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Abstract
BACKGROUND: Chronic Hepatitis B infection is one of the most common causes of hepatic cirrhosis. Among all the 
substance that plays a pivotal role in maintaining the balance between thrombosis and thrombolysis is plasminogen 
activator inhibitor-1 (PAI-1), synthesized by hepatocytes. The increase and decrease of PAI-1 are a natural response 
to the ongoing hepatic cirrhosis caused by chronic hepatitis B infection, but may not be seen in non-hepatic cirrhosis. 
PAI-1 level also depend on the stage of fibrosis. Several conditions may interfere with PAI-1 levels including age, 
body mass index, and gender.

AIM: This study aims to find out the comparison of PAI-1 levels in hepatitis B patients with hepatic cirrhosis and 
without hepatic cirrhosis and to compare it with every stage of hepatic cirrhosis.

PATIENTS AND METHODS: This study is an observational analytical study with a cross-sectional approach 
conducted at Wahidin Sudirohusodo hospitals, Makassar. Subjects are chronic hepatitis B patients with and without 
hepatic cirrhosis which meet inclusion criteria. Serum PAI-1 levels were measured by using Bender MedSystems 
human PAI-1 enzyme-linked immunosorbent assay (ELISA) kit (BMS2033) and using ELISA technique. Statistical 
analysis was performed using Kolmogorov–Smirnov normality test as well as Mann–Whitney method. Statistical 
results are considered significant if p < 0.05.

RESULTS: The research was conducted on 60 subjects who meet inclusion criteria, consisted of 33 men and 27 
women. There were 16 patients with hepatic cirrhosis. Levels of PAI-1 in hepatic cirrhosis were significantly different 
which lower than non-hepatic cirrhosis patient (0.43 ng/mL vs. 1.11 ng/mL, p = 0.024). Based on staging of hepatic 
fibrosis, stage F2 hepatic fibrosis had highest levels of PAI-1, in contrast with end-stage hepatic fibrosis which had 
the lowest levels.

CONCLUSION: Levels of PAI-1 fluctuates through different stages of hepatic fibrosis. The significant difference 
of PAI-1 levels in hepatic cirrhosis and non-hepatic cirrhosis demonstrates correlation between PAI-1 and hepatic 
cirrhosis

Edited by: Ksenija Bogoeva-Kostovska
Citation: Hamdany AK, Parewangi ML, Saleh S, Bakri S, 

Akil F, Abadi S, Seweng A. Comparison of plasminogen 
activator inhibitor-1 levels in chronic hepatitis B patients 

with hepatic cirrhosis and without hepatic cirrhosis. Open 
Access Maced J Med Sci. 2022 Sep 01; 10(B):2023-2028. 

https://doi.org/10.3889/oamjms.2022.10439
Keywords: Chronic hepatitis B; Hepatic cirrhosis; 

Plasminogen activator inhibitor-1
*Correspondence: Andhika Kusuma Hamdany, 

Department of Internal Medicine, Faculty of Medicine, 
Hasanuddin University, Makassar, Indonesia. 

E-mail: andhika.hamdany@gmail.com
Received: 16-Jun-2022
Revised: 26-Aug-2022

Accepted: 29-Aug-2022
Copyright: © 2022 Andhika Kusuma Hamdany, 

Muhammad Luthfi Parewangi, Sahyuddin Saleh,  
Syakib Bakri, Fardah Akil, Satriawan Abadi, Arifin Seweng

Funding: This research did not receive any financial 
support

Competing Interests: The authors have declared that no 
competing interests exist

Open Access: This is an open-access article distributed 
under the terms of the Creative Commons Attribution-

NonCommercial 4.0 International License (CC BY-NC 4.0)

Introduction

Hepatitis B virus (HBV) infection is an 
infectious disease that has an impact on global health. 
Chronic HBV infection causes increased morbidity and 
mortality. The main cause of death in hepatitis B is fatal 
damage to the liver [1].

Globally, it is estimated that around 2 billion 
people have been infected with HBV and 248 million of 
them are chronically infected. In Indonesia alone, the 
prevalence of hepatitis B is around 7.1%. About 15–25% 
with chronic hepatitis B die from liver cancer and liver 
cirrhosis. Based on data from The Global Burden of 
Disease Study, around 686,000 people died in 2013 
due to hepatitis B with a mortality rate of 5.9/100,000 
population. Of total cases, 300,000 deaths occurred due 
to liver cancer and 317,400 due to liver cirrhosis [2].

