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a b s t r a c t 

Background: Frailty increases the vulnerability to internal and external stressors and may therefore be an 

indicator of a higher frequency of cirrhosis complications. We aimed to investigate the association of the 

Clinical Frailty Scale (CFS) with covert (CHE) and overt HE (OHE) development in patients with cirrhosis. 

Methods: This study analyzed data of 228 patients with cirrhosis. Frailty was assessed using CFS. Patients 

were examined for the presence of CHE (using PHES) at study inclusion and followed for OHE. 

Results: Median CFS was 3 and 26 (11 %) patients were at least pre-frail (CFS > 3). In multivariable logistic 

regression analysis in patients without a history of OHE ( n = 195), a higher CFS was associated with 

the presence of CHE at baseline (OR 1.6, p = 0.039). During follow-up, 42 (18 %) patients developed 

an episode of OHE. In multivariable competing risk regression analyses, a higher CFS was independently 

associated with the development of an OHE episode in the total cohort (sHR 1.97, p < 0.001) and in the 

subcohort of patients without a history of OHE (sHR 1.88, p = 0.008). 

Conclusion: CFS appears to be a reliable tool to identify patients at higher risk of HE in whom intensified 

monitoring and treatment may be justified. 

© 2023 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Liver cirrhosis is widely prevalent worldwide and caused 1.32 

illion deaths in 2017 [1] . Hepatic encephalopathy (HE) repre- 

ents one of the most severe complications of cirrhosis. HE can 

e roughly divided into two grades termed covert (CHE) and overt 

E (OHE) [2] . While CHE is an umbrella term combining the two 

owest grades of HE - minimal HE and HE grade 1 according to 

he West-Haven-Criteria -, OHE covers the grades 2–4 according to 

est-Haven. The prevalence of MHE is heavily dependent on dis- 

ase stages and ranges from < 20 % in patients with Child-Pugh A 

CP) cirrhosis to > 50 % in patients with CP C. The incidence rates 

f OHE are less well studied and are approximately 10 % and 25 % 

er year in patients with CP A and B cirrhosis, respectively [3] . The

ccurrence of OHE and even the presence of CHE can be seen as 

n indicator of poorer prognosis and heavily affect patients’ well- 
∗ Corresponding author at: Department of Internal Medicine I, University Medi- 

al Center of the Johannes Gutenberg-University, Langenbeckstraße 1, 55131 Mainz, 

ermany. 
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eing [ 4 , 5 ]. Therefore, it is of pivotal importance to evaluate po-

entially modifiable factors to identify patients at high risk for HE 

nd subsequently prevent its occurrence. 

Frailty is common in patients with cirrhosis and defined as a 

yndrome of decreased resistance to stressors and a multifactorial 

onstruct of a cumulative decline of physiologic reserve [6] . Con- 

equently, the presence of frailty is an indicator of poorer progno- 

is regardless of the presence of various complications of cirrhosis 

7] . The pathophysiology of frailty is complex and its occurrence 

s aggravated by sarcopenia, cognitive decline and cirrhosis com- 

lications [8] . All these factors suggest frailty as a plausible risk 

actor for HE in patients with cirrhosis. Therefore, the aims of this 

tudy were to investigate the association between frailty defined 

y the easily applicable Clinical Frailty Scale (CFS) and the presence 

f CHE as well as the development of OHE in a well-characterized 

ohort of patients with cirrhosis. 

. Methods 

.1. Patient cohort 

In total, 240 patients with cirrhosis were recruited for this 

rospective cohort study between March 2017 and December 2019 
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t the Cirrhosis Center Mainz (CCM) of the University Medical Cen- 

er of the Johannes Gutenberg-University in Mainz, Germany. 12 

atients were lost to follow-up. All patients were either recruited 

n the outpatient department of the CCM or during elective hospi- 

alization. Reasons for elective hospitalization were either to per- 

orm liver biopsy, paracentesis (without evidence of spontaneous 

acterial peritonitis), esophagogastroduodenoscopy with expected 

and ligation or evaluation for liver transplantation. Detailed char- 

cteristics of this study have also been published elsewhere [ 9 , 10 ].

