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Prevalence and effect on
prognosis of sarcopenia in
patients with primary biliary
cholangitis
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Yansheng Liut, Kemei Wang?, Hui Yang?, Changcun Guo!,
Xinmin Zhou?, Guanya Guo*, Yulong Shang*and Ying Han™

!Department of Digestive Diseases, Xijing Hospital, Fourth Military Medical University, Xi'an, China,
2Department of Radiology, Xijing Hospital, Fourth Military Medical University, Xi'an, China

Background: Sarcopenia adversely affects the treatment outcomes in Cirrhosis
and NAFLD. However, such research is limited in primary biliary cholangitis (PBC)
patients. This study was performed to examine the prevalence of sarcopenia
and its impact on PBC patients’ prognoses.

Methods: This study enrolled confirmed PBC patients who had an abdominal
CT scan. Sarcopenia was determined by the L3-skeletal muscle index with a
Chinese population-based cut-off value. Laboratory test values and liver stiffness
measurements values were obtained from the electronic medical records.

Results: In total, 174 PBC patients with a median age of 54 (IQR, 48, 62) years old,
were enrolled. 45 (25.9%) patients among them were diagnosed with sarcopenia.
Univariate and multivariate logistic regression results illustrated that male gender
(OR=9.152, 95%Cl=3.131-26.751, p<0.001) and LSM>12.8kPa (OR=4.539,
95%Cl =1.651,12.478, p = 0.003) were the independent risk factors of sarcopenia
in PBC patients. In the prognosis analysis, sarcopenia was determined as a risk
factor for indicating adverse events in PBC patients (HR =4.058, 95%Cl = 1.955-
8424, p<0.001) by Cox proportional hazards regression.

Conclusion: The current findings illustrate that comprehensive evaluation and
management of sarcopenia may contribute to the improvement of treatment
outcomes and life quality of PBC patients.
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1 Introduction

Primary biliary cholangitis (PBC) is an autoimmune induced chronic cholestatic liver
disease characterized by non-suppurative inflammation of the small bile ducts inside the liver
(1, 2). Frailty and pruritus as the two most frequent complaints from PBC patients occur in
50 to 78% of the patients with PBC (3, 4). The only first-line drug for PBC is ursodeoxycholic
acid (UDCA) and it could effectively improve patients’ survival (5). The second-line drugs
such as obeticholic acid and fibrates can be used when patients inadequately respond to UDCA
(6, 7). However, there is still a subgroup of patients with PBC who face a high risk of rapidly
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progressing into cirrhosis and liver failure. To better manage these
patients, simple and reliable non-invasive methods, for example, the
GLOBE score and UK score have therefore been developed to monitor
PBC patients” progression (8-10).

Recently, sarcopenia has been detected as a prognostic indicator
in a series of diseases such as cancers, heart failure and NAFLD (11,
12). Sarcopenia, defined as a decline in skeletal muscular strength and
mass, is a condition that is highly prevalent in a variety of chronic
diseases (13). Sarcopenia is present in estimated 40-70% of cirrhosis
patients, and cirrhosis patients accompanied with sarcopenia face
higher risks of mortality, decompensation, and a lower life quality (14).

As for PBC, only one research showed that approximately 23.1%
of PBC patients have sarcopenia (15). However, these studies did not
have follow-up data, and the impact of sarcopenia on the prognosis of
PBC patients is still unclear. Therefore, this retrospective study was
performed to determine sarcopenia prevalence and its related
characteristics among patients with PBC. Additionally, this study
aimed to assess the influence of sarcopenia on the prognosis of
patients with PBC.

2 Patients and methods

2.1 Patients

PBC patients aged >18years who were hospitalized in Xi Jing
Hospital of the Fourth Military Medical University (Xi'an, China) and
had an abdominal CT scan between August 2015 to December 2022
were retrospectively recruited into the current study. To be diagnosed
with PBC, patients must satisfy a minimum of two of the three criteria
listed below: (i) Biochemical evidence of cholestasis, (ii) AMA positive
or spl00, gp210 positive, (iii) Histological features of PBC. All the
patients were regularly treated with UDCA or UDCA combined with
Fenofibrate. Patients were excluded for the following criteria: (1)
Presence of other liver diseases, such as alcoholic liver disease,
primary sclerosing cholangitis, and viral hepatitis (hepatitis B or C);
(2) Patients with malignancy; (3) Patients who underwent liver
transplantation or suffered from the complications of cirrhosis
(hepatic encephalopathy, variceal bleeding, or ascites) before the date
of baseline.

2.2 Clinical data

The baseline of this study was defined as the date of the CT scans.
The baseline Clinical characteristics and laboratory test values were
collected from the electronic medical records. As for those patients
for whom the data were not available on the date of CT scans,
laboratory data close to the date of the CT scans but no more than
2 months were obtained. We also collected the LSM data assessed by
vibration-controlled transient elastography (VCTE) within 6 months
of the date of CT scans. The diagnosis of cirrhosis is according to the
CT images and laboratory test results. The primary outcomes were
the occurrence of adverse events, including liver transplantation,
liver-related death and cirrhosis-related complications (variceal
bleeding, hepatic encephalopathy, or ascites). Survival was
determined from the date of CT scans to the date of occurring
primary outcomes to evaluate the impact of sarcopenia on PBC
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patients. The data were censored at the time last follow-up for the
living patients.

