clinical char-
acteristics according to the intake of number and class
of antiplatelet agents are shown in Table 2.

ASSOCIATION BETWEEN USE OF
ANTIPLATELET AGENTS AND
LIVER FIBROSIS

To assess the statistical relationship between use
of antiplatelet agents and liver fibrosis, we performed

TABLE 1. BASELINE CHARACTERISTICS OF INCLUDED PATIENTS BASED ON THE PRESENCE OF
LIVER FIBROSIS (DEFINED AS FIBROSCAN TE VALUE >7.9 KPA)

Characteristics No Fibrosis (n = 371) Fibrosis (n = 134) Pvalue
Age (years), mean (IQR) 65 (56-74) 69 (61-77) 0.001
Male sex, n (%) 280 (75) 115 (86) 0.01
BMI (kg/m?), mean (IQR) 27 (24-30) 28 (24-31) 0.5
Nicotine consumption (pack years), mean (IQR) 22 (0-36) 25 (0-40) 0.6
Alcohol consumption (g/day), mean (IQR) 5.70 (1-10) 6.15 (0-11) 0.5
Intake of statins, n (%) 259 (70) 95 (71) 0.8
Intake of antidiabetic medication, n (%) 65 (18) 39 (29) 0.005
Triglycerides (mg/dL) mean (IQR) 141 (84-170) 126 (71-158) 0.04
Cholesterin, mean (1QR) 180 (148-208) 154 (120-187) <0.001
LDL (mg/dL), mean (IQR) 100 (75-122) 85 (57-104) <0.001
HDL (mg/dL), mean (IQR) 51 (38-60) 46 (34-54) 0.01
Bilirubin (mg/dL), mean (IQR) 0.6 (0.4-0.7) 0.7 (0.4-1.0) <0.001
yGT (U/L), mean (1QR) 42 (19-48) 125 (43-137) <0.001
AST (U/L), mean (IQR) 30 (20-31) 38 (22-43) <0.001
ALT (U/L), mean (IQR) 26 (16-31) 39 (17-40) 0.004
INR (%), mean (IQR) 1.4 (0.96-1.1) 1.4 (1.0-1.39) <0.001
Hemoglobin (g/dL), mean (IQR) 13 (12-15) 12.7 (11.2-14.5) 0.007
Platelets (/nL), mean (1QR) 232 (185-264) 206 (161-240) <0.001
HbATc (%), mean (IQR) 59 (5.4-6.0) 6.5(5.6-6.7) <0.001
FLI category, mean (1QR) 1.2 (1.0-2.0) 1.6 (1.0-2.0) <0.001
CAP (dB/m), mean (I1QR) 266 (220-308) 280 (224-325) 0.05
PDGF-g, mean (IQR) 1,430 (1,118-1,783) 1,353 (963-1,656) 0.3

Abbreviations: ALT, alanine aminotransferase; EtOH, ethanol; FLI, fatty liver index; yGT, gamma-glutamyltransferase; HbAlc,
hemoglobin Alc; IQR, interquartile range; HDL, high-density lipoprotein; INR, international normalized ratio; LDL, low-density

lipoprotein.
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TABLE 3. LOGISTIC REGRESSION ANALYSES OF FACTORS ASSOCIATED WITH THE PRESENCE OF
LIVER FIBROSIS (FIBROSCAN TE VALUE 27.9 KPA)*

Univariate Multivariate, Model 1 Multivariate, Model 27

OR (95% Cl) P Value OR (95% Cl) PValue OR (95% Cl) PValue
Age (years) 1.03 (1.01-1.05) 0.0006 1.04 (1.02-1.06) 0.0002 1.04 (1.02-1.06) 0.00003
Female sex 0.48 (0.27-0.84) 0.01 0.49 (0.26-0.97) 0.02 0.38 (0.21-0.69) 0.001
BMI (kg/m?) 1.03 (0.99-1.08) 0.2
AST (U/L) 1.01 (1.003-1.02) 0.005 1.02 (1.01-1.03) 0.001 1.02 (1.01-1.89) 0.0008
Platelets (/nL) 0.99 (0.99-0.99) 0.0006 0.99 (0.99-0.10) 0.02
Antiplatelet agents, no vs. mono vs. 0.76 (0.59-0.98) 0.036 0.70 (0.53-0.94) 0.02 0.67 (0.51-0.89) 0.006

combination therapy

Statins, use 1.05 (0.57-1.63) 0.8
Antidiabetic drugs, use 1.64 (0.98-2.73) 0.056
Diabetes, presence 1.44 (1.15-1.80) 0.001 1.46 (1.15-1.87) 0.002 1.41 (111-1.79) 0.005
Significant CHD, presence 0.99 (0.93-1.07) 09

