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What is already known on
this topic?

Sarcopenia frequently occurs
in patients receiving long-term
hemodialysis and negatively
affects clinical outcomes.

Nutritional inadequacy and
persistent inflammatory activ-
ity are commonly observed
in individuals with end-stage
kidney disease.

Biomarkers reflecting nutri-
tional status and inflammation
have been explored in relation
to muscle health in dialysis
populations.

What does this study add
to this topic?

This study identifies a sig-
nificant association between
routinely measured nutritional
and inflammatory indicators
and sarcopenia in hemodialy-
sis patients.

Easily accessible blood-based
indices may assist clinicians
in recognizing patients at
increased risk of sarcopenia.

The results highlight the
potential value of combined
nutritional and inflammatory
assessment in dialysis care.

Abstract

Objective: Sarcopenia represents a frequent clinical condition in patients receiving maintenance hemodial-
ysis and is linked to adverse functional and health-related outcomes. Owing to its multifactorial nature, early
identification of patients at risk remains challenging in routine practice. This study evaluated nutritional and
inflammatory indicators associated with sarcopenia and their ability to identify patients with sarcopenia.

Methods: This cross-sectional study included 72 clinically stable adults receiving maintenance hemodialysis
between August and September 2024. Sarcopenia was defined according to European Working Group on
Sarcopenia in Older People 2 (EWGSOP?2) criteria, requiring low muscle strength and reduced muscle mass
assessed by handgrip dynamometry and bioelectrical impedance analysis. Nutritional status was evaluated
using the Subjective Global Assessment (SGA), and dietary energy and protein intake were assessed using
2 non-consecutive 24-hour recalls analyzed with BEBIS software. Serum albumin, C-reactive protein (CRP),
and neutrophil-to-lymphocyte ratio were measured. Multivariable logistic regression and receiver-operating
characteristic analyses were performed.

Results: Sarcopenia was identified in 18 patients (25%). Sarcopenic individuals had significantly lower
protein and energy intake, lower serum albumin levels, and higher CRP concentrations than non-sarcopenic
patients. In multivariable analyses, low protein intake (<1.0 g/kg/day), inadequate energy intake (<25 kcal/
kg/day), hypoalbuminemia (<3.5 g/dL), elevated CRP (>5 mg/L), and SGA category B/C were independently
associated with sarcopenia, whereas adequate energy intake was inversely associated. Receiver-operating
characteristic analysis showed acceptable discrimination for individual indicators, with the highest accu-
racy for serum albumin (area under the curve [AUC] = 0.77). A combined nutritional-inflammatory model
integrating dietary intake, albumin, and CRP demonstrated the greatest discriminatory ability (AUC = 0.83).

Conclusion: Routinely available nutritional and inflammatory indicators are closely associated with sarco-
penia in hemodialysis patients. Their combined assessment may facilitate early identification of individuals
with sarcopenia and support timely nutritional evaluation and intervention.
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Introduction

In patients with chronic kidney disease, especially those undergoing maintenance hemodialysis,
loss of skeletal muscle mass and strength represents an important clinical problem with prognostic
implications.! The coexistence of muscle wasting, inflammation, and nutritional deterioration con-
tributes to the high morbidity, functional decline, and increased mortality observed in this popula-
tion.? In end-stage renal disease, sarcopenia develops through the interaction of several pathological
processes, including metabolic disturbances related to uremia, persistent inflammation, endocrine
dysregulation, and insufficient nutritional intake.’