2.3 Assessment of sarcopenia in patients
with PBC

Slice-O-Matic software (5.0, Tomovision, Milletta, QC, Canada)
was used to analyze lumbar level 3 (L3) slice CT scans. Tissue
boundaries were edited by one trained researcher who was blinded to
patient outcomes. Total skeletal muscle area included the psoas, rectus
abdominus, internal/external oblique, quadratus lumborum, and
erector (as shown in Supplementary Figure S1). Total skeletal muscle
area divided by the square of height then yielding the skeletal muscle
index (SMI) in cm*/m* According to a Chinese population-based
multicenter study, the L3-SMI cutoff values for sarcopenia were set as
44.7 cm?’/m? and 32.5 cm?*/m’” in men and women, respectively (16), to
define sarcopenia.

2.4 Statistical analysis

Continuous variable data were shown as median with interquartile
range (IQR), and comparisons of these data were performed using the
Wilcoxon rank test, while counts with percentages were presented for
categorical variables, and Chi-squared tests or Fisher’s exact tests were
implemented for comparisons. Sarcopenia-associated factors among
PBC patients were identified by logistic regression analysis. Adverse
events-free survival was estimated via the Kaplan-Meier method, and
a log-rank test was adopted for comparison. Other variates were
adjusted using the Cox proportional hazards regression model. SPSS
software (version 26.0; SPSS Inc., Chicago, IL, USA) and R software
(version 4.0) were utilized to analyze all statistical data. The statistical
significance level was established at a two-sided p value of <0.05.

3 Results
3.1 Characteristics of the patients

The study included 174 participants with PBC, with a median age
of 54 (IQR, 48, 62) years. Among them, 147 (84.5%) patients were
female, and 150 (86.2%) patients were AMA-positive. The flow chart
is shown in Figure 1. The main reason for patients submitted to CT is
for evaluation of liver cirrhosis and portal vein condition (106, 60.8%),
other reasons are shown in Supplementary Table S1.

3.2 Baseline characteristics of sarcopenia
VS. hon-sarcopenia in patients with PBC

Among the 174 patients, 45 (25.9%) were diagnosed with
sarcopenia according to the definition of sarcopenia by
L3-SMI. Demographic and laboratory data were compared between
those with sarcopenia and non-sarcopenia patients (Table 1). The
median age of the sarcopenia group was 57years (IQR, 52, 63),
whereas that of the non-sarcopenia group was 54 years (IQR, 48, 62,

p=0.016). Significant variations were observed in the SMI between
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TABLE 1 Baseline clinical characteristics of patients with and without sarcopenia.

Number (%)/Median (IQR)

Overalln =174

Non-sarcopenia n =129

10.3389/fmed.2024.1346165

Sarcopenia n =45

Time of using UDCA, month 18.50 [0.00, 49.75] 17.00 [0.00, 51.00] 21.00 [0.00, 36.00] 038
Female (%) 147 (84.5) 117 (90.7) 30 (66.7) <0.001
Age, year 54.00 [48.00, 62.75] 54.00 [48.00, 62.00] 57.00 [52.00, 63.00] 0.128
SMI, cm?/m? 37.78 [34.01, 41.99] 38.84 [36.24, 42.79] 31.17 [29.53, 33.37] <0.001
WBC, 10°/L 4.14 (3.37,5.66] 4.20 [3.36, 5.80] 3.92[3.41,4.84] 0.387
RBC, 102/L, 3.94[3.51,4.35] 4.05 [3.64, 4.39] 3.76 [3.38, 4.25] 0.013
HGB, g/L 120.00 [100.0, 133.75] 120.00 [104.0, 135.0] 109.00 [91.0, 132.0] 0.101
PLT, 10°/L 124.00 [76.5, 189.50] 130.00 [80.00, 194.00] 107.00 [66.0, 161.0] 0.117
ALT, ULN 1.23 [0.56, 10.25] 1.32[0.59, 12.00] 1.04 [0.50, 2.30] 0221
AST, ULN 1.74[0.88, 18.00] 1.85 [0.94, 22.00] 1.43[0.88,3.33] 0.402
ALB, g/L 38.80 [35.23, 42.48] 39.80 [35.70, 42.70] 37.20 [34.30, 40.90] 0.035
TBIL, ULN 0.87 [0.60, 1.41] 0.76 [0.57, 1.24] 1.06 [0.78, 2.08] 0.007
ALP, ULN 1.31[0.86, 2.10] 1.23[0.82, 2.02] 1.43[0.94, 2.48] 0278
GGT, ULN 5.02 [1.53, 18.0] 530 [1.62, 18.56] 425 [1.50,9.38] 0.409
VD, nmol/L 29.61 [19.23,47.75] 30.67 [20.86, 45.60] 23.98 [15.02, 63.28] 0579
INR 1.00 [0.94, 1.09] 0.98 [0.94, 1.08] 1.05 [0.96, 1.10] 0.111
1gG, g/L 15.00 [11.90, 18.0] 14.20 [11.70, 17.70] 16.15 [13.35, 18.60] 0.164
IgM, g/L 2.63 [1.75,4.07] 2.48 [1.75, 3.68] 2.99 [1.84, 4.81] 0233
LSM, kPa 12.25 [9.65, 17.09] 11.61 [7.99, 15.08] 16.77 [12.02, 19.82] 0.001
Cirrhosis 95 (54.6) 60 (46.5) 35 (77.8) 0.001
AMA (%) 150/174 (86.2) 108/129 (83.7) 42/45 (93.3) 0.993
AMA-M2 (%) 113 /158 (71.5) 85/126 (67.5) 28/32 (87.5) 0.043
gp210 (%) 54/164 (32.9) 43/129 (33.3) 11/35 (31.4) 0.992
sp100 (%) 17/164 (10.4) 9/129 (7.0) 8/35 (22.9) 0.015

