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Highlights
* Blood biomarkers for covert hepatic encephalopa-
thy in patients with cirrhosis are lacking.

e Patients with covert hepatic encephalopathy had
signi cantly higher serum GFAP levels.

e Serum GFAP correlated with ammonia and IL-6
serum levels.

e Serum GFAP levels did not differ based on alcohol

use or alcohol-/non-alcohol-related aetiology of
liver disease.
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Background & Aims: Blood biomarkers facilitating the diagnosis of covert hepatic encephalopathy (CHE) in patients with
cirrhosis are lacking. Astrocyte swelling is a major component of hepatic encephalopathy. Thus, we hypothesised that glial
fibrillary acidic protein (GFAP), the major intermediate filament of astrocytes, might facilitate early diagnosis and manage-
ment. This study aimed to investigate the utility of serum GFAP (sGFAP) levels as a biomarker of CHE.

Methods: In this bicentric study, 135 patients with cirrhosis, 21 patients with ongoing harmful alcohol use and cirrhosis, and
15 healthy controls were recruited. CHE was diagnosed using psychometric hepatic encephalopathy score. sGFAP levels were
measured using a highly sensitive single-molecule array (SiMoA) immunoassay.

Results: In total, 50 (37%) people presented with CHE at study inclusion. Participants with CHE displayed significantly higher
SGFAP levels than those without CHE (median sGFAP, 163 pg/ml [IQR 136; 268] vs. 106 pg/ml [IQR 75; 153]; p <0.001) or
healthy controls (p <0.001). sGFAP correlated with results in psychometric hepatic encephalopathy score (Spearman’s p =
-0.326, p <0.001), model for end-stage liver disease score (Spearman’s p = 0.253, p = 0.003), ammonia (Spearman’s p = 0.453,
p = 0.002), and IL-6 serum levels (Spearman’s p = 0.323, p = 0.006). Additionally, SGFAP levels were independently associated
with the presence of CHE in multivariable logistic regression analysis (odds ratio 1.009; 95% CI 1.004-1.015; p <0.001). sGFAP
levels did not differ between patients with alcohol-related cirrhosis vs. patients with non-alcohol-related cirrhosis or between
patients with ongoing alcohol use vs. patients with discontinued alcohol use.

Conclusions: sGFAP levels are associated with CHE in patients with cirrhosis. These results suggest that astrocyte injury may
already occur in patients with cirrhosis and subclinical cognitive deficits and that sGFAP could be explored as a novel
biomarker.

Impact and implications: Blood biomarkers facilitating the diagnosis of covert hepatic encephalopathy (CHE) in patients
with cirrhosis are lacking. In this study, we were able to demonstrate that sGFAP levels are associated with CHE in patients
with cirrhosis. These results suggest that astrocyte injury may already occur in patients with cirrhosis and subclinical
cognitive deficits and that sGFAP could be explored as a novel biomarker.

© 2023 The Author(s). 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-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Hepatic encephalopathy (HE) is a severe complication of
cirrhosis.! The two lowest HE grades — namely, minimal HE (MHE)
and grade 1 HE - are collectively depicted as covert HE (CHE).?

Keywords: CHE; HE; GFAP; Biomarkers; Complications of cirrhosis; Psychometric
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Although signs and symptoms of CHE are commonly subclinical
and only detectable with specialised tests, CHE impairs health-
related quality of life and is associated with an increased risk for
the development of overt HE (OHE), hospitalisation, and death.>~>
In consequence, CHE often remains undiagnosed in routine clinical
practice, which prevents the initiation of medical therapy.®
Therefore, easy-to-use and reliable testing strategies would be
beneficial to support the diagnosis. In this context, diagnostic
serum biomarkers facilitating the diagnosis of CHE are of partic-
ular relevance. Moreover, they may contribute to a deeper un-
derstanding of the underlying pathophysiological processes. A
recent study showed the diagnostic value of IL-6 for the diagnosis
of CHE as well as for risk prediction of OHE development in
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patients with cirrhosis.” In addition, another recent study indi-
cated the prognostic impact of serum ammonia on OHE develop-
ment and mortality® However, these markers have the
disadvantage of responding unspecifically to inflammatory pro-
cesses (IL-6) or have susceptible pre-analytics (ammonia).

