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Graphical abstract

Baseline small (HR 2.24) and large (HR 3.86) OV were independent risk factors for LD occurrence OV changes with respect to both baseline and/or follow-up absence of OV were independent risk factors
for LD (baseline and/or follow-up small OV, HR 2.65; baseline and/or follow-up large OV, HR 4.90)

Noninvasive surrogates of PH like LSM values >25 kPa (HR 1.81), LSM values >25 kPa or LSM between 20-25 kPa and PLT <150x109/L or LSM values between 15-20 kPa and PLT <110x109/L (HR 4.43),
the ANTICIPATE NASH score (HR 1.67), and the 3P ML model (HR 1.86) also significantly predicted a higher risk of liver decompensation

Presence of diabetes and ≥5% increase in BMI were associated with worsening of OV status
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No OV
Small OV
Large OV

Varices

No OV
Small OV
Large OV

No OV
Small OV
Large OV

227 216 179 118 74 45

193 133 93 65 31 13

N° at risk

207 178 132 83 50 22
No OV 260 242 189 123 77 45
Small OV 184 158 124 78 47 23
Large OV 184 126 91 65 31 13

N° at risk

Highlights Impact and implications

� The presence, severity, and progression of oeso-

phageal varices stratify complication risk in pa-
tients with non-alcoholic fatty liver disease-related
compensated advanced chronic liver disease.

� Changes in oesophageal varices status during
follow-up improved the risk stratification of portal
hypertension-related complications.

� Non-invasive surrogates of portal hypertension also
significantly predicted a higher risk of liver
decompensation.
https://doi.org/10.1016/j.jhepr.2023.100809
Portal hypertension is the main driver of liver
decompensation in chronic liver diseases, and its non-
invasive markers can help risk prediction. The pres-
ence, severity, and progression of oesophageal varices
stratify the risk of complications of non-alcoholic fatty
liver disease. Easily obtainable laboratory values and
liver stiffness measurement can identify patients at
low risk for whom endoscopy may be withheld, and
can also stratify the risk of liver-related complications.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jhepr.2023.100809&domain=pdf
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Background & Aims: We aimed to evaluate the impact of oesophageal varices (OV) and their evolution on the risk of
complications of compensated advanced chronic liver disease (cACLD) caused by non-alcoholic fatty liver disease (NAFLD). We
also assessed the accuracy of non-invasive scores for predicting the development of complications and for identifying patients
at low risk of high-risk OV.
Methods: We performed a retrospective assessment of 629 patients with NAFLD-related cACLD who had baseline and follow-
up oesophagogastroduodenoscopy and clinical follow-up to record decompensation, portal vein thrombosis (PVT), and he-
patocellular carcinoma.
Results: Small and large OV were observed at baseline in 30 and 15.9% of patients, respectively. The 4-year incidence of OV
from absence at baseline, and that of progression from small to large OV were 16.3 and 22.4%, respectively. Diabetes and a >−5%
increase in BMI were associated with OV progression. Multivariate Cox regression revealed that small (hazard ratio [HR] 2.24,
95% CI 1.47–3.41) and large (HR 3.86, 95% CI 2.34–6.39) OV were independently associated with decompensation. When
considering OV status and trajectories, small (HR 2.65, 95% CI 1.39–5.05) and large (HR 4.90, 95% CI 2.49–9.63) OV at baseline
and/or follow-up were independently associated with decompensation compared with the absence of OV at baseline and/or
follow-up. The presence of either small (HR 2.8, 95% CI 1.16–6.74) or large (HR 5.29, 95% CI 1.96–14.2) OV was also inde-
pendently associated with incident PVT.
Conclusion: In NAFLD-related cACLD, the presence, severity, and evolution of OV stratify the risk of developing decom-
pensation and PVT.
Impact and implications: Portal hypertension is the main driver of liver decompensation in chronic liver diseases, and its
non-invasive markers can help risk prediction. The presence, severity, and progression of oesophageal varices stratify the risk
of complications of non-alcoholic fatty liver disease. Easily obtainable laboratory values and liver stiffness measurement can
identify patients at low risk for whom endoscopy may be withheld, and can also stratify the risk of liver-related complications.
© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Keywords: varices; NAFLD; cACLD; liver decompensation; Portal Vein Thrombosis; baveno; liver stiffness.
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is an increasingly
prevalent cause of compensated advanced chronic liver disease
(cACLD) and its complications such as liver decompensation and
hepatocellular carcinoma (HCC).1,2 Moreover, NAFLD also impacts
direct and indirect costs for national health systems, the costs
being higher for patients with liver-related complications.3

The development of portal hypertension (PH), and particu-
larly of clinically significant portal hypertension (CSPH), defined
as a hepatic venous pressure gradient >−10 mmHg, is a key event
to stratify disease severity and inform prognosis in patients with
cACLD,4 including those with non-alcoholic steatohepatitis
(NASH). The presence and grade of oesophageal varices (OV)
further stratify the risk of decompensation in patients with viral
or alcohol-related liver diseases.5,6 However, data regarding the
clinical impact and natural history of OV in patients with NAFLD-
related cirrhosis are limited.7,8

Simple clinical decision rules based on non-invasive methods
have recently reduced the need for invasive tests (i.e. hepatic
venous pressure gradient measurement and oesophagogas-
troduodenoscopy [OGD]) in the setting of cACLD.9 Specifically,
the Baveno VII consensus10 recommended using the combina-
tion of liver stiffness measurement (LSM) <−15 kPa and platelet
count (PLT) >−150 × 109/L for ruling out CSPH, and using LSM
>−25 kPa alone, the combination of LSM between 20 and 25 kPa
and PLT <150 × 109/L, or the combination of LSM between 15 and
20 kPa and PLT <110 × 109/L for ruling in CSPH, even though the
latter seems to be suboptimal in obese patients with NAFLD.
Moreover, in cACLD related to NASH, the ANTICIPATE NASH
model (based on the combination of LSM, PLT, and BMI) and the
machine learning three-parameter (3P ML) model (based on PLT,
bilirubin, and international normalised ratio) have been pro-
posed to predict CSPH but require further validation.11,12 Ac-
cording to the Baveno VII guidelines, non-invasive criteria (LSM
<20 kPa and PLT >150 × 109/L), already validated in the NAFLD
setting, might be used to forego screening by OGD in patients
with low likelihood of high-risk OV (<5%).10,13 The literature has
also proposed criteria based on easily accessible clinical data
such as PLT and albumin values, such as the Rete Sicilia Selezione
Terapia (RESIST) criteria, in settings where LSM is not available.14

In the present study, we aimed to evaluate the predictive
value of OV and their evolution on the risk of developing
decompensation, portal vein thrombosis (PVT), and HCC in pa-
tients with cACLD caused by NAFLD. We also assessed the natural
history and risk factors for OV progression/regression, and
prognostic accuracy of non-invasive scores for predicting the
development of complications and for identifying patients at low
risk of high-risk OV.

