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Abstract
Background and aims  While the association between platelet activation and hepatic fibrosis has been previously demon-
strated in animal studies; the utility of anti-platelet agents in reversing the progression of hepatic fibrosis requires further 
review. Utilizing systematic review methods, we provide to our knowledge the first meta-analysis combining evidence from 
all studies aimed to establish the effect of anti-platelet agents in the prevention of hepatic fibrosis.
Methods  We searched Medline, EMBASE and PubMed databases from inception to October 2018 to identify all studies 
aimed at evaluating the role of anti-platelet agents in the prevention of hepatic fibrosis. The primary outcome was hepatic 
fibrosis. The initial title, abstract, and full-text screening were performed in duplicate. Risk of bias was evaluated using the 
Newcastle–Ottawa Scale. A fixed-effect generic inverse variance method was used to create a pooled estimate of the odds 
of hepatic fibrosis in patients with anti-platelet agents versus without anti-platelet agents.
Results  Among the 2310 unique articles identified during the title screening, 4 studies with a combined population of 3141 
patients were deemed eligible for inclusion into the meta-analysis establishing the effect of anti-platelet agents on hepatic 
fibrosis. One study failed to report their findings in the entire cohort, electing to instead summarize the effects of anti-
platelets within subgroups categorized by fibrotic risk factors. Use of anti-platelets was associated with 32% decreased odds 
of hepatic fibrosis, (adjusted pooled OR 0.68; CI 0.56–0.82, p ≤ 0.0001). The statistical heterogeneity among the studies 
was insignificant.
Conclusion  Use of anti-platelet agents is associated with the decreased odds of hepatic fibrosis. Due to limited evidence, 
future high-quality randomized controlled trials with larger comparative samples are required to further delineate the potential 
beneficial effects of these drugs in preventing hepatic fibrosis.
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Introduction

Chronic hepatic insult, whether infectious, inflammatory, or 
autoimmune etiology, leads to fibrosis of the liver which 
ultimately can progress to irreversible damage in the form 
of cirrhosis. End-stage liver disease resulting from cirrhosis 
is a leading cause of mortality both within the United States 
(US) and worldwide, rising 45% since 1990 [1]. Despite 
its high case fatality, there are limited treatment modali-
ties for irreversible hepatic injury. As approved anti-fibrotic 
therapy is currently unavailable, the focus is on medications 
which can help to prevent the development and progression 
of hepatic fibrosis. Recent evidence has shifted the focus 
on the potential role of platelets in hepatic fibrosis [2, 3]. 
Multiple animal studies have shown that platelets activa-
tion increases hepatic fibrosis, while anti-platelet agents 
demonstrate opposing effects and they have a potential of 
preventing the onset or progression of hepatic fibrosis [4–9]. 
In a chronic hepatitis B mouse model, anti-platelet agents 
(aspirin and clopidogrel) have been shown to decrease the 
severity of hepatic fibrosis [4]. Similarly, another mouse 
model of biliary cirrhosis revealed that platelets-derived 
growth factor-β released by platelets promotes hepatic 
fibrosis by activation of hepatic stellate cells [5]. While the 
association between platelet activation and hepatic fibrosis 
has been previously demonstrated in animal studies, the 
utility of anti-platelet agents in reversing the progression of 
hepatic fibrosis requires further review. Utilizing system-
atic review methods, we provide to our knowledge the first 
meta-analysis combining evidence from all studies aimed to 
establish the effect of anti-platelet agents in the prevention 
of hepatic fibrosis.

Materials and methods

This systematic review and meta-analysis were conducted in 
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines [10].

Eligibility criteria

All the studies evaluating the association of anti-plate-
lets and hepatic fibrosis were included in the systematic 
review. We also included the studies which were pre-
sented as abstract and not yet fully published. Study size 
did not restrict the inclusion of the study. The bibliog-
raphies of relevant articles were hand-searched to pro-
vide additional references. Our primary outcome, hepatic 
fibrosis, was presented in studies as adjusted odds ratio 
(OR). Animal studies were excluded. We also excluded 

the studies which did not report our primary outcome or 
if anti-platelet agents were not used. In an effort to be 
inclusive and examine all evidence available, we accepted 
all definitions and measurements of hepatic fibrosis. This 
includes hepatic fibrosis as confirmed on imaging, biopsy 
and histopathology, or commonly accepted serum markers 
(composite INR, platelet, transaminase, albumin levels).