Hemodialysis patients are especially vulnerable to protein-energy wasting, a condition character-
ized by reduced body protein and energy stores, which often overlaps with sarcopenia.* Dietary
restrictions, dialysis-related nutrient losses, anorexia, and systemic inflammation further exacerbate
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muscle loss. Despite the high prevalence of sarcopenia in dialysis
populations reported between 20% and 40% depending on diag-
nostic criteria, its underlying nutritional and inflammatory determi-
nants remain incompletely understood.> Nutrition plays a central
role in maintaining skeletal muscle integrity. Adequate protein and
energy intake are crucial for muscle protein synthesis, yet many
hemodialysis patients fail to meet the recommended thresholds of
1.0-1.2 g/kg/day of protein and 30-35 kcal/kg/day of energy intake,
as advised by international renal nutrition guidelines.® Suboptimal
dietary intake has been associated with decreased muscle mass,
poorer quality of life, and increased mortality in patients with
end-stage kidney disease.” However, inflammatory processes often
coexist and may confound or potentiate the effects of inadequate
nutrition.? Recent evidence suggests that combining nutritional
and inflammatory parameters may provide a more comprehensive
understanding of sarcopenia risk than evaluating them separately.’
Nevertheless, few studies have jointly assessed these interrelated
factors using objective methods.

Accordingly, this study aimed to investigate the relationships
between nutritional status, inflammatory markers, and sarcopenia
in patients receiving maintenance hemodialysis and to explore
the potential role of these indicators in identifying individuals at
increased risk.

Methods

Study Design and Participants

This cross-sectional observational study was conducted between
August 15 and September 15, 2024, at the Hemodialysis Clinic
of Erzincan Mengiicek Gazi Training and Research Hospital. The
study was approved by the Erzincan Binali Yildirim University
Clinical Research Ethics Committee (Approval No.: 2024-08/02;
Date: June 13, 2024). The study was conducted in accordance with
the principles of the Declaration of Helsinki, and informed con-
sent was obtained from all participants prior to study participation.

A total of 72 adult patients (>18 years old) who had been receiv-
ing maintenance hemodialysis for at least 3 months were included
in the study. Patients were required to have a stable clinical condi-
tion and to be able to complete physical and nutritional assess-
ments. Exclusion criteria were active infection, hospitalization
within the past month, severe hepatic dysfunction, active malig-
nancy, limb amputation, pacemaker implantation (contraindicat-
ing bioelectrical impedance analysis), or cognitive impairment
preventing communication or cooperation.

Clinical and Demographic Data Collection

Sociodemographic and clinical characteristics were obtained
during structured face-to-face interviews and subsequently veri-
fied through review of medical records. The recorded variables
comprised age, sex, marital status, and level of education, smoking
status, dialysis duration, etiology of chronic kidney disease (such
as diabetic nephropathy, hypertensive nephrosclerosis, or glomer-
ulonephritis), comorbidities (hypertension, diabetes mellitus, car-
diovascular disease), and routine medication use. Data integrity
and accuracy were ensured by 2 trained clinical dietitians, who
independently reviewed and verified all entries.

Assessment of Nutritional Status and Dietary Intake

Nutritional status was assessed using the Subjective Global
Assessment (SGA), with participants categorized as well nourished
(A), mildly to moderately malnourished (B), or severely malnour-
ished (C).'° Dietary intake was assessed through structured dietary
interviews conducted by 2 clinical dietitians, each trained in renal

nutrition. To minimize day-to-day variability, 24-hour dietary
recalls were obtained on 2 separate days—1 dialysis day and 1
non-dialysis day. During the interviews, participants were asked to
report all foods and beverages consumed during the previous day,
including portion sizes, cooking methods, and brand names when
applicable. Portion sizes of the foods consumed by participants
were verified using the Food and Meal Photograph Catalogue."
Data obtained from dietary intake records were analyzed using the
computer-assisted nutrition analysis software Nutrition Information
Systems Package Program (BEBIS), which was developed for
Turkiye."”? For each participant, the mean value of the 2 recalls
(dialysis and non-dialysis day) was accepted as the representative
daily intake. Incomplete or implausible records (e.g., energy intake
<500 kcal/day or >4000 kcal/day) were reviewed and validated by
the dietitians through a second interview.