From a pathophysiological perspective, hyperammonaemia is
a hallmark of HE. High ammonia levels induce astrocyte swelling,
cerebral oedema, and neuronal cell death.'” Thus, markers of
neuronal or astrocyte cell injury may be valuable for the diag-
nosis of HE. In this context, glial fibrillary acidic protein (GFAP),
the most abundant intermediate filament protein in the cyto-
skeleton of astrocytes,'’ might be of particular relevance. In
general, GFAP is a biomarker indicating astrocyte injury or acti-
vation."" GFAP is a critical cell structural protein and plays a role
in various physiological processes such as the maintenance of the
blood-brain barrier, and astrocyte migration and prolifera-
tion.'>"® In addition, various diseases such as traumatic brain
injuries or neurodegeneration result in reactive (astro)gliosis and
an increased expression of intermediate filament proteins such
as GFAP."? Today, even very low GFAP levels in the blood can be
detected using high-sensitivity assays.'*

In this proof-of-concept study, we hypothesised that
ammonia-driven astrocyte swelling and mild neuronal cell death
with consecutive reactive gliosis in patients with CHE may lead
to elevated serum GFAP (sGFAP) levels, which could be used as a
novel biomarker for CHE in patients with cirrhosis.

Patients and methods
Study cohort
In this proof-of-concept study, the data of prospectively
recruited individuals (between July 2019 and July 2021) from
two German tertiary care centres (University of Mainz and Uni-
versity of Liibeck) were retrospectively analysed. Participants
from Mainz were recruited during outpatient visits or during
elective measurement of the hepatic venous pressure gradient.
Participants from Liibeck were recruited during outpatient visits
or during hospital admission caused by reasons other than HE.
Diagnosis of cirrhosis was based on histology, conclusive
appearance in ultrasound or radiological imaging, endoscopic
features of portal hypertension, and medical history. Patients
with cirrhosis with a previous episode of OHE during the last 6
weeks, preterminal comorbidities, severe neurological comor-
bidities, a history of or ongoing chemotherapy with paclitaxel
and carboplatin, or ongoing chronic harmful alcohol consump-
tion were not approached for this study. In addition to the main
cohort, a second cohort, including 21 patients with ongoing
chronic harmful alcohol use, was recruited in Liibeck. Addition-
ally, we obtained blood from 10 patients with grade 2 HE (HE2)
according to the West Haven criteria (Liibeck, n = 8; Mainz, n =
2). Furthermore, 15 healthy individuals, who did not meet the
criteria for neurological or psychiatric diseases, were included.
Blood was collected from all patients for biochemical analysis
immediately after study inclusion (between 9 a.m. and 2 p.m.).
Specifically, blood samples for the determination of venous
ammonia levels were immediately cooled on ice and analysed
without delay.

Diagnosis of CHE

First, all patients were screened for clinical signs of OHE according
to the West Haven criteria.” Next, detailed medical history, phys-
ical examination, and, if indicated, additional examinations were
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performed to rule out active infections. If OHE and active in-
fections were excluded, the portosystemic encephalopathy syn-
drome test (gold standard) was used to screen for CHE. Owing to
the bicentric character of the study and uncertainty of diagnosis of
grade 1 HE between different centres, we decided to use the term
CHE and not to distinguish between grade 1 HE and MHE."® CHE
was diagnosed in individuals with a psychometric hepatic en-
cephalopathy score (PHES) below -4 according to the age-adjusted
German norms published by Weissenborn et al. (Hannover, Ger-
many).®> Both centres used the same test manual, which is
commercially available with German norms, from Weissenborn
et al.'® The PHES consists of the number connection test A, the
number connection test B, the digit symbol test, the serial dotting
test, and the line tracing test. To minimise distraction and other
confounding factors, patients performed the test between 9 a.m.
and 2 p.m. in a quiet, separate room.

Determination of sGFAP levels

Blood samples were spun at 2,000xg at room temperature for
10 min within 60 min after withdrawal at the day of study in-
clusion and stored in polypropylene tubes at -80 °C until batched
SGFAP analysis. sGFAP levels were determined using the highly
sensitive single-molecule array (SiMoA) technology. Samples
were measured in duplicate in several rounds by SiMoA HD-1
(Quanterix, Billerica, MA, USA) using the GFAP Discovery Kits
according to the manufacturer’s instructions. Resorufin-p-p-gal-
actopyranoside was incubated at 33 °C for 60 min before running
the assay. The coefficient of variation (as a percentage) of the two
replicates was obtained by dividing the SD of both replicates by
the mean of both replicates multiplied by 100. Coefficients of
variation above 20% (or missing replicate result) were measured
twice. Measurements were performed in a blinded fashion
without information about clinical data.

