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Abstract: Sarcopenia, defined as the progressive loss of muscle mass, strength, and function,
is largely prevalent but still clinically underrecognized among patients undergoing chronic
dialysis therapy. The pathogenesis involves a complex interplay of chronic inflammation,
oxidative stress, metabolic acidosis, hormonal imbalances, protein waste, malnutrition, and
reduced physical activity. This multifactorial condition profoundly impairs quality of life
and may lead to significant clinical consequences, including frailty, an increased risk of
falls and hospitalization, and elevated mortality. Despite its clinical relevance, sarcopenia
often remains underdiagnosed due to inconsistent diagnostic criteria and challenges in
assessing body composition in dialysis populations. Therapeutic strategies, including
tailored exercise programs, nutritional interventions, and pharmacological treatments, are
essential to mitigate muscle loss and improve patient outcomes. Early identification and
routine sarcopenia assessment in clinical practice could play a pivotal role in enhancing the
management of dialysis patients. A multidisciplinary, personalized approach is necessary to
address the diverse factors contributing to sarcopenia and to improve the overall prognosis
and quality of life for this vulnerable population.

Keywords: sarcopenia; end-stage kidney disease; hemodialysis; peritoneal dialysis

1. Introduction

Chronic kidney disease (CKD) represents a growing global health challenge, with its
prevalence rising steadily over recent decades [1]. Approximately 10% of the worldwide
population is estimated to suffer from some degree of CKD, and many of these patients
ultimately progress to end-stage kidney disease (ESKD), requiring renal replacement
therapy for a lifetime [1]. Chronic dialysis remains the most employed renal replacement
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modality, with millions of individuals worldwide depending on hemodialysis (HD) or
peritoneal dialysis (PD) for survival. However, the burden of dialysis extends far beyond
its technical demands, imposing substantial economic, societal, and personal costs due
to cardiovascular complications, more frequent hospitalizations, and severely impaired
physical functioning, all negatively affecting the quality of life and well-being [2—4].

Sarcopenia, a condition characterized by the progressive loss of muscle mass, strength,
and function, is largely prevalent among dialysis patients [5]. While traditionally con-
sidered an aging-associated condition, sarcopenia is now increasingly recognized as a
significant issue in younger populations with chronic illnesses [6], including ESKD. This
condition exacerbates many of the challenges already faced by dialysis patients, such as
physical disability, depression, and an increased risk of falls and hospitalizations. Sarcope-
nia also portends worse clinical outcomes, including higher mortality, underscoring its
importance as a clinical entity [7].

Despite its profound impact, sarcopenia remains underdiagnosed and clinically under-
estimated in the dialysis population. However, emerging evidence suggests that sarcopenia
is not merely a consequence of ESKD but also a modifiable risk factor that warrants
greater attention.

In this review, we will explore the multifaceted relationship between sarcopenia
and dialysis, focusing on its epidemiology, pathophysiology, and clinical implications
through a pragmatic, expert-driven literature selection approach. We will discuss the
unique mechanisms driving sarcopenia in this population and address the challenges in
diagnosing sarcopenia. Finally, we will propose early recognition and therapeutic strategies,
emphasizing the importance of incorporating sarcopenia assessment into routine care for
dialysis patients.

This review is not meant as a clinical practice guideline for diagnostic or therapeutic
decision making in patients with sarcopenia and dialysis. Instead, its objective is to provide
a comprehensive overview of the current state of knowledge, synthesizing key findings
from the literature to enhance understanding of the underlying mechanisms, assessment
methods, and clinical implications of sarcopenia in this specific population setting.

2. Epidemiology of Sarcopenia in Dialysis Patients

Studies from the general population report that the prevalence of sarcopenia in healthy
adults older than 60 years is around 10%, and it substantially increases among patients
with CKD [8,9]. In people with ESKD requiring chronic dialysis, the reported prevalence
ranges from 1.5% to 68% [10,11]. The high variation in prevalence might be partly ascribed
to heterogenous study design and differences in the patient populations’ characteristics
related to age, gender, or ethnicity and, above all, to the dialysis modality itself (PD vs.
HD) [10-12]. Furthermore, despite the established general agreement that the definition
of sarcopenia should include assessments of both muscle mass and function, uncertainty
remains on the precise cut-off levels applied to determine significant muscle loss and
whether distinct criteria should be used for separate diseases, including CKD [12,13]. Thus,
the published studies run the risk of potential overreporting or underreporting of the
sarcopenia burden in CKD patients, particularly those on chronic dialysis (Table 1).
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Table 1. Summary of the main studies providing epidemiological data on sarcopenia in dialysis

patients.

Author/Year

Study Type

Population

Findings

Notes

Isoyama et al.,
2014 [10]

Post hoc
cross-sectional
analysis with

Incident dialysis patients
N =330
Gender: 62% men

Sarcopenia prevalence: 20%.
Low muscle mass
prevalence: 24%.

Low muscle strength
prevalence: 15%.

Sarcopenia definition: DXA,
MAMC, HGS, EWGS.

Old age, comorbidities, PEW,
physical inactivity, low
albumin, and inflammation

}f)rﬁsp ective Mean age: 53 £ 13 years Multlvanable analymsz associated with low muscle
otowsup increased sarcopenia strength but not with low
risk associated with old age, muscle mass.
low albumin, PEW.
Wide prevalence of
Maintenance HD patients sarcopenia, depending on Sa.rco.penia definition: one
. (Rio de Janeiro, Brazil) method apd cut-off. criterion for low muscle
Multicenter N =102 Sarcoo}aema prevalence: mass (DXA, BIA, sum of SKF,
Lamarca et al. observational Age > 60 years old 4-63%. calf circumference, and
4 and ) o Decreased muscle mass MAMC) and one for low
2014 [11] cross-sectional Gender: 73.5% men revalence: 4-73.5% muscle strength
Mean age: 70.7 &= 7 years p ) o gt
study Median dialysis vintage: Decreased muscle strength Comparable agreement
2.5 (1;5.3) prevalence: 85%. betwegn DXA, BIA, and SKF.
’ T Sarcopenia prevalence by >2  No gait speed available.
criteria: 2-15%.
Pooled sarcopenia
prevalence: 25.6% (95% CI:
S 22.1% to 29.4%).
Dialysis patients Regional sarcopenia
15\11: ngS%N m prevalence: 15.4% in the
(31in HD, 7 in PD, 3 in HD %Sﬁ%lligsé)l;&gﬁgilés’ Sarcopenia definition: both
+ PD population) 27.9% in Asia ’ low muscle mass and low
Systematic Mean age: 62.3 years 29.1% in Euro,pe. muscle strength.
Wathanavasin YS! d Gender: 61.4% men Sarcopenia prevalence by Substantial
etal., 2022 [14] review and | Five continents: Asia di tic criteria: 36.9% b heterogeneity (I2 = 91.98%,
meta-analysis 45.6%; Europe 25.9%; iagnostic criteria: 36.9% by p < 0.001),

North America 14.3%;
South America 13.7%;
Australia: 0.5%

Mean dialysis vintage:
52.4 months

AWGS 2019, 34.9% by IWGS,
24.4% by EWGSOP 2010,
24.1% by EWGSOP 2019,
22% by AWGS 2014, 20%

by FNIH.

Sarcopenia prevalence by
dialysis modality: 26.8% in
HD, 17.5% in PD.

Higher risk of sarcopenia in
men and diabetics.

Duarte et al.,
2024 [15]

Systematic
review and
meta-analysis

Studies

N =140 (42,041 patients,
25 countries, 5 continents)
Sarcopenia prevalence:
CKD + dialysis patients
(114 studies) N = 36,190
HD patients (63 studies)
N =18,190

PD patients (8 studies)
N =1283

HD + PD patients

(4 studies)

N =662

Sarcopenia prevalence in
dialysis patients: 27.7 (95%
CI: 24.7-30.9).

Severe sarcopenia
prevalence in dialysis
patients: 26.2% (95% CI:
16.6-37.1).

Similar sarcopenia
prevalence between dialysis
and non-dialysis patients.
Significantly higher
frequency of severe
sarcopenia in dialysis vs.
non-dialysis patients.

Sarcopenia definition:
EWGSOP; EWGSOP2; IWGS;
AWGS; AWGS 2019; FNIH.
Sarcopenia traits prevalence
in dialysis:

50% for low muscle strength,
32.2% for low muscle mass,
46.8% (HD), and 47.5% (PD)
for low

physical performance.
Higher frequency of low
muscle strength in dialysis
vs. non-dialysis patients.
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Table 1. Cont.

Author/Year Study Type Population Findings Notes
Overall sarcopenia
prevalence: 28.5% (95% CI:
22.9-34.1%). Sarcopenia definition:
Sarcopenia prevalence by
1 . : o o Low muscle mass plus low
Dialysis patients: combined criteria: 25.9% le st th and /or 1
N = 6162 (95% CI: 20.4-31.3%). muscle strength and/or low
Studies Higher sarcopenia physu:al' performance
N =30 (20 in the HD prevalence in HD (31%) vs. (22 studies); low muscle
Systematic population and 10 in the PD populations (23.4%). mass (8 studies); EV_VGSOP
Shu et al., roview and PD population; 14 in Asia, Higher sarcopenia criteria 17 stud1es), AWGS
2022 [7] criteria (4 studies).

meta-analysis

8 in Europe, and

8 in America)

Mean age: 47.5 to 77.5
years; mean dialysis
vintage: 3 to 91.7 months

prevalence in studies using
low muscle mass only
(34.6%) vs. those using
combined criteria (25.9%).
Lower sarcopenia
prevalence by EWGSOP
criteria (23.4%) vs. AWGS
criteria (42.6%) and other
criteria (32.2%).

No effects of age and dialysis
duration on prevalence.

No significant differences
between dialysis modalities,
diagnostic criteria,

and consensuses.

HD patients (Brazil)
N =838

Sarcopenia prevalences are
similar between consensuses:
15.3% (128 patients) by
EWGSOP2; 12.5%

(105 patients) by SDOC.

