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Background: Sarcopenia, characterized by a progressive decline in muscle mass and strength, poses significant public health
challenges for the elderly, impacting physical performance and quality of life. This study aims to investigate the associations between
glucose profile, fasting insulin, renal function, and muscle strength among elderly residents of a single-centered nursing home in
Indonesia, identifying potential biomarkers for sarcopenia.

Methods: A cross-sectional analysis was conducted on 31 elderly residents of Santa Anna Nursing Home, with muscle strength
measured using handgrip dynamometry and biochemical parameters evaluated through standardized laboratory methods.

Results: Structural Equation Modeling-Partial Least Squares (SEM-PLS) analysis revealed strong negative correlations between
glucose profile (B = —0.683, p < 0.01) and fasting insulin (f = —0.208, p < 0.05) with muscle strength, while renal function showed
a moderate positive relationship (f = 0.295, p < 0.05).

Conclusion: These findings highlight glucose profile, fasting insulin, and renal function as critical predictors of sarcopenia, offering
potential pathways for early detection and targeted interventions. Future research should explore longitudinal assessments and
molecular mechanisms to refine sarcopenia prevention strategies in aging populations.
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Introduction
Aging is an inevitable biological process that affects individuals universally, often leading to significant implications for
quality of life. One critical aspect of aging is the decline in muscle strength, a hallmark of sarcopenia, which is associated
with reduced physical performance, mobility, and increased frailty. The characteristics of decreased muscle strength include
diminished handgrip strength and reduced overall muscle functionality, all of which are measurable and indicative of early
muscle deterioration.” According to estimation from the World Health Organization, sarcopenia impacts 5—13% of people
aged 60-70 years and 11-50% of those aged 80 years and older.® The prevalence of sarcopenia among elderly in nursing
homes ranges from 25% to 73.7%, reflecting a higher incidence of muscle deterioration in institutionalized care. In contrast,
among community-dwelling elderly, the prevalence of sarcopenia is lower, ranging from 5.2% to 62.7%. This indicates
considerable differences in sarcopenia rates between those living in nursing homes and those residing in the community.*
Sarcopenia develops due to various risk factors, one of which is age. As an unmodifiable aspect of aging, age plays
a significant role in the gradual reduction of muscle mass, strength, and function, which are critical features of sarcopenia
and diminished physical capability.”* Research by Robbani et al (2020) identified significant differences between the two
age groups: >60 years (n = 73) and 18—40 years (n = 76). Their findings showed that muscle mass decreased by 2.467
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(SD + 0.1454) kg/m (t(98.350) = —16.969; p = 0.000), handgrip strength by 10.455 (SD + 1.0983) kg (t(147) = —9.519;
p = 0.000), and gait speed by 0.4753 (SD + 0.2808) m/s (t(11.636) = —16.747; p = 0.000). These results demonstrate that
sarcopenia diagnostic components decline significantly with advancing age.® According to the research conducted by
Kim et al (2023), we found that muscle strength, as measured by handgrip strength, showed a notable decline with
advancing age. Specifically, there was a reduction of 9.32% to 21.01% in grip strength across successive 5-year age
brackets (p = 0.001) This decline was particularly pronounced in individuals aged 60 and above, indicating a clear
association between aging and reduced muscle strength.'®

The relationship between glucose metabolism, insulin signaling, and muscle health in sarcopenia involves hyperglyce-
mia-induced ROS and cytokines (TNF-a, IL-6), activating proteolytic pathways while suppressing mTOR, resulting in
muscle degradation and impaired synthesis.'"'* Kalyani et al (2014) found that elevated HbAlc levels were linked to
reduced lower muscle strength (—4.70 £ 2.30 N - m, p = 0.02) and quality (—0.32 £ 0.15 N-m/kg, p = 0.02) across HbAlc
quartiles.'® Similarly, Umegaki et al (2015) reported that type 2 diabetes mellitus increases the risk of sarcopenia threefold
(OR 3.06, 95% CI 1.42-6.62) after adjusting for confounders.'* Furthermore, Yin et al (2021) found fasting insulin as
a strong sarcopenia predictor (AUC = 0.686), with an inverse association (OR = 0.904, 95% CI: 0.882-0.927, p = <0.001).!