Determination of IL-6 and ammonia serum levels
IL-6 serum levels were determined in a subset of patients at the
day of study inclusion immediately after testing with PHES using
a commercially available chemiluminescence immunoassay
(Cobas e 411 Analyser, F. Hoffmann-La Roche AG, Basel, Swiss).17
Venous ammonia levels were measured according to a stan-
dard operating procedure that involved rapid sample transport
on ice to the central laboratory within 5 min, and the upper limit
of normal was 72 pmol/L.

Ethics

The study was conducted in accordance with the ethical guide-
lines of the 1975 Declaration of Helsinki (sixth revision, 2008).
The studies for both cohorts (Mainz and Liibeck) were approved
by the ethics committee of the Landesdrztekammer Rheinland-
Pfalz and of the University of Liibeck. Written informed con-
sent was obtained from all participants.

Statistical analysis

Categorical data are expressed as frequencies and percentages,
and metric data as medians with IQRs. Differences between two
independent groups (e.g. CHE vs. no CHE) with metric data (e.g.
SGFAP) were evaluated using an unpaired t test or a Mann-
Whitney U test depending on data distribution. Differences be-
tween three or more groups with metric data were evaluated us-
ing an ordinary one-way ANOVA with Tukey’s multiple-
comparisons test. For comparison of two or more patient groups
with categorical variables, a chi-square test was applied. For
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correlation analyses, two-tailed Spearman’s rank correlation co-
efficient (Spearman’s p) was used. To identify predictors for the
presence of CHE, multivariable logistic regression models were
used. Multivariable linear regression models were used to deter-
mine associations of variables with continuous dependent vari-
ables (PHES or sGFAP). The discriminate ability of sGFAP for the
identification of patients with CHE was analysed with help of the
area under the curve of receiver operating characteristic (ROC)
curves and its 95% CI. Values of p <0.05 were considered statisti-
cally significant. Statistical analyses were performed using IBM
SPSS Statistics (version 27, IBM Corp, Armonk, NY, USA) and
GraphPad Prism (version 9.4, GraphPad Software, San Diego, CA,
USA).

Results

Demographics and baseline characteristics

In total, 135 patients were included in this study (Mainz, n = 85;
Liibeck, n = 50). Baseline characteristics of the study cohort are
displayed in Table 1. At study inclusion, 50 individuals (37%)
were diagnosed with CHE by PHES. The characteristics of the
participants stratified by study site (Mainz and Liibeck) are
shown in Table S1.

Correlation of sGFAP with MELD, PHES, IL-6, and ammonia
levels

SGFAP levels were inversely correlated with PHES (Spearman’s p =
-0.326, p <0.001, n = 135).In addition, sGFAP levels were positively
correlated with the MELD score (Spearman’s p = 0.253, p = 0.003,
n=135),IL-6 serum levels (Spearman’s p=0.323, p=0.006, n = 70),
and ammonia levels (Spearman’s p = 0.453, p = 0.002, n = 43)
(Fig. 1).

Association of sGFAP with CHE

Participants diagnosed with CHE according to the PHES had
significantly higher sGFAP levels than those without CHE
(163 pg/ml [IQR 136; 268] vs. 106 pg/ml [IQR 75; 153], p <0.001;

Table 1. Baseline characteristics of the study cohort.
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Fig. 2A). This finding was confirmed in sensitivity analyses for
both centres (Fig. 2B and C). In addition, participants without
CHE had higher sGFAP levels compared with healthy controls
(median sGFAP levels, 106 pg/ml vs. 60 pg/ml; p <0.05) (Fig. 2A).
SGFAP levels were also significantly elevated in participants with
CHE compared with those without CHE, when all individuals
with a history of OHE were excluded (median sGFAP levels,
169 pg/ml vs. 109 pg/ml; p <0.001) (Fig. 2D). Participants with
HE2 had numerically higher sGFAP levels compared with those
with CHE (222 pg/ml [IQR 176; 280] vs. 163 pg/ml [IQR 136; 268];
p = 0.744) (Fig. 2E).