*FiboScan measurements did not meet the quality criterion of at least 10 valid TE measurements with an IQR <30% in patients with
TE values >7.1 kPa in 24 patients. *Plateles were excluded from model 2 because platelets and use of antiplatelet agents might be par-

tially dependent variables.

logistic regression analysis of factors predicting the
presence of liver fibrosis (defined as a TE value 7.9
kPa). In univariate analysis, age (P = 0.0006), male
sex (P = 0.01), aspartate aminotransferase (AST) lev-
els (P = 0.005), lower platelets (P = 0.0006), and the
presence of diabetes (P = 0.001) were associated with
liver fibrosis (Table 3). Furthermore, the use of anti-
platelet agents was inversely associated with the pres-
ence of liver fibrosis in a dose-dependent manner, i.e.,
a stronger association was observed for the intake of
one versus two antiplatelet agents (OR, 0.76; 95% ClI,
0.59-0.98; P = 0.036) (Table 3; Fig. 1). Multivariate
analyses revealed an independent inverse association
between use of platelet agents and the presence of
liver fibrosis (model 1: OR, 0.70; 95% CI, 0.53-0.94;
P =0.02; model 2, in which platelets were excluded due
to a possible interaction with use of antiplatelet agents:
OR, 0.67; 95% CI, 0.51-0.89; P = 0.006) (Table 3).
Comparable results were obtained in linear univari-
ate and multivariate analyses of FibroScan TE values
as continuous variables (Table 4, models 1 and 2),
although statistical significance was lost after inclusion
of the use of statins and antidiabetic drugs in this (but
not in the above described logistic) regression analy-
sis (Table 4, model 3). Furthermore, an analysis of the
use of beta blockers and liver fibrosis was performed
to exclude beta blockers as a potential confounder. Of
note, a positive association between the use of beta
blockers and liver fibrosis was observed in contrast to
the inverse association with antiplatelet agents for the
association of beta blockers and liver fibrosis (adjusted
OR, 3.79; 95% ClI, 2.16-6.66; P = 0.00003) and the

P=0.009
I i
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FIG. 1. Individual FibroScan values according to the use of none
(light gray), one (acetyl salicyclic acid or clopidogrel; dark gray),
or two (acetyl salicylic acid + P2Y12 receptor antagonist [black])
antiplatelet agents. Black lines represent mean values.

association of antiplatelet agents and liver fibrosis after
inclusion of the two variables (adjusted OR, 0.64; 95%
CI, 0.49-0.85; P =0.002).

Due to the strong association of male sex with liver
fibrosis as well as the fact that male patients were more
trequently on antiplatelet agents, we performed a sub-
analysis of the male patients. The inverse association
between antiplatelet agents remained highly significant
in the subgroup of male patients, whereas statistical
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TABLE 4. LINEAR REGRESSION ANALYSES OF FACTORS ASSOCIATED WITH FIBROSCAN TE VALUE*

Univariate Multivariate, Model 1 Multivariate, Model 21

Beta (SD Beta) PValue Beta (SD Beta) PValue Beta (SD Beta) PValue
Age (years) 0.01 (0.04) 0.7
Female sex -1.28 (1.22) 0.3 -2.3(117) 0.05
BMI (kg/m?) -0.06 (0.11) 0.5
AST (U/L) 0.06 (0.02) 0.003 0.06 (0.02) 0.003 0.06 (0.02) 0.003
Platelets (/nL) -0.02 (0.01) 0.003 -0.02 (0.01) 0.0007
Antiplatelet agents, no vs. mono -1.18 (0.61) 0.04 -1.01 (0.60) 0.07 -1.41 (0.61) 0.02

vs. combination therapy

Diabetes, presence 2.02 (0.57) 0.0004 2.01 (0.56) 0.0003 1.97 (0.56) 0.0004
Significant CHD, presence 0.12 (0.16) 0.4

Univariate, Model 3*

Multivariate, Model 3*

Beta (SD Beta) PValue Beta (SD Beta) P\Value
Age (years) 0.03 (0.04) 0.5
Female sex -1.42 (1.22) 0.2
BMI (kg/m?) -0.05 (0.10) 0.7
AST (U/L) 0.06 (0.02) 0.002 0.06 (0.02) 0.003
Platelets (/nL) -0.02 (0.01) 0.003 -0.02 (0.01) 0.0004
Antiplatelet agents, no vs. mono -112 (1.84) 0.5

vs. combination therapy

Statins, use -2.25(1.23) 0.07 -2.52 (1.05) 0.02
Antidiabetic drugs, use® -1.18 (0.61) 0.04
Diabetes, presence 2.30(0.80) 0.004 2.01 (0.55) 0.0003
Significant CHD, presence 0.12 (0.16) 0.4