Low muscle strength: 52.3%

Sarcopenia definition:

Duarte et al., Multicenter, a0 5 EWGSOP2 and SDOC.
2024 [16] cross-sectional ~ ender: 6.1 /o men by SDOC vs. 25.9% Marginally better agreement
Mean age: by EWGSOP2. for older patient
57.8 £15.0 years Agreement between or older patients.
consensuses:
Weak (50 of 233 patients,
21.5%; k = 0.34, 95% CI:
0.25-0.43).
S . 1 b Sarcopenia definition: DXA.
gzlrflc(;)el:;e.zma prevalence by No muscle strength
EDz%aztéents 2.2—31.3"/2 for women ﬁi?:%f&i?stsdder
Hung et al Retrospective Gender: 57.2% men éng;tz ig;;cfgrgﬁe; (58.3 £ 16) compared with
2017g[17] ' analysis, Mean age: revalence foI; men by all women (33.4 £ 15.7 years).
cross-sectional ~ 96.7 £ 16.5 years p d4i ’ y Increased sarcopenia
Ethnicity: White, Asian, gra lf?g 5ys feg}sl.) prevalence in PD patients vs.
African/ Afro-Caribbean gﬁrficietdso(; dialj SitseS, age-matched subjects by
ade uaZ, on re}\//alence ALM sex-specific cut-offs
quacy onp ’ from healthy young adults.
Similar muscle strength
between ethnicities:
AWGS: 80% Asian vs. 70% . L
HD patients White vs. 64%; Black; EWGS: Sarcqpema definition: HGS,
N = 600 90% Asian vs. 77.5% White =~ multifrequency BIA; FNIH,
Gender: 62.2% men vs. 76% Black; FNIH: 70% EWGS, AWGS.
Yoowannakul Mean age 66.3 + 14.7 Asian vs. 62.5% White vs. Muscle weakness more

etal., 2018 [18]

Cross-sectional

Ethnicity: White, N = 281;
Asian, N = 167; Black,

N = 149; Unclassified,
N=3

40% Black.

Lower muscle mass in Asian
vs. White and Black:

AWGS: 45% Asian vs. 25%
White vs. 8%, Black; EWGS:

45% Asian vs. 25% White vs.

8% Black; FNIH: 55% Asian
vs. 25% White vs. 8% Black

common than reduced
muscle mass.

Increased prevalence of low
muscle mass in Asians after
adjusting for height.
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Table 1. Cont.

Author/Year Study Type Population Findings Notes

Sarcopenia prevalence:
6.5-26.3%.

PD patient Greater sarcopenia

patients 1 : b
N =434 EI{/?]‘S, %rf{clel\lln menby Sarcopenia definition: BIA;
1(\S/Iender: 5.5.1% men Greater sarcopenia ESW! OR FHIN, AWGS.
Yoowannakul can age: prevalence in Asians > 40% 1O association between

etal.; 2018 [19]

Cross-sectional ~ 55.3 = 16.2 years
Ethnicity: White N = 235;
Black N = 83; Asian
N = 113; other ethnicities

by EWG; >35% by FNIH; vs.
White (2.3-18.7%), Black
(3.8-15.7%) by EWG

and FNIH.

sarcopenia prevalence and
residual renal function,
serum albumin, CRP, or
co-morbidity score.

N=13 . .
Sarcopenia prevalence in

Asians < 11% by AWGS
cut-off points.

Ren et al.;
2016 [20]

Cross-sectional . Jar: 81.1% men

Sarcopenia prevalence:

13.7%. Sarcopenia definition: BIA,

. Gender-related sarcopenia
EE ﬁ)gilents prevalence: 5% in men, HGS, EWGSOP.

11.8% in women.
Age-related sarcopenia
prevalence: 18.0% in patients
> 50 years; 33.3% in patients
> 60 years.

Independent sarcopenia risk
factors in multivariate
analysis: dialysis duration,
diabetes, serum phosphorus.

Mean age: 49.4 + 11.7

Legend: AWGS, Asian Working Group for Sarcopenia; BIA, bioelectrical impedance; DXA, dual-energy X-ray
absorptiometry; EWGSOP, European Working Group on Sarcopenia in Older People; FNIH, Foundation for the
National Institutes of Health Sarcopenia project; HGS, hand-grip strength; HD, hemodialysis; IWGS, International
Working Group on Sarcopenia; MAMC, mid-arm muscle circumference; PD, peritoneal dialysis; PEW, protein
energy wasting; SDOC, Sarcopenia Definitions and Outcomes Consortium; SKF, skinfold thicknesses.

2.1. General Epidemiology

The few available systematic reviews and meta-analyses yield similar results regard-
ing the overall pooled prevalence of sarcopenia in dialysis patients, ranging from 25.6 to
28.5% [7,14,15]. Data from 30 studies published after 2013, including ones defining sar-
copenia as the presence of low muscle mass alone, and involving more than 6000 patients
undergoing either hemodialysis or peritoneal dialysis, were assessed in the meta-analysis
by Shu et al. [7]. Notably, the prevalence of sarcopenia in the studies utilizing the low
muscle mass definition was 34.6%, but it dropped to 25.9% when only studies using the
combined criteria of low muscle mass and low muscle strength and /or low physical per-
formance were taken into consideration, although the difference did not display statistical
significance [7]. These findings align with the results from the meta-analysis by Duarte
et al. revealing low muscle mass in 32.2% of the pooled dialysis population [15]. Of note,
among the sarcopenia-defining criteria, muscle strength appears to be the most affected
trait compared with muscle mass and physical performance, highlighting its significance
as a determining factor of sarcopenia in dialysis patients [15]. Accordingly, a significant
difference was observed between the dialysis and CKD groups in the meta-analysis by
Duarte et al., with one in two hemodialysis patients and one in five CKD patients exhibiting
reduced muscle strength [15]. In line with the above, low physical performance was also
highly prevalent, affecting more than 45% of dialysis patients [15].

Comparison between the internationally recommended consensus criteria panels in-
dicates that the estimation of the prevalence of sarcopenia as defined by the European
Working Group on Sarcopenia in Older People (EWGSOP) might be lower than the preva-
lence of sarcopenia as defined by the Asian Working Group for Sarcopenia (AWGS) and
other criteria [7]. These data agree with results from the meta-analysis by Wathanavasin
et al., identifying the highest prevalence of sarcopenia in the AWGS 2019 diagnostic criteria
across the different guidelines (36.9%) [14]. In line with the above, a recent analysis of the
level of agreement between the revised EWGSOP2 and the Sarcopenia Definitions and Out-
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comes Consortium (SDOC) in hemodialysis patients from Brazil showed similar prevalence
rates of sarcopenia between the consensuses, but with weak agreement, especially within
younger patients [16].

2.2. Dialysis Modality

Although individual studies indicate that the estimated sarcopenia prevalence rates
in hemodialysis patients might be up to two times higher compared with the early CKD
stages, a recent meta-analysis by Duarte did not detect any significant differences in the
global prevalence of sarcopenia across the CKD stages and dialysis therapies [15]. On the
other hand, the prevalence of severe sarcopenia, as defined by the simultaneous presence of
low muscle strength, low muscle mass, and low physical performance, displayed a striking
difference, affecting 26% of patients undergoing dialysis but only 3% of non-dialysis
patients [15].

The available data indicate that peritoneal dialysis confers an advantage on muscle
wasting compared with hemodialysis. Accordingly, Wathanavasin et al. reported a pooled
sarcopenia prevalence of 26.8% in hemodialysis patients and 17.5% in peritoneal dialysis.
Similarly, the meta-analysis by Shu et al. found that sarcopenia was more prevalent
in hemodialysis patients than peritoneal dialysis patients, despite the lack of statistical
significance [7,14]. Several factors might be implicated in the beneficial impact of peritoneal
dialysis on the conservation of muscle mass and muscle function, including the younger
patient age; the better health status, with fewer comorbidities and superior cognitive
function; as well as the greater preservation of residual kidney function in peritoneal
dialysis compared with hemodialysis patients. Yet, the subgroup analyses focusing on
dialysis modality in these meta-analyses exhibit limitations due to the small number of PD
patients included [7,14].

2.3. Impact of Gender

The available studies provide controversial results regarding gender-related differ-
ences in the overall prevalence of sarcopenia; however, gender seems to particularly affect
specific sarcopenia-related traits such as muscle strength [15]. Accordingly, a retrospective
analysis of the results of body composition by DEXA scans from 325 patients receiving
peritoneal dialysis showed that the percentage of patients with reduced muscle mass,
indexed by dividing by height squared, varied from 2.2-31.3% for female patients and
25.1-75.6% for male patients, depending on the appendicular lean body mass cut-offs
recommended by the European and North American clinical guidelines [17]. Using the
age- and gender-adjusted NHANES normative data, the prevalence of muscle loss was
more pronounced for men than women [17,21]. A study evaluating gender disparities in
the prevalence of sarcopenia using the available definitions in 600 hemodialysis patients
showed that although male patients had a greater muscle mass compared with female
patients, there was a striking decrease in sarcopenia prevalence in women following adjust-
ment for body mass index (BMI) [18]. Notably, relatively more women exhibited reduced
hand-grip strength in this study, regardless of the sarcopenia definition utilized and the
cut-off criteria applied for gender. These findings support a higher prevalence of muscle
weakness compared with muscle mass loss in female hemodialysis patients compared with
their male counterparts [18].

2.4. Regional and Demographic Differences

Key factors related to sarcopenia, such as body composition as well as factors related to
lifestyle, including nutritional patterns and physical activity behavior, vary with ethnicity.
Thus, despite the high level of agreement observed between standard anthropometric esti-
mating equations of total body water with bioimpedance analysis measurements, ethnicity



Medicina 2025, 61, 449

7 of 36

seems to affect body composition, including the relative amount of water and adipose
tissue content [22,23].

Asian patients are reported to have lower muscle mass compared with the northern
European and African American populations, which might confound the estimation of
sarcopenia prevalence by the current definitions in these patients [24]. Accordingly, Yoowan-
nakul et al. examined the effect of ethnicity in two separate multiracial cohorts including
600 hemodialysis and 434 peritoneal dialysis patients, respectively [18,19]. Regarding
hemodialysis patients, a greater proportion of Asian patients displayed reduced muscle
strength compared with both White and Black patients according to the recommended
hand-grip strength criteria, which were applicable for all definitions, including the AWGS,
EWGS, and FNIH clinical guideline recommendations [18]. Overall, Asian hemodialysis pa-
tients displayed a significantly increased prevalence of sarcopenia compared with the other
races, even following adjustment of lower muscle mass for a shorter height, as indicated by
all three guidelines [18]. Similarly, in the peritoneal dialysis cohort, evaluation by segmental
bioimpedance of appendicular lean mass indexed to height showed that Asian women
had lower muscle mass adjusted for BMI compared with Black women, whereas Asian
men had lower muscle mass compared with both White and Black men [24]. Nonetheless,
despite the greater prevalence of reduced appendicular lean mass found in male Asian
patients when utilizing the European (>40%) and North American (>35%) criteria, the
application of the AWGS cut-offs for the Asian patients markedly reduced the prevalence
to 10.5% [24]. In contrast, the meta-analysis by Duarte et al. did not detect any significant
differences following analysis stratification by Asian and non-Asian countries or among the
European and Asian guidelines; however, it should be noted that both CKD and dialysis
patients were included in their data analysis [15]. Finally, Wathanasin et al., in a geographic
assessment of the sarcopenia frequency in dialysis patients spanning five macro-regions,
Australia, Asia, Europe, and North and South America, showed that the lowest absolute
prevalence was observed in North America (15.4%), followed by Australia (17.9%), South
America (20.4%), Asia (27.9%), and Europe (29.1%) [14]. Therefore, the conclusion may be
drawn that the currently available definitions of sarcopenia cannot be uniformly applied
to racially diverse populations, and the development of updated definition panels should
take into consideration ethnicity-matched anthropometric normative data. Of note, there is
a paucity of data from the African continent, and future studies are required to shed light
on the epidemiological burden and the specific features of sarcopenia in African dialysis
patients [25].

