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Abstract

Background Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most common cause of
steatotic liver disease and has major implications on cardiovascular safety.

Study aims As the precise role linking MASLD to cardiovascular diseases is still unclear, the present study aims to
investigate the association between liver steatosis and fibrosis and circulating plasminogen activator inhibitor-1 (PAI-
1) levels.

Methods Eighty-two patients (41.6+12.4 yrs, 34 men, 41%), naive to medications, who attended the Nutrition Center
for the Research and Care of Obesity and Metabolic Diseases at the National Institute of Gastroenterology “Saverio de
Bellis"for weight management, were cross-sectionally evaluated. Demographic, anthropometric, clinic, and laboratory
data were collected and analyzed. All patients underwent liver ultrasonographic assessment by FibroScan to diagnose
liver steatosis (controlled attenuation parameter or CAP > 275 dBm) and fibrosis (liver stiffness > 8.2 kPa).

Results Sixty-one individuals (74.4%) had liver steatosis, and 17 (20.7%) had liver fibrosis. PAI-1 mean levels were
3,261+1,270 pg/mL, mean body mass index (BMI) and waist circumference (WC) values were 36.6+7.1 kg/m2 and
114.1+£16.5 cm, respectively. Mild systolic and diastolic arterial pressure elevation and significantly high values of
fasting plasma insulin (19.6+12.6 IU/mL) and homeostatic model assessment of insulin resistance or HOMA-IR
(4.8 +3.5) were also found. CAP values were correlated with several anthropometric, clinical, and laboratory
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parameters of insulin resistance. We found a significant association between PAI-1 and CAP (3=1.605; p=0.004), and
noteworthily, when PAI-1 increased by 100 units, the expected variation of CAP values was by + 1.6 units (p=0.004).
Notably, the association was independent of gender, age, and insulin resistance.

Discussion Circulating PAI-1 levels are correlated with liver steatosis and, to a lesser extent, fibrosis in apparently
healthy patients with a BMI > 25 kg/m?. This is the first study to show these results in patients naive to medications,
using FibroScan assessment. The bidirectional relationship between circulating PAI-1 levels and CAP measurement
highlights the relevance of our research from a diagnostic and pathophysiological-prognostic viewpoint. Longitudinal
trials are needed to clarify the cause-effect association between MASLD and PAI-1 levels.

Keywords Obesity, Overweight, Liver steatosis, Liver fibrosis, Fibroscan, PAI-1

Introduction

Steatotic liver disease (SLD) encompasses a wide spec-
trum of disorders, ranging from metabolic dysfunction-
associated steatotic liver disease (MASLD) to alcohol or
predominantly alcohol-related liver disease (ALD) [1].
SLD phenotypes include uncomplicated hepatic steato-
sis, histologically defined as an intracellular accumulation
of lipid droplets in at least 5% of the hepatic mass; steato-
hepatitis, characterized by marked hepatic steatosis, Ito’s
cells activation prompting intrahepatic inflammation,
and fibrosis; progression to cirrhosis and hepatocellular
carcinoma [2]. Owing to a drastic reduction in cases of
chronic hepatitis C due to the development of direct anti-
viral agents [3], the relatively constant number of cases of
chronic alcohol-related liver disease [4], and the spread
of metabolic disorders associated with weight excess,
SLD and particularly MASLD are now the most preva-
lent chronic liver diseases worldwide [5]. About one in
four individuals of the general population can be affected
by SLD, and the incidence increases among those with
prediabetes and diabetes mellitus (35%), obesity (50%),
and hypercholesterolemia (65%) [6].

When associated with metabolic disorders (MASLD),
SLD is responsible for an increased risk of a wide range
of non-communicable diseases, including cardiovascular
diseases (CV) [7]. An intricate association of insulin sig-
naling disruption, glucose, and lipid metabolism impair-
ment, proinflammatory cytokines, vasoconstrictors, and
prothrombotic factors drives the risk of cardiovascular
events in MASLD [8]. However, the precise contribu-
tion of ectopic, either hepatic or extrahepatic, adipose
tissue accumulation and related mechanisms participat-
ing in atherosclerosis is unclear. A pivotal study observed
that patients with SLD had elevated circulating levels of
pro-coagulative factors, including plasminogen-activa-
tor inhibitor 1 (PAI-1), independently of weight excess
expressed as body mass index (BMI) [9]. Data from
mechanistic studies confirmed that PAI-1 is a biomarker
of metabolic syndrome, as it was involved in the regu-
lation of lipid metabolism in the liver, systemic insulin
resistance, and sarcopenia [10]. PAI-1 is the most impor-
tant antifibrinolytic factor synthesized by many cells and

