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Abstract

Aim: Patients with cirrhosis and end-stage liver disease (ESLD) devel op severe nutrition deficits that
impact on morbidity and mortality. Laboratory measures of nutrition fail to fully assess clinicd deficitsin
muscle mass and fat stores. This study employs computed tomography imaging to assess muscle mass
and subcutaneous and visceral fat storesin patients with ESLD.

Methods: This 1:1 case-control study design compares ESLD patients with healthy controls. Study
patients were sel ected from a database of ESLD patients using a stratified method to assure a
representative sample based on age, body massindex (BMI), gender, and model for end-stage liver
disease score (MELD). Control patients were trauma patients with alow injury severity score (<10) who
had a CT scan during evaluation. Cases and controls were matched for age +/- 5 years, gender, and BMI
+/- 2.

Results: There were 90 subjects and 90 controls. ESLD patients had lower albumin levels (p<0.001), but
similar total protein levels (p=0.72). ESLD patients had a deficit in muscle mass (-19%, p<0.001) and
visceral fat (-13%, p<0.001), but similar subcutaneous fat (-1%, p=0.35). ESLD patients at highest risk
for sarcopeniaincluded those over age 60, BMI< 25.0, and female gender. We found degree of sarcopenia
to be independent of MELD score.

Conclusions: These results support previous research demonstrating substantial nutrition deficitsin
ESLD patients that are not adequately measured by |aboratory testing. Patients with ESLD have
significant deficits of muscle and visceral fat stores, but a similar amount of subcutaneous fat.



INTRODUCTION

Frailty is a biologic syndrome of decreased pblggjic reserve and resistance to stressors,
resulting from cumulative declines across multjghgsiologic systems, and causing vulnerability to
adverse outcomes.[1] Sarcopenia, or muscle wassirag indicator of frailty in chronically ill anelderly
patients. The theoretic etiologies of sarcoperitute malnutrition or malabsorption, increased
myostatin (aging), abnormal use of protein as argnsource (cirrhosis), hormone deficiencies
(cirrhosis), and reduced branched-chain amino dbielsatic encephalopathy).[2] Liver disease is
associated with many physiological changes sudctitaed metabolism and hormone imbalances
resulting in a high risk for developing severe nheiseasting and frailty.[2-4] Sarcopenia is common
among liver transplant candidates.[5, 6] Recamtiss have shown an association between sarcopenia
and adverse outcomes in chronically ill patientsluding increased length of hospitalization, numnidfe
complications, health care costs, and mortality’/[33] Poor outcomes specific for ESLD patients
include increased waitlist mortality, post-transplmortality, length of post-transplant hospitaliaa,
and infection.[8, 13-15]

There are multiple techniques to measure totay lsochposition, including sarcopenia. Dual X-
ray absorptiometry is the gold standard for meaguiody composition in patients without fluid oertl
or ascites.[16-18] This tool, therefore, is noekable measure of total body composition in thiepéa
with end-stage liver disease. Single slice axaahputed tomography (CT) measurements of core muscle
mass, visceral fat and subcutaneous fat have tesvnsto be accurate predictors of total body muscle
and fat composition and may be used to predictgdsmim nutrition status in the transplant
population.[19-23] MELD score, age, and BMI arecalhsidered when deciding if a patient with ESLD
is an acceptable candidate for transplantationiltfflas a risk-factor of morbidity and mortalitg
largely been excluded from the discussion. Thidystuas designed to quantify the severity of sarn@pe
in ESLD patients, and to analyze the associatitwd®n sarcopenia and BMI, age, gender, and MELD in
ESLD patients.

METHODS



Records from a single center transplant databa6dbtdults%18 years old) with ESLD who
received a transplant between 2009-2014 were usdti§ study. Patients in this database were
stratified by groups according to MELD, age anddggnPatients were first classified into three MELD
groupings for scores <20, 20-30, and >30. Eachexfe MELD group was then stratified by age groups
of 18-39, 40-49, 50-59, and 60+ years. Finalljpdes and 6 females were randomly selected frofm eac
MELD-age group using a randomizer. If there wesslthan 6 males or 6 females in any group, then al
of the available patients were chosen for studhsion. This selection process resulted in a p6&i33
patients. Of the 133 randomly selected patiergd)cd an abdominal CT within 90 days before
transplant, and 90 patients could be matched &alty control patient. Control patient data were
extracted from a large trauma database within eatth system, in order to perform a 1:1 case-cbntro
study design. Each anonymous qualifying contrdl & injury severity score less than 10 and receive
an abdominal CT scan during their initial traumesgntation and evaluation. Case-control matching
criteria included the control being +/- 5 years, 2:0 BMI, and the same gender as the case.