Anthropometric, Body Composition, and Muscle Strength
Measurements

Anthropometric and body composition measurements were
conducted by the same trained observers on the midweek dialysis
day according to a standardized protocol. Body composition was
assessed using a Tanita DC-360 bioelectrical impedance analyzer
(Tokyo, Japan), which provided estimates of skeletal muscle mass,
fat mass, and fat-free mass. Body weight (kg) and height (cm) were
measured using the same device, and body mass index was cal-
culated as weight (kg) divided by height squared (m?). Mid-upper
arm circumference and calf circumference were measured to
the nearest 0.1 cm using a non-stretchable flexible tape. Muscle
strength was evaluated using a Charder digital hand dynamom-
eter (MG4800N, Taiwan). Measurements were performed on the
dominant hand with the participant seated and the elbow flexed
at 90°. Each participant performed 3 maximal attempts with brief
rest intervals between trials. The highest value (kg) obtained from
the 3 measurements was used for analysis.

Laboratory and Inflammatory Markers

Fasting venous blood samples were obtained prior to the mid-
week dialysis session. Laboratory data included serum albumin
(g/dL), C-reactive protein (CRP mg/L), hemoglobin (g/dL), creati-
nine (mg/dL), blood urea nitrogen (mg/dL), and complete blood
counts. The neutrophil-to-lymphocyte ratio was calculated as an
additional inflammatory index. All biochemical parameters were
analyzed in the hospital’s central biochemistry laboratory using a
Beckman Coulter AU5800 autoanalyzer.

Definition of Sarcopenia

Sarcopenia was identified based on the EWGSOP2 framework,
which considers the simultaneous presence of impaired muscle
strength and decreased muscle mass.” Low muscle mass was
defined as height-adjusted skeletal muscle index (kg/m?) derived
from bioelectrical impedance analysis, with cutoff values of <7.0
kg/m? for men and <5.7 kg/m? for women in accordance with
EWGSOP?2 criteria. Participants meeting both criteria were classi-
fied as confirmed sarcopenic.

Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics,
version 29.0 (IBM SPSS Corp., Armonk, NY, USA). Data normality
was assessed using the Shapiro-Wilk test. Continuous variables
are expressed as mean = SD or median (interquartile range), and
categorical variables as frequencies and percentages. Between-
group comparisons were conducted using independent t-tests or
Mann-Whitney U-tests, and categorical variables were analyzed
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using the chi-square test. Correlations between skeletal muscle
mass and nutritional or inflammatory markers were assessed using
Pearson’s or Spearman’s correlation coefficients, as appropri-
ate. Variables included in the multivariable model were selected
based on clinical relevance and statistical significance in univari-
ate analyses (P < .10), while avoiding potential collinearity with
sarcopenia-defining parameters. The discriminative performance
of individual nutritional and inflammatory parameters, as well as
their combined assessment, was evaluated using receiver-oper-
ating characteristic (ROC) curve analysis. Optimal cutoff values
were determined using the Youden index. Statistical significance
was defined as a two-sided P-value < .05.

Results

Baseline Characteristics According to Sarcopenia Status

A total of 72 patients undergoing maintenance hemodialysis
were included in the study. The mean age of the cohort was 62.4 +
10.9 years, and 59.7% of participants were male. The median dial-
ysis duration was 6.1 years (interquartile range: 3.5-9.2). According
to the SGA, 52.8% of patients were well nourished (category A),
whereas 47.2% had some degree of malnutrition (categories B/C).
The prevalence of moderate-to-severe malnutrition (SGA B/C) was
significantly higher in sarcopenic patients compared with non-
sarcopenic individuals (77.8% vs. 36.9%, P = .004).

Based on EWGSOP?2 criteria, sarcopenia was identified in 18
patients, corresponding to a prevalence of 25.0%. Compared with
non-sarcopenic individuals, patients with sarcopenia were signifi-
cantly older (P =.003) and had a longer dialysis duration (P = .04).
They also exhibited a lower body mass index (P = .002), reduced
mid-upper arm circumference (P = .01), and significantly lower
dietary protein and energy intake as assessed by BEBIS software
(P = .01 for both). In addition, serum albumin levels were sig-
nificantly lower, while CRP levels were higher among sarcopenic
patients (P = .003 and P = .01, respectively), indicating a greater
nutritional and inflammatory burden. Baseline demographic, clini-
cal, nutritional, and inflammatory characteristics stratified by sar-
copenia status are summarized in Table 1.

