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Frailty and fractures are closely associated with adverse clinical outcomes. This retrospective study 
investigated the prognostic impact of frailty, prevalent fractures, and the coexistence of both in 
patients with cirrhosis. Frailty was defined according to the Fried frailty phenotype criteria: weight 
loss, weakness, exhaustion, slowness, and low physical activity. Prevalent fractures were assessed 
using questionnaires and lateral thoracolumbar spine radiographs. Cumulative survival rates were 
compared between the frailty and non-frailty groups, fracture and non-fracture groups, and all four 
groups stratified by the presence or absence of frailty and/or prevalent fractures. Among 189 patients 
with cirrhosis, 70 (37.0%) and 74 (39.2%) had frailty and prevalent fractures, respectively. The median 
observation period was 64.4 (38.6–71.7) months, during which 50 (26.5%) liver disease-related deaths 
occurred. Multivariate analysis identified frailty and prevalent fractures as significant independent 
prognostic factors in the overall cohort (p < 0.001 and p = 0.003, respectively). The cumulative survival 
rates were lower in the frailty or fracture groups than in the non-frailty or non-fracture groups, 
respectively, in the overall cohort and in patients with compensated and decompensated cirrhosis. 
Patients with both frailty and prevalent fractures showed the lowest cumulative survival rates, 
whereas those without these comorbidities showed the highest cumulative survival rates among the 
four stratified groups. Frailty and prevalent fractures were independently associated with mortality in 
patients with cirrhosis. Additionally, the coexistence of both comorbidities worsened the prognosis.

Frailty, as defined by increased vulnerability to health stressors due to the depletion of multiple physiological 
reserves, is a common and serious comorbidity in patients with cirrhosis1,2. Factors including malnutrition, 
cirrhosis-specific factors (hyperammonemia; reduced insulin-like growth factor [IGF-1], branched-chain amino 
acids, and vitamin D levels; and dysfunctional protein synthesis), physical inactivity, osteosarcopenia, chronic 
inflammation (elevated serum inflammatory cytokine levels and immune system dysfunction), and dysbiosis, 
are implicated in the development and progression of frailty1–5. A meta-analysis of 12 studies revealed that the 
pooled prevalence of frailty was 29% in patients with cirrhosis6. Furthermore, frailty was identified as a risk 
factor for reduced quality of life, hospitalization, cirrhosis progression, cirrhosis-related events (e.g., ascites, 
hepatic encephalopathy, and infection), and mortality7–13.

Osteoporosis, a systemic skeletal disease characterized by bone mass loss and bone microarchitecture 
deterioration, is another frequent musculoskeletal comorbidity in patients with cirrhosis14. Similar to frailty 
pathogenesis, malnutrition, reduced IGF-1 and vitamin D levels, physical inactivity, sarcopenia, and imbalanced 
ratio of osteoprotegerin/receptor activator of nuclear factor kappa-B ligand due to chronic inflammation 
dysregulate bone remodeling, resulting in the loss of bone mass14,15.

A meta-analysis of six studies reported a significantly higher prevalence of osteoporosis in patients with 
cirrhosis compared to controls (odds ratio [OR], 2.52)16. Furthermore, survival rates were significantly lower 
in patients with osteoporosis than in those without17. In patients with cirrhosis, increased levels of advanced 
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glycation end products (AGEs) cause bone quality deterioration18, which together with osteoporosis exacerbates 
the reduction in bone strength, thereby increasing fracture risk18,19. A meta-analysis of eight studies found that 
patients with cirrhosis had an increased risk of any fracture, hip fracture, spine/trunk fracture, and limb fracture 
(OR: 1.94, 2.11, 2.00, and 1.82, respectively)20. Furthermore, patients with cirrhosis or primary biliary cholangitis 
had a higher incidence of fractures and post-fracture complications (e.g., infection, acute renal failure, and 
peptic ulcer) and higher 30-day and 1-year mortality rates compared with control subjects21–24. However, the 
relationship between fractures and the long-term prognosis of patients with cirrhosis remains inconclusive.

