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ABSTRACT. – OBJECTIVE: Sarcopenia is a con-
dition characterized by muscle mass loss. Skele-
tal muscle is capable of producing and secreting 
different molecules called myokines, and ape-
lin is one of them. The literature contains contra-
dictory data on the relationship between apelin 
and sarcopenia. We decided to investigate the 
role of apelin in sarcopenia in subjects with dis-
ease-related malnutrition (DRM), a group of pa-
tients with a high rate of sarcopenia.

PATIENTS AND METHODS: 83 elderly pa-
tients with DRM assessed according to the 
Global Leadership Initiative on Malnutrition 
(GLIM) criteria were included in the study, with 
a mean age of 69.9±3.8 years. Anthropometric 
data, muscle mass by ultrasound at the rectus 
femoris quadriceps (RFQ) level, bioimpedance 
[skeletal muscle mass (SMM), appendicular 
SMM (aSMM) and aSMM index (aSMMI)], dyna-
mometry, biochemical parameters, dietary in-
take, circulating apelin levels were determined 
in all patients. 

RESULTS: A total of 33 patients (37.9%) were 
diagnosed with sarcopenia, while 54 patients 
did not present sarcopenia (60.1%). Body weight 
(-5.5±2.0 kg, p=0.01), calf circumference (-1.9±0.2 
cm, p=0.02), phase angle (-0.6±0.2º, p=0.01), re-
actance (-6.8±2.3 Ohms, p=0.03), resistance 
(-38.8±12.3 Ohms, p=0.04), SMM (-2.2±0.3 kg, 
p=0.04), aSMM (-2.2±0.2 kg, p=0.03) and aSM-
MI (-0.6±0.2 kg, p=0.02), dominant muscle area 
(-0.6±0.2 cm2, p=0.04), dominant Y axis (-0.4±0.1 
cm, p=0.03), dominant X/Y axis (1.1±0.3 cm, 
p=0.04), strength (-5.1±1.3 kg, p=0.01), albumin 
(-0.9±0.1 g/dl, p=0.02) and prealbumin (-4.6±0.7 
mg/dl, p=0.02) were worse in patients with sar-
copenia than non-sarcopenic patients. Circulat-
ing apelin levels were similar in both groups. No 
significant correlation of apelin levels was de-
tected, either with bioimpedance data or with 
muscle ultrasonography data. The multivariant 
analysis did not detect a significant association 
of apelin with the presence of sarcopenia.

CONCLUSIONS: Our study shows a lack of 
association between apelin and sarcopenia in 
elderly malnourished patients.
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Introduction

Sarcopenia is defined by age-related loss of 
function and muscle mass; this entity plays a main 
role in the development of disability1 and nega-
tively impacts muscle homeostatic functions (such 
as immune, endocrine, and metabolic actions)2. 
Despite its high prevalence and recognition as 
a disease3, several factors related to pathophysi-
ology, related factors, and treatment/prevention/
diagnostic options remain to be improved4. Now-
adays, several blood-based molecules associated 
with different physiological pathways involved in 
muscle tissue metabolism have been proposed as 
sarcopenia markers5. 