tissues, such as endothelial cells, fibroblasts, smooth
muscle cells, megakaryocytes, monocyte-macrophages,
hepatocytes, and cardiomyocytes, to cite the most rel-
evant sources [11]. Following synthesis, PAI-1 is stored
in platelets in inactive form [12], or it can accumulate in
the subendothelial space, participating in atherosclerotic
plaque remodeling [13]. The remaining amount circulates
in the bloodstream in the active form, at levels influenced
by genetic factors, plasma lipid levels, insulin resistance,
adipose tissue expansion, and inflammation [14, 15].
Data from an experimental mice model highlighted that
plasma PAI-1 levels were more closely related to fat accu-
mulation and PAI-1 expression in the liver than in adi-
pose tissue, and were mediated by the tumor necrosis
factor pathway activity [16]. Similar results were found
by other authors, indicating that PAI-1 concentrations
were higher in patients with SLD than those without and
that the levels of systemic inflammation were strictly
and independently related to the visceral adipose tissue
expansion [17]. Patients with biopsy-confirmed meta-
bolic dysfunction-associated steatohepatitis (MASH)
show higher levels of PAI-1 compared to healthy con-
trols, with a positive correlation between circulating
PAI-1 levels and BMI [18]. Moreover, MASH was found
to be an independent predictor of systemic inflamma-
tion and prothrombotic risk, apart from the BMI and vis-
ceral adipose tissue mass [19]. Improvement of MASH,
achieved with physical exercise, attenuates inflammation,
and significantly reduces PAI-1 levels [20].

Overall, data indicated that systemic inflammation
originating at the adipose tissue site could stimulate
the hepatic production of PAI-1. On the other hand, as
observed for the expansion of the visceral adipose tissue,
systemic inflammation is also driven by MASH, which is
an independent contributor to the atherothrombotic risk
also at endothelial sites, where proinflammatory cyto-
kines may stimulate the synthesis of adhesion molecules
to recruit leukocytes, and prothrombotic factors, includ-
ing PAI-1.

However, compared to other metabolic parameters,
the precise role in driving the elevation of PAI-1 levels
played by MASLD and liver fibrosis is unclear, as is the



Lisco et al. Journal of Translational Medicine (2025) 23:487

magnitude of this connection as a risk factor. The present
study aims to investigate the relationship between PAI-1
circulating levels (a biomarker of the thrombotic risk)
and features of liver steatosis and fibrosis assessed with
FibroScan in individuals with SLD, overweight or obesity,
naive to medications, and without background chronic
diseases, in the context of primary prevention of appar-
ently healthy individuals.

Materials and methods

Study design and population

This cross-sectional study was conducted at the Center
of Nutrition for the Research and Care of Obesity and
Metabolic Diseases at the National Institute of Gastro-
enterology “Saverio de Bellis” Research Hospital sited at
Castellana Grotte, Bari, Italy. The study is registered on
ClinicalTrials.gov with the identifier code NCT05477212.
The study protocol was formally approved by the Local
Medical Ethics Committee with protocol number 170/CE
De Bellis. All the procedures were conducted on human
beings in accordance with the 1964 Helsinki Declaration
and standards of Good Clinical Practice.

All participants provided written informed consent
to participate before study entry. Patients were enrolled
from February 2023 to July 2024. Inclusion criteria were
age between 18 and 65 years, BMI>25 kg/m’ naive
to medications. Exclusion criteria were established or
newly diagnosed diabetes mellitus, CV, respiratory insuf-
ficiency, severe gastrointestinal diseases, chronic renal
failure (i.e., estimated glomerular filtration rate <60 mL/
min/1.73 m?), mental diseases, pregnancy and lacta-
tion, eating disorders, chronic hepatic diseases with
other-than-metabolic etiology, alcohol intake exceeding
30 g/day for men and >20 g/day for women, substance
abuse, frailty, infectious diseases or other acute condi-
tions affecting the levels of inflammation biomarkers, and
rare metabolic disorders (e.g., porphyria or deficiencies
in carnitine, carnitine—palmitoyl transferase, carnitine—
acylcarnitine translocase, pyruvate carboxylase) or mito-
chondrial fatty acid oxidation disorders.

Cigarette smoking exposure and alcohol consumption
were evaluated, and demographic information, anthropo-
metric parameters, and fasting blood samples collected.
All patients underwent liver ultrasonographic assessment
with FibroScan within one week of enrollment.

