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Introduction

Primary biliary cholangitis (PBC) is a chronic auto-
immune-mediated cholestatic liver disease occurring 
predominantly in middle-aged women and eventually pro-
gressing to liver failure [1]. Given that PBC occurs nine 
times more frequently in women than in men, sex-related 
factors could affect its pathogenesis and development [2]. 

PBC is occasionally complicated by osteoporosis due to 
malabsorption of calcium and vitamin D. Furthermore, 
hyperbilirubinemia, which develops more frequently and 
severely with progression of disease than other liver dis-
eases, impairs osteoblast function, resulting in promo-
tion of osteoporosis. These disease conditions predispose 
patients to fragility fractures affecting morbidity and 
health-related quality of life [3–9].

The reported prevalence of osteoporosis among PBC 
patients varies from 20 to 37% and is higher than that in 
the general population (10–11%) [3–8]. Specifically, oste-
oporosis is closely linked to menopause in women and 
advanced disease stages [3,4,10,11]. Menopause causes a 
drastic decline in estrogen, leading to a decrease in bone 
mass (osteoporosis), and muscle mass and strength (sarcope-
nia) [12,13]. These findings and fact mean that reduced sex 
hormone concurrent with PBC may increase the frequency 
and enhance the severity of musculoskeletal disorders. 
Therefore, declining physical function and health-related 
quality of life due to osteoporosis and sarcopenia are criti-
cal concerns in postmenopausal female patients with PBC.

Sarcopenia is characterized by the loss of skeletal mus-
cle mass and strength, and classified into primary sarco-
penia when muscle loss is caused by aging and secondary 
sarcopenia where the loss is caused by underlying diseases, 
such as chronic liver disease (CLD), inflammatory disor-
der, and malignancy [14]. Specifically, secondary sarcope-
nia caused by CLD has become a clinical focus, given that 
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it aggravates health-related quality of life and prognoses 
for patients with CLD, including those with PBC [15–17]. 
Hence, appropriate assessment and treatment of sarcope-
nia are imperative for PBC patients. Of note, sarcopenia 
and osteoporosis closely interrelate with each other and 
frequently coexist in the elderly general population and 
CLD patients [18–22]. Consequently, the term ‘osteosar-
copenia’ has been recently defined as the coexistence of 
sarcopenia and osteoporosis [22–25]. The presence of 
osteosarcopenia exacerbates negative health outcomes 
and has been described as a ‘hazardous duet’, because it 
causes both ease of falling (due to sarcopenia) and bone 
vulnerability (due to osteoporosis) [25,26].

Despite the clinical research advancements in bone dis-
orders, the accurate prevalence and influencing factors for 
sarcopenia and osteosarcopenia in PBC patients have not 
been fully elucidated. Therefore, the aim of this study was 
to assess the factors associated with osteoporosis, sarco-
penia, and osteosarcopenia and clarify the relationship 
among these complications in PBC patients.

Methods

Study design and patients

This cross-sectional study involved 117 consecu-
tive Japanese patients diagnosed with PBC at the Jikei 
University School of Medicine (Tokyo, Japan) and Fuji 
City General Hospital (Shizuoka, Japan) between 2017 and 
2019. All patients had been receiving ursodeoxycholic acid 
(UDCA) or combination of UDCA plus bezafibrate for the 
treatment of PBC at study entry. Patients were diagnosed 
with PBC if they satisfied any one of the following criteria: 
(1) biochemical evidence of cholestasis and histological evi-
dence of chronic non-suppurative destructive cholangitis; 
(2) presence of anti-mitochondrial antibody (AMA) with 
histologically compatible features of PBC; and (3) presence 
of AMA with clinical features and course characteristic of 
PBC, regardless of histological findings [27]. The inclusion 
criteria were as follows: (1) patients diagnosed with PBC; 
(2) measurement of skeletal muscle mass index (SMI) with 
a bioelectrical impedance analysis (InBody S10; InBody, 
Seoul, Korea); (3) measurement of handgrip strength with 
a grip dynamometer (T.K.K5401 GRIP-D; Takei Scientific 
Instruments, Niigata, Japan); (4) measurement of bone 
mineral density (BMD) with a dual-energy X-ray absorp-
tiometry (PRODIGY; GE Healthcare, Madison, Wisconsin, 
USA); and (5) evaluation of vertebral fracture using spinal 
lateral X-rays. Patients with coexisting other liver diseases 
(such as hepatitis B/C, alcohol liver disease, and nonalco-
holic steatohepatitis) were excluded. This study was con-
ducted in accordance with the Declaration of Helsinki 
and was approved by the ethics committee of the Jikei 
University School of Medicine (approval no. 28-196) and 
Fuji City General Hospital (approval no. 162). Written 
informed consent was obtained from all patients.