Skeletal muscle is capable of producing and 
secreting different molecules in order to commu-
nicate with other tissues in an endocrine, either 
paracrine or autocrine way, named myokines. One 
of these myokines is apelin, the ligand of apelin 
protein junction (APJ) G-protein coupled recep-
tor, which is a pleiotropic peptide that has been 
shown5 to modulate several processes implied in 
neuroprotection, immunity, glucose metabolism, 
and cardiovascular regeneration. Recent data6,7 
has revealed that age-related apelin decreases 
might negatively impact mitochondrial amount 
and function, as well as local skeletal muscle re-
generation, which contributes to muscle mass and 
function losses in the elderly6 and a potential role 
in myocardial infarction and pulmonary diseas-
es7. Moreover, in human investigations7-9, the re-
lationship between circulating apelin levels and 
sarcopenia remains unclear, with a lack of asso-
ciation in two studies8,9 and a positive relationship 
in the other10. These investigations have been con-
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ducted in non-malnourished Caucasic and Asiatic 
patients. Disease-related malnutrition (DRM) is 
also an important health problem for patients11,12. 
DRM is related to the alterations associated with 
underlying disease, low dietary intake and de-
creases in body weight and muscle mass. As men-
tioned, sarcopenia is a condition with low muscle 
mass and poor functional capacity13. Considering 
the previously mentioned situation, muscle is 
the most important protein reserve in the human 
body, and its mass is one of the parameters used 
to evaluate DRM. The production of myokines in 
the skeletal muscle, such as apelin, the role of the 
muscle in the diagnosis of DRM and in the phys-
iological basis of sarcopenia make this research 
area a promising area to investigate the potential 
role of this molecule, as it has already been done 
in murine models14. For example, apelin-deficient 
mice showed early onset of sarcopenia, whereas 
treatment with apelin enhanced muscle strength 
in this animal model14.

Given that no studies of apelin have been con-
ducted in patients with DRM, we decided to in-
vestigate the role of this circulating myokine in 
sarcopenia in this group of patients.

Patients and Methods

Study Population
This was a cross-sectional outpatient study. 

The participants included in the research visited 
the Nutrition Unit of the Hospital Clinico Uni-
versitario de Valladolid for the management of 
DRM. We studied all patients’ nutritional status 
with anthropometric and biochemical parameters, 
including apelin levels. They were ambulatory, 
community-dwelling, and not in inpatient facil-
ities. This study was approved by the Bioethical 
Committee of the Health Area of HCUVa (PI 23-
3226, on 14 July 2023). Written informed consent 
was obtained and signed by all enrolled patients. 
The study was conducted in accordance with the 
principles outlined in the Helsinki Declaration. 

The patient inclusion criteria were patients 
with DRM diagnosed by the Global Leadership 
Initiative on Malnutrition (GLIM) criteria15 and 
aged over 65 years. The exclusion criteria were 
chronic heart failure, chronic obstructive pulmo-
nary disease, active alcohol habit, decompensated 
liver disease, diabetes mellitus, chronic kidney 
disease stage IV or higher, inability to walk, and 
patients whose life expectancy was expected to be 
less than one year.

Study Variables
Anthropometric data were recorded, and a 

blood sample was collected during the same 
clinical visit. The following anthropometric data 
were collected [body weight, height, body mass 
index (BMI), calf circumference, and waist cir-
cumference]. A bioimpedance analysis (BIA) 
was performed, and we obtained the following 
parameters (resistance, reactance, and phase an-
gle) and calculated the following data [fat mass 
(FM), skeletal muscle mass (SMM), appendicular 
muscle mass (aSMM), appendicular muscle mass 
index (aSMMI)]16. Muscle mass was measured 
by ultrasound at the level of the rectus femoris 
quadriceps (RFQ). To determine the biochemical 
parameters, 20 ml of venous blood was aliquoted 
into tubes coated with ethylenediaminetetraacetic 
acid (EDTA) after an overnight fast of 8 hours. 
The following biochemical data were obtained: 
albumin (g/dl), C-Reactive Protein (CRP) (mg/dl), 
prealbumin (mg/dl), and apelin (ng/ml). 

Anthropometric Parameters, 
Bioimpedance and Muscle Ultrasound

Height (cm) and waist circumference (cm) were 
determined with a non-elastic tape measure (Om-
rom, LA, CA, USA). Body weight was measured 
with a digital scale (Omrom, LA, CA, USA). BMI 
was calculated using body weight (kg) divided 
by the square of height (m). Calf circumference 
was measured at the point of maximum diameter 
of the gastrocnemius femoris muscle in the leg. 
From the bioimpedance analysis, we obtained two 
raw data: resistance (R) and the capacitance com-
ponent (X). The Phase angle (PhA) was calculat-
ed using the following equation PhA = (X/R) x 
(180º/π). The BIA provided fat mass (FM), skeletal 
muscle mass (SMM), appendicular muscle mass 
(aSMM), and appendicular muscle mass index 
(aSMMI) as aSMM divided by squared height17 
(EFG BIA 101 Anniversary, Akern, Pisa, Italy). 