Liver cirrhosis, which is the leading cause 
of death in chronic hepatitis B, is a pathological 
condition that describes the end stage of progressive 
hepatic fibrosis characterized by distortion of the 
liver architecture and the formation of regenerative 
nodules [3]. Definition of cirrhosis according to the World 
Health Organization is a diffuse process characterized 
by fibrosis and alteration of normal liver architecture to 
abnormal nodular structures that lack normal lobular 
organization [4].

From the results of a 2014 Centers for Disease 
Control and Prevention survey, cirrhosis itself is one 
of the 15 highest causes of death in the world. Liver 
cirrhosis was ranked 12th with total mortality of 12%. 
This is an increase of 0.5% from the 2013 survey 
results which had 11.5% results. Liver disease itself 
is considered the second cause of mortality among 
all digestive diseases in the United States [5]. There 
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are no significant data for Southeast Asia, but more 
than 70% of the population is infected with the HBV 
and about 20% develop liver cirrhosis [6]. In Indonesia, 
the prevalence data of liver cirrhosis is unclear. At DR. 
Sarjito Hospital, Yogyakarta, the number of patients 
with liver cirrhosis was around 4.1% within 1 year. In 
Medan, within 4  years, liver cirrhosis patients were 
found (4%) of all patients in the internal medicine 
department [4].

Hemostasis is a physiological process that 
stops bleeding at the site of injury while maintaining 
normal blood flow elsewhere in the circulation. Blood 
loss is stopped by the formation of a hemostatic 
plug. There are three processes in the occurrence of 
hemostasis balance, namely primary, secondary, and 
tertiary hemostasis. Primary hemostasis is related to 
the formation of a platelet plug, secondary hemostasis 
is related to the formation of fibrin threads through the 
coagulation cascade, and tertiary hemostasis, which 
plays a role in the formation of plasmin, has a function to 
break down fibrin through the process of fibrinolysis. The 
liver plays an important role in the hemostasis system 
by synthesizing blood clotting factors or fibrinolytic 
factors. In consequence, the occurrence of liver disease 
can cause complex changes in the three phases of 
hemostasis [7].

One of the proteins that have a role in the 
hemostasis process, especially in the tertiary hemostasis 
process, is the plasminogen activator inhibitor-1 (PAI-1) 
protein. PAI-1 is a unique structure and is a specific 
and fast-acting inhibitor of Plasminogen Activator that 
plays a role in the fibrinolysis process. Other kinds of 
plasminogen activators (PAs) are tissue plasminogen 
activator (t-PA) and urobilinogen plasminogen activator 
(u-PA) which are the primary regulator of activation of 
plasminogen. PAI-1 can inhibit plasmin and trypsin as 
well as thrombin to form fibrin [8].

PAI-1 is an acute-phase protein known to 
correlate with liver fibrosis and is also expressed in 
hepatocytes. PAI-1 levels are also elevated in the 
plasma of patients with liver disease. Low PAI-1 levels 
have also been shown to protect against all three stages 
of liver disease (early phase [steatosis], middle phase 
[inflammation/necrosis], and late phase [fibrosis]). 
A later study by Wang et al. [9]. also showed that PAI-1-
deficient mice had a reduced incidence of liver fibrosis, 
and increased tPA and matrix metallopeptidase [9] 
activity compared to normal mice. Liver is hepatitis B 
infection [9].

Research conducted by Linda Pasta [10] 
(2015) shows that there are 3 types of genotypes 
of PAI-1, namely the 4G 4G, 4G 5G, and 5G 5G 
alleles. Of the three alleles, the PAI-1  4G/4G gene 
polymorphism had the highest PAI-1 level compared 
to the other PAI-1 gene polymorphisms. Regarding 
PAI-1 4G-4G, there are many studies showing the role 

of these thrombophilic genetic factors associated with 
the highest serum PAI-1 activity in the process of liver 
fibrosis. PAI-1 has an active role in liver fibrosis in mice 
through a pathogenic mechanism that leads to hepatic 
stellate cell activation [10].