Correlation Analysis

The relationships between skeletal muscle mass and key nutri-
tional and inflammatory parameters are summarized in Table 2
and visualized in Figure 1. Skeletal muscle mass index showed sig-
nificant positive correlations with dietary protein intake (r = 0.44,
P < .001), dietary energy intake (r = 0.37, P = .002), and serum
albumin levels (r= 0.46, P < .001), indicating better muscle mass
in the presence of more favorable nutritional status. In contrast,
significant negative correlations were observed between skeletal
muscle mass index and CRP levels (r = —=0.39, P = .001), neutro-
phil-to-lymphocyte ratio (r=—0.33, P=.006), and age (r=—0.35,
P =.004), reflecting the adverse impact of systemic inflammation
and aging on muscle mass.

Nutritional and Inflammatory Indicators of Sarcopenia

In multivariate logistic regression analysis adjusted for age, sex,
and dialysis duration, low protein intake (<1.0 g/kg/day) (odds
ratio [OR] = 3.12, P =.036), low energy intake (<25 kcal/kg/day)
(P < .05), hypoalbuminemia (<3.5 g/dL) (OR = 3.67, P = .032),
and increased CRP levels (>5 mg/L) (OR = 2.94, P = .049) were
independently associated with sarcopenia. Conversely, adequate
energy intake (225 kcal/kg/day) exerted a protective effect against
sarcopenia (OR = 0.42, P = .041). Malnutrition defined by SGA
category B or C was also independently associated with sarcopenia

(OR =3.48, P=.021). Detailed regression results are presented in
Table 3.

Receiver Operating Characteristic Curve Analysis for Identifying
Sarcopenia

The diagnostic performance of nutritional and inflammatory
parameters for identifying sarcopenia was assessed using ROC
curve analysis (Table 4). Among individual predictors, serum albu-
min <3.5 g/dL demonstrated the highest discriminatory accuracy
(area under the curve [AUC] = 0.77, 95% Cl 0.65-0.88), followed
by protein intake <0.97 g/kg/day (AUC = 0.73, 95% ClI 0.60-0.86)
and CRP>5 mg/L (AUC = 0.71, 95% Cl 0.58-0.83). Importantly,
the combined nutritional-inflammatory indicator approach inte-
grating dietary protein intake, dietary energy intake, serum albu-
min, and CRP achieved the highest discriminatory ability (AUC =
0.83, 95% Cl1 0.73-0.92), with 78% sensitivity and 79% specificity,
outperforming all individual parameters.

Discussion

This study provides a comprehensive evaluation of nutritional
status, dietary intake, and inflammatory factors associated with
sarcopenia among patients undergoing maintenance hemodialy-
sis. Using an integrative assessment that included dietary evalu-
ation with BEBIS software, nutritional screening with the SGA,
body composition analysis via bioelectrical impedance analysis,
and inflammatory profiling, it was found that approximately 1 in
4 patients (25%) fulfilled the EWGSOP2 diagnostic criteria for sar-
copenia. Patients with sarcopenia were older, had longer dialysis
vintage, and exhibited less favorable nutritional and inflammatory
profiles compared with their non-sarcopenic patients. Low protein
and energy intake, hypoalbuminemia, and elevated CRP levels
were independently associated with sarcopenia, while the com-
bined assessment of these nutritional and inflammatory indicators
demonstrated the highest discriminatory ability for identifying sar-
copenia (AUC = 0.83).

The prevalence of sarcopenia in the present study (25%) aligns
with the broad range (20%-40%) reported in hemodialysis cohorts
across various populations''*'> Discrepancies among studies often
reflect differences in diagnostic tools (BIA, DEXA, or ultrasound),
cutoff criteria, and ethnic composition. The use of EWGSOP2
standards ensures comparability with current European and
international definitions emphasizing both muscle quantity and
function. Although EWGSOP2-recommended cutoff values were
applied to define sarcopenia, it should be acknowledged that dial-
ysis-specific reference thresholds have not yet been universally
established. Given the unique metabolic and body composition
alterations observed in hemodialysis patients, future studies aimed
at deriving population-specific cutoff values may improve diag-
nostic precision.