Muscle ultrasound of the RFQ of the domi-
nant lower extremities with a 10 to 12 MHz probe 
(Mindray Z60, Madrid, Spain) was performed in 
all patients. The probe was aligned perpendicu-
lar to the longitudinal and transverse axis of the 
rectus femoris quadriceps. The evaluation was 
performed without compression at the level of the 
lower third from the superior pole of the patella 
and the anterosuperior iliac spine. The measure-
ments obtained with ultrasound were: rectus fem-
oris area (cm2), the RFQ circumference (cm), the 
X-axis of RFQ (cm), the Y-axis of RFQ (cm), and 
the X/Y index RFQ17.
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In our study, muscle strength was measured 
by hand grip strength using a dynamometer 
with the patient seated and the arm at a right 
angle to the forearm (JAMAR® dynamometer, 
Sammons Preston, Bolingbrook, IL, USA). 
Three measurements were taken and the average 
of the three measurements was calculated. The 
diagnostic criteria of low muscle strength proposed 
by the European Working Group on sarcopenia 
in Older People (EWGSOP2)18 were used (<27 
kg in men and <16 kg in women). Sarcopenia 
is diagnosed when there is low muscle strength 
and abnormal appendicular skeletal muscle mass 
index (aSMMI) on BIA (<7.0 kg/m2 for males and 
<5.5 kg/m2 for females)18. 

Dietary Intake and Physical Exercise
All malnourished patients were instructed 

to record their daily dietary intake for three 
non-consecutive days. Dietary records were 
determined using specific software (Dietsource®, 
Geneve, Switzerland), including national 
composition food tables as reference19. The average 
of macronutrients and micronutrients from these 
three days was obtained. Two weekdays and one 
weekend day were obtained, and the three values 
were averaged to improve the results. Patients 
recorded their daily physical activity as minutes 
per day. The patients collected their activity with 
a self-administered questionnaire in which they 
recorded their daily physical activity.

Biomarkers
The conventional nutritional parameters were 

determined with a Cobas c-711 autoanalyzer 
(Roche Diagnostics, Geneve, Switzerland): al-
bumin (g/dl), CRP (mg/dl), and prealbumin (mg/
dl). We used the commercial kit MILLIPLEX® 
Human Myokine Magnetic Bead Panel (HCY-
TOMAG-56K, EMD Millipore Corporation, MA, 
USA) to measure serum apelin levels. 

Statistical Analysis
Statistical analysis was performed with SPSS 

statistical software for Windows version 23.0 
(IBM Corp., Armonk, NY, USA). The sample 
size was determined to detect differences of 100 
pg/ml of circulating apelin levels between both 
groups of patients with DRM (no sarcopenia vs. 
sarcopenia). Descriptive statistics for all variable 
values ​​are presented as mean and standard devi-
ation for continuous variables and as percentag-
es for categorical variables. Correlation analysis 
was realized using Pearson’s test. The variables 

were analyzed using the Student’s t-test (for the 
variable with normal distribution) or the Krus-
kal-Wallis test (for the variable with non-normal 
distribution). The Bonferroni test is used in statis-
tics to address the issue of multiple comparisons 
in order to decrease the chance of making a Type 
I error. We applied this correction to all the an-
thropometric, BIA, and ultrasound variables. The 
Chi-square test was used to assess the qualitative 
variables. Multiple logistic regression models ad-
justed by sex and age were used to estimate odds 
ratios (ORs) and 95% confidence intervals (CIs) in 
order to examine the relationship between apelin 
levels and the presence of sarcopenia (median val-
ue of apelin 76.88 pg/ml). The receptor operation 
characteristic curve for sarcopenia was calculated 
to determine apelin levels. The cutoff points were 
elucidated by the area under the curve (AUC) that 
had the best specificity and sensitivity values for 
the test in question. p-values ​​below 0.05 were 
considered statistically significant.

