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Background and Aims: Approximately 30–40% of portal vein thrombosis (PVT) remains

of unknown origin. The association between non-alcoholic fatty liver disease (NAFLD) and

PVT is a matter of debate. This study aimed to investigate the association between PVT

and NAFLD.

Methods: We included 94 out of 105 consecutive NAFLD patients in this prospective

cohort study in addition to 94 from the healthy control group. We evaluated biochemical,

clinical, immunological, and histopathological parameters; waist circumference (WC);

leptin; adiponectin; and leptin/adiponectin ratio (LAR) for all participants at baseline and

every 3 years thereafter. We described the characteristics of participants at baseline and

showed individual WC, LAR, and PVT characteristics. Potential parameters to predict

PVT development within 9 years were determined.

Results: PVT developed in eight (8.5%) patients, mainly in the portal trunk. Univariate

analysis showed three PVT-associated factors: diabetes mellitus (P = 0.013), WC

(P < 0.001), and LAR (P = 0.002). After adjusting multiple confounding variables, the

multivariate model showed that the only significant variables were WC and LAR. By

applying the receiver operating characteristic curve, WC had 98.8% specificity, 87.5%

sensitivity, and 0.894 area under the curve (AUC) for prediction of PVT (P < 0.001) at

cutoff values of >105 cm. In comparison, LAR had 60.5% specificity, 87.5% sensitivity,

and 0.805 AUC for PVT prediction (P < 0.001) at cutoff values of >7.5.

Conclusions: This study suggests that increased central obesity and LAR

were independently associated with PVT development in non-cirrhotic NAFLD

patients, and they should be considered risk factors that may participate in PVT

multifactorial pathogenesis.
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INTRODUCTION

Cirrhosis and malignancy-free portal vein thrombosis (PVT) is
a rare disease with serious complications. The acute form may
predispose to intestinal ischemia with an up to 50% mortality
rate (1). In developed countries, the first etiology of non-cirrhotic
portal hypertension is the chronic form (2). Searching for a
precipitating factor is mandatory where systemic or local factors
are observed in 70 and 30% of the PVT etiologies, respectively
(3, 4). The causes of PVT are multifactorial in ∼30% of cases
(5). However, 30–40% of cases remain of unknown etiology (6).
The pathogenesis of PVTmay include one or more risk factors of
Virchow’s triad: hypercoagulable state, reduced blood flow in the
portal vein, or injury in the vascular endothelium (7, 8).

In the United States and other parts of the world, non-
alcoholic fatty liver disease (NAFLD) is the most common
liver disorder, with a histopathological spectrum extending
from hepatic steatosis to non-alcoholic steatohepatitis (NASH).
However, not all patients progress through the full hepatological
spectrum of NAFLD (9). It is the most common etiology of
elevated liver enzymes and is diagnosed after ruling out other
steatosis causes, especially alcohol abuse and infectious hepatitis.
NAFLD is the hepatic manifestation of metabolic syndrome
(10). Dramatically, the prevalence of obesity and metabolic
syndrome has been increased and is considered a public health
challenge (11). Waist–hip ratio and body mass index (BMI)
are used to evaluate obesity. Increased waist circumference
(WC) is a cornerstone in the association between venous
thromboembolism (VTE) and obesity (12–14). According to
visceral fat distribution, abdominal obesity is the leading risk
factor for VTE. In cirrhotic patients, obesity is an independent
risk factor for PVT (15). PVT’s significance is recently starting to
be comprehended entirely because its presence may be associated
with complications negatively affecting the quality of life, clinical
deterioration, hepatic decompensation, and increased mortality
after liver transplantation (16).

This work aims to study the clinical and biochemical markers
of non-cirrhotic NAFLD patients to identify high-risk factors for
PVT development in patients attending our department.

MATERIALS AND METHODS

Patient Characteristics
According to autopsy findings, the incidence of PVT is∼1% (17),
and we hypothesized that this might reach higher levels (11–12%)
in our patients within the follow-up period. We calculated the
sample size at power 99% with a type 1 error= 0.01; the minimal
number of cases in each group was 91.

This longitudinal prospective cohort study was conducted
on 105 consecutive NAFLD patients admitted to the
Mansoura University Hospital, Tropical Medicine Department
(Mansoura, Egypt) from April 2006 to December 2018.

Abbreviations: NAFLD, non-alcoholic fatty liver disease; PVT, portal vein

thrombosis; VTE, venous thromboembolism; LAR, leptin/adiponectin ratio; WC,

waist circumference; HCC, Hepatocellular carcinoma; HOMA-IR, Homeostatic

model assessment—insulin resistance; BMI, body mass index.

All patients underwent a complete clinical examination,
biochemical appraisal, radiological evaluation, histopathological
characteristics, and history taking. All patients with persistently
increased liver enzymes in the absence of any etiologies
of elevated aminotransferases and hepatosteatosis on
ultrasonography were enrolled.

