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INTRODUCTION: Frailty is common in patients with cirrhosis and increases the vulnerability to internal and external

stressors. This study aimed to investigate the impact of frailty, as defined by the Clinical Frailty Scale

(CFS), on the risk of acute kidney injury (AKI) and hepatorenal syndrome (HRS-AKI) in hospitalized

patients with liver cirrhosis.

METHODS: We analyzed data of 201 nonelectively hospitalized patients with cirrhosis and without higher-grade

chronic kidney disease. Patient characteristics were captured within the first 24 hours of hospital

admission, and frailty was assessed using the CFS. Patients were followed for the development of AKI

and/or HRS-AKI during the hospital stay.

RESULTS: In the total cohort,medianCFSwas3 (interquartile range3–4), and34 (16.9%)patients were frail (CFS

>4). During the hospital stay, 110 (54.7%) and 49 (24.3%) patients developed AKI or HRS-AKI,

respectively. Patients with AKI or HRS-AKI had a significantly higher CFS than patients without kidney

injury (P < 0.001 each). Inmultivariable analyses, a higher CFS was independently associated with the

development of AKI (odds ratio [OR] 1.467, 95% confidence interval (CI) 1.065–2.021) in the total

cohort and HRS-AKI (OR 1.809, 95% CI 1.263–2.591) in the subcohort of patients with a history of

ascites. In addition, there was a strong association between frailty (OR 3.717, 95% CI 1.456–9.491)

and HRS-AKI.

DISCUSSION: Frailty in patients with cirrhosis is associated with AKI and HRS-AKI. In this context, CFS appears to be

a reliable tool to identify patients at high risk for developing AKI or HRS-AKI on hospital admission.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A834, http://links.lww.com/CTG/A835
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INTRODUCTION
Frailty is a multidimensional syndrome characterized by loss of
individual reserve capacity and increased vulnerability to internal
and external stressors (1). It has previously been observed that
frailty is a robust predictor for hospitalization or death in patients
with liver cirrhosis and is independently associated with waitlist
mortality in patients awaiting liver transplantation (2,3). How-
ever, there is only a small body of literature regarding the re-
lationship between frailty and renal dysfunction or acute kidney
injury (AKI) (4). AKI is a frequent, serious, and prognostically
relevant complication of liver cirrhosis. Approximately 20%–50%

of patients hospitalized for decompensated cirrhosis developAKI
(5,6). It has been demonstrated that frailty represents a clinical
parameter that may identify patients with liver cirrhosis most
vulnerable to AKI in an outpatient setting using the Liver Frailty
Index (LFI) (3) or themore time-consuming Fried Frailty Criteria
(7). Frailty as a predictor could both influence treatment decisions
and identify those patients whomay benefit from early treatment.
The latter is particularly important in the treatment of hep-
atorenal syndrome (HRS-AKI), a functional kidney disease that
occurs in patients with decompensated liver cirrhosis and is as-
sociated with high mortality (8). However, data on the impact of
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frailty and the prognostic value of established assessment tools for
the prediction of AKI or HRS-AKI in hospitalized patients with
liver cirrhosis are currently lacking. For use in an inpatient set-
ting, pragmatic applicability is of particular importance. The
validated Clinical Frailty Scale (CFS) allows health professionals
to assess the graduation of frailty within a short amount of time
and is independent of acute-illness derived frailty (2). Therefore,
this study aimed to evaluate the impact of frailty, as defined by the
CFS, on the risk of AKI and HRS-AKI in nonelectively hospi-
talized patients with liver cirrhosis.

