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Serum fibroblast growth factor 21
IS @ novel biomarker of cachexia
in chronic liver disease
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Background: Cachexia is associated with poor prognosis in chronic liver disease
(CLD), yet robust predictors remain poorly defined. This study examined clinical
factors and serum biomarkers associated with cachexia in patients with CLD.
Methods: We analyzed 356 of 526 patients with CLD who had complete cachexia
assessment and available stored serum samples. In a discovery cohort (n = 240;
Aug 2014-Jun 2023), serum fibroblast growth factor 21 (FGF21), interleukin-6
(IL-6), and tumor necrosis factor-a (TNF-a) were measured. Multivariable logistic
regression and receiver operating characteristic analyses were used to identify
independent predictors and optimal cutoff values. Findings were subsequently
evaluated in an independent validation cohort (n = 116; Jul 2023—-May 2025).
Results: Median age was 68 years (range 19-90), 65.8% of participants were
male, and 24.6% had cachexia, which independently predicted worse overall
survival (hazard ratio 1.64; 95% Cl 1.03-2.62; p = 0.038). Patients with cachexia
had higher serum FGF21 concentrations than those without cachexia (median,
292 vs. 177 pg./mL; p = 0.002), whereas IL-6 and TNF-«a levels did not differ sig-
nificantly between groups. FGF21 was the only biomarker independently asso-
ciated with cachexia (odds ratio, 1.71; 95% Cl, 1.10-2.66; p = 0.016). Advanced
Child—Pugh class and platelet count were identified as additional independent
clinical predictors.

Conclusion: Serum FGF21 independently predicts cachexia in CLD and may
facilitate earlier identification of at-risk patients, enabling timely intervention to
improve clinical outcomes.

KEYWORDS
biomarker, cachexia, chronic liver disease, fibroblast growth factor, liver cirrhosis

1 Introduction

Cachexia is a systemic metabolic derangement characterized by the loss of body proteins,
muscle atrophy, and anorexia, and is commonly associated with chronic illnesses, such as
cancer, chronic heart failure, chronic obstructive pulmonary disease, chronic kidney disease,
and chronic liver disease (CLD) (1, 2). Unlike simple starvation, cachexia involves a

01 frontiersin.org


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2026.1730695&domain=pdf&date_stamp=2026-02-18
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2026.1730695
mailto:gsudgast@pop.med.hokudai.ac.jp
https://doi.org/10.3389/fnut.2026.1730695
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnut.2026.1730695/full
https://www.frontiersin.org/articles/10.3389/fnut.2026.1730695/full
https://www.frontiersin.org/articles/10.3389/fnut.2026.1730695/full

Tanaka et al.

pronounced inflammatory response and metabolic alterations, leading
to a disproportionate loss of skeletal muscle relative to fat. The syn-
drome severely impacts physical function, quality of life, and survival,
making it a critical concern in the management of chronic dis-
eases (3, 4).

In the context of liver disease, cachexia is frequently observed in
patients with liver cirrhosis (LC) and hepatocellular carcinoma
(HCC), both of which are associated with systemic inflammation,
altered nutrient metabolism, and hormonal imbalances (5, 6). In these
patients, cachexia is an independent predictor of poor prognosis, con-
tributing to worsened functional status, reduced treatment tolerance,
and higher mortality (7-11). The pathophysiology of cachexia in liver
disease involves complex interactions among tumor-related factors,
chronic inflammation, and hepatic dysfunction, all of which exacer-
bate progressive muscle wasting and metabolic disturbances.

Despite the clear association between cachexia and negative clini-
cal outcomes in patients with LC and HCC (6, 8, 11), the specific fac-
tors that predict cachexia development remain poorly understood.
Early identification of at-risk patients could lead to timely interventions
aimed at preserving muscle mass and improving the overall prognosis.

