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Abstract

Background: Preliminary evidence suggests that inherited hypercoagulable disor-

ders can lead to an increased risk of significant liver fibrosis.

Objective: We aimed to investigate the prevalence of significant fibrosis in patients

with inherited thrombophilia, assessed by using liver stiffness (LS), and to compare

this prevalence to that found in a large population‐based cohort from the same

region.

Methods: This was a single‐center, cross‐sectional study. A complete laboratory

analysis for liver disease, LS by transient elastography and an abdominal ultrasound

were performed in patients with inherited thrombophilia diagnosed between May

2013‐February 2017. These patients were propensity score matched (ratio 1:4)

with a population‐based cohort from the same region (PREVHEP‐ETHON study;

NCT02749864; N = 5988).

Results: Of 241 patients with inherited thrombophilia, eight patients (3.3%) had

significant fibrosis (LS ≥8 kPa). All of them had risk factors for liver disease and met

diagnostic criteria for different liver diseases. After matching 221 patients with

thrombophilia with 884 patients of the PREVHEP‐ETHON cohort, the prevalence of

significant fibrosis was similar between both cohorts (1.8% vs. 3.6%, p = 0.488).

Multivariate analysis showed that age and liver disease risk factors, but not

belonging to the thrombophilia cohort, were associated with the presence of sig-

nificant fibrosis. The magnitude of the increased risk of significant fibrosis in pa-

tients with risk factors for liver disease was also similar in both cohorts.

Conclusions: Our findings do not provide evidence supporting an association be-

tween inherited thrombophilia and an increased risk of significant liver fibrosis,

independent of the presence of liver‐related causes of fibrosis.
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INTRODUCTION

Inherited thrombophilias are blood disorders in which a genetic

mutation affects the amount or function of a protein in the coagu-

lation system, altering the balance of hemostasis toward hyperco-

agulability. In the Western population, factor V Leiden (FVL, 2%–7%)

and prothrombin G20210A (PGM, 1%–2%) mutations are relatively

common, while the remaining mutations are rare and due to a defi-

ciency of natural anticoagulants (protein C [PC], 0.2%–0.5%; protein

S [PS], 0.1%–0.7%; and antithrombin III [AT], 0.02%)1

Emerging evidence suggests that the hypercoagulable state

associated with inherited thrombophilia may contribute to the

development and progression of liver fibrosis. The proposed mech-

anisms involve the formation of thrombi within the hepatic micro-

circulation, leading to parenchymal extinction, and the activation of

hepatic stellate cells through thrombin and Factor Xa via protease‐
activated receptors.2 Several observational studies have reported

an increased risk of advanced liver fibrosis and/or faster progression

of liver fibrosis in patients with chronic liver disease harboring he-

reditary thrombophilic disorders.3–18 Moreover, preliminary evi-

dence also suggests that inherited thrombophilia can per se lead to

clinically relevant liver fibrosis. In a Dutch population‐based cohort

study including 1055 patients, its presence was an independent risk

factor for significant fibrosis estimated by liver stiffness (LS).19 Based

on these findings, it has been proposed that screening for thrombo-

philia should be considered in patients with chronic liver disease and

individuals with liver disease of unknown etiology. This approach

could potentially facilitate the timely initiation of anticoagulant

therapy to impede the progression of liver fibrosis.4,13,18,19

However, before implementing a widespread screening strategy,

further data are needed. Therefore, the aim of the current study was

to examine the prevalence of significant fibrosis in patients with

inherited thrombophilia, assessed by using LS, and to compare these

prevalences with those observed in a large population‐based cohort

from the same geographical region.

MATERIAL AND METHODS

Design of the study and recruitment of the
thrombophilia cohort

We conducted a cross‐sectional study in the Marqués de Valdecilla

University Hospital (Santander, Cantabria, Spain), a tertiary care

academic center. All patients aged ≥18 years harboring an inherited

thrombophilia were invited to participate. Patients were identified by

reviewing all thrombophilia studies performed by the Hematology

Department from May 2013 to February 2017. Exclusion criteria

were a failure of LS measurement, previous liver transplant,

pregnancy, and predicted life expectancy of less than one year due to

non‐liver comorbidities. Participation in the study entailed an

extensive home interview, physical examination, a collection of a

fasting blood sample, LS measurement, and an abdominal ultrasound.

All of them, except for the latter, were performed on the same day.

Interview, physical evaluation, and laboratory analysis

Extensive data on demographics, smoking and alcohol intake, drug

use, history of venous thromboembolism, anticoagulant and anti-

platelet therapy, and comorbidities were obtained during the inter-

view. Excessive alcohol consumption was defined as an intake of

>20 g/day in females and >30 g/day in males.20 The physical evalu-

ation included measurement of systolic and diastolic blood pressure,

height, weight, body mass index (obese if ≥30 kg/m2) and waist

circumference.

Blood tests included the determination of liver tests (aspartate

aminotransferase [upper reference limit (URL 40 U/L)], alanine

aminotransferase [ALT, URL 40 U/L], alkaline phosphatase [URL 129

U/L], gamma‐glutamyl transferase [URL 32 U/L in woman and 50 U/L

in men], bilirubin [URL 1.2 mg/dL] and albumin [lower reference limit

(LRL) 3.5 gr/dL]), complete blood count, international normalized

ratio, lipid (triglycerides [URL 150 mg/dL], high‐density lipoprotein

[LRL 40 mg/dL for men and 50 mg/dL for women], low‐density lipo-

protein [URL 130 mg/dL], and total cholesterol [URL 200 mg/dL]) and

glycemic profile (glucose and glycated hemoglobin with addition of

insulin to calculate the Homeostatic Model Assessment for Insulin

Resistance [HOMA‐IR] in non‐diabetics. Insulin resistance was

established with values of HOMA‐IR above 2.5 and diabetes mellitus

Key summary

Summarize the established knowledge on this subject.