METHODS
Patient cohort

Data of 231 consecutive, nonelectively hospitalized patients with
liver cirrhosis prospectively enrolled within the first 24 hours of
hospital admission between January 2019 and June 2021 at the
Cirrhosis Centre Mainz of the University Medical Centre of the
Johannes Gutenberg-University in Mainz (Germany) were ret-
rospectively (post hoc) analyzed. A subset of this cohort was
previously used to analyze the predictive ability of the CFS for
short-term mortality in hospitalized patients with cirrhosis (9).
The leading etiology of the underlying liver disease was de-
termined according to clinical, serological, and histological
findings. Diagnosis of liver cirrhosis was established by histology
or a combination of conclusive appearance in ultrasound, ra-
diological imaging, endoscopic features of portal hypertension,
and medical history. Blood biochemistry was assessed in all pa-
tients. The Model for End-Stage Liver Disease (MELD) score on
the first day of hospitalization was calculated to determine the
severity of the underlying liver disease (10). Patients were fol-
lowed retrospectively via electronic chart review for the de-
velopment of AKI and HRS-AKI during the hospital stay. AKI
and HRS-AKI were defined according to the AKI Network cri-
teria, which are explained in detail below.

Patients were excluded if they fulfilled one or more of the
following criteria: preexisting dialysis requirement or a glomer-
ular filtration rate, 60 mL/min/1.73 m2 due to either functional
or structural chronic kidney disease such as HRS–non-AKI. The
flowchart of the study is displayed in Figure 1.

Assessment of frailty

The CFS was used to assess frailty and was performed for each
patient at enrollment into the study. CFS was assessed by V.K.
under supervision of C.L. For assessment of CFS, disease symp-
toms, loss of function, cognitive impairment, and life expectancy
are considered in a structured manner, which is described in
detail elsewhere (9,11). The CFS is based on clinical assessment
and divided into 9 categories: (i) very fit, (ii) well, (iii) well with
treated comorbid diseases, (iv) apparently vulnerable, (v) mildly
frail, (vi) moderately frail, (vii) severely frail, (viii) very severely
frail, and (ix) terminally ill (11). According to accepted defini-
tions, frailty was defined as a CFS. 4 (CFS 5–9).

Diagnosis of AKI

The diagnosis of AKI in patients with liver cirrhosis was defined
in 2015 by the International Club of Ascites (ICA) according to
theAKINetwork criteria (12). According to the ICA-AKI criteria,
AKI in patients with cirrhosis is defined as an increase in serum
creatinine (SCr) of at least 0.3 mg/dL (26.5 mmol/L) within 48
hours or a percentage increase in SCr of at least 50% from base-
line, which is already known or presumed, to have occurred

within the prior 7 days (12). These criteria classify AKI into dif-
ferent stages (AKI stage 1A and B, AKI stage 2, and AKI stage 3)
based on prognostic relevance (13–15):

Stage 1A: Increase in SCr$ 0.3mg/dL from baseline to a value
, 1.5- mg/dL.

Stage 1B: Increase in SCr$ 0.3mg/dL from baseline to a value
$ 1.5- mg/dL.

Stage 2: Increase in SCr . 2-fold to 3-fold from baseline.
Stage 3: Increase in SCr . 3-fold from baseline or SCr $ 4.0

mg/dL with an acute increase $0.3 mg/dL or initiation of renal
replacement therapy.

In the absence of baseline values and an existing AKI on
hospital admission, we used the lowest SCr value of the previous 3
months as a baseline to make a prompt diagnosis (12,16).

Diagnosis of HRS-AKI

HRS-AKI is a diagnosis of exclusion. Therefore, it was diagnosed
according to the ICA-AKI criteria in the presence of decom-
pensated cirrhosis with ascites and the following criteria (12):

1. No response after 48 hours of diuretic withdrawal and plasma
volume expansion with albumin.

2. No current or recent use of nephrotoxic drugs (e.g., NSAIDs).
3. Absence of shock.
4. Exclusion of signs of structural kidney injury indicated by

proteinuria, microhematuria, and/or abnormal renal
ultrasonography.
Patients with preexisting structural or functional renal in-

sufficiency, such as HRS-non-AKI, were excluded as previously
mentioned.

Ethics

The study was conducted in accordance with the ethical guide-
lines of the 1975Declaration of Helsinki (6th revision, 2008). The
study was approved by the ethics committee of the Land-
esärztekammer Rheinland-Pfalz (Nr. 837.052.12 [8153]). Writ-
ten informed consent was obtained from all participants.