Research on PAI-1 in hepatitis B has not been 
widely studied. In one of the results of a study proposed 
by Divella et al. [10], it shows that there was an increase 
in PAI-1 in patients with hepatocellular carcinoma due 
to hepatitis B. However, we have not found any studies 
regarding the relationship between PAI-1 levels in 
chronic hepatitis B stage [11].

Based on this background, the authors wanted 
to evaluate the differences in PAI-1 levels in chronic 
hepatitis B patients with and without liver cirrhosis.

Objectives

To find out the comparison of PAI-1 levels in 
hepatitis B patients with hepatic cirrhosis and without 
hepatic cirrhosis, PAI-1 levels in each hepatic fibrosis 
stage, and to discover the correlation of PAI-1 levels 
with the severity of hepatic fibrosis.

Patients and Methods

Study design

This study was designed with an observational 
analytical study with a cross-sectional approach. 
Subjects were recruited in the outpatient and inpatient 
department of Wahidin Sudirohusodo hospital with the 
diagnosis of chronic hepatitis B at RSWS since October 
2021. The inclusion criteria are people with and without 
hepatic cirrhosis who have not received antiviral 
therapy. Intact serum PAI-1 levels were measured 
using an enzyme immunoassay kit.

Laboratory analysis

Sampling is done by consecutive sampling. 
Blood is taken from the mediana cubiti vein with 
a volume of 3 ccs and inserted into the citrate tube. 
The blood sample was examined by calculating PAI-1 
plasma levels using the Bender MedSystems human 
PAI-1 enzyme-linked immunosorbent assay (ELISA) kit 
(BMS2033) and using the ELISA technique with units 
of ng/mL size.

Blood samples that have been collected 
are centrifuged at a speed of 4000× g for 10  min. 
The plasma sample will then be retrieved and 
then we examine it with a BMS2033 human PAI-1 
ELISA kit.
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Operational definition

Hepatic fibrosis is defined by the result of 
fibroscan from chronic hepatitis B patient. By its 
severity, from mild to severe, hepatic fibrosis is divided 
by F0–F4.

Hepatic cirrhosis is defined as a late-stage 
hepatic fibrosis with a slow decline in function due 
to chronic inflammation over a long period of time. 
Diagnosis of hepatic cirrhosis if it meets any of the 
following criteria:
•	 Fibroscan results F4 (cirrhosis) or,
•	 Abdominal ultrasound shows the results of 

hepatic cirrhosis or,
•	 Multi slice computed tomography abdomen 

shows the result of hepatic cirrhosis.
PAI-1 levels are the value of PAI-1 using the 

ELISA procedure. PAI-1 levels are measured in ng/ml 
units.

Statistical analysis

The analysis method consists of descriptive 
analysis methods and statistical tests. Variables are 
performed normality tests using Kolmogorov–Smirnov 
analysis tests.
•	 Differences in PAI-1 levels between hepatitis 

patients with hepatic cirrhosis and without 
hepatic cirrhosis use unpaired t-tests if the 
distribution is normal. If the distribution is 
abnormal, then the Mann–Whitney test is 
performed as an alternative test.

•	 The difference in PAI-1 levels between four 
groups of chronic hepatitis B patients with 
cirrhosis based on fibrosis degree (F0–F1, 
F2, F3, and F4) is analyzed by the One-Way 
ANOVA test if the distribution is normal. If the 
distribution is not normal, then the Kruskal–
Wallis test is performed as an alternative test.
Statistical test results are considered 

significant if the test p < 0.05. The results obtained will 
be displayed in the form of narration, equipped with 
tables and figures.

Ethical issues

The research was conducted following the 
tenets of the Declaration of Helsinki. The Ethics 
Committee For Clinical Research of Faculty of 
Medicine Hasanuddin University and Dr.  Wahidin 
Sudirohusodo Hospital Makassar approved this study. 
The institutional ethical committee at the Faculty of 
Medicine Hasanuddin University accepted all study 
protocols. Accordingly, written informed consent was 
taken from all participants.

Results

Characteristics of research subjects

In this study, subjects met the criteria of 60 
subjects consisting of 33 (55.0%) men and 27 (45.0%) 
women. Based on the age category, the subjects 
involved in the <60-year-old category were 52 people 
(86.7%) compared to 8 for >60-year-old subjects 
(13.3%). Based on BMI, subjects were divided into 
obese and non-obese subjects, of which there were 44 
people (73.3%) obese subjects compared to 16 (26.7) 
non-obese subjects. Of the 60 subjects, there were 
44  (73.3%) subjects who did not have cirrhosis and 
16 (26.7%) subjects who had cirrhosis (Table 1).