In recent years, increasing attention has been paid to the identifi-
cation of biomarkers for cachexia diagnosis and prognosis. In cancer-
associated cachexia, numerous studies have investigated biomarkers
such as serum albumin, C-reactive protein (CRP), tumor necrosis
factor-alpha (TNF-a), and interleukin-6 (IL-6), among others (4, 12,
13). Fibroblast growth factor 21 (FGF21) is also a biomarker of inter-
est. FGF21 is an endocrine metabolic hormone produced predomi-
nantly by the liver in response to nutritional and cellular stressors,
such as fasting and endoplasmic reticulum stress (14). Its endocrine
activity depends on binding to a fibroblast growth factor receptor
(FGFR)-p-Klotho coreceptor complex, which is enriched in key meta-
bolic target tissues, including adipose tissue and specific brain regions.
Through this liver-to-periphery and liver-to-brain signaling axis,
FGF21 can modulate appetite and energy expenditure, which are core
features of cachexia (15, 16). Importantly, circulating FGF21 under-
goes proteolytic cleavage at the C-terminus; therefore, assay design
determines whether measured “FGF21” reflects intact bioactive hor-
mone or a broader pool of immunoreactive fragments (17).

FGF21 is a crucial metabolic regulator (18) that plays a critical
role in maintaining the energy balance and modulating carbohydrate
and fat metabolism through paracrine and endocrine mechanisms
(18). In several malignancies (19, 20), including HCC (21), serum
FGF21 levels are significantly elevated. Its high serum levels may serve
as a potential biomarker of poor prognosis in patients initially diag-
nosed with HCC (21). However, the underlying mechanisms remain
unclear. To the best of our knowledge, there are no reports on whether
high serum FGF21 levels predict cachexia in CLD.

Thus, in this study, we aimed to examine the potential predictive
factors for cachexia in patients with LC and HCC. The findings of this
study could help improve clinical management strategies for the dis-
eases and improve patient outcomes.

Abbreviations: CLD, Chronic liver disease; FGF, Fibroblast growth factor; IL,
Interleukin; TNF-a, Tumor necrosis factor-alpha; Cl, Confidence interval; LC, Liver
cirrhosis; HCC, Hepatocellular carcinoma; CRP, C-reactive protein; BMI, Body
mass index; ROC, Receiver operating characteristic; OS, Overall survival; NR, Not

reached; HR, Hazard ratio.
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2 Materials and methods
2.1 Patients and study design

In this retrospective study, we screened patients with LC and/or
HCC who visited Hokkaido University Hospital between August
2014 and May 2025 (Figure 1). Patients were included if they had data
on handgrip strength, comprehensive clinical information for analy-
sis, and stored serum samples suitable for FGF21 measurement.
Patients were excluded if they lacked data on handgrip strength, did
not have appropriate clinical information, or did not have stored
serum samples usable for measuring biomarkers, including FGF21,
TNF-a, and IL-6. Among 526 patients screened, 356 were enrolled;
of these, 240 patients enrolled between August 2014 and June 2023
were assigned to the discovery cohort, and the remaining 116 patients
enrolled between July 2023 and May 2025 were assigned to the vali-
dation cohort.

The study collected patients’ data on sex, age, weight, body mass
index (BMI), handgrip strength, presence of appetite loss, history of
diabetes mellitus, etiology of liver disease, presence of LG, liver func-
tion (based on Child-Pugh class), presence of HCC, and date of
death or last follow-up. The prevalence and prognosis of cachexia in
patients with LC and/or HCC were assessed. The patients were
divided into groups according to the presence or absence of cachexia,
and the predictors of cachexia were investigated.

The study adhered to the ethical principles outlined in the
Declaration of Helsinki. The Hokkaido University Hospital Ethics
Committee approved the study protocol (approval numbers: 017-
0521, 020-0267, 022-0052, and 023-0060). Participation in the study
required written informed consent. Furthermore, in situations where
formal written informed consent could not be secured, the Ethics
Committee authorized the enrollment of patients who had previously
granted broad permission for the use of their clinical specimens and
data, provided that they had not expressly declined participation in
this investigation.

2.2 Evaluation of serum biomarker levels

The baseline levels of the candidate serum biomarkers, including
FGF21, TNF-a, and IL-6, were evaluated using commercial enzyme-
linked immunosorbent assays according to the manufacturer’s pro-
tocols (FGF21 [Catalog #DF2100], TNF-a, and IL-6: R&D Systems,
Minneapolis, MN, United States).