Statistical analysis

Data were analyzed using IBM SPSS Statistic Version 27.0 (IBM,
Armonk, NY) and GraphPad Prism Version 8.0.2 (GraphPad
Software, CA). Quantitative data are expressed as medians with
interquartile ranges (IQR), and pairwise comparisons for quan-
titative variables were performed with an unpaired t test or with
the Mann-Whitney U test. Categorical variables are expressed as
frequencies and percentages. For comparison of 2 ormore patient
groups, a x2 test was applied.

To identify variables associated with the presence or de-
velopment of AKI or HRS-AKI during the hospital stay, different
multivariable analyses using logistic regression models were
conducted. These models were based on a stepwise variable se-
lection procedure. All available clinical and laboratory parame-
ters were included into the models under consideration of
potential collinearity (e.g., bilirubin or the International Nor-
malized Ratio are part of the MELD score).

Our complete data analysis is exploratory. Hence, no adjust-
ments for multiple testing were performed. For all tests, we used a
0.05 level to define statistically relevant deviations from the re-
spective null hypotheses.
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RESULTS

Demographics and baseline characteristics

A total of 231 patients with liver cirrhosis were recruited. Of these,
30 were excluded from further analysis. Median age of the total
cohort was 58 years (IQR 50–65 years), and most patients were
male (62.7%). At hospital admission, the median MELD score
was 17. Frailty was detected in 34 (17%) patients according to
CFS, and median CFS was 3. Additional baseline characteristics
are displayed in Table 1.

On the day of study inclusion, 20.4% had AKI based on the
ICA-AKI criteria. The median SCr level was 1.02 mg/dL (IQR
0.78–1.62). No patient died during the hospital stay without an
episode of AKI.

Variables associated with AKI during the hospital stay in the

total cohort

In total, 110 (54.7%) patients had AKI at hospital admission or
during the hospital stay. Of those, 25 (22.7%) patients progressed
to AKI stage 1A, 23 (20.9%) to stage 1B, 19 (17.3%) to stage 2, and
43 (39.1%) to stage 3. Triggers of AKI were infections (n 5 24),
bleeding (n5 11), refractory ascites (n5 46), volume depletion
(n 5 25), or a combination/other (n 5 4). Patients with AKI
differed significantly from patients without AKI in terms of the
presence of infections at admission, liver functions tests such as
MELD, inflammation parameters (white blood cell count and C-
reactive protein [CRP]), hemoglobin levels, and CFS (Table 2,
Figure 2). The frequency of the different stages of AKI did not
differ significantly between frail and robust patients (CFS cutoff.
4, see Supplementary Figure 1, http://links.lww.com/CTG/A834).
To identify variables associated withAKI during the hospital stay,
a multivariable logistic regression analysis with a stepwise vari-
able selection procedure was conducted (Table 3). Here, a higher
CFS (odds ratio [OR] 1.467, 95% confidence interval [CI]
1.065–2.021, P5 0.019), a higherMELD score (OR 1.100, 95%CI
1.053–1.149, P , 0.001), a higher CRP (OR 1.014, 95% CI
1.004–1.025, P5 0.007), and lower hemoglobin levels (OR 0.801,
95% CI 0.692–0.927, P 5 0.003) were independently associated

with AKI during the hospital stay (Table 3). This multivariable
logistic regression analysis was repeated including Child-Pugh
class instead of the MELD score. Here, CFS remained

Table 1. Demographics and clinical characteristics of the cohort

at the time of study inclusion (hospital admission)

Variable Total cohort, n 5 201

Age, y (IQR) 58 (50–65)

Male sex, n (%) 126 (62.7)

Etiology

Alcohol, n (%) 128 (63.7)

Viral hepatitis, n (%) 10 (5.0)

NAFLD/cryptogenic, n (%) 34 (16.9)

Cholestatic/autoimmune, n (%) 17 (8.5)

Other/mixed, n (%) 12 (6.0)

Median MELD score (IQR) 17 (12–24)