To investigate whether sGFAP is independently associated with
the presence of CHE in patients with cirrhosis, a multivariable
logistic regression model was built. In addition to sGFAP, variables
that are known to be potentially associated with CHE were
included into the regression model (MELD, age, albumin serum
levels, and history of OHE). In this model, sGFAP levels remained
significantly associated with the presence of CHE, with an odds
ratio (OR) of 1.009 (95% CI 1.004-1.015; p <0.001) (Table 2).
Moreover, we repeated this analysis after exclusion of all in-
dividuals with a history of OHE (n = 118 patients included in the
model). Again, sGFAP levels remained significantly associated
with the presence of CHE (OR 1.009; 95% CI 1.004-1.014; p <0.001)
(Table 2).

Next, we investigated whether sGFAP is independently asso-
ciated with poorer results in PHES in patients with cirrhosis.
Here, we conducted a linear regression analysis, including the
same variables as previously mentioned. In this regression
analysis, higher sGFAP levels remained significantly associated
with poorer results in PHES (B = -0.251, p <0.001) (Table 3).

Finally, we sought to detect variables independently associ-
ated with higher sGFAP levels by using linear regression analysis.
The only factors associated with higher sGFAP levels were higher
age (B = 0.281, p <0.001) and the presence of CHE (B = 0.336, p
<0.001) (Table 4).

To examine the diagnostic accuracy of sGFAP in detecting
CHE, ROC curve analyses were performed. The area under the

Variable All patients (N = 135) Patients with CHE (n = 50) Patients without CHE (n = 85) p value
Age (years), median (IQR) 60 (53; 66) 61 (54; 68) 60 (53; 66) 0.356
Male sex, n (%) 67 (50) 28 (56) 39 (46) 0.256
Aetiology

Alcohol, n (%) 80 (59) 37 (74) 43 (51) 0.008

Other, n (%) 55 (41) 13 (26) 42 (49)

MELD score, median (IQR) 11 (9; 16) 14 (11; 18) 10 (8; 15) <0.001
Child-Pugh A/B/C, n (%) 64/60/11 (47/44/8) 11/32/7 (22/64/14) 53/28/4 (62/33/5) <0.001
History of OHE, n (%) 17 (13) 12 (24) 5(6) 0.002
History of ascites, n (%) 84 (62) 40 (80) 44 (52) 0.001
Sodium (mmol/L), median (IQR) 138 (135; 140) 137 (133; 140) 138 (137; 140) 0.016
Albumin (g/L), median (IQR) 32 (27; 39) 28 (24; 35) 35 (29; 43) <0.001
WABC count (/nl), median (IQR) 5.6 (3.8; 7.6) 5.3 (3.8; 7.5) 5.8 (3.9; 8.0) 0.693
IL-6 (pg/ml), median (IQR)* 19 (9; 40) 33 (16; 66) 13 (5; 30) 0.001
Ammfnia (pmol/L), median 44 (35; 58) 55 (44; 65) 38 (31; 47) <0.001
(IQR)
GFAP (pg/ml), median (IQR) 138 (87; 196) 163 (136; 268) 106 (75; 153) <0.001
CHE, n (%) 50 (37) 50 (100) 0(0)
PHES, median (IQR) -3 (-8; 0) -10 (-12; -7) -1(-3; 1) <0.001

Data are expressed as medians and IQRs or as frequencies and percentages. Differences between individuals with CHE and those without CHE with metric data were evaluated
using an unpaired t test or a Mann-Whitney U test depending on data distribution. Regarding categorical variables, a chi-square test was applied. p values < 0.05 are

highlighted in bold font.

CHE, covert hepatic encephalopathy; GFAP, glial fibrillary acidic protein; MELD, model for end-stage liver disease; OHE, overt hepatic encephalopathy; PHES, psychometric

hepatic encephalopathy score; WBC, white blood cell.
* Measured in 70 patients.
T Measured in 43 patients.
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Fig. 1. Correlation between GFAP and PHES, MELD, IL-6, or ammonia. (A) Correlation between serum levels of GFAP and PHES. (B) Correlation between serum
levels of GFAP and MELD. (C) Correlation between serum levels of GFAP and IL-6. (D) Correlation between serum levels of GFAP and ammonia. A two-tailed
Spearman’s rank correlation coefficient (Spearman’s p) was used. GFAP, glial fibrillary acidic protein; MELD, model for end-stage liver disease; PHES, psycho-

metric hepatic encephalopathy score; r, Spearman’s p.

