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INTRODUCTION: Serum biomarkers for the diagnosis of minimal hepatic encephalopathy (MHE) in patients with liver

cirrhosis would be desirable. In this proof-of-concept study, we investigated the association between

MHE and serum levels of neurofilament light chains (sNfL) in patients with liver cirrhosis.

METHODS: sNfL were studied in patients with liver cirrhosis (with or without MHE) and controls (patients with

ischemic stroke, transitory ischemic attack, and healthy individuals). MHE was diagnosed using the

Psychometric Hepatic Encephalopathy Score.

RESULTS: Patients with MHE showed higher sNfL than patients without MHE and controls. In multivariable

analyses, higher sNfL were independently associated with the presence of MHE. sNfL had a reliable

discriminative power for the detection of MHE with an area under the curve of 0.872.

DISCUSSION: MHE is associated with higher sNfL.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A713, http://links.lww.com/CTG/A712, and http://links.lww.com/CTG/A714.
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INTRODUCTION
The diagnosis of minimal hepatic encephalopathy (MHE)—the
lowest grade of hepatic encephalopathy (HE)—strictly requires
specialized tests, which are time consuming andnotwidely used.
Consequently, serum biomarkers to simplify the diagnosis are
an unmet medical need. Most studies have focused on serum
ammonia or inflammatory markers because a combination of
both is considered the most likely driving force in the de-
velopment of HE (1,2). However, the diagnostic utility for MHE
has not been proven as sufficient in any serum biomarker. Re-
cent preclinical studies have indicated that hyperammonemia
and inflammation may cause neuronal cell death and that an
episode of overt hepatic encephalopathy (OHE) may result
in residual cognitive impairment (3–6). Neurofilament light
chains (NfL) are axonal structural proteins that are released as a
result of neuroaxonal damage during neurodegeneration and
can be detected in serum by high-sensitivity assays (7). Recently,
the value of serumNfL (sNfL) as a biomarker has been proven in

patients with chronic inflammatory neurological diseases such
as multiple sclerosis (8,9). Therefore, in this proof-of-concept
study, we investigated the association betweenMHE and sNfL in
patients with liver cirrhosis to potentially identify a future
biomarker candidate for MHE.

METHODS
Data of 64 patients with liver cirrhosis recruited during outpatient
visits or during elective hepatic venous pressure gradient mea-
surement at the Cirrhosis Center Mainz of the University Medical
Center of the Johannes Gutenberg-University were analyzed. In
addition, 68 age-matched patients with stroke (n5 29), transitory
ischemic attack (n5 29), andhealthy individuals (n5 10) recruited
at the Department of Neurology served as controls (10). A detailed
description of diagnosis of liver cirrhosis and all exclusion criteria
can be found in the supplementary methods and elsewhere (11).
MHE was diagnosed using the Psychometric Hepatic Encepha-
lopathy Score with established German norms (12).
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Blood samples were spun at 2,000 g at room temperature for
10minutes within 90minutes after withdrawal at the day of study
inclusion and stored in polypropylene tubes at 280 °C until
batched sNfL analysis. sNfL were measured by single molecule
array HD-1 using the NF-Light Advantage Kit (Quanterix)
according to the manufacturer’s instructions (9,10).

Quantitative data are expressed as medians with interquartile
ranges, and pairwise comparisons for quantitative variables were
performed with an unpaired t test or with the Mann-Whitney U
test. Categorical variables are given as frequencies and percentages,
respectively, and for comparison of 2 or more patient groups, a x2

test was applied. To identify independent variables associated with
MHE, multivariable analyses were conducted using logistic re-
gression models, and only univariable significant variables with
biological plausibility (P , 0.05) were included. Multivariable
analysis to identify variables associated with higher sNfL levels was
conducted using a linear regression model with a stepwise variable
selection. The discriminative ability of sNfL for the identification of
patients with MHE was analyzed with help of the area under the
curve (AUC)-receiver operating characteristics. Correlation anal-
yseswere conducted using the Spearman rank correlation or point-
biserial correlation. Data were analyzed using IBM SPSS Statistic
Version 23.0 (IBM, Armonk, NY) and GraphPad Prism (Graph-
Pad, San Diego, CA).

The study was conducted according to the ethical guidelines of the
1975 Declaration of Helsinki (6th revision, 2008). The study was ap-
provedby the ethics committee of theLandesärztekammerRheinland-
Pfalz. Written informed consent was obtained from all participants.