ALP, alkaline phosphatase; ALB, albumin; AST, aspartate aminotransferase; ALT, alanine transaminase; GGT, gamma-glutamyl transferase; TBIL, total bilirubin; INR, international normalized
ratio; IQR, interquartile range; PLT, platelet; RBC, red blood cell; IgM, immunoglobulin M; IgG, immuno-globulin G; HGB, hemoglobin; AMA, anti-mitochondrial antibody; AMA-M2, M2

subtype of an-ti-mitochondrial antibody.

information n=10
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FIGURE 1
Flow chart of the study.

the two groups, the median SMI of the sarcopenia group was
31.17 cm?/m? (IQR, 29.53, 33.37), while that of the non-sarcopenia
group was 38.84cm’/m’ (IQR, 36.24, 42.79, p<0.001). Significant
variations were also found between the sarcopenia group and the
non-sarcopenia group in RBC levels (3.76 vs. 4.05, p=0.013), but there
was no significant variation in terms of HGB (109 vs. 120, p=0.101).
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Additionally, Sarcopenia and non-sarcopenia groups differed
significantly in terms of TBIL and LSM levels (all p<0.05).
Interestingly, the rate of spl00 positive in the sarcopenia group
(22.9%) was higher than that in the non-sarcopenia group (7%), with
a significant difference (p=0.015).

3.3 The correlation of SMI with other
variates

To explore the correlation between SMI and other variates,
Spearman’s rank correlation test was conducted. The results are shown
in Supplementary Figure S2, and SMI was negatively correlated with
LSM (R=-0.17, p=0.048). Additionally, SMI and HGB were positively
correlated (R=0.35, p<0.001, Figure 2).

3.4 Factors associated with sarcopenia in
patients with PBC

The factors associated with sarcopenia in PBC patients were
assessed using univariate and multivariate logistic regression (Table 2).
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FIGURE 2
Correlation between SMI and other variates (A) Correlation between SMI and HGB; (B) Correlation between SMI and LSM.

TABLE 2 Factors associated with sarcopenia in patients with primary biliary cholangitis.

Variable Univariate Multivariate
OR (95% Cl) OR (95% CI)
Age 0.772 1.112 (0.54-2.293)
>65y vs. <65y
Gender <0.001 4.875 (2.066-11.504) <0.001 9.152 (3.131-26.751)
Male vs. female
Anemia vs. non-Anemia* 0.02 2.964 (1.468-5.984)
PLT 0.478 1.283 (0.644-2.558)
<100x109/L vs. >100x109/L
AST 0.177 0.616 (0.305-1.244)
>2ULN vs. <2ULN
TBIL 0.02 2.278 (1.141-4.547)
>1ULN vs. <1IULN
ALP 0.413 1.333 (0.67-2.654)
>1.67ULN vs. <1.67ULN
LSM 0.003 3.988 (1.612-9.869) 0.003 4.539 (1.651, 12.478)
>12.8kPa vs. <12.8kPa

*Anemia was defined by male HGB <120g/L, female HGB <110g/L.

The result of univariate logistic regression showed that male gender
(OR=4.875, 95%CI=2.066-11.504, p <0.001), anemia (male
HGB <120g/L, female HGB <110g/L) (OR=2.964, 95%CI=1.468-
5.984, p =0.02), TBIL>1ULN (OR=3.278, 95%CI=1.141-4.547,
p =0.02) and LSM >12.8kPa (OR=3.988, 95%CI=1.612-9.869,
p =0.003) were the risk factors of sarcopenia in PBC patients. These
variates as well as age were further subjected to the multivariate
logistic regression model. Here, we found that male gender
(OR=9.152, 95%CI=3.131-26.751, p <0.001) and LSM > 12.8kPa
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(OR=4.539, 95%CI=1.651, 12.478, p =0.003) were the independent
risk factors of sarcopenia in PBC patients.

