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Conclusions

• Low-grade  inflammation  and  bacterial  products  in  the  systemic
circulation  are  features  of  compensated  cirrhosis  once  clinically
significant portal hypertension develops

• Worsening   of   systemic   inflammation   precedes   first   clinical
decompensation

p <0.05 CSPH without vs. with eventual decompensation. ; † p <0.05 CSPH 1-year/2-year vs. baseline;
‡ p <0.01 CSPH vs.  subclinical  PH/controls
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Highlights Impact and implications
� Systemic inflammation drives cirrhosis progression during
decompensation, but its role in the compensated stage
is unclear.

� Low-grade inflammation and bacterial products are present
in the systemic circulation in compensated cirrhosis
with CSPH.

� Worsening of systemic inflammation precedes the devel-
opment of first clinical decompensation.
https://doi.org/10.1016/j.jhepr.2024.101231
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Systemic inflammation drives cirrhosis progression during the
decompensated stage, but its role in the compensated stage is
unclear. We evaluated biomarkers of systemic inflammation,
intestinal barrier integrity and bacterial translocation in patients
with compensated cirrhosis and their dynamics in relation to
the first decompensation. We demonstrate that low-grade
inflammation and bacterial products are present in the sys-
temic circulation in compensated cirrhosis, provided clinically
significant portal hypertension has developed. We also show
that worsening of systemic inflammation precedes the devel-
opment of first clinical decompensation.
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Short communication
Progressive systemic inflammation precedes
decompensation in compensated cirrhosis

Rubén Sánchez-Aldehuelo1,2, Càndid Villanueva2,3, Joan Genescà2,4, Juan Carlos García-Pagán2,5, Elisa Castillo1,2, José Luis Calleja2,6,
Carles Aracil7, Rafael Bañares2,8, Luis Téllez1,2, Lorena Paule1,2, Rosa María Morillas2,9, María Poca2,3, Beatriz Peñas1,2, Salvador Augustin2,4, Juan
G. Abraldes10, Edilmar Alvarado-Tapias2,3, Jaume Bosch11, Agustín Albillos1,2,*

JHEP Reports 2025. vol. 7 j 1–6
Background & Aims: Systemic inflammation is a driver of decompensation in cirrhosis with unclear relevance in the compensated
stage. We evaluated inflammation and bacterial translocation markers in compensated cirrhosis and their dynamics in relation to
the first decompensation.

Methods: This study is nested within the PREDESCI trial, which investigated non-selective beta-blockers for preventing
decompensation in compensated cirrhosis and clinically significant portal hypertension (CSPH: hepatic venous pressure gradient
>−10 mmHg). Blood biomarkers were measured at baseline and at 1 and 2 years in patients who remained compensated and had
available samples (n = 164). Values of patients with CSPH were split at each time point by decompensation development in the
next time interval after sampling. We also included 54 patients with cirrhosis and subclinical portal hypertension (PH) and 35
controls. We assessed markers of inflammation (interleukin-6 [IL-6], tumor necrosis factor-alpha, von Willebrand factor [vWF], C-
reactive protein), macrophage activation (CD14, CD163), intestinal barrier integrity (fatty acid-binding protein [FABP], haptoglobin),
and bacterial translocation (lipopolysaccharide [LPS]).

Results: IL-6, CD163, and vWF were higher (p <0.01) at baseline in patients with cirrhosis and CSPH compared to those with
subclinical PH and controls. IL-6 increased (p <0.05) at 1 year in patients with CSPH, with a greater rise in those who developed
decompensation. CD163 was higher (p <0.01) in patients who decompensated at baseline and 1 and 2 years. FABP was elevated
(p <0.01) in patients with CSPH compared to subclinical PH and controls at baseline and 1 year, while haptoglobin was lower (p
<0.01). LPS was higher (p <0.01) in patients with CSPH than in those with subclinical PH and controls and increased at 1 year
regardless of decompensation development.

Conclusions: Inflammation and bacterial products are present in the systemic circulation in patients with compensated cirrhosis
and CSPH. Progressive inflammation precedes the first decompensation.

