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Abstract

Background & Aims: The presence of myosteatosis is a poor prognostic factor for patients with

cirrhosis; however, the factors contributing to worsening myosteatosis are unknown. We aimed to

clarify the changes in myosteatosis and the factors involved in these changes.

Methods: One-hundred-seventy-eight cirrhotic patients who underwent computed tomography

twice were enrolled to measure changes in skeletal muscle attenuation (SMA) at the L3 level.

Factors associated with SMA and those associated with changes in SMA were examined.

Results: Using linear multiple regression analysis, age (B = —0.22), skeletal muscle index (SMI;

skeletal muscle area divided by height squared; B = 0.25), and visceral and subcutaneous fat

indices (VFI and SFI; the visceral and subcutaneous fat areas at the umbilical level divided by

height squared; B = —0.08, B = —0.06, respectively) were identified as associated with SMA. The

100-day change in SMA was —0.21 + 1.29 Hounsfield units (HU). Changes in SMI and SMA were

positively associated (£ = 0.183, P = 0.014), whereas those in VFI and SMA were negatively

associated (B =-0.172, P= 0.022). No association was noted between the 100-day changes in SFI

and SMA. In patients whose SMI increased and VFI decreased, the 100-day change in SMA was

0.24 + 1.82 HU, which was marginally different from that in patients whose SMI decreased and

VFI increased (-0.44 + 1.32 HU, P=0.077).

Conclusions: In cirrhotic patients, myosteatosis progressed, and decreases in SMI and increases in

VFI were correlated with its progression.
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Main text

Introduction

Patients with liver cirrhosis can easily lose skeletal muscle mass due to malnutrition and chronic

inflammation, and loss of skeletal muscle mass is a poor prognostic factor in cirrhotic patients [1].

In general, the amount of skeletal muscle mass correlates with muscle strength [2]. However, a

study on elderly people has revealed that muscle strength decreases even if muscle mass is

maintained [3], and this led to a focus on the quality of skeletal muscle in addition to the amount

of skeletal muscle. As for the quality of skeletal muscle, myosteatosis (a condition in which fat is

infiltrated into the skeletal muscle) was observed to be associated with muscle strength [4] and

physical performance [5], indicating that myosteatosis may be an indicator of skeletal muscle

quality [6].

The degree of myosteatosis can be assessed using computed tomography (CT) based on the fact

that fatty infiltration into skeletal muscle decreases the attenuation of skeletal muscle [4, 7.

Additionally, in patients with cirrhosis, the presence of myosteatosis diagnosed by CT has been

reported to be a factor associated with worse prognosis [8] and development of complications after

liver transplantation [9].

Although the mechanism of myosteatosis remains to be elucidated, the degree of myosteatosis has

been shown to be negatively associated with skeletal muscle mass and positively associated with

visceral fat accumulation [10]. However, it is also unclear how the degree of myosteatosis changes



over time and how these changes are related to changes in skeletal muscle mass, as well as visceral

and subcutaneous fat mass.

Therefore, the purpose of this study was to evaluate the changes in the degree of myosteatosis over

time and to identify the factors associated with the progression of myosteatosis in patients with

cirrhosis.

Materials and Methods

Patients

We retrospectively reviewed 1330 adult patients who underwent CT at our hospital from January

1, 2010, to December 31, 2016, and were diagnosed radiologically as having cirrhosis. Radiologists

made a diagnosis of cirrhosis based on the following findings: irregularity of the surface of the liver,

atrophy of the right lobe of the liver, enlargement of the left lobe of the liver, splenomegaly, and the

development of collateral vessels of the portal vein. Patients with a history of hepatocellular

carcinoma (HCC) (n = 626), liver transplantation (n = 4), incurable malignancy other than HCC (n