2.3 Definition of cachexia

Cachexia was defined based on a consensus report by the Asian
Working Group for Cachexia (1). The diagnosis required the presence
of an underlying chronic disease along with at least one of the follow-
ing: (a) unintentional weight loss of >2% over 3-6 months, or (b)
BMI < 21 kg/m?* and at least one of the following: (i) reduced hand-
grip strength (men <28 kg, women <18 kg), (ii) appetite loss, or (iii)
elevated CRP level (>0.5 mg/dL).

2.4 Evaluation of serum FGF21 cutoff
values

Receiver operating characteristic (ROC) curve analysis was per-
formed using serum FGF21 levels as the independent variable and
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526 patients with LC and/or HCC who visited Hokkaido
University Hospital (August 2014—May 2025 )
Excluded: 170
Inability to determine cachexia: 110
Lack of stored serum or clinical information: 60
Included: 356
v g
Discovery cohort (Aug 2014—Jun 2023) » Validation cohort (July 2023—May 2025)
N =240 N =116
FIGURE 1
Flowchart of the study design and patient selection process. LC, liver cirrhosis; HCC, hepatocellular carcinoma.

cachexia as the outcome in the discovery cohort. The optimal cutoft
value for serum FGF21 levels was determined using Youden’s index.
Based on the calculated baseline cutoff value, the cohort was classi-
fied into high-FGF21 and non-high-FGF21 categories. Using the
established cutoft value, we performed a comparative analysis of
cachexia prevalence in the discovery and validation cohorts. We also
evaluated the effect of cachexia on the prognosis of patients with CLD.

2.5 Statistical analysis

For the analysis of categorical data, the Chi-squared or Fisher’s
exact test was used, as appropriate. Continuous variables were evalu-
ated using the Mann-Whitney U test. Survival curves were con-
structed using the Kaplan-Meier method, and differences between
these curves were assessed using the log-rank test. Cox proportional
hazards regression models were used to identify independent prog-
nostic factors and adjust for confounding variables correlated with
the observed endpoint. Multivariable logistic regression analysis was
used to identify independent predictors of cachexia, including vari-
ables that met the predefined screening criterion (p < 0.10) in uni-
variable analyses. ROC analyses were performed, and the area under
the ROC curve (AUROC) was estimated with 95% confidence inter-
vals. When multiple thresholds demonstrated comparable perfor-
mance near the maximum Youden index (J = sensitivity + specificity
— 1), a cutoff within this plateau was selected to balance sensitivity
and specificity and enhance clinical interpretability. Sensitivity and
specificity at the selected cutoft are reported. Statistical significance was
set at p < 0.05. All statistical analyses were performed using Prism 9.41
(GraphPad Software, La Jolla, CA, United States).

3 Results
3.1 Patient characteristics

A total of 240 and 116 patients were included in the discovery and
validation cohorts, respectively (Figure 1).

The baseline patient characteristics are shown in Table 1. Two
hundred twelve patients (88.3%) had LC, and 135 (56.3%) had
HCC. Serum FGF21, TNF-a, and IL-6 levels were 191.23 (range:
17.44-5,282.80) pg./mL, 46.37 (range: 0.06-619.53) pg./mL, and 3.17
(range: 0.35-490.29) pg./mL, respectively.
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3.2 Prevalence of cachexia

Of 240 patients, 59 (24.6%) were diagnosed with cachexia
(Table 1). For each component of cachexia, the prevalence of weight
loss, low BMI, appetite loss, decreased grip strength, and elevated CRP
(> 0.5 mg/dL) was 22.9, 14.6, 15.8, 36.3, and 21.3%, respectively.

3.3 Prognostic impact of cachexia in CLD

A comparison of overall survival (OS) in patients with and with-
out cachexia is shown in Figure 2. Patients with cachexia had signifi-
cantly shorter median OS than those without (63.8 months [95%
confidence interval (CI): 40.9-not reached (NR)] vs. 106.9 months
[95% CI: 105.3-NR], p = 0.011).