Table 1: Characteristics of research subjects
Category n (60) %
Gender

Man 33 55.0
Woman 27 45.0

Age
<60 years 52 86.7
≥60 years 8 13.3

IMT
Non‑obese 44 73.3
Obese 16 26.7

Cirrhosis
Not 44 73.3
Yes 16 26.7

PAI-1 levels in its relation to cirrhosis

PAI-1 levels were found to be significantly lower 
in subjects who had cirrhosis (0.43) than in non-cirrhosis 
subjects (1.11). This suggests a significant association 
between PAI-1 levels and cirrhosis (p = 0.024) (Table 2 
and Figure 1).

Table  2: Analysis of PAI‑1 levels (ng/mL) in relation with 
cirrhosis
Cirrhosis n Mean SD p*
No 44 1.11 1.64 0.024
Yes 16 0.43 0.78
*Mann–Whitney test.

Our further analysis shows that PAI-1 levels 
in the F2 fibrosis stage have the highest concentration 
compared to other stages while stage F4 (Cirrhosis) is 
a stage with the lowest PAI-1 rate. High PAI-1 levels 
in F2 fibrosis differ significantly from PAI-1 levels in 

Figure 1: PAI-1 levels in relation with cirrhosis
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stage F4 (p = 0.020), but do not differ significantly from 
stages F0–F1 (p = 0.061) and F3 (p = 0.071) (Table 3 
and Figure 2).

Table 3: PAI‑1 levels according to degrees of fibrosis
Degree of 
fibrosis

Degree of 
fibrosis

PAI‑1 Average 
value difference

95% CI p
Lower bound Upper bound

F0–F1 F2 −1.47 −3.0045 0.0711 0.061
F3 0.21 −0.9923 1.4203 0.724
F4 0.5 −0.4095 1.4332 0.271

F2 F0−F1 1.47 −0.711 3.0045 0.061
F3 1.68 −0.1455 3.5069 0.071
F4 1.98 0.3267 3.6304 0.020

F3 F0−F1 −0.21 −1.4203 0.9923 0.724
F2 −1.68 −3.5069 0.1455 0.071
F4 0.29 −1.0509 1.6466 0.660

F4 F0−F1 −0.51 −1.4332 0.4095 0.271
F2 −1.97 −3.6304 −0.3267 0.020
F3 −0.29 −1.6466 1.0509 0.660

Correlation between PAI-1 in correlation 
with confounding factors

PAI-1 levels were found to be lower in women 
(0.82 ng/mL) compared to men (1.02 ng/mL), but were 
not statistically significant

Figure 2: PAI-1 levels according to degrees of cirrhosis

(p = 0.672). Based on age, PAI-1 levels were 
found to be higher at 60  years of age (1.53  ng/mL) 
than at < age 60 years (0.84 ng/mL), but obtained were 
not statistically significant (p = 0.957). Based on BMI, 
PAI-1 levels were found to be higher in obese subjects 
(1.09 ng/mL) than in non-obese subjects (0.87 ng/mL), 
but were not statistically significant (p = 0.927) (Table 4).

Table  4: Comparison of PAI‑1 levels (ng/mL) by gender, age, 
and BMI
Gender n Mean SD p*
Man 33 1.02 1.62 0.672
Woman 27 0.82 1.33
Age category

<60 years 52 0.84 1.29 0.957
≥60 years 8 1.53 2.48

BMI
Non‑Obese 44 0.87 1.32 0.927
Obese 16 1.09 1.93

Discussion

In this study, PAI-1 levels in cirrhosis subjects 
were lower (0.43  ng/mL) compared to non-cirrhosis 

subjects (1.11 ng/mL) (p < 0.05). PAI-1 is one of the main 
fibrinolysis inhibitors that work to inhibit the activity of t-PA 
and u-PA in activating plasminogen into plasminogen. 
PAI-1 will be attached to the fibrin threads, inhibiting t-PA 
and u-PA so that the fibrinolysis process will stop working.

