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Background: Sarcopenia is associated with worse outcomes in stage 5 Chronic Kidney
Disease on dialysis (CKD 5D) patients, influenced by various diagnostic criteria and
patient characteristics. Nonetheless, the factors contributing to sarcopenia in CKD 5D
remain underexplored.

Objective: To investigate the prevalence and factors associated with sarcopenia in the
CKD 5D population.

Methods: An observational cross-sectional study was conducted on 132 CKD 5D
patients (=18 years old, dialysis = 3 months) at Hasan Sadikin Hospital from July to
August 2024. Descriptive statistics, bivariate analysis, and logistic regression were
utilized to determine the prevalence of sarcopenia and its association with the Simplify
Creatinine Index (SCI), physical activity, nutritional status, phosphate, and calcium
serum levels. Hand Grip Strength (HGS) assessed muscle strength, Bioelectrical
Impedance Spectroscopy (BIS) measured muscle mass, the 6-meter walk test evaluated
physical performance, and the Asian Working Group for Sarcopenia (AWGS) 2019
criteria were employed for diagnosing sarcopenia.

Results: Sarcopenia prevalence was 15.9%. Bivariate analysis revealed significant
correlations with underweight (p=0.014), malnutrition (p=0.041), phosphate serum
level (p=0.047), and calcium serum level (p=0.043). Logistic regression indicated that
higher serum levels of calcium and phosphate and healthy nutritional status, served as
protective factors against sarcopenia, with odds ratios of 0.677 (OR 0.677; CI 95%
0.493-0.93 and OR 0.313; CI 95% 0.130-0.755).

Conclusion: Sarcopenia prevalence was 15.9%. Phosphate and calcium serum levels,
underweight, and malnutrition were significantly correlated with sarcopenia. Higher
serum phosphate and calcium levels, higher body weight, and good nutrition status were
protective factors against sarcopenia in CKD 5D patients.
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Introduction

average of 37% found in dialysis patients.? The

Sarcopenia, a condition linked to aging,
is defined by a reduction in muscle mass along
with a deterioration in muscle function and/or
physical performance.! In patients with chronic
(CKD),

sarcopenia varies from 4% to 68%, with an
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kidney disease the prevalence of

Cite this as:

Asian Working Group for Sarcopenia (AWGS) in
2019  established
sarcopenia. When diagnosing sarcopenia, three

criteria  for  diagnosing
factors are evaluated: physical performance,
muscle strength, and appendicular skeletal muscle

mass (ASM).
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Patients with CKD, particularly those
receiving hemodialysis, frequently experience
muscle mass loss.* The effects of reduced muscle
mass extend beyond the physical limitations that
are commonly observed in the elderly.
Numerous studies have demonstrated a link
between CKD patients' loss of muscle mass and
protein-energy wasting (PEW). This condition is
associated with an elevated risk of fractures,
cardiovascular problems, a decline in quality of
life, depression, increased hospitalization rates,
and mortality risk.0

Uremic sarcopenia is the term used to
describe  sarcopenia in  CKD. Chronic
inflammation, insulin resistance, low physical
activity, oxidative stress, hormonal imbalances,
malnutrition, vitamin D deficiency, and negative
protein balance brought on by prolonged uremic
conditions are some of the factors that lead to the
development of uremic sarcopenia.’# Sarcopenia
in CKD can occur eatly in adulthood and can
worsen quickly because of a poor protein-energy
balance. This is caused by inadequate nutritional
intake combined with utemia patients' elevated
protein catabolism, which is made worse by the
catabolic effects of hemodialysis procedures.’

In Indonesia, there have not been many
studies on sarcopenia in CKD patients receiving
maintenance hemodialysis. The purpose of this
study is to ascertain the prevalence of sarcopenia
and the risk factors for it in stage 5 CKD on
dialysis (CKD 5D) patients at Hasan Sadikin
Hospital Bandung,.

Methods

Design and participants

This cross-sectional, analytical
observational study was conducted in July and
August of 2024 at the Hasan Sadikin Hospital
Bandung Hemodialysis Unit to evaluate
sarcopenia-related factors in patients receiving
maintenance hemodialysis. Consecutive sampling
was used to collect samples. Age > 18 and having
received routine hemodialysis twice a week for at
least three months were prerequisites for
inclusion. Exclusion criteria were subjects with
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impaired consciousness, unable to stand, walk
and grip hands, subjects with amputated
extremities, or refused to patticipate in the study.
The total sample in this study was 132 subjects.
This study has received approval from The Hasan
Sadikin Hospital Bandung Research Ethics
Committee under reference number
DP.04.03/D.X1V.6.5/317/2024.