Subsequent univariable and multivariable Cox regression analyses
for OS identified HCC (hazard ratio [HR]: 3.325 [95% CI: 2.021-
5.470], p < 0.001) and cachexia (HR: 1.638 [95% CI: 1.027-2.610],
p =0.038) as independent risk factors (Table 2).

3.4 Predictive factors for cachexia in
patients with CLD

A comparison of patient characteristics with and without cachexia
is shown in Table 1. The median age was higher in patients with
cachexia than in those without (p = 0.042). Patients with cachexia had
a significantly lower BMI (p = 0.003) and were significantly more
likely to have appetite loss (p < 0.001) and decreased grip strength
(p < 0.001) than those without. No significant differences were found
in etiology, presence of LC, Child-Pugh class, or HCC. CRP levels
were significantly higher, and the survival period from entry was sig-
nificantly shorter in the cachexia group than in the non-cachexia
group (p =0.001). As shown in Figure 3a, serum TNF-a and IL-6
levels did not differ significantly between groups with and without
cachexia. Median serum FGF21 levels were significantly higher in the
cachexia group than in the non-cachexia group (292.02 vs. 176.93 pg./
mL, p = 0.002).

Based on the above results, a univariable logistic regression analy-
sis was performed to identify factors contributing to the diagnosis of
cachexia. The etiology (metabolic dysfunction-associated steatohepa-
titis), Child-Pugh class (A vs. B/C), platelet count, and serum FGF21
levels were associated with cachexia (p < 0.10) in univariable analysis
and met the prespecified screening threshold (Table 3). These vari-
ables were included in the multivariable logistic regression model,

frontiersin.org


https://doi.org/10.3389/fnut.2026.1730695
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Tanaka et al. 10.3389/fnut.2026.1730695

TABLE 1 Baseline characteristics of patients with chronic liver disease, stratified by cachexia status.

Sample characteristics Overall (n = 240) No cachexia (n = 181) Cachexia (n = 59) p-value
Age, years 68 (63-75) 68 (63-73) 72 (65-76) 0.042
Sex, male/female 158/82 124/57 34/25 0.155
BMI, kg/m? 24.54 (22.18-26.91) 24.86 (22.53-27.10) 22.34 (19.84-26.54) 0.003
Decreased grip strength, No/Yes 148/92 129/52 19/40 <0.001
Body fat percentage, % 27.50 (23.05-33.75) 28.50 (23.80-33.90) 25.75(20.53-33.38) 0.168
Appetite loss, no/yes 202/38 166/15 36/23 <0.001
Diabetes mellitus, no/yes 162/78 128/53 34/25 0.078
Intake of BCAA supplements, no/yes 154/86 115/66 39/20 0.757
Etiology, % 0.293
Viral 119 (49.6%) 95 24
Alcohol 49 (20.4%) 37 12
MASH 44 (18.3%) 29 15
Other 28 (11.7%) 20 8
Child-Pugh class, % 0.183
A 153 (63.7%) 121 32
B 75 (31.2%) 52 23
C 12 (5.1%) 8 4
HCC, No/Yes 105/135 84/97 21/38 0.174
Biochemical analysis
Platelet, x10*/pL 11.30 (8.20-16.30) 11.10 (7.60-15.50) 13.30 (9.80-17.90) 0.020
AST, IU/L 34.00 (25.00-50.00) 32.00 (25.00-48.00) 38.00 (29.00-59.00) 0.012
ALT, IU/L 25.00 (18.00-35.00) 24.00 (17.00-35.00) 26.00 (21.50-41.50) 0.052
Serum albumin, g/dL 3.90 (3.48-4.23) 3.90 (3.50-4.30) 3.80 (3.25-4.20) 0.110
CRP, mg/dL 0.09 (0.03-0.40) 0.08 (0.03-0.23) 0.45 (0.05-1.05) <0.001
Survival time from enrollment, days 1,556 (950-2,590) 1793 (1018-2,703) 1,200 (572-1957) 0.001

Data are presented as number (%) or median (interquartile range). ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCAA, branched-chain amino acids; BCLC, Barcelona
Clinic Liver Cancer; BMI, body mass index; CRP, C-reactive protein; HCC, hepatocellular carcinoma; MASH, metabolic dysfunction-associated steatohepatitis.