The leading etiology of the underlying liver disease was deter- 

ined according to clinical, serological and histological findings. 

iagnosis of cirrhosis was established by histology or a combi- 

ation of conclusive appearance in ultrasound, radiological imag- 

ng, endoscopic features of portal hypertension, and medical his- 

ory. Blood biochemistry was assessed in all patients. Patients were 

ot approached for this study and subsequently not included into 

he database, if they fulfilled one or more of the following crite- 

ia: evidence of an active infection, chronic alcohol consumption 

uring the last three months, any intake of psychotropic drugs or 

pioids, the presence of pre-terminal comorbidities (heart disease 

YHA III-IV, chronic obstructive pulmonary disease Gold C and D, 

enal failure with creatinine > 1,5 mg/dl), the presence of hepa- 

ocellular carcinoma (HCC) or other malignancies, transjugular in- 

rahepatic portosystemic shunt (TIPSS), neurological comorbidities 

i.e. dementia or history of stroke), history of recent head-trauma, 

nd severe electrolyte disorders (serum sodium 〈 130 mg/dl or 〉 
50 mg/dl). Patients with a history of OHE were allowed to partic- 

pate in the study, if they were on consequent and stable treatment 

ith lactulose and/or rifaximin. 

.2. Assessment of frailty 

The CFS was used to assess frailty. Here, disease symptoms, loss 

f function, cognitive impairment, and life expectancy are consid- 

red in a structured manner, which is described in detail elsewhere 

 11 , 12 ]. The CFS is based on clinical assessment and divided into 9

ategories (1: very fit, 2: well, 3: well with treated comorbid dis- 

ases, 4: apparently vulnerable/pre-frail, 5: mildly frail, 6: moder- 

tely frail, 7: severely frail, 8: very severely frail, and 9: terminally 

ll) [11] . According to accepted definitions, pre-frailty was defined 

s a CFS > 3 (CFS 4–9) and frailty was defined as a CFS > 4 (CFS

–9). 

.3. Diagnosis of HE 

First, every patient was examined by an experienced hepatolo- 

ist to rule out OHE. The presence of HE grade 1 was diagnosed af- 

er detailed neurological examination according to the West-Haven 

riteria [2] . 

Testing for MHE was done using the portosystemic en- 

ephalopathy (PSE) syndrome test, which yields the psychomet- 

ic hepatic encephalopathy score (PHES). Interpretation of PHES 

as done as previously described with German norms [13] . PHES 

as never performed on the same day of any other intervention 

o exclude potential confounding factors. All tests were performed 

n a quiet, lighted room between 09.00 a.m. and 04.00 p.m.. A 

core < −4 was considered pathological [13] . 

In addition, a subcohort of 217 patients was tested with the An- 

mal Naming Test (ANT), as also described elsewhere [14] . For the 

NT, patients were asked to name as many animals as possible in 

ne minute. Repeats and errors are excluded from the calculations. 

he number of named animals after one minute is defined as the 

core. To compensate for the influence of age and education on the 

esults in ANT, we calculated the S-ANT1 which has been proposed 

y Campagna et al. [15] . 
1047
.4. Determination of IL-6 and ammonia serum levels 

IL-6 serum levels were determined in a subset of patients at the 

ay of study inclusion immediately after testing with PHES using 

 commercially available Chemiluminescence immunoassay (CLIA) 

Cobas e 411 Analyzer, F. Hoffmann-La Roche AG, Basel, Swiss). 

Venous ammonia levels were measured according to a standard 

perating procedure that involved rapid sample transport on ice to 

he laboratory within five minutes and the upper limit of normal 

ULN) was 72 μmol/l. 

.5. Follow-up evaluation 

All patients were followed during routine visits every six 

onths in the outpatient clinic of the Cirrhosis Center Mainz, as 

escribed elsewhere [4] . At each visit or during unplanned hospi- 

alizations, each patient was examined by an experienced hepatol- 

gist to rule in or rule out OHE. Additionally, every patient was 

sked for hospitalizations in other hospitals. The presence of OHE 

as diagnosed after a detailed neurological examination according 

o the West-Haven criteria. In patients with available follow-up, 

o OHE episode occurred that was treated outside of our center, 

r in case of hospitalization, patients were transferred to our cen- 

er for further management. Moreover, patients were followed for 

he occurrence of the composite endpoint of death or requirement 

or liver transplantation. Patients who required liver transplanta- 

ion were considered as complete cases given that all patients were 

ransplanted because of a high MELD score and none because of 

CC. 

.6. Ethics 

The study was conducted in accordance with the ethical guide- 

ines of the 1975 Declaration of Helsinki (6th revision, 2008). 

he study was approved by the ethics committee of the Lan- 

esärztekammer Rheinland-Pfalz (Nr. 837.232.17 [110 6 6]). Written 

nformed consent was obtained from all participants. 