The control group also included 94 healthy sex- and age-
matched individuals (female/male = 64/30) who are clinically,
biochemically, and radiologically free of NAFLD criteria and have
no risk factors predisposing to it. We used hepatic steatosis index
and NAFLD-liver fat score to characterize NAFLD’s presence or
absence in the control group (18, 19).

The patients were enrolled after the exclusion of all possible
etiologies of chronic and acute hepatic disorders. Patients who
were diagnosed with autoimmune hepatitis, viral hepatitis,
human immunodeficiency virus (HIV), hemochromatosis,
Wilson’s disease, primary biliary cirrhosis, α1-antitrypsin
deficiency, sclerosing cholangitis, alcoholic liver disease, NASH
in liver biopsy, schistosomiasis (Bilharziasis), or malignancy
(especially HCC) were excluded. Patients with collagen vascular
diseases, bone marrow depression, chronic renal diseases, acute
or chronic pancreatitis, septicemia, postoperative abdominal
surgery, liver abscess, diverticulitis, personal or family history
of deep vein thrombosis, usage of hepatotoxic, NSAIDs,
anticoagulant or antiplatelet therapy, and oral contraceptive
drugs were also excluded from this study.

Patients who had patent paraumbilical vein, reversed
portal blood flow, inherited coagulation abnormalities,
myeloproliferative disorders, peripheral vascular disease,
heart failure, hemostatic disorders, clinically overt
hyperthyroidism/hypothyroidism, Budd–Chiari syndrome,
or liver transplantation were ruled out of this work.

The participants were followed up for 9 years and were
assessed at baseline and every 3 years after that by BMI,
liver function tests, complete blood count (CBC), C-reactive
protein (CRP), activated partial thromboplastin time (APTT),
fibrinogen, lipid profile, HOMA-IR, WC, leptin, adiponectin,
leptin/adiponectin ratio (LAR), and abdominal Doppler US.

Based on PVT development during follow-up, we evaluated
the patients’ demographic and clinical characteristics at baseline
for their prognostic significance. We analyzed gender, age,
BMI, liver function tests, APTT, CRP, HOMA-IR, protein C,
protein S, Antithrombin III, serum homocysteine, D-dimer, anti-
nuclear antibody (ANA), anti-cardiolipin IgG antibodies (ACA-
IgG), anti-double-stranded DNA (anti-dsDNA), WC, leptin,
adiponectin, and LAR between PVT and non-PVT patients.

We carried an etiological evaluation for each patient,
including antiphospholipid syndrome, myeloproliferative
disorders, protein C, protein S and antithrombin III deficiency,
paroxysmal nocturnal hemoglobinuria, serum homocysteine,
connective-tissue diseases, local risk factors, prothrombin gene
mutation, JAK2 V617F mutation, and factor V Leiden especially
for patients who developed PVT during the follow-up period (3).

Clinical Assessments
We interviewed the patients to assess smoking habits, gender,
age, and replacement/hormonal therapy and calculated BMI as
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weight in kilograms divided by height in meters squared. Health
experts use theWC, ameasurement taken around the abdomen at
the umbilicus level, to screen patients for possible weight-related
health problems. WC appears to be a better indicator than the
waist-to-hip ratio and BMI.WCmeasurement is convenient, and
it is more strongly associated with cardiovascular risk factors and
intra-abdominal fat content (20). Measurement of WC was done
according toMa et al. (21), who reported thatWC-midabdominal
(WC-mid) is a better measurement to define central obesity
than WC-Iliac crest (WC-IC). WC-mid was more closely related
to metabolic variables and abdominal visceral fat area and had
better results for predicting and identifying metabolic diseases.

Biochemical Assessments
Serum fibrinogen levels, APTT, and prothrombin time (PT)
were measured using kits from Siemens Healthcare Diagnostic
Inc. (Erlangen, Germany). Serum triglycerides (TG) and
cholesterol were measured using kits from Spinreact [Sant
Esteve De Bas (GI), Spain]. CRP was measured on COBAS
c111 Chemistry Analyzer (Roche Diagnostics, Basel, Switzerland)
using commercially available reagents. Serum insulin was
measured using RayBioHuman Insulin ELISAKit (3607 Parkway
Lane, Suite 100 Norcross, GA 30092). The homeostasis model
assessment (HOMA) method (22) was assessed as follows:
Insulin resistance (HOMA-IR) = fasting glucose (mmol/L) ×