3.5 Impact of sarcopenia on the adverse
events in patients with PBC

We collected follow-up information of 174 patients, and the
median follow-up time is 24 months (IQR, 14, 39). Specifically, 40
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FIGURE 3
The events free survival of PBC patients with sarcopenia vs. non-sarcopenia.

TABLE 3 Hazard ratio for adverse events in patients with sarcopenia vs.
non-sarcopenia.

B P HR 95%ClI

Unadjusted 1.435 <0.001 4.198 [2.243-7.857]
Adjusted by Age 1.571 <0.001 4.812 [2.501, 9.260]
and gender

Plus Cirrhosis 1.408 <0.001 4.087 [2.107,7.929]
Plus ALP 1.410 <0.001 4.096 [2.11,7.951]
Plus PLT 1.403 <0.001 4.069 [2.070, 8.00]
Plus INR 1.421 <0.001 4.140 [2.038, 8.412]
Plus TBIL 1.422 <0.001 4.147 [1.990, 8.643]
Plus ALB* 1.401 <0.001 4.058 [1.955, 8.424]

*The final Cox proportional hazard model included Sarcopenia, Age, Gender, Cirrhosis,
ALP, PLT, INR, TBIL, and ALB.

patients suffered from adverse events, 5 patients suffered liver-related
death or liver transplantation, 18 patients developed ascites, 14
patients had variceal bleeding and 3 patients developed
hepatic encephalopathy.

According to the Kaplan-Meier survival analysis (Figure 3), the
events-free survival rate of sarcopenic patients was remarkably lower
in comparison with that of non-sarcopenic patients (p<0.001).
We performed subgroup analysis by dividing PBC patients into two
groups: the cirrhosis group and the non-cirrhosis group. Compared
to patients without sarcopenia, those with liver cirrhosis had a
remarkably lower event-free survival rate (p <0.001), while there was
no significant difference between the two groups of patients in the
non-cirrhosis group (Supplementary Figure S3).
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To determine whether sarcopenia was an independent factor
correlated with the adverse events, we first performed a univariate Cox
proportional hazards regression model without adjusting any
covariant, and the result confirmed sarcopenia as a risk factor for
adverse events in PBC patients (HR=4.198, 95% CI=2.243-7.857,
p<0.001). Then we adjusted age and gender, and the result was also
significant (HR=4.812, 95%CI=2.501-9.260, p<0.001). Finally, a
multivariate Cox proportional hazards regression model was
conducted in steps adjusting several covariates, namely cirrhosis, ALP,
PLT, INR, TBIL, and ALB (Table 3). These were confirmed to influence
the outcomes of PBC patients. After that, the result was still solid,
which indicated that sarcopenia independently functioned as a risk
factor for adverse events in PBC patients (HR=4.058, 95%CI=1.955-
8.424, p<0.001). We also conducted subgroup analysis in patients
with cirrhosis and the results (Supplementary Table S2) showed that
Sarcopenia is an independent risk factor for adverse events in PBC
patients with cirrhosis (HR=2.290, 95% CI=1.024-5.121, p=0.043).

4 Discussion

Extensive research has indicated that sarcopenia is linked to
increased decompensation and even death in patients with cirrhosis
and NAFLD (17-19), but these studies are limited to PBC. Therefore,
the current retrospective study was performed to address such a gap.
The analysis indicated that sarcopenia was prevalent among PBC
patients at a prevalence rate of 25.9%. Additionally, the univariate and
multivariate logistic regression indicated male and LSM > 12.8kPa as
independent factors associated with sarcopenia in patients with
PBC. Furthermore, this study revealed that PBC patients combined
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with sarcopenia showed an increased risk of adverse events. These
findings presented here could improve our understanding of the
association between PBC and sarcopenia.

It has been reported that 40 to 70% of patients with cirrhosis and
end-stage liver diseases combined with sarcopenia (14). Most of the
PBC patients in our sample did not progress to cirrhosis, with
cirrhosis patients constituting 54.6%. Therefore, a higher proportion
of PBC patients may be combined with sarcopenia in the real world.

Although the mechanism of PBC patients combining sarcopenia
is still elusive, there are several potential mediators of the liver-muscle
axis contributing to sarcopenia including hyperammonemia and
endotoxemia. Ammonia plays a vital role in the liver-muscle axle,
however, the ammonia disposal process could be impaired due to
hepatocyte dysfunction and up-taking of ammonia in skeletal muscle
as a result of portosystemic shunting (20, 21). In addition, a recent
analysis indicated that hyper-ammonemia could impair mTORC1
signaling and increase phosphorylation of eukaryotic initiation factor
2a, resulting in decreased muscle protein synthesis (22). Systemic
endotoxemia activates Toll-like receptors expressed on muscle and
increases proteolysis, both of which contribute to sarcopenia as a
result of the alterations in the gut microbiome and disruption of the
gastrointestinal mucosal barrier (23). Additionally, increased
circulation of IL-6, TNF-a, and other inflammation factors in patients
with PBC are also involved in dysregulated protein homeostasis and
sarcopenia (24).