Diagnosis of sarcopenia and osteoporosis

The diagnosis of sarcopenia was based on the guidelines 
proposed by the Japan Society of Hepatology [15]. Briefly, 
sarcopenia was defined as low handgrip strength and low 
muscle mass. The cutoff values of low handgrip-strength 
diagnosis were 26 kg for men and 18 kg for women. The 

SMI was calculated as the sum of the muscle mass of four 
limbs, divided by height squared (kg/m2). The SMI cutoff 
values for low muscle-mass diagnosis were 7.0 kg/m2 for 
men and 5.7 kg/m2 for women. BMD was assessed at the 
lumbar spine (L2–L4), femoral neck, and total hip. The 
diagnosis of osteoporosis was based on the WHO criteria 
(T-score ≤ −2.5 for osteoporosis, −2.5 to −1.0 for osteo-
penia, and >−1.0 for normal) [28]. Vertebral fracture was 
evaluated using spinal lateral X-rays.

Clinical and laboratory assessment

Blood samples were obtained from each patient after over-
night fasting. Serum aspartate aminotransferase, alanine 
aminotransferase, alkaline phosphatase, gamma-glutamyl-
transferase, total bilirubin, albumin, Mac-2 binding protein 
glycosylation isomer (M2BPGi; hepatic fibrosis marker), 
insulin-like growth factor 1 (IGF-1), branched-chain amino 
acid (BCAA), tartrate-resistant acid phosphatase-5b, and 
total procollagen type I N-terminal propeptide were deter-
mined by routine laboratory methods.

Statistical analysis

Continuous variables were represented as medians and 
interquartile ranges in parentheses. The Mann–Whitney 
U test and the Kruskal–Wallis test were used to evalu-
ate the differences in the distribution of continuous var-
iables between two groups and among the four groups, 
respectively. Categorical variables were represented as the 
number of patients and percentages in parentheses. The 
chi-squared test was used to evaluate the group differences 
in categorical variables. Univariate analysis was performed 
initially to identify possible variables that achieved P < 0.1 
and significantly related to sarcopenia and osteoporosis. 
Subsequently, multiple logistic regression analysis was 
performed to identify significant variables independently 
associated with sarcopenia and osteoporosis. Correlations 
between two continuous variables were analyzed using the 
Spearman’s rank correlation test. Statistical analyses were 
performed using SPSS version 26 software (IBM, Armonk, 
New York, USA). A P-value of less than 0.05 was consid-
ered statistically significant.

Results

Patient characteristics

The baseline clinical characteristics of the 117 patients 
enrolled in this study are shown in Table  1. The patient 
cohort comprised 21 males (17.9%) and 96 females 
(82.1%). The median ages at entry and PBC diagnosis were 
68.0 (56.5–73.0) years and 61.0 (51.0–69.0) years, respec-
tively. The median SMI and handgrip strength were 6.09 
(5.54–6.80) kg/m2 and 22.5 (17.6–26.0) kg/m2, respec-
tively. The median BMD values of the lumber spine, fem-
oral neck, and total hip were 1.06 (0.87–1.19) g/cm2, 0.75 
(0.67–0.88) g/cm2, and 0.81 (0.72–0.89) g/cm2, respectively. 
The prevalence of vertebral fracture was 17.9% (21/117).