Information sources and search strategy

A systematic literature search was conducted using the 
PubMed and Embase databases from inception to October 
20, 2018 to identify all original studies that investigated 
the role of anti-platelets agents in hepatic fibrosis. The 
systematic literature review was independently conducted 
by two investigators (U.I and A.A.) using a search strategy. 
The search terms for PubMed was: “Platelet Aggregation 
Inhibitors”[Mesh] OR platelet aggregation inhibitors[tiab] 
OR Aspirin[tiab] or clopidogrel[tiab] AND (“Liver 
Cirrhosis”[Mesh] OR cirrhosis[tiab] OR cirrhotic[tiab] 
OR cirrhotics[tiab]) and search terms for Embase were 
‘liver cirrhosis’/exp OR cirrhosis:ti,ab OR cirrhotic:ti,ab 
OR cirrhotics:ti,ab AND ‘antithrombocytic agent’/exp OR 
‘antithrombocytic’:ti,ab.

Data collection process and list of items

We screened the title, abstract, and full-text articles in 
duplicate. Data from eligible studies were independently 
extracted by 2 reviewers (U.I and M.A.K), then cross-
checked by the third author (A.A). Discrepancies were 
resolved by mutual consensus. We report the kappa statis-
tic to demonstrate the level of agreement between review-
ers. The following data were extracted from each primary 
study: year of publication and country of origin, age, sex, 
design of the study, sample size, study population methods 
used to detect hepatic fibrosis, type of anti-platelet agent 
used, outcome of the study, odds of hepatic fibrosis with 
aspirin use and adverse events if reported. Data extraction 
forms were generated by all members of the team.

Quality assessment

Newcastle–Ottawa quality assessment scale was used to 
evaluate the quality of observational studies in three areas, 
including the recruitment of cases and controls, the com-
parability between the two groups and the ascertainment of 
the outcome of interest. Results of methodological quality 
assessment did not influence the eligibility of the studies.
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Statistical analysis

Data analysis was performed using Review Manager (Rev-
Man) 5.3 software from the Cochrane Collaboration (Lon-
don, UK). A fixed-effects model weighted by the inverse 
variance method was used to create a pooled estimate of the 
odds of hepatic fibrosis with anti-platelet agents versus no 
anti-platelet agent. The pooled odds ratio (OR) was obtained 
using the risk estimates from the included studies and their 
corresponding standard errors. We present our pooled find-
ings in separate forest plots. Due to the small number of 
studies in our analysis, we decided not to assess for publi-
cation bias using Egger’s plot. Heterogeneity between the 
studies was calculated by calculating the inconsistency index 
(I2). A value of I2 of 0–25% represented insignificant het-
erogeneity, 26–50% represented low heterogeneity, 51–75% 
represented moderate heterogeneity, and more than 75% rep-
resented high heterogeneity, as set forth by the Cochrane 
Collaboration [11].

Results

Initial search strategy revealed 2310 relevant articles, 2130 
in Embase and 180 in Pubmed. After excluding duplicate 
articles, 1576 articles underwent title review and abstract 
review. At this time, 8 studies were included which under-
went full-text review. Kappa coefficient for study selec-
tion process between reviewers was 0.86. Only four stud-
ies including 3141 patients met the inclusion criteria and 
were included in the systematic review and analyzed in the 
meta-analysis [12–15]. Literature review process is shown 
in Fig. 1.

Jiang et al. did not report the odds of hepatic fibrosis 
of the whole cohort but rather reported in 3 groups which 
included patient population with nonalcoholic steatohepati-
tis (NASH), alcoholic liver disease and viral hepatitis [12]. 
There was an overlap of 168 patients as these patients had 
more than one risk factors for chronic liver disease. To avoid 
the bias, each of the patient group was included individually 
in a final meta-analysis along with other 3 included stud-
ies. There were significant differences in study population 
included in the studies. Jiang et al. identified patients by 
NHANES database with risk factors for chronic liver disease 
including NASH, viral hepatitis and alcoholic liver disease 
[12]. Poujol-Robert et al. included hepatitis C virus (HCV)-
positive patients following liver transplantation, Singh et al. 
included patients with type 2 diabetes mellitus with liver 
biopsy-proven nonalcoholic fatty liver disease (NAFLD), 
while Schwarzkopf et al. included patients who underwent 
coronary angiography [13–15]. Patients were noted to have a 
comparable age range in all the studies. Poujol-Robert et al. 
showed male predominant population with 83% male, while 