Albumin supports muscle health, serving as a biomarker for sarcopenia through its antioxidant, protein synthesis, and
anti-inflammatory roles, linked to CRP, nitrogen balance, and oxidative stress markers like MDA.">"'” Ancum et al
(2022) found that lower albumin levels were linked to reduced handgrip strength (B = 0.101 kg per 1 g/L decrease, p <
0.05) and skeletal muscle mass index (B = 0.022 kg/m? per 1 g/L decrease, p < 0.05)."® Similarly, Snyder et al (2012)
reported that older men with significant serum albumin decline (>3 g/L) over 2 years showed a modest reduction in
muscle power (—8.9 watts, 95% CI: —25.6, 7.8) compared to those with stable albumin (p = 0.02)."°

Liver dysfunction affects muscle health through reduced protein synthesis (low albumin), impaired amino acid
metabolism (BCAAs), decreased hormonal regulation (low IGF-1), and disrupted energy balance (lactate accumulation),
leading to impaired mTOR signaling, metabolic stress, and accelerated muscle loss.'>'® Xiao et al (2023) found that
elevated liver enzymes, particularly aspartate aminotransferase (AST) and alanine aminotransferase (ALT), were linked
to a higher risk of sarcopenia. Individuals in the highest AST quartile (>26 IU/L) had significantly increased odds of
sarcopenia (OR = 1.53, 95% CI: 1.15-2.04, p < 0.01) compared to those in the lowest quartile.?® Similarly, Kamimura
et al (2021) reported that higher liver enzyme levels negatively affects muscle health, with cirrhosis patients exhibiting
significantly lower handgrip strength than controls (26.3 + 8.9 kg vs 35.5 £ 11.3 kg, p < 0.001). They also observed an
inverse correlation between the Model for End-Stage Liver Disease (MELD) score and handgrip strength (r = —0.32, p <
0.001), highlighting the strong connection between liver function and muscle strength.?’

Renal biomarkers play a crucial role in understanding the relationship between kidney function and muscle health where
uremic toxin accumulation, acid-base imbalances, and impaired protein synthesis contribute to sarcopenia, particularly reducing
handgrip strength. The underlying mechanisms include increased protein degradation, reduced muscle protein synthesis, and
mitochondrial dysfunction, exacerbated by the uremic environment." Noce et al (2021) demonstrated a significant positive
correlation between handgrip strength and the creatinine/cystatin C ratio (r = 0.376, p < 0.001 for men; r = 0.407, p < 0.001 for
women) in a Chinese population, suggesting its potential as a biomarker for muscle strength in CKD.** Watanabe et al (2019)
found that a 1-unit increase in the serum cystatin C-to-creatinine ratio raised the risk of sarcopenia, low lean tissue index, and low
handgrip strength by 4.6-, 7.2-, and 2.6-fold, respectively (p = 0.003, p < 0.001, p = 0.048).%

Uric acid plays a dual role in muscle health and sarcopenia through oxidative stress and inflammation. At physio-
logical levels, it acts as an antioxidant, reducing reactive oxygen species (ROS). Elevated levels, however, can trigger
oxidative damage, pro-inflammatory cytokines (IL-6, TNF-a), and protein degradation pathways, impairing muscle
strength.”**> Kawamoto et al (2016) found a positive association in elderly Japanese women, with significantly higher
handgrip strength observed in the upper quartiles of serum uric acid (4.8-5.4 mg/dL and 5.5-9.3 mg/dL) compared to the
lower quartiles (0.7-4.7 mg/dL, p < 0.05).?° In contrast, research by Huang et al (2013) demonstrated an inverted
J-shaped association between serum uric acid levels and muscle strength in Japanese adult men. They found that grip
strength differed significantly between participants with and without hyperuricemia (geometric mean and 95% CI: 40.3
[39.2-41.3] kg vs 41.9 [41.3-42.5] kg; p = 0.01). Furthermore, serum UA levels (quartiles) showed an inverted J-shaped
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curve with grip strength (mean and 95% CI: Q1, 41.6 [40.6-42.6] kg; Q2, 42.2 [41.2-43.2] kg; Q3, 41.8 [40.8-42.8] kg;
Q4, 40.4 [39.3-41.4] kg; p for quadratic trend = 0.05).%"