As an autoimmune disease, PBC also has some special relationship
with sarcopenia. Firstly, a high prevalence of osteoporosis in patients
with PBC has been reported and many researchers reporting
osteoporosis as an independent risk factor for sarcopenia (15, 25).
Furthermore, in 80% of patients with PBC, serum lipids are elevated.
Although there is no increased mortality risk associated with
atherosclerosis and cardiovascular diseases for patients with PBC, the
high lipid levels could have adverse effects on muscle mass and
function (26).

In our study, LSM >12.8kPa was a risk factor for sarcopenia in
patients with PBC in univariate logistic regression and multivariate
analysis. Various studies have demonstrated that LSM is the most
effective surrogate marker for predicting unfavorable outcomes in
PBC patients and for detecting cirrhosis or severe fibrosis. Recent
research has linked sarcopenia to severe liver fibrosis in NAFLD
patients (27). These results indicated that liver fibrosis may have a
close relationship with sarcopenia.

Moreover, we discovered that the HGB level was strongly linked
to SMI, and anemia (male HGB < 120 g/L, female HGB < 110g/L)
is a risk factor for sarcopenia in patients with PBC in univariate
logistic regression but not in multivariate analysis. However,
Akihiko et al. showed that HGB<109g/L in females and
HGB < 124 g/L in males independently functioned as a risk factor
for sarcopenia in cirrhosis patients (28). In addition, previous
studies have reported that HGB level is correlated with skeletal
muscle mass in older adults (29) and low HGB is involved in the
development of sarcopenia in those aged >60years (30). Though
the underlying mechanism is unclear, these findings indicate a
strong link between sarcopenia and HGB in PBC patients. Future
research is needed to fully illustrate the relation.

ALP and TBIL have always been the most widely used predictors
of PBC patient outcomes (2). A recent study demonstrated that TBIL
levels <0.6 ULN and normalized ALP are correlated with the lowest
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risk of dying or requiring liver transplants in PBC patients (31). Our
study revealed a novel predictor of outcomes of patients with PBC. The
current results demonstrated that the risk of suffering from adverse
events in sarcopenia patients is much higher than in non-sarcopenia
patients, indicating that sarcopenia could act as a complementation to
the laboratory variate predictors.

Over 50% of patients with PBC experience frailty and pruritus,
and their symptom burden is broad and significant. Frailty includes
both mental frailty and physical frailty (32). Mental frailty refers to an
individual who is frail and is vulnerable to poor recovery from a
stressor event. As a subset of frailty, physical frailty is characterized by
exhaustion, unintentional weight loss, sluggish gait, weakness, and
inadequate physical exercise (33, 34). Therefore, Sarcopenia and
physical frailty are closely related, and sarcopenia could account for
some of the physical frailty of patients with PBC.

The prognosis of PBC patients and response to UDCA may
be affected by the symptoms themselves, as a previous study (3) found
that there is an association between severe pruritus and
non-responsiveness to UDCA. Slimily one research study also
indicated that the frailty phenotype appears to be stable in PBC, and
the presence of frailty increases mortality risk significantly (35). These
results indicated that the management of sarcopenia could improve
frailty symptoms and therefore the treatment outcomes and quality of
life for PBC patients.

Physical activity and nutrition interventions are the two dominant
treatments for sarcopenia. Evidence for its benefits in sarcopenia is
compelling. For instance, numerous studies have demonstrated the
importance of adequate protein and nutrient intake and exercise in
maintaining muscle mass and strength (36, 37). Specifically, vitamin
D could promote the proliferation and differentiation of myogenic
cells in the muscles and increase muscle mass directly. According to a
recent study, vitamin D supplementation promotes strength and
physical performance in patients with lower baseline vitamin D
levels (38).

To our knowledge, this is the first research that shows the effect of
sarcopenia on PBC patients’ outcomes. The effects of sarcopenia could
include decreased functionality, which could lead to disability, loss of
independence, and inability to perform daily activities (39). Our
results may shed light on the comprehensive management of PBC
patients not only in terms of drug use but also in terms of exercise and
nutrition intake.

Despite the study’s strengths, there are still some limitations.
Firstly, the decompensated cirrhosis patients were excluded, which
may lead to some bias in patients’ selection. Secondly, the sample size
of this study was relatively small. Lastly, owing to the limitations of the
retrospective study, we were unable to clarify the relationship between
anemia, sarcopenia, and PBC. Therefore, a large-scale, prospective,
and multi-center study is needed to fully illustrate the relationship
between the two.

5 Conclusion

In conclusion, sarcopenia has a relatively high prevalence among
patients with PBC and has a close relationship with LSM and the male
gender. Full assessment and treatment for sarcopenia may contribute
to the improvement of treatment outcomes and life quality of
PBC patients.

frontiersin.org


https://doi.org/10.3389/fmed.2024.1346165
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Yang et al.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

This study design was approved by the ethics committee of the
Xijing Hospital of the Air Force Military Medical University
(KY20151230-5). The studies were conducted in accordance with the
local legislation and institutional requirements. Written informed
consent for participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

JY: Data curation, Formal analysis, Writing — original draft. SJ:
Methodology, Writing - original draft. QF: Methodology, Writing -
original draft. DW: Data curation, Writing - original draft. YL:
Methodology, Writing - original draft. KW: Methodology, Software,
Writing - original draft. HY: Data curation, Methodology, Writing —
original draft. CG: Supervision, Writing — review & editing. XZ:
Writing - review & editing. GG: Writing - review & editing. YS:
Supervision, Writing - review & editing. YH: Funding acquisition,
Supervision, Writing - review & editing.