Results

87 elderly patients diagnosed with GLIM cri-
teria were included in the study, with a mean age 
of 69.9±3.8 years. There were 51 females (58.6%) 
and 36 males (41.4%). The cause of DRM was the 
following: stable oncological pathology in 34 pa-
tients (39.0%), chronic neurological pathology in 
18 patients (20.7%), digestive pathology in 17 pa-
tients (19.7%) and 18 other patients (miscellany) 
(20.7%) being a representative sample of elderly 
patients with DRM who visited our Nutritional 
Unit. Table I reports the classical anthropomet-
ric data, ultrasound parameters, bioimpedance 
data and biochemical results of the studied sam-
ple, showing a normal weight population (BMI: 
22.5±5.3 kg/m2).

Of our sample of patients, a total of 33 pa-
tients (37.9%) were diagnosed with sarcopenia 
according to the criteria of the European Work-
ing Group on sarcopenia in older people (EWG-
SOP2)18, while 54 patients did not present sarco-
penia (60.1%) (Table II). The distribution by sex 
was similar in both the sarcopenia [18 females 
(54.5%) and 15 males (45.5%)] and the non-sar-
copenia groups [33 females (61.1%) and 21 males 
(38.9%)]. As expected, Table II reports statistical 
differences in classical anthropometric param-
eters such as body weight (-5.5±2.0 kg, p=0.01) 
and calf circumference (-1.9±0.2 cm, p=0.02) be-
tween patients with and without sarcopenia. Bio-
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impedance parameters were also worse in elderly 
patients with sarcopenia [Phase angle (-0.6±0.2º, 
p=0.01), reactance (-6.8±2.3 Ohms, p=0.03), resis-
tance (-38.8±12.3 Ohms, p=0.04), SMM (-2.2±0.3 
kg, p=0.04), aSMM (-2.2±0.2 kg, p=0.03) and 
aSMMI (-0.6±0.2 kg, p=0.02)] than patients with-
out sarcopenia. Moreover, ultrasound parameters 
of RFQ were worse in patients with sarcopenia 
[dominant muscle area (-0.6±0.2 cm2, p=0.04), 
dominant Y axis (-0.4±0.1 cm, p=0.03) and domi-
nant X/Y axis (1.1±0.3 cm, p=0.04)] than non-sar-
copenic patients. Finally, the strength was better 
in non-sarcopenic patients (5.1±1.3 kg, p=0.01) 
than in sarcopenic patients.

Patients with sarcopenia had worse serum pro-
tein levels [albumin (-0.9±0.1 g/dl, p=0.02) and 
prealbumin (-4.6±0.7 mg/dl, p=0.02)] than pa-
tients without sarcopenia. Circulating apelin lev-
els were similar in non-sarcopenic patients than 
in sarcopenic patients. 

When we divided the patients into two groups 
based on dynapenia [low force according to the 
European Working Group on Sarcopenia in Older 
People (EWGSOP2) criteria (<27 kg in males and 
<16 kg in females)18], we found that the patients 
with low strength had similar levels of apelin 

(80.3±12.3 vs. 88.4±112 pg/ml, p=0.41) compared 
to patients with normal strength (>27 kg in males 
and >16 kg in females).

Finally, no significant correlation between ape-
lin levels was detected, either with bioimpedance 
data or with muscle ultrasonography data.

Table III reports dietary intake and physical 
exercise. Energy intake as well as carbohydrates, 
fat and protein intakes were worse in patients 
with sarcopenia than patients without sarcope-
nia. Minutes of daily exercise were similar in 
both groups.