Patients and methods
Patient selection
Patients were sequentially recruited at multiple participating
centres from April 2001 to March 2021 at the first diagnosis of
NAFLD-related cACLD. Inclusion criteria were NAFLD-related
cACLD, presence of an OGD within 6 months of the diagnosis,
and availability of OGD and clinical follow-up findings. A total of
629 patients were enrolled. Data were retrospectively reviewed
and analysed.
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NAFLD cACLD was diagnosed by histopathologic findings of
F3–F4 fibrosis according to the Kleiner scoring system15 and/or
by LSM >12 kPa.16 LSM was obtained by the FibroScan® device
(Echosens, Paris, France) using an M and/or XL probe. If only one
LSM result was available, it was included in the main analysis
irrespective of probe type and BMI. When two LSM values were
available (one with each probe), the main analysis included the
M probe measurement for BMI <30 kg/m2 and the XL probe
result for BMI >−30 kg/m2.17 In patients without histologic ex-
aminations, the diagnosis of NAFLD required ultrasonographic
detection of steatosis plus at least one criterion of the metabolic
syndrome (obesity, diabetes, arterial hypertension, or dyslipi-
daemia). Other causes of liver disease were ruled out, including
alcohol intake >20 g/day during the previous year (evaluated by
patient interviews on the amount, frequency, and type, and
confirmed by at least one family member); viral (HBsAg, anti-
HCV, and anti-HIV negativity) and autoimmune hepatitis; he-
reditary haemochromatosis; and alpha1-antitrypsin deficiency.
Patients with baseline advanced (Child–Pugh B or C) cirrhosis,
HCC, liver transplantation, OV banding, PVT or splenic vein
thrombosis, or splenectomy were excluded. The study was con-
ducted in accordance with the principles of the Helsinki Decla-
ration, and with local and national laws. Approval was obtained
from the hospital internal review boards and their ethics com-
mittees. Informed consent was obtained from all participants.

Patient evaluation
Clinical and anthropometric data, including BMI, the presence of
arterial hypertension, and type 2 diabetes, and data regarding
intake of statins, low-dose aspirin, selective beta-blockers, non-
selective beta-blockers, and anticoagulants were collected both
at enrolment and at the OGD showing changes in OV status or at
the last OGD in cases without changes in OV status. On the same
day, a 12-h overnight fasting blood sample was drawn to
determine serum levels of aspartate aminotransferase, alanine
aminotransferase, PLT, albumin, total bilirubin, international
normalised ratio, total and HDL cholesterol, triglycerides, and
plasma glucose concentration.

Transient elastography was performed with the FibroScan®

medical device, using the M and/or XL probes within 6 months of
OGD. In each centre, LSM was assessed after a >−4-h fast by a
trained operator who had previously performed at least 300
examinations of patients with chronic liver disease. Only pa-
tients with 10 valid measurements and with reliable results ac-
cording to published criteria were enrolled.18

OGD was performed by experienced operators at each hospital,
regardless of the Baveno criteria to avoid endoscopy. At endoscopy,
high-risk OV that warrant primary prophylaxis to prevent bleeding
were defined by medium or large size or the presence of high-risk
stigmata (red wale marks and cherry red spots).10 In patients
without baselinehigh-riskOV, OGDwas repeated as recommended
by clinical guidelines. Patients with baseline high-risk OV or with
progression tomediumor largeOVwere treatedwithnon-selective
beta-blockers or underwent elastic banding, and no further OGD
followupwas performed. Prophylaxiswas not initiated for patients
with small (F1) varices without red wale marks.

Liver-related complications were recorded during the entire
follow-up period and were defined as the development of
decompensation (occurrence of ultrasonographically proven
2vol. 5 j 100809



ascites and/or variceal haemorrhage and/or encephalopathy and/
or jaundice), PVT, or HCC. In patients with ultrasonic findings
suggesting PVT, the diagnosis was confirmed by computed to-
mography or contrast-enhanced liver ultrasound. Surveillance
ultrasonography for HCC was conducted every 6 months in
accordance with international guidelines.19 Patients who devel-
oped hepatic complications during follow-up were evaluated for
available therapies and/or liver transplantation, as
appropriate.19,20
Statistical analysis
Continuous variables were summarised as means ± SD, and
categorical variables as frequencies and percentages. Univariate
and multivariate Cox models were used to assess risk factors for
decompensation, incident PVT, and HCC, as well as for OV
occurrence/progression and regression. Variables to be included
in the multivariate model were chosen based on clinical rele-
vance and on their significance in univariate analysis (p <0.10).
Variables in the final models with a p value of <0.05 were
considered statistically significant. Results were expressed as
adjusted hazard ratios (HRs) and their 95% CIs. In models
assessing the impact of follow-up changes in OV and in non-
invasive scores for PH in predicting decompensation, these var-
iables were considered as time-dependent covariates.

The Baveno VI (LSM <20 kPa and PLT >150 × 109/L), expanded
Baveno VI (LSM <25 kPa and PLT >110 × 109/L), and RESIST (al-
bumin >3.6 g/dl and PLT >120 × 109/L) criteria were evaluated.
Performance evaluations were made in terms of number and
percentage of spared endoscopies, number and percentage of
undetected OV, sensitivity, specificity, positive predictive value,
and negative predictive value. Bonferroni test adjustment was
used for multiple comparisons.

