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Background: The relationship between skeletal muscle mass index (SMI) and cirrhosis incidence in patients with non-cirrhotic acute-on-chronic (ACLF) has not been clarified. This study aimed to assess the predictive value of SMI on the incidence of long-term cirrhosis in male non-cirrhotic ACLF patients.

Materials and methods: Male ACLF patients who were free of liver cirrhosis were retrospectively included in this study. Univariate and multivariate logistic analyses were conducted to determine the risk factors for the long-term (1-year) development of cirrhosis. The receiver operating characteristic curves (ROC) were used to assess the ability of SMI levels to predict the incidence of cirrhosis. Restricted triple spline (RCS) described the dose-response relationship between SMI and the risk of cirrhosis. Subgroup analysis was stratified by age (≤ 40 years and > 40 years).

Results: A total of 230 subjects were included in this study, of whom 45.2% (104/230) were diagnosed with cirrhosis within 360 days. Patients who progressed to cirrhosis had a lower SMI [46.1 ± 6.9 versus 49.2 ± 6.5 cm2/m2, P = 0.001] and a higher proportion of sarcopenia (19.2% versus 6.3%, P = 0.003). In multivariate logistic regression, SMI remained a protective agent against 360-days progression to cirrhosis in males with ACLF after adjustment (OR 0.950, 95% CI: 0.908–0.994, P < 0.05). SMI exerted a non-linear dose-dependent effect on the risk of cirrhosis. The area under the ROC curve (AUC) for the L3-SMI to predict the incidence of cirrhosis in male non-cirrhotic ACLF patients was 0.636 (P < 0.001). We observed significant differences in SMI among male ACLF patients in different age groups. Further subgroup analysis by age revealed that lower SMI was associated with the 1-year incidence of cirrhosis in male ACLF patients aged less than 40 years (OR 0.908, 95% CI: 0.842–0.979, P < 0.05), whereas SMI did not affect the 1-year risk of cirrhosis in older subjects (age > 40 years).

Conclusion: A higher SMI represents an independent protective factor for developing long-term cirrhosis in male ACLF patients who do not experience cirrhosis, especially in those under 40 years of age.
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Introduction

Acute-on-chronic liver failure (ACLF) involves acute and severe hepatic deterioration based on established chronic liver disease (CLD) or cirrhosis, which usually progresses rapidly and leads to unfavorable outcomes (1). Despite the high short-term mortality rates in patients with ACLF, liver function in surviving patients remains reversible (1, 2). With the resolution of acute injury and over time, some patients may regain normal liver function, while others progress to cirrhosis. Therefore, existing scores such as the APASL ACLF Research Consortium (AARC), Model for End-Stage Liver Disease (MELD), and the MELD-Na score are used for assessing disease severity and guiding organ allocation (1, 3, 4), but not for predicting the occurrence of cirrhosis in survivors. Exploring the occurrence of cirrhosis post-ACLF is beneficial to understand ACLF better and improve prognosis.

Sarcopenia is the severe loss of skeletal muscle mass and function (5). Sarcopenia is strongly associated with adverse clinical outcomes involving falls, decreased function, weakness, and mortality (6). Approximately 70% of patients with the advanced liver disease suffer from sarcopenia (7). Available studies have demonstrated the impact of sarcopenia on the poor prognosis of patients with liver disease (8–12). Skeletal muscle index at the level of the third lumbar vertebra (L3-SMI), based on computer tomography (CT) scans, is a well-described indicator for assessing total skeletal muscle and sarcopenia (13–15). Previous studies have investigated the relationship between L3-SMI and ACLF mortality and suggested that lower L3-SMI may serve as a risk predictor for mortality in ACLF patients (16, 17). Yet, there is a lack of evidence concerning the relationship between L3-SMI and the incidence of long-term cirrhosis in ACLF patients free of cirrhosis.

In the present research, we intended to investigate the predictive value of L3-SMI on the incidence of long-term cirrhosis in male non-cirrhotic ACLF patients. Additionally, we explored the effect of L3-SMI on different age groups (age ≤ 40 years and age > 40 years), as there were significant differences in L3-SMI levels between groups.