Anthropometric parameters

Body weight and height were measured according to
a standardized protocol, whereby patients observed
overnight fasting, wore light clothing and were bare-
foot and with an empty bladder. Body mass index (BMI)
was calculated according to the standard formula as
weight (expressed in kg) divided by the square of height
(expressed in m) [21]. Waist circumference (WC) was
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measured at the midpoint between the iliac crest line and
the lower costal margin and expressed in cm. Systolic and
diastolic arterial pressures were measured with patients
seated at rest using an automated monitor (OMRON
MS6). Pressure values were measured and recorded three
times and then the mean values were calculated.

Definition of associated chronic diseases or comorbidities
Chronic diseases, such as arterial hypertension, dyslip-
idemia, diabetes mellitus, and established CV diseases,
were diagnosed in patients having diagnostic criteria or
were already under pharmacological treatment.

Assessment of liver steatosis and fibrosis

FibroScan has proved to be an accurate, low-expensive,
and non-invasive tool for estimating liver steatosis and
fibrosis in at-risk individuals [22]. Although histologi-
cal characterization of hepatic tissue is the best method
for a precise grading of steatosis, fibrosis, and inflamma-
tion, ultrasonographic imaging with FibroScan is a pain-
less alternative to liver biopsy, allowing investigation of
the entire liver and is recommended by guidelines as the
first-level examination for the diagnosis and staging of
liver steatosis and fibrosis [23].

Vibration-controlled transient elastography (VCTE)
with the controlled attenuation parameter (CAP) at a
frequency of 3.5 MHz estimates the lipid content in the
hepatic parenchyma. It was used to assess liver steato-
sis with the following rule-in cut-oft: 248 dB/m for mild
steatosis; 268 dB/m for moderate steatosis; 280 dB/m for
severe steatosis [23]. Liver stiffness (VCTE-LSM) is be
used to estimate extracellular volume fraction and fibro-
sis in the liver and was used to assess the presence of liver
fibrosis with a rule-out cut-off of 8 kPa and a rule-in cut-
off of 12 kPa for grade 3 fibrosis [23].

Laboratory tests

Blood samples were collected in the morning between
8:00 and 9:00 am. Samples were processed to extract
sera and plasma for the measurement of fasting plasma
glucose (FPG), fasting serum insulin, triglycerides, total
cholesterol, low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein cholesterol (HDL-C), aspartate-
amino transferase (AST), alanine-amino transferase
(ALT), gamma glutamyl-transferase (yGT), uric acid, fer-
ritin, creatinine, iron, high-sensitive c-reactive protein,
PAI-1, basic thyroid panel test, and 25-hydroxy-vitamin
D levels. All measurements were performed with the
COBAS 8000 autoanalyzer (ROCHE 182 Diagnostic SPA,
Monza, Italy).

Glycated hemoglobin (HbAlc) levels were estimated
using the Capillarys 3 OCTA automated capillary elec-
trophoresis system (Sebia Italia S.rl, Bagno a Ripoli,
Florence, Italy).
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Insulin resistance was calculated with the homeosta-
sis model assessment of insulin resistance (HOMA-IR)
[24], a widely used index, applying the following formula:
[FPG (mg/dL) x fasting serum insulin (1 IU/mL)] / 405.

Assessment of physical activity level

The level of physical activity was estimated with the
International Physical Activity Questionnaire (IPAQ)
[25].

Study outcomes

The primary study outcome was to estimate the fre-
quency of liver steatosis and fibrosis, assessed by
FibroScan with controlled attenuation parameter (CAP)
and liver stiffness measurement (LSM), respectively, in
our study population. The rule-in cut-off for the steatosis
definition was CAP >275 dB/m [26], and the rule-in cut-
off for the fibrosis definition was LSM >8kPa [27]. The
primary study endpoint was the Pearson correlation coef-
ficient (r) between CAP and PAI-1.

Variables of exposure and confounders

The exposure variable was PAI-1. Three confounding
parameters— gender, age, and HOMA-IR - were consid-
ered to better investigate the association between PAI-1
and liver steatosis and fibrosis. In particular, the three
factors were included in the analysis to adjust the asso-
ciation estimations between PAI-1 levels and Fibroscan
markers (i.e., CAP and LSM).

Statistical analyses

Descriptive statistics were first calculated, with continu-
ous variables reported as mean + standard deviation (sd)
and categorical variables as frequencies. Preliminary
Pearson’s correlation coefficient (r) was used to evalu-
ate the raw association between FibroScan markers (i.e.,
CAP and LSM) and PAI-1 and other clinical parameters.
Then, multiple linear regression models were applied to
evaluate the associations, adjusting the results for gender,
age, and HOMA-IR by regression coefficients (). At the
same time, simple linear models were also fitted to eval-
uate the B (expected) variation after the removal of the
adjustment covariate set.