Comparison of clinical characteristics between patients 
with and without osteoporosis

Among the 117 patients, 33 (28.2%) were diagnosed with 
osteoporosis (Table 1). Osteoporosis patients were older 
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(P < 0.001) and had lower BMI (P < 0.001) than non-os-
teoporosis patients. Patient age at PBC diagnosis was also 
higher in the osteoporosis group (P = 0.003).

Regarding biochemical parameters, the osteoporo-
sis group had significantly lower levels of albumin (P = 
0.021), IGF-1 (P = 0.002) and BCAA (P = 0.001), and 
higher levels of M2BPGi (P = 0.018) than the non-osteo-
porosis group. The SMI and handgrip strength values in 
the osteoporosis group were significantly lower than those 
in the non-osteoporosis group (P < 0.001 for both). Of 
note, the prevalence of sarcopenia and vertebral fracture 
was significantly higher in the osteoporosis group than in 
the non-osteoporosis group [54.5% (18/33) versus 10.7% 
(9/84), P < 0.001; and 39.4% (13/33) versus 9.5% (8/84), 
P < 0.001, respectively].

Comparison of clinical characteristics between patients 
with and without sarcopenia

Among the 117 patients, 27 (23.1%) were diagnosed with 
sarcopenia (Table  2). Sarcopenia patients were older (P 
= 0.006) and had lower BMI (P < 0.001) than non-sar-
copenia patients. Similar to osteoporosis, the age at PBC 
diagnosis was significantly higher in the sarcopenia group 
(P = 0.010). The sarcopenia group had significantly lower 
levels of albumin (P = 0.014) and IGF-1 (P = 0.025), and 
higher levels of M2BPGi (P = 0.001) than the non-sarcope-
nia group. BMD values of the lumbar spine, femoral neck, 
and total hip in the sarcopenia group were significantly 
lower than those in the non-sarcopenia group (P = 0.001 
for all). Notably, the prevalence of osteoporosis and ver-
tebral fracture in the sarcopenia group was significantly 
higher than that in the non-sarcopenia group [66.7% 
(18/27) versus 16.7% (15/90), P < 0.001; and 48.1% 
(13/27) versus 8.9% (8/90), P < 0.001, respectively].

Factors associated with osteoporosis and sarcopenia, 
and the relationship between the two complications

The following ten variables were significantly related to oste-
oporosis in the univariate analysis: ages at entry and PBC 
diagnosis, BMI, presence of liver cirrhosis, duration of dis-
ease, albumin, IGF-1, BCAA, sarcopenia, and vertebral frac-
ture (Table S1, Supplemental digital content 1, http://links.
lww.com/EJGH/A544). In the multivariate analysis, the fol-
lowing three variables were significantly and independently 
associated with osteoporosis: older age [odds ratio (OR) 
= 1.090, 95% confidence interval (CI) = 1.034–1.148, P = 
0.001], lower BMI (OR = 0.823, 95% CI = 0.690–0.982, P 
= 0.031), and presence of sarcopenia (OR = 4.126, 95% CI 
= 1.280–13.297, P = 0.018) (Table S1, Supplemental digital 
content 1, http://links.lww.com/EJGH/A544).

The following nine variables were significantly related 
to sarcopenia in the univariate analysis: ages at entry and 
PBC diagnosis, BMI, presence of liver cirrhosis, albumin, 
M2BPGi, IGF-1, osteoporosis, and vertebral fracture 
(Table S2, Supplemental digital content 1, http://links.
lww.com/EJGH/A544). In the multivariate analysis, the 
following three variables were independent risk factors 
associated with sarcopenia: lower BMI (OR = 0.708, 95% 
CI = 0.568–0.883, P = 0.002), presence of osteoporosis 
(OR = 3.420, 95% CI = 1.057–11.067, P = 0.040), and 
vertebral fracture (OR = 10.936, 95% CI = 2.678–44.663, 
P = 0.001) (Table S2, Supplemental digital content 1, 
http://links.lww.com/EJGH/A544).