Child-Pugh A/B/C, n (%) 11 (5.5)/116 (57.7)/74 (36.8)

ACLF, n (%) 76 (37.8)

Infection, n (%) 67 (33.3)

History of ascites, n (%) 184 (91.5)

History of overt HE, n (%) 60 (29.9)

History of HRS-AKI, n (%) 52 (25.9)

Complications at admission (multiple

complications possible)

Overt HE 50 (24.9)

Ascites with need for paracentesis 171 (85.1)

Variceal bleeding 4 (2.0)

Nonvariceal bleeding 14 (7.0)

SBP 23 (11.4)

Infection 67 (33.3)

Sodium, mmol/L (IQR) 136 (133–139)

Albumin, g/L (IQR) 25 (21–31)

Bilirubin, mg/dL (IQR) 2.8 (1.3–8.9)

INR (IQR) 1.5 (1.3–1.9)

Hemoglobin, g/dL (IQR) 10.2 (8.6–12.2)

Platelets, nL (IQR) 106 (72–159)

WBC, nL (IQR) 7.6 (4.6–11.1)

CRP, mg/L (IQR) 23 (8–51)

SCr, mg/dL (IQR) 1.02 (0.78–1.62)

AKI at admission, n (%) 44 (20.4)

CFS (IQR)

Frail (CFS . 4), n (%)

3 (3–4)

34 (17.0)

Data are expressed as medians and interquartile ranges or as frequencies and
percentages.
ACLF, acute-on-chronic liver failure; AKI, acute kidney injury; CFS, Clinical Frailty
Scale; CRP, C-reactive protein; HE, hepatic encephalopathy; HRS-AKI, hepatorenal
syndrome; INR, International Normalized Ratio; MELD, model for end-stage liver
disease; NAFLD, nonalcoholic fatty liver disease; SBP, spontaneous bacterial
peritonitis; SCr, serum creatinine; WBC, white blood cell count.

Figure 1. Flowchart of the study. Acute kidney injury (AKI), chronic kidney
disease (CKD), hepatorenal syndrome (HRS-AKI), and International Club
of Ascites (ICA).
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independently associated with AKI during the hospital stay (OR
1.440, 95% CI 1.055–1.964, P 5 0.021) (see Supplementary Ta-
ble 1, http://links.lww.com/CTG/A835).

Variables associated with HRS-AKI during the hospital stay in

the total cohort

In total, 49 (24.3%) patients had HRS-AKI at hospital admission
or during the hospital stay. Triggers of HRS-AKI were infections

(n 5 14), bleeding (n 5 4), refractory ascites (n 5 19), volume
depletion (n 5 1), or a combination/other (n 5 11). To identify
variables associated with HRS-AKI during the hospital stay, we
conducted univariable and multivariable analyses. Patients
without a history of ascites (n 5 17) were excluded from these
analyses because ascites is a prerequisite for HRS-AKI. Patients
with HRS-AKI differed significantly from patients without HRS-
AKI in terms of the presence of infections at admission, liver
functions tests such as MELD, history of HRS-AKI, hemoglobin
levels, inflammation parameters (white blood cell count and
CRP), and CFS (Table 4).

In multivariable logistic regression analysis, a higher CFS (OR
1.809, 95%CI 1.263–2.591, P5 0.001), a higherMELD score (OR
1.120, 95% CI 1.069–1.173, P , 0.001), and lower hemoglobin
levels (OR 0.776, 95% CI 0.645–0.933, P 5 0.007) were in-
dependently associated with HRS-AKI during the hospital stay
(Table 5). In a second multivariable logistic regression analysis
including frailty (CFS . 4) as a dichotomous variable, higher
MELD scores, lower hemoglobin levels, a history of HRS-AKI,

Table 2. Demographics and clinical characteristics of the

patients with and without acute kidney injury (AKI) during the

hospital stay (n 5 201)