= 63), severe chronic respiratory or heart disease (n = 23), nephrotic syndrome (n = 3), active

ulcerative colitis (n = 1), and rare liver disease (n = 35), as well as patients without a detailed

examination of liver disease (n = 88) or sufficient data (n = 130), were excluded. Moreover, to

evaluate longitudinal changes in skeletal muscle attenuation (SMA), we obtained the data of SMA

from the second CT performed >6 months after the first CT. Thus, patients without a second CT



performed >6 months after the first CT were excluded (n = 179). Finally, 178 patients were enrolled

for analysis (Supplementary Figure 1). Patients’ characteristics are shown in Table 1. Etiology of

liver disease was as follows: alcoholic liver disease (n = 31), active viral hepatitis (hepatitis B virus

[n = 3] and hepatitis C virus [n = 32]) with no antiviral treatment during the observation period,

inactive or treated viral hepatitis by antiviral treatment against hepatitis B virus (n = 10) or

hepatitis C virus (n = 48) before or during the observation period, non-alcoholic steatohepatitis (n

= 14), autoimmune hepatitis (n = 11), primary biliary cholangitis (n = 13), and cryptogenic liver

disease (n = 16). The mean Model for End-Stage Liver Disease (MELD) score was 9+ 3. Six patients

had a history of variceal bleeding, 16 had mild ascites, and 12 had a history of hepatic

encephalopathy. The requirement for informed consent was waived due to the retrospective nature

of the study; anonymous clinical data were analyzed.

Data collection

Clinical and laboratory data at the time of CT imaging were collected retrospectively. CT was

performed to assess the presence of the hepatocellular carcinoma and the degree of ascites. A

transverse CT image without contrast media at the level of the third lumbar vertebra (L3) was

used for the measurement of the muscle area and that at the umbilical level was used for the

evaluation of the visceral and subcutaneous fat area. Muscle and abdominal fat areas were

calculated using SYNAPSE VINCENT software (Fujifilm Co., Tokyo, Japan), which enables



specific tissue demarcation by using the Hounsfield unit (HU) thresholds. Muscles, visceral fat,

and subcutaneous fat were quantified within the HU ranges of —29 to +150 HU, —150 to —50 HU,

and —190 to —30 HU, respectively [8], and tissue boundaries were manually corrected as needed.

All analyses were performed by the same person who was blinded to the outcome variables. The

skeletal muscle index (SMI) was calculated as the total area of all skeletal muscle mass (cm?)

divided by the square of the height (m?). The degree of myosteatosis was evaluated by using the

mean CT attenuation value of all skeletal muscle mass at L3. The visceral fat index (VFI) and

subcutaneous fat index (SFI) were calculated as the visceral and subcutaneous fat areas (cm?2),

respectively, divided by the square of the height (m2). The time between the first and second CT

differed among the patients. To normalize the results, the differences between the first and second

CT were calculated for the amounts of skeletal muscle, subcutaneous fat, and visceral fat, as well

as for the CT attenuation of skeletal muscle, subsequently divided by the number of days between

the first and second CT, and finally multiplied by 100 to calculate the change per 100 days. Height

data were obtained within 5 years and weight data within 30 days before and after the time of CT

scanning. Body mass index (BMI) was calculated as body weight (kg) divided by the square of the

height (m?2).

Definition of skeletal muscle depletion and visceral fat deposition

In accordance with the Japan Society of Hepatology guidelines [11], skeletal muscle depletion was



defined as an SMI of <42 (cm2/m2) in men and <38 (cm?/m?) in women. Visceral fat deposition was

defined as a visceral fat area of >100 cm? [12]. Myosteatosis was defined as follows: radiation

attenuation of skeletal muscle at L3 of <41 HU for patients with a BMI of <24.9 kg/m? and that of

<33 HU for patients with a BMI of >25 kg/m?2 [13].