Table 2. Multivariable logistic regression models to analyse the association
of variables with CHE.

Variable OR (95% CI) p value
Total cohort (N= 135)

GFAP 1.009 (1.004-1.015) <0.001
MELD 1.038 (0.945-1.140) 0.433
Male sex 1.482 (0.642-3.422) 0.357
Albumin 0.933 (0.877-0.992) 0.028
History of OHE 4.662 (1.297-16.755) 0.018

Only patients without a history of OHE (n = 118)

GFAP 1.009 (1.004-1.014) <0.001
MELD 1.035 (0.939-1.140) 0.489
Male sex 1.385 (0.573-3.346) 0.470
Albumin 0.934 (0.876-0.995) 0.035

p values < 0.05 are highlighted in bold font. CHE, covert hepatic encephalopathy;
GFAP, glial fibrillary acidic protein; MELD, model for end-stage liver disease; OHE,
overt hepatic encephalopathy; OR, odds ratio.

ROC curve for sGFAP was 0.736 (95% CI 0.649-0.823; p <0.001) in
the total cohort.

Association of harmful alcohol use with sGFAP levels

To investigate the association of a history of harmful alcohol use
with sGFAP levels, we conducted a sensitivity analysis between
individuals with and without an alcohol-related aetiology of
cirrhosis. As displayed in Fig. 3A, individuals with an alcohol-
related aetiology and CHE did not differ in terms of sGFAP
levels compared with those with a non-alcohol-related aetiology
and CHE. The same was true for individuals without CHE and an
alcohol-related aetiology compared with those with a non-
alcohol-related aetiology (Fig. 3A).

Additionally, we investigated the impact of ongoing harmful
alcohol use on sGFAP levels in individuals with and without CHE.
For this purpose, we compared the data of the main cohort with
21 additionally recruited patients with ongoing harmful alcohol
use. Of these, 12 (57%) were classified as having ‘CHE’ according
to PHES. Although those patients were not tested in a state of
acute intoxication, it has to be acknowledged in these cases that
CHE cannot be sufficiently diagnosed owing to the confounding
effect of alcohol. As displayed in Fig. 3B, sGFAP levels did not
differ between individuals with active harmful alcohol use and
those with discontinued harmful alcohol use in the subcohorts of
individuals with a PHES > 4. This finding was also validated in a
comparison of sGFAP levels between individuals with ongoing
harmful alcohol use and those with discontinued harmful
alcohol use and a PHES <-4 (p = 0.072).

Discussion

Identification of novel blood biomarkers to facilitate CHE diag-
nosis and to elucidate underlying pathophysiological processes
accompanying CHE development is urgently required. In this
bicentric study, we demonstrate that sGFAP levels are signifi-
cantly increased in patients with cirrhosis and CHE compared
with patients without CHE. In addition, sGFAP levels correlate
with PHES, ammonia, and systemic inflammation, as reflected by
IL-6 serum levels. Our data may therefore provide indirect evi-
dence of a potential astrocyte injury and/or activation with
subsequent release of GFAP into the serum in patients with
cirrhosis and CHE.

JHEP Reports 2023 vol. 5 | 100671 4
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Fig. 2. Serum levels of GFAP in different patient cohorts. (A) GFAP serum levels in patients with cirrhosis with (n = 50) or without CHE (n = 85) and healthy
individuals (n = 15). (B) GFAP serum levels in patients from the Mainz cohort with cirrhosis with or without CHE. (C) GFAP serum levels in patients from the
Liibeck cohort with cirrhosis with or without CHE. (D) GFAP serum levels in patients without a history of OHE with or without CHE. (E) GFAP serum levels in
patients with HE2 and CHE, and without HE. Data are presented as boxplots with median, IQR, and range. Differences between two independent groups (e.g. CHE
vs. no CHE) with metric data were evaluated using a Mann-Whitney U test. Differences between three or more groups with metric data were evaluated using an
ordinary one-way ANOVA with Tukey’s multiple-comparisons test. In (E), HE2 vs. CHE, p = 0.744 (ns). * p <0.05, **p <0.01, ***p <0.001. ****p <0.0001. CHE, covert
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As the major intermediate filament protein in astrocytes, could determine sGFAP levels within no more than 15 min are
GFAP is a biomarker of astrocyte injury and/or activation."’ High- currently under investigation.'"18 However, it must be
sensitivity assays allow the detection of even low GFAP con- acknowledged that the determination of GFAP is currently very
centrations in the blood.'* In addition, point-of-care tests that costly. Recently, sGFAP levels were found to be associated with