Taking into account the previous data, the 
patients were divided into two groups accord-
ing to the median value of circulating apelin 
(76.88 pg/ml), and the odds ratio was calculated 
for the risk of developing sarcopenia. Patients 
with a value of apelin below the median cutoff 
point had similar sarcopenia risk than patients 
under this cutoff point (OR: 0.97, 95% CI: 0.67-
1.23; p=0.22). Finally, logistic regression anal-
ysis reported a similar risk of sarcopenia (OR: 
0.95, 95% CI: 0.61-1.332; p=0.33) in both apelin 
groups as a dichotomic parameter after adjusting 
for BMI, sex, energy intake, and age. The ROC 
curve of the apelin levels for sarcopenia is shown 
in Figure 1. The area under the curve (AUC), ac-
cording to EWGSOP2 criteria18, showed values 
of 0.541 (0.411-0.661, p=0.34).

Figure 1. The ROC curve of the apelin levels for sarco-
penia.

Table I. Basal parameters in total group (mean±SD).

	 Total group
Parameters	 n=87

Age (years)	 69.9±3.8
BMI (kg/m2)	 22.6±3
Weight (kg)	 56.3±4.1
Fat mass (kg)	 18.9±4.3
SMM (kg)	 19.9±3.9
aSMM (kg)	 15.8±2.8
aSMMI (kg)	 7.7±0.8
CC (cm)	 31.5±1.1
Phase angle (º)	 4.9±0.8 
Reactance (ohms)	 51.3±6.1  
Resistance (ohms)	 590.1±72.1
Dominant muscle area RFQ (cm2)	 3.1±1.0
Dominant circumference area RFQ (cm)	 8.3±1.2
Dominant X axis RFQ (cm) 	 3.4±0.7 
Dominant Y axis RFQ (cm)	 1.0±0.3
Dominant X/Y axis RFQ (cm)	 3.4±0.2
Dominant ecointensity (gray scale units)	86.8±20.1
Strength (kg)	 19.8±1.1
CRP (mg/dl)	 7.2±2.0
Albumin (g/dl) 	 4.7±3.0
Prealbumin (mg/ml)	 21.0±3.1
Apelin (pg/ml)	 86.8±74.8

Calf circumference (CC), skeletal muscle mass (SMM), ap-
pendicular muscle mass (aSMM), appendicular muscle mass 
index (aSMMI), rectus femoris quadriceps (RFQ).
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Discussion

In our cross-sectional study of communi-
ty-dwelling elderly malnourished subjects, we re-
ported that serum apelin level was not associated 
with sarcopenia and strength. This is the first time 
that the effect of apelin on sarcopenia in patients 
with DRM has been evaluated.

Some investigations14 from animal models re-
port that apelin may have a main role in some 
age-related disorders. For example, murine mod-
els14 lacking apelin and its receptor reported huge 
decreased muscle strength and muscle mass, and 
chronic apelin treatment decreased muscle aging. 
This positive effect of apelin on muscle status is 
mediated by the stimulation of adenosin mono-
phospathe (AMP) activated protein kinase and 
Akt and the secondary mitochondriogenesis20. 
Taking into account that these physiological path-
ways, including musculoskeletal debility, are re-
lated to sarcopenia, apelin could be expected to be 
a therapeutic target to treat this entity and a clin-
ical biomarker to diagnose sarcopenia. Despite 
the above-mentioned data, the effects of apelin 
on human health remain unclear. In our present 
study, we did not observe a significant association 
between apelin and sarcopenia in elderly patients 

with DRM. These results are in line with those 
previously obtained in other studies in the liter-
ature. For example, Sanchez-Sanchez et al10 did 
not detect a relationship between this myokine 
and sarcopenia in older adults in the multidomain 
Alzheimer prevention trial (MAPT) study. This 
study included 168 older adults (>70 years) at-
tending primary care centers; serum apelin was 
not associated with sarcopenia incidence or with 
the evolution of sarcopenia components over a 
2-year follow-up in this Caucasian population10. 
In an Asiatic population of 80 older subjects (>60 
years), Jang et al9 reported a lack of association 
of serum apelin level with both functional pa-
rameters and phenotypic frailty. Only Chen et al8 
showed that apelin was associated with hand grip 
strength and inversely associated with the pres-
ence of sarcopenia [OR 0.54 (95% CI: 0.39-0.73)]. 
This study was realized in an Asiatic population 
of 463 older subjects (>60 years). 