Frailty increases the risk of recurrent falls, subsequent fractures, fracture-related hospitalizations, and 
mortality in older adults25–28. Conversely, fractures increase the risk of new fractures, reduced physical 
performance due to pain, frailty, and mortality29–35. Thus, the close relationship that exists between frailty and 
fractures can become a vicious cycle, ultimately increasing the risk of mortality. Meanwhile, in patients with 
chronic liver disease (CLD), frailty has been reported to be associated with low bone mineral density (BMD), 
osteosarcopenia, vertebral fractures, and mortality1,10–13. However, in addition to the close association between 
fractures and prognosis, it is unclear whether the coexistence of frailty and fractures worsens the patient’s 
prognosis. To clarify the abovementioned relationships, we investigated the impact of frailty, prevalent fractures 
(symptomatic and asymptomatic), and the coexistence of both conditions on the long-term prognosis of patients 
with cirrhosis.

Results
Study population and characteristics
Supplementary Fig. S1 presents a flow diagram of the patient screening process employed in this study. Of the 
203 patients with cirrhosis who were initially evaluated for eligibility, 14 met the exclusion criteria, leaving a 
final enrolled cohort of 189 patients. The baseline characteristics of these participants are summarized in Table 1. 
This study cohort consisted of 121 men and 68 women, with a median age of 70.0 (59.0–77.5) years. The median 
Child–Pugh (CP) and model for end-stage liver disease (MELD) scores were 6 (5–7) and 8 (7–11), respectively. 
The rates of decompensated cirrhosis, osteoporosis, and hepatocellular carcinoma (HCC) were 33.9% (64/189), 
32.3% (61/189), and 13.8% (26/189), respectively.

Clinical characteristics of the frailty and non-frailty groups
The prevalence of frailty was 37.0% (70/189; Table 1). The frailty group was significantly older (p < 0.001) and 
demonstrated significantly higher CP scores (p = 0.035) and lower albumin levels (p = 0.043) than the non-frailty 
group. Additionally, the former had significantly higher prevalence of decompensated cirrhosis (p = 0.008) and 
osteoporosis (p < 0.001) than the latter. Notably, the rate of prevalent fractures was significantly higher in the 
frailty group than in the non-frailty group (60.0 vs. 26.9%; p < 0.001; Fig. 1A).

Clinical characteristics of the fracture and non-fracture groups
As shown in Table 2, prevalent fractures were present in 74 (39.2%) patients (vertebra, n = 56 [symptomatic, 
n = 27; asymptomatic, n = 29]; rib, n = 9; proximal femur, n = 7; distal radius, n = 6; lower extremity, n = 6; 
proximal humerus, n = 5; and pelvis, n = 3). The fracture group was significantly older and had significantly 
higher prevalence of osteoporosis than the non-fracture group (p < 0.001 for both). Notably, the prevalence of 
frailty (56.8 vs. 24.3%) and the median frailty score (3 vs. 1) were significantly higher in the fracture group than 

Variable All patients Frailty Non-frailty p-value

Patients, n (%) 189 70 (37.0) 119 (63.0)

