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INTRODUCTION

Abstract

Cachexia occurs in late stages of liver cirrhosis, and a low-fat mass is poten-
tially associated with poor outcome. This study compared different computed
tomography (CT)—derived fat parameters with respect to its prognostic im-
pact on the development of complications and death before and after liver
transplantation. Between 2001 and 2014, 612 patients with liver cirrhosis
without hepatocellular carcinoma listed for liver transplantation met the in-
clusion criteria, including abdominal CT scan (x200 days to listing). A total
of 109 patients without cirrhosis served as controls. The subcutaneous fat
index (SCFI), the paraspinal muscle fat index, and the visceral fat index were
assessed at L3/L4 level and normalized to the height (cm2/m2). Data were col-
lected and analyzed retrospectively. Low SCFI was associated with a higher
rate of ascites and increased C-reactive protein levels (p < 0.001). In addition,
multivariate Cox regression analysis adjusting for sex, age, body mass index
(BMI), and Model for End-Stage Liver Disease showed that decreasing SCFI
was also associated with an increased risk of cirrhosis-related complications
(p = 0.003) and death on the transplant wait list (p = 0.013). Increased par-
aspinal and visceral fat were not only positively correlated with creatinine
levels (p < 0.001), BMI, and metabolic comorbidities (all p < 0.001) before
transplantation, but also predictive for 1-year mortality after transplantation.
Conclusion: The distribution of body fat is a major determinant for complica-
tions and outcome in cirrhosis before and after liver transplantation.

Europe.[1‘3] The treatment of underlying liver diseases
effectively prevents the development of complications

Liver cirrhosis is a major chronic disease that ranges in a proportion of patients, but some progress to later
among the 10 most important causes of death in disease stages in which liver transplantation is the only
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therapeutic option.[4] To reduce the number of deaths
and to tailor individual management strategies, it is es-
sential to identify patients at high risk for fatal outcomes
and disease-related complications among a cohort
with very heterogeneous clinical phenotype, ranging
from well-compensated mild cirrhosis to severely de-
compensated patients with additional organ failures,
so-called acute-on-chronic liver failure (ACLF).

The indication and urgency for liver transplantation
depends on multiple aspects, of which the severity of
liver disease is one major criterion. In late stages of
cirrhosis, liver dysfunction develops with high Model
for End-Stage Liver Disease (MELD) score and other
disease-related complications such as hepatorenal
syndrome (HRS), ascites or hepatic encephalopathy
(HE), indicating an elevated likelihood of death.>®
However, the current MELD-based allocation system
does not reflect the true survival probability in some
subgroups such as patients with refractory ascites or
ACLF, in whom the MELD score is less predictive.m
The second aspect that needs to be considered during
assessment for liver transplantation strongly relates to
the likelihood of success after transplantation, which is
majorly defined by the risk of posttransplant complica-
tion.”! However, its prediction remains inaccurate also
because its genesis is less well defined. Therefore,
new prognostic markers might help to prioritize patients
on the wait list and to avoid fatal complications before
and after liver transplantation.

Chronic liver disease and cirrhosis are associated
with alterations in body composition and cachexia.
Muscle wasting is a well-known phenomenon associ-
ated with late stages of liver disease,® but the body fat
distribution might also be a marker for disease sever-
ity and outcome in patients with liver cirrhosis. Indirect
impedance-based techniques revealed that wasting
and loss of body fat is a typical feature of liver cirrho-
sis.®"% Computed tomography (CT) or magnetic reso-
nance imaging—based techniques have been allocating
a high risk of liver-related complications to those with
low muscle fat or subcutaneous fat mass, especially in
female patients.m'm] However, the link between body
fat composition and occurrence of individual complica-
tions tends to be more controversial, as individual fat
compartments might impact differently on the develop-
ment of disease-related complications.[”'”'”]

Alterations in body fat composition might also have
a persisting impact on patients’ disease course even
beyond the time point of liver transplantation. Metabolic
complications become more prevalent during mainte-
nance after transplantation,”S] and, indeed, it has been
shown that obesity and a metabolic syndrome is a neg-
ative predictor for complications and outcome after liver
transplantation.m]

These observations emphasize the complexity of
mechanisms linking body fat composition with dis-
ease severity in liver cirrhosis and success after liver

transplantation,m] and making high demands on body
fat composition as a prognostic marker in this cohort.
Therefore, we performed a retrospective study as-
sessing the nutritional status of patients listed for liver
transplantation by measuring three CT-derived fat pa-
rameters to evaluate its impact on clinical outcomes
before and after liver transplantation. Herein, we could
show that a decreased subcutaneous fat is associated
with the development of disease-related complications
and death in patients with liver cirrhosis before trans-
plantation, whereas an increased muscle fat mass and
visceral fat mass enhances the likelihood of death after
transplantation.