Table 3. Multivariable linear regression model to analyse the association of variables with PHES.

Variable Regression coefficient 95 % CI of regression coefficient B p value
GFAP -0.013 -0.021 to -0.006 -0.251 <0.001
MELD -0.131 -0.297 to 0.034 -0.134 0.118
Sex -0.782 -2.202 to 0.639 -0.078 0.278
Albumin 0.165 0.059 to 0.271 0.266 0.002
History of OHE 4.090 1.921 to 6.258 0.270 <0.001

R? = 0.357. p values < 0.05 are highlighted in bold font. GFAP, glial fibrillary acidic protein; MELD, model for end-stage liver disease; OHE, overt hepatic encephalopathy; PHES,
psychometric hepatic encephalopathy score.

JHEP Reports 2023 vol. 5 | 100671 5
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Table 4. Multiple linear regression model to analyse the association of variables with sGFAP levels.

Variable Regression coefficient 95 % CI of regression coefficient B p value
CHE 67.028 33.041 to 101.014 0.336 <0.001
MELD 1.126 -2.364 to 4.616 0.060 0.524
Sex -0.531 -30.750 to 29.688 -0.035 0.972
Albumin -1.000 -3.313 to 1.313 -0.084 0.394
History of OHE 17.494 -29.352 to 64.340 0.060 0.461
Age 2.663 1.148 to 4.177 0.281 <0.001

R? = 0.228. p values < 0.05 are highlighted in bold font. CHE, covert hepatic encephalopathy; MELD, model for end-stage liver disease; OHE, overt hepatic encephalopathy;

sGFAP, glial fibrillary acidic protein serum.

disease severity in patients with chronic inflammatory central
nervous system diseases such as progressive multiple sclerosis.'*
Furthermore, normal sGFAP levels after out-of-hospital cardiac
arrest were associated with favourable neurological outcomes
after 6 months.19 Importantly, sGFAP levels are more stable in
the context of preanalytics and showed a higher association with
the pathology of cerebral amyloid beta compared with GFAP
levels in the cerebrospinal fluid.20 Thus, sGFAP is a fast, readily
accessible and reliable biomarker. Our current study expands this
growing body of evidence on the potential clinical usefulness of
measuring SGFAP beyond neurodegenerative applications by
demonstrating higher sGFAP levels in patients with cirrhosis and
CHE than in patients with cirrhosis and no CHE or healthy con-
trols. Nevertheless, the aforementioned evidence clearly sug-
gests that sGFAP levels are not specific for HE in patients with
cirrhosis. Consequently, SGFAP levels must be interpreted under
careful consideration of potential comorbidities. One of the most
important confounders for interpreting sGFAP levels in patients
with cirrhosis, especially in the Western world, may be harmful
alcohol use.21 Of note, GFAP is also expressed in Schwann cells,
and alcohol-related peripheral neuropathy may also lead to
increased sGFAP levels.22 Surprisingly, despite the potential
impact on astrocyte integrity and peripheral nerves, we did not
find a significant difference in sGFAP levels between patients
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with alcohol-related cirrhosis and those with non-alcohol-
related cirrhosis or between patients with ongoing harmful
alcohol use and those with discontinued harmful alcohol use.
Importantly, our results indicate that alcohol may not confound
the interpretation of sGFAP levels and, thus, could be used in
patients with cirrhosis in the context of HE, irrespective of the
most common aetiologies. Consequently, elevated sGFAP levels
may, thus, be related to HE and not to alcohol-associated cerebral
injury in these individuals.