Although we cannot explain the exact mecha-
nism for this discrepancy and the lack of associa-
tion of apelin and sarcopenia in our study, several 
hypotheses might be implied. First, although the 
murine model is used to evaluate human illness 
mechanisms because of natural similarity, they 
are not the same. Several studies21,22 have revealed 

Table II. Differences between patients with sarcopenia vs. no sarcopenia (mean±SD).

	 No sarcopenia	 Sarcopenia
Parameters	 n=54	 n=33	 p-value

Age (years)	 69.7±3.1	 70.1±2.4	 0.33
BMI (kg/m2)	 22.8±2.3	 21.4±2.1	 0.19
Weight (kg)	 59.3±4.0	 53.8±3.2	 0.01
Fat mass (kg)	 20.1±3.5	 15.5±2.8	 0.03
Skeletal muscle mass (kg)	 21.1±1.1	 18.9±1.0	 0.03
Appendicular muscle mass (aSMM), 	 17.5±0.8	 15.3±1.0	 0.03
Appendicular muscle mass index (aSMMI)	 8.1±0.3	 7.5±0.2	 0.02
CC (cm)	 32.1±1.0	 30.2±1.1	 0.02
Phase angle (º)	 5.3±0.2  	 4.7±3.1  	 0.01
Reactance (ohms)	 54.6±2.0  	 47.8±3.1  	 0.03
Resistance (ohms)	 575.7±14.1	 613.7±51.2	 0.04
Dominant muscle area RFQ (cm2)	 3.4±0.3	 2.9±0.2	 0.04
Dominant circumference RFQ (cm)	 8.5±1.1	 8.1±1.0	 0.10
Dominant X axis RFQ (cm) 	 3.5±0.3	 3.2±0.3 	 0.32
Dominant Y axis RFQ (cm)	 1.2±0.1	 0.8±0.2	 0.03
Dominant X/Y axis RFQ (cm)	 2.9±0.2	 4.0±0.3	 0.04
Dominant ecointensity (gray scale units)	 90.7±22.1	 89.6±18.1	 0.29
Strength (kg)	 23.0±2.0	 17.9±2.1	 0.01
CRP (mg/dl)	 6.9±2.1	 7.3±2.9	 0.38
Albumin (g/dl) 	 4.9±0.3	 4.0±0.4	 0.02
Prealbumin (mg/ml)	 23.7±2.0	 19.1±1.4	 0.02
Apelin (pg/ml)	 77.2±16.3	 90.3±23.3	 0.29

Calf circumference (CC), skeletal muscle mass (SMM), appendicular muscle mass (aSMM), appendicular muscle mass index 
(aSMMI), rectus femoris quadriceps (RFQ).
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a large degree of difference in sequences related 
to transcriptional regulation, chromatin state, and 
higher-order chromatin organization. This could 
explain why some processes in mice metabolism 
and aging are significantly different from those 
in humans. Second, the physiologic apelin level 
detected in humans may not be high enough to 
explain the phenotypic changes. The apelin ex-
pression is almost completely stopped in murine 
models, and the concentration of apelin used was 
relatively high and had a long period22. Only one 
study8 has demonstrated a relationship between 
apelin levels and sarcopenia; in this study, the 
average of patients was higher than our study, 
and patients were from an Asiatic area. Finally, 
the nutritional status of the patients was not de-
scribed, although they had a lower average SMI 
than our patients; perhaps not all the patients were 
as malnourished as our design. All these data 
mean that this study8 is not comparable with ours. 
In any case, given the lack of well-powered and 
designed longitudinal studies, further research 
is needed to evaluate the potential of apelin as 
a diagnosis biomarker or interventional target 
in the area of sarcopenia. The absence of a rela-
tionship between circulating apelin levels in our 
study and the presence of sarcopenia may be due 
to the population studied in our work, which is 
an entire population with DRM, unlike the only 
study8 in humans in the literature that has shown 
this relationship, conducted in a population with-
out demonstrated DRM. On the other hand, the 
absence of a relationship with circulating levels 
does not mean that apelin may have a paracrine 

action, which, in our study, is impossible to eval-
uate by determining only the circulating levels of 
apelin.