As the area under the receiving operating characteristic curve
focuses only on the predictive accuracy of a model, not consid-
ering cases in which a false-negative result is more harmful than
a false-positive result, we also performed a decision curve
analysis (DCA) for identifying the threshold probabilities for
which the use of non-invasive criteria translates into the
maximum net benefit of detecting high-risk OV.21–24

DCA-evaluated prediction models in comparison with default
strategies of performing OGD in all or no patients enabled an
assessment of overall yield of prediction rules. DCA estimates a
‘net benefit’ for each prediction rule, defined as follows:

Net benefit = sensitivity × prevalence - (1 - specificity) × (1 -
prevalence) × w

where w is the odds of correct diagnosis (high-risk OV in this
case) across different threshold probabilities. In this setting, net
benefit represents a composite of the benefit gained by per-
forming OGD for proven high-risk OV in patients classified as
high risk according to non-invasive scores (true positive) and
risk/discomfort incurred owing to OGD in those without high-
risk OV but who were classified as high risk according to non-
invasive scores (false positive). Threshold probability repre-
sents a theoretical risk level where the expected benefit of
treatment is equal to the expected benefit of withholding
treatment (e.g. the benefit of OGD equals the risk of not per-
forming them). Thus, net benefit is assessed across a range of
threshold probabilities to identify the best diagnostic strategy for
different risk scenarios.

All data were analysed using RStudio (RStudio Inc., Boston,
MA, USA). DCA was implemented in R using code derived from
JHEP Reports 2023
Zhang et al.25 In addition to the base packages in R, tidy verse,
survival, survminer, boot, reshape2, and readxl packages were
used.
Results
Patient characteristics
Baseline characteristics (overall and stratified for presence/absence
of high-risk OV) are shown inTable 1. Themean agewas 63.7 years,
and 59.6% of patients were male. Sixty percent of patients were
obese, and the prevalence of diabetes and arterial hypertension
were 68.8 and 69.2%, respectively. The mean serum PLT and al-
bumin values were 149.1 × 109/L and 3.9 g/dl, respectively.

OV were present in 45.9% of cases, and high-risk OV in 15.9%.
The composite of PLT >−150 × 109/L mmc and LSM <−15 kPa was
observed in 15.3% of patients, supporting the absence of CSPH,10

whereas 42.1% of patients had LSM >−25 kPa diagnostic of CSPH.10

Moreover, 70.2% of patients had LSM >25 kPa, LSM between 20
and 25 kPa plus PLT <150 × 109/L, or LSM between 15 and 20 kPa
plus PLT <110 × 109/L, suggestive of being at risk for CSPH.10

Diagnostic accuracy of the Baveno VI, expanded Baveno VI,
and RESIST criteria for high-risk OV
The main analysis was conducted to maximise data for each non-
invasive criterion. A separate analysis was conducted in the
subgroup of patients in whom all three criteria (Baveno VI,
expanded Baveno VI, and RESIST) were available for each
participant.

In the entire cohort, 23.1% of patients met the Baveno VI
criteria to rule out high-risk OV, of whom 18% had any grade OV
and 3.7% had high-risk OV at baseline (Table S1 and Fig. S1). A
total of 43.8% of patients met the expanded Baveno VI criteria, of
whom 20.3% had any grade OV and 7.1% had high-risk OV
(Table S1 and Fig. S1). Finally, 50.1% of patients met the RESIST
criteria, of whom 25.7% had any grade OV and 5% had high-risk
OV (Table S1 and Fig. S1). Consistently, negative predictive
values for the presence of needing treatment were 96.2, 92.8,
and 94.9% for the Baveno VI, expanded Baveno VI, and RESIST
criteria, respectively (Table S1). When looking at the group of
patients in whom all the three non-invasive criteria were
concomitantly available, similar results were observed (Table S1).

The net benefits of the Baveno VI, expanded Baveno VI, and
RESIST criteria for ruling out high-risk OV are displayed in Fig. 1,
showing the number of OGD avoided per 100 patients through a
range of different threshold probabilities of missing high-risk OV.
At the risk threshold of 5%, the net benefit was modest but
highest for the Baveno VI criteria. At the risk thresholds higher
than 10%, and 15% and higher, the RESIST criteria outperformed
both the Baveno VI and expanded Baveno VI criteria.

OV progression/regression in NAFLD cACLD
Fig. 2 depicts the crude rate of OV progression in patients
without or with baseline small OV and the crude rate of OV
regression in patients with baseline small OV.

Occurrence of OV in patients without baseline OV
The actuarial rate of OV development in patients without base-
line OV was 16.3% at 4 years (Fig. 3A). Baseline diabetes was the
only variable that predicted OV development (HR 1.75, 95% CI
1.09–2.81, p = 0.01) (Fig. S2A). No association was found between
non-selective beta-blocker intake and OV development (p = 0.46)
(Fig. S2B).
3vol. 5 j 100809



Table 1. Baseline demographic, metabolic, laboratory, and instrumental features of patients with NAFLD-related cACLD.

NAFLD cACLD entire
cohort (N = 629)

NAFLD cACLD without
high-risk OV (n = 529)