fasting insulin (µU/ml)/22.5. Anti-dsDNA, ANA, and ACA-
IgG were measured by enzyme-linked immunosorbent assay
(ELISA) from Orgentec Diagnostic (Mainz, Germany). Protein
C and protein S antigens were measured using ELISA from
Corgenix, Inc. (11575 Main Street, SUlte400, Broomfield, CO
80020 USA). Antithrombin III concentration was measured
by rate nephelometry from Beckman Coulter, Inc., (Kraemer
Blvd., Brea, CA 92821, USA). Semiquantitative evaluation of D-
dimer was measured by Tulip Diagnostics Private Ltd. (Alto
Santacruz, India). Human Coagulation Factor VIII ELISA Kit
was made by MyBioSource, Inc. (San Diego, CA 92195-3308
USA). Plasminogen Activator Inhibitor-1 (PAI-1) ELISA kit was
made by R&D Systems (614 McKinley Place NE Minneapolis,
MN 55413). Serum homocysteine was measured using an
ELISA kit made by DRG International Inc. (841 Mountain
Avenue, Springfield, New Jersey 07081, USA). Serum leptin
was measured by ELISA from Ray Biotech (Norcross, Georgia,
USA). Serum adiponectin was measured by ELISA from Société
de Pharmacologie et d’Immunologie–BIO (SPI-BIO) (Montigny
le Bretonneux, France). The leptin/adiponectin ratio (LAR)
was calculated.

Radiological Assessments
In all participants, abdominal ultrasound (using standardized
criteria) was carried out using a convex probe with a 3.5–
5 MHz frequency (SonoAce X6 Ultrasound System; Medison
Electronics, Seoul, Korea).

After overnight fasting, examination using a color Doppler
ultrasonography was performed on all participants using the
same previously mentioned machine. The portal vein (PV)
was assessed according to the current guidelines that diminish
interobserver variability to non-significant levels (23). The portal

flow velocity and PV diameter were measured automatically by
the instrument. Doppler examinations were performed on all
participants by two different experienced sonographers blinded
to the biochemical and clinical data.

The presence of a filling defect of color Doppler US or
a grayscale endoluminal material in the main trunk of the
PV or its branches may suspect PVT. Computed tomography
portal angiography was done for all cases with PVT, which
differentiated the complete and partial obstructive thrombosis
and extension to the superior mesenteric vein (SMV) and the
splenic vein precisely.

PVT was categorized according to Yerdel et al. into four
grades. Grade 1: partial PVT (<50% of the lumen) with or
without minimal extension into the SMV. Grade 2: >50%
occlusion with or without minimal extension into the SMV.
Grade 3: complete thrombosis of both proximal SMV and PV
with open distal SMV. Grade 4: complete thrombosis of the
proximal and distal SMV and PV (24).

Histopathology Assessments
Patients underwent ultrasound-guided liver biopsy between May
2006 to September 2008, and then they were followed up
regularly until December 2018. Hepatic tissues were evaluated
by a single pathologist (blinded to clinical and biochemical
data), and the histopathological diagnosis was assessed utilizing
hematoxylin and eosin stain and Masson trichrome stains of
formalin-fixed, paraffin-embedded hepatic tissue. NASH was
diagnosed according to Brunt’s criteria (25). Based on the NAFLD
scoring system, histopathological characteristics were proposed
and categorized by the National Institute of Diabetes and
Digestive and Kidney Diseases NASH Clinical Research Network
(26). NAFLD Activity Score (NAS) provides a composite
score based on lobular inflammation, degree of steatosis, and
hepatocyte ballooning. A score of 0–2 is simple steatosis, a 3 or
4 is borderline NASH, and ≥5 is likely to represent NASH (26).

NAFLD fibrosis score (NFS) (27) and Fibrosis-4 (FIB-4) score
(28) have been developed as alternatives to liver biopsy and have
been used as non-invasive tools to detect progression of fibrosis
during the entire follow-up period.

Therapeutic Assessment
Patients received treatment for NAFLD according to the
guidelines, and they were all controlled regarding DM and
other comorbidities.

All patients with PVT received enoxaparin at a dose of 1
mg/kg SC/12 h for a total duration of 6 months. The schedule
and dose of low-molecular-weight heparin (LMWH) varied
according to the clinical status and patient’s general condition.
If thrombosis recurred or remained, the treatment with LMWH
could be resumed or continued, or other anticoagulation agents
could be used (29).

We carried out a follow-up CT angiography for response
evaluations every 90 days or when clinically pertinent events
happened. Therapeutic responsiveness was classified as follows:
complete recanalization (complete disappearance of the
intravenous thrombus), partial recanalization (decreased but
remaining thrombus at >25% based on the cross-section
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of the vessel), stable disease (no change or reduction of
the thrombus volume of <25% of the cross-section of the
vessel), or progressive status (increased thrombus size).
The overall recanalization rate was defined as the sum
of the fraction of patients who had partial or complete
recanalization (29).

We evaluated and analyzed data on therapeutic outcomes,
details of the anticoagulation therapy, and biochemical data at the
beginning and the end of the anticoagulation therapy, and overall
outcomes were collected through a survey of medical records and
the possible adverse events during the LMWH therapy. Based on
the International Society on Thrombosis and Hemostasis (ISTH)

TABLE 1 | Biochemical, clinical, and demographic characteristics of enrolled patients and control group at the baseline of the study.