© 2024 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/).
Introduction
Portal hypertension (PH) is a hallmark of cirrhosis and a key
factor in the progression from the compensated to the
decompensated stage. Portal pressure, estimated by the he-
patic venous pressure gradient (HVPG), should reach 10 mmHg
(i.e., clinically significant portal hypertension [CSPH]) for
hyperdynamic circulation to develop, placing patients at risk of
decompensation.1,2 Low-grade systemic inflammation (SI)
drives decompensated cirrhosis by worsening systemic circu-
latory dysfunction.3–5 As cirrhosis decompensates, SI in-
tensifies leading to further deterioration and progression to
acute-on-chronic liver failure.6

SI in cirrhosis is primarily caused by the translocation of
enteric pathogen-associated molecular patterns into the
* Corresponding author. Address: Department of Gastroenterology and Hepatology, Hosp
E-mail address: agustin.albillos@uah.es (A. Albillos).
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bloodstream due to gut barrier dysfunction. This dysfunction is
distinctively present in decompensated cirrhosis, with severity
paralleling disease progression in both experimental models
and patients.7–9 Notably, the anti-inflammatory effects of non-
selective beta-blockers (NSBBs) are more pronounced in
Child-Pugh C patients with more severe SI.5 However, evi-
dence on SI and gut barrier damage in compensated cirrhosis
is limited and inconsistent.8,10,11

We hypothesize that, similar to hyperdynamic circulation, SI
does not occur in compensated cirrhosis until CSPH is present
and that worsening SI precedes the first decompensation.

This study evaluated patients with compensated cirrhosis,
both with and without CSPH, to characterize SI and its dy-
namics in relation to the onset of the first decompensation.
ital Universitario Ramon y Cajal, M-607, km. 9.100, 28034 Madrid, Spain.
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Patients and methods

Patients

This study included patients from three cohorts:
Compensated cirrhosis with CSPH. This group comprised

patients from a registered serum sample collection (C.0005353,
Biobank Registry of Instituto de Salud Carlos III, Madrid) linked
to a randomized trial evaluating NSBBs for preventing
decompensation in compensated cirrhosis with CSPH (PRE-
DESCI trial; NCT01059396).12,13 Inclusion criteria required
cirrhosis with HVPG >−10 mmHg and no prior decompensation
or high-risk esophageal varices. Exclusions included prior
decompensation, HVPG <10 mmHg, hepatocellular carcinoma,
bilirubin >3 mg/dl, creatinine >2 mg/dl, international normalized
ratio >1.7, or platelet count <30,000/ll.

Compensated cirrhosis with subclinical PH. This cohort
consisted of patients from Hospital Universitario Ramón y Cajal
with subclinical PH (HVPG 6-9 mmHg) who underwent HVPG
measurement due to clinical indications, and who were
selected based on similar inclusion/exclusion criteria and
cirrhosis etiology distribution as the PREDESCI cohort. None
were on lactulose or rifaximin.

Healthy controls. Age and sex-matched healthy controls
were also included for comparison.

Samples from the latter two cohorts were provided by the
BioBank Hospital Ramón y Cajal-IRYCIS (National Registry of
Biobanks B.0000678) and processed according to procedures
with Ethical and Scientific Committees approval CTAT table).

Study design

In the cirrhosis with CSPH cohort, biomarkers and HVPG were
measured at baseline, and at 1 and 2 years in patients who
remained compensated. In the subclinical PH and control co-
horts, biomarkers were measured only at baseline.

Sample analysis

Blood sampleswere collected and stored at -80 �Cuntil analysis.
Different biomarkers were studied to assess SI (interleukin-6 [IL-
6], tumor necrosis factor-alpha [TNF-a], von Willebrand factor
[vWF], C-reactive protein [CRP]), macrophage activation (CD14,
CD163), intestinal barrier dysfunction (intestinal fatty acid-
binding protein [FABP], haptoglobin) and bacterial trans-
location (lipopolysaccharide-binding protein [LBP], lipopoly-
saccharide [LPS]). IL-6 and TNF-a were determined by high-
sensitivity ELISA from Quantikine (R&D Systems, Minneapolis,
MN, USA), CRP by high-sensitivity immunoturbidimetry (Alinity,
Abbott, Germany), vWF, CD14, CD163, LBP, and haptoglobin by
ELISA from DuoSet (R&D Systems), FABP by ELISA from Hycult
(Biotech, Uden, The Netherlands), and LPS by a Limulus
Amebocyte Lysate assay (Lonza, Hayward, CA, USA).

Statistical analysis

Statistical analyses were performed using Stata/SE 14.0 (Sta-
taCorp, College Station, TX, USA). All tests were two-tailed,
with a p value <0.05 considered significant. Categorical vari-
ables are reported as proportions, and continuous variables as
mean ± SD or median (IQR), depending on data distribution
assessed by the Shapiro-Wilk test. The Mann-Whitney, Krus-
kal-Wallis, and Wilcoxon signed-rank tests were used for
JHEP Reports, February
comparing continuous variables, with Bonferroni correction
applied for multiple comparisons in the Kruskal-Wallis test.