Materials and methods


Patients

We retrospectively identified inpatient ACLF patients who were admitted to the First Affiliated Hospital of Chongqing Medical University between October 2012 and July 2021. ACLF was diagnosed according to the criteria by Asia-Pacific Association for the Study of the Liver (APASL), which included jaundice [total bilirubin (TB) ≥ 5 mg/dL] and coagulation dysfunction [international normalized ratio (INR) ≥ 1.5], with the onset of ascites and/or hepatic encephalopathy (HE) within 4 weeks (1). Enrolled subjects were over 18 years of age, received abdominal CT examination within 2 weeks after admission, and were followed for a least 360 days. Exclusion criteria were (1) history of cirrhosis; (2) diagnosis of hepatocellular carcinoma (HCC) or other malignancies; (3) suffering from other disorders causing malnutrition such as tuberculosis, hyperthyroidism, or neuromuscular disease; (4) receiving long-term corticosteroid therapy; (5) death or undergoing liver transplant surgery.

This study was approved by the Ethics Committee of the First Affiliated Hospital of Chongqing Medical University (2022-K434). The requirement to obtain informed consent from patients was waived because the study was retrospective in design.



Clinical data

Demographic information and laboratory findings were collected on admission, including gender, age, height, weight, blood routine, liver and kidney function tests, electrolytes, and coagulation function. We calculated the prognostic scores MELD and MELD-Na for every patient by using the values of the measured parameters of interest.

Diagnosis of cirrhosis was based on clinical, biochemical, radiological (including ultrasound, elastography, CT and MR) and endoscopic findings related to cirrhosis and/or portal hypertension, or on liver biopsy findings (18). For all registered patients, physicians assessed information on cirrhosis at baseline and 360 days after enrollment.



Evaluation of psoas muscle index

The area of the skeletal muscle (including psoas major, erector spinae, transverse abdominis, internal and external obliques and rectus abdominis) at the L3 level was measured using the 3D Slicer software (version 5.1.0). SMI was calculated by dividing the area of the skeletal muscle at the L3 level by the square of the height (m2) (13, 14). Analysis of the abdominal CT scans was performed independently by two imaging physicians. A third physician was involved in reaching a consensus whenever disagreement arose.



Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics (version 22.0) and R software (version 4.1.2). Continuous variables were expressed as the mean ± standard deviation or median (interquartile spacing) of a normal or non-normal distribution. Categorical variables were shown as numbers (percentages). Comparisons between the two groups were calculated using unpaired t-test for parametric data, Mann-Whitney U test for non-parametric data and chi-square test for categorical data. Univariate and multivariate (forward-stepwise method) logistic regression analyses were conducted to examine potential predictors of cirrhosis. Bilateral P values < 0.05 considered statistically significant.

The receiver operating characteristic curves (ROC) were used to assess the ability of SMI levels to predict the incidence of cirrhosis. Moreover, we constructed a restricted cubic spline (RCS) describing the relationship between SMI and the risk of cirrhosis, according to the three knots of the SMI level distribution, i.e., the 10th, 50th, and 90th percentiles.




Results


Baseline patient characteristics

A total of 230 male ACLF patients without cirrhosis at baseline were included in this study (Figure 1). The baseline characteristics of the individuals involved are shown in Table 1. During the 360-days follow-up period, 45.2% (104/230) of patients progressed to cirrhosis. Overall, the cirrhosis group was associated with higher mean age, white blood cell count (WBC), international normalized ratio (INR), total bilirubin (TB), MELD score, and MELD-Na score, but lower albumin and blood sodium levels. Patients who progressed to cirrhosis at 1 year presented with a lower SMI [46.1 ± 6.9 versus 49.2 ± 6.5 cm2/m2, P = 0.001] and a higher proportion of sarcopenia (19.2% vs. 6.3%, P = 0.003). In addition, patients in the cirrhosis group suffered a greater incidence of hepatic encephalopathy and ascites at baseline (P < 0.05).
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FIGURE 1
Study flow diagram. ACLF, acute-on-chronic liver failure.



TABLE 1    The baseline characteristics between cirrhosis and non-cirrhosis groups.
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SMI and long-term (1-year) incidence of cirrhosis in male non-cirrhotic ACLF patients

To explore the potential association between SMI and long-term incidence of cirrhosis in male non-cirrhotic ACLF patients, univariate and multivariate logistic regression analyses were performed. Univariate logistic regression analyses revealed that age, WBC, INR, and TB were risk factors for long-term cirrhosis onset, while SMI, albumin and blood sodium served as protective factors (Table 2). Next, the above factors were included in a multivariate regression analysis. We found that after adjusting for other factors, high levels of SMI remained a protective agent for 360-days progression to cirrhosis in men with ACLF (OR 0.950, 95% CI: 0.908–0.994, P < 0.05) (Table 2 and Supplementary Figure 1). The RCS analysis demonstrated an approximately linear dose-dependent effect of SMI on the risk of cirrhosis (P for non-linear = 0.127) (Figure 2). The area under the ROC curve (AUC) for the L3-SMI to predict the incidence of cirrhosis in male non-cirrhotic ACLF patients was 0.636 (P < 0.001) (Supplementary Figure 2).