Parameters Patient group

(n = 94)

Control group

(n = 94)

P-value

Age (years) 48 (39–58) 48 (39–57) 0.772

Sex (female/male) 65/29 64/30 0.96

Smoking habits

Current smoker 42 (45) 40 (43) 0.783

Ex-smoker 18 (19) 19 (20) 0.863

Never smoked 34 (36) 35 (37) 0.887

Hypertension 23 (24) – –

DM 32 (34) – –

BMI (kg/m2 ) 27.3 ± 3.5 23.8 ± 1.1 <0.001

ALT (U/L) 68 (47–95) 29 (20–36) <0.001

AST (U/L) 54 (46–75) 21 (18–32) <0.001

γ-GT (IU/L) 39 (30–54) 34 (30–50) 0.216

ALP (IU/L) 96 (83–110) 89 (78–101) 0.024

Albumin (g/dl) 4.4 ± 1.3 4.3 ± 1.1 0.57

Bilirubin (mg/dl) 1.15 ± 0.3 1 ± 0.2 0.18

PT (s) 12 ± 0.8 11.8 ± 0.7 0.07

APTT (s) 35.1 ± 5.1 34 ± 4.8 0.13

Serum creatinine (mg/dl) 0.8 (0.6–1.39) 0.74 (0.6–1.2) 0.502

Waist circumference (cm) 91.6 ± 4.3 82.2 ± 1.9 <0.001

Waist circumference, cm men >102, women >88 54 (57) – -

Serum total cholesterol (mg/dl) 197 ± 62 185 ± 22 0.079

Serum triglyceride (mg/dl) 139 (90–184) 93 (80–113) <0.001

Fibrinogen levels (mg/dl) 269 (227–347) 182 (141–214) <0.001

Protein C (IU/dl) 82.5 ± 8 80.5 ± 7.8 0.084

Protein S (IU/dl) 85.9 ± 7.5 83.8 ± 7.2 0.052

Antithrombin III 82.5 ± 5.4 79.1 ± 5.1 <0.001

Factor VIII (ng/ml) 101.7 ± 9.5 99.5 ± 8.8 0.101

PAI-1 (ng/ml) 22.4 ± 3.7 10.5 ± 2.3 <0.001

Homocysteine (µmol/L) 13.3 ± 0.7 12.9 ± 0.6 <0.001

D-dimer (ng/ml) 656 (370–826) 425 (244–624) <0.001

ANA positive (n) (positive ≥1.2) 3 – –

Anti-dsDNA positive (n) (positive >20 IU/ml) 0 – –

ACA-IgG positive (n) (positive ≥10 U/ml) 0 – –

CRP (mg/L) 66 (40–79) 9.0 (4.7–11.6) <0.001

HOMA-IR 3.2 (1.4–4.1) 1.8 (1.2–2.4) <0.001

Leptin (ng/ml) 130.2 ± 8.1 95.4 ± 5.3 <0.001

Adiponectin (µg/ml) 20.56 ± 1.2 25.6 ± 1.8 <0.001

LAR 6.3 ± 0.43 3.8 ± 0.51 <0.001

Portal how velocity (cm/s) 23.8 ± 4.4 25 ± 4.5 0.066

The statistics presented are means ± SD, N (%), or median and interquartile range. DM, diabetes mellitus; BMI, basal metabolic index; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; γ-GT, γ-glutamyl transpeptidase; ALP, alkaline phosphatase; PT, prothrombin time; APTT, activated partial thromboplastin time; ANA, anti-nuclear antibody; Anti-
dsDNA, anti-double-strand DNA; ACA-IgG, anti-cardiolipin IgG antibody; CRP, C-reactive protein; HOMA-IR, homeostasis model assessment-insulin resistance; LAR, leptin/adiponectin
ratio; NAS, non-alcoholic fatty liver disease activity score; NASH, non-alcoholic steatohepatitis.
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definition published in 2005, major hemorrhagic adverse events
were also defined (30). All the patients had upper gastrointestinal
(GI) endoscopy (Olympus GIF-Q200, Olympus Optical Co. Ltd.,
Tokyo, Japan) before starting anticoagulant treatment.

Ethics
This study’s protocol was approved by the Mansoura Faculty of
Medicine Institutional Research Board “MFM-IRB” (Approval
no. R/17.11.84), and all methods were performed following
relevant guidelines and regulations. Informed consent was
obtained from all participants.

Statistical Analysis
The results were achieved by the Social Package of Statistical
Science (SPSS) software version 20 (SPSS Inc., Chicago, IL, USA).
Quantitative and non-normally distributed continuous data are
described as mean ± SD and (interquartile) range, respectively.
We used the Kolmogorov–Smirnov test to determine the
compatibility of normally distributed data, Student t-test for
normally distributed data, Mann–Whitney U-test for non-
normally distributed continuous data, and Chi-square test for
categorical data. Spearman’s correlation analysis was carried out
between PVT development and other variables. A scatter plot
matrix showing bivariate relationships between combinations
of different variables was carried out. At univariate analysis,
variables with a P < 0.05 were enrolled in the multivariable Cox
regression analysis. Univariate and multivariable Cox regression
models were assessed to identify the independent variables
that can be utilized to predict PVT. The receiver operating
characteristic curve (ROC) and area under the curve (AUC)
were performed, and the best cutoff values were calculated to
predict the development of PVT. A two-tailed P < 0.05 was
considered significant.