This study demonstrated that older age and dialysis duration
were strong correlates of sarcopenia. Recently, Shaaker et al'®
showed that age (OR = 1.09, P =.017) and dialysis duration (OR
= 1.55, P = .024) were independent predictors in a multivariate
model. The longer the dialysis vintage, the greater the cumula-
tive burden of inflammation, metabolic acidosis, and hormonal
dysregulation, all known to promote proteolysis and inhibit pro-
tein synthesis." Thus, sarcopenia in the hemodialysis popula-
tion should be viewed as a chronic metabolic complication of
renal replacement therapy, intersecting with aging and systemic
inflammation.

These findings reaffirm the central role of nutrition in preserv-
ing muscle mass and function among dialysis patients. The mean
dietary protein intake in this cohort was 1.05 + 0.29 g/kg/day but
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Table 1. Baseline Characteristics by Sarcopenia Status

Total Non-Sarcopenic Sarcopenic

Variable n=72) (n=54) (n=18) P
Age (years) 62.4+10.9 60.5 +10.6 68.1 +9.3 .003
Male sex, n (%) 43 (59.7) 31 (57.4) 12 (66.7) .64
Marital status (married), n (%) 55 (76.4) 43 (79.6) 12 (66.7) .27
Education level, n (%)

Primary or below 38 (52.8) 25 (46.3) 13 (72.2) .04

Secondary or higher 34 (47.2) 29 (53.7) 5(27.8)
Smoking status, n (%)

Current 16 (22.2) 10 (18.5) 6 (33.3) 21

Former 25 (34.7) 19 (35.2) 6 (33.3)

Never 31 (43.1) 25 (46.3) 6 (33.3)
Dialysis vintage (years) 6.1 (3.5-9.2) 5.7 (3.0-8.1) 7.3(4.3-9.8) .04
Primary cause of kidney failure, n (%)

Diabetic nephropathy 27 (37.5) 18 (33.3) 9 (50.0) .02

Hypertensive nephrosclerosis 19 (26.4) 16 (29.6) 3(16.7)

Glomerulonephritis 10 (13.9) 9(16.7) 1(5.6%)

Other / unknown 16 (22.2) 11 (20.4) 5(27.8)
Comorbidities, n (%)

Diabetes mellitus 41 (56.9) 29 (53.7) 12 (66.7) .32

Hypertension 60 (83.3) 45 (83.3) 15 (83.3) 1.00

Cardiovascular disease 22 (30.6) 14 (25.9) 8 (44.4) 14
BMI (kg/m?) 244 +38 25.1+£3.8 223 3.1 .002
MUAC (cm) 25.8+3.5 26.4 3.2 24135 .01
Energy intake (kcal/kg/day) 249 + 6.3 25.8 + 6.1 22.0+54 .01
Protein intake (g/kg/day) 1.05 +0.29 1.11 £0.29 0.91 £ 0.24 .01
Albumin (g/dL) 3.6+0.4 3.7+0.4 3.4+03 .003
CRP (mg/L) 6.4 (3.0-10.8) 5.5(2.9-8.4) 9.3 (4.8-14.1) .01
SGA category, n (%)

A (well nourished) 38 (52.8) 34 (63.0) 4(22.2)

B (mild/moderate malnutrition) 25 (34.7) 16 (29.6) 9 (50.0)

C (severe malnutrition) 9(12.5) 4(7.4) 5(27.8) .004

Data are presented as mean + standard deviation, median (interquartile range), or number (percentage). Comparisons between groups (sarcopenic vs.
non-sarcopenic) were performed using the independent t-test or Mann-Whitney U-test for continuous variables and the chi-square test for categorical

variables.