The relationship between lipid metabolism and sarcopenia, particularly handgrip strength, involves lipotoxicity,
mitochondrial dysfunction, and chronic inflammation. Dysregulated lipid profiles (high LDL, low HDL, elevated trigly-
cerides) cause ectopic fat in muscles, impairing mitochondrial ATP production. Lipid-induced NF-kB activation increases
pro-inflammatory cytokines (TNF-a, IL-6), while oxidative stress markers like malondialdehyde (MDA) and reactive
oxygen species (ROS) disrupt muscle protein synthesis.”** Jiang et al (2023) examined the relationship between lipid
metabolism and sarcopenia in geriatric inpatients, reporting significantly lower total cholesterol (TC) and triglyceride (TG)
levels in sarcopenia patients compared to non-sarcopenia patients (p < 0.01). Multivariate logistic regression identified low
TC and TG levels, alongside elevated LDL as significant risk factors for sarcopenia (p < 0.05).*°

Vitamin D is essential for muscle health, with deficiency linked to sarcopenia and reduced handgrip strength. It regulates
calcium homeostasis via parathyroid hormone (PTH), enhances muscle cell proliferation through the PI3K/Akt pathway,
and reduces inflammation by suppressing IL-6 and TNF-a. Its effects are mediated by vitamin D receptor (VDR), with
biomarkers including 25(OH)D levels, VDR expression, and calcium.®*! Research by Minamino et al (2021) found that
low 25(OH)D status was significantly associated with a higher prevalence of severe sarcopenia (OR 6.00; 95% CI
1.99-18.08). Furthermore, the study revealed that patients with low vitamin D status had significantly lower measured
values of muscle mass, handgrip strength, and gait speed compared to those with sufficient vitamin D levels.**

There has not been research that comprehensively examines the potential of various blood parameter examinations
and their predictive roles in sarcopenia, particularly in the elderly population in Indonesia. Therefore, the purpose of our
study was to investigate the potential of blood parameters as predictive biomarkers for sarcopenia in the Indonesian
elderly population, aiming to support early detection and targeted interventions to maintain physical function and
improve quality of life in this demographic.

Materials and Methods
Study Design and Sampling

This study utilized a cross-sectional analytical observational design conducted in January 2024. The participants
consisted of 70 elderly residents of Santa Anna Nursing Home, selected using a total sampling method. The inclusion
criteria required participants to be aged 60 years or older, willing to take part in interviews, provide consent for blood
sample collection, and demonstrate the ability to independently perform the handgrip strength test and lift the device
without external assistance. Participants were excluded if they had neuro-psychosocial issues, such as cognitive decline
(eg, dementia or Alzheimer’s disease) that hinder comprehension or cooperation. Individuals with neuro-disorders,
including Parkinson’s disease, stroke, or severe musculoskeletal conditions like advanced arthritis, which interfered
with physical examinations, were also excluded. Additionally, participants were excluded if blood collection was not
possible due to skin conditions such as eczema, psoriasis, or severe scarring in the venipuncture area, as these conditions
could complicate or prevent sample collection and compromise data quality. The sampling approach ensured a well-
defined elderly population, enhancing the study’s reliability and applicability to similar demographic groups (Figure 1).