� Preliminary evidence suggests that inherited hyperco-

agulable disorders can lead to an increased risk of sig-

nificant liver fibrosis.

What are the significant and/or new findings of this study?

� The prevalence of significant liver fibrosis, assessed

through transient elastography, was low in our cohort of

inherited thrombophilia (N = 241) and similar to a

matched population‐based cohort from the same region

(N = 5988).

� Our findings do not support that inherited thrombophilia

leads to liver fibrosis.
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was defined as fasting plasma glucose ≥126 mg/dL, glycated hemo-

globin ≥6.5% or drug treatment for elevated blood glucose), cerulo-

plasmin (LRL 20 mg/dL), alpha‐1‐antitrypsin (LRL 90 mg/dL), ferritin

(normal range 22–322 ng/mL and 10–291 ng/mL in men and women,

respectively) and transferrin saturation levels (URL 45%), thyroid‐
stimulating hormone (normal range 0.35–5.5 mU/L), hepatitis B sur-

face antigen, anti‐hepatitis C virus and human immunodeficiency vi-

rus antibodies, immunoglobulins G, M and A, anti‐nuclear antibodies,

anti‐mitochondrial antibodies (AMA) and anti‐smooth muscle anti-

bodies. Finally, blood type and homocysteine levels (URL 15 μmol/L)

were also determined and in patients with high homocysteine levels

C677T MTHFR mutation was analyzed.

Thrombophilic study

Tests included gene mutational analysis for FVL and PGM, in addition

to activated protein C resistance, AT, PC and PS levels, and anti-

phospholipid antibodies. The latter included anticardiolipin, antibeta2

glycoprotein and lupus anticoagulant.

PC and AT had been determined using an automated chromogenic

assay for quantitative determination on IL Coagulation Systems

(HemosIL Werfen®, Instrumentation Laboratory). Free PS level had

been determined using an automated latex ligand immunoassay on IL

Coagulation Systems (HemosIL Werfen®). Activated Protein C resis-

tance had been determined by coagulometric test based on TTPa

parameter (HemosIL Werfen®). Normal values had been established

according to 100 control patients of the same age range and gender

and were as follows: AT 85%–140%; PC 85%–140%; PS 70%–120%.

Lupus anticoagulant had been determined using diluted Russell's viper

venom test and silica clotting time (HemosIL Werfen®). Serum IgG

and IgM anticardiolipin and antibeta2 glycoprotein levels had been

measured by ELISA following manufacturer's instructions (Orgentec

Diagnostika, Mainz, Germany) and expressed in IgG phospholipid

(GPL) or IgM phospholipid (MPL) units or U/mL, respectively. Titers

were considered to be positive when they were above the 99th

percentile, thus corresponding to values above 20 GPL, MPL or U/mL

(medium: 20–30 or high: >30 titers). If positive, they had been

repeated at least 12 weeks later to confirm their positivity. PGM and

FVL mutation had been determined using LightCycler® 2.0 instru-

ment utilizing the polymerase chain reaction (PCR Roche Di-

agnostics®, Roche Diagnostics GmbH, Mannheim, Germany). The

hypercoagulable panel had been interpreted by the Hematology

department. Diagnosis of antiphospholipid syndrome had been

defined according to the revised Sapporo criteria.21

Liver stiffness measurement and abdominal
ultrasonography

Liver fibrosis was assessed non‐invasively by measuring LS using

transient elastography (Fibroscan®, EchosensTM, Paris, France) by

two nurses with extensive experience. Results were expressed in ki-

lopascals (kPa) and only valid measurements according to recent

guidelines were considered.22 The XL probe was used when necessary

for LSM. In agreement with current guidelines and previous studies,

for significant fibrosis, we considered a cutoff value of 8 kPa, and for

compensated advanced chronic liver disease (cACLD) values of 10 kPa

(suggestive) and 15 kPa (highly suggestive).19,22 If index LS was ≥8kPa,

a second LS measurement was performed on a separate day.

Abdominal ultrasound (SIEMENS ACUSON S2000) was per-

formed by the Radiology department on a separate day from the

interview. The presence or absence of morphological changes of

chronic liver disease (e.g., hypertrophy of the caudate lobe and he-

patic surface nodularity), steatosis, splanchnic vein thrombosis and

signs of portal hypertension were collected.