Variable

Patients with AKI

n 5 110

Patients without

AKI n 5 91 P value

Age, y (IQR) 59 (50–65) 57 (49–65) 0.504

Male sex, n (%) 66 (60.0) 60 (65.9) 0.387

Etiology

Alcohol, n (%) 71 (64.5) 57 (62.6) 0.957

Viral hepatitis, n (%) 6 (5.5) 4 (4.4)

NAFLD, n (%) 18 (16.4) 16 (17.6)

Cholestatic/

autoimmune, n (%)

8 (7.3) 9 (9.9)

Other/mixed, n (%) 7 (6.4) 5 (5.5)

Median MELD score

(IQR)

21 (15–27) 15 (10–18) ,0.001

Child-Pugh A/B/C,

n (%)

3 (2.7)/61 (55.5)/

46 (41.8)

8 (8.8)/55 (60.4)/28

(30.8)

0.074

ACLF, n (%) 64 (58.1) 12 (13.2) ,0.001

Infection, n (%) 50 (45.5) 17 (18.7) ,0.001

History of ascites, n (%) 105 (95.4) 79 (86.8) 0.028

History of HE, n (%) 38 (34.5) 22 (24.2) 0.110

History of HRS-AKI,

n (%)

34 (30.9) 18 (19.8) 0.073

Sodium, mmol/L (IQR) 136 (132–139) 137 (134–139) 0.149

Albumin, g/L (IQR) 24 (20–29) 28 (22–34) 0.014

Bilirubin, mg/dL (IQR) 3.3 (1.2–13.5) 2.8 (1.5–5.2) 0.264

INR (IQR) 1.6 (1.3–2.1) 1.4 (1.3–1.8) 0.049

Hemoglobin, g/dL

(IQR)

9.7 (8.5–11.4) 11.0 (9.1–12.6) 0.004

Platelets, nL (IQR) 110 (72–162) 106 (69–152) 0.338

WBC, nL (IQR) 8.8 (5.5–12.7) 6.1 (4.1–9.3) ,0.001

CRP, mg/L (IQR) 34 (14–54) 13 (6–33) ,0.001

SCr, mg/dL (IQR) 1.41 (0.96–2.27) 0.81 (0.68–1.03) ,0.001

CFS (IQR)

Frail (CFS . 4), n (%)

4 (3–4)

24 (21.8)

3 (3–4)

10 (11.0)

,0.001

0.041

Data are expressed as medians and interquartile ranges or as frequencies and
percentages.
ACLF, acute-on-chronic liver failure; CFS, Clinical Frailty Scale; CRP, C-reactive
protein; HE, hepatic encephalopathy; HRS-AKI, hepatorenal syndrome; INR,
International Normalized Ratio; MELD, model for end-stage liver disease; NAFLD,
nonalcoholic fatty liver disease; SCr, serum creatinine; WBC, white blood cell count.

Figure 2. Violin plots displaying themedian Clinical Frailty Scale of patients
with and without acute kidney injury (AKI) or hepatorenal syndrome (HRS-
AKI). (a) Displays the median Clinical Frailty Scale of patients with (n 5
110) and without (n 5 91) AKI during the hospital stay (***P , 0.001).
(b) Displays the median Clinical Frailty Scale of patients with a history of
ascites with (n 5 49) and without (n 5 135) HRS-AKI during the hospital
stay (***P5 0.001).
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and frailty (OR 3.717, 95% CI 1.456–9.491, P 5 0.006) were
independently associated with HRS-AKI (Table 5). The multi-
variable logistic regression analysis was repeated including the
Child-Pugh class instead of theMELD score. Here, CFS remained
independently associated with HRS-AKI (OR 1.622, 95% CI
1.146–2.295, P5 0.006) (see Supplementary Table 2, http://links.
lww.com/CTG/A835).

DISCUSSION
AKI andHRS-AKI are common inhospitalized patientswith liver
cirrhosis, and both are associated with a poor prognosis
(13–15,17,18). Therefore, the identification of prognostic factors
is of pivotal importance to detect patients at high risk in whom
preventive measures would be useful. In this study, we found a
robust association between a higher CFS stage and the presence or
development of AKI and HRS-AKI in nonelectively hospitalized
German patients with liver cirrhosis. In addition, frailty, as de-
fined by a CFS. 4, was associated with a 3.7-fold risk increase for
HRS-AKI during the hospital stay in multivariable analysis.