Firth’s logistic regression models for small sample size
[28] were also applied to assess associations between
PAI-1 and binary outcomes of steatosis and fibrosis,
computed by dichotomizing FibroScan measures as fol-
lows: CAP>275 dB/m (yes/no), and LSM>8 kPa (yes/
no). These models provided the adjusted odds ratios
(OR), accounting for covariates such as gender, age, and
HOMA-IR. Notably, in the regression analysis, the PAI-1
regressor was divided by 100 units because of inter-
pretation issues (due to its high variability) of the beta
parameter.

Page 4 of 10

Statistical significance was set at p-value<0.05, cal-
culating 95% confidence intervals (95%CI). Suggestive
results (0.05<p <0.10) were also reported. All statistical
analyses were performed using R software [29] and Stata-
Corp 2023 Stata Statistical Software: Release 18 (College
Station, TX, USA: StataCorp LLC). Missing data, which
accounted for less than 5%, were imputed using the Ran-
dom Forest algorithm through the missForest package in
R [30].

The sample size was calculated with G*power 3.1 (cor-
relation test) based on the primary study endpoint (cor-
relation between PAI-1 levels and CAP values) after
considering a mean r value of 0.55, an alfa error of 0.05,
and a power (1- beta) value of 0.95. The sample size was
73 patients (lower critical r, -0.02; upper critical r, 0.4).

Results

Table 1 summarizes descriptive statistics. In total, 82
participants (41.6+12.4 yrs, 34 men, 41%) were ana-
lyzed. Eighteen subjects (22%) were current smokers and
64 (78%) were past smokers or never smoked. Sixty-one
individuals (74.4%) had liver steatosis, comprising 30
men (36.6%) and 31 women (37.8%). Seventeen partici-
pants (20.7%) had liver fibrosis, including 9 men (11%)
and 8 women (9.8%). The mean CAP and LSM values
were 303.5+64.2 dB/m and 6.91+4.1 kPa, respectively.
PAI-1 mean levels were 3,261 +1,270 pg/mL.

According to anthropometric parameters, the study
participants were overweight (n=12, 4 men) or were
diagnosed with obesity (# =70, 30 men) with a mean BMI
and WC of 36.6+7.1 kg/m? and 114.1+16.5 cm, respec-
tively. None had an established diagnosis of chronic CV.
Weight excess reflected other associated pathological
features, including mild elevation of both systolic and
diastolic arterial pressure (130.9+12.1 and 82.6+10.3
mmHg, respectively). None had type 2 diabetes (T2D).
Baseline FPG were 97.6+12.4 mg/dL, HbA, 5.5+0.5%,
and fasting plasma insulin was 19.6+12.6 IU/mL. The
mean HOMA-IR value was 4.8 +3.5, indicating a diag-
nosis of insulin resistance (n.v. <2.5). Apart from slightly
lower-than-normal values of 25-hydroxy-Vitamin D and
a modest elevation of total and LDL-C in a population
with apparently low cardiovascular risk, all the other lab-
oratory parameters were in normal range.

To visualize the joint distribution between PAI-1 lev-
els and FibroScan measurements, a scatter plot with a
regression line between them was also extracted (Fig. 1).
Notably, the left-side plot shows the distribution between
PAI-1 and CAP values, whereas the right-side plot shows
the joint distribution with LSM.

Table 2 presents the results of correlation analysis
between FibroScan measurements and circulating PAI-1
levels. A significant direct association was observed with
CAP (r=0.32, p=0.003; 95%CI=0.108; 0.500), whereas
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Table 1 Background characteristics of the study population