Diagnosis of liver disease

The etiological diagnosis of liver disease was made in accordance

with current guidelines. To diagnose metabolic‐associated fatty liver

disease, we used the recently proposed criteria.23

PREVHEP‐ETHON cohort

To assess whether the prevalence of significant fibrosis and cACLD in

patients with thrombophilia was higher than expected in the general

population, we compared these figures with those from the PREVHEP‐
ETHON (Epidemiological sTudy of Hepatic infectiONs) Cohort, an

observational, cross‐sectional, population‐based study performed in

Spain between July 2015 and April 2017 (NCT02749864). The design

of the study has been previously published.24,25 Briefly, subjects be-

tween 20 and 79 years of age were selected from the population of 18

primary care centers belonging to three university hospitals in Madrid,

Cantabria, and Valencia. Participants were selected using two‐stage

conglomerate sampling and stratified by age, with randomized sub-

ject selection. Those who agreed to participate underwent LS at one of

the three reference hospitals. On the same day, the participants filled

out an epidemiological questionnaire, had a fasting blood sample

collected and received a physical examination. The following data

were collected in the epidemiological questionnaire: age, sex and

alcohol intake. Blood tests included liver tests, complete blood count,

international normalized ratio, lipid and glycemic profile, ferritin,

hepatitis B surface antigen and anti‐hepatitis C virus antibodies. Of

the 12 246 participants we selected those from Cantabria recruited

in the same hospital as the thrombophilia cohort with a total of 5988

subjects.

All patients provided written informed consent for study

participation. The study protocol conformed to the ethical guidelines

of the 1975 Declaration of Helsinki as reflected in a priori approval

by the Ethics Committee for Clinical Research of Cantabria (internal

code: 2016.021).
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Statistical analysis

Continuous variables were expressed as median and interquartile

range, and categorical variables as counts and percentages. Compar-

isons between groups (within the thrombophilia cohort and between

the Thrombophilia and PREVHEP‐ETHON cohorts) were performed

using the unpaired Student's t‐test, the Mann‐Whitney test or Fisher's

exact test as appropriate. Propensity score matching (PSM) was used

to ensure comparability between the thrombophilia and PREVHEP‐
ETHON cohorts. Nine confounding factors were included in a

PSM model: age, sex, body mass index, alcohol consumption, waist

circumference, hypertension, diabetes and dyslipemia. These variables

were selected after a preliminary analysis of both cohorts and were

based on their association with the presence of significant fibrosis. A

1:4 PSM was performed using the nearest neighbor greedy matching

algorithm without replacement. Cohorts were evaluated after PSM for

covariate balance using the standardized mean differences, with

standardized differences of 0.1 or less between variables for partici-

pants in both cohorts considered acceptable. We intended to inves-

tigate the adjusted association with the presence of significant fibrosis

through logistic regression analysis by introducing variables that were

related to the latter in a univariate analysis (P < 0.1). Results of the

univariable and multivariable logistic regressions are presented as

odds ratio (OR) with a 95% confidence interval (CI). To ensure

adequate statistical power for detecting differences between groups,

we performed a sample size estimation for our study. We determined

that a sample size of 1100 subjects would be necessary, with 880

subjects from the PREVHEP‐ETHON cohort and 220 subjects from

the Thrombophilia cohort. This calculation was based on the following

assumptions: a prevalence of significant fibrosis in the PREVHEP‐
ETHON cohort of 3.6% after PSM, a prevalence ratio of 2.5%

derived from previous research19 and utilizing a two‐sided test with a

significance level (α) of 0.05 and a desired power of 80%. Statistical

analysis was performed with IBM SPSS Statistics v22.0 for MAC (IBM

Corp.) and R: A Language and Environment for Statistical Computing

(Vienna, Austria).

RESULTS

Clinical and analytical characteristics of the
thrombophilia cohort

Of 821 subjects tested for thrombophilia during the study period, the

latter was confirmed in 533. Of these, 241 patients were finally

included and provided written informed consent for study partici-

pation (Figure 1). The clinical and analytical characteristics of the

thrombophilia cohort are described in Tables 1 and 2, respectively.

The median age was 45.0 (18.7–75.1) years, 148 (61.4%) were

women and all but one participant were white. A full thrombophilic

study was available in 221 patients (91.7%), with the most frequent

disorders FVL (N = 87, 36.1%) and PGM (N = 88, 36.9%). Combined

thrombophilia and blood type non‐O were present in 62 (25.7%) and

145 (60.2%) patients, respectively. Risk factors for chronic liver dis-

ease were present in 148 patients (61.4%), being the most prevalent

overweight (N = 128, 53.1%)/obesity (N = 61, 25.3%) and excessive

alcohol consumption (N = 25, 10.4%).

Prevalence of significant fibrosis and associated risk
factors in the thrombophilia cohort

After repeating LS measurement on a separate day in 16 patients

with index LS ≥8 kPa, significant fibrosis was confirmed in 8 patients

F I GUR E 1 Flowchart of the study.
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TAB L E 1 Clinical characteristics of the thrombophilia cohort and in groups with and without significant fibrosis (i.e., >8kPa).

Variablea
Thrombophilia cohort Non‐significant fibrosis Significant fibrosis

p(N = 241) (N = 233) (N = 8)

Age (Years) 43.4 (36.2–56.3) 44.8 (37.0–57.2) 56.1 (49.4–57.4) 0.001

Female sex 93 (38.6) 89 (38.2) 4 (50.0) 0.490

Caucasian race 240 (99.6) 232 (99.6) 8 (100) 1

Full thrombophilic study 221 (91.7) 216 (92.7) 5 (62.5) 0.021

Indication of thrombophilic study 0.849

Episode of thrombosis 74 (30.7) 71 (30.5) 3 (37.5)

Family history 114 (47.3) 111 (47.6) 3 (37.5)

Other 53 (22) 51 (21.9) 2 (25)