3. Risk Factors and Pathogenesis of Sarcopenia in Dialysis Patients

Sarcopenia in dialysis patients has a complex and multifaceted origin, involving gen-
eral and dialysis-specific factors such as chronic inflammation, oxidative stress, metabolic
acidosis, and hormonal imbalances. Additionally, uremia-induced protein-energy wasting
and the physical and psychological burden of dialysis therapy further accelerate muscle
loss. These mechanisms are compounded by age-related changes, comorbidities, and
reduced physical activity, creating a multifactorial syndrome that characterizes sarcopenia
in the ESKD-dialysis setting (Figure 1).
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Figure 1. Multifactorial pathogenesis of sarcopenia in dialysis patients. This figure illustrates
the multifactorial mechanisms contributing to sarcopenia in dialysis patients. It highlights the
interplay between hemodialysis (HD) and peritoneal dialysis (PD) with factors such as malnutrition,
oxidative stress, metabolic acidosis, and hormonal dysregulation. The diagram also emphasizes
the role of chronic kidney disease-mineral and bone disorder (CKD-MBD), inflammation, and
mitochondrial dysfunction in muscle wasting and reduced physical activity. Key elements include
insulin resistance, ubiquitin—proteasome system upregulation, and erythropoietin (EPO) deficiency,
all of which contribute to impaired muscle function and mass loss.

3.1. Reduced Physical Activity

Poor physical activity is largely prevalent in dialysis patients and is related to worse
outcomes and mortality. The main causes include fatigue, muscle weakness, chronic
inflammation, and the physical toll of their underlying kidney disease [26]. Regular
hemodialysis sessions can lead to a sedentary lifestyle, as patients spend significant time
receiving treatment and recovering afterward [27]. Beyond physical factors, psychological
barriers play an equally important role. Depression and anxiety are highly prevalent in this
population, stemming from the chronic nature of kidney disease, the burden of frequent
dialysis sessions, and uncertainty about their prognosis. These mental health challenges
can lead to apathy, low motivation, and a sense of helplessness, making it difficult for
patients to engage in physical activity [28]. Fear of injury or worsening their health may also
discourage exercise. Furthermore, social isolation and a perceived stigma related to their
illness can reduce their willingness to participate in group or community activities. These
psychological barriers contribute to a sedentary lifestyle, which exacerbates muscle wasting
and increases the risk of sarcopenia, creating a cycle of physical and emotional decline.
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Low physical activity may trigger deconditioning, defined as a decline in physical
function and a progressive loss of muscle mass due to physical inactivity. Resting muscle
oxygen consumption (rmVO?), which determines the muscle’s ability to consume oxygen
from the blood, might serve as a non-invasive marker quantifying both the degree and the
potential reversibility of myopathy in dialysis [29]. Compared with healthy controls, dialy-
sis patients have a two-fold increase in rmVO?; physical exercise in dialysis causes a 23%
reduction in rmVO? values, suggesting that exercise might ameliorate muscle dysfunction
in HD.

3.2. Inflammation

The strong link between inflammation and dialysis-related sarcopenia has been re-
peatedly reported, with C-reactive protein among the inflammatory markers emerging
as the most common predictor of sarcopenia in these patients [30,31]. Inflammation is a
common feature in advanced CKD and is more exacerbated in ESKD. In this stage, there is
an increase in the circulating levels of catabolic inflammatory cytokines, such as C-reactive
protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-«x), which trigger
catabolic processes, including the downregulation of albumin synthesis, protein degra-
dation, and the promotion of anorexia [32,33]. However, even in well-dialyzed patients
with preserved appetite, these pro-inflammatory cytokines might also shift the protein
generation from muscle to acute-phase proteins, leading to overall hypoalbuminemia, loss
of body weight, and muscle deficit, possibly through upregulation of the ATP—ubiquitin—
proteasome molecular pathway, hypermetabolism, and insulin resistance [34]. Therefore,
inflammation represents a major causal factor linking malnutrition and protein-energy
wasting to muscle dysfunction and cardiovascular disease (CVD) in dialysis patients. A
multicenter, cross-sectional study including 209 HD patients showed that sarcopenia was
closely associated with increased high-sensitive CRP levels [35].

3.3. Fluid Overload and Dialysis Prescription

Fluid overload has been associated with muscle mass decline and sarcopenia de-
velopment in dialysis patients [36,37]. Recent findings indicate that elevated N-terminal
pro-B-type natriuretic peptide (NT-proBNP), a marker of overhydration, might serve as an
independent predictor for lean body mass decrease in hemodialysis patients [38,39]. These
findings are in agreement with results from the meta-analysis by Wathanasin et al., which
revealed a time-dependent effect with regard to the dialysis procedure in the diagnosis
of sarcopenia (21.5% before hemodialysis to 27.8% post hemodialysis) [14]. Indeed, body
composition evaluation before the hemodialysis session might generate less-reliable results
and overestimate the muscle mass due to increased water content [40]. Even though data
regarding the influence of convective treatments on sarcopenia are limited, a recent study
showed that patients undergoing high-volume hemodiafiltration displayed larger muscle
mass compared with those undergoing high-flux hemodialysis [41].

3.4. Malnutrition and Protein Loss

Malnutrition is common in dialysis patients due to reduced appetite, dietary restric-
tions, and the metabolic effects of kidney failure. It can lead to muscle wasting, weakened
immunity, and poorer treatment outcomes. On top of this, dialysis treatment may be
associated with increased protein waste during the procedure. Daily peritoneal protein
losses in peritoneal dialysis patients vary between 5 and 15 g daily, whereas each hemodial-
ysis session removes 6 to 12 g of amino acids; however, the clinical consequences remain
ambiguous [42,43]. Even though most studies show an inverse correlation between serum
albumin levels and sarcopenia prevalence, no association has been observed between
protein losses during the dialysis procedure and muscle mass or strength [44].
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3.5. L-Carnitine Deficit

Hemodialysis patients with sarcopenia have lower levels of carnitine, an essential
co-factor for the oxidation process of long-chain fatty acids and energy generation in
the skeletal muscles, compared with those without, thus supporting a possible role for
carnitine as a biomarker for sarcopenia assessment in this setting [45]. Additionally, L-
carnitine plays a crucial role in mitochondrial function and energy metabolism and may
influence muscle protein synthesis pathways, particularly through the regulation of the
mTOR signaling pathway. By modulating mitochondrial efficiency and reducing oxidative
stress, L-carnitine could contribute to maintaining muscle mass in dialysis patients [46].
Supplementation of L-carnitine in HD increased muscle strength, as assessed by rating
scales and questionnaires, but it had no effect on endurance [47] or muscle levels of long-
chain fatty acids oxidation (FAO). However, L-carnitine failed to show any beneficial effects
when muscle function and bioenergetics were assessed by magnetic resonance imaging
and near-infrared spectroscopy [48].

3.6. Altered Mineral Metabolism

A significant body of experimental and clinical evidence from the general population
indicates the key role of parathormone (PTH) and vitamin D on skeletal muscle health;
thus, CKD-MBD components have emerged as important sarcopenia risk factors in dialysis
patients [49,50]. A linear association between elevated serum levels of intact PTH and low
appendicular skeletal muscle index was found in a cohort of peritoneal dialysis patients,
with individuals with intact PTH levels above 300 pg/mL displaying a 4.74-fold increased
odds ratio (OR) (95% CI: 1.53-14.70) for sarcopenia compared with those having intact
PTH levels less than 150 pg/mL [36]. On the other hand, considering that Wathanasin
et al. found lower serum PTH levels in dialysis patients with sarcopenia, the existence
of a U-shaped relationship between PTH and sarcopenia should be taken into considera-
tion [14]. Likewise, an independent association was shown between lower serum 25 (OH)
vitamin D levels with muscle mass and strength impairment in both peritoneal dialysis
and hemodialysis patients, with serum 25 (OH) vitamin D levels lower than 10 ng/mL
displaying an OR of 5.60 (95% CI: 1.52-20.57) for sarcopenia [51,52]. Risk prediction models
incorporating various risk factors have been developed in dialysis patients to identify those
at higher risk for sarcopenia development; still, future studies are required to validate
their performance [53]. ESKD is a state of vitamin D deficiency and impaired metabolism
of calcium, which is essential for the upregulation of myofibrillar ATPase activity and
the skeletal muscle excitation—contraction coupling. Depletion of vitamin D has been
linked with muscle weakness in various settings, including vitamin D-induced rickets and
statin-associated myopathy [54,55]. In HD, advanced osteomalacia promotes muscle fiber
atrophy and severe proximal myopathy [56], whereas 25 (OH) D levels are associated with
lower extremity muscle force [57]. Treatment with native vitamin D or synthetic analogs
prevents fractures, reduces falls, and in HD patients, improves myopathy symptoms [58].
Notably, intoxication with aluminum (which was first used as a phosphate binder) com-
monly causes proximal muscle weakness and bone pain; however, the affected patients
are usually asymptomatic at first. Both primary [59] and secondary hyperparathyroidism
(SHP) [60] have been associated with neuropathy, muscle loss, and atrophy; however, only
the myopathy attributed to primary hyperparathyroidism is reversible after suppression
of PTH, which implies causality [61]. Yet, in dialysis, SHP and vitamin D deficiency are
interrelated entities that are difficult to distinguish.
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3.7. Uremic Metabolic Alterations

Uremic middle molecular weight compounds are not effectively removed by standard
HD and might be toxic to skeletal muscles [62—-64]. This was first shown in 1969, when
induced uremic intoxication in animals caused muscle weakness and limited physical activ-
ity [65]. The majority of ESKD patients present increased levels of ouabain, an endogenous
factor similar to digitoxin, which inhibits the sodium—potassium ion pump (Na-K-ATPase),
causing intracellular changes in electrolytes that directly affect muscle contractility [66,67].
Moreover, the uremic environment might affect the FAO, which represents the main energy
source of skeletal muscle energy, thus leading to uremic myopathy and sarcopenia [62].