METHODS
Study design and population

Between March 2001 and September 2014, a total of
1326 patients were evaluated for liver transplantation
in the University Hospital Leipzig. Of those, 612 pa-
tients with cirrhosis and without hepatocellular car-
cinoma who received an abdominal CT scan at the
time of transplant assessment + 200 days were in-
cluded. Patients younger than 18 years, with previ-
ous liver transplantation and those with insufficient
data were excluded (Figure S1). A total of 109 pa-
tients without liver diseases with CT scan as part of
their diagnostic work-up after polytrauma served as
a control cohort. Clinical data including age, gender,
causes of cirrhosis, history of cirrhosis—associated
complications and co-morbidities at baseline, as well
as the development of cirrhosis-associated complica-
tions, biochemistry data and patients’ survival status
during follow-up, were retrieved retrospectively from
patients’ records.

Assessment of body fat content by CT

The body fat content was determined using CT scans.
Two trained observers (interrater agreement: Cohen’s
Kappa coefficient of 0.89; p < 0.001) analyzed the
CT images. SliceOmatic V 5.0 software (Tomovision,
Montréal, Canada) was used to analyze an axial section
of the abdomen at the level of the spinal segment L3/
L4. SliceOmatic uses previously reported Hounsfield
unit (HU) thresholds to quantify different tissue com-
partments in cross-sectional images. The subcutane-
ous fat index (SCFI), paraspinal intramuscular fat index
(PSFI), and visceral fat index (VFI) was identified and
quantified using HU thresholds of -150 to -30. The
SliceOmatic V4.3 software automatically calculated
the cross-sectional areas (cm?). Normalization to body
height was performed by dividing the fat area by body
height in square meters.
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Statistical analysis

Statistical analysis was performed using SPSS 22 soft-
ware (SPSS Inc., Chicago, IL). Categorical variables
were displayed as frequency (%), continuous variables
as mean = SD, or median (range), as appropriate. A two-
sided p-value of p < 0.05 implicated statistical signifi-
cance. Group comparisons for categorical variables were
performed using the y2-test and for metric variables using
the Mann-Whitney U test. For more than two groups, data
were analyzed by one-way analysis of variance followed
by a Dunnett’s post hoc analysis for unequal variances.
About one third of patients was transplanted within 1 year
after listing. We used Cox regression analysis adjusting
for age, body mass index [BMI], and MELD score to as-
sess factors modifying the cause-specific hazard func-
tions, censoring time-to-event endpoints at the time of
transplant, including transplantation itself.

To define patients with high-fat and low-fat mass
indices, the cohort was divided based on tertiles. As
calculated by Cox regression modeling based on the
metric variable, a decreased SCFI was associated with
an increased risk for complications and death before
transplantation; therefore the lower tertile was chosen
as the cutoff. VFI and PSFI showed higher values as-
sociated with worsened outcome after liver transplan-
tation. Therefore, the upper tertile was chosen as the
cutoff. Taking into account that there are gender-related
fat mass differences, we defined cutoffs individually for
men and women as follows: PSFI male, 4.04 cm?/m?;
PSFI female, 4.93 cm?m?; SCFI male, 38.44 cm?/m?;
SCFI female, 39.58 cm?m?; VFI male, 58.61 cm?m?;
and VFI female, 49.97 cm?/m>

RESULTS
Patients’ baseline characteristics

The mean age of patients with liver cirrhosis was 52
years, which was significantly younger than the con-
trol group (61.7 years; p < 0.001). Of 612 patients with
liver cirrhosis, 63.6% had alcohol-associated liver dis-
ease and 66.7% were male (Tables 1 and 2). There
was no significant difference in terms of gender or BMI
between patients with cirrhosis and the control group.
Patients with cirrhosis were primarily Child Pugh B
(51.2%), the mean MELD score was 17 + 7.1. Further
baseline clinical and biochemical data are provided
in Table 2. Out of 612 patients, 264 patients received
liver transplantation. In total, 67% of patients suffered
from ascites, 80.8% from gastric and/or esophageal
varices, and 27.7% had a history of variceal bleeding.
Transjugular intrahepatic portosystemic shunt (TIPS)
was implanted in 6.7%. At least one episode of HE
occurred in 83.2% in their past medical history; 18.6%
were at least once treated for spontaneous bacterial