Overall
(n=82)
Ultrasonographic measures of liver steatosis and
fibrosis
FibroScan CAP (dB/m) 303.5+64.2
FibroScan LSM (kPa) 6.91+4.1
Steatosis* (yes/no; n and %) 61/21
(74.4%/25.6%)
Fibrosis* (yes/no; n and %) 17/65
(20.7%/79.3%)
Variable of exposure
PAI-1 (pg/mL) 3261+£1270
Hallmarks of glucose control and insulin resistance
FPG (mg/dL) 976+124
HbA, (%) 55+05
Fasting serum insulin (U/mL) 19.6+126
HOMA-IR (score) 48+35
Demographic and lifestyle characteristics
Age (yrs) 416+£124
Sex (m/f; n and %) 34/48
(419/59%)
Current smokers (yes/no; n and %) 18/64
(22%/78%)
IPAQ (score) 1819.9+1604.2
Anthropometric and clinical parameters
BMI (kg/m?) 366+7.1
Waist circumference (cm) 114.1+£16.5
Systolic blood pressure (mmHg) 1309+12.11
Diastolic blood pressure (mmHg) 82.59+10.31
Laboratory tests
Triglycerides (mg/dL) 1222147259
HDL cholesterol (mg/dL) 51.27+1463
LDL cholesterol (mg/dL) 1379+32.72
Total cholesterol (mg/dL) 203.7+40.86
TSH (umU/mL) 1.988+1.34
FT3 (pg/mL) 3.367+0.40
FT4 (ng/dL) 109+1.93
25-hydroxi-vitamin D (ng/mL) 19.95+£6.59
Uric acid (mg/dL) 5368+ 1.22
Creatinine (mg/dL) 0.805+0.14
AST (U/L) 2413+13.32
ALT (U/L) 35.72+29.10
yGT (U/L) 29.15+£19.50
High-sensitive C-reactive protein (mg/dL) 1.131+£587

Ferritin (ng/mL) 152.72+166.97

“Steatosis and fibrosis were diagnosed in the presence of CAP >275 dB/m and
LSM> 8 kPa, respectively

Descriptive statistics are shown as mean *sd or frequencies when appropriate

Abbreviations: CAP, Controlled Attenuation Parameter; LSM, Liver Stiffness
Measurement; PAI-1, Plasminogen Activator Inhibitor-1; FPG, Fasting
Plasma Glucose; HbA,, Glycated hemoglobin; HOMA-IR, Homeostasis
Model Assessment-Insulin  Resistance; IPAQ, International Physical
Activity Questionnaire; BMI, Body Mass Index; HDL, High-Density
Lipoprotein; LDL, Low-Density Lipoprotein; TSH, Thyroid-Stimulating
Hormone; FT4, Free Tetraiodothyronine; FT3, Free Triiodothyronine; AST,
Aspartate aminotransferase; ALT, Alanine aminotransferase; yGT, gamma
Glutamyl-transferase
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the direct association with LSM was only nearly reached
(r=0.2, p=0.065; 95%CI = -0.013; 0.403). The Table 2
also shows the Pearson correlations with other clinical
parameters. Notably, HDL-C levels were inversely cor-
related with liver steatosis (CAP; r = -0.23; p=0.035)
but not fibrosis (LSM; r = -0.12; p =0.283). Moreover, we
observed a strong direct correlation between CAP val-
ues and several anthropometric, clinical, and laboratory
parameters of weight excess (BMI and WC), arterial pres-
sure, insulin resistance, glucose control, and liver cyto-
toxicity (AST and ALT). Similar correlations were also
reported for liver fibrosis. We found a direct and statis-
tically significant correlation between circulating PAI-1
levels and fasting serum insulin levels (r=0.27; p=0.012)
and HOMA-IR (r=0.22; p=0.044). Moreover, circulat-
ing PAI-1 levels were found to be directly correlated with
WC (r=0.24; p=0.031), uric acid (r=0.25; p=0.022),
GOT (r=0.29; p=0.007), GPT (r=0.34; p=0.001), and
YGT (r=0.32; p=0.003) levels, and negatively correlated
with HDL-C (r = -0.40; p=<0.001) as well.

Table 3 shows the results of multiple regression anal-
yses, including the associations between PAI-1 and
FibroScan measurements, controlled by gender, age,
and HOMA-IR. A significant association was observed
for CAP ($=0.011; p=0.026) but not LSM ($=0.033;
p=0.312). Notably, significant associations were also
revealed by simple linear models: CAP (B=1.605;
p=0.004); LSM ($=0.065; p=0.066). In other words,
when PAI-1 increased by 100 units, the expected varia-
tion (beta) of CAP values was by +1.6 units (p=0.004)
in the ordinary model and +1.1 units (p=0.312) in the
multiple model. At the same time, the expected variation
of the LSM was by +0.065 units (p=0.066) and +0.033
units (p=0.312), respectively, without statistical signifi-
cance. Table 3 also shows Firth’s logistic regression mod-
els. A significant association between PAI-1 and CAP
values was observed in the ordinary model (odds ratio
or OR=1.050, p=0.032). However, it is noteworthy that
positive associations (OR >1) were found in the multiple
models for steatosis (CAP, ORs=1.023; p=0.403) and
fibrosis (LSM, ORs =1.019, p =0.458), but without statis-
tical relevance.