TABLE 2    Univariate and multivariate logistic regression analysis of cirrhosis.
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FIGURE 2
Association between skeletal muscle mass index (SMI) level and long-term (1-year) incidence of cirrhosis using restricted cubic spline (RCS) analysis (P for non-linear = 0.127). Results were corrected with age, international normalized ratio (INR), total bilirubin (TB), and serum sodium.




SMI in male ACLF patients of different age subgroups

It has been established that skeletal muscle mass is gradually reduced over age (19). Our previous study revealed that muscle loss is particularly pronounced after the age of 40 (13). Besides, we found that L3-PMI was independently associated with 1-year mortality in male ACLF patients younger than 40 years, which was not observed in male ACLF patients beyond 40 years (20). Thus, we assessed SMI levels in the age ≤ 40 years and > 40 years groups, respectively. The mean values of SMI for the older and younger groups were 47.0 ± 6.8 and 48.8 ± 6.8 cm2/m2, respectively (P < 0.05). The distribution of SMI in the two groups was shown in Figure 3, exhibiting statistical differences (P < 0.05).
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FIGURE 3
The skeletal muscle mass index (SMI) in different age subgroups (age ≤ 40 years and age > 40 years) in male acute-on-chronic liver failure (ACLF) patients.




SMI and long-term (1-year) incidence of cirrhosis in male ACLF patients younger than 40 years

Since there were significant differences in SMI among males with ACLF in different age groups, we further explored the connection between SMI and long-term progression to cirrhosis in various age groups. Of 103 male subjects younger than 40 years, 32 (31.1%) suffered liver cirrhosis after 1 year. In this group, the mean SMI of patients who developed cirrhosis at 1 year was 45.8 ± 6.3 cm2/m2, significantly lower than that of non-cirrhotic patients (50.2 ± 6.6 cm2/m2, P = 0.003).

We conducted univariate and multivariate logistic regression analyses of patients’ clinical characteristics. The results indicated that higher INR and TB as well as lower SMI were significantly associated with the risk of 360-days cirrhosis in young men no more than 40 years old with ACLF (Table 3). Multivariate logistic regression identified SMI as a protective factor for the long-term progress to cirrhosis (OR 0.908, 95% CI: 0.842–0.979, P < 0.05) (Table 3 and Supplementary Figure 3). Further RCS models revealed an approximately linear dose-response relationship between SMI and the risk of cirrhosis (P for non-linear = 0.905) (Figure 4). The area under the ROC curve (AUC) for the L3-SMI to predict the incidence of cirrhosis in young men (age ≤ 40 years) with ACLF was 0.673 (P < 0.01) (Supplementary Figure 4).


TABLE 3    Univariate and multivariate regression models in different age subgroups in male acute-on-chronic liver failure (ACLF) patients.
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FIGURE 4
Association between skeletal muscle mass index (SMI) level and long-term (1-year) incidence of cirrhosis in young (age ≤ 40 years) male acute-on-chronic liver failure (ACLF) patients using restricted cubic spline (RCS) analysis (P for non-linear = 0.905). Results were corrected with international normalized ratio (INR).




SMI and long-term (1-year) incidence of cirrhosis in male ACLF patients older than 40 years

The proportion of male ACLF patients over 40 who developed cirrhosis after 1 year was 56.7% (72/127). The mean SMI of patients with and without cirrhosis after 1 year were 48.0 ± 6.1 cm2/m2 and 46.3 ± 7.1 cm2/m2, respectively, not showing a statistical difference (P = 0.150). There was no association between SMI and the occurrence of 360-days cirrhosis in older (age > 40 years) male ACLF patients in both univariate and multivariate regression analyses (Table 3). The results of multivariate regression analysis declared that INR and serum sodium were independent predictive factors for the development of 360-days cirrhosis in older men with ACLF (Supplementary Figure 5).




Discussion

This study firstly investigated the association of L3-SMI with long-term (1-year) cirrhosis progression in male ACLF patients who did not experience cirrhosis. We found that a higher SMI could act as an independent protective factor for progression to cirrhosis, possibly in a linear dose-dependent manner. Subgroup analysis according to different ages indicated that SMI could predict the 1-year risk of cirrhosis for younger (age ≤ 40 years) male ACLF patients, but displayed weak predictive value in older (age > 40 years) individuals.