References

1. Hirschfield GM, Beuers U, Corpechot C, Invernizzi P, Jones D, Marzioni M, et al.
EASL clinical practice guidelines: the diagnosis and management of patients with
primary biliary cholangitis. ] Hepatol. (2017) 67:145-72. doi: 10.1016/j.jhep.2017.03.022

2. Lindor KD, Bowlus CL, Boyer ], Levy C, Mayo M. Primary biliary cholangitis: 2018
practice guidance from the American Association for the Study of Liver Diseases.
Hepatology. (2018) 69:394-419. doi: 10.1002/hep.30145

3. Talwalkar JA, Souto E, Jorgensen RA, Lindor KD. Natural history of pruritus in
primary biliary cirrhosis. Clin Gastroenterol Hepatol. (2003) 1:297-302. doi: 10.1016/
S1542-3565(03)00134-4

4. Newton JL, Gibson GJ, Tomlinson M, Wilton K, Jones D. Fatigue in primary biliary
cirrhosis is associated with excessive daytime somnolence. Hepatol Baltim MD. (2006)
44:91-8. doi: 10.1002/hep.21230

5. Poupon RE, Poupon R, Balkau B. Ursodiol for the long-term treatment of primary
biliary cirrhosis. The UDCA-PBC study group. N Engl ] Med. (1994) 330:1342-7. doi:
10.1056/NEJM199405123301903

6. Hirschfield GM, Beuers U, Kupcinskas L, Ott P, Bergquist A, Farkkild M, et al. A
placebo-controlled randomised trial of budesonide for PBC following an insufficient
response to UDCA. ] Hepatol. (2021) 74:321-9. doi: 10.1016/j.jhep.2020.09.011

7. Kowdley KV, Luketic V, Chapman R, Hirschfield GM, Poupon R, Schramm C, et al.
A randomized trial of Obeticholic acid monotherapy in patients with primary biliary
cholangitis. Hepatology. (2018) 67:1890-902. doi: 10.1002/hep.29569

8. Carbone M, Sharp SJ, Flack S, Paximadas D, Spiess K, Adgey C, et al. The UK-PBC
risk scores: derivation and validation of a scoring system for long-term prediction of
end-stage liver disease in primary biliary cholangitis: HEPATOLOGY, Vol. XX, NO. X,
2015. Hepatology. (2016) 63:930-50. doi: 10.1002/hep.28017

9. Lammers WJ, Hirschfield GM, Corpechot C, Nevens F, Lindor KD, Janssen HL,
et al. Development and validation of a scoring system to predict outcomes of patients
with primary biliary cirrhosis receiving Ursodeoxycholic acid therapy. Gastroenterology.
(2015) 149:1804-1812.e4. doi: 10.1053/j.gastro.2015.07.061

10. Corpechot C, Carrat E, Poujol-Robert A, Gaouar F, Wendum D, Chazouilléres O,
et al. Noninvasive elastography-based assessment of liver fibrosis progression and
prognosis in primary biliary cirrhosis. Hepatology. (2012) 56:198-208. doi: 10.1002/
hep.25599

Frontiers in Medicine

10.3389/fmed.2024.1346165

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by the National Natural Science Foundation of China (No.
82270551, 2023KJXX-026, and 2024RS-CXTD-79).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2024.1346165/
full#supplementary-material

11. Caan BJ, Cespedes Feliciano EM, Prado CM, Alexeeff S, Kroenke CH, Bradshaw
P, et al. Association of Muscle and Adiposity Measured by computed tomography with
survival in patients with nonmetastatic breast Cancer. JAMA Oncol. (2018) 4:798-804.
doi: 10.1001/jamaoncol.2018.0137

12.Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, et al. Asian
working Group for Sarcopenia: 2019 consensus update on sarcopenia diagnosis and
treatment. ] Am Med Dir Assoc. (2020) 21:300-307.e2. doi: 10.1016/j.
jamda.2019.12.012

13. Sayer AA, Cruz-Jentoft A. Sarcopenia definition, diagnosis and treatment:
consensus is growing. Age Ageing. (2022) 51:afac220. doi: 10.1093/ageing/afac220

14. Tantai X, Liu Y, Yeo YH, Praktiknjo M, Mauro E, Hamaguchi Y, et al. Effect of
sarcopenia on survival in patients with cirrhosis: a meta-analysis. ] Hepatol. (2022)
76:588-99. doi: 10.1016/j.jhep.2021.11.006

15. Saeki C, Oikawa T, Kanai T, Nakano M, Torisu Y, Sasaki N, et al. Relationship
between osteoporosis, sarcopenia, vertebral fracture, and osteosarcopenia in patients
with primary biliary cholangitis. Eur ] Gastroenterol Hepatol. (2021) 33:731-7. doi:
10.1097/MEG.0000000000001791