“FiboScan measurements did not meet the quality criterion of at least 10 valid TE measurements with an IQR <30% in patients with
TE values >7.1 kPa in 24 patlents TPlatelets were excluded from model 2 because platelets and use of antiplatelet agents might be par-
tlally dependent variables. “Use of statins and antidiabetic drugs was included in model 3. $Information on antidiabetic drug use was

missing in 1 patient.

significance was lost in the subgroup of female patients
(data not shown) (Supporting Table S1). Furthermore,
the inverse association between antiplatelet agents
and liver fibrosis remained significant (at least in the
multivariate model) if patients with proven liver ste-
atosis (n = 362) were analyzed exclusively (multivariate
P =0.03; Supporting Table S2) or if only patients with
definite exclusion of right heart failure and FibroScan
test results with interquartile ranges >30 (n = 392) were
analyzed (Supporting Tables S3-S5).

In addition to TE-based quantification of liver
fibrosis, we calculated a serologic test (FibroTest) to
quantify the degree of liver fibrosis. In univariate lin-
ear regression analyses, the use of antiplatelet agents
was also inversely associated with FibroTest values
(beta, —0.38; SD beta, 0.15; P = 0.02). This associa-
tion remained significant after adjustment for age, sex,

AST levels, and presence of diabetes (multivariate beta,
—0.38; SD beta, 0.15; P = 0.01) (Table 5).

1606

RELATIONSHIP BETWEEN
ANTIPLATELET AGENTS, LIVER
FIBROSIS, AND PDGF-g SERUM
LEVELS

PDGF-f is a well-characterized mediator of
hepatic fibrogenesis in animal models and humans. >
Therefore, we explored the relationship between
PDGF-, liver fibrosis, and use of antiplatelet agents.
Serum for quantification of PDGF-p concentration
was available in a subgroup of 266 patients of the entire
study population. There was a significant correlation
between platelet counts and PDGF-p serum concen-
tration (rho,0.33; P< 0.0001) (Fig.2A). Although there
was a moderate correlation between platelet counts
and the degree of liver fibrosis (defined as FibroScan
TE value rho, —20; P < 0.0001), there was no signif-
icant correlation between liver fibrosis and PDGF-f
serum concentration (rho, —0.07; P = 2). However, the
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TABLE 5. LINEAR REGRESSION ANALYSES OF FACTORS ASSOCIATED WITH FIBROTEST VALUE

Univariate Multivariate
Variables Beta (SD Beta) PValue Beta (SD Beta) PValue
Age (years) 0.09 (0.01) <0.0001 0.09 (0.01) <0.0001
Female sex -1.57 (0.30) <0.0001 -1.68 (0.28) <0.0001
BMI (kg/m?) -0.01 (0.03) 0.8
AST (U/L) 0.04 (0.01) <0.0001 0.04 (0.01) <0.0001
Platelets (/nL) -0.002 (0.001) 0.2
Antiplatelet agents, no vs. mono vs. combination therapy -0.38 (0.15) 0.02 -0.38 (0.15) 0.01
Statins, use -0.017 (0.03) 0.5
Antidiabetic drugs, use 0.006 (0.04) 0.8
Diabetes, presence 0.43 (0.14) 0.001 0.42 (0.13) 0.002
Significant CHD, presence 0.03 (0.04) 0.4
A B 16 P=0.048
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FIG. 2. Relationship between PDGF-p serum concentration and platelet counts. (A) PDGF-p serum concentrations correlate with
platelet counts, suggesting that platelets are a source of PDGF-p in humans. (B) Ratio of PDGF-p serum concentration divided
through platelet count is higher in patients with liver fibrosis compared to patients without liver fibrosis. Mean values and standard

deviations are shown. Abbreviation: Fib, fibrosis.

ratio of PDGF- to platelets was significantly higher
in patients with liver fibrosis compared to patients
without liver fibrosis (7.3 versus 6.5, respectively; P =
0.048) (Fig. 2B); yet, PDGF-p serum levels did not
differ between patients who were treated or were not
treated with antiplatelet agents (1,346 versus 1,439 pg/
mL, respectively; P=0.2).