.7. Statistical analysis 

Data were analyzed using IBM SPSS Statistic Version 27.0 (Ar- 

onk, NY: IBM Corp.), GraphPad Prism Version 8.0.2 (GraphPad 

oftware, California, US) and R 4.1.3 (R Core Team (2022). R: A lan- 

uage and environment for statistical computing. R Foundation for 

tatistical Computing, Vienna, Austria). Quantitative data are ex- 

ressed as medians with interquartile ranges (IQR) and pairwise 

omparisons for quantitative variables were performed with an un- 

aired t -test or with the Mann-Whitney U Test. Categorical vari- 

bles are expressed as frequencies and percentages. For compari- 

on of two or more patient groups, a chi-square test was applied. 

orrelation analyses between two metric variables were performed 

sing Spearman’s rank correlation. 

To identify variables associated with the presence of CHE de- 

ned by PHES at baseline, various multivariable logistic regres- 

ion models were conducted including univariable significant vari- 

bles. Additionally, multivariable linear regression analyses were 

onducted to identify variables associated with poorer results in 

-ANT1. 

To identify variables associated with the development of OHE 

uring follow up, univariable and multivariable Cox regression 

odels were conducted. These models were based on a stepwise 

ariable selection procedure or using the inclusion method with 

redefined variables, as indicated. To solidify the results of these 

odels, we also conducted multivariable Cox regression models 

o identify variable associated with the development of the end- 

oint of OHE and transplantation-free survival. Moreover, given 
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Table 1 

Demographics and clinical characteristics of the total cohort, patients with covert hepatic encephalopathy (CHE) and patients without CHE at the time of study inclusion. 

Variable All patients 

n = 228 

Patients with 

CHE 

n = 71 

Patients without CHE 

n = 157 

p -value 

Age, y (IQR) 60 (53; 66) 62 (54; 69) 59 (53; 65) 0.209 

Male gender, n (%) 129 (56.6) 46 (64.8) 83 (52.9) 0.093 

Aetiology Alcohol, n (%) 

Viral hepatitis, n (%) 

NAFLD, n (%) 

Cholestatic/ 

Autoimmune, n (%) 

Other/mixed, n (%) 

74 (32.5) 

45 (19.7) 

29 (12.7) 

31 (13.6) 

49 (21.5) 

30 (42.3) 

12 (16.9) 

9 (12.7) 

5 (7.0) 

15 (21.1) 

44 (28.0) 

33 (21.0) 

20 (12.7) 

26 (16.6) 

34 (21.7) 

0.172 

Median MELD score (IQR) 10 (8; 14) 13 (8; 17) 10 (7; 13) < 0.001 

Child-Pugh A/B/C, n (%) 138/69/21 

(60.5/30.3/9.2) 

26/31/14 

(36.6/43.7/19.7) 

112/38/7 

(71.3/24.2/4.5) 

< 0.001 

History of ascites, n (%) 117 (51.3) 45 (63.4) 72 (45.9) 0.014 

History of OHE, n (%) 33 (14.5) 22 (31.0) 11 (7.0) < 0.001 

Varices, n (%) 135 (59.2) 47 (66.2) 88 (56.1) 0.149 

Sodium, mmol/l (IQR) 139 (137; 140) 138 (135; 140) 139 (137; 140) 0.088 

Albumin, g/l (IQR) 34 (29; 38) 30 (25; 37) 35 (31; 38) < 0.001 

Bilirubin, mg/dl (IQR 1.2 (0.8; 2.3) 1.5 (0.8; 3.0) 1.2 (0.8; 2.1) 0.083 

WBC, /nl (IQR) 5.5 (4.2; 7.3) 5.6 (4.5; 7.7) 5.5 (4.0; 7.2) 0.282 

Ammonia, μmol/l (IQR) ∗ 47 (37; 59) 47 (34; 65) 47 (37; 57) 0.753 

Interleukin 6, pg/ml (IQR) ∗∗ 8 (5; 21) 14 (7; 43) 7 (5; 13) < 0.001 

CHE, n (%) 71 (31.1) 71 (100) 0 (0) N/A 

S-ANT1 (IQR) ∗∗∗ 20 (17; 25) 16 (12; 20) 23 (19; 26) < 0.001 

CFS (IQR) 3 (2; 3) 3 (3; 3) 3 (2; 3) < 0.001 

Data are expressed as medians and interquartile ranges or as frequencies and percentages; NAFLD, non-alcoholic fatty liver disease; MELD, model for end-stage liver disease; 