TABLE 1 Demographics for patients with cirrhosis (derivation
cohort) on the wait list for transplantation and for patients after
polytraumatic accidents (group comparison with Mann-Whitney U
test)

Cirrhosis Polytrauma Level of
Parameter n =612 n =109 significance
Age (years) 52+9.1 61.7 £18 p <0.001
Gender 3 408 (66.7%) & 75(68.8%) p =0.661

9204 (33.3%) 9 34 (31.2%)

Body height (cm) 171.7 + 9.1 171.8 £ 941 p=0.998
Body weight (kg) 78 + 16.8 79.2+154 p=0.535
BMI (kg/m?) 26.3+4.8 26.9+4.5 p=0.226

peritonitis (SBP); and 20% had a history of bacterial
infections.

Fat indices and severity of liver disease

PSFI, SCFI, and VFI were significantly lower in pa-
tients with cirrhosis compared to controls (PSFI: 3.9
+ 2.3 cm?*m? vs. 5.3 + 3.5 cm?/m? [p = 0.002]; SCFI:
56.7 £ 32.2 cm?/m? vs. 69.2 + 35.4 cm?*m? [p = 0.002];
and VFI: 47.6 £ 24 cm?m? vs. 61.3 £ 33.8 cm?/m? [p <
0.001]) (Figure 1; Table S1). Patients with liver cirrhosis
who suffered from refractory ascites or who had a his-
tory of SBP showed lower SCFI values (refractory as-
cites: 45 + 29.3 cm?m? vs. no ascites 67.2 + 32.3 cm?
m? [p < 0.001]; SBP: 49.3 + 30.7 cm?*m? vs. no SBP
58.7 £ 31.2 cm?m? [p = 0.008]), whereas the PSFI and
VFI were no different.

In contrast, patients with Child-Pugh score C had a
higher PSFI than patients with Child Pugh Score A (3.3 =
1.8 cm?m? vs. 4.3 + 2.6 cm?m? [p = 0.028]). There was
neither a significant difference between Child Pugh A
and B nor between Child Pugh B and C. Neither a history
of HE nor TIPS was associated with alterations of fat indi-
ces. However, there were slight differences of fat indices
between genders (Figures S2—-S4, Table S1A-C).

Fat indices and development of
complications or death before liver
transplantation

Univariate Cox regression analysis showed a de-
creased risk of death within 1 year after listing with a
higher SCFI (hazard ratio [HR] = 0.992 [0.985-1.000],
p = 0.043), whereas an increased PSFI was associ-
ated with higher risk (HR = 1.081 [1.001-1.167], p =
0.046) (Table S2). Multivariate Cox regression analysis
adjusted to age, BMI, MELD score, white blood count,
and gender revealed that the SCFI remained as an in-
dependent predictor of death before liver transplanta-
tion with a HR of 0.984 (0.971-0.997; p = 0.013) (Table
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TABLE 2 Baseline characteristics of patients with liver
cirrhosis in this study

Etiology of liver disease (n = 612)

+ ALD
» Viral (hepatitis B and C)
+ NASH
» Others
MELD score (n = 595)
* 6-11 points
* 12-24 points
» 25-40 points
Child-Pugh classification (n = 410)
* Class A
» ClassB
* ClassC
Bilirubin (pmol/l)
Creatinine (umol/l)
GFR (ml/min) (MDRD-Formel)
INR
Albumin (g/1)
WBC (exp9/l)
CRP (mg/dl)
Platelet count (exp9/1)
Ascites (n = 555)
» No ascites
» Mild to moderate ascites
* Massive
TIPS at evaluation
Yes/No

History of bacterial Infections
(n = 643)

Yes/No

History of SBP (n = 643)
Yes/No

History of HE (n = 333)
Yes/No

History of hepatorenal syndrome (n
=650)

Yes/No
Varices (n = 724)
Yes/No

History of variceal bleeding (n = 664)

Yes/No

Diabetes mellitus (n = 556)
Yes/No

Arterial hypertension (n = 536)
Yes/No

Obesity (n = 524)
Yes/No

389 (63.6%)
50 (8.2%)

30 (4.9%)