RESULTS

Patient Characteristics
A total of 105 patients who met the inclusion criteria were
enrolled in this study. Of these, 94 patients have completed
the study. Baseline biochemical, clinical, and demographic
parameters of the enrolled patients are listed in Table 1, and
histopathological characteristics and non-invasive fibrosis scores
(NFS and FIB-4) are shown in Table 2. Patients showed a
statistically significant increase in BMI, ALT, AST, ALP, WC,
TG, fibrinogen, antithrombin III, PAI-1, homocysteine, D-dimer,
CRP, HOMA-IR, leptin, and LAR compared to that of the
control group (all P < 0.05). Also, patients showed a statistically
significant decrease in adiponectin levels compared to that of the
control group (P < 0.001).

The participants were followed up every 3 years for 9 years
after the initial assessment at baseline by hematological and
biochemical blood tests and the abdominal Doppler US.

Ninety-four of the 105 patients were included to complete
this work; 10 patients were missed during the follow-up period.
One patient died in a motor car accident. Out of all the patients
examined during the follow-up period (n = 94), eight patients
(8.5%) developed de-novo PVT, as shown in Figure 1. Individual

TABLE 2 | Histopathological characteristics and fibrosis scores of enrolled

patients at the baseline of the study.

Histopathological characteristics

Degree of inflammation

No (minimal)/mild/moderate/severe 0/12/52/30

Grades of steatosis

Non/Grade 1/Grade 2/Grade 3 0/24/43/27

Ballooning

None/Few/Many 0/63/31

Stages of fibrosis

0/1/2/3/4 3/9/50/32/0

NAS (non-alcoholic fatty liver disease activity score)

0–2 (simple steatosis) 21

3–4 (borderline NASH) 29

5–8 (NASH) 44

Non-invasive fibrosis scores

NAFLD fibrosis score (NFS) 0.18 (−1.45 to 0.37)

Fibrosis-4 (FIB-4) 2 (1.38–3.36)

WC, LAR, and non-invasive fibrosis scores (NFS and FIB-4) of
patients with PVT are shown in Table 3, while WC and LAR
changes in patients without PVT are displayed in Figure 2. None
of the control group (n= 94) showed any abnormality regarding
PVT diagnostic criteria when they were enrolled in the study or
later on till the end of the follow-up period.

The control group did not show any statistically significant
changes in LAR levels between the baseline and 3-year follow up,
6-year follow-up, or at the end of study (3.8 ± 0.51 vs. 3.85 ±

0.52, P = 0.61; 3.8 ± 0.51 vs. 3.9 ± 0.52, P = 0.18; and 3.8 ±

0.51 vs. 3.95 ± 0.54, P = 0.052) correspondingly. There were no
statistically significant changes in WC between the baseline and
3-year follow up, 6-year follow-up, or at the end of study (82.2
± 1.9 vs. 81.9 ± 1.8, P = 0.27; 82.2 ± 1.9 vs. 82.5 ± 2, P = 0.29;
and 82.2± 1.9 vs. 82.6± 2.1, P = 0.17), respectively. There were
no statistically significant changes in all variables between the
baseline and at the end of study (all P > 0.05) (data not shown).

The main clinical complaints in patients who develop PVT
were abdominal pain (seven patients, 87.5%) and asymptomatic
(one patient, 12.5%). However, the signs varied from one case to
another, irrespective of PVT sites.

Correlation Between WC and LAR With
Clinical, Biochemical, and
Histopathological Patterns of the Studied
Patients
Actually, in Spearman correlation analysis, there were significant
positive correlations between WC and age, serum fibrinogen,
CRP, degree of steatosis, grades of inflammation, fibrosis scores,
ballooning, and NAFLD activity score (NAS) (rho = 0.61,
P = 0.001; rho = 0.57, P = 0.019; rho = 0.78, P < 0.001;
rho = 0.72, P < 0.001; rho = 0.69, P < 0.001; rho = 0.76,
P < 0.001; rho = 0.78, P < 0.001; and rho = 0.73,
P < 0.001, respectively).
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FIGURE 1 | Flow chart of the study population. CBC, complete blood picture; LFTs, liver function tests, ANA, antinuclear antibody; ASMA, anti-smooth muscle

antibody; AMA, antimitochondrial antibodies; TTA lgA, tissue transglutaminase lgA; RUQ-US, right upper quadrant abdominal-ultrasonography; NASH, non-alcoholic

steatohepatitis; NAFLD, non-alcoholic fatty liver diseases; PVT, portal vein thrombosis.