Discussion

Obesity is a common chronic metabolic disorder with a
growing incidence and prevalence worldwide and earlier
clinical presentation according to trends reported over
the last three decades [31]. Consolidated evidence indi-
cates that weight excess is associated with a high burden
of chronic diseases and complications, in the context of
the so-called metabolic syndrome, such as prediabetes
and diabetes mellitus, arterial hypertension, dyslipid-
emia, CV, cancer, osteoarthritis, and gallbladder diseases
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Fig. 1 Scatter plots of PAI-1 and ultrasonographic features of liver steatosis (CAP) and fibrosis (LSM) measurements and regression lines. On the left side,
the scatter plot and regression line assessing the relationship between PAI-1 and CAP values. On the right side, plot and regression line assessing the
relationship between PAI-1 and LSM values. Abbreviations: CAP, Controlled Attenuation Parameter; LSM, liver stiffness measurement; PAI, Plasminogen

Activator Inhibitor-1

[32], significantly contributing to poor health quality [33]
and healthcare costs [34].

The association between weight excess and CV is well-
defined [35]. Most of the burden depends on potentially
modifiable risk factors, already manifest or developing
in later years, closely linked to obesity-related metabolic
dysfunction [36]. On the other hand, obesity predisposes
to atherosclerosis, pulmonary embolism, heart failure,
and structural and non-structural cardiac disorders,
including tachyarrhythmias and aortic valve stenosis,
also well-known risk factors for CV and related mortal-
ity [37]. Moreover, obesity is associated with a variable
degree of ectopic visceral fat accumulation and subse-
quent inflammation [38], which is responsible for a wide
range of microvascular and macrovascular injuries induc-
ing chronic low-grade inflammation, endothelial dys-
function, and thrombosis [39]. The results of a recently
published study from a Danish nationwide registry indi-
cated the presence of a 2-fold higher risk of cardiovascu-
lar and cerebrovascular events up to 30 years before the
diagnosis of T2D, suggesting that predisposing factors to
diabetes (with obesity dominating the pathohistological
scenario) act several years before the onset of hyperglyce-
mia in driving the cardiovascular risk [40]. This has been
seen as a call to action for researchers and clinicians to
counteract the cardiometabolic risk in the early stages of
the disease.

More emphasis has been placed on MASLD during the
last decade. MASLD is strictly linked to weight excess,

particularly obesity, and drives a wide range of dysmeta-
bolic changes, playing a crucial role in cardiovascular risk
[41]. From a cardiovascular viewpoint, MASLD can also
promote a prothrombotic state. The precise mechanisms
driving this condition are unclear but may include the
overproduction of coagulation factors, fibrinolysis inhibi-
tors, and endothelial dysfunction as the earlier athero-
sclerosis precursor [42].

Our study investigated the role of PAI-1, a prothrom-
botic factor, as a possible determinant of the prothrom-
botic risk in relatively young, naive to medication
individuals with obesity (85%) individuals at an early
stage of the disease with apparently low cardiovascular
risk, naive to medications, in the setting of primary pre-
vention. Remarkably, we found liver steatosis in 3 of 4
participants, while different stages of liver fibrosis were
present in 1 out of 4, in men as well as women. The study
population was characterized by mildly elevated arterial
pressure values and unequivocal laboratory and clinical
signs of insulin resistance. The results are substantially
in line with other data indicating a global prevalence of
MASLD in 70% of examined cases and MASH in 33%
[43]. Similar results were found in terms of baseline arte-
rial pressure in a population with comparable character-
istics [44].

PAI-1 levels correlated strongly and directly with
both laboratory markers and ultrasonographic features
of liver steatosis independent of age, gender, and meta-
bolic variables, such as the BMI and HOMA-IR, related
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Table 2 Pearson correlations of CAP and LSM with
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anthropometrical, clinical, and laboratory parameters

CAP LSM PAI-1

r (p-value) r (p-value) r (p-value)
LSM 0.36 (0.001) - -
PAI-1 0.32(0.003) 0.20(0.065) -
FPG 0.22 (0.048) 0.23 (0.034) 0.07 (0.540)
HbA, 0.34(0.002) 0.36 (0.001) 0.18 (0.096)
Insulin 0.48 (<0.001) 0.47(<0.001) 0.27(0.012)
HOMA-IR 0.48 (<0.001) 0.49(<0.001) 0.22(0.044)
IPAQ -0.16 (0.154) -0.03 (0.762) 0.03(0.767)
BMI 0.50 (<0.001) 0.65(<0.001) 0.79(0.080)
WC 0.60 (<0.001) 0.51(<0.001) 0.24(0.031)
Systolic blood 0.25 (0.024) 0.20(0.073) 0.05 (0.686)
pressure
Diastolic blood 0.38(<0.001) 0.17(0.135) 0.16 (0.145)
pressure
Triglycerides 0.32(0.003) 0.11(0.317) 0.17 (0.129)
HDL cholesterol -0.23 (0.035) -0.12 (0.283) -0.40