143 (23.4%)
17 £74

136 (22.9.0%)
375 (63%)

84 (14.1%)

52 (12.7%)

210 (51.2%)

148 (36.1%)
48.9 (4.6-887.8)
82 (32-868)
82.4 (6.4-251.6)
1.45 (0.9-5.1)
32.9 (12.6-52.8)
6.1 (1.2-45.2)
9.7 (0.2-218.5)
102.5 (12-1180)

183 (33%)
144 (25.9%)
228 (41.1%)

41 (6.7%)/571 (93.3%)

99 (20%)/395 (80%)

92 (18.6%)/403 (81.4%)

252 (83.2%)/51 (16.8%)

109 (17.8%)/393 (78.3%)

449 (80.8%)/107 (19.2%)

142 (27.7%)/371 (72.3%)

187 (33.6%)/369 (66.4%)

219 (40.9%)/317 (59.1%)

107 (20.4%)/417 (79.6%)

TABLE 2 (Continued)

Etiology of liver disease (n = 612)

Coronary heart disease (n = 537)
Yes/No 31 (5.8%)/506 (94.2%)

Note: Values are displayed as median (range) or number (%), respectively.
The numbers in brackets represent the number of patients providing
information.

Abbreviations: ALD, alcohol-associated liver disease; CRP, C-reactive
protein; GFR, glomerular filtration rate; HE, hepatic encephalopathy; INR,
international normalized ratio; NASH, nonalcoholic steatohepatitis.

S2; Figure 2). This result was also confirmed after ex-
clusion of patients with nonalcoholic steatohepatitis
(NASH) cirrhosis (n = 30) or patients with TIPS (n = 41)
(Table S2). After including the paraspinal muscle index
(as published by Engelmann et al.’®l) into the multivari-
ate regression model, only the paraspinal muscle index
remained as an independent predictor of 1-year mortal-
ity, whereas the SCFI cost its significance (Figure S5).

Furthermore, the association between fat indices
and occurrence of cirrhosis-associated complica-
tions within 1 year after listing for liver transplantation
was calculated by univariate Cox regression analysis.
Accordingly, higher SCFI values were associated with
a reduced risk of developing any complication (HR =
0.993[0.989-0.998], p = 0.005), bacterial infection (HR
= 0.989 [0.983-0.995], p < 0.001), SBP (HR = 0.988
[0.979-0.998], p = 0.015), and variceal bleedings (HR
= 0.983 [0.970-0.995], p = 0.007) but not with the de-
velopment of HRS or HE episodes. The PSFI showed
an opposite risk correlation with complications being
higher with increased PSFI values for any complication
(HR = 1.080 [1.024—1.140], p = 0.005) and HE (HR =
1.117 [1.043—-1.197], p = 0.002). After multivariate analy-
sis adjusted to age, BMI, MELD score and gender, only
the SCFI remained as independent predictor for any
complication (HR = 0.989 [0.981-0.996], p = 0.003),
bacterial infection (0.984 [0.974-0.994], p = 0.001),
and SBP (0.970 [0.955-0.984], p < 0.001) (Table S3;
Figure 2).

To define patients with low-fat and high-fat mass in-
dices, the cohort was divided based on index’s tertiles.
A decreasing SCFI was associated with an increasing
risk of complication and death before liver transplanta-
tion. Therefore, the lower SCFI tertile was chosen as
the cutoff (male: 38.44 cm?/m?; female: 39.58 cm?/m?).
Patients with a low SCFI had an increased risk of death
on the wait list (HR = 1.490 [0.966, 2.300], p = 0.072)
and an increased risk of developing complications be-
fore liver transplantation (HR = 1.403 [1.057, 1.862], p =
0.019) (Figure 3). They suffered more often from ascites
(80.4% vs. 62% [p < 0.001]) and had higher C-reactive
protein (CRP) levels (14 vs. 7.2 mg/dl [p < 0.001]). The
subgroup of patients with a high SCFI suffered more
often from diabetes mellitus (35.3% vs. 22%; p < 0.001)
and had a higher BMI (26.7 vs. 22.4 kg/m?; Table 3).
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FIGURE 1 According to Table S1C, different computed tomography (CT)—derived fat parameters were obtained at baseline. Groups
were compared by Mann-Whitney U test or one-way analysis of variance and post hoc Dunnett’s test (unequal variances), depending on
the number of groups according to subcutaneous fat index (SCFI) (A), paraspinal muscle fat index (PSFl) (B), and visceral fat index (VFI)
(C). CPT, Child-Pugh Turcotte; HE, hepatic encephalopathy; HRS, hepatorenal syndrome; MELD: Model for End-Stage Liver Disease; SBP,
spontaneous bacterial peritonitis; TIPS, transjugular intrahepatic portosystemic shunt
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FIGURE 2 Multivariate Cox regression analysis of complications and 1-year-mortality before liver transplantation. (A—C) After
multivariate Cox regression analysis, adjusting fat parameters to age, body mass index (BMI), MELD and gender, the SCFI remained as
an independent predictor for complications, particularly bacterial infections and SBP. All other parameters were not associated with the
development of cirrhosis-related complications before liver transplantation. (D) After multivariate Cox regression analysis, adjusting fat
parameters to age, BMI, MELD, white blood count (WBC) and gender, the SCFI remained as independent predictor for death within 1 year