Moreover, in Spearman correlation analysis, there were
significant positive correlations between LAR values and age,
serum fibrinogen, serum homocysteine, CRP, degree of steatosis,
grades of inflammation, fibrosis scores, ballooning, and NAS
(rho = 0.63, P = 0.001; rho = 0.59, P = 0.016; rho = 0.55,
P < 0.001; rho = 0.79, P < 0.001; rho = 0.74, P < 0.001;
rho = 0.71, P < 0.001; rho = 0.77, P < 0.001; rho = 0.79,
P < 0.001; and rho= 0.75, P < 0.001, respectively).

Also, there was a significant positive correlation between WC
and LAR (rho= 0.71, P < 0.001).

Univariate and Multivariable Cox
Regression Models Predicting PVT Within
9 Years Follow-Up
The biochemical, demographic, and clinical parameters of
patients with and without PVT and characteristics of PVT are
listed in Supplementary Tables 1, 2.

Regarding sex, age, hypertension, BMI, smoking habits, ALT,
AST, γ-GT, ALP, serum albumin, serum bilirubin, PT, APTT,
serum creatinine, serum triglyceride, fibrinogen levels, serum
CRP, HOMA-IR, protein C, protein S, Antithrombin III, Factor
VIII, PAI-1, serum homocysteine, D-dimer, ANA, ACA-IgG, and
anti-dsDNA, the difference was not significant between the two
groups (all P > 0.05).

Univariate Cox regression analysis revealed that diabetes
mellitus, increased WC, and LAR are significant predictors of
PVT (all P < 0.05) in Table 4.

After adjusting multiple confounders, the multivariable Cox
regression analysis model was re-evaluated using the formerly

described baseline parameters related to PVT’s occurrence during
the 9 years follow-up period. This analysis revealed that WC and
LAR are independent factors associated with PVT development
(Table 4).

Using the ROC curve analysis, at a cutoff value of
>105 cm and 7.5, WC and LAR had (98.8%, 60.5%) specificity,
(87.5%, 87.5%) sensitivity, (0.894, 0.805) AUC, (87.5%, 17.1%)
positive predictive value (PPV), and (98.8%, 98.1%) negative
predictive value (NPV) correspondingly for prediction of PVT
(P < 0.001). Combined WC and LAR were identified as the
best discriminating markers in the prediction of PVT with 96.6%
specificity, 100% sensitivity, 72.7% PPV, 100% NPV, and 0.993
AUC (P < 0.001), as shown in Figure 3.

Therapeutic Findings
Enoxaparin was administered to all patients who developed
PVT. All patients had a complete response after 6 months
of follow-up. The median duration of the anticoagulation
therapy was 3.31 ± 1.6 months (range, 1–6 months). The
average interval from the onset of therapy to the first CT
was 87 days. The overall recanalization rate was 100% (eight
patients). Complete recanalization was achieved in seven
patients (87.5%), and partial recanalization was reported in
one patient (12.5%). No one showed any criteria for stable
and/or progressive disease during LMWH therapy. In all
patients showing complete and/or partial recanalization, none
of them showed PVT relapse or progression after the end of
anticoagulation therapy.
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TABLE 3 | WC, LAR, and fibrosis scores in patients who developed PVT within 9 years of observation.

Patient No. WC LAR

Baseline 3 years 6 years 9 years Baseline 3 years 6 years 9 years

4 90 91 93 98 6.8 7.1 7.6 8.6

11 115 117 118 121 6.9 7 7.1 7.4

27 115 116 117 122 7.3 7.5 7.9 8.4

32 114 116 118 120 7.4 7.6 7.8 8.1

49 119 120 121 125 7.5 7.7 8.1 8.5

63 117 119 120 125 6.9 7.1 7.2 7.6

74 123 125 126 130 6.5 6.8 6.9 7.6

85 111 113 115 118 7.1 7.3 7.5 8

Patients with PVT

(n = 8)

113 ± 10 115 ± 10.2 116 ± 9.9 120 ± 9.6 7.1 ± 0.34 7.3 ± 0.32 7.5 ± 0.42 8 ± 0.5

P1 = 0.7 P2 = 0.85 P3 = 0.43 P1 = 0.25 P2 = 0.3 P3 = 0.048

P4 = 0.18 P4 < 0.001

Patients without PVT

(n = 86)

87.6 ± 4.1 93.9 ± 4.8 95.1 ± 5.2 98.8 ± 5.86 6.3 ± 0.43 6.6 ± 0.5 6.9 ± 0.55 7.3 ± 0.6

P1* < 0.001 P2* = 0.12 P3* < 0.001 P1* < 0.001 P2* < 0.001 P3* < 0.001

P4* < 0.001 P4* < 0.001

Non-invasive fibrosis scores

Baseline 3 years 6 years 9 years

NFS in PVT 0.22

(−1.45–0.55)