Men/Women 121/68 37/33 84/35 0.014

Age (years) 70.0 (59.0–77.5) 76.0 (69.0–80.0) 66.0 (57.0–73.0)  < 0.001

Etiology

HBV/HCV/alcohol/others, n 18/58/61/52 7/27/15/21 11/31/46/31 0.087

Decompensated cirrhosis, n (%) 64 (33.9) 32 (45.7) 32 (26.9) 0.008

Child–Pugh score 6 (5–7) 6 (5–8) 6 (5–7) 0.035

MELD score 8 (7–11) 9 (7–12) 8 (7–10) 0.361

Total bilirubin (mg/dL) 0.8 (0.6–1.3) 0.8 (0.6–1.4) 0.9 (0.6–1.3) 0.836

Albumin (g/dL) 3.7 (3.2–4.1) 3.6 (3.1–4.0) 3.8 (3.4–4.1) 0.043

Creatinine (mg/dL) 0.9 (0.7–1.1) 0.9 (0.7–1.1) 0.8 (0.7–1.1) 0.929

Prothrombin time (%) 78 (62–92) 77 (58–93) 78 (63–93) 0.495

M2BPGi (C.O.I.) 3.08 (1.55–5.72) 3.52 (1.59–6.30) 2.74 (1.43–5.54) 0.174

Osteoporosis, n (%) 61 (32.3) 41 (58.6) 20 (16.8)  < 0.001

HCC, n (%) 26 (13.8) 13 (18.6) 13 (10.9) 0.141

Table 1.  Comparison of clinical characteristics between the frailty and non-frailty groups. Continuous 
variables are shown as median (interquartile range). Statistical analysis was performed using the chi-
squared test or the Mann–Whitney U test, as appropriate. C.O.I., cut-off index; HBV, hepatitis B virus; HCC, 
hepatocellular carcinoma; HCV, hepatitis C virus; M2BPGi, Mac-2 binding protein glycosylation isomer; 
MELD, model for end-stage liver disease.
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in the non-fracture group (p < 0.001 for both; Fig. 1B, Supplementary Fig. S2), suggesting a close association 
between frailty and fractures.

Prognostic impact of frailty and fractures
The median follow-up period was 64.4 (38.6–71.7) months, during which 50 (26.5%) liver disease-related deaths 
occurred (liver failure, n = 28; HCC, n = 12; rupture of esophageal varices, n = 8; and liver transplantation, n = 2; 
Supplementary Fig. S1). The frailty group had significantly lower cumulative survival rates than the non-frailty 
group (p < 0.001; Fig. 2A), with 1-, 3-, and 5-year cumulative survival rates of 98.6%, 64.7%, and 51.3% in the 
frailty group and 99.2%, 93.9%, and 87.1% in the non-frailty group, respectively. Similarly, the cumulative 
survival rates were significantly lower in the fracture group than in the non-fracture group (p < 0.001; Fig. 2B), 
with 1-, 3-, and 5-year cumulative survival rates of 98.6%, 71.0%, and 58.6% in the fracture group, and 99.1%, 
90.9%, and 84.0% in the non-fracture group, respectively. We then categorized all fractures into symptomatic 
and asymptomatic (all of the asymptomatic fractures were vertebral fractures) and estimated the cumulative 
survival rates (Fig. 3). Similar to patients with symptomatic fractures, the cumulative survival rates in patients 
with asymptomatic fractures were significantly lower than those in patients without fractures (p = 0.041). Even 
when limited to vertebral fractures, the cumulative survival rates in patients with asymptomatic fractures were 
comparable to those in patients with symptomatic fractures (p = 1.000; Supplementary Fig. S3). We further 
compared cumulative survival rates according to the number of fracture sites (one site vs. two or more sites 
[including multiple vertebral fractures]; Supplementary Fig. S4). The latter had significantly lower cumulative 
survival rates than the former (p = 0.039).

Variable Fracture Non-fracture p-value

Patients, n (%) 74 (39.2) 115 (60.8)

Men/Women 40/34 81/34 0.022

Age (years) 75.0 (66.0–80.0) 67.0 (57.0–74.0)  < 0.001

Etiology

HBV/HCV/alcohol/others, n 7/25/20/22 11/33/41/30 0.651

Decompensated cirrhosis, n (%) 28 (37.8) 36 (31.3) 0.354

Child–Pugh score 6 (5–8) 6 (5–7) 0.809

MELD score 8 (7–11) 9 (7–11) 0.976

Total bilirubin (mg/dL) 0.7 (0.5–1.3) 0.9 (0.7–1.3) 0.045

Albumin (g/dL) 3.7 (3.2–4.1) 3.7 (3.3–4.1) 0.895

Creatinine (mg/dL) 0.9 (0.7–1.2) 0.9 (0.7–1.1) 0.798

Prothrombin time (%) 78 (62–94) 77 (62–92) 0.543

M2BPGi (C.O.I.) 3.03 (1.73–5.59) 3.12 (1.36–6.21) 0.556

Osteoporosis, n (%) 41 (55.4) 20 (17.4)  < 0.001

HCC, n (%) 11 (14.9) 15 (13.0) 0.723

Table 2.  Comparison of clinical characteristics between the fracture and non-fracture groups. Continuous 
variables are shown as median (interquartile range). Statistical analysis was performed using the chi-
squared test or the Mann–Whitney U test, as appropriate. C.O.I., cut-off index; HBV, hepatitis B virus; HCC, 
hepatocellular carcinoma; HCV, hepatitis C virus; M2BPGi, Mac-2 binding protein glycosylation isomer; 
MELD, model for end-stage liver disease.