before liver transplantation (Table S2). HR, hazard ratio
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FIGURE 3 One-year mortality and development of complications before liver transplantation of patients with a high or low SCFI.
Patients were divided into a cohort of low-fat and high-fat mass according to the gender-dependent, individual lower tertile (SCFI male:
38.44; SCFI female: 39.58). A lower SCF| was associated with a higher risk for death (A) and particularly complication (B) before live

transplantation

Fat indices and the risk of death after liver
transplantation

Univariate Cox regression model showed a higher risk
of death within 1 year with an increased PSFI (HR =
1.141 [1.029-1.264], p = 0.012) and VFI (HR = 1.011

[1.001-1.020], p = 0.031). Multivariate Cox regres-
sion adjusting to age, BMI, MELD score, and gender
also showed that a higher PSFI or VFI was associated
with an increased risk of death after liver transplanta-
tion (PSFI HR = 1.188 [1.032-1.368], p = 0.017; VFI
HR = 1.014 [1.001-1.027], p = 0.037) (Figure 4). After



HEPATOLOGY COMMUNICATIONS

aseas|p Aaupiy d1UoIYD ‘gYD ‘uoisualiadAy [elsyle ‘| HY suoljeinaiqqy
*dnoub |013u09 8y} 0} uosliedwod
ul jueoyjubis I paAe|dsip ase sanjep-d “sdnoub jo Jaquinu 8y uo Buipuadap ‘(s@oueliea [enbaun) 1s8) s,}3@UuNnq 20y }Sod pue aduelIeA Jo SisAjeue Aem-auo 1o 1s8) N Asujiyp-uuely Aq patedwod alem sdnous) :8joN

100°0> (1L2-22) 6°'vS (L2-12) 1S 100°0> (b2-22) L8 (02-12) 0S 1000 (L2-22) vs (1L2-12) 0s
100°0> (ev—z12) gLz (Lw-vsl) vve 100°0> (6v—6'02) L'L2 (2e-¥'S1) v've 100°0> (6v—¥L1) L'92 (8'ee-v'sl) v'ze
100°0 (%) 18 (%€°82) v0lL 2000 (%S°1¥) 18 (%°82) SOL €62°0 (%t°€€) 001 (%S5°82) Ly
100°0> (%€°¥S) 001 (%ve) 8LL 100°0> (%6°15) 96 (%6°v€) 22L 162°0 (%€'6€) 2Ll (%l'7€) Ly
100°0> (%9°97) 68 (%22) 26 100°0> (%e€V) ¥8 (%1'82) 1oL 5000 (%g°s€) oL (%ee) Le
zzLo (8221-2¥'0) ¥'8  (5812—GL'0) ¥Z'6 9600 (8221-1v'0)96  (5812-GL0) 26 100°0> (9-¥¥L-510) 2°L (s'8Lz-zL0) vL
200°0 (9e—¢€°1) 5°9 (8'0z-2'1) 8°S €20°0 (s'se—€'1) v'9 (9e-z'1) 8' 0€€'0 (9e-¢€'1) 8'g (e'0z—2'1) 19
7650 (g'e-€6'0) 9¢°L (60'6-6°0) 'L G190 (g'e-6°0) 8¢'} (60'6-€6°0) 'L 1220 (60'6-€6°0) 'L (98°¢-6°0) 'L
100°0> (6€2L-L¥) 5°€6 (898—2¢) 9.2 100°0> (225—-5¥) 96 (898-2¢€) 92 €950 (898—2¢€) 62 (605—7¢€) 678
G990 (8'889-GG) 89y  (8288-9'%) L'0S 6520  (8'889-9%) 8'2S (8°288-9%) 8¥ ovL0 (8288-5°G) £°G¥ ('6¥9-9V) Tvv
€910 (%6°€6) 951 (%6°8.) 882 G/8°0 (%1°18) ¥SI (%5°08) €62 2800 (%9°28) zire (%5°62) 801
2900 (%€°9¢) 99 (%€'82) 96 810 (%5€) ¥9 (%€°62) 001 GLZ0 (%6'62) 78 (%lv2) €€
26L°0 (%2'29) 621 (%€°89) vS¢ 2550 (%5°99) €€l (%6°89) €52 100°0> (%29) v8iL (%1°08) 611
8z1'0 (ov—2) g9l (ov—9) 61 L0L'0 (6€—9) LI (0v—9) G 2€T°0 (0v—9) Gl (0v—9) Gl
d ybiH Mo d ybiH Mo d ybiH Mo