0.23

(−1.47–0.56)

0.24

(−1.49–0.59)

0.27

(−1.51–0.62)

P1, P2, P3, and P4 > 0.05

FIB-4 in PVT 2.45

(1.23–3.33)

2.47

(1.26–3.36)

2.51

(1.28–3.39)

2.52

(1.31–3.42)

P1, P2, P3 and P4 > 0.05

NFS in non-PVT 0.175

(−1.45–0.37)

0.182

(−1.41–0.38)

0.184

(−1.38–0.39)

0.191

(−1.35–0.41)

P1*, P2*,P3*, and P4* > 0.05

FIB-4 in non-PVT 1.88

(1.4–3.36)

1.92

(1.4–3.38)

1.94

(1.5–3.41)

1.95

(1.5–3.41)

P1*, P2*, P3*, and P4* > 0.05

WC, Waist circumference; LAR, leptin/adiponectin ratio; PVT, portal vein thrombosis; NFS, NAFLD fibrosis score; FIB-4, Fibrosis-4.
P1: 3 years vs. baseline in patients with PVT. P1*: 3 years vs. baseline in patients without PVT.
P2: 6 years vs. 3 years in patients with PVT. P2*: 6 years vs. 3 years in patients without PVT.
P3: 9 years vs. 6 years in patients with PVT. P3*: 9 years vs. 6 years in patients without PVT.
P4: 9 years vs. baseline in patients with PVT. P4*: 9 years vs. baseline in patients without PVT.

At the time of the analysis, all patients had completed the
treatment with LMWH; 8 patients (100%) completed a 6-month
treatment regimen. No clinically relevant bleeding was reported.

All included laboratory values and metabolic parameters are
not significantly changed before and after the LMWH treatment
(data not shown). All patients that reached the endpoint are still
followed regularly in our outpatient clinic till the present day.

In addition, there is no bleeding or major complications
reported during the LMWH therapy.

DISCUSSION

The relationship between a hypercoagulable state and NAFLD
is a perpetually extending field of research. NAFLD is the
hepatic manifestation of a metabolic syndrome often associated
with thrombosis and hypercoagulability with NAFLD’s natural
history (9).

The current study reported that de novo PVT incidence within
NAFLD patients during a 9-year follow-up was 8.5%.

Generally, the possible explanation may be that NAFLD’s
continuous and chronic inflammation leads to lipid-based
oxidative injury, necrosis, and apoptosis (10, 31–33). This
clarifies the stimulation of the coagulation cascade and the
resultant hypercoagulable condition because procoagulant levels
of factor VIII and plasminogen activator inhibitor-1 (PAI-1)
have been increased, while anticoagulant levels of protein C are
diminished in the late stage of NAFLD patients (34). Contrary
to expectations, this study did not find a significant difference
between procoagulant levels of factor VIII and PAI-1 as well
as the anticoagulant level of protein C in patients with or
without PVT.

In this study, multivariable Cox regression analysis revealed
that increased WC and LAR were independently associated with
PVT development in non-cirrhotic NAFLD patients.

It is well-known that one of the biological variations noted in
metabolic syndrome is an increase in coagulation factors. Many
factors known to be related to thrombosis and fat mass risk
could be included, such as serum leptin or PAI-1 (35). Besides
that, adipose tissue may produce an excess amount of proteins
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that behave in a paracrine, autocrine, or endocrine manner.
The lipid accumulation is correlated with the production of
inflammatory cytokines and increased macrophage infiltration of
adipose tissue. In obese individuals, the inflammatory changes
present in adipose tissue may induce liver inflammation and
hemostatic abnormalities.

Moreover, overweight is a well-known deep vein thrombosis
risk factor (12, 13). Increased WC may be considered a
landmark of metabolic syndrome and obesity (36). Abdominal
obesity was implicated in VTE and coronary heart disease (37,
38) through hypercoagulability via the decreased fibrinolytic
process and elevated levels of factor VIII and fibrinogen
(39, 40). Abdominal obesity often has a pro-inflammatory
state, characterized by elevated acute-phase reactants such as
fibrinogen and CRP and a pro-thrombotic condition due to

FIGURE 2 | Waist circumference (A) and leptin/adiponectin ratio (B) changes

in patients with and without portal vein thrombosis.

increased levels of PAI-1, clotting factors, and fibrinogen (41, 42).
Both pro-thrombotic and pro-inflammatory states are closely
linked to VTE development. These results clinically support the
hypercoagulable state of abdominal obesity related to PVT in
NAFLD patients. This observation is in accordance with Bureau
et al., who reported that central obesity is related to PVT and
could become one of the critical risk variables for gastrointestinal
thrombosis (43).