3.8. Metabolic Acidosis

Metabolic acidosis (MA) resulting from the overproduction of nonvolatile acids, high
loss of bicarbonate, and reduced renal removal of acid, is a common feature in advanced
CKD. Oral correction of MA, in addition to the preservation of kidney function, might
also improve muscle mass [68,69]. In ESKD, MA occurs in the pattern of low to moderate
intermittent state and promotes muscle protein breakdown and muscle atrophy through
overactivation of the ATP—ubiquitin-proteasome molecular pathway [70], increased en-
dogenous generation of glucocorticoids, and suppression of the insulin anabolic effects [71].
Despite the use of bicarbonate dialysate in HD patients with adequate Kt/v, pre-dialysis
circulating carbon dioxide was inversely associated with protein catabolic rate [72]. A
crossover study in 16 HD patients showed that correction of MA reduced muscle net
phenylalanine efflux, thus suggesting that MA increases protein degradation in skeletal
muscle [73].

3.9. Oxidative Stress

Dialysis is a state of increased oxidative stress (OS) due to the overproduction of
reactive oxygen species (ROS) triggered by the contact of the patient’s blood with the
bioincompatible dialysate and filter [74]. Other factors promoting OS include intravenous
iron and erythropoietin (EPO) agents, the use of central venous catheters, reduced dietary
intake of antioxidants, and the loss of antioxidant trace elements and vitamins through
the dialysis filter. Dialysis-induced OS triggers a muscle catabolic state, suppresses muscle
production, reduces muscle contractility, and downregulates sarcomeric protein expres-
sion [75,76]. These detrimental effects might be either acute or long-term and are usually
irreversible. Acutely, ROS and elevated nitrogen species that are generated during an HD
session decrease Ca* sensitivity and cause oxidative modification of the sarcoplasmic
reticulum Ca?* channels [77,78], thus leading to muscle fatigue; conversely, long-term
exposure to free radicals causes a progressive oxidative modification of the structure and
function of biomolecules (lipids, proteins, genes, carbohydrates) that are essential for mus-
cle contractility [78]. Experimental uremia triggers critical alterations in skeletal myosin
heavy chains [79], which is confirmed by clinical data; a skeletal muscle biopsy study
showed increased oxidative injury of proteins and lipids (assessed by protein carbonyls
and malondialdehyde) [80] and several deletions of mitochondrial DNA mutations in the
muscles of dialysis patients that were attributed to accelerated protein degradation and
elevated circulating inflammatory cytokines. It is suggested that the muscle of HD patients
undergoes adaptive changes in the content and activity of glutathione, catalase, and heat
shock protein, which might be triggered by long-term OS [81]. These findings suggest a
pivotal role of OS in the pathogenesis of uremic skeletal myopathy [75].
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3.10. Mitochondrial Dysfunction

Mitochondria are organelles playing a pivotal role in muscle homeostasis. The muscle
mitochondria of HD patients have decreased content and DNA copies, altered structures
with excessive fragmentation, and impaired dynamics and biogenesis capacity, factors
leading to functional decline [82]. These alterations in mitochondrial metabolism and
function, irrespective of oxygen supply, lead to sarcopenia. In HD, OS, along with in-
flammation, reduces mitochondrial efficiency and results in mitochondrial uncoupling,
characterized by decreased coupling of the adenosine triphosphate generated with oxygen
consumed [83-85]. These alterations might occur before the decline in physical function and
correlate with decreased physical performance and increased intramuscular adiposity [86].

3.11. Endocrine Alterations

Accelerated protein catabolism might be promoted by the downregulation of anabolic
hormones, including insulin. Insulin resistance occurs in ESKD due to inflammation, central
adiposity, and other metabolic changes. In both diabetics and non-diabetics, as well as
non-obese HD patients, insulin resistance is a major determinant of skeletal muscle protein
turnover and increased protein degradation, irrespective of inflammation status [87]. All
HD patients (irrespective of gender) have androgen deficiency, which promotes myopathy.
Before the EPO era, anabolic steroids were used for the treatment of renal anemia, and
they have been reported to increase muscle mass and strength and improve physical
strength and the parameters of body composition [88,89]. A large longitudinal study
enrolling 440 HD patients from 14 centers reported that a 50% reduced free testosterone
concentration was associated with a 1.40-fold higher risk for frailty (defined by grip strength
and gait speed) and a 1.55-fold risk of sarcopenia [90]. A 2 x 2 randomized controlled
trial (RCT) of resistance exercise training and supplementation of the anabolic steroid
nandrolone decanoate in 79 stable HD patients showed that nandrolone increased lean
body mass by 3.1 kg and the muscle mass of the quadriceps. In contrast, exercise increased
only muscle size [91].

3.12. Other Factors

A deficiency of EPO might contribute to muscle impairment either because EPO
affects the muscles directly or because the resulting renal anemia reduces muscle oxygen
delivery. Correction of anemia in HD patients improves endurance, functional ability, and
leg physical strength measured both isokinetically and isometrically [92]. Treatment with
EPO improves the diameter of muscle fibers and repairs muscle structure abnormalities [93],
and when hemoglobin values of 11 g/dL are achieved, there is a 10-30% improvement in
leg and arm muscle strength [94].

The choice of vascular access might affect muscle function locally. An arteriovenous
fistula in the forearm will most likely limit both gross and fine motor skills of this arm.
Moreover, restrictions regarding heavy lifting might lead to a decrease in muscle mass and
reduce patient activity.

4. Clinical Consequences of Sarcopenia in Dialysis Patients

The progressive and debilitating loss of skeletal muscle mass and strength has major
effects on short- and long-term comorbidities among dialysis patients, including physical
impairment and profound impacts on health, quality of life, cardiovascular diseases, and
overall survival.
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4.1. Physical Complications

The physical complications of sarcopenia are immediately notable in dialysis patients
and include decreased mobility, decreased exercise capacity, and challenges in carrying
out activities of daily living (ADLs). Muscle wasting impairs strength and endurance,
making daily tasks such as walking, climbing stairs, and maintaining balance harder. As
for the elderly population, the decrease in muscle strength occurs rapidly compared with
the muscle mass loss among CKD patients; in addition, alterations in muscle quality with
muscle fiber atrophy were described in an animal model of progressive kidney disease [95].
Similar findings were reported by Fahal et al., who analyzed the prevalence and causes
of muscle weakness in dialysis patients by examining the quadriceps muscle force and
contractile properties, reporting interesting results. Quadriceps muscle strength was lower
in hemodialysis patients compared with healthy subjects, especially in those who were mal-
nourished, and their muscle mass exhibited a slower rate of relaxation; moreover, muscle
biopsies revealed important changes in muscle quality, and they described a significant
atrophy in type I and II fibers in around 40% of the study population [96]. Consistent with
these results, Johansen et al. investigated muscle atrophy among hemodialysis patients and
highlighted a significant atrophy and an increase in non-contractile tissue in the muscle
mass of such populations, suggesting that muscle function loss is more correlated with
muscle quality impairment than a progressive muscle loss [97]. In addition, several longi-
tudinal studies indicate that loss of muscle strength represents a strong predictor of several
complications among patients on chronic dialysis, including the risk of hospitalization and
mortality [15,98].

4.2. Reduced Quality of Life

The decline in physical function in sarcopenic patients translates into a markedly
reduced quality of life. Health-related quality of life (HRQoL) assessments consistently
show lower scores in hemodialysis patients with sarcopenia, with physical, emotional, and
social consequences. The loss of independence and the need for caregivers for daily needs
affect patients’ sense of dignity and self-esteem; additionally, the chronic stress related to
the hemodialysis condition, associated with the frustration from physical limitations, often
leads to depression and anxiety, compounding the psychological burden of living with
ESKD. In a clinical study including 113 patients on chronic hemodialysis, lower appen-
dicular lean mass (ALM) measured by segmental bioimpedance correlated with higher
depression, anxiety, and self-reported general health scores (Beck Depression Inventory-II,
BDI-II; Hospital Anxiety and Depression Scale, HADS) [99].

4.3. Frailty and Risk of Falls

The loss of muscle strength and coordination significantly compromises mobility in
dialysis patients. The reduced muscle mass and strength contribute to the development
of frailty, a clinical syndrome characterized by increased vulnerability related to the loss
of specific features or functions [100]. Frail patients are more likely to carry an increased
risk for poor health outcomes including falls, infections, incident disability, hospitalization,
complications from surgical procedures, and overall mortality. Frailty was evaluated
in a cross-sectional and longitudinal study on 119 patients on peritoneal dialysis using
the Clinical Frailty Scale (CFS). Patients with frailty exhibited significantly lower skeletal
muscle mass index (SMI), hand-grip strength, and usual walking speed [101]; in addition,
in a multivariate logistic regression model, sarcopenia strongly correlated with CFS after
adjusting for age, gender, BMI, and normalized protein equivalent nitrogen appearance
(nPNA) (OR 12.2, 95% CI: 2.27-65.5, p = 0.003) [101].
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Sarcopenic patients are at an increased risk of falls with a consequent high likelihood
of fractures and related complications in this population; repeated falls and injuries further
reduce mobility, increasing dependence and reducing quality of life. In this scenario,
dialysis patients with sarcopenia presented weakened musculature, poor balance, and
impaired coordination, leading to an increased risk of fracture. Falls often result in fractures,
particularly of the hip and pelvis, which are associated with high morbidity and prolonged
recovery times. In a cross-sectional study enrolling 100 hemodialysis patients in Buenos
Aires, sarcopenia was significant among the study population (43.7% of patients), and those
with lower hand-grip strength (NGS) were characterized by a high prevalence of falls (2 or
more falls in 40% of patients) [102]. Additionally, hospitalization for fall-related injuries
can complicate disease management, due to the need to adapt the dialysis schedule, and
further exacerbate sarcopenia through inactivity and bed rest.