CHE, covert hepatic encephalopathy; S-ANT1, simplified animal naming test; CFS, clinical frailty scale. 
∗ Available in 209 patients. 
∗∗ Available in 211 patients. 
∗∗∗ Available in 217 patients. 
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p  
he competing nature of death/transplantation regarding the risk 

or development of OHE, we repeated multivariable analyses us- 

ng the method of Fine and Gray and treated death/transplantation 

s competing events. Additionally, we compared the cumulative 

HE incidences in patients with and without pre-frailty by cumu- 

ative incidence plots. Thereby, we used competing risk method- 

logy where death and transplantation were considered as com- 

eting events for OHE. Here, statistical significance was tested us- 

ng Gray’s Test. For these analyses, the R package [tidycmprsk] was 

sed. 

To investigate the discriminative ability of CFS to identify pa- 

ients developing OHE within the next 180 days of follow-up, 

e calculated the area under the receiver operating characteris- 

ic curve (AUROC) and its respective 95 % confidence interval (CI). 

o identify the ideal cut-off for CFS, the Youden-Index was deter- 

ined. 

Last, to compare IL-6 and ammonia serum levels between pa- 

ients with and without prefrailty, we conducted a 1:1 matching 

rocedure to obtain comparable groups. Patients were matched for 

ge, gender, alcoholic etiology of cirrhosis, MELD, CP stage, history 

f ascites, history of OHE, sodium, albumin and CHE status. 

For all tests, we used a 0.05 level to define statistically rele- 

ant deviations from the respective null hypotheses. Given that our 

omplete data analysis is exploratory, p -values have to be inter- 

reted in the context of the design and no adjustments for multi- 

le testing were performed. 

. Results 

.1. Demographics and baseline characteristics 

Data of 228 patients were analyzed and the baseline charac- 

eristics of this cohort are displayed in Table 1 . At baseline, CHE 

as detected in 71 (31.1 %) patients. Median age was 60 years (IQR 
1048
3; 66) and the majority of patients had Child-Pugh A cirrhosis 

60.5 %) with a median MELD score of 10 (IQR 8; 14). 

.2. Variables associated with the presence of CHE at baseline 

Univariable comparisons between patients with and without 

HE are displayed in Table 1 . Both groups differed significantly in 

erms of median MELD score, Child-Pugh grade, history of ascites 

nd OHE, albumin serum levels and CFS. The median and distri- 

ution of CFS in the groups of patients with and without CHE are 

isplayed in Fig. 1 A ( p < 0.001). Fig. 1 B displays the comparison

f CFS in patients with a history of OHE, CHE and patients with- 

ut HE. Patients with a history of OHE or CHE had a significantly 

igher median CFS ( p < 0.05 each) compared to patients without 

E, while there was no significant difference in CFS between pa- 

ients with a history of OHE and CHE. 

To identify variables associated with the presence of CHE at 

aseline, multivariable logistic regression models were conducted 

ncluding variables with a p < 0.05 in univariable analyses. In a 

odel including the total cohort, only history of OHE was asso- 

iated with the presence of CHE (OR 4.150, 95 % CI 1.760–9.785, 

 = 0.001), while CFS, MELD score, albumin or history of ascites 

ere not ( Table 2 ). The same multivariable model was fitted in the 

ubcohort of patients without a history of OHE ( n = 195). Here, a 

igher CFS (OR 1.648, 95 % CI 1.056–2.570, p = 0.027) was the only 

ariable associated with the presence of CHE, while MELD score, 

lbumin and history of ascites were not. 

A subcohort of 217 patients was also tested with S-ANT1. There 

as a moderate correlation between results in PHES and S-ANT1 

rho = 0.531, p < 0.001). To identify variables associated with 

oorer results in S-ANT1, multivariable linear regression models 

ere fitted including the aforementioned variables. Here, a higher 

FS was associated with poorer results in S-ANT 1 ( β = −0.196, 

 = 0.006) in the total cohort as well as in the subcohort of pa-
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Table 2 

Variables associated with the presence of covert hepatic encephalopathy using multivariable logistic regression models. 