Results

Patients and follow-up

In the present study, we included those patients from the
PREDESCI cohort with a blood sample available at inclusion. In
these patients, samples available at 1 and 2 years were also
analyzed. Due to violations in the management protocol,
samples were not available for 37 patients at inclusion, and in
another 49, and 12 patients at 1 and 2 years, respectively
(Fig. S1). Therefore, biomarkers were measured in samples
from 164 patients at inclusion, 108 at 1 year, and 82 at 2 years.
We included 54 patients in the cohort with cirrhosis and sub-
clinical PH and 35 healthy controls.

Table S1 shows the characteristics of the patients. The main
etiology of cirrhosis in patients with CSPH as well as in those
with subclinical PH was hepatitis C virus, followed by alcohol.
During a median follow-up of 37 months, 36 of the 164 patients
with CSPH (21.9%) decompensated, mainly because of ascites
(17.7%) (Table S2). The median time to decompensation was
23.5 months, with seven decompensations occurring in the first
year (19.4%), 14 between years 1 and 2 (38.9%), and 15 after
year 2 (41.6%).

Peripheral blood biomarkers

Results for the biomarkers assessed across the different co-
horts are summarized in Table 1.

Systemic inflammation and macrophage activation markers

Serum levels of IL-6, CD163, and vWF were greater (p <0.01) at
baseline in patients with CSPH compared to those with sub-
clinical PH and controls. There were no significant differences
in these biomarkers between the subclinical PH cohort and
controls. Within the CSPH group, biomarker levels were similar
in patients with and without small varices (Table S3) and across
the different etiologies of cirrhosis (Table S4).

Serum IL-6 significantly increased from 2.32 pg/ml to
3.03 pg/ml (p = 0.02) at 1 year in patients with cirrhosis and
CSPH. This rise was largely driven by patients who eventually
decompensated, whose IL-6 levels increased from 2.52 pg/ml
to 5.36 pg/ml (+112.7%, p = 0.03), compared to those who did
not decompensate (+25.4%, p = 0.07) (Fig. 1). CD163 levels
were similar at baseline and 1 and 2 years in patients with
CSPH, but were significantly (p <0.05) higher in patients who
eventually decompensated compared to those who did not at
all time points. Similar results were observed when only pa-
tients with ascites were considered (Table S5). No correlation
was found between biomarker levels and bacterial infections
during follow-up (Table S6).

Intestinal barrier dysfunction and bacterial translocation markers

FABP was higher (p <0.01) in patients with CSPH compared to
controls at baseline, while haptoglobin levels were lower. The
subclinical PH group showed similar FABP and haptoglobin
levels to the control group but differed significantly (p <0.001)
from the CSPH group. No differences in these biomarkers were
2025. vol. 7 j 101231 2



Table 1. Blood biomarkers in healthy controls and in patients with compensated cirrhosis with subclinical PH and CSPH.

Baseline 1 year† 2 year‡

Median IQR p values Median IQR p intra Median IQR p intra

IL-6 (pg/ml)
Controls (n = 35) 1.66 1.01-2.64 <0.05,# <0.05 0.12
Cirrhosis with subclinical PH (n = 54) 1.5 1.12-2.66
Cirrhosis with CSPH (n = 164) 2.32 1.31-3.56 3.03 1.39-5.25 2.71 1.53-4.15

TNF (ng/ml)
Controls (n = 35) 6.41 5.3-7.44 0.52 0.59 0.25
Cirrhosis with subclinical PH 6.46 5.61-7.8
Cirrhosis with CSPH 6.1 4.1-8.4 6.83 4.77-8.79 6.58 3.96-9.88

vWF (ng/ml)
Controls 2.95 1.46-5.13 <0.01*,# 0.58 0.43
Cirrhosis with subclinical PH 3.39 1.87-5.37
Cirrhosis with CSPH 6.0 3.61-9.81 4.79 2.78-9.18 4.25 2.59-9.96

C-reactive protein (mg/dl)
Controls 0.59 0.35-1.21 0.06 0.6 0.46
Cirrhosis with subclinical PH 0.85 0.6-1.08
Cirrhosis with CSPH 0.52 0.19-1.17 0.55 0.18-1.43 0.5 0.2-1.41

CD163 (ng/ml)
Controls (n = 35) 258.74 210.7- 362.4 <0.01*,# 0.5 0.6
Cirrhosis with subclinical PH 252.85 205.6-305.55
Cirrhosis with CSPH 857.72 605.5-1,117 820.35 524.2-1,087.1 787.67 534.37-1,174.81