These findings indicated a close relationship between 
osteoporosis and sarcopenia. Therefore, we assessed the 
correlation between osteoporosis index (BMD) and sar-
copenia parameters (SMI and handgrip strength) with 
the Spearman’s rank correlation test (Fig. 1). There was 
a significant, positive correlation between SMI and BMD 

Table 1. Comparison of clinical characteristics between patients with and without osteoporosis

Variable All patients Osteoporosis Non-osteoporosis P-value

Patients, n (%) 117 33 (28.2) 84 (71.8)  
Female, n (%) 96 (82.1) 29 (87.9) 67 (79.8) 0.505
Age (years) 68.0 (56.5–73.0) 73.0 (67.5–78.5) 63.0 (54.2–71.0) <0.001
BMI (kg/m2) 22.3 (20.4–24.9) 20.4 (18.6–22.7) 22.9 (20.9–25.9) <0.001
Liver cirrhosis, n (%) 11 (9.4) 6 (18.2) 5 (6.0) 0.059
Age at diagnosis (years) 61.0 (51.0–69.0) 66.5 (56.3–72.8) 57.0 (49.0–67.0) 0.003
Duration of disease (years) 2.0 (1.0–7.0) 4.0 (1.3–11.3) 2.0 (1.0–6.0) 0.042
AST (IU/L) 25 (20–31) 26 (23–30) 24 (14–27) 0.343
ALT (IU/L) 20 (14–24) 18 (14–22) 20 (14–27) 0.453
ALP (IU/L) 283 (225–347) 271 (211–323) 291 (230–360) 0.268
GGT (IU/L) 39 (26–67) 32 (25–57) 43 (28–72) 0.337
Total bilirubin (mg/dl) 0.6 (0.5–0.8) 0.5 (0.4–0.7) 0.6 (0.5–0.8) 0.130
Albumin (g/dl) 4.1 (3.9–4.3) 4.0 (3.8–4.2) 4.2 (3.9–4.3) 0.021
M2BPGi (C.O.I) 0.87 (0.60–1.31) 1.16 (0.67–1.63) 0.80 (0.57–1.17) 0.018
IGF-1 (ng/ml) 90 (61–113) 61 (46–101) 95 (72–117) 0.002
BCAA (μmol/L) 419 (361–477) 375 (318–430) 441 (386–500) 0.001
TRACP-5b (mU/dl) 346 (245–448) 388 (281–458) 336 (273–441) 0.323
P1NP (ng/ml) 47 (34–59) 47 (34–64) 45 (34–58) 0.909
SMI (kg/m2) 6.09 (5.54–6.80) 5.39 (4.97–5.93) 6.39 (5.90–7.08) <0.001
Handgrip strength (kg) 22.5 (17.6–26.0) 17.3 (14.7–22.0) 23.5 (20.1–27.0) <0.001
Lumbar spine BMD (g/cm2) 1.06 (0.87–1.19) 0.83 (0.73–0.93) 1.09 (0.98–1.22) 0.001
Femoral neck BMD (g/cm2) 0.75 (0.67–0.88) 0.63 (0.58–0.67) 0.81 (0.73–0.90) 0.001
Total hip BMD (g/cm2) 0.81 (0.72–0.89) 0.67 (0.60–0.71) 0.85 (0.78–0.93) 0.001
Sarcopenia, n (%) 27 (23.1) 18 (54.5) 9 (10.7) <0.001
Vertebral fracture, n (%) 21 (17.9) 13 (39.4) 8 (9.5) <0.001

Values are shown as median (interquartile range) or number (percentage). Statistical analysis was performed using the chi-squared test or the Mann–Whitney U 
test, as appropriate
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCAA, branched-chain amino acids; BMD, bone mineral density; 
GGT, gamma-glutamyltransferase; IGF-1, insulin-like growth factor 1; M2BPGi, Mac-2 binding protein glycosylation isomer; P1NP, procollagen type I N-terminal 
propeptide; SMI, skeletal muscle mass index; TRACP-5b, tartrate-resistant acid phosphatase 5b.
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of the lumbar spine (r = 0.49), femoral neck (r = 0.50), 
and total hip (r = 0.52) (P < 0.001 for all). The handgrip 
strength was also significantly correlated with the BMD of 
the lumbar spine (r = 0.46), femoral neck (r = 0.59), and 
total hip (r = 0.57) (P < 0.001 for all).