Multivariable logistic regression analysis 

(total cohort) 

OR (95 % CI) p -value 

Multivariable logistic regression analysis 

(subcohort of patients without a history 

of OHE, n = 195) 

OR (95 % CI) p -value OR (95 % CI) p -value 

MELD score 1.075 (0.996–1.160) 0.063 1.071 (0.986–1.164) 0.105 

Albumin 0.974 (0.916–1.037) 0.411 1.000 (0.934–1.072) 0.993 

CFS 1.320 (0.916–1.902) 0.136 1.648 (1.056 –2.570) 0.027 

History of OHE 4.150 (1.760 –9.785) 0.001 

History of ascites 0.921 (0.453–1.869) 0.819 1.339 (0.622–2.879) 0.455 

The multivariable logistic regression models were performed with an inclusion variable selection procedure and all 

univariable significant variables (from Table 1 ) were included into the models. 

OR, odds ratio; 95 % CI, 95 % confidence interval; MELD, model for end-stage liver disease; OHE, overt hepatic en- 

cephalopathy; CFS, clinical frailty scale. 

Fig. 1. A. Comparison of CFS in patients with and without hepatic encephalopathy 

(HE). Fig. 1 A displays the violin plots of the distribution of CFS in patients with and 

without CHE (∗∗∗p < 0.001). Fig. 1 B displays the violin plots of the distribution of 

CFS in patients with a history of OHE, patients with CHE but no history of OHE and 

patients without HE (∗p < 0.05, ∗∗∗∗p < 0.0 0 01). 
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ients without a history of OHE ( β = −0.196, p = 0.010) (supple- 

entary Table 1). 

.3. Variables associated with the development of OHE during 

ollow-up 

All patients were followed for the development of the first OHE 

pisode or death/liver transplantation. Median follow-up time was 

88 (IQR 371–745) days. During follow-up a total of 42 (18.4 %) 

rst episodes of OHE occurred. The distribution of the OHE grade 

ccording to the West-Haven Criteria was as follows: 31 (73.8 %) 

rade 2, 9 (21.4 %) grade 3, 2 (4.8 %) grade 4. The triggers of the
1049
HE episodes were infections (31 %), upper gastrointestinal bleed- 

ng (10 %), constipation (5 %), electrolyte disorders (5 %) or mul- 

iple factors (19 %). In 13 patients (31 %) no precipitating factor 

ould be identified. In total, 22 patients (9.6 %) died or received 

 liver transplantation before an episode of OHE and 30 (13.2 %) 

atients died or received a liver transplantation after an episode of 

HE. Cumulative OHE-incidences differed significantly between pa- 

ients with at least pre-frailty (CFS > 3) and patients with CFS ≤ 3 

 p < 0.001, Fig. 2 ). The cumulative OHE-incidences for patients 

ith CFS > 3 at 3, 6 and 12 months were 27 % (95 % CI 12; 45),

8 % (20; 57) and 43 % (23; 62), respectively. For patients with 

FS ≤ 3 the cumulative OHE-incidences were 7.5 % (4.4; 12), 10 % 

6.3; 15) and 11 % (7.3; 16) at 3, 6 and 12 months, respectively. 

To identify variables associated with the development of OHE 

uring follow-up, univariable Cox regression analyses were con- 

ucted in a first step. These results are displayed in Table 3 . To

dentify variables independently associated with the development 

f OHE, a multivariable Cox regression model was fitted using a 

tepwise variable selection procedure under consideration of all 

nivariable significant variables. Here, a higher CFS, a higher MELD 

core, lower albumin levels and CHE at baseline were associated 

ith development of OHE (Model 1, Table 3 ). The independent as- 

ociation between a higher CFS and OHE development was vali- 

ated in a confirmatory multivariable regression analysis using the 

ethod of Fine and Gray (Model 3, Table 3 ). In a second multi- 

ariable Cox regression model using the same procedure pre-frailty 

CFS > 3, ref. CFS ≤ 3) was included as a dichotomous variable in- 

tead of CFS as a metric variable (Model 2, Table 3 ). Here, pre-

railty (CFS > 3) was independently associated with developing 

HE during follow-up (HR 2.892, p = 0.002). In a separate model 

ncluding frailty (CFS > 4, ref. CFS ≤ 4) as a dichotomous variable 

HR 3.407, p = 0.012) the association was even stronger (supple- 

entary Table 2). To identify variables associated with the devel- 

pment of a first OHE episode during follow-up, we excluded all 

atients with a history of OHE from the cohort. In the remain- 

ng subcohort ( n = 195), a higher MELD score, lower albumin lev- 

ls and a higher CFS were independently associated with a first 

pisode of OHE ( Table 4 ). Again, the independent association be- 

ween a higher CFS and development of a first OHE episode was 

alidated in a confirmatory multivariable regression analysis using 

he method of Fine and Gray (Model 2, Table 4 ). 