Statistical analysis

Quantitative variables were compared using the Student’s t-test. We used analysis of variance and

the Bonferroni post hoc test for multiple comparisons. Correlations were determined using

Pearson’s correlation coefficients. A multiple linear regression analysis was used to study the linear

relationships between SMA and the variables. Patients were followed-up from the date of the CT

performed for the evaluation of skeletal muscle and fat mass to the date of death, liver

transplantation, or last visit, and competing risk analysis using the Fine and Gray model was used

to identify risk factors for mortality. Values with P < 0.05 were considered to be statistically

significant. Data were statistically analyzed using EZR on R commander (Version 1.38) [14] and R

Statistical Software (Foundation for Statistical Computing, Vienna, Austria).

Ethics

The Ethics Committee at Nagoya University Hospital approved this study (approval no. 2018-

0291), which was conducted in accordance with the principles of the Declaration of Helsinki (1975).



Results

Factors associated with SMA

Factors associated with SMA were examined using data acquired at the time of the first CT. The SMI

showed a weak positive correlation with SMA (2= 0.34, P<0.001), whereas age showed a moderate

negative correlation (£=—-0.46, P< 0.001); VFI and SFI showed weak negative correlations (VFI,

R=-0.21, P=0.004; SFI, R=-0.20, P= 0.02) with SMA. MELD score, albumin level, and BMI

were not correlated with SMA (Table 2). The mean SMA was significantly lower in female patients

than in male patients (31.6 = 7.2 vs 37.2 + 6.6 HU, P<0.001). No significant difference in the mean

SMA was observed among patient groups with different etiologies. Multiple linear regression was

calculated to predict SMA based on age, sex, SMI, VFI, and SFI. A significant regression equation

was observed (F =19.3, P<0.01), with an adjusted R2 of 0.40. Age (B =-0.22), SMI (B =0.25), VFI

(B =-0.08), and SFI (B = —0.06) were significant predictors of SMA (Table 3). Next, we divided the

study population into four groups according to the presence of skeletal muscle depletion and

visceral fat deposition and compared the SMA among the four groups. The SMA was observed to

be the lowest in patients with skeletal muscle depletion and visceral fat accumulation (30.4 + 7.1

HU) and was significantly lower than that in patients without both skeletal muscle depletion and

visceral fat accumulation (36.2 + 8.5 HU, P= 0.026; Table 4).



Impact of myosteatosis on the prognosis of patients with cirrhosis

Ninety-seven of 178 patients (54.5%) had myosteatosis. During the observation period (1831 + 793

days), 33 patients died, and 2 received liver transplantation. In the univariate analysis, etiology of

active viral hepatitis (P=0.004), a higher MELD score (P< 0.001), lower albumin levels (< 0.001),

and the presence of myosteatosis were associated with mortality (P= 0.047; Table 5 and Figure 1).

The multivariate analysis showed that the MELD score (hazard ratio [HR], 1.147; 95% confidence

interval [CI], 1.038-1.266; P= 0.007) and albumin levels (HR, 0.338; 95% CI, 0.154-0.743; P =

0.007) were significantly associated with mortality, and etiology of active viral hepatitis (HR, 1.943;

95% CI, 0.952-3.970; P= 0.068) and presence of myosteatosis (HR, 1.916; 95% CI, 0.900-4.082; P

=0.092) were marginally associated with mortality (Table 5).

Factors associated with the deterioration of SMA

SMA decreased in 55.6% of patients (99/178) during the period between the dates of the first and

second CT (480 + 376 days), and the change per 100 days was —0.21 + 1.29 HU. Then, we evaluated

the correlations between 100-day changes in SMA and those in SMI, VFI, and SFI. The 100-day

changes in SMI were positively and weakly associated with those in SMA (E = 0.183, P= 0.014),

whereas those in VFI were negatively and weakly (£=-0.172, P= 0.022) associated with those in

SMA (Figure 2a, 2b). No association was noted between the 100-day changes in SFI and those in

SMA (Figure 2c). Next, we divided our cohort into four groups according to an increase or a decrease



in SMI and VFTI at the second time point. The SMA was decreased in patients whose SMI and VFI

decreased (n =49, —0.20 = 1.10 HU/100 days), SMI and VFI increased (n = 39, —0.30 + 0.63 HU/100

days), and SMI decreased and VFI increased (n = 54, —0.44 + 1.32 HU/100 days). Conversely, in

patients whose SMI increased and VFI decreased, the 100-day change in SMA was 0.24 + 1.82

HU/100 days, which was marginally different from that in patients whose SMI decreased and VFI

increased (P= 0.077, Figure 3).