Singh et al. had 62.7% female. Other baseline characteristics 
are tabulated in Table 1. Tables 2 and 3 summarize the qual-
ity assessment of studies. Majority of studies were noted 
to have a low risk of bias. Methodological shortcomings 
are focused in establishing temporality of hepatic fibrosis 
prior to initiation of anti-platelet therapy as well as ensuring 
adequate follow-up to support the study conclusions. The 
use of anti-platelet agents was associated with decreased 
odds of hepatic fibrosis with the seperate inclusion of all 
three patient populations from Jiang et al. study, adjusted 
pooled OR 0.67; CI 0.56–0.81, p ≤ <0.0001 with inclu-
sion of NASH group of Jiang et al. (Fig. 2), and adjusted 
pooled OR 0.68; CI 0.56–0.82 with inclusion of viral hepa-
titis and alcoholic liver disease patient populations of Jiang 
et al. study (Figs. 3, 4) [12]. The statistical heterogeneity as 
calculated by I2 was insignificant as assessed by I2 = 0.     

Discussion

As per our knowledge and literature search, this is the first 
systematic review and meta-analysis evaluating the util-
ity of anti-platelet agents in preventing hepatic fibrosis in 
humans. Multiple animal models have shown that anti-
platelet agents may prevent hepatic fibrosis [4–9]. A study 
in animal NAFLD model showed that aspirin inhibited the 
development of hepatic fibrosis [6]. Similar benefits of aspi-
rin and other anti-platelet agents (ticlopidine, dipyridamole 
and cilostazol) were noted in other animal models where 
inhibition of platelet aggregation provided protection against 

Fig. 1   Literature review process
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hepatic fibrosis [7–9]. There are several plausible mecha-
nisms to explain these effects of anti-platelet agents. First, 
anti-inflammatory action of some anti-platelet agents like 
aspirin inhibits transcription of NF-kB in the endothelial 

cells and prevents adhesion of macrophages and T-lympho-
cyte. They also reduce the levels of inflammatory cytokines 
including interleukin-6, tumor necrosis factor-β and PDGF 
[16]. Inhibition of these key mediators has been shown to be 
instrumental in the prevention of hepatic fibrosis in various 
animal models [7–9]. Secondly, these anti-platelet agents 
have anti-thrombotic effects that might explain and promote 
anti-fibrotic mechanism. Anti-platelet agents can prevent 
injury to sinusoidal endothelial cells by inhibiting platelet 
aggregation and have been shown to reduce chemotherapy 
induced sinusoidal lesions [17].

A few studies have evaluated the effects of anti-platelet 
agents on hepatic fibrosis [12–15]. We included 4 studies 
in our systematic review, 3 of which only used aspirin and 
one used both either aspirin or P2Y12 inhibitors as anti-
platelet therapy. Jiang el al. identified subjects through 

Table 2   Quality assessment of 
cohort studies Studies Jiang et al. Singh et al. Schwarzkopf et al.

Representativeness of the exposed cohort Low risk Low risk Low risk
Selection of the non-exposed cohort Low risk Low risk Low risk
Ascertainment of exposure Low risk Low risk Low risk
Outcome not present at start Low risk Unclear bias Unclear bias
Adjustment for primary and secondary factors Low risk Low risk Low risk
Assessment of outcome Low risk Low risk Low risk
Was follow-up long enough for outcomes to occur Low risk Low risk Unclear bias
Adequacy of follow-up of cohorts Low risk Low risk Unclear bias
Quality High quality Moderate quality Moderate quality

Table 3   Quality assessment of Poujol-Robert study [13] (cross-sec-
tional study)

Representativeness of the sample Low risk
Sample size Low risk
Non-respondents Low risk
Ascertainment of the exposure Low risk
Adjustment for primary and secondary factors Low risk
Assessment of the outcome Low risk
Statistical test Low risk
Quality High quality

Fig. 2   Forest Plot for all studies with inclusion of NASH population of Jiang et al. study