14A 14sd 1408

(s1eak) aby
(zw/B%) 1ng
aMo

1HV

snyjjow sajaqgelq
(I/6w) 440
(17501 x) DGM
NI

(//lown) suluneai)
(Inowr) uignaiig
S9oLIBA

3H

s9)l0sy

aian
dnoibgng

auijaseg

(W2 WD L6'6Y 0[BWS) A ZW/-WD |9'8G Bl [JA W/-WD 8G'6E Blewd) |40S W/ WD F1'8¢ BjeW |40S W
/W0 €6’ 9[BWS} |4Sd 1 W/-WO $0' :9]eW |4Sd) 818} ysl-ybiy [enplaipul Juspuadap-1apusb ay) o} Bulpioooe sseuw jej-ybiy pue Jej-mo| Jo 1J0yoo e Ojul PapIAIp alam sjuslled € 3T79VL



BODY FAT COMPOSITION AND OUTCOMES BEFORE AND AFTER LT

HR 1.012 (0.998-1.026), p=0.087
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FIGURE 4 Mortality after liver transplantation according to different CT-derived fat parameters. After multivariate Cox regression
analysis, adjusting fat parameters to age, BMI, MELD and gender, the VFI and PSFI could be identified as an independent predictor for the

occurrence of death within 1 year after liver transplantation (Table S2)
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FIGURE 5 One-year mortality of patients with a high or low PSFI and VFI. Patients were divided into a cohort of low-fat and high-fat
mass according to the gender-dependent, individual upper tertile (PSFI male: 4.04; PSFI female: 4.93; VFI male: 58.61; FRI female: 49.97).
The PSFI (A) and VFI (B) inversely correlated with the posttransplant 1-year-survival

exclusion of patients with NASH (n = 30) or patients
with TIPS (n = 41), the PSFI remained as independ-
ent prognosticator, whereas the VFI was lacking signifi-
cance (Table S2).

Due to the positive correlation between risk of com-
plications and PSFI and VFI values, the upper tertile
was chosen as the cutoff to define high and low fatty
indices (PSFI male: 4.04 cm?m?, PSFI female: 4.93
cm?/m?; VFI male: 58.61 cm?m?; and VFI female: 49.97
cm?/m?). Patients with high PSFI (HR = 1.743 [1.045,
2.905], p = 0.033) and high VFI (1.834 [1.105, 3.043],
p = 0.019) were more likely to die after liver transplan-
tation (Figure 5). Patients with a high PSFI suffered
more often from diabetes mellitus (43.3% vs. 28.1%, p
< 0.001), arterial hypertension (51.9% vs. 34.9%, p <
0.001), and chronic kidney disease (41.5% vs. 28.4%,
p = 0.002). In addition, they had a higher BMI (27.7 kg/
m? vs. 24.4 kg/m?, p < 0.001), and they were older (57
years vs. 50 years, p < 0.001). Likewise, patients with
a high VFI suffered more often from diabetes mellitus

(46.6% vs. 27%, p < 0.001), arterial hypertension (54.3
vs. 34%, p < 0.001), and chronic kidney disease (42%
vs. 28.3%, p = 0.001). They also had a higher BMI (27.8
kg/m? vs. 24.4 kg/m? p < 0.001), and they were also
older (54.5 years vs. 51 years, p < 0.001) (Table 3).