To analyze the discriminative ability of CFS to predict the de- 

elopment of an OHE episode ( n = 30 events) during the next 180 

ays of follow-up, a ROC curve was conducted. Here, the AUROC 

as 0.75 (95 % CI 0.66; 0.83). The ideal cut-off was a CFS of ≥3 

sensitivity: 93 %, specificity: 42 %). 

To identify variables associated with the development of the 

omposite endpoint of OHE and transplantation-free survival, uni- 

ariable Cox regression analyses were conducted, which are dis- 

layed in supplementary Table 2. Following, a multivariable Cox 
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Fig. 2. Cumulative overt hepatic encephalopathy incidences for patients with and without pre-frailty (CFS > 3 vs. CFS ≤ 3, p < 0.001). The colored areas display the 95 % 

confidence intervals. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 

Table 3 

Variables associated with the development of overt hepatic encephalopathy in the total cohort using univariable and multivariable Cox regression models as well as a Fine 

and Gray regression model. 

Univariable Cox regression analysis Multivariable Cox regression 

analysis 

Multivariable Cox regression 

analysis 

Multivariable regression 

analysis using the Fine and 

Gray method 

Model 1 Model 2 Model 3 

HR (95 % CI) p -value HR (95 % CI) p HR (95 % CI) p sHR (95 %CI) p 

Age in years 1.002 (0.974–1.031 0.880 

Male gender (ref.: 

female gender) 

1.397 

(0.743–2.627) 

0.300 

MELD score 1.195 

(1.144–1.247) 

< 0.001 1.112 

(1.049 –1.179) 

< 0.001 1.108 

(1.044 –1.177) 

< 0.001 ns 

History of OHE 2.915 

(1.462–5.814) 

0.002 ns ns ns 

History of ascites 4.774 

(2.209–10.320) 

< 0.001 ns ns ns 

Sodium 0.754 

(0.687–0.827) 

< 0.001 ns ns ns 

Albumin 0.803 

(0.762–0.846) 

< 0.001 0.874 

(0.822 –0.930) 

< 0.001 0.863 

(0.811 –0.918) 

< 0.001 0.91 

(0.85 –0.98) 

0.017 

CHE 3.459 

(1.881–6.360) 

< 0.001 2.025 

(1.069 –3.835) 

0.030 1.974 

(1.040 –3.745) 

0.037 ns 

CFS 2.647 

(1.981–3.538) 

< 0.001 2.104 

(1.504 –2.945) 

< 0.001 1.97 

(1.35 –2.89) 

< 0.001 

Pre-frailty 

(CFS > 3) 

4.811 

(2.493–9.284) 

< 0.001 2.892 

(1.454 –5.753) 

0.002 

The multivariable Cox regression model were performed with a stepwise variable selection procedure. Model 1: not significant and therefore not included into the final 

model were the following variables: Sodium ( p = 0.870), history of ascites ( p = 0.839), history of OHE ( p = 0.827). 

Model 2: not significant and therefore not included into the final model were the following variables: Sodium ( p = 0.749), history of ascites ( p = 0.797), history of OHE 

( p = 0.824). 

Model 3: The multivariable regression analysis using the Fine and Gray method was performed with a predefined inclusion variable selection. Only significant variables are 

displayed. Not significant were: CHE ( p = 0.12), sodium ( p = 0.4), history of ascites ( p = 0.5), history of OHE ( p = 0.2) and MELD ( p = 0.3). 

HR, hazard ratio; sHR: subdistribution hazard ratio; 95 % CI, 95 % confidence interval; ns, not significant; MELD, model for end-stage liver disease; OHE, overt hepatic 

encephalopathy; CHE, covert hepatic encephalopathy; CFS, clinical frailty scale. 
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Table 4 

Variables associated with the development of overt hepatic encephalopathy in the subcohort of patients without a history of OHE ( n = 195) 

using multivariable Cox regression models. 

Multivariable Cox regression analysis Multivariable regression analysis using the Fine 

and Gray method 

Model 1 Model 2 

HR (95 % CI) p -value sHR (95 % CI) p -value 

MELD score 1.071 (1.000 –1.147) < 0.001 

Albumin 0.824 (0.757 –0.897) < 0.001 0.85 (0.78 –0.93) < 0.001 

CFS 1.817 (1.171 –2.818) 0.008 1.88 (1.18 –2.99) 0.008 

Model 1: The multivariable Cox regression model was performed with a stepwise variable selection procedure. Not significant and therefore 

not included into the final model were the following variables: CHE ( p = 0.064), sodium ( p = 0.273) and history of ascites ( p = 0.637). 