16. Zeng X, Shi Z-W, Yu J-J, Wang L-E, Luo Y-Y, Jin S-M, et al. Sarcopenia as a

prognostic predictor of liver cirrhosis: a multicentre study in China. J Cachexia
Sarcopenia Muscle. (2021) 12:1948-58. doi: 10.1002/jcsm.12797

17. Linge ], Nasr P, Sanyal AJ, Dahlqvist Leinhard O, Ekstedt M. Adverse muscle
composition is a significant risk factor for all-cause mortality in NAFLD. JHEP Rep.
(2023) 5:100663. doi: 10.1016/j.jhepr.2022.100663

18. Welch N, Dasarathy J, Runkana A, Penumatsa R, Bellar A, Reen J, et al. Continued
muscle loss increases mortality in cirrhosis: impact of aetiology of liver disease. Liver
Int. (2020) 40:1178-88. doi: 10.1111/1iv.14358

19. Tapper EB, Zhang P, Garg R, Nault T, Leary K, Krishnamurthy V, et al. Body
composition predicts mortality and decompensation in compensated cirrhosis patients:
a prospective cohort study. JHEP Rep. (2020) 2:100061. doi: 10.1016/j.jhepr.2019.11.005

20.Qiu J, Thapaliya S, Runkana A, Yang Y, Tsien C, Mohan ML, et al
Hyperammonemia in cirrhosis induces transcriptional regulation of myostatin by an
NF-kB-mediated mechanism. Proc Natl Acad Sci USA. (2013) 110:18162-7. doi:
10.1073/pnas.1317049110

frontiersin.org


https://doi.org/10.3389/fmed.2024.1346165
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2024.1346165/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2024.1346165/full#supplementary-material
https://doi.org/10.1016/j.jhep.2017.03.022
https://doi.org/10.1002/hep.30145
https://doi.org/10.1016/S1542-3565(03)00134-4
https://doi.org/10.1016/S1542-3565(03)00134-4
https://doi.org/10.1002/hep.21230
https://doi.org/10.1056/NEJM199405123301903
https://doi.org/10.1016/j.jhep.2020.09.011
https://doi.org/10.1002/hep.29569
https://doi.org/10.1002/hep.28017
https://doi.org/10.1053/j.gastro.2015.07.061
https://doi.org/10.1002/hep.25599
https://doi.org/10.1002/hep.25599
https://doi.org/10.1001/jamaoncol.2018.0137
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1093/ageing/afac220
https://doi.org/10.1016/j.jhep.2021.11.006
https://doi.org/10.1097/MEG.0000000000001791
https://doi.org/10.1002/jcsm.12797
https://doi.org/10.1016/j.jhepr.2022.100663
https://doi.org/10.1111/liv.14358
https://doi.org/10.1016/j.jhepr.2019.11.005
https://doi.org/10.1073/pnas.1317049110

Yang et al.

21.Chen HW, Dunn MA. Muscle at risk: the multiple impacts of Ammonia on
sarcopenia and frailty in cirrhosis. Clin Transl Gastroenterol. (2016) 7:e170. doi: 10.1038/
ctg.2016.33

22.Davuluri G, Krokowski D, Guan BJ, Kumar A, Thapaliya S, Singh D, et al.
Metabolic adaptation of skeletal muscle to hyperammonemia drives the beneficial effects
of I-leucine in cirrhosis. ] Hepatol. (2016) 65:929-37. doi: 10.1016/j.jhep.2016.06.004

23. Dasarathy S, Merli M. Sarcopenia from mechanism to diagnosis and treatment in
liver disease. ] Hepatol. (2016) 65:1232-44. doi: 10.1016/j.jhep.2016.07.040

24. Mufioz-Canoves P, Scheele C, Pedersen BK, Serrano AL. Interleukin-6 myokine
signaling in skeletal muscle: a double-edged sword? FEBS J. (2013) 280:4131-48. doi:
10.1111/febs.12338

25. Pang BWJ, Wee SL, Chen KK, Lau LK, Jabbar KA, Seah WT, et al. Coexistence of
osteoporosis, sarcopenia and obesity in community-dwelling adults - the Yishun study.
Osteoporos Sarcopenia. (2021) 7:17-23. doi: 10.1016/j.af0s.2020.12.002

26. Wu H, Xiao S, Yin ], Zhang ], Richards MP. Impact of lipid composition and
muscle microstructure on myoglobin-mediated lipid oxidation in washed cod and pig
muscle. Food Chem. (2021) 336:127729. doi: 10.1016/j.foodchem.2020.127729

27. Harring M, Golabi P, Paik JM, Shah D, Racila A, Cable R, et al. Sarcopenia among
patients with nonalcoholic fatty liver disease (NAFLD) is associated with advanced fibrosis.
Clin Gastroenterol Hepatol. (2023) 21:51542-3565. doi: 10.1016/j.cgh.2023.02.013