Another critical point is the impact of sarcopenia and reduced mobility in limiting
participation in social activities, with consequent isolation and a decline in mental health.
In a cross-sectional study including 238 patients on chronic hemodialysis, the degree of
dependency in activities of daily living (ADLs) was assessed and associated with the
prevalence of sarcopenia in that population [103]; severe sarcopenia (30.7% of the study
population) was closely associated with dependency in basic ADLs (OR 4.68, 95% CI:
2.11-10.40) and instrumental ADLs (OR 3.24, 95% CI: 1.61-6.53), and gait speed was the
predominant component affecting dependency in ADLs [103].

For many patients, the loss of autonomy is one of the most devastating consequences
of sarcopenia, underscoring the need for targeted interventions designed to improve muscle
mass and to reduce levels of depression and anxiety and improve the general quality of
life, preserving physical function and social engagement.

4.4. Increased Hospitalization Rate

Sarcopenia significantly increases the risk of hospitalization in dialysis patients, with
wide-ranging consequences for health and healthcare utilization.

Few studies have reported on the impact of sarcopenia on the risk of hospitalization
among hemodialysis patients [104,105]. In a 3-year longitudinal study including 126 chronic
hemodialysis patients, although severe sarcopenia was not correlated with hospitalization,
a lower hand-grip strength (HGS) and slow gait speed were significantly associated with an
increased risk of hospitalization [105]. Conversely, the risk of hospitalization was reported
as significantly higher in hemodialysis patients with sarcopenia in a longitudinal study of
170 patients from 6 dialysis centers in Brazil [104].

Sarcopenia demonstrates a close association with PEW, a clinical condition marked
by severe malnutrition and consequent immune dysfunction [106,107]. This immunosup-
pression represents a critical issue in dialysis patients, since the increased vulnerability to
infections may increase the risk of peritonitis in individuals on peritoneal dialysis and vas-
cular access-related infections in hemodialysis patients. Furthermore, the reduced recovery
potential in frail and sarcopenic patients is associated with impaired wound healing and
a high risk for post-surgical complications, and it substantially raises the probability of
hospital readmissions.

The cumulative effects of malnutrition, immune dysfunction with infectious complica-
tions, physical injuries, disability, and delayed wound resolution extend hospitalization
length of stay for dialysis patients with sarcopenia. In this scenario, a deleterious vicious
cycle occurs, as the prolonged hospital stays exacerbate muscle atrophy through disuse and
suboptimal nutritional support, worsening sarcopenia. In this scenario, an integrative and
multidisciplinary approach is required, including nutritional rehabilitation and structured
physical therapy for hospitalized patients to disrupt this vicious cycle.
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4.5. Mortality and Cardiovascular Risk

The link between sarcopenia and mortality risk in dialysis patients is well reported,
with extensive evidence suggesting its role as an independent determinant of adverse out-
comes. Notably, cardiovascular disease, the predominant mortality cause among hemodial-
ysis patients, shares significant overlaps with sarcopenia. In a cohort study including 308
patients, the presence of diabetes and sarcopenia correlated with the all-cause mortality
rate, especially in the older population (>60 years) [108]. In addition, although muscle
mass and strength are prevalent in the dialysis population, they are often not congruent,
as loss of muscle strength may occur even in the context of normal muscle mass; patients
with low muscle strength were at an increased risk of mortality, irrespective of their muscle
mass [10,14].

A recent systematic review and meta-analysis including 41 studies with 7576 dialysis
patients analyzed the impact of sarcopenia on cardiovascular events and overall mortal-
ity [14]; sarcopenia evaluated by both criteria (low muscle mass, LMM; low muscle strength,
LMS) was significantly associated with an increased risk for mortality (OR 1.83, 95% CI:
1.44 to 2.39, p < 0.001).

Two milestone studies investigated the relationship between sarcopenia and cardio-
vascular events [109,110], both reporting a strong association. Conversely, Baltaci et al.
analyzed the impact of sarcopenia on pre-atherosclerotic markers, cardiovascular events,
and mortality among 106 hemodialysis patients [108]; no differences in the carotid intima
media thickness and pulse wave velocity measures were reported between patients with
and without sarcopenia, and no differences in cardiovascular events and overall deaths
were highlighted during the 2-year follow-up period, except for a significant increase in
the mortality risk among sarcopenic PD patients [108].

Chronic systemic inflammation, characterized by elevated pro-inflammatory cytokines
such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-«x), serves as a pivotal
intermediary between sarcopenia and cardiovascular complications [98]. These inflam-
matory markers induce endothelial dysfunction, arterial rigidity, and accelerated athero-
genesis, collectively amplifying cardiovascular event risk. Concurrently, inflammation-
driven muscle degradation perpetuates the interplay between sarcopenia and systemic
cardiovascular compromise.

In addition, PEW synergistically intensifies cardiovascular risk by deranging metabolic
equilibrium [106]. The resultant malnutrition and muscle catabolism impair glucose home-
ostasis, fostering insulin resistance and increasing susceptibility to type 2 diabetes mellitus.
These metabolic aberrations accelerate the trajectory of cardiovascular pathology, thereby
magnifying mortality and cardiovascular risks among sarcopenic dialysis patients.

Table 2 summarizes findings from the main clinical sarcopenia studies in dialysis patients.

Table 2. Main clinical studies evaluating the impact of sarcopenia risk measures on clinical outcomes.

Sample Size

Study Year Study Design ) Main Findings
Abdala et al. [110] 2021 Cross-sectional 100 High prevalence of falls in patients with lower HGS.
Association between appendicular lean mass (ALM)
Alston et al. [99] 2018 Cross-sectional 113 index and increased self-reported depression,
anxiety, and decreased general health.
No association between sarcopenia and
Baltac et al. [108] 2022 Prospective cohort 106 pre-atherosclerotic markers, cardiovascular events,
and all-cause mortality.
Chao Li et al. [111] 2021 Cross-sectional 112 Severe sarcopenia was independently associated

with anorexia.
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Table 2. Cont.

Study

Year

Study Design

Sample Size

(n)

Main Findings

Cheng et al. [103]

2021

Cross-sectional

238

Severe sarcopenia was significantly associated with
dependency in the basic and instrumental activities
of daily living (ADLs) (OR, 4.68, 95% CI: 2.11-10.40;
OR, 3.24, 95% CI: 1.61-6.53, respectively).

Elder et al. [112]

2023

Prospective cohort

77

Sarcopenia is highly prevalent in elderly
hemodialysis patients but is not an independent
predictor of mortality.

Ferreira et al. [113]

2022

Cross-sectional

127

Patients diagnosed with sarcopenia had almost three
times higher risk for mortality.

Giglio et al. [104]

2018

Cross-sectional

170

In the adjusted multivariate Cox analysis, low
muscle strength and sarcopenia were associated
with higher hospitalization rates. Sarcopenia was a
predictor of mortality.

Heeryong Lee et al.

[114]

2020

Cross-sectional

131

Inadequate nutrition was associated with the risk of
osteoporosis and sarcopenia but not
cognitive impairment.

Hiroya Hayashi
etal. [115]

2022

Retrospective
cohort

244

Both sarcopenia and dynapenia resulted in
significantly higher CV events than
non-sarco-dynapenia in patients undergoing HD
(HR 8.00; 95% CI: 2.73-34.1; p < 0.0001 vs. HR 4.85;
95% CI: 1.28-23.0; p < 0.02).

Hyung Eun Son
etal. [116]

2022

Cross-sectional

177

Low skeletal muscle mass to dry body weight ratio
(SMM/WT) had a higher rate of intradialytic
hypotension (40.7%).

Ishimura et al.
[117]

2022

Retrospective
cohort

308

Patients with sarcopenia and sarcopenic obesity had
significantly higher rates of all-cause mortality
(p = 0.0004).

Isoyama et al. [10]

2014

Cross-sectional

330

Low muscle strength was more strongly associated
with aging, protein-energy wasting, physical
inactivity, inflammation, and mortality.

de Luca Corréa
etal. [118]

2023

Prospective study

247

Sarcopenic patients had higher numbers of
cardiovascular disease (56.9% vs. 12.6%) and
hospitalizations (93.8% vs. 49.5%). Sarcopenia was
associated with a significantly higher risk of
mortality (HR = 3.3, 95% CI: 1.6-6.9, p = 0.001).

Kittiskulnam et al.
[119]

2017

Prospective cohort

645

Both gait slowness and low hand-grip strength
significantly improved the net reclassification index
compared with models without performance
measures (50.5% for slowness and 33.7%

for weakness).

Kobayashi et al.
[120]

2021

Cross-sectional

58

The Skeletal Muscle Mass Index (SMI) and Geriatric
Nutritional Risk Index (GNRI) were the factors
associated with all-cause mortality in all patients.

Kono et al. [121]

2021

Prospective cohort

635

Hand-grip strength (HR 3.61, 95% CI: 1.70-7.68,
p <0.001) and the five-times chair stand test (HR
1.71 95% CI: 1.01-2.90, p = 0.045) were significant

predictors for mortality.

Mori et al. [122]

2019

Prospective cohort

308

Patients with sarcopenia demonstrated significantly
higher rates of all-cause mortality.

Ren et al. [20]

2016

Cross-sectional

131

The one-year survival in sarcopenic patients (88.9%)
was significantly lower than that in
non-sarcopenic patients.

Sanchez-Tocino
etal. [123]

2022

Prospective cohort

60

Appendicular skeletal muscle mass (ASM) and
severity (gait speed, GS) variables were associated
with mortality (HR 3.03, 95% CI: 1.14-8.08, p = 0.028).
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Table 2. Cont.