Instruments and Procedures
The variables examined in the sociodemographic category include age, gender, marital status, and education. These data
were obtained through a combination of direct interviews with participants, verification of personal identification documents
such as identity card, and confirmation from the administrator of the nursing home. This multi-step process ensured that the
data collected were accurate, reliable, and validated, minimizing errors and enhancing the study’s credibility.

The physical examination variables in this study are handgrip strengths from the right and left hands, assessed using
a Camry Electronic Hand Dynamometer EH 101. Participants were seated comfortably with feet flat on the floor, back
supported, and shoulders relaxed. The arm being tested was positioned at a 90-degree angle with the forearm parallel to
the floor. Participants squeezed the hand dynamometer with maximal effort for 3—5 seconds while breathing normally.
The test was conducted three times per hand, with 30-60 seconds of rest between trials to prevent fatigue. The highest

Journal of Multidisciplinary Healthcare 2025:18 hetps: 1395



Santoso et al

. ) Excluded because
Total nursing home residents . . :
(n=70) uncooperative for interview
(n=11)
Accessible for Interviewed Excluded because unable to
(n=59) physical examination (n=16)
v
Accessible for Examination Excluc'led BECAUSS bloqd
- sampling was not possible
(n=43)
| (n=12)

l

Total Residents Eligible
(n=31)

Figure | Study Population Analysis.

value recorded, expressed in kilograms (kg), ensured valid and reliable results. Handgrip strength is a critical parameter
for diagnosing sarcopenia, as reduced grip strength is a hallmark of muscle weakness associated with this condition.****

The laboratory examination variables in this study included albumin, liver function (SGOT and SGPT), kidney function
(urea and creatinine), uric acid, lipid profile (total cholesterol, triglycerides, HDL cholesterol, LDL cholesterol), glucose
profile (FBG and HbA 1¢), fasting insulin, and vitamin D levels. Blood samples were collected via venipuncture from the vena
mediana cubiti, a vein located in the antecubital fossa (elbow crease). To ensure aseptic conditions, the venipuncture site was
sterilized using an alcohol swab applied in a circular motion from the center outward. Participants fasted for at least 10 hours
prior to sample collection to ensure accurate biochemical measurements. Trained medical personnel conducted the procedure
using sterile needles and a vacuum blood collection system while adhering to clinical safety standards.

All samples were processed in a certified medical laboratory using standardized methods tailored to each parameter. Serum
albumin was measured with results expressed in grams per deciliter (g/dL). Liver function tests, including SGOT and SGPT,
were reported in milligrams per deciliter (mg/dL). Kidney function was evaluated by measuring serum urea and creatinine
levels, also expressed in mg/dL. Uric acid levels were determined using enzymatic methods and reported in mg/dL. The lipid
profile, encompassing total cholesterol, triglycerides, HDL cholesterol, and LDL cholesterol, was analyzed enzymatically,
with results expressed in mg/dL. Glucose profile parameters included fasting blood glucose (FBG), measured in mg/dL, and
glycated hemoglobin (HbAlc), expressed as a percentage. Fasting insulin levels were assessed using assay-based methods,
with results in micro-international units per milliliter (uIU/mL). Vitamin D status was assessed by measuring serum 25-
hydroxyvitamin D (25(OH)D) levels, with results expressed in nanograms per milliliter (ng/mL).

Advanced analytical techniques were utilized to ensure precision and reliability across all tests. These included
automated clinical chemistry analyzers for routine biochemical parameters, enzymatic methods for lipid and uric acid

analysis, ELISA for fasting insulin measurements and vitamin D assessment.
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Statistical Analysis

Data analysis was conducted using Structural Equation Modeling-Partial Least Squares (SEM-PLS) to evaluate the relation-
ships between the variables, including age, muscle strength (right and left hand grip), albumin, liver function (SGOT and
SGPT), kidney function (urea and creatinine), uric acid, lipid profile (total cholesterol, triglycerides, HDL cholesterol, LDL
cholesterol), glucose profile (FBG and HbAlc), fasting insulin, and vitamin D. SEM-PLS is a robust statistical method that
enables simultaneous analysis of measurement models (validating indicators for latent variables) and structural models
(assessing relationships between variables). This approach was used to identify key pathways influencing muscle strength
and related biomarkers while determining the predictive ability of the biochemical parameters. The analysis provided
comprehensive insights into the interactions among variables, ensuring the accuracy and reliability of the findings.