(<0.001)

LDL cholesterol -0.02 (0.839) -0.22 (0.051) 0.00 (0.968)
Total cholesterol -0.11 (0.341) -0.18 (0.108) -0.11 (0.339)
TSH 0.21(0.057) -0.01 (0.953) 0.05 (0.669)
FT3 0.06 (0.611) -0.04 (0.752) 0.18 (0.109)
FT4 0.25(0.022) 0.10(0.387) 0.03(0.774)
Vitamin D -0.06 (0.572) -0.01 (0.962) -0.17 (0.133)
Uric acid 0.40 (<0.001) 0.18(0.102) 0.25(0.022)
Creatinine 0.19(0.094) 0.03(0.817) -0.01 (0.903)
AST 0.31 (0.004) 0.38(<0.001) 0.29(0.007)
ALT 0.37 (<0.001) 0.31(0.004) 0.34(0.001)
yGT 0.33 (0.002) 0.28 (0.010) 0.32(0.003)
Ferritin 0.38(<0.001) 0.20(0.073) -0.01 (0.893)

Abbreviations: CAP, Controlled Attenuation Parameter; LSM, Liver Stiffness
Measurement; PAI-1, Plasminogen Activator Inhibitor-1; FPG, Fasting
Plasma Glucose; HbA,, Glycated hemoglobin; HOMA-IR, Homeostasis
Model  Assessment-Insulin  Resistance; IPAQ, International Physical
Activity Questionnaire; BMI, Body Mass Index; HDL, High-Density
Lipoprotein; LDL, Low-Density Lipoprotein; TSH, Thyroid-Stimulating
Hormone; FT4, Free Tetraiodothyronine; FT3, Free Triiodothyronine; AST,
Aspartate aminotransferase; ALT, Alanine aminotransferase; yGT, gamma
Glutamyl-transferase

r: Pearson correlation coefficient. In bold, significant results (P<0.05), in italics
trends (0.05<P<0.10)

to the presence of insulin resistance. When considering
liver fibrosis, this association was less substantial (and
not statistically significant). The leading determinant of
this result was the relatively low number of liver fibrosis
cases. Conflicting data have been published indicating,
on one hand, a positive association between liver fibrosis
and circulating PAI-1 levels, and experimentally, attenu-
ation of liver fibrosis with PAI-1 inhibitors [45]. On the
other hand, mechanistic studies reported that PAI-1 defi-
ciency is associated with more extensive fibrosis in mod-
els of liver injury [46]. So, while early stages of MASLD
are characterized by lipid accumulation into hepatocytes
and strong inflammation and regeneration phenomena
with an intense production of PAI-1 (explaining a direct
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association between PAI-1 levels and liver steatosis in
our report), a fibrotic liver is a steady and metabolically
less active tissue in which the association between PAI-1
levels (hepatic contribution) and fibrosis severity is lost,
while PAI-1 plays a dual role, both protective (stimulating
regeneration) and detrimental (hindering matrix degra-
dation) [47].

According to our models, a 100 unit-increase in PAI-1
levels induces an expected elevation of CAP values by 1.6
units. In view of the bidirectional relationship between
PAI-1 levels and CAP values, this could provide suitable
diagnostic information for algorithmic tools.

Even despite specific estimation of the associations, an
increasing trend of circulating PAI-1 levels towards the
classes of hepatic steatosis severity has been observed
also in younger individuals with overweight or obesity,
posing real challenges in terms of cardiovascular risk at
every age in apparently healthy individuals with over-
weight or obesity [48]. Although insulin resistance was
associated with PAI-1 levels, confirming the pathophysi-
ological link between insulin resistance, adipose tissue
and systemic inflammation, and overproduction of pro-
inflammatory cytokines to stimulate the hepatic and
extra-hepatic synthesis and release of PAI-1 [49, 50], our
study confirms, in line with another report, that insulin
resistance-driven PAI-1 elevation in MASLD is indepen-
dently mediated by liver steatosis per se instead of being
direct consequence of insulin signaling pathway disrup-
tion and related consequences (i.e., proinflammatory
cytokines and endothelial dysfunction) [51]. Thus, we
can hypothesize that MASLD, a hepatic consequence of
insulin resistance in metabolic syndrome, can stimulate
intrahepatic or extrahepatic synthesis of PAI-1 regardless
of systemic insulin resistance and related consequences
[16]. In addition, mechanistic data indicate that PAI-1
expression is accentuated and adipose tissue inflamma-
tion is elevated in the visceral adipose tissue of mice after
exposure to a high-fat diet. On the contrary, PAI-1 defi-
cient mice were resistant to weight gain, visceral adipose
tissue expansion, and inflammation, indicating a mecha-
nistic role of PAI-1 in mediating weight gain and low-
grade inflammation [52].