Research which was conducted by Lisman 
et al.[11] shows that PAI-1 levels, together with 
plasminogen, α2 antiplasmin, TAFI, and factor XIII will be 
reduced due to the presence of endothelial injury. PAI-1 
levels vary and may be normal or increased because 
fibrinolytic interactivity varies between individuals. 
Hyperfibrinolysis is the result of an imbalance between 
activators and fibrinolysis inhibitors. TPA levels increase 
due to reduced liver clearance, while PAI-1 levels do not 
respond well to changes in tPA, resulting in imbalance 
through the excessive activity of tPA in patients with severe 
hepatic cirrhosis. Ascites fluid in cirrhosis of the liver has 
fibrinolytic activity, in some cases; the reabsorption of 
ascites fluid into the systemic circulation may contribute to 
an increase in the degree of fibrinolysis [11].

The hemostasis process is important in the 
incidence of hepatic fibrosis. The hemostasis process 
needs to run optimally to prevent the worsening of 
hepatic fibrosis. It is reported that there is a connection 
between PAs and PAI-1 in different stages of hepatic 
fibrosis [12]. In the early stages of hepatic fibrosis, 
PAs and their receptors are more predominantly 
expressed, in addition, an increase from PAI-1 inhibits 
the activity of PAs which leads to the hindrance of 
excessive degradation of the extracellular matrix, 
leads to accumulation of extracellular matrix that 
trigers fibrogenesis [13]. Supporting this statement, 
Kareem WA also explained in his study that PAI-1 
levels were significantly lower in patients with hepatic 
cirrhosis than in non-hepatic cirrhosis patients [14]. 
Different things obtained in our study where the lowest 
PAI-1 levels were obtained in the cirrhosis stage.

While in other publications, hyperfibrinolysis 
(high PAs/PAI-1 ratio) is a common condition in hepatic 
cirrhosis patients and is a predictor of patient severity [15]. 
Hyperfibrinolysis conditions that occur due to increased 
PA and/or decreased PAI-1 so that the risk of bleeding will 
be higher in patients with hepatic cirrhosis so mortality 
will increase as well [16], [17], [18], [19], [20].

In this study, PAI-1 levels in male subjects were 
higher (1.02 ng/mL) than in female subjects (0.82 ng/mL), 
but not statistically significant (p > 0.05). Yousuf et al. [21] 
found that higher amounts of PAI-1 levels were found in 
male sufferers compared to women. In men, testosterone 
levels are associated with decreased PAI-1 levels in 
plasma. The state of hypogonadism will increase the 
expression of PAI-1, while the use of androgen drugs 
will lower PAI-1 levels. In women, estrogen levels are 
associated with low levels of PAI-1 in women [21].

In this study, PAI-1 levels in subjects age 
60  years were higher (1.53  ng/mL) than subjects 
with < age 60 years (0.84 ng/mL), but not statistically 
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significant (p > 0.05). Eren et al. [22] stated in their 
study that in general PAI-1 levels will increase in old age 
because it is associated with the incidence of metabolic 
diseases such as cardiovascular disease and diabetes 
mellitus. In older people without comorbidities, PAI-1 
levels may still increase. This has to do with PAI-1 
being synthesized and secreted in senescent cells 
and contributing directly to the aging process through 
mechanisms of decreased p53 levels and increased 
insulin-like growth factor binding protein 3 [22].

In this study, PAI-1 levels were found higher in 
obese subjects (1.09 ng/mL) compared to non-obese 
subjects (0.87 ng/mL), but not statistically significant (p 
> 0.05). Deveraj et al. [23] in his research showed that 
endothelial dysfunction in the obese state will trigger 
PAI-1 secretion. Cytokine excretion of IL-6 and TNF-α 
by fat cells where cytokines IL-6 and TNF-α are one of 
the factors that play a role in the mechanism of vascular 
endothelial dysfunction, where endothelial dysfunction 
will increase PAI-1 expression. In addition, obesity is 
also associated with insulin resistance which will also 
spur endothelial dysfunction. There is evidence that a 
combination of hyperinsulinemia, hyperglycemia, and 
hypertriglyceridemia will increase PAI-1 levels in healthy 
humans. PAI-1 mRNA can be found in adipose cells in 
obese people. Weight loss will significantly lower PAI-1 
levels in obese people [23].

Limitations of the study

More research is needed to determine PAI-1 
levels at various severity of cirrhosis based on its 
clinical presentation and its relation to hyperfibrinolysis.
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