 

Fig. 1.  Prevalence of frailty and fracture. (A) The proportion of patients with prevalent fractures in the frailty 
and non-frailty groups. (B) The proportion of patients with frailty in the fracture and non-fracture groups.
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There were 14 non-liver-related deaths that were considered censored (Supplementary Table S1). Even 
when these censored patients were included in the analysis of the endpoint cases (i.e., including all-cause 
mortality), the results were identical to those described above: i.e., the frailty or fracture group had significantly 
lower cumulative survival rates than the non-frailty or non-fracture group, respectively (p < 0.001 for both; 
Supplementary Fig. S5A,B).

Prognostic impact of frailty and fractures in subgroups
We compared the cumulative survival rates between the frailty and non-frailty subgroups and the fracture 
and non-fracture subgroups in patients with compensated and decompensated cirrhosis. In patients with 
compensated cirrhosis, the 1-, 3-, and 5-year cumulative survival rates were 100 vs. 100%, 88.5 vs. 96.5%, and 
82.0 vs. 91.2% in the frailty and non-frailty groups, respectively (Fig. 4A). The cumulative survival rates in the 
frailty group were lower than those in the non-frailty group, although the difference was marginally significant 
(p = 0.061). Meanwhile, the fracture group had significantly lower cumulative survival rates than the non-
fracture group (p = 0.003), with 1-, 3-, and 5-year cumulative survival rates of 100 vs. 100%, 88.5 vs. 97.4%, and 
78.2 vs. 94.4%, respectively (Fig. 4B).

In patients with decompensated cirrhosis, the 1-, 3-, and 5-year cumulative survival rates were 96.9 vs. 96.9%, 
39.2 vs. 86.2%, and 18.7 vs. 75.0% in the frailty and non-frailty groups, respectively (Fig. 4C). In the fracture and 
non-fracture groups, the 1-, 3-, and 5-year cumulative survival rates were 96.4 vs. 97.2%, 43.0 vs. 76.3%, and 27.3 

Fig. 3.  Prognostic impact of symptomatic and asymptomatic fractures. (A) Comparison of cumulative survival 
rates between the symptomatic or asymptomatic fracture and non-fracture groups in all patients.

 

Fig. 2.  Prognostic impact of frailty and fracture. (A) Comparison of cumulative survival rates between the 
frailty and non-frailty groups in all patients. (B) Comparison of cumulative survival rates between the fracture 
and non-fracture groups in all patients.
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vs. 60.3%, respectively (Fig. 4D). Similar to patients with compensated cirrhosis, the frailty or fracture group 
had significantly lower cumulative survival rates than the non-frailty or non-fracture group in patients with 
decompensated cirrhosis (p < 0.001 and p = 0.009, respectively).

Prognostic impact of coexistence of frailty and prevalent fracture
We classified the patients into four groups based on the presence or absence of frailty and/or prevalent fractures 
and compared their prognoses: (i) patients with neither frailty nor prevalent fractures (n = 87), (ii) patients with 
prevalent fractures alone (n = 32), (iii) patients with frailty alone (n = 28), and (iv) patients with both conditions 
(n = 42). There were statistically significant differences in age, gender, etiology, and osteoporosis among the 
four groups (Supplementary Table S2). Patients with neither frailty nor prevalent fractures had the highest 
cumulative survival rates, whereas those with both conditions had the lowest cumulative survival rates among 
the four groups (log-rank: p < 0.001; Fig. 5).