To assess for sarcopenia, CT imaging was usedibedais standard practice for patients
awaiting liver transplantation to receive an abd@mhCT, and core muscle measurements from CT have
been shown to be an acceptable indicator of tatdy Imuscle mass.[19-23] For each case and control,
measurements of total psoas muscle area and snboutafat area were taken at the most superioctaspe
of L3. Measurements at this level are accurate@drs of total body composition.[19, 22] Visdefedt
is represented by perinephric fat and was measitrtha hilum of the kidney. Three research assista
who were trained in reading abdomen CT scans, made measurement blind to the measurements of
the other assistants and to the diagnosis andmetod the patient. This was done to establish-iratier
reliability. Any measurement that differed by >18%the mean (of the three readers) was re-examined
until a consensus was reached. The mean of e timeasurements was used to minimize the human
error of each measurement. Total psoas areasidbalitaneous fat, and total visceral fat weresscilr

the height of the patient by dividing the measwegh (in crf) by the height (in metéx This created the



muscle index (derived from the total psoas aredjcistaneous fat index, and the visceral fat index
(derived from perinephric fat) used in the comparibetween case and control.

To make each measurement, the imaging softwaresetas “soft tissue” and the free hand
drawing tool was used Figure] To measure the total psoas muscle area, thardftight psoas muscles
were outlined at the most superior L3 CT slice #edtwo areas were summed to get the combined total
psoas area. The subcutaneous fat area was obbgirsedbtracting the area of the outlined abdominal
cavity (at the outermost muscle layer) from theaaretlined just under the dermis. Visceral fat was
assessed by measuring the perinephric fat. Sircetiel of the kidney within the abdominal cavity
differed for each patient, the measurements wéentat the hilum of each individual kidney. Thiasv
done by outlining the kidney and vasculature araragting this area from the area obtained by oint
Gerota’s fascia. Total visceral fat was calculdigumming the right and left perinephric fat \esu

CT images were viewed and measured using Synagseeparchiving and communication
system (PACS) software (FUJIFILM Holdings Americarf@oration, Valhalla, New York, USA). Data
were analyzed using Statistical Package for théaESciences (IBM SPSS Statistics 24, IBM
Corporation, Armonk, New York, USA). Retrospectagalysis of patient data for this study were
reviewed and approved by the Institutional Revieza8l of the Indiana University School of Medicine
(study number 1011003619R005). Categorical variipl¢he analysis were compared using chi-square
analysis, and continuous variable were comparatjustandard analysis of variance testing (ANOVA).
Results with p-value <0.05 were considered stasillyi significant.

RESULTS

The median age and BMI of the 90 study patients 4faand 27.2, respectively. Of these 90
patients, 52 of them were male. Likewise, the mdsithad a median age and BMI of 46 and 27.8,
respectively. Table 1] There was not a difference between the groupstéth $erum protein, but a
deficiency in serum albumin was noted in ESLD pati€2.9 versus 3.6, p <0.001). A grouped analysis
comparing the medians between all cases and cemvak performed and showed a deficit in muscle

mass index (42 ESLD versus 52 controls, p<0.00d)eadeficit in visceral fat index (71 ESLD versus



114 controls, p<0.001). There was no differenceuincutaneous fat index (551 ESLD and 591 controls,
p=0.35). Additionally, a matched analysis was dwhere the percent difference between each case and
control was calculated. The median percent diffeedmetween each case and control included a 19%
deficit in muscle mass index, a 13% deficit in eisd fat index, but an inconsequential 1 % diffesem
subcutaneous fat index.