NAFLD cACLD with
high-risk OV (n = 100)

p value

Mean age (years) 63.7 ± 9.1 63.5 ± 9.3 64.5 ± 8.2 0.30
Male sex 59.6% 57.8% 69% 0.03
Mean BMI (kg/m2) 31.4 ± 5.5 31.5 ± 5.6 30.6 ± 4.7 0.12
Obesity 59.8% 60% 58.6% 0.79
AST (IU/L) 48.1 ± 25.9 48.1 ± 26.3 48.1 ± 23.9 0.98
ALT (IU/L) 48.7 ± 32.0 49.7 ± 33.2 43.3 ± 23.8 0.07
PLT ( × 109/L) 149.1 ± 72.8 155.0 ± 71.3 117.8 ± 72.8 <0.001
PLT <110 × 109/L 33.8% 29.3% 57.6% <0.001
PLT <120 × 109/L 40.4% 35.4% 66.6% <0.001
PLT <150 × 109/L 58.5% 54.3% 80.8% <0.001
Albumin (g/L) 3.9 ± 0.4 4.0 ± 0.4 3.7 ± 0.5 <0.001
Albumin <3.6 g/L 19% 15.1% 40.2% <0.001
Blood glucose (mg/dl) 129.8 ± 48.5 127.9 ± 46.0 139.8 ± 59.5 0.03
Total cholesterol (mg/dl) 168.9 ± 47.4 169.4 ± 48.1 166.4 ± 43.0 0.59
Triglycerides (mg/dl) 133.8± 80.7 136.3± 81.4 119.7± 75.1 0.10
Type 2 diabetes 68.8% 67.7% 75% 0.14
Arterial hypertension 69.2% 69.4% 68% 0.78
LSM (kPa) 25.9 ± 15.4 24.6 ± 14.1 32.6 ± 19.4 <0.001
LSM >20 kPa 57% 54.5% 69.4% 0.007
LSM >−25 kPa 42.1% 38.6% 60% <0.001
LSM <−15 kPa plus PLT >−150 × 109/L 15.3% 17.4% 4.2% 0.001
LSM >25 kPa, LSM between 20 and 25 kPa plus
PLT <150 × 109/L, or LSM between 15 and 20 kPa
plus PLT <110 × 109/L

70.2% 65.9% 91.6% <0.001

Baseline or follow-up anticoagulation therapy 8.5% 6.5% 19.7% <0.001
Baseline or follow-up statin therapy 32.2% 37.4% 35% 0.81
Baseline or follow-up non-selective beta-blocker
therapy

31% 21.1% 85.3% <0.001

Baseline or follow-up selective beta-blocker
therapy

22.5% 24.8% 9.7% 0.003

Baseline or follow-up aspirin therapy 27.4% 28.3% 21.9% 0.46
OV

Presence 45.9%
High-risk OV 15.9%

Mean follow-up 75.6 ± 41.5 78.2 ± 41.1 61.6 ± 41.0 <0.001

Differences between continuous data were assessed using the Student t test or Mann–Whitney U test. Differences between categorical variables were assessed using the v2

test.
Level of significance p <0.05.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; cACLD, compensated advanced chronic liver disease; LSM, liver stiffness measurement; NAFLD, non-alcoholic
fatty liver disease; OV, oesophageal varices; PLT, platelet count.
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Progression of OV in patients with baseline small OV
The actuarial rate of OV progression in patients with baseline
small OV was 22.4% at 4 years (Fig. 3B). Notably, 15% of patients
experienced OV progression compared with those (13.9%) who
have not used non-selective beta-blocker prophylaxis before the
follow-up OGD. The progressive increasing of BMI (5, 7, and 10%),
compared with baseline, predicted OV progression (delta BMI
>5%, HR 2.28, 95% CI 1.19–4.36, p = 0.01; delta BMI >7%, HR 2.21,
95% CI 1.02–4.77, p = 0.04; delta BMI >10% HR 3.53, 95% CI
1.37–9.07, p = 0.008) (Fig. S3A–C). No other variables, including
non-selective beta-blocker intake, predicted OV progression (p =
0.50) (Fig. S3D).

Regression of OV in patients with baseline small OV
The actuarial rate of OV regression in patients with baseline
small OV was 8% at 4 years (Fig. 3C). No factors predicted OV
regression, including lower rates of BMI increase (BMI increase of
5%, p = 0.18), and non-selective beta-blocker intake (p = 0.72).

OV impact the risk of liver-related complications in NAFLD
cACLD
During a mean follow-up of 75.6 months, 180 patients experi-
enced decompensation, 103 developed HCC, and 44 developed
PVT.
JHEP Reports 2023
Liver decompensation
Fig. 2 shows the crude rate of decompensation at the end of
follow-up according to OV status. Consistently, the Kaplan–Meier
curve (Fig. 4A) showed that the actuarial rate of incident
decompensationwas lowest in patients without OV (1.8% at 1 year,
5.2% at 3 years, and 9.3% at 5 years), intermediate in those with
small OV (4.3% at 1 year, 18.5% at 3 years, and 29.1% at 5 years), and
highest in those with large OV (23.3% at 1 year, 46.4% at 3 years,
and 50.7% at 5 years). Similarly, Fig. S4 depicts that the risk of
decompensation was significantly higher in patients with LSM
>−25 kPa (considered as a non-invasive rule-in of CSPH) compared
with their counterparts, significantly higher in patients with a 3P
ML model >0.663 compared with their counterparts, and signifi-
cantly lower in patients with LSM <−15 kPa plus PLT >−150 × 109/L
(considered as non-invasive rule-out of CSPH) compared with
their counterparts. Congruently, patients at higher risk of CSPH
because of LSM values >25 kPa, between 20 and 25 kPa and PLT
<150 × 109/L, or between 15 and 20 kPa and PLT <110 × 109/L had a
significantly higher risk of decompensation (Fig. S4). Finally, LSM
alone (HR 1.03, 95% CI 1.02–1.04, p <0.001), the ANTICIPATE NASH
score (HR 1.81, 95% CI 1.62–2.02, p <0.001), and the 3P ML model
(HR 2.10, 95% CI 1.79–2.46, p <0.001) also significantly predicted a
higher risk of decompensation. The univariate Cox regression
models showed a significantly higher diagnostic accuracy for the
4vol. 5 j 100809
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prediction of decompensation by OV status, ANTICIPATE NASH
score, and 3P ML model compared with all the other non-invasive
scores (Table S2, top).