In hepatology, many efforts have beenmade to quantify frailty
in patients with liver cirrhosis such as the Fried frailty criteria, the
Short Physical Performance Battery, walking speed, 6-minute
walk distance, the LFI, or the CFS (2,3,19–21). In the current
study, the CFS was chosen because it is a simple assessment tool
focusing on the clinical assessment of the patients’ activity level,
mobility, and independence in daily physical and cognitive ac-
tivities in the period before the assessment (11). This is of pivotal
importance in nonelectively hospitalized patients with liver cir-
rhosis due to concurrent acute-illness frailty (e.g., caused by he-
patic encephalopathy or infections) and may be an advantage of
the CFS over more physical-based tests such as the LFI. In ad-
dition, the CFS assessment is inexpensive and easy to perform.

A strong relationship between frailty and AKI in the elderly
population has been previously reported (22). In our current
study in patients with liver cirrhosis, a higher CFS stage, as well as
frailty, was independently associatedwith the occurrence ofHRS-
AKI and AKI during the hospital stay. Other independent pre-
dictors for AKI or HRS-AKI included well-established factors
such as a higher MELD score and lower hemoglobin levels, likely
reflecting a more advanced disease stage of liver cirrhosis, or
higher CRP values, likely reflecting systemic inflammation e.g.,
caused by infections. Currently, there is no comparable study

investigating the impact of frailty on the risk of AKI and HRS-
AKI in hospitalized patients with liver cirrhosis available. How-
ever, Cullaro et al. (4) analyzed data of more than 1,000 outpa-
tients with cirrhosis and identified frailty as a risk factor for AKI
but not HRS-AKI captured by the LFI. A bidirectional relation-
ship between frailty and AKI as well as HRS-AKI seems plausible.
Frailty is a consequence of multiple dysregulations in physio-
logical circuits including the cardiovascular, musculoskeletal,
neurological, and endocrinological systems. Studies conducted in
recent years suggest that the immune system may play a partic-
ularly significant role in the development of frailty (23–27). A
recent systematic review concluded that frailty is associated with
higher levels of several inflammatory markers such as interleukin
6, CRP, and tumor necrosis factor–a (24). In a study investigating
inflammation as a key marker for frailty, frail patients showed
upregulated monocytic expression of a potent proinflammatory
chemokine, CXCL-10, compared with matched nonfrail controls
(28). Frail individuals and patients with liver cirrhosis, especially
those who develop HRS-AKI, share common risk factors, such
as systemic inflammation, and might be vulnerable to AKI
and HRS-AKI through the same inflammatory response. A well-
studied example regarding the interplay of cirrhosis and
inflammation is the altered vascular tone mediated by
cirrhosis-induced high proinflammatory cytokine levels (29).
Proinflammatory cytokines worsen splanchnic and systemic
vasodilation through nitric oxide overproduction (30). Splanch-
nic vasodilation leads to decreased systemic vascular resistance
with the development of effective arterial hypovolemia. The
activation of vasoconstrictor systems leads to marked renal va-
soconstriction, low glomerular filtration rate, and development of
HRS-AKI (29,31). Inflammatory mediators lead to further sys-
temic vasodilatation and also could cause direct kidney tissue
damage (32–34). Other factors associated with decompensation
and HRS-AKI, such as ascites, abnormal renal autoregulation,
and decreased cardiac output may lead to increased energy
expenditure, decreased food intake, and physical inactivity,
thereby increasing the risk of developing and worsening frailty
(29,31,34,35). This may lead to a vicious cycle finally culminating
in HRS-AKI. However, further research is needed to investigate
this relationship, including the pathophysiological mechanisms
of HRS-AKI, in detail.