Factors associated with osteoporosis and sarcopenia in 
female patients

Next, we focused on the factors associated with osteopo-
rosis and sarcopenia in female patients with PBC, given 

that this subpopulation is considered the most susceptible 
to these complications (as described in Introduction). Of 
the 96 female patients, 29 (30.2%) and 24 (25.0%) had 
osteoporosis and sarcopenia, respectively (Table S3 and 
S4, Supplemental digital content 1, http://links.lww.com/
EJGH/A544).

The following two variables were significantly and 
independently associated with osteoporosis in the mul-
tivariate analysis: older age (OR = 1.074, 95% CI = 
1.018–1.132, P = 0.008), and presence of sarcopenia 

Fig. 1. (a) Correlations between skeletal muscle mass index (SMI) and bone mineral density (BMD) of the lumbar spine, femoral neck, and total hip in 
patients with primary biliary cholangitis. SMI was significantly correlated with the BMD of the lumbar spine (r = 0.49, P < 0.001), femoral neck (r = 0.50, P < 
0.001), and total hip (r = 0.52, P < 0.001). (b) Correlations between handgrip strength and BMD of the lumbar spine, femoral neck, and total hip in patients 
with primary biliary cholangitis. Handgrip strength was significantly correlated with the BMD of the lumbar spine (r = 0.46, P < 0.001), femoral neck (r = 
0.59, P < 0.001), and total hip (r = 0.57, P < 0.001).

Table 2. Comparison of clinical characteristics between patients with and without sarcopenia

Variable Sarcopenia Non-sarcopenia P-value

Patients, n (%) 27 (23.1) 90 (76.9)  
Female, n (%) 24 (88.9) 72 (80.0) 0.291
Age (years) 73.0 (65.0–77.0) 66.0 (56.0–71.2) 0.006
BMI (kg/m2) 20.1 (18.1–22.2) 22.8 (20.9–25.9) <0.001
Liver cirrhosis, n (%) 6 (22.2) 5 (5.6) 0.009
Age at diagnosis (years) 67.0 (53.0–74.0) 58.5 (50.0–67.0) 0.010
Duration of disease (years) 3.0 (1.0–8.0) 2.0 (1.0–7.0) 0.929
AST (IU/L) 24 (22–33) 25 (20–30) 0.798
ALT (IU/L) 18 (14–21) 20 (14–26) 0.227
ALP (IU/L) 285 (223–337) 282 (226–351) 0.951
GGT (IU/L) 35 (22–68) 41 (26–67) 0.477
Total bilirubin (mg/dl) 0.5 (0.4–0.7) 0.6 (0.5–0.8) 0.100
Albumin (g/dl) 3.9 (3.6–4.2) 4.2 (3.9–4.3) 0.014
M2BPGi (C.O.I) 1.27 (0.73–1.83) 0.82 (0.56–1.17) 0.001
IGF-1 (ng/ml) 72 (47–105) 93 (67–116) 0.025
BCAA (μmol/L) 375 (311–463) 433 (379–484) 0.058
TRACP-5b (mU/dl) 392 (236–480) 342 (245–431) 0.467
P1NP (ng/ml) 41 (32–72) 47 (35–58) 0.796
SMI (kg/m2) 5.12 (4.84–5.30) 6.37 (5.97–7.07) <0.001
Handgrip strength (kg) 16.7 (14.1–17.4) 23.5 (21.5–26.9) <0.001
Lumbar spine BMD (g/cm2) 0.86 (0.75–0.96) 1.09 (0.94–1.22) 0.001
Femoral neck BMD (g/cm2) 0.67 (0.62–0.76) 0.78 (0.70–0.89) 0.001
Total hip BMD (g/cm2) 0.72 (0.65–0.78) 0.84 (0.76–0.92) 0.001
Osteoporosis, n (%) 18 (66.7) 15 (16.7) <0.001
Vertebral fracture, n (%) 13 (48.1) 8 (8.9) <0.001