Multivariate Cox regression disclosed that the presence of
small (HR 2.24, 95% CI 1.47–3.41, p <0.001) and large (HR 3.86,
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95% CI 2.34–6.39, p <0.001) OV, PLT <150 × 109/L (HR 3.41, 95% CI
2.11–5.52, p <0.001), age >65 years (HR 1.50, 95% CI 1.07–2.11, p =
0.01), albumin <3.6 g/L (HR 2.71, 95% CI 1.89–3.88, p <0.001), and
therapy with non-selective beta-blockers (HR 1.56, 95% CI
1.04–2.35, p = 0.03) were independent risk factors for incident
 patients with
-related cACLD
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Research article
decompensation, whereas female sex (HR 0.48, 95% CI 0.33–0.70,
p <0.001) had a protective role (Table 2). Replacement of OV with
non-invasive markers of PH into the model confirmed the latter
as independent predictors (HR 1.81, 95% CI 1.24–2.65, p = 0.002
for LSM >−25 kPa; HR 4.43, 95% CI 2.12–9.27, p <0.001 for LSM
values >25 kPa, LSM values between 20 and 25 kPa and PLT <150
× 109/L, or LSM values between 15 and 20 kPa and PLT <110 × 109/
L; HR 1.67, 95% CI 1.47–1.90, p <0.001 for ANTICIPATE NASH
score; HR 1.86, 95% CI 1.53–2.27, p <0.001 for 3P ML model)
except for LSM <−15 kPa plus PLT >−150 × 109/L (HR 0.56, 95% CI
0.29–1.07, p = 0.08). The generated Cox regression models
showed a similar good diagnostic accuracy for the prediction of
decompensation (Table S2, bottom).

Subgroup analyses performed in patients stratified according
to non-invasive markers of PH confirmed the independent as-
sociation of OV with incident decompensation in almost all
subgroups (Table S3).

The availability of data about OV progression/regression
during follow-up allowed us to assess the impact of their
changes during follow-up on the risk of decompensation, and we
considered OV changes that occurred before liver decompensa-
tion. Fig. 5A and Table S4 depict the actuarial risk of decom-
pensation stratified according to OV status during follow-up.
Specifically, we further considered three different classes: (1)
patients without baseline and/or follow-up OV; (2) patients with
JHEP Reports 2023
baseline and/or follow-up small OV; and (3) patients with
baseline and/or follow-up large OV. We also assessed the actu-
arial risk of decompensation stratified by changes in the status
from baseline to follow-up of non-invasive markers of PH
(Fig. 5B–D and Table S4). The generated univariate Cox regres-
sion models showed higher diagnostic accuracy for the predic-
tion of decompensation by OV status with respect to non-
invasive markers of PH (Table S5, top).

At multivariate Cox regression analysis, OV changes with
respect to baseline and/or follow-up absence of OV were
confirmed as independent risk factors for decompensation
(baseline and/or follow-up small OV, HR 2.65, 95% CI 1.39–5.05,
p = 0.002; baseline and/or follow-up large OV, HR 4.90, 95% CI
2.49–9.63, p <0.001) (Table 3). Replacing OV changes with vari-
ations in the status of non-invasive markers of PH into the model
confirmed the latter as independent predictors of decompensa-
tion (Table 3). The generated Cox regression models showed a
similar good diagnostic accuracy for the prediction of decom-
pensation (Table S5, bottom).

Portal vein thrombosis
Fig. 2 shows the crude rate of PVT at the end of follow-up ac-
cording to OV status. Consistently, the Kaplan–Meier curve
(Fig. 4B) showed that the actuarial rate of PVT incidence was
lowest in patients without OV (0% at 1 year, 0.3% at 3 years, and
6vol. 5 j 100809
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0.7% at 5 years), intermediate in those with small OV (0.5% at 1
year, 2.9% at 3 years, and 6.5% at 5 years), and highest in those
with large OV (3.1% at 1 year, 7.6% at 3 years, and 22.7% at 5
years).

Multivariate Cox regression disclosed that the presence of
small OV (HR 2.80, 95% CI 1.16–6.474, p = 0.02) and large OV (HR
5.29, 95% CI 1.96–14.2, p = 0.001), and PLT <150 × 109/L (HR 4.48,
JHEP Reports 2023
95% CI 1.56–12.8, p = 0.005) were independent risk factors for
incident PVT, whereas female sex (HR 0.42, 95% CI 0.20–0.87, p =
0.02) was protective (Table 2). Replacement of OV with non-
invasive markers of PH into the model disclosed that only the
ANTICIPATE NASH score (HR 1.39, 95% CI 1.06–1.81, p = 0.01) and
the 3P ML model (HR 2.35, 95% CI 1.54–3.58, p <0.001) were
independently associated with incident PVT.
7vol. 5 j 100809



Table 2. Multivariate analysis of factors associated with liver decompensation (upper), HCC (middle), and portal thrombosis (bottom) in the entire cohort of patients with NAFLD-related cACLD.

Variable Hazard ratio (95% CI), p value

Liver decompensation

Female sex 0.48 (0.33–0.70), <0.001 0.45 (0.30–0.68), <0.001 0.41 (0.27–0.61), <0.001 0.44 (0.29–0.67), <0.001 0.46 (0.31–0.68), <0.001 0.50 (0.34–0.73), <0.001
Age >−65 years 1.50 (1.07–2.11), 0.01 1.28 (0.89–1.85), 0.18 1.27 (0.89–1.82), 0.18 1.29 (0.90–1.86), 0.16 1.21 (0.84–1.75), 0.30 0.73 (0.52–1.03), 0.09
BMI >−30 kg/m2 0.90 (0.65–1.27), 0.55 0.77 (0.54–1.11), 0.16 0.76 (0.53–1.08), 0.12 0.72 (0.50–1.03), 0.07 — 1.15 (0.82–1.60), 0.42
Small OV vs. no OV 2.24 (1.47–3.41), <0.001 — — — —

Large OV vs. no OV 3.86 (2.34–6.39), <0.001 — — — —

LSM >−25 kPa 1.81 (1.24–2.65), 0.002
LSM <−15 kPa
plus PLT >−150 × 109/L

0.56 (0.29–1.07), 0.08

LSM >25 kPa, LSM
between 20 and
25 kPa plus PLT
<150 × 109/L, or LSM
between 15 and
20 kPa plus PLT <110
× 109/L

4.43 (2.12–9.27), <0.001

ARNTICIPATE NASH
score

1.67 (1.47–1.90), <0.001

3P ML model 1.86 (1.53–2.27), <0.001
PLT <150 × 109/L 3.41 (2.11–5.52) <0.001 3.47 (2.08–5.79), <0.001 — — — —