CD14 (mg/ml)
Controls 1.23 0.84-1.48 0.2 0.77 0.4
Cirrhosis with subclinical PH 1.49 0.98-1.88
Cirrhosis with CSPH 1.28 1.07-1.6 1.27 1-1.58 1.22 1.02-1.51

LBP (lg/ml)
Controls 6.2 4.1-6.9 0.66 0.89 0.25
Cirrhosis with subclinical PH 5.9 5.4-7.1
Cirrhosis with CSPH 6.05 4.65-7.39 6.31 5.26-7.62 6.75 5.05-8.26

LPS (IU/ml)
Controls 0.05 0.03-0.08 <0.01*,# <0.01 <0.01
Cirrhosis with subclinical PH 0.09 0.05-0.12
Cirrhosis with CSPH 0.20 0.11-0.36 0.54 0.21-1.07 0.58 0.28-1.14

FABP (ng/ml)
Controls 0.31 0.19- 0.50 <0.01*,# 0.95 0.18
Cirrhosis with subclinical PH 0.46 0.31-0.53
Cirrhosis with CSPH 0.72 0.52-1.04 0.73 0.419-1.01 0.88 0.56-1.52

Haptoglobin (mg/L)
Controls 721.5 425.9-988.5 <0.01*,# 0.22 0.45
Cirrhosis with subclinical PH 750.2 589-830
Cirrhosis with CSPH 213.4 72.94-349.2 224.3 98.6-366.7 227.4 76.94-381.8

p values: controls vs. cirrhosis with subclinical PH vs. cirrhosis with CSPH (Kruskal-Wallis test with Bonferroni correction).
p intra: baseline vs. 1-year and 2-year, respectively, in cirrhosis with CSPH (Wilcoxon signed-rank test).
p values <0.05 indicated in bold.
CSPH, clinically significant portal hypertension; FABP, fatty acid binding protein; LBP, lipopolysaccharide-binding protein; LPS, lipopolysaccharide; PH, portal hypertension; vWF, von Willebrand factor.
*Controls vs. cirrhosis with CSPH.
#Cirrhosis with subclinical PH vs. cirrhosis with CSPH.
†Cirrhosis with CSPH (n = 108).
‡Cirrhosis with CSPH (n = 82).
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Fig. 1. Blood biomarkers in healthy controls and in patients with compensated cirrhosis with clinically significant and subclinical PH. Points represent in-
dividual data and horizontal lines p25, p50 and p75. Values of patients with CSPH have been split at each time point by the development of decompensation in the next
time interval after sampling. Statistical analysis: Kruskal-Wallis test to compare continuous variables among groups at baseline, Bonferroni correction test when p
<0.05 and Wilcoxon signed-rank test to compare continuous variables between the groups. (A) Interleukin-6: Levels of significance:

ˇ

p = 0.03; *1-year p = 0.01, *2-year
p = 0.03; †1-year p = 0.03, †2-year p = 0.04. (B) CD163. Levels of significance:

ˇ

p = 0.01; *baseline p = 0.01, *1-year p = 0.01, *2-year p = 0.04. (C) Lipopolysaccharide.
Levels of significance:

ˇ

p = 0.01; †1-year p = 0.01; †2-year p = 0.01. (D) Fatty acid-binding protein. Levels of significance:

ˇ

p = 0.01.

ˇ

Subclinical PH vs. CSPH baseline.
*CSPH without vs. with eventual decompensation. †CSPH 1-year/2-year vs. baseline. CSPH, clinically significant portal hypertension; PH, portal hypertension.
observed in the CSPH group at follow-up or in relation to
eventual decompensation (Table 1, Fig. 1).

LPS levels were higher (p <0.01) in patients with CSPH than
in those with subclinical PH and controls (Table 1). LPS
significantly increased (p <0.01) at 1 and 2 years in both pa-
tients who eventually decompensated and those who did not
(Fig. 1). The absolute variation (delta) did not differ between the
two groups.
JHEP Reports, February
Correlations between biomarkers

As shown in Fig. S2, we found significant (p <0.05), though
weak, correlations in the cohorts of patients with cirrhosis,
both with and without CSPH, between markers of inflamma-
tion (IL-6) and markers of macrophage activation (CD163, r =
0.31; CD14, r = 0.26), intestinal barrier integrity (FABP, r =
0.28), and HVPG (r = 0.21). LPS was weakly but significantly (p
<0.05) correlated with FABP (r = 0.20), CD14 (r = 0.23), and
2025. vol. 7 j 101231 4
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HVPG (r = 0.26). Instead, CD163 was significantly (p <0.05)
correlated with other markers of gut barrier integrity, such as
haptoglobin (r = -0.43). We found significant (p <0.05) asso-
ciations between vWF and CD163 (r = 0.34), CD14 (r = 0.36),
and haptoglobin (r = -0.43), but not with any of the other
biomarkers studied.