Values are shown as median (interquartile range) or number (percentage). Statistical analysis was performed using the chi-squared test or the Mann–Whitney U 
test, as appropriate.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCAA, branched-chain amino acids; BMD, bone mineral density; 
GGT, gamma-glutamyltransferase; IGF-1, insulin-like growth factor 1; M2BPGi, Mac-2 binding protein glycosylation isomer; P1NP, procollagen type I N-terminal 
propeptide; SMI, skeletal muscle mass index; TRACP-5b, tartrate-resistant acid phosphatase 5b.
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(OR = 6.510, 95% CI = 2.100–20.180, P = 0.001) (Table 
S5, Supplemental digital content 1, http://links.lww.com/
EJGH/A544).

The following three variables were independent risk 
factors associated with sarcopenia in the multivariate 
analysis: lower BMI (OR = 0.706, 95% CI = 0.562–0.888, 
P = 0.003), presence of osteoporosis (OR = 4.012, 95% 
CI = 1.186–13.576, P = 0.026), and vertebral fracture 
(OR = 8.898, 95% CI = 1.828–43.305, P = 0.007) (Table 
S6, Supplemental digital content 1, http://links.lww.com/
EJGH/A544).

In the Spearman’s rank correlation test (Fig. S1, 
Supplemental digital content 1, http://links.lww.com/
EJGH/A544), there was a significant, positive correlation 
between SMI, handgrip strength, and BMD of the lumbar 
spine (r = 0.45, 0.49, respectively), femoral neck (r = 0.40, 
0.54, respectively), and total hip (r = 0.44, 0.54, respec-
tively) (P < 0.001 for all).

These findings demonstrated that osteoporosis and 
sarcopenia are closely interrelated even in female patients 
with PBC. Intriguingly, sarcopenia was a significant, 
independent risk factor for osteoporosis and vice versa 
in female PBC patients, although menopause and dura-
tion of menopause were expected as leading factors asso-
ciated with osteoporosis and sarcopenia (Tables S5 and 
S6, Supplemental digital content 1, http://links.lww.com/
EJGH/A544).

Comparison of clinical characteristics between patients 
with and without osteoporosis/sarcopenia

We divided the 117 patients into four groups: (1) patients 
without both osteoporosis and sarcopenia (75/117; 
64.1%); (2) patients with osteoporosis alone (15/117; 
12.8%); (3) patients with sarcopenia alone (9/117; 
7.7%); and (4) patients with both osteoporosis and sar-
copenia (osteosarcopenia) (18/117; 15.4%) (Table S7, 
Supplemental digital content 1, http://links.lww.com/
EJGH/A544). Patients with osteosarcopenia were signif-
icantly older and had lower levels of BMI, serum albumin 
and IGF-1, and higher levels of M2BPGi compared to those 
without both osteoporosis and sarcopenia (Fig.  2a–e).  
The osteosarcopenia group was significantly highest in the 
prevalence of vertebral fracture among the four groups 
(10/18; 55.6%, adjusted residual = |4.5|), whereas patients 
without both sarcopenia and osteoporosis had signifi-
cantly lowest vertebral fracture rate (5/75; 6.7%, adjusted 
residual = |4.1|) (Fig. 2f).