BMI, body mass index; CRP. C-reactive protein; MUAC, mid-upper arm circumference; SGA, Subjective Global Assessment.

significantly lower in sarcopenic individuals (0.91 + 0.24 g/kg/day).
These findings are consistent with current renal nutrition guide-
lines emphasizing the importance of adequate protein and energy
intake for maintaining muscle health in hemodialysis patients.®
Energy deficiency may compound protein insufficiency by trig-
gering catabolic pathways and impairing muscle protein synthesis.

The threshold of 25 kcal/kg/day identified in the present analysis
as protective is consistent with previous findings by Luo et al'®
who demonstrated that insufficient energy intake is independently
associated with low skeletal muscle mass and impaired physical
performance. The positive correlations observed between skeletal
muscle mass and dietary protein (r = 0.44) and energy intake (r =
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Table 2. Correlation Between Muscle Mass and Clinical Parameters

Variable r P

Protein intake (g/kg/day) +0.44 <.001
Energy intake (kcal/kg/day) +0.37 .002
Serum albumin (g/dL) +0.46 <.001
C-reactive protein (mg/L) -0.39 .001
NLR —0.33 .006
Age (years) —0.35 .004

Correlations were assessed using Spearman’s rank correlation
coefficient (). Positive r values indicate a direct association, while
negative r values indicate an inverse association between the listed
parameters and skeletal muscle mass index.

CRP C-reactive protein; NLR, neutrophil-to-lymphocyte ratio.

0.37) further support the hypothesis that sustained dietary inad-
equacy underpins protein—energy wasting, a critical component
of the malnutrition inflammation complex.

It was shown that SGA-based nutritional assessment comple-
mented quantitative data from dietary recall, revealing that malnu-
trition (SGA B/C categories) was markedly more common among
sarcopenic patients. This underscores the multidimensional nature
of undernutrition in dialysis, encompassing not only macronutri-
ent insufficiency but also appetite loss, altered taste, and dietary
restrictions arising from renal diet constraints. Also, Giglio et al'
reported significantly lower SGA scores among sarcopenic hemo-
dialysis patients

Chronic kidney disease is characterized by persistent inflamma-
tory activity that contributes to progressive loss of skeletal muscle

(A) Protein intake vs. Skeletal muscle mass

mass and function.?® In the present cohort, serum CRP and albu-
min were both independent predictors of sarcopenia. Similarly,
Kurajoh et al*' confirmed that inflammatory markers including
CRP remained significant even after multivariable adjustment
when exploring associations between nutritional indices and sar-
copenia. Elevated CRP reflects the inflammatory state typical of
end-stage renal disease, characterized by persistent cytokine acti-
vation Interleukin, Tumor Necrosis Factor (IL-6, TNF-«) and oxida-
tive stress.?? Concurrently, hypoalbuminemia, while traditionally
regarded as a nutritional marker, often mirrors the suppressive
effects of inflammation on hepatic protein synthesis.?> A negative
correlation was found between skeletal muscle mass and CRP (r
= —0.39) and a positive association with albumin (r = 0.46) that
are consistent with recent reports.?*?*> These results underscore that
addressing inflammation is as crucial as improving dietary intake
in preventing sarcopenia in dialysis patients.

The combined evaluation of nutritional and inflammatory vari-
ables substantially enhanced the discriminatory ability observed
in the ROC analysis. While serum albumin alone yielded an AUC
of 0.77 and CRP an AUC of 0.71, the integrated assessment of
dietary protein and energy intake together with these biomarkers
achieved a higher AUC of 0.83, exceeding the performance of
individual parameters. This observation is in agreement with the
findings reported by Kurajoh et al?' who reported that composite
assessments integrating nutritional and inflammatory domains per-
form better than single indicators in relation to muscle wasting and
frailty among dialysis patients. Such integrated evaluations may
represent a pragmatic and low-cost approach for recognizing indi-
viduals at increased risk in routine clinical practice.