Blood type Non‐0 (N = 236) 145 (60.2) 140 (60.9) 5 (83.3) 0.410

Combined thrombophilia 62 (25.7) 59 (25.3) 2 (25) 1

Factor V Leiden mutation (N = 240) 87 (36.1) 85 (36.6) 2 (25) 0.714

Prothrombin G20210A mutation (N = 238)b 88 (36.5) 85 (37.0) 3 (37.5) 0.964

Protein C deficiency (N = 237) 24 (10) 24 (10.5) 0 (0) 1

Protein S deficiency (N = 237) 51 (21.2) 51 (22.3) 0 (0) 0.207

Antithrombin deficiency (N = 236) 11 (4.6) 9 (3.9) 2 (25) 0.048

Hyperhomocysteinemia (N = 228) 19 (7.9) 17 (7.6) 2 (40.0) 0.057

MTHFR TT (N = 19)c 7 (2.9) 7 (31.8) 0 (0) 1

Antiphospholipid syndrome (N = 237) 22 (9.1) 21 (9.2) 1 (12.5) 0.547

Related complications

Abortions 52 (21.6) 51 (21.9) 1 (12.5) 1

Venous thrombosis 47 (19.5) 45 (19.3) 2 (25.0) 0.656

Anticoagulant therapy 67 (27.8) 64 (27.5) 3 (37.5) 0.689

Months 11.1 (0.2–146) 11.0 (0.2–146) 22.8 (18.4–126.7) 0.172

Antiplatelet therapy 61 (25.3) 59 (25.3) 2 (25) 1

Months 28.8 (1.0–331.0) 28.8 (2.0–331.0) 23.2 (1.0–45.4) 0.564

Risk factors for CLDd 160 (66.4) 152 (65.2) 8 (100) 0.041

Excessive alcohol consumption 25 (10.4) 23 (9.9) 2 (25.0) 0.196

Body mass index (kg/m2) 25.2 (22.6–30.4) 25.2 (22.6–30.0) 31.3 (28.7–42.0) 0.264

Body mass index ≥25 kg/m2 128 (53.1) 123 (53.5) 5 (62.5) 0.728

Increased waist circumference 78 (32.4) 75 (34.4) 3 (75) 0.126

Hypertension 110 (45.6) 106 (45.5) 4 (50) 1

Dyslipidemia 75 (31.1) 73 (31.5) 2 (25.0) 1

Diabetes mellitus 8 (3.3) 7 (3.0) 1 (12.5) 0.240

Thyroid disease 4 (1.7) 4 (1.7) 0 (0) 1

Non‐cirrhotic portal vein thrombosis 9 (3.7) 9 (3.9) 0 (0) 1

Liver disease 70 (29) 62 (26.6) 8 (100) <0.001

Metabolic associated fatty liver diseasee 54 (22.4) 50 (21.5) 4 (50) 0.078

Alcohol‐associated liver disease 3 (1.2) 1 (0.5) 2 (25) 0.003

Hepatitis C 5 (2.1) 3 (1.3) 2 (25) 0.009

1014 - UNITED EUROPEAN GASTROENTEROLOGY JOURNAL

 20506414, 2023, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ueg2.12500 by U

niversidad D
e C

antabria U
niversity L

ibrary, W
iley O

nline L
ibrary on [22/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



T A B L E 1 (Continued)

Variablea
Thrombophilia cohort Non‐significant fibrosis Significant fibrosis

p(N = 241) (N = 233) (N = 8)

Hepatitis B 4 (1.7) 3 (1.3) 1 (12.5) 0.128

Alpha‐1 antitrypsin deficiency 8 (3.3) 7 (3.1) 1 (20.0) 0.162

Wilson disease 1 (0.4) 0 (0) 1 (12.5) 0.033

Abdominal ultrasonographyf 221 (91.7) 213 (91.4) 8 (100) 1

Morphological changes of CLD 11 (4.6) 9 (4.2) 2 (25.0) 0.054

Splenomegaly 4 (1.7) 3 (1.4) 1 (12.5) 0.139

Collaterals 7 (2.9) 6 (2.6) 1 (12.5) 0.213

Transient elastography

M probe 222 (92) 212 (92.2) 6 (85.7) 0.447

Liver stiffness (kPa) 4.5 (3.7–5.3) 4.6 (3.7–5.3) 8.7 (8.3–12.5) 0.011

CAP (dB/m) 234 (198–271) 233 (200–270) 316 (284–370) 0.001

Steatosis (CAP >275 dB/m) 56 (23.2) 52 (22.7) 4 (80) 0.012

Compensated advanced chronic liver disease

10–15 kPa 1 (0.4) 0 (0) 1 (12.5) 0.033

>15 kPa 3 (1.2) 0 (0) 3 (37.5) <0.001

Abbreviations: CAP, Controlled attenuated parameter; CLD, chronic liver disease; MTHFR, methylenetetrahydrofolate reductase polymorphisms.
aQuantitative data are expressed as median (interquartile range) and qualitative data as number and percentage. For variables with missing data, the

number of patients with available data is provided.
bTwo homozygotes.
cThere were 12 heterozygotes CT and three wild type CC.
dRisk factors for CLD are excessive alcohol consumption, overweight/obesity, diabetes mellitus, ≥2 metabolic risk abnormalities according to MAFLD

diagnostic criteria, Wilson disease, alpha‐1 antitrypsin deficiency, and hepatitis C or B.
eExcessive alcohol consumption and alpha‐1 antitrypsin deficiency were also present in 10 (all in the non‐significant fibrosis group) and 2 patients (one

in each group), respectively.
fPatients in the non‐significant fibrosis group with morphological changes of CLD, splenomegaly, and portosystemic collaterals corresponded to those

who had developed non‐cirrhotic portal vein thrombosis, and the remaining patient with collaterals had alcoholic liver cirrhosis.