RESULTS
Baseline characteristics of thepatient cohort are displayed inTable 1
and Supplementary Table 1, Supplementary Digital Content 1,
http://links.lww.com/CTG/A713 (see Supplementary Data file,
Supplementary Digital Content 2, http://links.lww.com/CTG/
A712). Patients with MHE had highest sNfL as compared to pa-
tients with liver cirrhosis but without MHE, patients with ischemic
stroke, transitory ischemic attack, or healthy individuals (Figure 1a).
Patients with a history ofOHEhad only numerically higher sNfL as
compared to patientswithMHEbut no history ofOHE (P5 0.307)
(Figure 1b). sNfL correlated with Psychometric Hepatic Encepha-
lopathy Score (r 5 20.575, P , 0.001) and interleukin-6 serum
levels (r 5 0.544, P , 0.001), while there was a trend for a corre-
lation with ammonia (r 5 0.381, P 5 0.081) (see Supplementary
Figure 1a, b and 2, Supplementary Digital Content 3, http://links.
lww.com/CTG/A714). Patients with a combination of higher am-
monia and interleukin-6 had significantlyhigher sNfL thanpatients
without this condition (see SupplementaryFigure 3, Supplementary
Digital Content 3, http://links.lww.com/CTG/A714). Alcoholic

Table 1. Demographics and clinical characteristics of the patients with liver cirrhosis at study inclusion

Variable Total cohort n5 64 Patients with MHE n 5 26 Patients without MHE n 5 38 P value

Age, y (IQR) 60 (53–65) 57 (51–66) 60 (53–62) 0.795

Male sex, n (%) 33 (51.6) 18 (69.2) 15 (39.5) 0.025

Etiology

Alcohol, n (%) 36 (56.2) 20 (76.9) 16 (42.1) 0.170

Viral hepatitis, n (%) 4 (6.3) 1 (3.8) 3 (7.9)

NAFLD, n (%) 9 (14.1) 1 (3.8) 8 (21.1)

Cholestatic/autoimmune, n (%) 3 (4.7) 0 (0) 3 (7.9)

Alcohol 1 other etiology, n (%) 5 (7.8) 3 (11.5) 2 (5.3)

Cryptogenic, n (%) 7 (10.9) 1 (3.8) 6 (15.8)

Median MELD score (IQR) 13 (9–18) 15 (11–21) 12 (8–16) 0.006

CP A/B/C, n (%) 34/27/3 (53/42/5) 7/17/2 (27/65/8) 27/10/1 (71/26/3) 0.002

History of ascites, n (%) 37 (57.8) 21 (80.7) 5 (13.2) 0.002

History of OHE, n (%) 8 (12.5) 7 (26.9) 1 (2.6) 0.004

MHE, n (%) 26 (40.6) 26 (100) 0 (0) N/A

Thrombocytes, /nL (IQR) 107 (82–145) 105 (77–145) 107 (85–146) 0.692

Albumin, g/L (IQR) 31 (23–37) 26 (21–31) 33 (27–38) 0.002

Sodium, mmol/L (IQR) 138 (135–140) 137 (132–140) 138 (137–140) 0.103

Interleukin-6, pg/mL (IQR)a 17 (8–31) 21 (16–82) 11(5–28) 0.006

Ammonia, mmol/L (IQR)b 44 (35–59) 52 (44–58) 37 (31–61) 0.106

sNfL, pg/mL (IQR) 24.3 (12.1–65.5) 73.0 (30.4–114.4) 16 (11–25) ,0.001

Data are expressed as medians and interquartile ranges or as frequencies and percentages.
Significance was set at P, 0.05.
IQR, interquartile range; MELD, model for end-stage liver disease; MHE, minimal hepatic encephalopathy; NAFLD, nonalcoholic fatty liver disease; OHE, overt hepatic
encephalopathy; sNfL, serum neurofilament light chains.
aMeasured in 55 patients.
bMeasured in 22 patients.
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etiology of cirrhosis was not associated with higher sNfL
(Figure 1c). In multivariable analyses, sNfL levels were associ-
ated with the presence of MHE after adjusting for univariable
significant (Table 1) and biologically plausible factors (Table 2).
Variables independently associated with higher sNfL were
MHE, a higher model for end-stage liver disease and a history of
OHE (see Supplementary Table 2, Supplementary Digital
Content 1, http://links.lww.com/CTG/A713). In receiver

operating characteristic analysis, the discriminative ability of
sNfL to identify patients with MHE was high (AUC 0.872 [95%
confidence interval 0.773–0.971 P , 0.001] in the total cohort,
AUC 0.839 [95% confidence interval 0.711–0.966 P, 0.001] in
patients without a history of OHE; Figure 1d,e).