Albumin <3.6 g/dl 2.71 (1.89–3.88) <0.001 2.67 (1.82–3.92), <0.001 2.88 (1.98–4.18), <0.001 2.89 (1.98–4.42), <0.001 2.40 (1.62–3.56), <0.001 2.69 (1.86–3.89), <0.001
Statin therapy 0.76 (0.53–1.10), 0.14 0.63 (0.42–0.95), 0.02 0.81 (0.56–1.17), 0.25 0.61 (0.41–0.91), 0.01 0.69 (0.46–1.03), 0.07 0.80 (0.56–1.15), 0.23
Non-selective
beta-blocker therapy

1.56 (1.04–2.35), 0.03 2.67 (1.84–3.89), <0.001 3.09 (2.15–4.43), <0.001 2.81 (1.93–4.08), <0.001 2.55 (1.75–3.72), <0.001 2.54 (1.79–3.60), <0.001

HCC
Female Sex 0.27 (0.15–0.49), <0.001 0.21 (0.11–0.42), <0.001 0.28 (0.15–0.52), <0.001 0.21 (0.10–0.42), <0.001 0.20 (0.10–0.40), <0.001 0.27 (0.15–0.49), <0.001
Age >−65 years 1.75 (1.08–2.84), 0.02 1.77 (1.04–2.99), 0.03 1.79 (1.07–3.00), 0.02 1.68 (1.0–2.84), 0.04 1.93 (1.16–3.22), 0.001 0.57 (0.35–1.42), 0.35
BMI >−30 kg/m2 0.75 (0.47–1.21), 0.23 0.62 (0.36–1.04), 0.07 0.74 (0.45–1.23), 0.24 0.58 (0.34–1.01), 0.08 — 1.35 (0.84–2.17), 0.21
Small OV vs. no OV 1.21 (0.70–2.07), 0.49 — — — —

Large OV vs. no OV 1.17 (0.58–2.37), 0.66 — — — —

LSM >−25 kPa 1.05 (0.62–1.78), 0.86 — —

LSM <−15 kPa plus
PLT >−150 × 109/L

0.65 (0.28–1.55), 0.33 — —

LSM >25 kPa, LSM
between 20 and
25 kPa plus PLT
<150 × 109/L, or LSM
between 15 and
20 kPa plus PLT <110
× 109/L

1.87 (0.89–3.95), 0.09 —

ANTICIPATE NASH
score

— 1.15 (0.98–1.34), 0.09

3P ML model 1.32 (1.01–1.73), 0.03
PLT <150 × 109/L 2.18 (1.21–3.92), 0.009 1.98 (1.06–3.69), 0.03 — — — —

Albumin <3.6 g/dl 1.67 (0.98–2.85), 0.06 2.28 (1.29–4.02), 0.004 1.60 (0.91–2.84), 0.10 2.26 (1.30–3.92), 0.003 2.10 (1.19–3.71), 0.01 2.36 (1.36–4.07), 0.002
Statin therapy 0.67 (0.40–1.13), 0.13 0.69 (0.40–1.21), 0.19 0.69 (0.40–1.18), 0.17 0.69 (0.40–1.20), 0.19 0.76 (0.44–1.32), 0.33 0.73 (0.43–1.22), 0.22
Non-selective
beta-blocker therapy

1.67 (0.97–2.88), 0.07 1.74 (1.02–2.99), 0.03 1.88 (1.05–3.35), 0.03 1.77 (1.03–3.05), 0.03 1.76 (1.03–3.00), 0.03 1.74 (1.06–2.85), 0.02

PVT
Female sex 0.42 (0.20–0.87), 0.02 0.20 (0.07–0.56), 0.002 0.51 (0.24–1.09), 0.08 0.21 (0.07–0.57), 0.002 0.21 (0.08–0.56), 0.002 0.48 (0.23–1.00), 0.05
Age >−65 years 1.24 (0.64–2.42), 0.52 1.13 (0.52–2.44), 0.75 1.47 (0.71–3.01), 0.29 1.03 (0.49–2.20), 0.92 1.18 (0.56–2.48), 0.66 0.93 (0.48–1.79), 0.82
BMI >−30 kg/m2 1.04 (0.54–1.99), 0.90 0.73 (0.35–1.53), 0.40 1.13 (0.56–2.31), 0.72 0.60 (0.29–1.25), 0.17 — 0.93 (0.49–1.76), 0.81

(continued on next page)
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Hepatocellular carcinoma
Fig. 1 shows the crude rate of HCC at the end of follow-up ac-
cording to OV status. Consistent with the crude rate, the Kaplan–
Meier curve (Fig. 4C) showed that the actuarial rate of HCC
incidence was lowest in patients without OV (0.9% at 1 year, 6.4%
at 3 years, and 10% at 5 years), intermediate in those with small
OV (2.1% at 1 year, 8.1% at 3 years, and 13.4% at 5 years), and
highest in those with large OV (3% at 1 year, 9.5% at 3 years, and
21.7% at 5 years).

Multivariate Cox regression revealed that neither small (HR
1.21, 95% CI 0.70–2.07, p = 0.49) nor large (HR 1.17, 95% CI
0.58–2.37, p = 0.66) OV were associated with incident HCC,
whereas age >65 years (HR 1.75, 95% CI 1.08–2.84, p = 0.02) and
PLT<150 × 109/L (HR 2.18, 95% CI 1.21–3.92, p = 0.009) were in-
dependent risk factors. Female sex had a protective effect (HR
0.27, 95% CI 0.15–0.49, p <0.001) (Table 2). Replacing OV with
non-invasive markers of PH into the model revealed that only
the 3P ML model (HR 1.32, 95% CI 1.01–1.73, p = 0.03) was
independently associated with incident HCC (Table 2).
Discussion
In this large retrospective multicentre cohort study of patients
with NAFLD-related cACLD, we found that the presence and size
of OV, as signs of CSPH, independently predicted the risk of
developing decompensation and PVT. We also showed that
changes of OV status during follow-up, primarily related to
metabolic risk factors such as adiposity and diabetes, improved
the risk stratification of PH-related complications.