Discussion

It is well known that patients with PBC are more fre-
quently complicated by osteoporosis, compared to those 
with other liver diseases [3–8]. Specifically, menopau-
sal female patients are more susceptible to osteoporosis 

Fig. 2. Comparison of clinical characteristics between four groups: (i) osteoporosis (−)/sarcopenia (−) group, (ii) osteoporosis (+)/sarcopenia (−) group, (iii) 
osteoporosis (−)/sarcopenia (+) group, and (iv) osteoporosis (+)/sarcopenia (+) (i.e. osteosarcopenia) group. The osteoporosis (+)/sarcopenia (+) (osteosar-
copenia) group was (a) older, and had lower levels of (b) BMI, (c) serum albumin, and (d) IGF-1, and (e) higher levels of M2BPGi, compared to the osteo-
porosis (−)/sarcopenia (−) group. (f) The prevalence of vertebral fracture was significantly highest in the sarcopenia (+)/osteoporosis (+) (osteosarcopenia) 
group (adjusted residual = |4.5|), whereas it was significantly lowest in the osteoporosis (−)/sarcopenia (−) group (adjusted residual = |4.1|) (P = 1.50 × 10−5; 
Cramér’s V = 0.463). IGF-1, insulin-like growth factor 1.
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[10,11]. Furthermore, early and late postmenopausal 
patients develop osteoporosis six and 10 times, respec-
tively, more than premenopausal patients [10]. However, 
most notably, the present study suggested that sarcopenia 
was more strongly involved in osteoporosis than female 
and menopause. Considering that postmenopausal female 
account for the majority of PBC patients in a real-world 
clinical setting, early diagnosis and appropriate treatment 
of sarcopenia are becoming increasingly crucial.

To the best of our knowledge, this is the first report to 
demonstrate the prevalence of sarcopenia limited to PBC 
patients. According to the diagnosis criteria of sarcopenia 
proposed by the Japan Society of Hepatology [15], the prev-
alence was 23.1% for all patients and 25.0% for female 
patients in the present study, whereas it was approximately 
15% for Japanese CLD (predominantly viral hepatitis) 
patients in previous studies [20,29]. The median age was 
68 (interquartile range 57–73) years in the present study, 
and 65 (58–73) years [20] and 65 (54–72) years [29] in 
the previous studies. Additionally, the prevalence of liver 
cirrhosis was only 9.4% in the present study and approx-
imately 40% in the previous studies [20,29]. These find-
ings suggest that patients with PBC are more susceptible 
to sarcopenia, compared to those with other CLD. Thus, 
early diagnosis and appropriate treatment for sarcopenia 
are required especially in PBC patients, and are also ben-
eficial for those with osteoporosis, given that sarcopenia 
and osteoporosis were closely interrelated with each other.

Recently, our group reported that osteoporosis is an 
independent predictor of sarcopenia in patients with liver 
cirrhosis [22]. In the present study, we found that oste-
oporosis was a significant, independent factor associated 
with sarcopenia even in PBC patients. Given that men-
opause is associated with a natural decline in estrogen 
that decreases muscle mass and strength [12], we assessed 
the factors associated with sarcopenia focusing on female 
PBC patients. Intriguingly, osteoporosis (but not meno-
pause) was a significant, independent risk factor for sar-
copenia even in female patients. Additionally, BMD levels 
were significantly and positively correlated with both SMI 
and handgrip strength values. Given these findings that 
there was a close correlation between the two complica-
tions, we clearly indicated that ‘osteosarcopenia’ [22–26] 
has now become a focus of attention in PBC. Therefore, 
appropriate management of osteoporosis and sarcopenia 
are crucial for health-related quality of life in postmeno-
pausal female PBC patients Furthermore, we found that 
vertebral fracture was an independent predictor of sarco-
penia in PBC patients. Vertebral fracture causes impaired 
physical function and immobility [30], leading to loss 
of muscle mass and strength. Reportedly, older women 
with vertebral fracture had lower muscle mass and grip 
strength compared to those without fracture [31,32], and 
sarcopenic women had 2.1 times higher risk of falls and 
2.7 times higher risk of fractures than non-sarcopenic 
counterparts [33]. These findings indicated that there are 
close interrelations between sarcopenia, osteoporosis, and 
vertebral fracture in PBC patients.