A difference in severity of liver disease at transplan-
tation between patients with high and low fat at evalua-
tion might explain the effect on posttransplant outcome.
Therefore, patient characteristics were calculated at
the time point of liver transplantation and compared be-
tween groups. Patients with high PSFI had increased
creatinine levels, whereas all other organ function pa-
rameters were not different between cohorts with high-
fat and low-fat indices (Table S4).

DISCUSSION

Liver cirrhosis accelerates wasting, as exaggerated
energy consumption requires amino acids and lipids
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as additional energy sources,['® and wasting is associ-
ated with poor outcome.® The CT scanis a widespread
and reliable technique to determine body composition.
CT-derived fat mass parameters serve to identify sub-
groups of patients with cirrhosis with high risks of com-
plications before and after liver transplantation. This is
a large retrospective study in patients with end-stage
liver disease using three different CT-derived fat param-
eters to explore their impact on developing cirrhosis-
associated complications and on mortality before and
after liver transplantation.

Although patients with cirrhosis had lower fatty indi-
ces compared with liver-healthy control patients, there
was a great heterogeneity among individual fat com-
partments to predict patients’ outcome, and only the
SCFI but not the other parameters was associated with
the development of complications such as bacterial in-
fections, ascites, SBP, or death before transplantation.
The lower the subcutaneous fat mass, the higher the
risk of complications. Data emphasize that wasting in
end-stage liver disease goes beyond sarcopenia as an
indicator of disease severity,[S] and suggest that adipose
tissue composition has the potential to serve as an al-
ternative or additional marker for outcome in cirrhosis.
To date there are several relevant studies evaluating
the prognostic role of adipose tissue in liver disease.
Ebadi et al.™ showed in a large retrospective cohort
of 677 patients that a decreased SCFI| was associated
with a higher mortality in female patients with cirrhosis
awaiting liver transplantation. However, the impact of
body fat composition after transplantation was not ex-
plored. The second study presented by Tapper et a9
investigated the influence of fat and muscle density on
mortality in a prospective cohort (n = 274). This study
showed that a decreased density of fatty tissue was
associated with increased mortality and risk for decom-
pensation. However, this analysis was performed in a
univariate manner only, which in combination with the
low sample size certainly questions the robustness of
these results. The third study enrolled 104 patients with
cirrhosis due to alcohol-associated liver disease and
showed a shorter survival in patients with increased
subcutaneous fat mass.2% Finally, a fourth study eval-
uated sarcopenia in 109 patients with CT who under-
went hepatic vein pressure gradient measurement, and
revealed sarcopenia as an independent risk factor for
increased mortality.[zﬂ Recently two other studies eval-
uated fat mass and myosteatosis at L3 in especially the
perioperative setting, implying that at the timepoint of
transplantation, body composition acts as a prognos-
tic factor.?22%! Herein, the authors describe a poorer
outcome and increased hospital and intensive-care-
unit stay with a higher myosteatosis at the time point of
transplantation. However, there was no differentiation
of compartments.

In light of the results presented here, it might be
tempting to add CT-derived fat parameters to already

established prognostic markers for cirrhosis, to in-
crease their prognostic accuracy. Ebadi et al. intro-
duced the MELD-SATI, a combination of MELD and the
SCFI, and it showed an increased c-index compared
with MELD only (0.93 [0.87—-0.99] vs. 0.85 [0.75-0.96]).
However, data used to calculate the MELD-SATI were
collected only in female patients,“" questioning the gen-
eralizability of these data especially as the gender did
not play a role in our cohort. Previous attempts to add
nutritional parameter to prognostic score, especially for
sarcopenia, were of limited success.?!! Therefore, it
might be necessary to validate such scores in a large-
scale, multicenter setting.

It would be interesting to understand whether a re-
duced fat mass actively contributes to a progression
of liver cirrhosis, thereby explaining its prognostic rele-
vance. To answer this, it is important to note that CRP
values as a marker of inflammatory response were
increased in patients with low SCFI. Lipids are strong
signals for intercellular communication, and a loss of
fat mass in cirrhosis is associated with increased lev-
els and impaired composition of circulating Iipids.”&zs]
In cirrhosis, lipids are inflammatory cues enhancing
inflammation through alterations of toll-like receptor
signaling.[za] Therefore, a loss of adipose tissue might
enhance inflammation and organ injury in decompen-
sated liver cirrhosis.