TAB L E 2 Analytical characteristics of the thrombophilia cohort and in groups with and without significant fibrosis (i.e.>8kPa).

Variablea
Thrombophilia cohort Non‐significant fibrosis Significant fibrosis

p(N = 241) (N = 233) (N = 8)

Leucocytes (10*3/μL) 5.9 (4.8–7.2) 5.9 (4.8–7.2) 7.5 (4.8–7.5) 0.293

Hemoglobin (g/dL) 14.0 (13.1–14.9) 14.0 (13.1–14.9) 14.5 (13.8–15.3) 0.376

Platelets (10*3/μL) 225 (189–265) 226 (190–265) 220.0 (143–253) 0.219

International normalized ratio 1.06 (1.02–1.12) 1.06 (1.01–1.12) 1.11 (1.08–1.42) 0.385

Alanine aminotransferase (U/L) 21 (13–29) 20 (13–28) 30 (29–41) 0.023

Aspartate aminotransferase (U/L) 21 (17–25) 21 (16–25) 26 (25–38) 0.026

Homocysteine (μmol/L) (N = 228) 10.0 (8.0–13.0) 10 (8.0–12.7) 14.0 (9.3–18.4) 0.142

Gamma‐glutamyl transferase (U/L) 17 (11–29) 16 (10–28) 39 (21–59) 0.121

Alkaline phosphatase (U/L) 61 (51–76) 60 (50–74) 86 (78–91) 0.017

Bilirubin (mg/dL) 0.6 (0.4–0.8) 0.6 (0.4–0.8) 0.7 (0.4–1.3) 0.274

Albumin (g/dL) 4.3 (4.2–4.5) 4.3 (4.2–4.5) 4.4 (4.2–4.5) 0.796

Creatinine (mg/dL) 0.75 (0.7–0.9) 0.75 (0.67–0.85) 0.70 (0.59–0.85) 0.308

HOMA‐IR >2.5 58 (24.1) 54 (26.6) 4 (50) 0.006

Elevated glycated hemoglobin 4 (1.7) 3 (1.4) 1 (25) 0.072

(Continues)

EZCURRA ET AL. - 1015

 20506414, 2023, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ueg2.12500 by U

niversidad D
e C

antabria U
niversity L

ibrary, W
iley O

nline L
ibrary on [22/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



(3.3%) and cACLD was suggestive and highly suggestive in 1 (0.4%)

and 3 (1.2%) of the subjects, respectively.

All patients with LS ≥8 kPa had risk factors for liver disease (100%

vs. 65.2%; p = 0.041) and met diagnostic criteria for different liver

diseases (100% vs. 26.6%; p = <0.001). Other differences from pa-

tients without significant fibrosis include older age (56.1 vs. 44.8 years;

p= 0.001) and a higher prevalence of antithrombin deficiency (25% vs.

3.9%; p = 0.048). No other major clinical or analytical difference was

observed between the groups (Tables 1 and 2). Due to the small

number of patients with significant fibrosis, no multivariate logistic

regression analysis was performed.

Prevalence of significant fibrosis in the PREVHEP‐
ETHON cohort

In the whole cohort (before PSM), the prevalence of significant

fibrosis was 3.5% (N = 211) and cACLD was suggestive and highly

suggestive in 1.3% (N = 76) and 0.8% (N = 48) of the subjects,

respectively. These figures were similar to those of the thrombophilia

cohort. However, there were significant differences in some risk

factors for liver disease between the two cohorts. Thus, compared to

patients with thrombophilia, subjects from the PREVHEP‐ETHON

cohort were older (51.7 vs. 44.9 years; p < 0.001), predominantly

female (55.1% vs. 38.6%; p < 0.001), had higher prevalence of dia-

betes (7.9% vs. 3.3%; p = 0.012), dyslipidemia (53.6% vs. 31.2,

p < 0.001) and hypertension (59.3% vs. 45.6%; p < 0.001) and had

lower prevalence of excessive alcohol consumption (6.4 vs. 10.4%;

p = 0.021) and increased waist circumference (21.3% vs. 32.4%;

p < 0.001) (Table 3).

We then performed a PSM, and 221 patients with thrombophilia

were matched with 884 patients of the PREVHEP‐ETHON cohort.

After PSM, both cohorts were well balanced for all assessed liver

disease risk factors (Table 3, Figure 2). The prevalence of significant

fibrosis and cALCD was again non‐significantly different between

both cohorts (Thrombophilia vs. PREVHEP‐ETHON; LS ≥8 kPa: 1.8%

vs. 3.6%, p = 0.488; LS 10–15kPa: 0% vs. 0.8%, p = 0.394; and LS

>15kPa: 0.5% vs. 0.9%, p = 0.802). Similar findings were observed

when significant fibrosis was assessed by the Fibrosis‐4 index and

AST to platelet ratio index both before and after PSM.