Probability of Survival (%)

100

A
o

mOS duration (months; 95% CI)

=— No Cachexia
= Cachexia

106.9 (105.3-NR)
63.8 (40.9-NR)

Log-rank p = 0.011

oI"""'"I""""'I""""'I

0 50 100 150
Number at risk Survival (months)
No cachexia 181 155 99 75 20
Cachexia 59 44 25 12 2

FIGURE 2
Kaplan—Meier estimates of overall survival in the entire discovery cohort, stratified by the presence or absence of cachexia. mOS, median overall
survival; Cl, confidence interval; NR, not reached.

Frontiers in Nutrition 04 frontiersin.org


https://doi.org/10.3389/fnut.2026.1730695
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Tanaka et al.

TABLE 2 Cox proportional hazards regression analysis of overall survival.

Univariable analysis

10.3389/fnut.2026.1730695

Multivariable analysis

HR (95% ClI) p-value HR (95% ClI) p-value
Age, per year 1.018 (0.996-1.040) 0.109
Sex, male vs. female 0.746 (0.467-1.191) 0.219
Etiology
Viral 1 (reference)
Alcohol 1.152 (0.671-1.977) 0.608
MASH 1.240 (0.698-2.205) 0.463
Other 0.759 (0.341-1.686) 0.498
Child-Pugh class. A vs. B/C 1.429 (0.925-2.207) 0.108
HCC (yes vs. no) 3.439 (2.093-5.650) <0.001 3.325 (2.021-5.470) <0.001
Cachexia (yes vs. no) 1.810 (1.137-2.882) 0.012 1.638 (1.027-2.610) 0.038

CI, confidence interval; HCC, hepatocellular carcinoma; HR, hazard ratio; MASH, metabolic dysfunction-associated steatohepatitis.

which showed that Child-Pugh class (A vs. B/C), platelet count, and
serum FGF21 levels remained significant independent predictors of
cachexia; serum FGF21 levels had an odds ratio of 1.710 (95% CI:
1.110-2.650; p = 0.016) (Table 3).

Based on the ROC curve analysis of serum FGF21 levels in 240
patients from the discovery cohort, a cutoff value of 426 pg./mL
was identified to predict cachexia among patients with CLD, yield-
ing a sensitivity of 39.0%, a specificity of 79.6%, a positive predic-
tive value of 0.383, and a negative predictive value of 0.800
(Supplementary Figure S1). Patients with serum FGF21 levels >
426 pg./mL were defined as having high FGF21 levels. Cachexia
prevalence was significantly higher in the high-FGF21 group than
in the non-high-FGF21 group (38.33% vs. 20.00%; p = 0.006;
Figure 3b).

3.5 Independent validation of serum FGF21
levels as a predictor of cachexia in patients
with CLD

The results were validated in an independent cohort of 116
patients with LC and/or HCC (Figure 1; Supplementary Table 2).
Baseline characteristics of the cohort and comparisons between
patients with and without cachexia are summarized in the
Supplementary Table S1. A total of 25 patients (24.6%) had cachexia.

Median serum FGF21 levels were significantly higher in the
cachexia group than in the non-cachexia group (384.10 [range:
23.90-2,440.10] pg./mL vs. 218.11 [range: 55.92-841.18] pg./mL,
p =0.017; Figure 3c).

The findings from the discovery cohort were reproduced in the
validation cohort. Using a cutoff value of 426 pg./mL, the high-
FGF21 group exhibited a significantly higher prevalence of cachexia
than the non-high-FGF21 group (40.74% vs. 15.73%; p = 0.014;
Figure 3d).