DISCUSSION
In this proof-of-concept study, we demonstrate that sNfL are
independently associated with MHE in patients with liver cir-
rhosis. Our data may therefore provide indirect evidence of a
potential slight neuroaxonal damage in these patients.

Although it was the prevailing opinion for a long time that
neuroaxonal cell death is minimal or even nonexistent in patients
with HE and that HE is completely reversible, this was challenged
in a clinical study by Bajaj et al., demonstrating that episodes of
OHE are associated with persistent and even cumulative deficits
in working memory, response inhibition, as well as learning (3).
Moreover, recent preclinical studies have indicated that hyper-
ammonemia may cause neurite degeneration and cell death of
cultured neurons (4,13). In addition, a study simulating the
clinical course of episodic HE in rats has demonstrated the ex-
istence of neuronal death in the cerebellum in immunohisto-
chemical analysis (5). Other data have indicated that peripheral
inflammation leading to neuroinflammation results in a loss of
cerebellar neurons and may occur at early stages of liver diseases
and worsens in patients with cirrhosis and HE (6). Our current
findings are in line with these studies hereby demonstrating po-
tential neuroaxonal damage in patients with MHE as reflected by
higher sNfL.

It has to be acknowledged that the current study is limited by
its cross-sectional design, and therefore, causality of higher sNfL
and presence of MHE cannot be proven. In addition, we did not
screen our patients according to a prespecified protocol for other
triggers of elevated sNfL, such as cerebral microangiopathy or
polyneuropathy. Moreover, our study is limited by lack of lon-
gitudinal data, and therefore, we are unable to investigate fluc-
tuations in sNfL or effects of treatment (e.g., lactulose) and liver

Figure 1. sNfL in different patient cohorts and the discriminative power of
sNfL to detectMHE in patients with liver cirrhosis. sNfL in patients with liver
cirrhosis with (n5 6) or without MHE (n5 38), in patients with stroke (n5
29), TIA (n529), andhealthy individuals (n510) (a). sNfL in patientswith
liver cirrhosis and a history of OHE (n 5 8), in patients with presence of
MHE but no history of OHE (n5 19), and in patients without any history or
presence of HE (n 5 37) (b). sNfL in patients with or without alcoholic
etiology of liver cirrhosis stratified by MHE status (c). Discriminative ability
of sNfL to detect MHE in the total cohort of patients with liver cirrhosis (n5
64, AUC 5 0.872, 95% CI 0.773–0.971; P , 0.001) (d). Discriminative
ability of sNfL to detectMHE in the cohort of patients with liver cirrhosis and
no history of OHE (n5 56, AUC 0.839, 95% CI 0.711–0.966; P, 0.001)
(e). AUC, area under the curve; HE, hepatic encephalopathy; MHE,
minimal hepatic encephalopathy; OHE, overt hepatic encephalopathy;
sNfL, serum levels of neurofilament light chains; TIA, transitory ischemic
attack.

Table 2. Logistic regression analyses of predictors for the

presence of minimal hepatic encephalopathy (MHE) in patients

with liver cirrhosis

Model 1a P
value

Model 2b P
valueOR (95% CI) OR (95% CI)

sNfL 1.077 (1.027–1.130) 0.002 1.071 (1.022–1.123) 0.004

MELD

score

0.863 (0.692–1.077) 0.193 0.875 (0.706–1.084) 0.223

Albumin

serum

levels

0.924 (0.819–1.042) 0.196 0.920 (0.818–1.036) 0.169

History

of OHE

5.235 (0.341–80.284) 0.235

CI, confidence interval; MELD, model for end-stage liver disease; OHE, overt
hepatic encephalopathy; OR, odds ratio; sNfL, serum neurofilament light
chains.
aModel 1 included sNfL,MELD score, albumin serum levels, andhistory of OHE.
bIn model 2, patients with a history of OHE were excluded, and the model
included the variables: sNfL, MELD score, and albumin serum levels.
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function. Last, our cohort mainly consists of patients with an
alcoholic etiology of their liver cirrhosis, whichmay be a potential
confounder. The effect of a history of alcohol abuse on sNfL has to
be investigated in future studies in more detail.

In conclusion, our study provides indirect evidence that
neuroaxonal damage may be present in patients with liver cir-
rhosis and MHE, and in turn, sNfL may be a potential future
biomarker for MHE.
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