Discussion

Cross-sectional studies have reported that the degree of myosteatosis is positively correlated with

aging and visceral fat accumulation and negatively correlated with skeletal muscle mass [10, 15,

16], which is consistent with the results of this study. We also conducted a longitudinal study and

observed that SMA decreased by 0.21 + 1.29 HU per 100 days in patients with cirrhosis, and the

amount of change was positively correlated with the 100-day decrease in SMI and negatively

correlated with the 100-day increase in VFI. This indicates that the decrease in skeletal muscle

mass and increase in visceral fat mass contribute to the worsening of myosteatosis.

Regarding longitudinal changes in myosteatosis in patients with cirrhosis, a previous study

involving patients on the transplant waiting list reported that SMA decreased by 2.9 HU over a

median period of 9.6 months [17]. The reason for quicker worsening of myosteatosis in the patients

in the previous report compared to those in this study might be that the SMI decreased by 2.0 +



4.9 cm?/m? over a median of 9.6 months in the previous report, whereas the SMI decreased by only

0.49 + 3.1 cm?2/m2 over 1 year in this study.

Although the mechanism of myosteatosis remains unclear, the degeneration of the skeletal muscle

cell progenitors into adipocytes [18] and ectopic deposition of excess lipids in the skeletal muscle

[19] are thought to be possible causes of the onset and progression of myosteatosis; the finding that

decreased skeletal muscle mass was associated with worsening of myosteatosis in this study

supports the former hypothesis, and the finding that increased visceral fat was associated with

worsening of myosteatosis supports the latter hypothesis. However, patients with cirrhosis are in

a condition where their skeletal muscle is easily metabolized due to malnutrition,

hyperendotoxemia, and hyperammonemia [20, 21]. Therefore, it is necessary to elucidate the basic

mechanisms underlying the development of myosteatosis in these patients.

Previous studies have reported that the presence of myosteatosis worsened the prognosis of

patients with cirrhosis [8, 22]. Similarly, in this study, the presence of myosteatosis tended to be

associated with poor prognosis, albeit not significantly. In addition to being a poor prognostic factor,

myosteatosis is also reported to be associated with the development of hepatic encephalopathy [23,

24] and complications after liver transplantation [9]. Thus, the presence of myosteatosis is an

important factor affecting the clinical course of patients with cirrhosis. Based on our findings that

the progression of myosteatosis is related to skeletal muscle mass loss and visceral fat mass

increase, it is possible that the progression of myosteatosis can be reduced by increasing



skeletal muscle mass and reducing visceral fat accumulation. Exercise therapy, which can help

increase skeletal muscle mass and reduce visceral fat mass, has been demonstrated to improve

myosteatosis in the elderly and obese [25]. Regarding nutritional therapy, in a study of obese older

adults, weight loss was shown to reduce the amount of fat in skeletal muscle, but also reduced

skeletal muscle mass [26]. Patients with cirrhosis can easily lose skeletal muscle mass [20, 21].

Therefore, weight loss by restricting calories is undesirable. However, excessive calorie and fat

intake has been reported to worsen myosteatosis [27]. Therefore, exercise therapy under proper

nutritional management is considered necessary to prevent the progression of myosteatosis.