Prognostic factors in patients with cirrhosis
Univariate analysis revealed the significant association of decompensated cirrhosis, CP score, MELD score, total 
bilirubin, albumin, prothrombin time (PT), Mac-2 binding protein glycosylation isomer (M2BPGi), osteoporosis, 
frailty, prevalent fractures, and HCC with mortality in the overall cohort (Supplementary Table S3); age, 
osteoporosis, frailty, fractures, and HCC in patients with compensated cirrhosis (Supplementary Table S4); and 
albumin, osteoporosis, frailty, and fractures in patients with decompensated cirrhosis (Supplementary Table S5). 
Cox proportional hazards regression analysis identified the following variables as significant and independent 
prognostic factors in all patients: decompensated cirrhosis (hazard ratio [HR], 6.079; 95% confidence interval 
[CI] 3.134–11.795; p < 0.001), total bilirubin (HR, 1.251; 95%CI 1.043–1.502; p = 0.016), frailty (HR, 3.564; 
95%CI 1.918–6.625; p < 0.001), prevalent fractures (HR, 2.470; 95%CI 1.365–4.472; p = 0.003), and HCC (HR, 
3.274; 95%CI 1.676–6.394; p < 0.001;Table 3). The significant and independent prognostic factors were prevalent 
fractures (HR, 4.985; 95%CI 1.555–15.983; p = 0.007) and HCC (HR, 6.503; 95%CI 2.236–18.913; p < 0.001) 
in patients with compensated cirrhosis (Supplementary Table S6) and frailty (HR, 4.902; 95%CI 2.298–10.459; 
p < 0.001) in those with decompensated cirrhosis (Supplementary Table S7).

Fig. 4.  Prognostic impact of frailty and fractures in patients with compensated and decompensated cirrhosis. 
Comparison of cumulative survival rates between the (A) frailty and non-frailty groups, and (B) fracture 
and non-fracture groups in patients with compensated cirrhosis. Comparison of cumulative survival rates 
between the (C) frailty and non-frailty groups, and (D) fracture and non-fracture groups in patients with 
decompensated cirrhosis.
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Discussion
Frailty increases the risk of falls and subsequent fractures, while fractures increase the risk of impaired physical 
performance and frailty, implying that these two comorbidities are intricately intertwined and negatively 
impact each other25–28,30–32. More importantly, both frailty and fractures are associated with mortality in older 
adults25–28,33–35. Although frailty has been reported to increase the mortality risk in patients with cirrhosis10–13, 
no studies have addressed the impact of fractures on the patient prognosis. To the best of our knowledge, this 
is the first study focusing on the relationship between frailty, prevalent fractures, and prognosis in patients with 
cirrhosis. We also investigated whether the coexistence of frailty and prevalent fractures worsens the patient 
prognosis, revealing that patients with frailty had higher rates of prevalent fractures than those without and vice 
versa. Moreover, multivariate analysis revealed frailty and prevalent fractures as significant and independent 
factors related to mortality in all patients. The survival rates in the frailty or fracture group were lower than those 
in the non-frailty or non-fracture group in patients with compensated and decompensated cirrhosis. In the 
subgroup analysis, both patients with symptomatic fractures and those with asymptomatic fractures had lower 
survival rates than those without fractures. Notably, patients with both frailty and prevalent fractures showed 
lower survival rates than those without both and with either condition.

Variable

Univariate Multivariate

HR (95%CI) p-value HR (95%CI) p-value

Decompensated 
cirrhosis 7.291 (3.918–13.569)  < 0.001 6.079 (3.134–11.795)  < 0.001