The study has some limitations and strengths. The limi-
tations are the monocentric, cross-sectional nature of the
research and related biases. Secondly, we considered only
surrogate markers of the risks of thrombosis, liver ste-
atosis, and fibrosis. Thirdly, given the nature of the study,
the relationship between PAI-1 and liver steatosis could
have diagnostic implications (i.e., algorithmic tools)
rather than offering inferences on cardiovascular patho-
physiology in primary prevention. Moreover, the study
lacks data on serum levels of specific cytokines (e.g.,
interleukin 6 or tumor necrosis factor-alpha) to associ-
ate or correlate with PAI-1 levels and on baseline dietary
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Table 3 - Results of the regression analysis on the associations between fibroscan measurements with PAI-1 levels

B of PAI-1 (x100)

B of PAI-1 (x100)

OR of PAI-1 (x100) OR of PAI-1 (x100)

on Fibroscan CAP on Fibroscan LSM on steatosis on fibrosis

Linear model Linear model Firth’s logistic models Firth’s logistic models
Ordinary model f=1.605 B=0.065 OR=1.050 OR=1.031

P=0.004 P=0.066 P=0.032 P=0.144

95%CI=0.538; 2.671 95%Cl=-0.004; 0.135 95%Cl=1.004; 1.099 95%Cl=0.989; 1.075
Multiple model* (=1.088 p=0.033 OR=1.023 OR=1.019

P=0.026 P=0312 P=0403 P=0458

95%Cl=0.135; 2.040

959%Cl=-0.031;0.097

95%C1=0.969; 1.078 959%Cl=0.970; 1.069

Abbreviations: CAP, Controlled Attenuation Parameter; LSM, Liver Stiffness Measurement; PAI-1, Plasminogen Activator Inhibitor-1; B, linear regression coefficient,
i.e., expected variation of the response variable in the model, per a 100-unit increase of PAI-1. OR: odds ratio. P: p-value

In the regression analysis, the PAI-1 regressor was considered divided by 100 units, because of interpretation issues of the  parameter
In bold significant results (P<0.05), in italics (0.05 < P < 0.10) trends; 95%Cl: 95% confidence intervals

*Adjusted for gender, age and HOMA

Results of the regression analysis on the associations between FibroScan measurements (outcomes) with PAI-1 levels: by column are presented the results returned
by the models in terms of association measures (i.e.,  or OR), by row the modelling nature

patterns associated with more extended visceral adipose
tissue expansion and inflammation. The strengths are the
robustness of the study protocol, consistency of proce-
dures, and methodological approach to data collection,
analysis, and interpretation. The use of ultrasonographic
hallmarks, instead of algorithms and scores, of liver ste-
atosis and fibrosis improved the quality of results. More-
over, the study aims and results are original, highlighting
and quantifying the association between PAI-1 levels and
measures of liver steatosis and, possibly, fibrosis. These
may pave the way for future longitudinal and interven-
tion studies addressing the association between MASLD
and the atherothrombotic risk, with the mediation of
PAI-1, for future diagnostic and therapeutic implications
[53].

Conclusion

Circulating PAI-1 levels are correlated with liver steato-
sis and, to a lesser extent, fibrosis in apparently healthy
individuals with overweight or obesity, independently
of conventional extrahepatic risk factors. To our knowl-
edge, this is the first study to show this association using
FibroScan to diagnose liver fibrosis and steatosis in
apparently healthy patients naive to medications.

The bidirectional relationship between circulating
PAI-1 levels and CAP measurement highlights the rele-
vance of our research study from a diagnostic and patho-
physiological-prognostic viewpoint. On one hand, we
have generated a proof-of-concept for predicting diag-
nostic tools for hepatic steatosis in such an at-risk popu-
lation according to circulating PAI-1 levels. On the other
hand, we put the basis for a better understanding of the
existing relationship between MASLD, insulin resistance,
and PAI-1 elevation as a possible mediator of cardiovas-
cular risk in apparently healthy individuals with obesity
naive to medications.

Longitudinal studies are needed to clarify the cause-
effect association of this phenomenon and better

investigate the source of PAI-1 overproduction (hepatic
or endothelial) in patients with MASLD.

Abbreviations

SLD Steatotic Liver Disease
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