Sample Size

Study Year Study Design n) Main Findings
Low appendicular skeletal muscle mass predicted by
Tine-Yun Lin et al the Body Composition Monitor (BCM) equation was
& [124] ’ 2020 Cross-sectional 263 associated with significantly worse overall survival
among CKD patients but not those on
chronic hemodialysis.
Tsuiimoto ot al Concomitant sarcopenia and malnutrition were
) [125] ’ 2024 Prospective cohort 450 significantly associated with a risk of mortality (HR
- 2.10; 95% CI: 1.05-4.21; p = 0.037).
: Decreased skeletal muscle mass contributes to
Ulgen etal. [126] 2022 Cross-sectional 7 increased arterial stiffness in hemodialysis patients.
Sarcopenia was associated with Low Bone Mineral
Wang et al. [127] 2023 Cross-sectional 130 Disease (BMD) (OR = 5.894, 95% CI: 1.592-21.830,
p <0.01).
Worse nutritional status increases the risk of lower
Xavier et al. [128] 2022 Cross-sectional 218 hand-grip strength and mortality in
hemodialysis patients.
Osteosarcopenia was independently associated with
Xiang et al. [129] 2023 Prospective cohort 209 all—gause mortahty (HR = 3.74, 95% CI 1 172-11.938),
while osteoporosis alone and sarcopenia alone
were not.
Both greater changes in the appendicular skeletal
mass index and hand-grip strength had a lower risk
Yang et al. [130] 2023 Prospective cohort 1117 of cognitive impairment (adjusted OR = 0.857, 95%
CI: 0.778-0.945, p = 0.002; adjusted OR = 0.976, 95%
CI: 0.963-0.989, p < 0.001, respectively).
Yoshikoshi et al. 2024 Retrospective 328 Osteosarcopenia showed a higher risk of all-cause
[131] cohort mortality than the robust group.
. . . Dynapenia was associated with increased risks of
Yoshikoshi et al. 2022 Retrospective 616 all-cause mortality and CV hospitalizations among
[132] cohort . . .
patients on hemodialysis.
Patients with low gait speed and hand-grip strength
Yu Ho Lee et al. . had the highest risks for all-cause mortality and
[133] 2020 Prospective cohort 277 cardiovascular events among the groups (adjusted
HR 2.72, p = 0.024).
Yuenyongchaiwat 2021 Cross-sectional 104 Sarcope;uc patients had lqw physical activity, a high
etal. [134] depression score, and an increased mortality risk.
Yu-Li Lin et al Muscle quality (HR = 0.42, 95% CI: = 0.19-0.93,
u ElOl’Sn] etat 2020 Cross-sectional 126 p = 0.032) was independently associated with the
composite outcome of hospitalization or death.
The association between sarcopenic obesity and
Zhou et al. [135] 2023 Cross-sectional 2743 cognitive impairment was statistically significant

after adjusting for age, sex, and educational status
(OR, 1.47; 95% CI: 1.11-1.96).

Legend: CI, confidence interval; CV, cardiovascular; CKD, chronic kidney disease; HD, hemodialysis; HR, hazard
ratio; NR, not reported; OR, odds ratio.

5. Methods for Assessing Sarcopenia in Dialysis Patients

The appropriate assessment of sarcopenia in dialysis patients is crucial for early
identification and management. Numerous methods exist to evaluate sarcopenia, each
with distinct advantages and limitations. These methods broadly encompass imaging
techniques, anthropometric and physical performance tests, and biochemical markers,
reflecting the multifaceted nature of sarcopenia (Figure 2). The choice of assessment
method often depends on clinical context, resource availability, and patient-specific factors.
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Figure 2. Main methods for assessing sarcopenia in dialysis patients. This figure presents an
overview of methods used to assess sarcopenia in dialysis patients, categorized into anthropometric
measurements (muscle circumference, BMI, skinfold thickness), skeletal muscle mass evaluation
(bioelectrical impedance analysis, DEXA, CT, MRI, and ultrasound), functional performance tests
(hand-grip strength, dynamometer, timed up-and-go, sit-to-stand test, incremental shuttle walk test,
and six-minute walk test). Surrogate biomarkers associated with sarcopenia, including inflammatory
markers (IL-6, TNF, C-reactive protein), myostatin, and insulin-like growth factor are also highlighted.

5.1. Anthropometric Measurements
Skinfold thickness measurements are notable for their simplicity and non-invasive
nature and could be useful for screening. These measurements involve assessing sub-
cutaneous fat at specific sites such as the triceps (particularly informative in women),
the pectoral region (commonly measured in men), the abdominal or supra-iliac area, the
thigh, and additional sites such as the biceps, subscapular region, and calf. Among these,
the mid-arm muscle circumference (MAMC) is a simple, straightforward, and highly
clinically feasible method for assessing skeletal muscle mass by measuring the mid-arm
circumference and triceps skinfold thickness at the midpoint between the acromion and
olecranon. The MAMC is calculated using the following formula: mid-arm circumference
(cm) — 7 x triceps skinfold (cm). However, this method is susceptible to measurement
bias and interrater variability and is insensitive to detect subtle muscle mass or quality
changes. In general, all skinfold assessments may have limited accuracy in dialysis patients
with significant fluid retention, as excess extracellular fluid can distort the real thickness of
subcutaneous fat layers.
Body mass index (BMI) is another frequently utilized measure in sarcopenia assess-
ment, but it cannot differentiate between lean mass, fat mass, and fluid compartments,
which may be problematic in dialysis patients. A high BMI in these subjects might obscure
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significant sarcopenia if the excess weight is predominantly fat or fluid, while a low BMI
might reflect severe muscle wasting but could also result from malnutrition or other co-
morbidities. Body fat percentage, derived from skinfold measurements, offers additional
information. However, like other measures, it must be interpreted cautiously. Excess fat
mass, often observed in dialysis patients due to altered metabolism, may mask significant
losses in lean mass, potentially leading to an underestimation of sarcopenia severity.

5.2. Measurement of Skeletal Muscle Mass

A more accurate, instrumental assessment of skeletal muscle mass is crucial for
sarcopenia confirmation. Various tools are available, including bioelectrical impedance
analysis (BIA), dual-energy X-ray absorptiometry (DEXA), computed tomography (CT),
magnetic resonance imaging (MRI), and ultrasound, each with unique advantages and
limitations [136].

CT and MRI are the ideal and gold-standard tools for sarcopenia assessment, with
high accuracy and sensitivity. They quantify muscle mass by analyzing the cross-sectional
area and evaluate muscle quality by detecting intramuscular fat infiltration [137]. However,
their widespread application and use for repeated measurements in longitudinal follow-ups
are constrained due to the high cost of both image modalities and the significant radiation
exposure associated with CT.

BIA and DEXA are two widely recommended methods for measuring skeletal muscle
mass, as endorsed by current sarcopenia consensus guidelines [138-141]. DEXA measures
skeletal muscle mass by using low-dose X-ray beams at two energy levels to differentiate
bone, lean tissue, and fat tissue, whereas BIA estimates skeletal muscle mass based on the
electrical properties of body tissues by delivering harmless electrical current. However, in
patients with advanced CKD and ESKD, hydration status significantly affects the accuracy
of skeletal muscle measurements, often leading to overestimation. This impact may be
minimized by performing measurements after hemodialysis sessions or with an empty
abdomen in peritoneal dialysis patients. Furthermore, the whole-body multi-frequency
bioimpedance spectroscopy devices, such as Body Composition Monitor (Fresenius Medical
Care, Bad Homburg, Germany), are increasingly used to evaluate body composition in
dialysis patients, as they differentiate between intracellular and extracellular fluid and offer
a more precise assessment of hydration status [142,143]. In this regard, skeletal muscle
mass measurements are less influenced by hydration status. Beyond lean tissue mass
measurement, a formula has been developed to estimate appendicular skeletal muscle
mass (ASM) based on total body water, age, gender, and body weight [124]. This aligns
with the EWGSOP2 and 2019 AWGS criteria, which prioritize the assessment of ASM over
total skeletal muscle mass [139,140].

Nevertheless, the question of whether multi-frequency bioimpedance devices are
superior to single-frequency devices in accurately measuring skeletal muscle mass in ESKD
patients remains inconclusive. An observational study in PD patients demonstrated that
using DEXA as the reference standard, a single-frequency bioimpedance device might
outperform whole-body multi-frequency bioimpedance spectroscopy in assessing fat-free
mass and fat mass [144]. For this reason, it is currently impossible to recommend specific
BIA devices for ESKD patients. Given the poor agreement between single-frequency and
multi-frequency bioimpedance devices, these devices should not be used interchange-
ably [145]. For longitudinal body composition monitoring in ESKD patients, it is advisable
to use the same device to minimize measurement variability.

Longitudinal assessments of body composition change are critical for the early detec-
tion of muscle wasting, enabling timely interventions to prevent its progression. This is
particularly important in ESKD patients, who often exhibit anabolic resistance, making it
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challenging to reverse sarcopenia effectively once it has developed. Moreover, longitudinal
monitoring provides more prognostic information than cross-sectional analyses. A 6-year
longitudinal observational study involving 160 PD patients revealed that lean tissue loss or
fat tissue gain significantly increased mortality risk, while lean mass gain with minimal
fat tissue accumulation was associated with the lowest mortality risk [146]. Notably, most
patients experiencing lean tissue loss maintained stable body weight and body mass index
due to compensatory fat tissue gain. This finding underscores the limitations of weight
and body mass index as indicators of muscle changes, emphasizing the indispensable role
of direct body composition measurements.

Ultrasound has emerged as a promising tool for sarcopenia evaluation in recent years
due to its non-invasive nature, timely results, affordability, and ability to assess muscle
quantity and quality, making it suitable for clinical and research applications [147]. Muscle
quantity can be measured through muscle thickness and the cross-sectional area of the
lower extremities, commonly quadriceps muscles, while muscle quality can be evaluated
via echogenicity [148]. A hyperechoic appearance indicates intramuscular fat infiltration
and reduced muscle quality. This versatile modality holds great potential for facilitating
sarcopenia assessment. Further research is needed to validate standardized protocols and
establish the cut-offs of parameters.

In HD patients, ultrasound-derived muscle mass strongly correlates with BIA-derived
measurements. It is independently associated with hand-grip strength and physical per-
formance metrics, including gait speed, chair stand time, and Short Physical Performance
Battery (SPPB) scores. Among patients diagnosed with sarcopenia based on ultrasound cri-
teria, 96% also met the BIA-based diagnostic criteria [149]. Additionally, the thickness of the
vastus intermedius muscle has been linked to mortality risk in HD patients [150,151]. This
finding supports the validity and feasibility of ultrasound for assessing muscle quantity in
dialysis populations.

5.3. Measurement of Muscle Strength and Physical Performance

Muscle strength is typically assessed using hand-grip or lower extremity strength with
a dynamometer, while usual gait speed over 4 or 6 m is commonly used to evaluate physical
performance. Additional methods such as the SPPB, timed up-and-go test, repeated sit-to-
stand tests, incremental shuttle walk test, and the six-minute walk test are also frequently
employed to assess physical performance in patients with CKD and ESKD [152]. For HD
patients, these assessments are preferably conducted before dialysis, as HD sessions may
negatively impact muscle strength and physical performance [153].