Adjusted analysis for risk factors for significant
fibrosis

After PSM, we investigated variables that were associated with the

presence of significant fibrosis. Age and liver disease risk factors

(analyzed both individually and pooled) were associated with

the presence of significant fibrosis in the multivariable analysis

(Table 4).

To investigate whether the magnitude of the increased risk of

significant fibrosis in patients with risk factors for liver disease was

different between the two cohorts, we added an interaction term for

the prevalence of significant fibrosis by the presence of these risk

factors, analyzed individually and pooled. In both analyses, a non‐
significant interaction was observed. The prevalence of significant

fibrosis in patients with risk factors for liver disease was also similar

between cohorts (3.0 vs. 5.2%; p = 0.398).

DISCUSSION

In this cross‐sectional study, we investigated the prevalence of sig-

nificant fibrosis and cACLD, assessed by using LS, in the largest

cohort of patients with inherited thrombophilia to date. We found a

low prevalence of significant fibrosis and cACLD that was similar to

that found in a large, well‐characterized population‐based cohort

from the same region. Further strengths of our study include a

T A B L E 2 (Continued)

Variablea
Thrombophilia cohort Non‐significant fibrosis Significant fibrosis

p(N = 241) (N = 233) (N = 8)

Triglycerides (mg/dL) (N = 230) 75 (53–105) 74 (52–102) 115 (100–135) 0.109

High‐density lipoprotein (mg/dL) (N = 229) 55 (46–64) 55 (46–64) 53 (101–123) 0.457

Low‐density lipoprotein (mg/dL) (N = 228) 109 (88–126) 109 (88–127) 113 (101–123) 0.704

Total cholesterol (mg/dL) 180 (156–199) 180 (155–200) 185 (170–194) 0.590

Ferritin (ng/mL) 55 (25–126) 55 (25–127) 88.0 (27–106) 0.648

Transferrin saturation (%) 27 (21–35) 27 (21–35) 25 (13–38) 0.395

Ceruplasmin (mg/dL) (N = 232) 24.6 (22.0–28.2) 24.6 (22.9–28.2) 29.0 (20.9–30.2) 0.340

Alpha‐1‐antitrypsin (mg/dL) (N = 232) 122 (111–136) 122 (111–136) 134 (91–135) 0.283

Thyroid‐stimulating hormone (mU/L) 1.47 (1.01–2.17) 1.47 (1.00–2.17) 1.50 (0.59–2.60) 0.834

Abbreviation: HOMA‐IR, Homeostatic Model Assessment for Insulin Resistance.
aQuantitative data are expressed as median (interquartile range). Qualitative data are expressed as numbers and percentages. For variables with

missing data, the number of patients with available data is provided.
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TAB L E 3 Clinical and analytical differences between the thrombophilia and PREVHEP‐ETHON cohorts.

Variable

Before propensity score matching After propensity score matching

Thrombophilia

cohort ETHON cohort

SMD p

Thrombophilia

cohort ETHON cohort

SMD p(N = 241) (N = 5988) (N = 221) (N = 884)

Age (Years) 44.9 (37.3–57.2) 51.7 (43.8–60.1) 0.29 0.001 44.8 (36.7–56.7) 46.0 (39.4–56.1) 0.10 0.100

Female sex 93 (38.6) 3299 (55.1) 0.34 <0.001 82 (37.1) 297 (33.6) 0.07 0.367

Excessive alcohol

consumption

25 (10.4) 383 (6.4) 0.14 0.021 21 (9.5) 76 (8.6) 0.03 0.770

Body mass index (kg/m2) 25.4 (22.7–30.1) 26.4 (23.6–29.8) 0.12 0.062 25.2 (22.6–30.1) 26.3 (23.1–29.8) 0.09 0.151

Body mass index ≥30 kg/m2 61 (25.6) 1382 (23.6) 0.17 0.004 57 (25.8) 217 (24.6) 0.12 0.119

Increased waist

circumference

78 (32.4) 1254 (21.3) 0.12 <0.001 77 (34.8) 328 (37.1) 0.24 0.585

Hypertension 110 (45.6) 3540 (59.3) 0.28 <0.001 107 (48.4) 468 (52.9) 0.09 0.259

Diabetes mellitus 8 (3.3) 474 (7.9) 0.20 0.012 8 (3.6) 36 (4.1) 0.02 0.908

Dyslipidemia 75 (31.2) 3133 (53.6) 0.46 <0.001 70 (31.7) 294 (33.3) 0.03 0.713

Anti‐HCV Abþ, n 5 (2.1) 80 (1.4) 0.05 0.514 3 (1.4) 12 (1.4) 0.00 1.000

HBsAgþ, n 4 (1.7) 36 (0.6) 0.10 0.115 1 (0.5) 6 (0.7) 0.03 1.000

Risk factors for chronic liver

diseaseb

148 (61.4) 3884 (64.9) 0.07 0.303 134 (60.6) 560 (63.3) 0.06 0.503

Platelets (10*3/μL) 227.0 (190.0–266.0) 225.0 (194.0–262.0) 0.05 0.433 227.0 (192.0–265.0) 223.0 (191.0–257.2) 0.07 0.357

International normalized

ratio

1.0 (1.0–1.1) 1.1 (1.0–1.1) 0.36 <0.001 1.1 (1.0–1.1) 1.0 (1.0–1.1) 0.32 0.072

Alanine aminotransferase

(U/L)