PH significantly affects the natural history of cACLD,4,5 but the
measurement of the hepatic venous pressure gradient is not
often used in clinical practice because of its limited availability,
costs, and invasiveness. Consequently, surrogate markers of
CSPH such as OV are expected to facilitate the risk stratification
of liver-related complications in patients with cACLD, including
those with NAFLD.

In the present study, we found that among patients with
NAFLD with cACLD, the 5-year risk of developing decompensa-
tion increased from 9% in patients without OV to 29% in those
with small and further to 50% in those with large baseline OV.
Notably, after adjusting for well-known clinical risk factors, we
confirmed that the baseline presence of small and large OV,
observed in 30 and 15.9% of patients, respectively, increased the
risk of decompensation by twofold and nearly fourfold, respec-
tively. Our data confirm what is already described in patients
with cirrhosis caused by mixed aetiologies or HCV infection.5,6

Moreover, a limited number of smaller studies have also iden-
tified the presence of OV as an independent risk factor for
decompensation in patients with NAFLD cirrhosis.7,8 However,
these studies did not discriminate between small and large OV,
limiting the clinical translatability of their results.

We also investigated the impact of time-dependent OV evo-
lution on the risk of developing decompensation. To our
knowledge, we report the first demonstration that, after
adjusting for confounders, the risk of decompensation was 2.5-
and 5-fold higher in patients with small and large baseline and/
or follow-up large OV, respectively, compared with those
without baseline and/or follow-up OV. Overall, we showed that
in the setting of NAFLD cACLD, OV assessment, as a surrogate
marker of CSPH, can stratify the risk of decompensation.

We observed that all of the Baveno VII non-invasive markers of
PH considered separately, the ANTICIPATE NASH score, and the
9vol. 5 j 100809
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Fig. 5. Actuarial rates of liver decompensation according to follow-up changes in OV and in noninvasive markers of portal hypertension. (A) follow-up
changes in OV; (B) LSM >−25 kPa; (C) LSM <−15 kPa plus PLT >−150 × 109/L; and (D) LSM >25 kPa, LSM between 20 and 25 kPa and PLT <150 × 109/L, or LSM be-
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nificance p <0.05. CSPH, clinically significant portal hypertension; LSM, liver stiffness measurement; OV, oesophageal varices; PLT, platelet count.
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Table 3. Multivariate analysis of factors associated with liver decompensation by considering changes during follow-up of OV status or of non-invasive
markers of portal hypertension in patients with NAFLD-related cACLD.

Variable Hazard ratio 95% CI p value

Model 1
Female sex 0.49 (0.33–0.72) <0.001
Age >−65 years 1.59 (1.11–2.28) 0.01
BMI >−30 kg/m2 0.72 (0.51–1.03) 0.07
Baseline and/or follow-up small OV vs. baseline and/or follow-up no OV 2.65 (1.39–5.05) 0.002
Baseline and/or follow-up large OV vs. baseline and/or follow-up no OV 4.90 (2.49–9.63) <0.001
PLT <150 × 109/L 3.06 (1.86–5.03) <0.001
Albumin <3.6 g/dl 2.52 (1.76–3.61) <0.001
Statin therapy 0.68 (0.47–0.99) 0.04
Non-selective beta-blocker therapy 1.4 (0.96–2.05) 0.08
Model 2
Female sex 0.49 (0.33–0.73) <0.001
Age >−65 years 1.42 (0.98–2.05) 0.06
BMI >−30 kg/m2 0.76 (0.49–1.18) 0.22
Baseline and/or follow-up LSM >−25 kPa vs. baseline and/or follow-up LSM <25 kPa 2.35 (1.59–3.47) <0.001
PLT <150 × 109/L 3.48 (2.07–5.85) <0.001
Albumin <3.6 g/dl 2.49 (1.73–3.59) <0.001
Statin therapy 0.61 (0.41–0.89) 0.01
Non-selective beta-blocker therapy 2.31 (1.56–3.42) <0.001
Model 3
Female sex 0.43 (0.28–0.67) <0.001
Age >−65 years 1.46 (0.98–2.17) 0.06
BMI >−30 kg/m2 0.70 (0.48–1.03) 0.07
Baseline and/or follow-up LSM >15 kPa and/or PLT <150 × 109/L vs. baseline and follow-
up LSM <−15 kPa plus PLT >−150 × 109/L

0.50 (0.29–0.89) 0.01

Albumin <3.6 g/dl 2.60 (1.78–3.80) <0.001
Statin therapy 0.80 (0.55–1.17) 0.24
Non-selective beta-blocker therapy 2.78 (1.92–4.03) <0.001
Model 4
Female sex 0.44 (0.29–0.66) <0.001
Age >−65 years 1.32 (0.92–1.90) 0.13
BMI >−30 kg/m2 0.71 (0.46–1.10) 0.12
Baseline and/or follow-up LSM >25 kPa, LSM between 20 and 25 kPa plus PLT <150
× 109/L, or LSM between 15 and 20 kPa plus PLT <110 × 109/L vs. baseline and/or follow-
up LSM between 20 and 25 kPa plus PLT >150 × 109/L, LSM between 15 and 20 kPa plus
PLT >110 × 109/L, or LSM <15 kPa

6.92 (2.99–16.01) <0.0001

Albumin <3.6 g/dl 2.86 (2.01–4.05) <0.001
Statin therapy 0.66 (0.46–0.96) 0.02
Non-selective beta-blocker therapy 2.52 (1.75–3.63) <0.001