Acute-on-chronic liver failure (ACLF) is a rapidly progressive hepatic decompensation in the context of CLD, characterized by high short-term mortality and adverse clinical outcome (21–23). Early prediction and improvement of the prognosis of ACLF present a great challenge to clinicians. Almost all existing studies have focused on the survival rate of ACLF. Indeed, liver reserve in ACLF is reversible (1). In patients with no underlying cirrhosis, some of them recover completely, while others progressively develop cirrhosis with impaired quality and longevity. Sarcopenia contributes to unfavorable outcomes in patients with liver disease, of which ACLF is no exception (9, 12, 16, 24, 25). Previous studies have revealed that a high PMI or SMI reduces the risk of death in patients with ACLF (12, 16, 20). Our findings confirmed the predictive value of SMI in long-term progression to cirrhosis for male ACLF patients in the absence of a history of cirrhosis. The results were stable after adjusting for other important variables that included age, INR, TB, and blood sodium.

Mechanistically, sarcopenia potentially correlates with ACLF and cirrhosis. For one thing, an essential hallmark of ACLF is overactive systemic inflammation accompanied by a massive release of proinflammatory molecules (26), which distort the protein synthesis/breakdown balance and thus lead to muscle depletion. In cirrhotic patients, disorders of bioenergy metabolism, including accelerated starvation and increased gluconeogenesis, can also promote muscle wasting (8). Further, hyperammonemia secondary to severe liver dysfunction results in muscle atrophy through the upregulation of myostatin (27). Accordingly, skeletal muscle secretes various cytokines and proteins, which involve in its crosstalk with the liver (28). Myocytokines, including myostatin, irisin and vitamin D, may facilitate the progression of liver disease (29, 30). It has been reported that myostatin induces liver fibrosis by activating the JNK signaling pathway to activate hepatic stellate cells (HSC) (27). In a word, profound liver damage (ACLF and cirrhosis) leads to sarcopenia; conversely, sarcopenia exacerbates the procession of liver disease. Therefore, it is not surprising that low SMI predicts poor outcomes in ACLF, including the development of cirrhosis. Increasing muscle mass has been shown to improve the prognosis of patients with cirrhosis (31, 32). We hypothesized that reversing muscle mass could also improve the outcome of ACLF. Notably, nutritional supplementation alone is often ineffective; new molecular targeting strategies such as myostatin opponents, mTORC1 activators and mitochondrial protectors are promising therapeutic options (8).

Interestingly, the results of this study detected the predictive value of SMI for the clinical outcome of ACLF in young men up to 40 in age, but not in older men. Similar to this work, our earlier study failed to observe the correlation between PMI and mortality in men older than 40 years with ACLF (20). The possible reason is that, in older individuals, aging has a greater effect on reducing skeletal muscle mass than liver failure.

The present study has some limitations. First, as a retrospective study, there was a statistical retrospective bias. Second, our study was single-center and included a limited number of subjects. Prospective multicenter large-sample studies are needed to validate our findings. Third, SMI is used to assess muscle mass, but not for muscle strength. In the future, we will perform a more comprehensive evaluation of muscle mass and strength in the ACLF population.

In conclusion, lower SMI was independently related to the development of long-term cirrhosis in males with ACLF free of cirrhosis, especially in those no older than 40 years. Further exploration of the impact of targeted sarcopenia interventions on the prognosis of ACLF is warranted.
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(n =230) group (n = 126) (n = 104)
Age (years), mean (SD) 43.4 (14.1) 40.4 (13.3) 46.9 (14.3) < 0.001
BMI (kg/mZ), mean (SD) 23.0 (3.7) 23.1 (3.2) 22.9(4.3) 0.750
SMI (cm?/m?), mean (SD) 47.8 (6.8) 492 (6.5) 46.1(6.9) 0.001
Sarcopenia 28 (12.2) 8(6.3) 20 (19.2) 0.003
(SMI < 40.2 cm?/m?), n (%)
Hepatic encephalopathy, n 34 (14.8) 2 (1.6) 32(30.8) < 0.001
(%)
Ascites, n (%) 146 (63.5) 72 (57.1) 74 (71.2) 0.028
WBC (x 10°/L), median 6.1(4.7-7.9) 5.7 (4.6-7.4) 6.7 (4.9-8.3) 0.008
(IQR)
HB (x 10°/L), mean (SD) 134.2 (19.9) 135.5 (17.8) 132.5 (22.1) 0.254
PLT (x 10°/L), median (IQR) 130.0 (95.3-164.0) 134.0 (102.8-170.3) 121.5 (91.3-153.5) 0.079
INR, median (IQR) 1.9 (1.7-2.3) 1.8 (1.6-2.1) 2.1 (1.8-2.5) <0.001
TB (mg/dL), median (IQR) 13.7 (9.5-19.6) 12.7 (9.0-18.1) 15.1 (10.8-21.1) 0.002
ALB (g/L), mean (SD) 32.7 (5.0) 33.8 (5.3) 31.3 (4.4) <0.001
Na (mmol/L), mean (SD) 138.6 (3.6) 139.4 (2.9) 137.6 (4.0) <0.001
CR (wmol/L), median (IQR) 67.0 (59.0-75.0) 68.0 (60.0-74.3) 66.0 (56.0-75.8) 0.252
MELD score, mean (SD) 24.5(4.1) 234 (3.5) 25.9 (4.4) <0.001
MELD-Na score, mean (SD) 24.9 (4.2) 23.5(3.5) 26.5 (4.4) < 0.001
Smoking, n (%) 143 (62.2) 76 (60.3) 67 (64.4) 0.523
Alcohol use, n (%) 57 (24.8) 26 (20.6) 31(29.8) 0.109