Interestingly, the interplay between body fat compo-
sition and patients’ outcome appears to be complex. A
low SCFI increased the risk of complications, whereas
patients suffering from HRS and varices were char-
acterized by higher PSFI and VFI values. Although it
remains speculative, previous observations in obese
patients might provide one explanatory approach. The
presence of the metabolic syndrome was associated
with an elevated sympathetic nerve activity in both
muscles as in kidneys,[27] leading to a “sympathetic
overdrive.”®® This overdrive initiated an activation of
the so-called hepatorenal reflex, leading to decreased
renal blood flow, sodium retention, and increased por-
tal vein pressure.[29] Therefore, it might be possible that
an increase in visceral and paraspinal adipose tissue
could enhance renal sympathetic activity. In addition,
there were gender differences of fat composition, which
prompted us to include gender as a co-founder in the
multivariate regression model. Results did not provide
evidence of a gender-related effect of fat composition
on patient’s outcome.

It is intriguing that while cachexia generally predicts
outcome before transplantation, there is an opposite
relationship between fat parameters and death after
liver transplantation. Patients with high visceral and
paraspinal muscle fat mass were more likely to die
after transplantation. Therefore, a HR of 1.188 for PSFI
translates into a risk increase to die after transplanta-
tion of about 19% with every point of PSFI elevation.
In addition to patient’'s age, this was associated with
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the presence of diabetes mellitus, arterial hyperten-
sion and chronic renal insufficiency, implying that the
presence of other diseases in general and the meta-
bolic syndrome in particular significantly contribute to
this observation. This is well in line with studies eval-
uating the outcome of obese patients who underwent
liver transplantation. These patients were more likely
to develop wound complications, postoperative in-
fections, metabolic syndrome-related complications,
and death.l'®2%3 Fyrther studies also describe an in-
creased risk of death after transplantation for patients
with an increased visceral-subcutaneous fat tissue
ratio,®? an increased visceral fat area,®® and with
myosteatosis.[22*23'34] However, there are also contrary
data showing that obesity does not affect survival after
liver transplantation,[35'36] suggesting that the distinc-
tion between different fat compartments might be the
clue to reliably predict patients’ outcome in different
disease scenarios.

Indeed, several observations highlighted especially
visceral adipose tissue being associated with the de-
velopment of NASH, arteriosclerosis, and increasing
insulin resistance.®~** However, there was no differ-
ence between patients with low and high PSFI and
SCFI concerning their cause of death (Table S5). The
rather large number of unknown causes of death might
influence the lack of significance.

There are several limitations to that study. The ret-
rospective design might question the quality of data
retrieval, especially if there are a considerable number
of censored data included in the analysis. It might be
arguable that there is a significant difference in age be-
tween patients with cirrhosis and controls included in
this study. Assuming that older muscle mass decreases
and fatty tissue increases with age, this might interfere
with the difference in fatty indices in this study. However,
it appears unlikely, as multivariate analysis did not re-
veal age or gender as a significant factor. Furthermore,
it might be argued that patients with NASH-related cir-
rhosis or patients with TIPS might have a significant
influence on the prognostic impact of fat parameters
in patients with cirrhosis. However, these subgroups
represented only a minority in our cohort (NASH 4.9%,
TIPS 6.7%), and the multivariate analysis in a cohort
without patients with NASH confirmed the results from
the overall cohort regarding mortality before and after
liver transplantation, although the VFI was lacking sig-
nificance for predicting death after transplantation.
Finally, the categorized SCFI provided a HR for the risk
of death before transplantation with borderline signifi-
cance, while the metric SCFI variable proved to be a
significant independent risk factor. Generally, metric
variables provide statistically more robust results for
this type of regression analysis. Adding the paraspinal
muscle index as a confounder for 1-year mortality be-
fore liver transplantation, the SCFI loses significance,
which emphasizes the potential complex interplay

between muscle and fat composition in the context of
liver cirrhosis, and further studies are needed to evalu-
ate the interplay between fatty and muscle tissue.

CONCLUSIONS

Distinct fat compartments impacted differently on
patients’ outcome in cirrhosis. Although a low sub-
cutaneous fat mass increased the risk of death and
complications in patients with cirrhosis on the wait list,
the risk of complications after liver transplantation was
associated with high muscle and visceral fat. Therefore,
it appears worthwhile to consider the nutritional state of
patients awaiting liver transplantation as an important
determinant of potential complications in relation to this
intervention, and future risk indices may include fat in-
dices as an essential confounder.
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