ESKD patients universally exhibit lower muscle strength and poorer physical perfor-
mance than normal subjects [154]. Thus, it is not surprising that the diagnosis of sarcopenia
in ESKD patients is driven by low skeletal muscle mass [155]. The diagnosis of sarcopenia
may overlook ESKD patients with isolated muscle weakness and poor physical perfor-
mance, who exhibit high mortality risks despite normal muscle mass. In ESKD patients
undergoing dialysis, those with normal muscle mass but reduced muscle strength and slow
gait speed independently predicted poor outcomes [10,105,119]. Therefore, in addition to
addressing patients suffering from sarcopenia, those with normal muscle mass but reduced
muscle strength or poor physical performance, classified as “sarcopenia probable” by
EWGSOP2 and “possible sarcopenia” in the 2019 AWGS, also represent a critical high-risk
group. Identifying these patients and providing timely and appropriate interventions is
crucial for improving their long-term prognosis.

In addition, adjusting the cut-offs for muscle strength and physical performance
for ESKD patients is prudent given the unique characteristics of uremic myopathy that
differentiate them from the general geriatric population. For example, in a Chinese PD



Medicina 2025, 61, 449

21 of 36

cohort, optimal hand-grip strength cut-offs were identified as 24.5 kg for men and 14 kg
for women based on their predictive value for mortality risk [156]. Similarly, a Brazilian
dialysis cohort determined hand-grip strength cut-offs predictive of mortality as 22.5 kg
for men and 7 kg for women [157]. Furthermore, in a Belgian HD cohort, a 6-min walk
test distance of less than 298 m was established as a cut-off associated with increased
mortality risk [158]. A more recent study established reference values for muscle strength
and physical performance through hand-grip strength, sit-to-stand tests, and walking speed
in a large HD cohort [159]. Men generally outperformed women in strength and speed,
though younger men (18-49 years) showed little age-related decline. Older patients of
both sexes exhibited poorer performance, and those with arteriovenous fistulas had weaker
grip strength in the affected arm. Despite being interesting, these findings necessitate
external validation in other cohorts to confirm their widespread applicability and prognostic
usefulness in the dialysis setting.

5.4. Sarcopenia Screening Tools

Three screening tools for sarcopenia—SARC-F, SARC-CalF, and calf circumference—
recommended by the AWGS 2019 [140] have been applied to dialysis populations. The
SARC-F questionnaire evaluates five components: strength, walking assistance, chair rising,
stair climbing, and falls. Each item is scored from 0 (no difficulty) to 2 (a lot or unable),
with a total score of 10. A score of >4 indicates a high risk of sarcopenia [160]. In prevalent
HD patients, we demonstrated that higher SARC-F scores are significantly associated
with increased mortality [161]. However, a cut-off score of >4 has limited sensitivity for
detecting mild to moderate sarcopenia. Lowering the threshold to >1 enhances sensitivity,
enabling earlier detection of sarcopenia in ESKD patients. To enhance the diagnostic
performance of SARC-F, the SARC-CalF tool integrates calf circumference measurement. A
score of 10 is added to the original SARC-F total score if the calf circumference is <34 cm
for men or <33 cm for women. This modification improves the tool’s ability to identify
sarcopenia [162]. In a recent study of PD patients, calf circumference emerged as the most
reliable predictor of sarcopenia, outperforming both SARC-F and SARC-CalF [163]. This
finding is consistent with results from another study in Japanese HD patients [164], further
reinforcing calf circumference as a simple and effective screening tool.

5.5. Surrogate Biomarkers of Sarcopenia

Other biomarkers for sarcopenia encompass a diverse range of biological processes.
These include inflammatory markers such as interleukin-6, C-reactive protein, and tu-
mor necrosis factor-o; hormones such as insulin-like growth factor-1, vitamin D, and
testosterone; antioxidants such as carotenoids and x-tocopherol; and myokines, such as
myostatin, decorin, and irisin [165,166]. However, their utility as diagnostic markers for
sarcopenia remains uncertain. Among these, serum myostatin shows promise. Myostatin,
a key regulatory myokine for muscle health, is activated by inflammation, uremic toxins,
and oxidative stress but suppressed by physical exercise [167]. It contributes to muscle
wasting, metabolic disturbances, insulin resistance, and the progression of atherosclerosis.
Based on these roles, it is reasonable to hypothesize that elevated serum myostatin levels
would negatively impact muscle health. Interestingly, accumulated observational studies in
CKD, HD, and PD populations have consistently demonstrated that serum myostatin levels
are positively associated with skeletal muscle mass and hand-grip strength [167]. This
finding is further supported by an intervention study showing increased serum myostatin
levels after 12 months of intradialytic exercise training [168] and evidence that lower serum
myostatin levels at dialysis initiation predict higher 1-year hospitalization and mortality
rates [169]. In this regard, serum myostatin can be recognized as a surrogate marker for
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muscle mass and strength. Unfortunately, the correlation coefficients between myostatin
and skeletal muscle were weak to moderate and insufficient for precise skeletal muscle
mass prediction. Some studies have explored using multiple biomarkers in combination
to enhance the predictive accuracy of sarcopenia in non-CKD populations [170,171]. In a
case-control study, using a combination of four serum biomarkers—interleukin-6, secreted
protein acidic and rich in cysteine, macrophage migration inhibitory factor, and insulin-like
growth factor 1—enhanced the accuracy of sarcopenia diagnosis. These biomarkers were
selected after screening 21 potential candidates [171]. Another study demonstrated that
a panel of six novel biomarkers—irisin, pro-peptide of type III procollagen, c-terminal
agrin fragment-22, osteonectin, fatty acid-binding protein-3, and macrophage migration
inhibitory factor—achieved satisfactory discriminative power for predicting sarcopenia
in populations with healthy controls, chronic obstructive pulmonary disease, and chronic
heart failure [170]. While the novel approach enhances the diagnostic accuracy of sarcope-
nia, its clinical feasibility is limited by the restricted availability and high cost of biomarker
measurements in routine practice.

In this regard, pre-dialysis serum creatinine remains the most practical and reliable
serum marker for assessing sarcopenia in dialysis patients, as it reflects total skeletal muscle
mass. Large-scale observational studies have demonstrated that higher serum creatinine
levels, indicative of preserved muscle mass, are associated with better overall survival
in HD and PD patients [172,173]. Additionally, to enhance the clinical utility of serum
creatinine in practice, several well-validated equations have been developed to estimate
lean body mass based on serum creatinine and other clinical variables [165,174,175].

6. Interventions and Therapeutic Strategies

Effective treatment is essential to slow the decline in muscle strength and mass,
preserving the ability to perform routine daily activities. Currently, several therapeutic
approaches are available for managing sarcopenic patients on dialysis, such as physical
exercise, nutritional interventions, and pharmaceutical therapy (Figure 3). A combination
of these treatments, rather than any single modality, is currently recommended for the HD
population [6].

6.1. Physical Exercise

In CKD patients, physical activity levels progressively decline, reaching the nadir
with the onset of dialysis [176]. A significant percentage of HD patients have sedentary
behavior, which contributes to increased fatigue and frailty [177]. To counteract these
adverse effects of physical inactivity, engaging in exercise training is fundamental for
maintaining adequate strength, muscle mass, and physical function [178]. Additionally,
exercise improves physical performance, cardiorespiratory capacity, and overall quality
of life, acting not only as a direct physiological anabolic stimulus for skeletal muscle but
also indirectly by modulating the neuroendocrine system [179]. According to Kopple et al.,
exercise, whether endurance or aerobic training, promotes muscle anabolism and improves
lean body mass as well as ensuring exercise adherence [180,181].

It is worth noting that exercise differs from physical activity, as it is a planned, struc-
tured, repetitive form of physical activity. Therefore, while nephrologists should encourage
HD patients to increase their physical activity levels, exercise prescription requires a multi-
disciplinary approach. This involves the nephrologist, dialysis nursing staff, dietician, and
exercise experts (i.e., physiologists, kinesiologists, or physical therapists) [177]. Ideally, each
dialysis center should have a dedicated healthcare team to develop personalized exercise
programs that promote adherence and ensure effectiveness [182].
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Figure 3. Possible interventions and therapeutic approaches for improving sarcopenia in dialysis
patients. These could be categorized into pharmacological and nutritional interventions and tailored
physical exercise.

The 2024 KDIGO guidelines recommend physical activity for patients with CKD stages
1-5 (including those on HD), suggesting moderate-intensity physical activity for a minimum
of 150 min per week based on their cardiovascular tolerance [183]. Although the risk of
cardiovascular events during exercise training has been hypothesized in HD patients,
no cardiac events have been reported in any published exercise training studies [177].
However, HD patients should undergo a medical evaluation by sports medicine physicians
before beginning an exercise training program. Moreover, KDIGO guidelines do not
provide practical guidance on the frequency, type, or location of exercise for HD patients.
Instead, exercise prescription should adhere to the FITT approach: Frequency, Intensity,
Time, and Type [184].

Frequency: Studies suggest exercise for HD patients three times a week in both aerobic
and resistance activity, with a median range of two to five sessions per week [185,186]. A
randomized controlled pilot efficacy study by Kirkman et al. investigated the impact of pro-
gressive resistance training (PRET) on muscle volume, strength, and physical performance
to reverse muscle atrophy. Over 12 weeks, high-intensity PRET 3 times a week during
hemodialysis elicited an anabolic response and increased strength in HD patients [187].
While these results are promising, the lack of efficacy in improving functional capacity
warrants further investigation.

Intensity: Several moderate-intensity interdialytic or intradialytic training programs
have been reported to be effective at improving muscle strength (60-75% 1 RM for resistance
training, 4-6 METs for aerobic exercise) [188], as a surrogate for sarcopenia. Nevertheless,
the largest multicenter randomized controlled trial, EXCITE (EXercise Introduction To
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Enhance Performance in Dialysis), enrolled 296 patients on hemodialysis or peritoneal
dialysis who engaged in low-intensity walking activity [189,190]. After 6 months of walking
for 20 min 3 times per day, a statistically significant improvement in the active group was
found for physical performance, measured by the 6-min walk test (6 MWT) (p < 0.001), and
for muscle strength, assessed by the 5-times sitting test (5-STS) (p = 0.001) [191]. It is worth
noting that the benefits of walking training on the 5-STS test were not sustained over an
extended period [192].

Time: Current evidence suggests that aerobic exercise training should last 20-60 min
three times a week, along with one set of 10-15 repetitions for resistance exercise train-
ing [193]. Nonetheless, a reduced time of daily 10-min exercise sessions has proven effective
for the most frail HD patients [185]. It is important to note that the exercise must be carried
out regularly for more than 12 weeks to observe beneficial effects on muscle function [177].