This study was designed to analyze muscle masfaadifferences among patients stratified by
BMI, gender, age and MELD score. The first subgranglysis was stratified by BMI groupings (<25,
25-29, 30-34, 35+).T[able 2] Muscle mass index, subcutaneous fat index, asckval fat index all
differed among BMI groups with each index incregsiith increased BMI (p= 0.03, <0.001, 0.02
respectively). BMI <25 had the most profound spatoa with a 29% muscle mass index deficit when
compared to age-gender-BMI-matched controls. Muswss deficits also existed in the 25-29 and 30-34
BMI groupings with a -22% and -16% difference wltempared to controls. The muscle mass index for
ESLD patients was 9% higher than controls in tiyghést grouping of BM£35. The highest BMI group
also showed ESLD patients with a 7% higher subadas fat and 34% less visceral fat than controls.
While the visceral fat index increased with inciegBMI (56, 74, 83, 110), the matched analysis
showed greater deficits in visceral fat among iasieg BMI groupings. BMI groupings of 30-34 and
>35 showed greater deficiencies in visceral fat thase with BMI <30 (-27% and -34% versus -12%).
There were only minimal differences in the laboratmeasures (serum albumin and protein) between
BMI groups, which failed to reach significance.

Subgroup analysis by gender included data on 38saad 38 femalesT fble 3] Both genders
had a similar deficit in serum albumin compareddatrols (p=0.25), but females with ESLD had a
higher serum protein level when compared to ESLIesmand the combined control group (p<0.01). The
ESLD female group had significantly lower musclesemahen compared to both the combined control
group and to the ESLD male group (p<0.001). Theatergroup also had a higher subcutaneous fat index

(p<0.001) and a lower visceral fat index (p<0.001).



Subgroup analysis by age included comparisonwfdge groups (18-39, 40-49, 50-580).
[Table 4] The serum albumin and total protein were simalarong all age groups, with all ESLD patients
having low albumin levels compared to the controug. The psoas area index was lower for all age
groups when compared to the control group (p=0ABlong ESLD patients, the group over age 60 had a
markedly lower muscle mass index when comparedl titeer patients. Differences in the subcutaneous
fat index were insignificant between age groupsc¥fial fat index increased with each age groufirsgar
at 53 for the ages 18-39 grouping and rising tin@@e =60 age group (p= <0.001). Patients over age 60
also had the greatest visceral fat deficits whangared to matched controls, with ESLD patienthin t
>60 age group having a 48% deficit in visceral €ainfpared to the 18-39 ESLD patients with only an
8% deficit (p= <0.01)).

Patients were grouped into three MELD groups (620930, 31-40) with approximately equal
number of patients in each group (32, 33, and[d%ble 5] Only serum albumin differed significantly
between MELD groups, with more severe disease latirrg with lower serum albumin (p<0.001).

Muscle mass, subcutaneous fat, and visceral fatéadvere not significantly different between MELD
groups.
DISCUSSION

The present study supports previous researchhbeg tire substantial nutritional deficits in the
ESLD population that are not adequately measurddbmyratory testing. Sarcopenia, or decreased muscl
mass, is an important predictor of patient outcomélse ESLD patient population.[8, 13-15] Studies
have recently proposed cut-off values for spegifipulations to define and quantify the severity of
sarcopenia using CT or magnetic resonance ima§ing.[L4, 15, 24-28] These cut-off ranges are often
ambiguous, such as the lowest quartile, and nacas clinical outcomes. The present study avdids t
ambiguity of population specific cut-offs by usiagase-control design where each ESLD patient is
compared to a healthy gender-age-BMI-matched clbrthis study demonstrates that ESLD patients
experience sarcopenia and decreased visceral figt mvhintaining a comparable amount of subcutaneous

fat when compared to healthy age-gender-BMI-matduedrols.



The subgroup analyses suggest that the groupskdbrithe most profound sarcopenia are
females, the elderly, and patients with BMI <25pr&vious study suggested the presence of gender
specific body compositional changes showing thataleuwasting may be more severe in males, while
females have more severe fat deficits with presemescle volume.[6] In the present study femalats ha
a lower muscle mass index and visceral fat indemigver, the percent difference between male cases
and controls and female cases and controls wasigmaficantly different for all three indices. Ehi
suggests that body compositional changes may actekimilar among women and men with ESLD.
Other studies have recognized this by reportinglgespecific sarcopenia cut-off values for maled an
females. Though sarcopenia may not be as previalemamen as originally thought, the risk for
complications in sarcopenic women may be greater th sarcopenic men. One study found that 43% of
women classified as sarcopenic experienced majoplbcations, while only 10% of non-sarcopenic
women experienced complications (p<0.01).[29]