Results

Based on the inclusion and exclusion criteria established for this study, a total of 31 respondents were identified subsequently
included in the analysis. The demographic and clinical characteristics of the 31 participants show a mean age of 73.06 years,
with 71% women. Most were married (48.4%) and had a senior high school education (51.6%). Physical examination revealed
relatively low handgrip strength (right: 15.43 kg, left: 14.6 kg), indicating potential sarcopenia. Laboratory analysis showed
adequate liver function (SGOT: 26.06 U/L; SGPT: 23.16 U/L) and kidney function (urea: 24.39 mg/dL; creatinine: 0.81 mg/
dL), balanced lipid (total cholesterol: 183.06 (21.87) mg/dL, triglycerides: 85.35 (26.23) mg/dL; HDL cholesterol: 52.83
(11.89) mg/dL; LDL cholesterol: 102.06 (21.86) mg/dL) and glucose profiles (FBG: 94 mg/dL; HbAlc: 6%). However,
vitamin D levels were detected low indicating a deficiency state (15.74 ng/mL) (Table 1).

Table 2 shows the effect size indicators for muscle strength, with an R Square value of 0.648, indicating that 64.8% of
the variability in muscle strength is explained by the predictors in the model. The adjusted R Square value of 0.496
reflects a moderate explanatory power after accounting for the number of predictors and model complexity.

Table 3 presents the Heterotrait-Monotrait (HTMT) ratios of parameters, indicating relationships between variables.
Key findings include moderate correlations between glucose profile and muscle strength (HTMT = 0.678), glucose profile
and liver function (HTMT = 0.7), and age with lipid profile (HTMT = 0.572). Lower correlations were observed between
uric acid and vitamin D (HTMT = 0.042) and albumin and renal function (HTMT = 0.06). These results highlight strong
interrelationships between glucose profile, liver function, and muscle strength, suggesting these as key contributors to
muscle health, while other parameters show weaker associations.

Figures 2 and 3 shows the path coefficients for muscle strength. Glucose profile has a strong negative impact
(—0.683), while fasting insulin (—0.208) exhibit moderate negative effects, respectively. Renal function demonstrates

Table | Demographic Characteristic of 3| Studied Subjects

Description Category N (%) Mean (SD)
Age (year) 73.06 (9.65)
Gender Man 9 (29%)

Woman 22 (71%)
Marital Status Married 15 (48.4%)

Not married yet 12 (38.7%)

Divorced 4 (12.9%)
Education Elementary school 9 (29%)

Junior high school 5 (16.1%)

Senior high school 16 (51.6%)

Bachelor Degree I (3.2%)

(Continued)
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Table | (Continued).

Description Category N (%) Mean (SD)
Muscle Strength Right Hand Grip (kg) 15.43 (6.37)
Left Hand Grip (kg) 14.6 (7.54)
Albumin (g/dL) 3.73 (0.38)
Liver Function SGOT (U/L) 26.06 (13.62)
SGPT (U/L) 23.16 (13.45)
Kidney Function Urea (mg/dL) 24.39 (6.52)
Creatinine (mg/dL) 0.81 (0.23)
Uric Acid (mg/dL) 5.66 (1.54)
Lipid Profile Total cholesterol (mg/dL) 183.06 (21.87)

Triglycerides (mg/dL)

85.35(26.23)