Discussion

In the present study we assessed the relationship
between the use of antiplatelet agents and the presence
of liver fibrosis in a large cohort of patients at risk for
cardiovascular events. Our main finding was an inverse
association between the use of antiplatelet agents and
the presence and degree of liver fibrosis. Furthermore,
there was a significant correlation between platelet lev-
els and serum concentration of PDGF-f, a key driver
of liver fibrosis in humans and mice. However, the

use of antiplatelet agents had no impact on PDGF-$
serum levels. Hence, the mechanistic basis of a possible
causal protective role of antiplatelet agents in the pro-
gression of liver fibrosis remains to be elucidated.
Emerging data have revealed a pathogenic role
of platelets in the pathogenesis of liver fibrosis and
inflammation.'”) Platelets sequestrate within hepatic
sinusoids during liver injury and interact with hepatic
sinusoidal epithelial cells (LSECs), which results in the
release of a large number of mediators, such as chemo-
kines, cytokines, growth factors, lipid mediators, or
procoagulants.(lg) By releasing these mediators, plate-
lets recruit and activate inflammatory cells, includ-
ing granulocytes, macrophages, and T cells, to the
liver and thereby perpetuate liver inflammation.?%
Furthermore, platelet-derived mediators, such as
PDGF-, are potent inducers of HSC transformation
to profibrotic myofibroblasts."”” Additionally, platelets
are fundamental regulators of plasma serotonin con-
centrations,(zl) and serotonin results by activation of
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HSCs and LSECs and the subsequent vasoconstric-
tion to reduced hepatic microcirculation. "™ These
and other data suggest that platelets could be attractive
targets for antifibrotic and anti-inflammatory therapy
of liver diseases. Indeed, a significant number of stud-
ies in animal models, such as models of viral hepatitis
or NALFD, platelet depletion, or application of the
platelet activation inhibitors aspirin or clopidogrel,
reduced infiltration of virus-specific T cells and ame-
liorated hepatic inflammation, fibrosis progression,
and hepatocellular carcinoma  development.®?2%
However, data on the impact of antiplatelet agents
on liver disease in humans are scarce.”” In this regard,
the results of our prospective study in a collective of
patients that included a large number of individuals
on antiplatelet agents contribute important data to
the literature. Although results of our study are only of
an associative nature and antiplatelet agents were not
administered with the aim of targeting liver fibrosis,
our data further substantiate the hypothesis that plate-
lets could be attractive targets to prevent liver fibrosis
progression. Nevertheless, we cannot exclude that the
observed associations are due to cofactors, such as the
intake of statins, as there was a strong positive correla-
tion between the use of statins and antiplatelet agents
in our cohort. Hence, randomized studies are needed
and should be encouraged to definitively answer this
important question.

It is known that acetyl salicylic acid and P2Y12
receptor antagonists inhibit the release of bioactive
mediators, including serotonin, from the platelets’
dense granules as well as inhibit the cellular interac-
tion between platelets and epithelial cells or inflam-
matory cells®®; yet, our finding that PDGF-f serum
concentration is strongly dependent on platelet counts
whereas the use of antiplatelet agents has no impact
on PDGF- serum concentration suggests that acetyl
salicylic acid and P2Y12 receptor antagonists may not
tully reverse the profibrotic potential of platelets. It is
known that other platelet receptors, such as clusters
of differentiation (CD)44, can mediate platelet func-
tions despite cyclooxygenase-1 inhibition or P2Y12
receptor blockade.”” Furthermore, endotoxin translo-
cation from the intestines is a hallmark of advanced
liver fibrosis/cirrhosis and endotoxin has been identi-
fied is a profound activator of platelets in patients with
liver cirrhosis.?® We speculate that the higher ratio
of PDGF-f serum concentration to platelet count in
patients with liver fibrosis observed in our study may
be explained by such a mechanism.
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Our study has several limitations. First, our data
cannot confirm a causal role of antiplatelet therapy in
the protection from liver fibrosis. For example, patients
on antiplatelet agents were more frequently on con-
comitant statin therapy, which may confound our
observations, although no association between statin
use and liver fibrosis could be detected. Nevertheless,
the results of our study further substantiate the need
for a randomized trial of antiplatelet agents in the
prevention of liver fibrosis progression. Furthermore,
the diagnosis of liver fibrosis was not based on liver
biopsy results as this would have been clinically inap-
propriate in individuals on antiplatelet agents who are
at relatively high risk of bleeding complications from
liver biopsy. Moreover, the results of our study cannot
be extrapolated to patients with advanced liver disease
because platelets appear to play an important role in
liver regeneration'”” that may be lifesaving in patients
with acute or acute-on-chronic liver failure.

In conclusion, our study reveals a protective asso-
ciation between the use of antiplatelet agents and the
occurrence of liver fibrosis in a prospective cohort
study of patients at high risk of cardiovascular events.
A randomized controlled trial is needed to explore the
potential of antiplatelet agents as antifibrotic therapy
in patients at risk for liver fibrosis progression.
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