Child–Pugh score 1.528 (1.335–1.750)  < 0.001

MELD score 1.194 (1.107–1.287)  < 0.001

Total bilirubin (mg/dL) 1.453 (1.236–1.708)  < 0.001 1.251 (1.043–1.502) 0.016

Albumin (g/dL) 0.251 (0.159–0.396)  < 0.001

Prothrombin time (%) 0.978 (0.964–0.993) 0.004

M2BPGi (C.O.I.) 1.138 (1.071–1.210)  < 0.001

Osteoporosis 1.894 (1.086–3.305) 0.024

Frailty 4.520 (2.511–8.137)  < 0.001 3.564 (1.918–6.625)  < 0.001

Fracture 3.037 (1.713–5.384)  < 0.001 2.470 (1.365–4.472) 0.003

HCC 2.642 (1.403–4.974) 0.003 3.274 (1.676–6.394)  < 0.001

Table 3.  Significant factors associated with mortality in all patients. CI, confidence interval; C.O.I., cut-off 
index; HCC, hepatocellular carcinoma; HR, hazard ratio; M2BPGi, Mac-2 binding protein glycosylation 
isomer; MELD, model for end-stage liver disease.

 

Fig. 5.  Comparison of cumulative survival rates among the four groups stratified by the presence or absence of 
frailty and/or prevalent fractures.
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The CP classification, consisting of serum albumin, total bilirubin, PT, ascites degree, and encephalopathy 
grade, has been generally used to evaluate liver functional reserve36. Patients with CP class B or C have a worse 
prognosis than those with CP class A37. However, the CP scoring system includes subjective parameters (i.e., 
ascites and encephalopathy); therefore, the assessment of liver functional reserve varies among physicians, which 
may reduce the accuracy of prognosis prediction38. Additionally, this scoring system can hardly discriminate 
the prognosis of patients with compensated cirrhosis39. In this study, frailty and prevalent fractures as well as 
decompensated cirrhosis (nearly corresponding to CP class B/C) and total bilirubin were identified as significant 
independent factors in all patients. However, the CP score and its related factors were not significant independent 
factors when analyzed separately for patients with compensated and decompensated cirrhosis. Meanwhile, 
prevalent fractures in patients with compensated cirrhosis and frailty in patients with decompensated cirrhosis 
were identified as significant independent factors. Therefore, routine assessments of these comorbidities in 
clinical settings are useful and indispensable for determining the prognosis of patients with cirrhosis.

A study assessing frailty by gait speed reported that frailty increased the risk of cirrhosis-related complications 
requiring hospitalization (e.g., ascites, hepatic encephalopathy, gastrointestinal bleeding, and infections) in 
patients with advanced cirrhosis8. A previous study classified patients with compensated cirrhosis as robust, 
pre-frail, or frail according to the Liver Frailty Index [LFI]) and assessed the differences between the groups. 
The pre-frail and frail groups showed significantly higher cumulative rates of decompensation and unplanned 
hospitalizations and lower decompensation-free survival rates compared with the robust group9. Another study 
revealed an association between frailty (assessed using the LFI) and an increased risk of progression to the 
next stage of cirrhosis (assessed using the D’Amico classification) or death in patients with compensated and 
decompensated cirrhosis11. Our study demonstrated that the frailty group had lower survival rates than the non-
frailty group in both patients with compensated cirrhosis and those with decompensation. Collectively, these 
findings indicate that regardless of the degree of liver functional reserve, an association exists between frailty and 
the development of cirrhosis-related events, disease progression, and poor prognosis in patients with cirrhosis.