Interestingly, only 17% of all patients included in this study
were frail (defined as a CFS .4). Compared with a recently
published study by Tandon et al., who screened 300 outpatients
with liver cirrhosis with the CFS and reported that 18% of their
patients were frail, the frequency of frailty according to the CFS in
our study seems to be moderate. This may be explained by dif-
ferences in the prevalence of frailty between countries or to some
degree by subjectivity in the assessment of CFS. However, the
reliability of CFS has been proven in previous studies. It also has
to be mentioned that the frequency of frailty in our study differs
from other studies that used tests relying on active patient par-
ticipation and physical tasks. Those tests may be influenced by
acute decompensation and may therefore overestimate the
prevalence of frailty (36–38). All in all, the CFS seems to be a
valuable tool to predict outcomes in hospitalized patients because
it is independent of the acute deterioration of the patient’s con-
dition (9,39–42). In the United Kingdom, the CFS is already
routinely applied in some hospitals in all patients over 75 years of
age who present to the hospital via the emergency department
(43). By regularly screening patients with liver cirrhosis on the

Table 3. Logistic regression analyses of variables associated with

the development of an acute kidney injury (AKI) during the

hospital stay (total cohort, n 5 201)

Total cohort OR (95% CI) P value

CFS

MELD

CRP

Hemoglobin

1.467 (1.065–2.021)

1.100 (1.053–1.149)

1.014 (1.004–1.025)

0.801 (0.692–0.927)

0.019

,0.001

0.007

0.003

Logistic regression analyses were built based on a stepwise variable selection
procedure. Not significant were a history of ascites, albumin, sodium, white
blood cell count, platelets, infection at study inclusion, sex, age, a history of
hepatic encephalopathy, a history of hepatorenal syndrome, and alcoholic
etiology of liver cirrhosis.
CFS, Clinical Frailty Scale; 95% CI, 95% confidence interval; CRP, C-reactive
protein; MELD, model for end-stage liver disease; OR, odds ratio.
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first day of hospital admission, patients at high risk of developing
AKI or HRS-AKI could be identified early and renal protective
measurements could be initiated; existing diuretic treatment
should be used cautiously, and the potential precipitating factors

of AKI identified and treated (12). However, it has to be ac-
knowledged that it is impossible to improve frailty in the short-
term setting in nonelectively hospitalized patients with acute
decompensation.

This study has several limitations that have to be acknowl-
edged. First, our findings should be interpreted in the context of
the study design. Our study was observational and retrospective
and based on a single-center analysis. Therefore, we are reluctant
to draw a definitive conclusion either on pathomechanisms or on
causalitiy between frailty and AKI or HRS-AKI. Frailty has be-
come increasingly important in the scientific context and clinical
care in recent years; however, there is still no international con-
sensus regarding its measurement and definition (44). In this
study, we assessed frailty using the CFS, and we are therefore
unable to analyze the predictive ability of other frailty measures
for the prediction of AKI or HRS-AKI. In addition, the CFS
captures frailty during the period before hospital admission.
Therefore, complications of cirrhosis that may run a subacute
course before hospital admission may interfere with the results of
CFS. We excluded patients with preexisting dialysis treatment
and chronic kidney disease (CKD) to get a purer and more ho-
mogenous cohort. However, our findings are therefore not ex-
pandable to patients with cirrhosis and CKD. Future studies are
needed to delineate the possible connection between frailty and
AKI in patients with concurrent CKD.

In conclusion, we found a robust association between a higher
CFS stage and frailty and the development of AKI or HRS-AKI in
nonelectively hospitalized German patients with liver cirrhosis.
By regularly screening for the presence of frailty at hospital

Table 4. Demographics and clinical characteristics of the

subgroup of patients with a history of ascites with and

without hepatorenal syndrome (HRS-AKI) during the hospital stay

(n 5 184)

Variable

Patients with HRS-

AKI, n 5 49

Patients without

HRS-AKI, n 5 135 P value

Age, y (IQR) 57 (50–63) 58 (49–66) 0.363

Male sex, n (%) 28 (57.1) 91 0.198

Etiology

Alcohol, n (%) 39 (79.6) 82 (60.7) 0.192

Viral hepatitis,

n (%)