Model 2: The multivariable regression analysis using the Fine and Gray method was performed with a predefined inclusion variable selec- 

tion. Only significant variables are displayed. Not significant were: CHE ( p = 0.2), sodium ( p = 0.5), history of ascites ( p = 0.6) and MELD 

( p = 0.4). 

HR, hazard ratio; sHR, subdistribution hazard raio; 95 % CI, 95 % confidence interval; ns, not significant; MELD, model for end-stage liver 

disease; CHE, covert hepatic encephalopathy; CFS, clinical frailty scale. 
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egression model was fitted based on a stepwise variable selec- 

ion procedure including all univariable significant variables. Here, 

 higher CFS (HR 1.636, 95 % CI 1.234–2.171, p < 0.001), a higher

ELD score (HR 1.092, 95 % CI 1.041–1.146, p < 0.001), lower albu- 

in levels (HR 0.884, 95 % CI 0.840–0.930, p < 0.001) and CHE at 

aseline (HR 1.730, 95 % CI 1.025–2.921, p = 0.040) were indepen- 

ently associated with poorer OHE and liver transplantation free 

urvival (supplementary Table 3). 

.4. Analyses of the association between pre-frailty (CFS > 3) and 

L-6 serum levels or ammonia 

To address potential pathophysiological aspects of the associa- 

ion between a CFS > 3 (at least pre-frailty) and HE, we aimed to 

ompare serum levels of IL-6 and ammonia between patients with 

 CFS > 3 and ≤ 3. IL-6 and ammonia serum levels were available 

n 211 and 209 patients, respectively. In the group of patients with 

oth measures available, we conducted a 1:1 matching procedure 

etween patients with a CFS > 3 and ≤ 3. After matching, both 

roups consisted of 21 patients and were well balanced (supple- 

entary Table 4). Patients with a CFS > 3 had significantly higher 

evels of IL-6 (38 vs. 28 pg/ml, p = 0.043) and ammonia (51 vs. 

7 μmol/l, p = 0.041) compared to patients with a CFS ≤ 3 (sup- 

lementary Figure 1). 

. Discussion 

Identifying patients at high risk for HE development is impor- 

ant in clinical practice. In this study, we were able to demonstrate 

hat (pre-)frailty, quantified by CFS, is associated with the presence 

f CHE in patients without a history of OHE. Moreover, we found 

hat a higher CFS is strongly associated with OHE development ir- 

espective of the presence of CHE at baseline. As demonstrated in 

 matched subcohort, the higher frequency of HE in patients with 

 higher CFS may be explained by elevated levels of ammonia and 

ystemic inflammation. 

Frailty is common in patients with cirrhosis; however, the 

revalence varies considerably according to the used test. In this 

tudy, we used the easily applicable CFS, which has been proven to 

e comparable to more elaborate frailty tests, such as Fried Frailty 

riteria or Short Physical Performance Battery, for predicting hos- 

italizations and mortality in cirrhosis [11] . Overall, the prevalence 

f pre-frailty (CFS > 3, 11 %) and frailty (CFS > 4, 4 %) were com-

arably low in our study, but comparable to a study in Canadian 

atients by Tandon et al. or a North American based multicenter 

tudy by Bajaj et al. [ 11 , 16 ]. This low prevalence may be best ex-

lained by the composition of our cohort, which only included out- 

r electively hospitalized patients and a high frequency of patients 
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ith Child-Pugh A at study inclusion. That is why we decided to 

ichotomize the CFS in some analyses according to the cut-off for 

re-frailty (CFS > 3) to increase the robustness of our statistical 

nalyses. 

The association between frailty and decompensation events 

ave been extensively studied in the past [ 12 , 17–19 ]. However, the 

ssociation of frailty and HE is less well studied in detail. In our 

urrent study, we found a higher CFS to be independently asso- 

iated with the presence of CHE according to PHES. Moreover, a 

igher CFS was also associated with poorer results in S-ANT1, a 

est of semantic fluency and memory. Our study and studies by 

ther groups demonstrate that there seems to be a bidirectional 

elationship between cognitive impairment and the presence of 

railty [ 20 , 21 ]. However, it has to be acknowledged that due to

he cross-sectional setting, we cannot delineate what comes first: 

railty leading to a higher risk of CHE or vice versa. This has to be

nalyzed in future longitudinal studies. 