4 Discussion

This study demonstrated for the first time that serum FGF21
levels are a robust diagnostic predictor of cachexia in patients with
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CLD. Of the 240 patients in the discovery cohort, 24.6% were diag-
nosed with cachexia, and serum FGF21 levels were significantly
higher in patients with cachexia than in those without. Multivariable
logistic regression analysis further demonstrated that serum FGF21
levels were an independent factor associated with cachexia. These
findings were validated through an independent analysis of a separate
cohort of 116 patients. Moreover, patients classified into the high-
FGF21 group based on the cutoft value derived from the discovery
cohort showed a significantly higher prevalence of cachexia than
those in the non-high-FGF21 group in both the discovery and valida-
tion cohorts. Previous reports have noted elevated FGF21 levels in
older patients with cachexia (22), and overall research on FGF21 as a
biomarker remains limited. Furthermore, to the best of our knowl-
edge, no study has specifically investigated FGF21 as a biomarker in
patients with CLD. The present study demonstrates that serum
FGF21 levels may serve as a predictive marker for cachexia in patients
with HCC and those with CLD.

Although a causal relationship between cachexia and elevated
serum FGF21 levels remains unclear, several mechanisms have been
proposed. Elevated FGF21 levels can suppress appetite via endocrine
signaling in central nervous system networks (23, 24). FGF21 acti-
vates brown adipose tissue in both autocrine and paracrine manners,
promoting lipolysis and thermogenesis by browning white adipose
tissue (25), thereby increasing energy expenditure and leading to sub-
sequent weight loss (26, 27). Moreover, FGF21 upregulation in
response to fasting, endoplasmic reticulum stress, or metabolic dis-
orders has been implicated in muscle atrophy and decreased muscle
strength (28), contributing to further body weight reduction. Clinical
studies support these results, reporting associations between elevated
serum FGF21 levels and appetite or weight loss (29), as well as sig-
nificantly elevated serum FGF21 levels in patients with muscle weak-
ness (30). Given that weight loss, appetite loss, and muscle weakness
are key diagnostic criteria for cachexia, these mechanisms may be
associated with the observed elevation in serum FGF21 levels in patients
with cachexia. However, further research is required to validate and
expand upon these findings.

Circulating FGF21 undergoes proteolytic processing in vivo, and
C-terminal truncation reduces biological activity by impairing -Klotho
binding (31). Notably, fibroblast activation protein (FAP) can cleave
human FGF21, generating an inactive C-terminally truncated form
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FIGURE 3
(a) Comparison of serum FGF21, TNF-a, and IL-6 levels between patients with and without cachexia. (b) Comparison of the proportion of cachexia
between patients with high and low serum FGF21 levels in the discovery cohort. (c) Comparison of serum FGF21 levels between patients with and
without cachexia in the validation cohort. (d) Comparison of the proportion of cachexia cases between patients with high and low FGF21 levels in the
validation cohort. FGF, Fibroblast Growth Factor; TNF, Tumor Necrosis Factor; IL, Interleukin.

TABLE 3 Multivariable logistic regression analysis of factors associated with cachexia.

Univariable analysis

Multivariable analysis

OR (95% Cl) p-value OR (95% ClI) p-value
Age, per year 1.020 (0.995-1.060) 0.100
Sex, male vs. female 1.600 (0.874-2.930) 0.128
Etiology
Viral 1 (Reference) 1 (Reference)
Alcohol 1.280 (0.583-2.830) 0.536
MASH 2.050 (0.950-4.410) 0.067 1.610 (0.723-3.580) 0.244
Other 1.580 (0.622-4.030) 0.335
Child-Pugh class, A vs. B/C 1.700 (0.935-3.100) 0.082 1.940 (1.020-3.680) 0.044
HCC (yes vs. no) 1.570 (0.853-2.880) 0.147
Platelet, per x10*/pL 1.040 (1.010-1.080) 0.018 1.040 (1.000-1.080) 0.030
AST, IU/L 1.000 (0.997-1.010) 0.264
ALT, IU/L 1.000 (0.996-1.010) 0.523
Serum FGF21, per ng/mL 1.890 (1.220-2.930) 0.004 1.710 (1.110-2.650) 0.016

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; FGE, fibroblast growth factor; HCC, hepatocellular carcinoma; MASH, metabolic dysfunction-

associated steatohepatitis; OR, odds ratio.
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(32). Accordingly, measured “FGF21” concentrations may depend on
assay design and the specific molecular species detected; thus, results
obtained using our ELISA should be interpreted as reflecting circulating
immunoreactive FGF21 rather than exclusively intact (biologically
active) hormone. Recent studies have employed alternative commer-
cial ELISAs to quantify the active moiety of FGF21 (33). Future stud-
ies should prospectively collect sufficient sample aliquots to enable
separate quantification of intact (active) and truncated (inac-
tive) FGF21.