Type: Data from RCTs conducted in sarcopenic HD patients suggest that resistance
exercise programs should be preferred to enhance strength and promote muscle mass [194].
These resistance exercise programs typically encompass upper and lower limb training
using dumbbells, elastic belts, and balls. However, combined (aerobic plus resistance)
exercise may be more effective for improving overall physical function in sarcopenic HD
patients. In this regard, a recent meta-analysis [194] showed that combined aerobic and
resistance exercise improved the peak oxygen uptake, six-minute walk test, and 60 s
sit-to-stand test. This may be because resistance training demands a minimum level of
cardiopulmonary capacity, which can only be achieved through aerobic exercise [195].

Regarding the exercise location, it can be performed on dialysis days (intradialytic
or immediately pre/post-dialysis sessions) or interdialytic days, either in the dialysis
facility or at home. A recent meta-analysis [196] of 12 RCTs compared the efficacy of home-
based exercise programs with intradialytic programs or with usual care in 791 patients
on maintenance dialysis (hemodialysis or peritoneal dialysis). Home-based training was
found to be superior to usual care but comparable to intradialytic exercise in terms of
walking speed (6 MWT; nine RCTs; pooled weighted mean differences (WMDs): 33.7 m,
95% confidence interval (CI): 22.8-44.5; p < 0.001; I = 0%) and aerobic capacity (VO?
peak; three RCTs; pooled WMD: 2.04 mL/kg/min, 95% CI: 0.25-3.83; p = 0.03; I? = 0%).
By contrast, no significant improvement in muscle strength measured by hand grip was
observed in home-based exercise programs (two RCTs; pooled WMD 1.06 kg, 95% CI:
2.23-4.35; Z-test = 0.63, p = 0.53; 1> = 0%). However, the muscle strength was analyzed
in only two RCTs, encompassing 36 patients and conducted over 12-16 weeks. Although
further research is required to provide more definitive insights, the decision between
intradialytic and home-based exercise training should be guided by the available local
resources and patient conditions.

6.2. Nutritional Intervention

Several nutritional guidelines for dialysis patients have been published (Table 3). Yet,
only 50% of them achieve adequate protein and energy intake [197], which may contribute
to the development of sarcopenia.

Few studies investigated the impact of nutrition on sarcopenia, particularly in PD
patients [180]. Several nutritional strategies, including oral nutritional supplements (ONSs),
enteral nutrition (EN), parenteral nutrition (PN), amino-acids supplementation, and other
specific nutritional products, have been implemented to improve the protein—energy intake
in sarcopenic patients on HD (Table 4). Matsuzawa et al. conducted a meta-analysis of four
studies exploring the effect of protein supplementation (oral or parenteral nutrition) on
muscle mass, muscle strength, and physical function in patients undergoing HD. Their
findings showed that protein supplementation yielded benefits in terms of physical per-
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formance but did not influence muscle mass or strength. No studies of a combination of
nutritional therapy and exercise were included [198]. It is important to emphasize that
nutrition alone does not improve muscle mass and strength unless associated with exercise.
The best effects on muscle growth occur when exercise is performed immediately after
protein and calorie supplementation [180].

Table 3. Recommendations from the main guidelines for protein and energy intake in patients on
hemodialysis and peritoneal dialysis.

Guidelines Hemodialysis Peritoneal Dialysis
Protein intake: Protein intake:
1.2-1.4 g/kg/day 1.2-1.5 g/kg/day

ESPEN (2006) Energy intake: Energy intake:
35 kcal/kg/day 35 kcal/kg/day
Protein intake: Protein intake:
>1.1 g/kg/day >1.2 g/kg/day

EBPG (2007) Energy intake: Energy intake:
30-40 kcal/kg/day 35 keal/kg/day
Protein intake: Protein intake:
>1.2 g/kg/day >1.2 g/kg/day

ISRNM (2013) Energy intake: Energy intake:

30 kcal/kg/day (>60 years) 30-35 kcal/kg/day
35 kcal/kg/day (<60 years) (including dialysate)

Protein intake: Protein intake:

1-1.2 g/kg/day 1-1.2 g/kg/day
KDOQI (2020) Energy intake: Energy intake:

25-35 kcal/kg/day 25-35 kcal/kg/day

Legend: EBPG, European Best Practice Guideline; ESPEN, European Society for Clinical Nutrition and
Metabolism; KDOQI, Kidney Disease Outcomes Quality Initiative; ISRNM, International Society of Renal Nutri-
tion and Metabolism.

Table 4. Recommendations for starting oral nutrition supplements, enteral nutrition, or parenteral
nutrition.

Type of Nutrition Indication

Poor appetite and failure in spontaneous dietary intake

Energy intake < 30 kcal/kg/day and protein intake < 1.2 g/kg/day *
ONS Serum albumin < 3.8 g/dL or prealbumin < 28 mg/mL

Unintentional weight loss > 5%

Diagnosis of PEW using SGA definition

Patients unable to tolerate nutritional supplementation by mouth and
failing on dietary intake with ONS
EN Severe PEW
Energy intake < 20 kcal/kg/day
Undergoing metabolic stress

If all other forms of nutrition failed *
PN For patients with spontaneous intake of at least 20 kcal /kg/day and
protein intake of 0.8 g/kg/day
Legend: EN, enteral nutrition; ONS, oral nutrition supplement; PEW, protein-energy wasting; PN, parenteral
nutrition; SGA, subjective global assessment; * as per ISRNM guidelines; " as per EBPG and KDOQI guidelines,
while according to ESPEN guidelines, intradialytic parenteral nutrition should be started before starting EN.

6.3. Pharmacological Interventions

In recent years, novel therapeutic interventions, such as vitamin D, angiotensin re-
ceptor blockers, inhibitors of myostatin, and anabolic steroids, have been proposed for
counteracting sarcopenia in patients undergoing dialysis. Vitamin D has been shown to
stimulate myogenesis and inhibit myostatin at the level of skeletal muscle, counteracting
muscle catabolism [199]. Experimental studies suggest that vitamin D may influence mus-
cle health by acting on calcium homeostasis and activating vitamin D receptors in skeletal
muscle [200]. However, findings from studies conducted in HD patients examining the ef-
fects of vitamin D supplementation (i.e., cholecalciferol, calcitriol, or paricalcitol) on muscle
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mass or strength remain inconclusive [201-204]. Angiotensin II overexpression has been
demonstrated to promote muscle catabolism and proteolysis [180]. Lin et al. identified the
role of angiotensin receptor blockers (ARBs) in preserving muscle strength among 120 HD
patients. ARBs’” use was independently associated with preserved hand-grip strength after
adjustment for multiple confounding factors (OR = 0.25, 95% CI: 0.07-0.93, p = 0.039) [205].
Myostatin is a myokine that promotes muscle degradation and inhibits myogenesis [206].
Few studies have evaluated serum myostatin in HD patients [207]. Esposito et al. found
that circulating myostatin may reflect muscle mass content rather than muscle wasting [208].
Additionally, dialysis treatment may influence myostatin levels, even though myostatin is
a medium molecule (26 KDa) [209]. The inhibition of the myostatin pathway is emerging
as a novel and compelling therapeutic target for managing sarcopenia. In uremic mice,
myostatin inhibition has been shown to reduce and prevent muscle fibrosis [210]. This
pathway can be targeted by blocking the myostatin receptor (ActRIIB) or directly inhibiting
myostatin. In this regard, the results of an ongoing phase 2 study (NCT01958970) using a
peptide against myostatin (AMG745/PINTA745) in HD patients are expected to provide
valuable new insights [210].

Finally, as briefly alluded to before, anabolic steroids have been demonstrated to
stimulate muscle growth in HD patients. Johansen et found that treatment with nan-
drolone decanoate for 6 months significantly enhanced lean body mass compared with a
placebo group (mean change [SD], +4.5 [2.3] kg; p < 0.001 compared with baseline) [88,211].
However, the use of anabolic steroids is limited by their side effects, including erectile dys-
function, gynecomastia, and an increased cardiovascular risk [212,213]. Further RCTs are
necessary to evaluate the efficacy and safety of anabolic steroids in addressing sarcopenia
among HD patients.

7. Future Perspectives

Sarcopenia remains an often-underestimated complication in dialysis patients despite
its profound impact on their clinical outcomes, quality of life, and overall prognosis. Its
underdiagnosis and limited clinical attention delay timely intervention, leaving many
patients vulnerable to preventable disability, reduced functionality, and psychological
distress. To address this gap, increasing awareness and stressing clinical importance and
the need for integrated management strategies of sarcopenia among nephrologists is of
paramount importance.

Greater emphasis on sarcopenia as a critical aspect of dialysis care begins with im-
proved diagnostic approaches. Advances in imaging technologies like ultrasound and
bioimpedance analysis provide opportunities for the early and precise identification of mus-
cle wasting. These tools can help overcome the limitations of traditional diagnostic methods,
which are often confounded by fluid imbalances in dialysis patients. However, the lack of
standardized protocols, the absence of current data in all ethnicities, and disease-specific
diagnostic thresholds limit their broader adoption. Future research must focus on refining
these modalities and establishing ESKD-specific criteria that can be universally applied.

Beyond diagnosis, the management of sarcopenia requires a holistic and multidis-
ciplinary approach that integrates nutritional support, physical rehabilitation, and phar-
macological therapies. Nutritional strategies such as tailored dietary interventions can
play a pivotal role in counteracting muscle wasting. However, nutrition alone fails to im-
prove outcomes unless combined with structured exercise programs. Intradialytic exercise
interventions, which incorporate physical activity into dialysis sessions, offer a practical
solution to overcome time constraints while improving muscle mass, strength, and overall
physical function. Such programs deserve further exploration to refine their protocols and
maximize adherence.
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In parallel, emerging pharmacological therapies hold promise for the treatment of
sarcopenia, but the evidence remains too sparse for implementing these in daily practice.

Equally important is addressing the psychosocial impact of sarcopenia, which extends
beyond physical disability to encompass anxiety, depression, and social isolation. The
interplay between physical and psychological factors in this population underscores the
need for an integrative care model that incorporates mental health support alongside
physical and nutritional therapies.

8. Conclusions

Nephrologists must adopt a more multidisciplinary approach, involving nephrolo-
gists, dietitians, physiatrists, and mental health professionals. Increasing awareness of
sarcopenia among healthcare providers through education and training programs is equally
critical, as it can facilitate earlier recognition and intervention. Policy changes and resource
allocation are also necessary to implement exercise programs, expand access to innovative
therapies, and support research initiatives that address the unique challenges of sarcopenia
in dialysis patients.
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