Meta-analyses of community-dwelling older adults reported that frailty was a predictor of recurrent falls and 
fractures40,41. In general, factors associated with frailty development, such as malnutrition, physical inactivity, 
sarcopenia, reduced IGF-1 and vitamin D levels, and increased oxidative stress and inflammatory cytokines (such 
as interleukin-6) with aging and cirrhosis, are also risk factors for osteoporosis15,42–46, and frailty is associated 
with decreased BMD in the elderly and patients with CLD1,47. Additionally, conditions with increased oxidative 
stress cause AGEs accumulation in bone and bone quality deterioration, thereby reducing bone strength19. Thus, 
patients with frailty at high risk of falls, reduced BMD, and bone quality deterioration are more susceptible to 
fractures. In older adults without CLD, fractures increase the risk of mortality. A 5-year follow-up study reported 
that all major fractures were associated with mortality in both men and women, and even minor fractures were 
associated with poor prognosis in men34. The mortality rates in controls were 37.2 in women and 49.7 in men per 
thousand person-years, while those in patients with fractures were 73.0 in women and 166.5 in men per thousand 
person-years. Additionally, a 22-year follow-up study reported that patients with vertebral fractures had higher 
mortality rates in both genders than control participants35. In support of these results, bisphosphonate treatment 
reduced all-cause mortality and was a significant independent factor associated with mortality (HR, 0.59) in 
patients with vertebral fractures48. However, the prognostic value of prevalent fractures has not yet been clarified 
in patients with cirrhosis. Our study demonstrated that the 5-year cumulative survival rates in the fracture group 
were considerably lower than those in the non-fracture group: 58.6 vs. 84.0% in all patients, 78.2 vs. 94.4% in 
patients with compensated cirrhosis, and 27.3 vs. 60.3% in patients with decompensated cirrhosis. Given that 
patients with cirrhosis have a worse prognosis than the general population, complications of fractures in these 
patients further worsen their prognosis and require more careful follow-up than in the general population. As 
previously reported49, vertebral fractures were the most common of all fractures in this study. Notably, more than 
half (29/56; 51.8%) of patients with vertebral fractures were unaware of the fracture and were newly diagnosed 
using spine radiographs. Similar to patients with symptomatic fractures, survival rates were significantly lower 
in those with asymptomatic fractures than in those without fractures. It has been estimated that only one-
third of all vertebral fractures are clinically diagnosed in the general population50. A recent meta-analysis of 
28 studies revealed that the pooled prevalence of Vertebral Fracture Assessment-based vertebral fractures was 
28% in asymptomatic postmenopausal women51. Importantly, all vertebral fractures, whether symptomatic or 
asymptomatic, are associated with increased mortality and morbidity50. Thus, vertebral fracture underdiagnosis 
is a major health concern, and routine examinations with spine radiographs are essential, especially in patients 
at fracture risk.

In this study, patients with both frailty and prevalent fractures had the lowest survival rates among the four 
stratified groups. Fractures cause pain, impaired physical performance, poor balance, and low muscle strength, 
leading to the development and progression of frailty30–32. Our findings revealed that the fracture group had 
higher frailty prevalence and frailty scores than the non-fracture group. A study conducted on older adults 
reported significantly higher frailty prevalence in patients with vertebral fractures than in control participants, 
and the presence of ≥ 3 fractures was identified as an independent factor associated with frailty32. Another study 
demonstrated that the rate of prevalent fractures showed a stepwise increase with increasing levels of the frailty 
index comprising 33 items25. It was also reported that the risk of disease progression or death increased by 5% 
and 6% in patients with compensated and decompensated cirrhosis, respectively, for every 0.1 unit increase 
in LFI11. Collectively, these findings suggest that fractures exacerbate frailty, predisposing patients to falls and 
further fractures and that the coexistence of both conditions (which adversely affect each other) may contribute 
to disease progression and increased mortality. Therefore, routine assessments and early interventions for 
these comorbidities are crucial to improving the quality of life and prognosis of patients. Despite their clinical 
importance, comprehensive assessments of frailty and bone diseases remain inadequate in real-world clinical 
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settings where time/effort and space are limited. To address these challenges, we propose a multidisciplinary 
approach to managing these critical comorbidities.

This study had some limitations. First, we did not investigate the number of falls, which might have affected 
the development of fractures. Second, the details on fracture onset, particularly asymptomatic vertebral fractures, 
were unknown, and cumulative survival rates were evaluated based on the presence or absence of prevalent 
fractures upon study enrolment. Finally, this was a two-center study and the sample size was insufficient to 
evaluate the impact of frailty and prevalent fractures in the subgroup analysis. Therefore, prospective, large-scale, 
and multi-center studies are necessary to confirm the impact of these comorbidities on the patient prognosis.

Conclusions
In conclusion, we found frailty and prevalent fractures as significant and independent factors associated with 
mortality in patients with cirrhosis. Furthermore, the coexistence of frailty and prevalent fractures worsened 
the patient prognosis. From a prognostic perspective, routine assessments and early interventions for these 
comorbidities are crucial.