Osteosarcopenia, defined as the coexistence of sarco-
penia and osteoporosis, is a world health concern, given 
that it is a great risk factor for falls, fractures, disability, 
and mortality [22–26]. In the present study, the preva-
lence of osteosarcopenia was 15.4% in PBC patients. 

Osteosarcopenia patients were significantly older and 
had lower levels of BMI, serum albumin and IGF-1, and 
higher levels of M2BPGi than those without both oste-
oporosis and sarcopenia. Of note, the prevalence of ver-
tebral fracture in the osteosarcopenia group was higher 
compared to those the groups without both osteoporo-
sis and sarcopenia, and with osteoporosis or sarcopenia 
alone. Previous studies of older adults have shown that the 
osteosarcopenia group had greater impairment of phys-
ical performance and balance than the non-osteosarco-
penia and sarcopenia/osteoporosis alone groups [34,35]. 
Consequently, osteosarcopenia conferred an increase rate 
of falls and fractures [34]. Another study of patients with 
hip fracture has reported that osteosarcopenia patients 
had a 1.8 times higher mortality rate than non-osteosarco-
penia patients [36]. As described above, vertebral fracture 
results in reduced physical activity and mechanical load-
ing on bone-muscle unit, thereby causing exacerbation of 
osteoporosis and sarcopenia [37]. These results suggested 
that osteosarcopenia is (as well as osteoporosis and sarco-
penia) closely interrelated to vertebral fracture and exac-
erbates negative health outcomes in PBC patients.

As described above, PBC patients were occasionally 
complicated by osteoporosis, sarcopenia, and osteosarco-
penia, which are influenced by multiple factors, including 
genetics, endocrine function, inflammation, and nutri-
tional states [38]. Reportedly, vitamin D deficiency and 
reduced IGF-1 and gonadal sex hormones were risk fac-
tors for osteosarcopenia [37]. Indeed, lower IGF-1 levels 
in all patients and longer duration of menopause in female 
patients were significantly associated with osteoporosis 
and sarcopenia in our study cohort. Menopause causes a 
natural decline in estrogen, possibly leading to decreased 
bone density, and muscle mass and strength [12,13]. 
Estrogen deficiency increases cycle rates of bone remod-
eling, resorption, and formation in an unbalanced man-
ner where resorption exceeds formation [39]. Estrogen 
receptors are present in muscle fibers, and the number 
of estrogen receptors decrease after menopause [40]. An 
increased number of estrogen receptors may increase mus-
cle strength through the actions of estrogen and IGF-1 
[12]. IGF-1, produced primarily in hepatocytes and some 
tissues including bone and muscle, regulates both bone 
and muscle growth through systemic and tissue-specific 
signaling pathways [38]. Accordingly, although sarcope-
nia was a significant, independent risk factor for osteopo-
rosis and vice versa in the present study, multiple factors 
including decreased IGF-1 and estrogen could affect the 
loss of bone and muscle mass in PBC patients.

The present study had some limitations. First, histolog-
ical examinations were not performed to evaluate fibrosis 
stage and characteristic findings. Second, life situations 
of patients, such as nutritional intake and physical activ-
ity, were not assessed. Third, given that the present study 
was a cross-sectional study, we were unable to clarify the 
causal relationship between osteoporosis and sarcopenia. 
A large-scale study including these assessments is needed 
to elucidate and resolve the challenges related to osteopo-
rosis, sarcopenia, vertebral fracture, and osteosarcopenia.

Conclusion

Patients with PBC were occasionally complicated 
by osteoporosis, sarcopenia, vertebral fracture, and 
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osteosarcopenia which were closely related to each other. 
In terms of health-related quality of life, osteoporosis and 
sarcopenia are critical issues, especially in postmenopau-
sal female patients. Comprehensive diagnostic assessment 
and treatment strategies for these bone and muscle disor-
ders are essential in PBC patients.
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