The interplay between malnutrition and inflammation is syner-
gistic and self-perpetuating. Inflammation suppresses appetite and
anabolic pathways via cytokine signaling, while malnutrition exac-
erbates inflammatory stress through impaired antioxidant defenses

(B) Energy intake vs. Skeletal muscle mass
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Figure 1. Correlation between muscle mass and nutritional-inflammatory parameters. (A) Skeletal muscle mass versus dietary protein
intake (r=0.44, P< .001). (B) Skeletal muscle mass versus dietary energy intake (r=0.37, P=.002). (C) Skeletal muscle mass versus serum
albumin (r=0.46, P<.001). (D) Skeletal muscle mass versus C-reactive protein (r=—0.39, P=.001). Each point represents an individual

patient. Regression trendlines are shown for visual interpretation.
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Table 3. Multivariate Logistic Regression for Independent Predictors of
Sarcopenia

Variable Odds Ratio (95% CI) P

Age (per year) 1.06 (1.01-1.11) .02
Dialysis vintage (per year) 1.10 (1.01-1.23) .04
Protein intake < 1.0 g/kg/day 3.12 (1.08-8.96) .036
Serum albumin < 3.5 g/dL 3.67 (1.12-12.04) .032
CRP > 5 mg/L 2.94 (1.01-8.54) .049
Energy intake > 25 kcal/kg/day 0.42 (0.18-0.96) .041
SGA B/C (vs. A) 3.48 (1.21-9.98) .021

Multivariate logistic regression analysis was performed to identify
independent predictors of sarcopenia after adjustment for age, sex, and
dialysis duration.

CRP, C-reactive protein; SGA, Subjective Global Assessment.

and immune dysregulation.?® This vicious cycle reinforces the
need for early, multidimensional interventions that address both
dietary adequacy and inflammation simultaneously. In addition to
measurable nutritional and inflammatory markers, symptom bur-
den may represent an important intermediary factor contributing
to sarcopenia in hemodialysis patients. Uremic symptoms such
as nausea, vomiting, anorexia, early satiety, and altered taste per-
ception are common in this population and may directly reduce
dietary intake.?” Persistent anorexia may lead to inadequate protein
and energy consumption, thereby exacerbating protein—-energy
wasting and muscle catabolism.?® Moreover, gastrointestinal dis-
comfort and systemic inflammation may further suppress appetite
through cytokine-mediated pathways, creating a self-perpetuating
cycle of malnutrition and muscle loss. Although symptom burden
was not formally quantified in the present studly, it likely represents
an important clinical contributor to the observed associations
between dietary intake, inflammation, and sarcopenia.

The pathophysiology linking poor nutrition, inflammation, and
sarcopenia involves complex metabolic alterations. Persistent low-
grade inflammation upregulates proteolytic pathways via Nuclear
Factor kappa B(NF-xB) activation, increases myostatin expression,
and downregulates Insulin-like growth factor 1(IGF-1) signaling,
leading to impaired muscle regeneration.?® Simultaneously, energy
deficiency amplifies catabolic drive through cortisol elevation and
increased gluconeogenesis, diverting amino acids from muscle to

hepatic glucose production.?’ Recurrent hemodialysis sessions fur-
ther intensify oxidative stress and cytokine release, perpetuating
muscle breakdown. This dual burden of inadequate nutrient sup-
ply and sustained inflammation creates a metabolic milieu resis-
tant to conventional nutritional therapy.

These findings have important practical value. In dialysis cen-
ters, sarcopenia screening should rely on simple and affordable
methods such as dietary recall analyzed with validated software
like BEBIS, routine serum albumin and CRP tests, and basic anthro-
pometric measures like mid-upper arm circumference. These can
help identify patients at risk before severe muscle loss develops.
Nutritional counseling should aim to increase protein and energy
intake, while treatment should also address metabolic acidosis
and inflammation through adequate dialysis, use of biocompat-
ible membranes, and diets rich in anti-inflammatory nutrients
such as omega-3 fatty acids and antioxidants. A multidisciplinary
approach combining these strategies may improve muscle mass,
physical performance, and quality of life in hemodialysis patients.