Methods
Participants
A total of 189 consecutive patients diagnosed with cirrhosis between 2017 and 2020 at the Jikei University School 
of Medicine (Tokyo, Japan) and Fuji City General Hospital (Shizuoka, Japan) were enrolled in this retrospective 
study. The inclusion criteria were as follows: (1) age ≥ 20 years and (2) presence of cirrhosis diagnosed based on 
laboratory and imaging tests (e.g., ultrasound, computed tomography, and magnetic resonance imaging)52. The 
exclusion criteria were as follows: (1) presence of malignancy other than HCC at study enrolment; (2) HCC not 
meeting the Milan criteria53; and (3) acute liver failure.

Serum total bilirubin, albumin, creatinine, M2BPGi (liver fibrosis marker), and PT were measured using 
standard laboratory methods. Liver functional reserve was assessed based on the MELD score and CP 
classification36,54. Decompensated cirrhosis was defined as the presence of complications: ascites, encephalopathy, 
variceal bleeding, and/or jaundice55. The study endpoint was liver disease-related deaths, and non-liver-related 
deaths were considered censored. Patients who underwent liver transplantation during the observation period 
were considered liver disease-related deaths and censored cases. This study was designed and conducted in 
accordance with the 2013 amendment of the Declaration of Helsinki and was approved by the ethics committees 
of the Jikei University School of Medicine (approval number: 34–021) and Fuji City General Hospital (approval 
number: 279). All participants provided written informed consent.

Frailty assessment
Frailty was diagnosed according to the Fried phenotype criteria: weight loss, weakness, exhaustion, slowness, 
and low physical activity56. Each component was defined as follows: (1) weight loss: weight loss ≥ 2 kg in the past 
6 months; (2) weakness: reduced handgrip strength < 26 kg for men and < 18 kg for women; (3) exhaustion: a 
positive response to the question, “In the last two weeks, have you felt tired without a reason?”; (4) slowness: gait 
speed < 1.0 m/s; and (5) low physical activity: a negative response to the question: “Do you regularly exercise 
or play sports for your health?”1,57. Handgrip strength was measured using a digital dynamometer (T.K.K5401 
GRIP-D, Takei Scientific Instruments, Niigata, Japan). Gait speed was assessed over a distance of 6 m. Each 
component was scored 1 point if applicable, and the frailty score was calculated by summation, with a score 
of ≥ 3 points being defined as frailty1,57.

Osteoporosis and fracture assessment
BMD was assessed at the lumbar spine (L2–L4), femoral neck, and total hip using dual-energy X-ray 
absorptiometry (PRODIGY; GE Healthcare Japan, Tokyo, Japan). Osteoporosis was diagnosed based on a 
T-score ≤  − 2.5 as per the World Health Organization criteria58. Prevalent fractures were defined as a history 
of fractures of the vertebrae, distal radius, proximal humerus or femur, lower extremity, ribs, or pelvis that 
occurred after the age of 40 years18,59. Medical records and questionnaires were used to survey the history of 
these fractures. All participants underwent lateral thoracolumbar spine radiographs to assess prevalent vertebral 
fractures according to Genantʼs semi-quantitative method 60

Statistical analysis
Intergroup differences were determined using the chi-square test for categorical variables (presented as numbers 
and percentages) and the Mann–Whitney U test or Kruskal–Wallis test for continuous variables (presented as 
medians and interquartile ranges). Cumulative survival rates were estimated using the Kaplan–Meier method and 
compared between the groups using the log-rank test, followed by the Bonferroni multiple-comparison method. 
Univariate analysis was initially used to identify mortality-related factors with p-values < 0.10. Subsequently, 
multivariate Cox proportional hazards regression analysis was performed using forward stepwise selection to 
identify factors that were significantly and independently associated with mortality. SPSS version 27 (IBM Japan, 
Tokyo, Japan) was used for all statistical analyses. Values of p < 0.05 were considered statistically significant.

Data availability
The data collected and analyzed in the current study are available from the corresponding authors on reasonable 
request.
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