21.0 (13.0–29.0) 21.0 (16.0–29.0) 0.10 0.174 20.0 (13.0–28.2) 21.0 (15.0–30.0) 0.16 0.017

Aspartate aminotransferase

(U/L)

21.1 (16.0–25.0) 23.0 (19.0–27.0) 0.17 0.020 21.0 (16.8–25.0) 23.0 (19.0–27.0) 0.25 <0.001

Gamma‐glutamyl transferase

(U/L)

16.0 (10.0–28.0) 20.0 (13.0–33.0) 0.12 0.140 16.0 (10.0–28.0) 19.0 (13.0–31.0) 0.16 0.001

Alkaline phosphatase (U/L) 60.0 (50.0–74.0) 67.0 (55.0–81.0) 0.21 0.002 60.0 (50.0–73.0) 64.0 (53.0–78.0) 0.21 0.002

Bilirubin (mg/dL) 0.6 (0.4–0.8) 0.5 (0.4–0.6) 0.36 <0.001 0.6 (0.4–0.8) 0.5 (0.4–0.7) 0.17 0.001

Albumin (g/dL) 4.3 (4.2–4.5) 4.4 (4.3–4.6) 0.59 <0.001 4.3 (4.2–4.5) 4.5 (4.3–4.6) 0.65 <0.001

Creatinine (mg/dL) 0.7 (0.7–0.8) 0.8 (0.7–0.9) 0.02 0.782 0.7 (0.7–0.8) 0.8 (0.7–0.9) 0.13 0.013

Glucose (mg/dL) 89.0 (83.0–95.0) 82.0 (76.0–90.0) 0.31 <0.001 89.5 (84.0–95.0) 81.0 (74.0–88.0) 0.57 <0.001

Triglycerides (mg/dL) 74.0 (53.0–102.0) 117.0 (82.0–175.0) 0.76 <0.001 73.0 (52.5–102.0) 103.0 (73.0–140.2) 0.56 <0.001

High‐density lipoprotein

(mg/dL)

55.0 (46.0–64.0) 56.0 (46.0–67.0) 0.09 0.176 55.0 (46.0–64.0) 56.0 (46.0–67.0) 0.10 0.292

Low‐density lipoprotein (mg/

dL)

109.0 (89.0–126.0) 114.0 (92.0–135.0) 0.10 0.132 109.0 (88.0–126.8) 107.0 (87.0–125.0) 0.07 0.462

Total cholesterol (mg/dL) 181.0 (156.0–199.0) 198.0 (176.0–222.0) 0.46 <0.001 180.0 (155.0–199.2) 188.0 (168.0–211.0) 0.24 0.001

Ferritin (ng/mL) 52.0 (25.0–126.0) 81.0 (16.0–165.0) 0.22 <0.001 55.0 (26.0–128.0) 92.0 (40.0–173.0) 0.27 <0.001

Fibrosis‐4 index ≥1.30 65 (27.1) 1898 (32.6) 0.12 0.087 56 (25.5) 275 (31.1) 0.13 0.120

AST to platelet ratio index

>1.5

0 (0.0) 30 (0.5) 0.10 0.520 0 (0.0) 5 (0.6) 0.11 0.578

Transient elastography

Liver stiffness (kPa) 4.7 (3.8–5.4) 4.4 (3.7–5.4) 0.01 0.940 4.7 (1.4) 4.9 (2.3) 0.07 0.412

CAP (dB/m) 233.5 (200.8–271.3) 248.0 (211.0–292.0) 0.18 0.010 233.5 (200.8–270.0) 250.0 (209–296.5) 0.21 0.002

(Continues)
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comprehensive etiological study of liver disease and inherited

thrombophilia (>90% had a full thrombophilic workup), the inter-

pretation of the hypercoagulable panel by the Hematology Depart-

ment, propensity score matching for confounding variables and a

repeated LS measurement if index LS was ≥8kPa.

In our thrombophilia cohort, all patients with LS ≥8kPa met the

diagnostic criteria for different liver diseases. These results suggest

that inherited thrombophilia per se does not increase the risk of

developing clinically significant liver fibrosis. Our data differ from

those of Plompen et al, in which the presence of FVL or PGM mu-

tations, especially if combined with blood group type non‐O, was

associated with a higher risk of having significant liver fibrosis even in

the subgroup of participants without risk factors for liver injury.19

The less comprehensive etiological study of liver disease and the non‐
repetition of LS measurement if index LS was ≥8kPa in the latter

study should be taken into consideration when explaining these

discrepant results. Indeed, in our cohort 25% of the patients with

increased LS had a liver disease that was not evaluated in the Dutch

cohort and in half of the patients with index LS ≥8kPa the repetition

of LS ruled out the presence of significant fibrosis. Other major dif-

ferences between both cohorts include an older age (74 vs. 45 years)

and higher prevalence of diabetes mellitus (11.3% vs. 3.3%) in the

Dutch cohort that could explain their higher prevalence of increased

LS (9.6% vs. 3.3%). Hence, in addition to risk factors for liver injury,

our study revealed that an older age was associated with increased

LS in patients with thrombophilia.