Limitations and Strengths
Our design has some limitations. First, the 

sample size is relatively small, which may affect 
the robustness and generalizability of our find-
ings. A larger sample size would provide more 
statistical power and potentially more reliable 
results. Second, because our study is cross-sec-
tional, we are unable to establish causal relation-
ships between the variables. Longitudinal studies 
would be needed to determine causality and un-
derstand the temporal sequence of events. Third, 
our design only included patients with DRM, 
meaning that our results cannot be generalized to 
the broader population. Including a more diverse 
range of participants would provide a more com-
prehensive understanding of the issue. Fourth, 
our study population was exclusively Cauca-
sian, limiting the applicability of our findings 
to other ethnic groups. Research that includes 
various ethnic backgrounds would enhance the 
external validity of the results. Additionally, we 
cannot rule out the possibility that biased infor-
mation or uncontrolled factors, such as dietary 
habits or physical activity levels, might influence 
sarcopenia and apelin levels, thereby affecting 
our conclusions. Despite these limitations, our 
study has notable strengths. We utilized multiple 
techniques to measure muscle mass, including 
impedance and RFQ ultrasound, which provide 

Table III. Differences between patients with sarcopenia vs. without sarcopenia basal, average daily intakes, and physical activity 
(mean±SD).

	 Total group	 No sarcopenia	 Sarcopenia
Parameters	 n=87	 n=54	 n=33	 p-value
	
Calorie intake (kcal/day)	 1,590.1±323.2	 1,698.1±218.9	 1,401.9±209.2	 p=0.01

Carbohydrate intake (g/day) 	 164.9±51.1	 174.5±50.1	 150.4±43.1	 p=0.02
(PTC %)	 (43.9%)	 (44.2%)	 (43.5%)
Fat intake (g/day) 	 69.3±10.1	 75.3±12.2	 67.6±10.9
(PTC %) 	 (39.9%)	 (39.5%)	 (40.0%)	 p=0.03

Protein intake (g/day) 	 68.3±8.1 	 71.3±7.0  	 67.3±5.1
(PTC %)	 (16.2%)	 (16.3%)	 (16.5%)  	 p=0.02

Fiber intake (g/day)	 13.7±5.0 	 13.4±5.1	 13.8±4.1	 p=0.31

Physical activity (min/day)	 59.9±6.2 	 60.3±9.1	 58.5±6.1	 p=0.39

Percentage of total calories (PTC).
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a more accurate and reliable assessment. This 
methodological rigor strengthens the validity of 
our findings. Furthermore, the spectrum of sub-
jects with DRM in our study is wide, reflecting 
the diversity seen in real clinical practice. This 
broad inclusion enhances the relevance and ap-
plicability of our findings to typical clinical set-
tings, ensuring that our results are meaningful 
for healthcare practitioners dealing with a variety 
of cases in real-world environments.

Conclusions

In conclusion, our study shows a lack of associa-
tion between apelin and sarcopenia in elderly mal-
nourished patients. Considering the limitations, this 
study might serve as a proof of concept on this topic 
area, and additional well-designed large-scale longi-
tudinal studies are necessary to understand the role 
of apelin in sarcopenia. It is necessary to take into 
account that it has been suggested23 that apelin in-
duces protein synthesis and inhibits age-related pro-
teolysis in myotubes. It is evident that sarcopenia is 
an area of high interest in research, given its clinical 
significance in our patients24.
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