28. Shibamoto A, Namisaki T, Suzuki J, Kubo T, Iwai S, Tomooka F, et al. Hemoglobin
levels as a surrogate marker of sarcopenia in patients with liver cirrhosis. Hepatol Res.
(2023) 53:713-22. doi: 10.1111/hepr.13904

29. Cesari M, Penninx BWJH, Lauretani F, Russo CR, Carter C, Bandinelli S, et al.
Hemoglobin levels and skeletal muscle: results from the InNCHIANTI study. ] Gerontol
A Biol Sci Med Sci. (2004) 59:249-54. doi: 10.1093/gerona/59.3.m249

30. Hirani V, Naganathan V, Blyth E le Couteur DG, Seibel MJ, Waite LM, et al. Low
hemoglobin concentrations are associated with sarcopenia, physical performance, and
disability in older Australian men in cross-sectional and longitudinal analysis: the

Frontiers in Medicine

08

10.3389/fmed.2024.1346165

Concord health and ageing in men project. ] Gerontol A Biol Sci Med Sci. (2016)
71:1667-75. doi: 10.1093/gerona/glw055

31. Murillo Perez CF, Harms MH, Lindor KD, van Buuren HR, Hirschfield GM,
Corpechot C, et al. Goals of treatment for improved survival in primary biliary
cholangitis: treatment target should be bilirubin within the Normal range and
normalization of alkaline phosphatase. Am J Gastroenterol. (2020) 115:1066-74. doi:
10.14309/ajg.0000000000000557

32.van Atteveld JE, de Winter DTC, Pluimakers VG, Fiocco M, Nievelstein RA]J,
Hobbelink MGG, et al. Frailty and sarcopenia within the earliest national Dutch
childhood cancer survivor cohort (DCCSS-LATER): a cross-sectional study. Lancet
Healthy Longev. (2023) 4:¢155-65. doi: 10.1016/S2666-7568(23)00020-X

33. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet. (2019) 393:2636-46. doi: 10.1016/
S0140-6736(19)31138-9

34.Dodds R, Sayer AA. Sarcopenia and frailty: new challenges for clinical practice.
Clin Med Lond Engl. (2016) 16:455-8. doi: 10.7861/clinmedicine.16-5-455

35. Jones DEJ, Bhala N, Burt J, Goldblatt ], Prince M, Newton JL. Four year follow up
of fatigue in a geographically defined primary biliary cirrhosis patient cohort. Gut.
(2006) 55:536-41. doi: 10.1136/gut.2005.080317

36. Papadopoulou SK. Sarcopenia: a contemporary health problem among older adult
populations. Nutrients. (2020) 12:1293. doi: 10.3390/nu12051293

37.Shen Y, Shi Q, Nong K, Li S, Yue J, Huang J, et al. Exercise for sarcopenia in older
people: a systematic review and network meta-analysis. ] Cachexia Sarcopenia Muscle.
(2023) 14:1199-211. doi: 10.1002/jcsm.13225

38. Zheng S, Zhu Z, Ding C. How can we design a proper trial for vitamin D treatment
of diseases? Facts and numbers. ] Cachexia Sarcopenia Muscle. (2023) 14:1146-9. doi:
10.1002/jcsm.13200

39. Cruz-Jentoft AJ, Bahat G, Bauer ], Boirie Y, Bruyére O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing. (2019)
48:16-31. doi: 10.1093/ageing/afy169

frontiersin.org


https://doi.org/10.3389/fmed.2024.1346165
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1038/ctg.2016.33
https://doi.org/10.1038/ctg.2016.33
https://doi.org/10.1016/j.jhep.2016.06.004
https://doi.org/10.1016/j.jhep.2016.07.040
https://doi.org/10.1111/febs.12338
https://doi.org/10.1016/j.afos.2020.12.002
https://doi.org/10.1016/j.foodchem.2020.127729
https://doi.org/10.1016/j.cgh.2023.02.013
https://doi.org/10.1111/hepr.13904
https://doi.org/10.1093/gerona/59.3.m249
https://doi.org/10.1093/gerona/glw055
https://doi.org/10.14309/ajg.0000000000000557
https://doi.org/10.1016/S2666-7568(23)00020-X
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.7861/clinmedicine.16-5-455
https://doi.org/10.1136/gut.2005.080317
https://doi.org/10.3390/nu12051293
https://doi.org/10.1002/jcsm.13225
https://doi.org/10.1002/jcsm.13200
https://doi.org/10.1093/ageing/afy169

	Prevalence and effect on prognosis of sarcopenia in patients with primary biliary cholangitis
	1 Introduction
	2 Patients and methods
	2.1 Patients
	2.2 Clinical data
	2.3 Assessment of sarcopenia in patients with PBC
	2.4 Statistical analysis

	3 Results
	3.1 Characteristics of the patients
	3.2 Baseline characteristics of sarcopenia vs. non-sarcopenia in patients with PBC
	3.3 The correlation of SMI with other variates
	3.4 Factors associated with sarcopenia in patients with PBC
	3.5 Impact of sarcopenia on the adverse events in patients with PBC

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