Most studies evaluating whether inherited thrombophilia could

increase the risk of advanced liver fibrosis and/or faster progression

of liver fibrosis in patients with different chronic liver diseases have

reported a positive association. However, in some of them the

thrombophilic disorder associated with this increased risk was most

likely an acquired defect due to decrease hepatic synthesis (not

necessary reflecting a procoagulant imbalance),3,4,7 and the associa-

tion found with each thrombophilic disorder was not consistently

confirmed across these studies.3,4,6–13 Moreover, in two recent

observational studies that included patients with established

F I GUR E 2 Standardized variable differences plot between patients from the thrombophilia cohort and PREVHEP‐ETHON cohort before

(o) and after (∆) propensity score matching. The area between the vertical lines represents the accepted observed standardized bias (−0.1
−0.1, presented as absolute values) between the matched cohorts.

T A B L E 3 (Continued)

Variable

Before propensity score matching After propensity score matching

Thrombophilia

cohort ETHON cohort

SMD p

Thrombophilia

cohort ETHON cohort

SMD p(N = 241) (N = 5988) (N = 221) (N = 884)

≥8 kPa 8 (3.3) 211 (3.5) 0.03 0.678 4 (1.8) 32 (3.6) 0.11 0.488

10–15 kPa 1 (0.4) 76 (1.3) 0.10 0.330 0 (0.0) 7 (0.8) 0.13 0.394

>15 kPa 3 (1.2) 48 (0.8) 0.04 0.785 1 (0.5) 8 (0.9) 0.06 0.802

Abbreviations: Anti‐HCV Abþ, positive for anti‐hepatitis C virus antibodies; CAP, controlled attenuation parameter; HBsAgþ, positive for hepatitis B

surface antigen; SMD, standardized mean difference.
aQuantitative data are expressed as median (interquartile range) and qualitative data as number and percentage.
bRisk factors for chronic liver disease are excessive alcohol consumption, overweight/obesity, diabetes mellitus, and hepatitis C or B.
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cirrhosis, the presence of FVL, PGM or blood type non‐O did not

impact on the progression of liver disease.26,27 Our study found no

evidence of an increased risk of significant fibrosis among patients

with risk factors for liver disease in the thrombophilia cohort, as

compared to the PREVHEP‐ETHON cohort. These findings suggest

that inherited thrombophilia may not act as a cofactor in the pro-

gression of liver fibrosis. However, it is important to acknowledge

that the absence of a specific thrombophilic assessment in the

PREVHEP‐ETHON cohort represents a major limitation, preventing

us from definitively rejecting this hypothesis.

Some other limitations of our study must be acknowledged

beyond those inherent to cross‐sectional and single‐center studies.

First, the number of each trombophilic disorder was too low to

properly assess which of them could be associated with increased LS.

Therefore, whether AT deficiency could be more relevant, as sug-

gested by our study, needs further validation. However, it should be

highlighted that the study was sufficiently powered to detect differ-

ences between cohorts. Second, we acknowledge the different nature

of the two cohorts: the thrombophilia cohort derived mainly from a

tertiary center, and the PREVHEP‐ETHON cohort from a primary

setting. This disparity may influence the generalizability of our findings

since tertiary center cohorts benefit from specialized medical atten-

tion and more comprehensive follow‐up. Third, most of our patients

were young, thus restricting our findings to this age group and to white

people. Finally, while transient elastography stands as a valid

screening method for detecting liver fibrosis and cirrhosis in the

general population,28 our study did not extensively investigate the

presence of vascular liver diseases such as a porto‐sinusoidal vascular

disorder. However, it is important to emphasize that our primary aim

was to investigate the association between thrombophilia and fibrosis,

rather than focusing on the well‐established connection between

thrombophilia and vascular liver disorders. Moreover, due to the

limited number of patients identified with LS >8 kPa in our cohort, it

would have been ethically untenable to proceed with liver biopsy.

In conclusion, our findings do not provide evidence supporting an

association between inherited thrombophilia and an increased risk of

significant liver fibrosis, independent of the presence of liver‐related

causes of fibrosis.
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TAB L E 4 Univariate and multivariate logistic analysis of variables associated with the presence of significant fibrosis (liver stiffness
≥8Kpa).

Variable

Univariate

Multivariate

Model 1a Model 2b

Odds ratio p Odds ratio p Odds ratio p

Age 1.05 [1.02, 1.08] 0.001 1.03 [1.00, 1.06] 0.043

Sex (male) 3.34 [1.29, 8.65] 0.013 2.52 [1.03, 7.53] 0.063

Thrombophilia cohort 0.49 [0.17,1.40] 0.183 0.60 [0.18, 1.58] 0.354 0.44 [0.12, 1.20] 0.145

Risk factors for liver disease 6.79 [2.07, 22.28] 0.001 4.32 [1.45, 18.57] 0.020

Hypertension 5.98 [2.31, 15.50] <0.001 4.82 [1.76, 17.16] 0.006

Diabetes mellitus 8.20 [3.49, 19.24] <0.001 5.29 [1.98, 13.05] <0.001

Excessive alcohol consumption 4.34 [2.03, 9.30] <0.001 3.44 [1.43, 7.74] 0.004

Hepatitis C 12.36 [3.73, 41.00] <0.001 20.96 [5.10, 75.58] <0.001

Increased waist circumference 4.73 [2.26, 9.92] <0.001 2.68 [1.21, 6.41] 0.019

Body mass index 1.15 [1.08, 1.22] <0.001

Number of risk factors 2.04 [1.58, 2.65] <0.001

aModel 1: Pooled risk factors for liver disease.
bModel 2: Individually assessed risk factors for liver disease.
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