While similar associations between nutritional intake, inflam-
matory markers, and sarcopenia have been reported in previous
studies, these findings provide confirmatory evidence within a
well-characterized hemodialysis cohort. The primary contribution
of this study lies in its pragmatic integration of routinely available
nutritional and inflammatory parameters to support clinical iden-
tification of patients with sarcopenia. Rather than introducing a
novel conceptual framework, this study reinforces and operation-
alizes existing knowledge in a clinically applicable manner.

Strengths and Limitations

This study has several strengths, including the simultaneous
assessment of dietary intake, biochemical markers, and body com-
position parameters using validated measurement tools, namely
BEBIS for dietary intake, bioelectrical impedance analysis for
muscle mass, and the SGA for nutritional status. All measurements
were conducted by trained dietitians, which enhances the reliabil-
ity and consistency of the collected data.

Nevertheless, several limitations warrant consideration. Owing
to the cross-sectional nature of the study, causal relationships can-
not be established. In addition, dietary intake was derived from
participant-reported recalls, which may be subject to reporting
inaccuracies; however, this limitation was partly mitigated through
standardized interviews conducted by experienced dietitians.
The sample size was relatively modest but comparable to those
of previous hemodialysis cohorts and sufficient for multivariable
analyses. Physical performance tests were not included; therefore,
sarcopenia was defined up to the confirmed stage according to

Table 4. Receiver Operating Characteristic Curve Analysis for Identifying Sarcopenia

Parameter AUC (95% CI) Cutoff Sensitivity (%) Specificity (%) P

Protein intake (g/kg/day) 0.73 (0.60-0.86) <0.97 67 71 .001
Energy intake (kcal/kg/day) 0.68 (0.55-0.81) <25 64 66 .004
Serum albumin (g/dL) 0.77 (0.65-0.88) <3.5 72 75 <.001
CRP (mg/L) 0.71 (0.58-0.83) >5.0 65 68 .004
Combined model 0.83 (0.73-0.92) Pred. prob. >0.42 78 79 <.001

Receiver operating characteristic curve analysis was performed to evaluate the discriminative ability of nutritional and inflammatory parameters for
sarcopenia. Optimal cutoff points were determined using the Youden index. The area under the curve values were interpreted as follows: 0.7-0.8,

acceptable discrimination; 0.8-0.9, excellent discrimination.
CRP, C-reactive protein.
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EWGSOP2 criteria, without classification of severity. In addition,
inflammatory cytokines such as interleukin-6 and tumor necrosis
factor-a, as well as objective physical performance measures (e.g.,
gait speed), were not available, limiting more detailed mechanistic
interpretation. Lipid profile parameters were not included in the
present analysis; however, given their potential association with
nutritional status in hemodialysis patients, future studies incor-
porating lipid markers may provide additional insight into the
nutritional-inflammatory framework of sarcopenia. Lastly, dialysis-
related parameters such as dialysis adequacy (Kt/V) and dialyzer
membrane characteristics were not included in the analysis. These
factors may influence systemic inflammation, uremic toxin clear-
ance, and muscle metabolism, and therefore could act as poten-
tial confounders. Future studies incorporating dialysis adequacy
metrics may provide a more comprehensive understanding of the
relationship between inflammation, nutrition, and sarcopenia in
hemodialysis patients.

In summary, this study demonstrates that sarcopenia is highly
prevalent among patients undergoing maintenance hemodialysis
and is closely associated with unfavorable nutritional and inflam-
matory profiles. The combined evaluation of dietary intake param-
eters together with routinely available biomarkers such as serum
albumin and CRP showed greater discriminatory ability than indi-
vidual indicators alone. These findings underscore the potential
value of simple, readily accessible nutritional and inflammatory
measures for identifying patients at increased risk of sarcopenia in
hemodialysis settings and support their incorporation into routine
clinical assessment. Prospective studies are warranted to confirm
these associations and to explore their implications for clinical
outcomes.
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