Fig. 3   Forest Plot for all studies with inclusion of viral hepatitis (HBV/HCV) population of Jiang et al. study
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NHANES database and included 1856 with risk factors 
for chronic liver disease including viral hepatitis, alco-
hol abuse and NASH [12]. The study revealed that the 
use of aspirin was associated with a decline in the risk 
of hepatic fibrosis calculated by 4 different non-invasive 
methods (FIB4, APRI, Forns and NFS). Similar benefi-
cial effects of anti-platelet agents were noted in a study 
performed by Schwarzkopf et al. which included consecu-
tive patients undergoing cardiac catheterization [15]. The 
hepatic fibrosis was detected by Fibroscan transient elas-
tography and shown that the use of these agents was asso-
ciated with lower risk of hepatic fibrosis. Poujol-Robert 
et al. in a study on hepatitis C virus-positive patients in the 
post-liver transplant setting noted that the use of aspirin 
was associated with lower risk of progression of hepatic 
fibrosis [13]. Although the majority of studies showed the 
beneficial effects of anti-platelet agents in the prevention 
of hepatic fibrosis, Singh et al. in a retrospective study per-
formed on diabetic population with biopsy-proven NAFLD 
showed no significant beneficial effects with aspirin use 
[14]. These results were contradicting to Jiang et al. study 
which showed that patients with NASH on aspirin were 
noted to have decreased odds of hepatic fibrosis predicted 
by FIB4, although no statistical difference was noted when 
APRI was used to predict hepatic fibrosis. These conflict-
ing results suggest the need for additional larger studies 
to confirm the beneficial effects of anti-platelet agents in 
a prospective fashion.

Safety of anti-platelet agents in patients with cirrhosis is 
controversial. Aspirin is associated with increased risk of 
renal failure, anemia and gastrointestinal hemorrhage; these 
complications can be more pronounced because of aspirin-
induced thrombocytopenia [18, 19]. A recent study conducted 
in patients with coronary artery disease and cirrhosis, who 
were undergoing evaluation for liver transplantation, revealed 
that aspirin was safe and not associated with increased risk of 
gastrointestinal bleeding, variceal bleeding and anemia despite 
significantly thrombocytopenia [20]. Hence, the use of aspi-
rin was not associated with increased mortality and hepatic 
decompensation in this study [20]. There were no adverse 
effects reported by Poujol-Robert et al. in patients who were 

on aspirin [13]. Safety data were missing from the other stud-
ies included in our analysis.

The methodology for systematic literature review of our 
study was comprehensive, and included all the available stud-
ies, although one of the included studies was in abstract form 
and not yet fully published. Moreover, the statistical hetero-
geneity of this meta-analysis was insignificant. We recognize, 
however, that this meta-analysis had several limitations and, 
thus, the results should be interpreted with caution. First, 
studies included in our analysis are observational in nature as 
there are no randomized controlled trials available. Although 
patients’ demographics and comorbidities in both groups were 
comparable and effect estimates were reported after adjust-
ing for several confounding factors, there remains a risk of 
residual confounding bias in such data. Secondly, although the 
statistical heterogeneity was insignificant, and studies included 
patients with risk factors for chronic liver disease, there is sub-
stantial methodological heterogeneity among the studies as 
population cohorts are different in these studies and methods 
used to detect hepatic fibrosis are not the same with some 
utilizing liver biopsy to detect hepatic fibrosis while other 
relying on non-invasive methods that may underestimate or 
overestimate the results. Further, data regarding viral hepatitis 
treatment were not uniformly reported. Poujol-Robert et al. 
[13] collected data before starting antiviral therapy to avoid 
confounding effect on hepatic fibrosis, while Jiang et al. [12] 
did not report data on antiviral therapy. Also, patients who are 
on aspirin are more likely to be on statins which may confound 
our results [21]. Lastly, the exact duration of anti-platelets use 
was unclear, and a larger randomized controlled trial is needed 
not only to further delineate the treatment duration of anti-
platelet agents and its impact on hepatic fibrosis, but also to 
evaluate safety of these agents in patients with chronic liver 
disease and hepatic fibrosis.

Conclusion

This systematic review and meta-analysis support the 
potential beneficial effects of anti-platelet agents in pre-
venting hepatic fibrosis which is associated with significant 

Fig. 4   Forest Plot for all studies with inclusion of alcoholic liver disease (ALD) population of Jiang et al. study
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morbidity and mortality. Given the limited number of studies 
currently available on efficacy and safety of these drugs in 
preventing hepatic fibrosis, future high-quality randomized 
controlled trials are necessary to further delineate the poten-
tial beneficial effects of these drugs in the prevention of 
hepatic fibrosis.
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