SD, standard deviation; IQR, interquartile range; BMI, body mass index; SMI, skeletal muscle mass index; WBC, white blood cell count; HB, hemoglobin; PLT, platelet; INR, international

normalized ratio; TB, total bilirubin; ALB, albumin; Na, serum sodium; CR, serum creatinine; MELD, model for end-stage liver disease.
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Variable Univariate Multivariate
OR (95% Cl) OR (95% Cl) P-value

Age (years) 1.035 (1.015-1.055) 0.001 1.032 (1.010-1.055) 0.004
SMI (cm?/m?) 0.932 (0.894-0.971) 0.001 0.950 (0.908-0.994) 0.028
WBC (x 10°/L) 1.116 (1.020-1.222) 0.017

INR 2.283 (1.415-3.682) 0.001 2.324 (1.329-4.063) 0.003
TB (mg/dL) 1.065 (1.024-1.107) 0.001 1.058 (1.014-1.104) 0.010
ALB (g/L) 0.901 (0.850-0.954) <0.001

Na (mmol/L) 0.861 (0.794-0.934) <0.001 0.894 (0.818-0.978) 0.014

SMI, skeletal muscle mass index; WBC, white blood cell count; INR, international normalized ratio; TB, total bilirubin; ALB, albumin; Na, serum sodium; OR, odds ratio; CI,

confidence interval.






OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Skeletal muscle mass index as a predictor of long-term cirrhosis onset in young non-cirrhotic males with acute-on-chronic liver failure



		Introduction



		Materials and methods



		Patients



		Clinical data



		Evaluation of psoas muscle index



		Statistical analysis







		Results



		Baseline patient characteristics



		SMI and long-term (1-year) incidence of cirrhosis in male non-cirrhotic ACLF patients



		SMI in male ACLF patients of different age subgroups



		SMI and long-term (1-year) incidence of cirrhosis in male ACLF patients younger than 40 years



		SMI and long-term (1-year) incidence of cirrhosis in male ACLF patients older than 40 years







		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher’s note



		Supplementary material



		References

















OPS/images/fnut-09-1071373-g004.jpg
OR value

14

i

10

—— Estimation
\ -=-=-- 95% CI

- — , g R P
S——

- o - -
- - -

40 45 50 55

SMI





OPS/images/fnut-09-1071373-g002.jpg
OR value

—— Estimation
95% Cl

SMI





OPS/images/fnut-09-1071373-g003.jpg
Group

< 40 years -

> 40 years -

a® ’.: ‘.O :.

&

L) [ A s %
U e
.'. LN} B
» »
o"

Group

> 40 years
< 40 years

40

SMI

60

70





OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Nutrition

Skeletal muscle mass index as
a predictor of long-term
cirrhosis onset in young
non-cirrhotic males with

acute-on-chronic liver failure





OPS/images/fnut-09-1071373-g001.jpg
Diagnosis of ACLF after admission to hospital (n = 934) ‘

Excluded:

1) History of cirrhosis (n = 314)

2) Hepatocellular carcinoma (HCC) or other

> malignancies (n = 58)

3) Other disorders causing malnutrition (n = 13)
4) Lost of visit or death (n = 186)

5) Incomplete medical information (n = 72)

‘ Followed up for 360 days (n =291) ‘

\ 4

| Male (n=230) |

Cirrhosis Non-cirrhosis
n=104 n=126













OPS/images/logo.jpg
P frontiers | Frontiers in Nutrition