HDL (mg/dL) 52.83 (11.89)
LDL (mg/dL) 102.06 (21.86)
Glucose Profile FBG (mg/dL) 94 (34.96)
HbAlc (%) 6 (0.82)
Fasting Insulin (MIU/mL) 14.53 (7.73)
Vitamin D (ng/mL) 15.74 (1.61)
Table 2 Effect Size Indicators for Muscle Strength
R Square | R Square Adjusted
Muscle Strength 0.648 0.496
Table 3 Heterotrait-Monotrait of Parameters
Age | Albumin | Vitamin D Glucose Fasting Lipid Liver Muscle Renal Uric
Profile Insulin Profile | Function | Strength | Function | Acid
Age
Albumin 0.46
Vitamin D 0.307 0.462
Glucose Profile 0.43 0.527 0.388
Fasting Insulin 0.502 0.012 0.176 0.347
Lipid Profile_ 0.572 0.463 0.302 0.541 0.09
Liver Function 0.273 0.172 0.256 0.7 0.182 0.366
Muscle Strength 0.113 0.163 0.273 0.678 0.336 0.167 0.396
Renal Function 0.364 0.06 0.16 0.459 0.295 0.318 0.399 0.201
Uric Acid 0.222 0.23 0.042 0.185 0.333 0.157 0.289 0.282 0.471

https:
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Figure 2 Structural Equation Modeling (SEM) Using Partial Least Squares (PLS) The diagram illustrates the relationships between various clinical parameters and muscle
strength (r = 0.648) based on SEM-PLS analysis. Notable parameters include renal function (creatinine, urea) showing a positive correlation, glucose profile (FBG, HbAlc)

which demonstrates a strong negative correlation, and fasting insulin, which has a moderate negative correlation (—0.208).

Abbreviations: FBG, fasting blood glucose; HbAc, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides; SGOT, serum
glutamic-oxaloacetic transaminase; SGLT, serum glutamic-pyruvic transaminase.
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Path Coefficients of Muscle Strength Parameters
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Figure 3 Path Coefficients Parameters of Muscle Strength.

a moderate positive relationship (0.295). Other parameters, including age, lipid profile, and liver function, have minimal
impact. These results highlight the significant influence of glucose profile and renal function on muscle strength
(Figure 2-3).

Discussion
These findings reveal a strong negative association between glucose profiles and muscle strength, highlighting the
significant role of metabolic control in maintaining physical performance. Fasting insulin levels also demonstrate
a moderate negative effect on muscle strength, further emphasizing the impact of metabolic factors. Chronic hyperglycemia,
indicated by elevated fasting glucose and HbAlc, contributes to sarcopenia through insulin resistance, which disrupts
glucose uptake and protein synthesis essential for muscle growth.*>=¢ This is compounded by reduced activity of the PI3K/
Akt pathway and impaired GLUT4 translocation, limiting energy availability. Excessive glucose promotes advanced
glycation end-products (AGEs), which accumulate in muscle tissue, cross-linking structural proteins like collagen, leading
to stiffness and loss of function. Hyperglycemia also triggers oxidative stress by increasing reactive oxygen species (ROS)
via mitochondrial and NADPH oxidase pathways.>>” These ROS damage cellular components, impair mitochondria, and
disrupt ATP production, reducing muscle repair. Chronic inflammation driven by hyperglycemia elevates cytokines like
TNF-a and IL-6, activating proteolytic systems and suppressing mTORCI signaling. Vascular damage mediated by protein
kinase C reduces perfusion, nutrient delivery, and waste clearance, further impairing muscle health.** *°

Conversely, renal function shows a moderate positive relationship with muscle strength, suggesting its supportive role
in muscular performance. The seemingly paradoxical positive relationship between elevated renal markers, such as
creatinine and urea, and improved handgrip strength in the elderly provides a fascinating insight that challenges
conventional interpretations. This association likely stems from interconnected metabolic pathways and molecular
mechanisms linking these biomarkers to muscle mass and function.*"**? Creatinine, a byproduct of muscle metabolism,
is traditionally used as a marker of kidney function but is also strongly associated with muscle mass.***** Higher serum
creatinine levels may reflect preserved or greater muscle mass rather than kidney dysfunction, as creatinine production is
proportional to muscle tissue. The observed correlation with enhanced handgrip strength suggests that elevated creatinine
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levels might indicate better muscle quality and metabolic activity.''*> Similarly, urea, while primarily reflecting renal
excretory function, is influenced by protein metabolism and nutritional status. Elevated urea in individuals with strong
muscle function may indicate higher protein turnover and adequate nutrition, both vital for maintaining muscle integrity
and strength.***®