The elderly were also identified as a populatiohigh risk for developing severe sarcopenia.
ESLD patients over the age of 60 had the lowesthaurass index of any age group and the greatest
deficit of visceral fat when compared to healthptrols. One explanation for the increased risk of
sarcopenia may be an additive affect of multiplgsatiogical mechanisms such as malnutrition and
increased myostatin thought to be associated witigaas well as the mechanisms associated wigh liv
failure. The visceral fat index trended upward viittreasing age, though the visceral fat defiait fo
diseased patients trended downward. PatientsE@ttD may not store as much visceral fat as healthy
individuals as they age, or this reserve may beilimetd more readily in the elderly in response to
disease.

ESLD patients with lower BMI had more severe saetio@. This finding is contrary to the idea
of sarcopenic obesity that has been described inymapulations. The present study suggests that
sarcopenic obesity is not present in the adult EBbpulation. Increased BMI may have a protective
effect on the development of sarcopenia. Thisifigef increased muscle mass with increasing BMI

may also help to explain the obesity paradox, whbese, or overweight, patients with end orgamifail



have better post-surgical outcomes. Visceral fa found to be significantly different between the
different BMI and age groups (p=0.02, <0.001, retigely). One study found that the ratio between
visceral and subcutaneous fat might be an impoptaatictor of mortality with increased visceral fat
being associated with increased post-transplantatitgr[26] This also supports the obesity paracdus,
those with higher BMI were more deficient in visaeiat and less deficient in subcutaneous fat.

MELD did not correlate well with muscle mass, suboeous fat, or visceral fat indices. A
previous study also suggested that muscle massoetassociated with MELD.[12] One study suggests
sarcopenia may only be associated with mortalitess severe liver disease (MELD<15).[15] Utilipati
of sarcopenia as a prognostic factor, in additioMELD, may be an important clinical indicator of
successful transplantation and wise allocatiorrghns. However, muscle quality as measured by
strength or stamina may be more predictive of ntigrtdnan simple muscle mass. Several measure of
strength have been reported including hand grgmgth, Short Physical Performance Battery, and lausc
density, the six minute walk test and the 5 metkuest. Unfortunately, the present study did not
address the issue of muscle quality or mortali6}.[3

In conclusion, this study uses a carefully matateesk-control design to assess nutritional deficits
in the ESLD population using objective CT measuB3smeasures provide novel insight into frailty and
sarcopenia that cannot be understood with the atdrsgtrum markers of nutrition, albumin and protein
Objectively assessing a patient’s level of sarc@pray assist in clinical management, as well s ri
stratification in choosing patients as transplamtdidates. This appears to be especially truertaine

patient populations such as the elderly, morbidigse, female and those with low BMI.

Figurelegend.
A. Cross sectional image of the abdomen at the 2 &ikc interspace. The picture illustrates thetioca

of the measures taken to assess (B) psoas are¢C)avidceral (perinephric) and (D) subcutaneots fa
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Table 1. Comparison of patients with end-stage liver disease and healthy controls.

Controls End stage liver disease p-value
OVERALL (number (%)) 90 90
Demographics
MELD (mean) 22
Gender: Male 104 (58%) 104 (58%) 1
Age (years, median(range)) 46 45 0.84
Body mass index (median) 27.8 27.2 0.87
Laboratory measures
Serum albumin (g/dL) 3.6 2.9 <0.001
Total protein (g/dL) 6.5 6.5 0.72
Sarcopenia (group comparison)
Psoas area index (median)
Grouped comparison 5.2 4.2 <0.001
Matched comparison (% difference) -19%
Measures of body fat (group comparison)
Subcutaneous fat index (median)
Grouped comparison 59.1 55.1 0.35
Matched comparison (% difference) -1%
Perinephric fat index (median)
Grouped comparison 114 7.1 <0.001
-13%

Matched comparison (% difference)