Another important finding of our study was the strong asso- 

iation between a higher CFS or pre-frailty and the development 

f OHE during follow-up. These findings were robust even in sen- 

itivity analyses including only patients without a history of OHE 

r when analyzing the endpoint of OHE and liver transplantation 

ree survival. In this context, it is noteworthy that the association 

etween CFS and OHE was independent of CHE at baseline. There 

s only one study available that is comparable to ours and inves- 

igated the predictive ability of CFS regarding OHE development. 

n a large study including 355 patients with cirrhosis, Ney et al. 

ere able to demonstrate a robust association between CFS and 

HE during follow-up and developed the easily applicable Mon- 

real Cognitive Assessment (MoCA)-CFS score [22] . Our study ex- 

ands the findings of the study by Ney et al., by providing data in 

 large cohort of European patients and demonstrating the predic- 

ive ability of CFS irrespective of CHE at baseline, which was not 

ested for in their study. A study by Tapper et al. investigated pre- 

ictors for a first episode of OHE and found chair stands and daily 

ctivity–both potential measures of frailty–to be independently as- 

ociated with a first episode of OHE [3] . Surprisingly, in this com- 

rehensive study, performance in ICT, a validated test for detection 

f CHE, was not. Another recently published study demonstrated in 

 large North American based multicenter cohort that frailty - de- 

ned by CFS - and MHE were associated with hospital admissions 

16] . Taken together, the aforementioned and our study underscore 

he usefulness of easily applicable tools for the detection of frailty, 

uch as the CFS, to identify and monitor patients at higher risk 

or OHE. Especially CFS can be implemented into every outpatient 

linic without any additional costs. Future studies should now fo- 

us on whether patients with e.g. a CFS > 3 would benefit from 

 prescription of a primary prophylaxis to prevent OHE. Currently, 
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o clear recommendation on this is possible, given the low quality 

f evidence of studies on this topic. 

Frailty is a complex syndrome not only defined by sarcopenia 

nd loss of muscle function, but also by cognitive dysfunctions. 

arcopenia has been studied extensively in the context of HE and 

he important role of muscle in ammonia metabolism is well de- 

cribed [ 23 , 24 ]. Recent studies demonstrated that aging processes 

ake the brain more susceptible to toxic metabolites and conse- 

uently increasing the risk for HE [ 25 , 26 ]. Our study expands the

urrent evidence on why frailty is associated with CHE as well as 

HE by demonstrating in a well-matched cohort that patients with 

 CFS > 3 do suffer from higher levels of systemic inflammation 

nd ammonia, independent of their underlying liver function. This 

s of pivotal importance given that ammonia and systemic inflam- 

ation are not only prerequisites for HE development, but also de- 

ompensation and mortality [27–29] . 

Our study has several strengths, such as the large and prospec- 

ively collected cohort, with thorough cognitive testing at baseline. 

owever, there are also limitations that have to be acknowledged. 

irst, this is a single center study conducted at a high-volume ter- 

iary care center in Germany. Therefore, our findings may not be 

eneralizable to every patient with cirrhosis. Second, we did not 

ssess the presence of large portosystemic shunts, which are asso- 

iated with the development of HE [30] . This is especially a limita- 

ion for our matched cohort looking at IL-6 and ammonia, because 

e cannot assure that the presence of portosystemic shunts is bal- 

nced between both groups. Third, we did not assess changes of 

FS over time and are therefore unable to investigate the impact 

f relevant changes on the development of OHE. Fourth, we did 

ot compare the predictive usefulness of CFS with sarcopenia. This 

s explained by the fact that only a minority of our (out-)patients 

as an available CT scan. This also underscores the limitation of 

arcopenia determination using CT scans, as in most cases they are 

ot available in every patient, whereas in CFS this is the case. 

In conclusion, we were able to demonstrate that poorer physi- 

al functioning, quantified by CFS, is associated with the presence 

f CHE in patients without a history of OHE. Moreover, we found 

hat a higher CFS is strongly associated with OHE development ir- 

espective of the presence of CHE at baseline. As demonstrated in 

 matched subcohort, the higher frequency of HE in patients with 

 higher CFS may be explained by elevated levels of ammonia and 

ystemic inflammation in frailer patients. CFS may serve as an easy 

nd inexpensive tool to identify patients at higher risk of HE in 

linical routine. 
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