Several molecular pathways can be used to underscore this relationship. The mTOR (mechanistic target of rapamycin)
pathway, crucial for muscle protein synthesis and hypertrophy, is activated by amino acids and energy availability,
linking dietary protein metabolism to muscle growth.**° Concurrently, the AMPK (AMP-activated protein kinase)
pathway, sensitive to cellular energy stress, regulates catabolic and anabolic processes, ensuring efficient muscle
metabolism under varying energy conditions. Elevated creatinine and urea may signify an active balance in these
pathways, supporting muscle maintenance.>*>' The IGF-1 (Insulin-like Growth Factor-1) signaling pathway, critical
for muscle regeneration and growth, further explains the positive association, as individuals with higher muscle mass
likely exhibit enhanced IGF-1 activity, fostering muscle strength and metabolic turnover.**>? These findings suggest that
elevated creatinine and urea in elderly individuals with preserved renal function may reflect a physiological state of
robust muscle metabolism rather than renal impairment. However, careful interpretation is necessary, further exploration
into these pathways could differentiate the metabolic contributions of muscle mass and renal function in aging
populations, offering insights into the interplay between nutrition, metabolism, and physical performance.

This study has several limitations that may influence its findings and interpretation. First, the participants were informed
of the upcoming physical examinations and biochemical assessments several months in advance, potentially encouraging
behavioral modifications such as improved diet and physical activity, which could artificially enhance muscle strength or
alter metabolic markers like glucose and insulin. This preparation might obscure the baseline relationship between the
studied variables and sarcopenia. The use of fasting glucose and HbA1c¢ as markers of glucose metabolism, while reliable,
provides only an average reflection of glycemic control over time and may not capture acute glucose fluctuations. Including
parameters such as postprandial glucose or continuous glucose monitoring could provide a more comprehensive assessment
of glycemic variability and its impact on muscle health.>>>> The potential for symptom overlap between metabolic
conditions and sarcopenia presents challenges in disentangling their effects. For example, insulin resistance, often associated
with hyperglycemia, can independently contribute to sarcopenia through proteolytic and inflammatory pathways, complicat-
ing the attribution of observed effects solely to glucose profiles.'®**>” The study’s cross-sectional design limits the ability to
infer causality between the biochemical parameters and muscle strength. Longitudinal studies are needed to establish
temporal relationships and explore the progression of sarcopenia in elderly populations. Despite these limitations, the
findings provide valuable insights into the interplay between metabolic health and muscle strength in aging populations.

Conclusions and Recommendations

Glucose profile, fasting insulin, and renal function are essential biomarkers for sarcopenia in elderly populations.
Hyperglycemia and insulin resistance negatively impact muscle strength, while creatinine and urea positively correlate
with muscle metabolism. These findings support using these markers for early detection and targeted interventions to

improve muscle health and quality of life.

Study Limitation and Future Research

This study exclusively focused on the elderly population to examine the impact of laboratory examination such as
glucose profile, fasting insulin, and renal function on sarcopenia, without accounting for other variables that may
influence muscle health, such as physical activity, nutrition, and comorbidities. Furthermore, the cross-sectional design
limits the ability to assess temporal relationships and causality between these biomarkers and sarcopenia progression.
The lack of detailed molecular analyses also restricts insights into the precise pathways linking these variables to muscle
deterioration. Future research should incorporate longitudinal designs, broader variables, and advanced molecular
assessments to establish causal pathways and develop targeted interventions for sarcopenia prevention and management.
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