In the discovery cohort of the present study, Child-Pugh class
and platelet count were identified as independent predictors of
cachexia. Previous studies have demonstrated that the prevalence of
cachexia increases significantly with the progression of Child-Pugh
class (11), which is consistent with our findings. However, it remains
unclear whether impaired hepatic functional reserve contributes to
the development of cachexia or whether cachexia itself leads to
hepatic deterioration. Further investigation is warranted to clarify
this relationship. Platelets induce the release of inflammatory media-
tors from immune cells, contributing to the inflammatory response
characteristics of cachexia (34). In our study, CRP levels were signifi-
cantly elevated in patients with cachexia, supporting the hypothesis
that systemic inflammation plays a key role. This may explain why the
platelet count was identified as a predictive factor for cachexia in the
multivariable analysis.

Given that the prevalence and prognosis of cachexia in CLD have
not been fully elucidated, our study provides additional insights into
these aspects by presenting relevant data on the prevalence and prog-
nostic impact of cachexia in CLD. In the present study, the prevalence
of cachexia in patients with CLD was 24.6%. Patients with cachexia
had a significantly shorter OS than those without cachexia.
Furthermore, multivariable Cox regression analysis confirmed that
cachexia is an independent factor associated with OS. In the present
study, the observed prevalence was comparable to that in previous
reports, including a prevalence of 23.7% among patients with HCC
reported by Rich et al. (6) and the findings of a scoping review by
Unome et al. (10), which reported cancer-related and non-cancer-
related cachexia prevalence rates among Asian populations ranging
from 6.2 to 93% and 3.4 to 66.2%, respectively. This study also dem-
onstrates that cachexia is an independent predictor of poor prognosis
in patients with CLD. Previous studies investigating prognosis in
patients with HCC and LC have also identified cachexia as an inde-
pendent adverse prognostic factor (6, 8, 11). Therefore, our findings
are consistent with those of previous studies.

This study demonstrated that serum FGF21 levels may be a
promising diagnostic predictor of cachexia in patients with
CLD. Given that cachexia is associated with a poor prognosis, early
detection and intervention are essential for improving clinical out-
comes. As serum FGF21 levels can be measured using a simple
blood test, they may serve as a useful tool for the early identification
of cachexia, which is otherwise diagnosed using complex clinical
criteria. Although serum FGF21 was strongly associated with
cachexia in our cohort, this association does not establish causality.
Elevated FGF21 may contribute to appetite suppression and
increased energy expenditure, thereby exacerbating weight loss;
however, reverse causality is also plausible, as cachexia-related
undernutrition and systemic or hepatic stress may upregulate
FGF21. Accordingly, our findings should be interpreted as demon-
strating a clinically relevant association. Future studies incorporat-
ing longitudinal sampling and experimental approaches are required
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to clarify the directionality and underlying mechanisms of this
relationship.

This study has limitations, including its retrospective design and
the fact that it was conducted at a single center with a relatively small
sample size. In particular, the number of patients for whom addi-
tional data on handgrip strength were available was limited. Dietary
intake and overall nutritional patterns were not comprehensively
assessed in this study; therefore, we could not fully account for the
potential influence of energy intake on circulating FGF21 concentra-
tions. Therefore, a large-scale prospective study is needed to validate
these findings.

In conclusion, this study is the first to demonstrate the potential
utility of serum FGF21 levels as a diagnostic predictor of cachexia in
patients with CLD. These findings suggest that serum FGF21 may be
a valuable tool for early diagnosis and intervention in cachexia,
potentially improving clinical outcomes in this patient population.
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