We observed significant (p <0.05), though weak, associa-
tions between the absolute changes from baseline to 1 year in
IL-6 with TNF (r = 0.32), vWF (r = 0.25), CD163 (r = 0.3), CD14
(r = 0.26), CRP (r = 0.30) and LBP (r = 0.27), as well as those of
CD163 with CD14 (r = 0.31), CRP (r = 0.21) and LBP (r =
0.26) (Fig. S3).

NSBBs and HVPG response at 1 year

No differences in biomarker values were observed between the
groups of patients on placebo or NSBBs at 1 year (Table S7).
There were also no differences in biomarkers according to
whether the patients achieved a HVPG reduction >−10% of
baseline at 1 year (data not shown).

Discussion
In the present study, we explored whether SI is present in pa-
tients with compensated cirrhosis with CSPH and whether
changes in the grade of SI predict a first clinical decompen-
sation. We measured different biomarkers in two cohorts of
patients with compensated cirrhosis, one with CSPH and the
other with subclinical PH, as well as in a cohort of healthy
controls. Our results show that in patients with compensated
cirrhosis 1) low-grade inflammation and bacterial products are
present in the systemic circulation once CSPH develops, and 2)
SI worsens during follow-up before decompensation occurs.

Compared to patients with subclinical PH and controls,
those with CSPH in our study exhibited low-grade SI, charac-
terized by elevated serum levels of IL-6, a SI biomarker, CD163,
a macrophage activation marker, and vWF, an endothelial
activation marker. Unlike other studies,13,14 serum TNF-a and
CRP were not increased, possibly due to the early stage of
cirrhosis and cohort homogeneity, as well as differences in
cirrhosis etiology. Remarkably, SI severity was higher at
baseline and worsened at 1 year in patients who eventually
decompensated. Patients who eventually decompensated had
higher levels of IL-6 and CD163 at baseline, which further
increased at 1 year compared to those who did not decom-
pensate. This pattern of SI has also been described in patients
with acute decompensation who eventually progress to acute-
on-chronic liver failure.6
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Our study provides some insights regarding the potential
trigger of SI. FABP and haptoglobin, markers of gut barrier
integrity, were increased and decreased, respectively, in pa-
tients with CSPH compared to those with subclinical PH.
Patients with CSPH also showed elevated levels of the
pathogen-associated molecular pattern LPS, which worsened
during follow-up, and correlated at baseline with FABP and
CD14. It is tempting to speculate that monocyte activation
driven by enteric LPS might contribute to SI. This is supported
by the significant correlations of the macrophage activation
markers, CD163 and CD14, with IL-6 and haptoglobin. The
absolute changes over 1 year between IL-6, CD163, and LBP
further reinforce this idea. Simbrunner et al. also reported that
bacterial translocation is not limited to patients with decom-
pensated cirrhosis but may already be present in the
compensated stage.15 Finally, we acknowledge that the
strength of the data supporting our hypothesis is relatively
weak, due to modest coefficients of the associations and the
lack of correlation between LPS and inflammation markers.
However, it is important to consider that the episodic nature
of endotoxemia in cirrhosis and the short half-life of endotoxin
complicate the interpretation of a single determination to
reflect a trend over time, especially in terms of its correlation
with biomarkers resulting from immune system stimulation.

Firstly, the predominant etiology of cirrhosis was hepatitis
C, which may not reflect the current cirrhotic population,
potentially affecting the inflammatory pathways. However, our
study did not reveal trends supporting this hypothesis. Addi-
tionally, biomarkers were measured only at baseline and fixed
yearly intervals, lacking temporal alignment with decompen-
sation or bacterial infections, which limits detailed analysis.
Moreover, the baseline, 1-year, and especially 2-year cohorts
were not fully overlapping due to missing serum samples,
possibly reducing the statistical power of comparisons. In
addition, the missing data raises questions about whether the
information provided by available samples accurately reflects
that of the whole patient population. Despite these limitations,
our study offers valuable insights and may prompt further
research into the role of SI in decompensation in compen-
sated cirrhosis.

In conclusion, our data suggest that low-grade SI and
bacterial products in the systemic circulation are features of
compensated cirrhosis once CSPH has developed. This implies
that the elevated portal pressure above a certain threshold
plays a crucial role in the occurrence of SI, similar to its impact
on hyperdynamic circulation. In this context, worsening of SI
precedes first clinical decompensation.
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