Multivariate Cox models were used to assess risk factors for decompensation.
Level of significance p <0.05.
cACLD, compensated advanced chronic liver disease; LSM, liver stiffness measurement; NAFLD, non-alcoholic fatty liver disease; OV, oesophageal varices; PLT, platelet count.
new proposed 3P ML model12 can identify patients at higher or
lower risk of decompensation. Moreover, when assessing time-
dependent changes of these variables, baseline and/or follow-up
presence of non-invasive markers of PH identified patients at
higher risk of developing decompensation. Our data raise the
question of whether non-invasive tools can replace the invasive
evaluation of OV to predict decompensation. Our findings suggest
that OV assessment and the use of the ANTICIPATE NASH score or
the 3P ML model are more accurate in the prediction of decom-
pensation than are other non-invasive clinical prediction rules
proposed by the Baveno VII consensus to rule in and rule out
CSPH. We also demonstrated that the presence and severity of OV
accurately stratified the risk of decompensation in the subgroup of
patients stratified at high or low risk of PH by non-invasive scores.
All in all, these data, while demonstrating the clinical utility of OV
evaluation, suggest that the use of non-invasive scores and
comprehensive clinical and biochemical evaluation can be
acceptable, especially in low-resource settings, and that the
ANTICIPATE NASH score and the 3P ML model showed higher
accuracy. Moreover, the clinical relevance of our data needs to be
confirmed prospectively in patients with cACLD and suspected
JHEP Reports 2023
CSPH taking non-selective beta-blockers to reduce the risk of
decompensation as recommended by the Baveno VII consensus.10

We also confirmed male sex, older age, and lower PLT and
albumin levels as further risk factors for decompensation.
Treatment with non-selective beta-blockers was also associated
with a higher risk of decompensation, even when this associa-
tion was lost when included into the model changes in OV status.
In our setting, treatment with non-selective beta-blockers ap-
pears as a marker of more severe disease, that is, large OV, or the
development of large OV. Further ad hoc studies are needed to
explore in real life the protective effects of this class of drugs
against decompensation as suggested by the PREDESCI trial in
patients with CSPH and no or small OV.26

Non-neoplastic PVT is another complication of cACLD and is
primarily related to PH. To our knowledge, our study is the first
reported demonstration that in the setting of NAFLD cACLD, the
presence and severity of OV accurately stratify the risk of PVT.
The 5-year risk was negligible in patients without OV (0.7%), low
in those with small OV (6.5%), and high in those with large OV
(22.7%). Notably, after adjusting for confounders, the presence of
small and large OV increased the risk of PVT threefold and
11vol. 5 j 100809
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fivefold, respectively. A prior study of over 1,000 patients with
cirrhosis identified OV as a risk factor for PVT but was focused on
patients with cirrhosis of aetiologies other than NAFLD and did
not discriminate between small and large OV.27 Our study also
showed that the ANTICIPATE NASH score and the 3P ML model
that use non-invasive markers of PH independently predicted
incident PVT. All in all, these results suggest that PVT is directly
related to the severity of PH.

Another relevant issue from our study lies in the description
of the natural history and risk factors of OV evolution. Our
observed 4-year incidence rates of OV in patients without
baseline OV of 16.3% and of OV progression in patients with small
OV at baseline of 22.4% are congruent with those of patients with
cirrhosis of other aetiologies, even though studies on patients
with HCV or alcohol-related cirrhosis reported higher rates of OV
occurrence.28–32 Notably, our identification of baseline diabetes
and BMI increases of at least 5% as the main risk factors of OV
development/progression highlight the clinical relevance of
metabolic risk factors as drivers of PH-related complications in
patients with NAFLD cACLD,33,34 and open new opportunities
regarding the potential benefit of drugs to control diabetes and
reduce body weight reduction in the management of PH. We also
observed that 8% of patients with small OV at baseline experi-
enced OV regression at 4-year follow-up, although no significant
predictors were identified. Larger studies that also evaluate the
potential regression of large OV are needed to elucidate this
topic. Such studies could evaluate the rate and risk factors for the
regression of PH and its clinical surrogates such as OV.

Finally, our evaluation of the non-invasive identification of
patients at low risk of high-risk OV not requiring OGD screening
confirmed the superiority of the Baveno VI criteria to the
expanded Baveno criteria in terms of missing high-risk OV,
although at the cost of a lower proportion of spared OGD.13 We
also showed that the RESIST criteria can yield an acceptable ac-
curacy in settings with limited access to LSM. In our DCA, the
Baveno VI criteria showed a modest but higher net benefit than
other scores for ruling out high-risk OV at a threshold probability
of 5% of missing high-risk OV. In comparison, RESIST
JHEP Reports 2023
outperformed both the Baveno VI and expanded Baveno VI
criteria at threshold probabilities of 10 and 15%. However, all
scores missed small OV at threshold probabilities from 18 to 25%.
This issue is clinically relevant because we clearly associated
small OV with a higher risk of PH-related complications.

This study has several limitations that should be mentioned.
The first is its retrospective design. Inclusion criteria that
required a baseline OGD may have introduced a selection bias.
We could not exclude surreptitious alcohol use during follow-up
that could have affected OV progression. Although OV size was
determined by several endoscopists, we did not test interob-
server agreement. In addition, the lack of data regarding gastric
varices and portal hypertensive gastropathy may affect the
interpretation of our findings. Secondly, interobserver concor-
dance of LSM examinations was not assessed, which may
potentially limit the strength of our results. However, all tests
were performed by expert operators following the same protocol
and fulfilling validity criteria. Moreover, other studies assessing
NAFLD by using FibroScan® evaluated multicentre cohorts tested
by multiple operators.35,36 Finally, many studies have reported
good interobserver concordance for LSM.37,38 The maximum 6-
month interval between LSM and OGD could further bias our
results. An additional methodological issue is the potentially
limited external validity of the results for different populations
and settings. We evaluated a cohort of patients with NAFLD-
related compensated cirrhosis who were often obese and were
referred to tertiary centres for liver disease and underwent OGD
regardless of Baveno VI screening recommendations, limiting the
applicability of the results in different populations, and espe-
cially in lean and Asiatic populations that were largely under-
represented in this study. Finally, the lack of a competing risk
analysis considering mortality and liver transplantation may
affect the overall interpretation of our results.

In conclusion, we demonstrated the clinical impact of OV
presence, severity, and evolution on the risks of decompensation
and PVT in patients with cACLD caused by NAFLD and also
revealed the role of metabolic risk factors as drivers of OV
occurrence and progression.
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