There are several limitations in this study. First, this was a single-center, retrospective study. In

addition, since no previous study has examined the changes in SMA and the factors that contribute

to these changes in patients with cirrhosis, our study was an exploratory one; therefore, it was not

possible to determine the appropriate sample size. A multicenter, prospective study with a larger

patient population needs to be conducted to validate our results. Second, the degree of myosteatosis

was evaluated by using SMA on CT only and not pathologically. Although muscle biopsy findings

are well correlated with SMA results on CT, a muscle biopsy is an invasive procedure. Furthermore,

pathological deposition of lipid in the muscle was previously reported on CT [7]; therefore, SMA

can be used as a surrogate marker for the evaluation of myosteatosis as evidenced by previous

studies [4, 7-10, 16-18]. Third, we used BMI-adjusted cutoff values to diagnose myosteatosis.

This study included patients with ascites, which may have affected their BMI. However, in several



studies on myosteatosis in patients with cirrhosis, the cutoff value used was adjusted for BMI [8,

10, 16, 17]; therefore, the same criteria were used in this study. Cutoff values suitable for patients

with ascites need to be determined in future studies.

Conclusion

In patients with cirrhosis, myosteatosis progressed, and a decrease in SMI and an increase in VFI

were correlated with its progression.
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Tables

Table 1

Patients’ characteristics

Variable

At the time of the first CT

At the time of the second CT*

Change per 100 days**

Age (years)

Sex (female/male)

Body weight (kg)

Body mass index (kg/m?)

Etiology (alcohol/active viral hepatitis/inactive or

treated viral hepatitis/NASH/AIH and PBC/others)

Presence of PHTN-related complications

History of variceal bleeding (yes/no)

64.3+12.2

86/92

60.7 + 14.2

23.7+4.41

31/35/58/14/24/16

6/172




Ascites (no/mild)

History of hepatic encephalopathy (yes/no)

MELD score

Albumin levels (g/dL)

Skeletal muscle area at L3 level (cm2)

SMTI at L3 level (cm2/m?2)

Radiation attenuation of skeletal muscle (HU)

Visceral fat area at umbilical level (cm?)

VFI at umbilical level (cm2/m?2)

Subcutaneous fat area at umbilical level (cm2)

SFT at umbilical level (cm2/m?2)

162/16

12/166

9+3

3.63 +0.62

115.1 +31.3

44.7+9.2

34.5+7.44

98.2+51.3

38.3+19.3

121.6 £ 76.2

47.1+28.2

944

3.64+0.70

113.2 + 30.3

44,2+ 9.2

33.6 +7.48

98.5+52.3

38.6 £ 20.0

109.4 £ 67.4

40.6 = 24.6

0+1

0.01+0.15

—-0.38+2.14

-0.13+£0.84

—-0.21+1.29

-0.13 £ 7.28

—0.03+2.79

—-1.99+ 8.96

-0.77 + 3.67




*The period between the date of the first CT and the date of the second CT (480 + 376 days).

**The changes in each variable from the first CT to the second CT were divided by the number of days between the first and second CT and multiplied

by 100 to calculate the change per 100 days.

ATH, autoimmune hepatitis; CT, computed tomography; HU, Hounsfield unit; L3, third lumbar vertebra; MELD, Model for End-Stage Liver Disease;

NASH, non-alcoholic steatohepatitis; PBC, primary biliary cholangitis; PHTN, portal hypertension; SFI, subcutaneous fat deposition; SMI, skeletal

muscle index; VFI, visceral fat deposition.

SMI, VFI, and SFI were calculated according to the following formulas: SMI = skeletal muscle area [cm?]/(height [m])2, VFI and SFI = visceral and

subcutaneous fat area [cm2]/(height [m])2, respectively.

Data are expressed as the mean + standard deviation.



Table 2

Correlations between clinical parameters and skeletal muscle attenuation at the time of the first CT

Variable R P

Age (years) 0.46 <0.001
MELD score 0.02 0.793
Albumin levels (g/dL) 0.09 0.249
Body mass index (kg/m?) -0.02 0.801
SMI at L3 level (cm2%/m?2) 0.34 <0.001
VFI at umbilical level (cm2/m?2) -0.21 0.004
SFI at umbilical level (cm2/m2) -0.20 0.020

SMI shows a positive correlation with skeletal muscle attenuation, whereas age, VFI, and SFI show negative correlations with skeletal muscle

attenuation.