Table 4. Comparison of patients with end-stage liver disease and healthy controls

stratified by MELD score

Controls End stage liver disease p-value*
Study patient age
181039 30to49 50t059 >60
Number 90 64 48 46 22
Laboratory measures
Serum albumin (g/dL) 3.6 2.7 29 3.1 2.6 0.56
Total protein (g/dL) 6.5 6.4 6.3 6.5 6.7 0.33
Sarcopenia (group comparison)
Psoas area index (median)
Grouped comparison 5.2 4.3 4.1 4.4 3.6 0.05
Matched comparison (% difference) -21% -26% -8% -25 0.19
Measures of body fat (group comparison)
Subcutaneous fat index (median)
Grouped comparison 59.1 48.1 55.8 62.7 51.7 0.81
Matched comparison (% difference) 4% 8% -2% -11 0.66
Perinephric fat index (median)
Grouped comparison 114 5.3 6.8 8.7 9 <0.001
Matched comparison (% difference) -8% -26% -12% -48 <0.01

* For difference among age groups



Table 5. Comparison of patients with end-stage liver disease and healthy controls

stratified by MELD score

Controls End stage liver disease p-value*
Body mass index
<25 251029 30to34 >35
Number 90 64 60 36 20
Laboratory measures
Serum albumin (g/dL) 3.6 2.9 29 3.1 2.5 0.37
Total protein (g/dL) 6.5 6.5 6.5 6 6.8 0.49
Sarcopenia (group comparison)
Psoas area index (median)
Grouped comparison 5.2 3.2 4.4 4.8 4.9 0.03
Matched comparison (% difference) -29% -22% -16% 9% 0.08
Measures of body fat (group comparison)
Subcutaneous fat index (median)
Grouped comparison 59.1 37.1 51.4 77.2 121.5 <0.001
Matched comparison (% difference) -11% 7% -8% 7 0.29
Perinephric fat index (median)
Grouped comparison 11.4 5.6 7.4 8.3 11 0.02
Matched comparison (% difference) -12% -12% -27% -34% 0.29

* For difference among body mass index groups



Table 2. Comparison of patients with end-stage liver disease and healthy controls
stratified by MELD score

Controls End stage liver disease p-value*
MELD Score
6to19 20to30 30to40
Number 90 32 33 25
Laboratory measures
Serum albumin (g/dL) 3.6 3.1 2.7 2.6 <0.001
Total protein (g/dL) 6.5 6.5 6.8 5.7 0.28
Sarcopenia (group comparison)
Psoas area index (median)
Grouped comparison 5.2 4.2 4.1 4.2 0.66
Matched comparison (% difference) -28% -19% -19%
Measures of body fat (group comparison)
Subcutaneous fat index (median)
Grouped comparison 59.1 66.6 52.6 49.5 0.54
Matched comparison (% difference) -10% 5% 15%
Perinephric fat index (median)
Grouped comparison 114 7.1 5.8 7.3 0.76
Matched comparison (% difference) -12% -13% -23%

* For difference among MELD score groups



Table 3. Comparison of patients with end-stage liver disease and healthy controls
stratified by MELD score

Controls End stage liver disease p-value*

Gender
Male Female
Number 90 52 38
Laboratory measures
Serum albumin (g/dL) 3.6 2.8 2.9 0.25
Total protein (g/dL) 6.5 6.1 6.9 <0.01
Sarcopenia (group comparison)
Psoas area index (median)
Grouped comparison 5.2 4.7 3.5 <0.001
Matched comparison (% difference) -19% -17% 0.56
Measures of body fat (group comparison)
Subcutaneous fat index (median)
Grouped comparison 59.1 51.4 69.1 <0.001
Matched comparison (% difference) -1% 1% 0.38
Perinephric fat index (median)
Grouped comparison 114 8.4 6.3 <0.001
Matched comparison (% difference) -19% -11% 0.17

* For difference among gender groups






Research Highlights

Key Points

1. Compared to healthy controls, patients with end-stage liver disease have marked sarcopenia and loss
of visceral fat, but similar subcutaneous fat.

2. End-stage liver disease patients at highest risk for sarcopenia include the elderly, patients with low
body mass index, and females.

3. Severity of liver disease, as measured by model for end-stage liver disease score, is not correlated
with degree of sarcopenia.

4. The severity of nutritional deficits associated with end-stage liver disease are not adequately
represented by serum albumin and protein levels, though serum albumin does correlate with model for
end-stage liver disease score.