Our findings declared that increased LAR was an independent
factor associated with the development of PVT in NAFLD.
As we know, in diabetes mellitus, obesity, and other
metabolic syndromes, the concurrence of hyperleptinemia
and hypoadiponectinemia is observed. Different studies
highlighted the association between LAR and cardiovascular
disease markers, including pulse wave velocity and carotid
intima-media thickness (44, 45). LAR correlated with HOMA-
IR, WC, BMI, and TG better than any adipokine (44). In NAFLD
patients, higher levels of LAR were observed. As adiponectin

FIGURE 3 | The receiver operating characteristic curves of waist

circumference and leptin/adiponectin ratio in predicting portal vein thrombosis

in non-cirrhotic NAFLD.

TABLE 4 | The risk of portal vein thrombosis development in the univariate and multivariable Cox regression models in the studied patients.

Parameters Univariate Cox regression Multivariable Cox regression

HR (95% CI) P-value HR (95% CI) P-value

DM 6.34 (1.29–31.19) 0.013 1.23 (0.15–10.32) 0.85

Waist circumference 1.16 (1.09–1.24) <0.001 1.18 (1.09–1.28) <0.001

LAR 7.44 (1.93–28.87) 0.002 8.04 (1.62–39.9) 0.011

NFS 0.97 (0.45–2.09) 0.93 – -

FIB-4 1.03 (0.52–2.050) 0.92 – -

DM, diabetes mellitus; LAR, leptin/adiponectin ratio; CI, confidence interval; HR, hazard ratio; NFS, NAFLD fibrosis score; FIB-4, Fibrosis-4.
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and leptin generally show opposite variations, leptin appeared
to upregulate different vascular inflammation mediators such as
ROS, IL-2, IL-6, TNF-α, MCP-1, TGF-α, and Th1-type cytokines
from peripheral blood mononuclear cells and endothelial cells
(46–48). Experimentally, leptin prompted increments of cellular
adhesion molecules and tissue factor expression in human
coronary endothelial cells, though NF-κB leads to increased
leukocyte adhesion and procoagulant activity (49). These results
in patients with metabolic syndrome exhibit a strong relationship
with increased platelet activity and circulating leptin (50–52).
The leptin receptor is expressed on endothelial cells and platelets
and could enhance the formation of thrombus by inhibiting
vasodilatation, stimulating platelet activation, and increasing
oxidative stress (53).

It is well-known that diabetes, obesity, and lower adiponectin
levels are related to the stimulation of an inflammatory signaling
cascade, prompting the early development of atherosclerosis
in the metabolic syndrome (54). Adiponectin suppresses
the endothelium’s vascular inflammatory effect to TNF-α-
induced stimulation of NF-κB and enhanced expression
of adhesion molecules, intercellular adhesion molecules,
vascular cell adhesion molecules, and endothelial selectin.
Experimentally, reversed microvascular inflammatory changes
may be induced by adiponectin replacement therapy (55).
Vascular effects induced by pro-inflammatory cytokines
like TNF-α and different interactions with adipokines
(adiponectin) greatly enhance vascular thromboembolism
(56). Bureau et al. observed that PVT is associated with
increased abdominal obesity and could get to be distinctly
one of the critical risk factors for gastrointestinal thrombosis
(43). According to these findings, we hypothesized that
the LAR ratio plays a pivotal role in developing PVT in
our patients.

LMWH has no impact on coagulation tests’ consequences
and offers the advantages of dosages proportional to body
weight. Therefore, it is easy to prescribe and does not require
monitoring. The risk of bleeding is the primary concern related
to anticoagulation therapy for PVT. In this study, the overall
recanalization rate was 100%, and all treated patients did not
reveal any bleeding or significant complications. All patients that
reached the endpoint are still followed up regularly.

Central obesity and NAFLD are two sides of a single coin. In
addition to endothelial dysfunction and liver inflammation, it is
challenging to speculate each variable’s role in PVT development.
However, the authors’ conviction is that central obesity may
play a fundamental role in PVT development through hormonal
imbalance, cytokine production, and hepatic affection.

To the best of our knowledge, this study is the first to measure
the incidence of PVT in patients with non-cirrhotic NAFLD.

This study had several limitations. First, it is a single-center
study. Second, the follow-up period was only 9 years. Third, using
non-invasive techniques like NFS and FIB-4 score cannot replace
the liver biopsy, but we thought it would be unethical to subject
our patients to a technique as invasive as the biopsy for the second
time because nothing changed, which was indicative for the

biopsy during the study period. The findings of this study have
several important implications for future practice. Multicenter
research is usually conducted to enroll larger numbers of
participants and thus improve the validity and generalizability of
the study findings.

Finally, we recommend that early distinguishing of risk
variables, management, and prevention of the metabolic
syndrome, including lifestyle modifications and treatment for
adjusting the syndrome components, are real difficulties. The
point is to avert obesity, type 2 diabetes, hyperlipidemia,
cardiovascular disease, and PVT.

In conclusion, this work suggests that increased WC and
LAR in NAFLD patients are associated independently with
PVT development. We propose that these variables may be
considered risk factors for PVT and may participate in PVT’s
multifactorial pathogenesis.
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