Several HE-related processes have the potential to contribute
to the observed association between HE and elevated sGFAP
levels. First and foremost, astrocyte injury caused by cell swelling
and neuronal cell death with reactive gliosis and astrocyte acti-
vation are two mechanisms that may lead to increased sGFAP
levels. In line with this, Angelova et al.'® recently found a sig-
nificant neuronal cell death with a consecutive rise in GFAP-
labelled astrocytes in bile duct-ligated rats, which represent an
established animal model of MHE. Moreover, it is well known
that leakage through the blood-brain barrier, allowing GFAP to
pass into the blood stream, is a prerequisite for detectable levels
in the peripheral blood.23 However, the detailed mechanism on
how astrocyte activation leads to elevated sGFAP levels is
currently not fully understood. Interestingly, GFAP is expressed
not only exclusively in astrocytes but also in peripheral cells such
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Fig. 3. Serum levels of GFAP in patients with alcohol-related cirrhosis and those without alcohol-related cirrhosis. (A) GFAP serum levels in individuals with
cirrhosis with or without CHE stratified by alcohol-related aetiology or non-alcohol-related aetiology of cirrhosis. (B) GFAP serum levels in individuals with active
or discontinued harmful alcohol use and PHES >-4. Data are presented as boxplots with median, IQR, and range. Differences between two independent groups
with metric data were evaluated using a Mann-Whitney U test. Differences between three or more groups with metric data were evaluated using an ordinary
one-way ANOVA with Tukey’s multiple-comparisons test. Values of p are shown in the figure. HE, covert hepatic encephalopathy; GFAP, glial fibrillary acidic

protein; PHES, psychometric hepatic encephalopathy score.
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as enteric glia or hepatic stellate cells,'' and the proportion of
GFAP-positive glia cells in the gut increases when treated with
cytokines.24 As low-grade systemic inflammation is associated
with the development of HE, and blood levels of the pro-
inflammatory cytokine IL-6 are associated with the presence of
MHE,” the elevation of sGFAP levels in patients with CHE might
partly be cytokine/inflammation-mediated. However, the design
of the current study does not allow us to assess to which extent
each of the potential GFAP sources actually contributes to the
observed elevation.

It is an interesting finding that even patients without CHE
according to PHES had significantly higher sGFAP levels
compared with healthy controls. On the one hand, this could be
explained by the fact that HE is not a dichotomous disease, as
possibly indicated by cut-offs of tests such as the PHES, but a
disorder that encompasses a continuum of cognitive deficits.
Therefore, even patients with cirrhosis but without CHE might
already have mild cerebral injury, as reflected by higher sGFAP
levels, caused by the complex interplay of ammonia and sys-
temic inflammation. On the other hand, it has to be acknowl-
edged that sGFAP levels are age-dependent, and this may have
contributed to lower sGFAP levels in the control groups.''25

One strength of this study is its bicentric design, including a
total of 181 individuals with cirrhosis or healthy controls. How-
ever, several limitations have to be mentioned. First, the sample

JHEP|Reports

size of some subgroups, leading to a potential lack of power, as
well as the fact that sGFAP levels appear to be age-dependent,
prevents us from establishing potential cut-offs for sGFAP for
distinguishing between patients with CHE and without CHE in
the present study. However, our results clearly indicate that
larger and prospective multicentre studies are warranted. Sec-
ond, owing to our cross-sectional study design, we are only able
to reveal associations and are unable to prove causality. There-
fore, future studies should focus on longitudinal assessments of
CHE and associated changes in sGFAP levels. Third, the ideal time
point for sGFAP measurement remains unknown. This question
should be addressed in a future longitudinal study to elucidate
the dynamics of sGFAP levels in patients with cirrhosis. Fourth,
sGFAP assays are currently not available in standard hospital
laboratories and are still expensive.

In conclusion, sGFAP levels are independently associated
with the presence of CHE in patients with cirrhosis. This finding
may add valuable insights into the pathophysiological pro-
cesses of HE, even at early stages. In addition, sSGFAP might be a
future candidate biomarker for CHE. Our results clearly indicate
that large prospective trials are warranted to elucidate the
prognostic value of sGFAP for predicting higher grades of HE
and the longitudinal changes under therapy. In addition, larger
studies may develop prediction models including sGFAP for
diagnosing CHE.
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