1 (2.0) 8 (5.9)

NAFLD, n (%) 6 (12.2) 25 (18.5)

Cholestatic/

autoimmune,

n (%)

12 (24.5) 12 (8.9)

Other/mixed,

n (%)

8 (16.3) 8 (5.9)

MedianMELD score

(IQR)

25 (18–30) 16 (11–21) ,0.001

Child-Pugh A/B/C,

n (%)

1 (2.0)/23 (46.9)/

25 (51.0)

6 (4.4)/81 (60.0)/48

(35.6)

0.150

Infection, n (%) 26 (53.1) 37 (27.4) 0.001

History of HE, n (%) 20 (40.8) 38 (28.1) 0.102

History of HRS-AKI,

n (%)

22 (44.9) 28 (20.7) 0.001

Sodium, mmol/L

(IQR)

137 (131–140) 136 (132–138) 0.300

Albumin, g/L (IQR) 25 (21–31) 25 (20–31) 0.992

Bilirubin, mg/dL

(IQR)

4.4 (1.5–16.2) 2.8 (1.3–7.2) 0.128

INR (IQR) 1.7 (1.3–2.3) 1.5 (1.3–1.8) 0.080

Hemoglobin, g/dL

(IQR)

9.6 (8.4–11.0) 10.6 (9–12.5) 0.009

Platelets, nL (IQR) 116 (75–164) 103 (69–151) 0.238

WBC, nL (IQR) 9.2 (7.3–14.3) 7.1 (4.5–10.8) 0.238

CRP, mg/L (IQR) 40 (22–54) 17 (7–43) ,0.001

SCr, mg/dL (IQR) 2.05 (1.21–3.13) 0.95 (0.75–1.30) ,0.001

CFS (IQR)

Frail (CFS. 4), n (%)

4 (3–5)

15 (30.6)

3 (3–4)

17 (12.6)

0.001

0.004

Data are expressed as medians and interquartile ranges or as frequencies and
percentages.
CFS, Clinical Frailty Scale; CRP, C-reactive protein; HE, hepatic
encephalopathy; HRS-AKI, hepatorenal syndrome; INR, International
Normalized Ratio; MELD, model for end-stage liver disease; NAFLD,
nonalcoholic fatty liver disease; SCr, serum creatinine; WBC, white blood cell
count.

Table 5. Logistic regression analyses of variables associated with

the development of a hepatorenal syndrome (HRS-AKI) in

patients with a history of ascites during the hospital stay (total

cohort, n 5 184)

Total cohort OR (95% CI) P value

Model 1a

CFS 1.809 (1.263–2.591) 0.001

MELD 1.120 (1.069–1.173) ,0.001

Hemoglobin 0.776 (0.645–0.933) 0.007

Model 2b

Frailty (CFS. 4) 3.717 (1.456–9.491) 0.006

MELD 1.117 (1.065–1.171) ,0.001

Hemoglobin 0.778 (0.646–0.938) 0.008

History of HRS-AKI 2.253 (1.018–4.990) 0.045

Logistic regression analyses were built based on a stepwise variable selection
procedure.
CFS, Clinical Frailty Scale; 95% CI, 95% confidence interval; HRS-AKI,
hepatorenal syndrome; MELD, model for end-stage liver disease; OR, odds
ratio.
aModel 1 included CFS as a metric variable. Not significant were albumin,
sodium, white blood cell count, platelets, infection at study inclusion, sex, age, a
history of hepatic encephalopathy, a history of hepatorenal syndrome, C-
reactive protein, and alcoholic etiology of liver cirrhosis.
bModel 2 included frailty (CFS. 4) as a dichotomous variable. Not significant
were albumin, sodium, white blood cell count, platelets, infection at study
inclusion, sex, age, a history of hepatic encephalopathy, C-reactive protein, and
alcoholic etiology of liver cirrhosis.
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admission using CFS, patients at high risk of developing AKI or
HRS-AKI could be identified early and preventivemeasures could
be initiated.
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