L3, third lumbar vertebra; MELD, Model for End-Stage Liver Disease; SFI, subcutaneous fat deposition; SMI, skeletal muscle index; VFI, visceral fat

deposition.



Table 3

Linear multiple regression analysis for variables predicting skeletal muscle attenuation at the time of the first CT

Variable B SE B t
Age (years) —0.22* 0.04 —5.46
Sex (1, male; 0, female) 0.72 1.32 0.54
SMI 0.25* 0.07 3.42
VFI -0.08* 0.03 —2.62
SFI -0.06* 0.02 -3.05
Adjusted R2 0.40

F 19.3*

Age, SMI, VFI, and SFI are significant predictors of skeletal muscle attenuation.



*P<0.01

SFI, subcutaneous fat index; SMI, skeletal muscle index; VFI, visceral fat index.



Table 4

Difference of skeletal muscle attenuation among patients with or without skeletal muscle depletion and/or visceral fat deposition

Skeletal muscle depletion Absent Absent Present Present

Visceral fat accumulation Absent Present Absent Present

Skeletal muscle attenuation (HU) 36.2+8.5 34.7+6.1 33.3+7.1 304+7.1%

Skeletal muscle attenuation is lowest in patients with skeletal muscle depletion and visceral fat accumulation, which is significantly lower than that in

patients without both skeletal muscle depletion and visceral fat accumulation.

Skeletal muscle depletion was defined as an SMI of < 42 (cm?/m?) in men and < 38 (cm?m?) in women. The visceral fat deposition was defined as a

visceral fat area of > 100 cm?2.

* P=0.026 (compared with patients without skeletal muscle depletion and visceral fat accumulation)

HU, Hounsfield unit; SMI, skeletal muscle index.

Data are expressed as the mean + standard deviation.



Table 5

Factors associated with mortality

Univariate analysis

Multivariate analysis

Variable HR 95% CI Pvalue HR 95% CI Pvalue
Age (years) 1.010  0.980-1.040 0.52

Sex (female) 0.829  0.421-1.631 0.59

Etiology (active viral hepatitis) 2.822  1.394-5.716 0.004 1.943  0.952-3.970 0.068
MELD score (one score increase) 1.202  1.081-1.337 <0.001 1.147  1.038-1.266 0.007
Albumin levels (g/dL) (1 g/dL increase) 0.231  0.108-0.496  <0.001 0.338  0.154-0.743 0.007
Presence of skeletal muscle depletion 1.495  0.738-3.029 0.260

Presence of visceral fat accumulation 1.501  0.760-2.964 0.240

Presence of myosteatosis 2.090 1.011-4.322 0.047 1.916  0.900-4.082 0.092




The MELD score and albumin levels are significantly associated with mortality, and etiology of active viral hepatitis and the presence of myosteatosis

are marginally associated with mortality.

CI, confidence interval; HR, hazard ratio; MELD, Model for End-Stage Liver Disease



Figure legends

Figure 1. Mortality in cirrhotic patients with or without myosteatosis

The gray and black curves show the cumulative mortality in patients with and without

myosteatosis, respectively.

Figure 2. Correlations between 100-day changes in skeletal muscle attenuation and those in SMI,

VFI, and SFI

Correlations between 100-day changes in skeletal muscle attenuation and those in (a) SMI, (b)

VFI, and (c) SFI.

HU, Hounsfield unit; SFI, subcutaneous fat index; SMI, skeletal muscle index; VFI, visceral fat

index

Figure 3. Differences in 100-day changes in skeletal muscle attenuation among four groups with

an increase or a decrease in SMI and VFI at the time of the second CT

HU, Hounsfield unit; SMI, skeletal muscle index; VFI, visceral fat index

Supplementary Figure 1. Patient selection flowchart
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