Study covariates

Data on  baseline characteristics,
including age, gender, hemodialysis vintage,
history of diabetes mellitus, and hypertension,
were extracted from medical records. Nutritional
status was evaluated using the Malnutrition
Inflammation Score (MIS), while physical activity
was assessed through the Indonesian version of
the International Physical Activity Questionnaire
(IPAQ). Hemodialysis adequacy was assessed
based on the Kt/V, while the simplified
creatinine index (SCI) was computed based on

the Canaud formula.

In this study, sarcopenia was diagnosed
based on the Asian Working Group for
Sarcopenia  (AWGS) 2019  criteria.> The
evaluations included physical performance,
appendicular skeletal muscle mass (ASM), and
muscle strength. A Camry EH101 hand dynamo-
meter was employed to measure muscle strength
by handgrip strength. The measurement of ASM
was conducted using Tanita MC-780 bioelectrical
impedance analysis (BIA). The 6-meter walk test
was utilized to evaluate physical performance.
Sarcopenia was defined as a decline in ASM along
with a reduction in muscle strength and/or

physical performance.’

Statistical analysis

The basic characteristics of the subjects
were described by univariate analysis. Normality
test was performed using bivariate analysis with
chi-square test, Mann-Whitney, and t-test. Serum
phosphate, serum calcium, physical activity, SCI,
and MIS were all examined in relation to
sarcopenia using multivariate analysis and logistic
regression. Significance was determined when p
< 0.05 and for independent variables with p <
0.25, logistic regression analysis was continued.

20



InaKidney

Original Article

Results
Patient selection

The total subjects at the beginning of the
study was 195. There were 16 subjects excluded

Total outpatient MD patients: 195

from the study and 47 subjects who entered the
exclusion criteria. The flow diagram of subject-
selection process can be seen in Figure 1.

Subjects didn’t meet inclusion criteria: 16

v

Age < |8 years: 15

Subjects meet exclusion criteria: 47

v
The number of subjects who fit
the inclusion criteria: 132

Unable to stand, walk or grip: 29
Refused to participate in the study: 18

Figure 1. Flow diagram of subject-selection process

In this study, 15.9% of subjects had
Table 1 displays the

characteristics of the study subjects. The mean

sarcopenia. basic
age of the subjects was 47.5 years, with age
distribution including elderly (13.6%), pre-eldetly
(47%), and adult (39.4%). Most subjects were
male (54.5%), with a median hemodialysis
duration of 34 months. Most subjects had a
normal body mass index (22.7 kg/m?). In terms

Table 1. Characteristics of the subject

of physical activity, the majority of subjects had a
moderate level of activity (45.5%), while low and
high 27.3%

Hemodialysis adequacy, measured by Kt/V, had

activity ~ were respectively.
an average of 1.7, with 57.6% of subjects in the
poor adequacy category. About 45.5% of subjects
showed signs of malnutrition based on MIS, and
the majority of female patients had lower ASM

and handgrip strength compared to males.

Variables N=132
n (%)
Age (year), Mean + SD 475+ 12.6
Age category, n (%)
Elderly (=60 year) 18 (13.0)
Pre-elderly (45-59 year) 62 (47)
Adult (18-44 year) 52 (39.4)
Sex, n (%)
Male 72 (54.5)
Female 60 (45.5)
Dialysis periods (month), Median (IQR) 34.0 (19.0 — 62.5)
Body mass index (kg/m?), Mean £ SD 227+ 43
IPAQ-SF
Low activity 36 (27.3)
Moderate activity 60 (45.5)
High activity 36 (27.3)
Laboratory
Albumin serum (g/dL), Median (IQR) 39 (3.7-41)
Creatinine serum (umol/L), Mean * SD 13.0 £ 34
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Table 1 (cont.)

Ton calcium (mmol/L), Median (IQR)
Phosphate serum (mg/dL), Mean + SD

SCI (mg/kg/day), Mean £ SD
Hypertension, n (%)
Yes
No
Diabetes Melitus, n (%)
Yes
No
Single Pool (Sp) Kt/V, Mean + SD
Hemodialysis adequacy, n (%)
Good (=1,8)
Poor (<1,8)
MIS, Median (IQR)
MIS criteria, n (%)
Malnutrition (> 5)
Normal (= 5)
ASM (kg/m2), Mean £ SD
Male
Female
Hand grip strength (kg), Mean = SD
Male

Female

43 (4.0 — 4.5)
51+18
242 +32

59 (44.7)
73 (55.3)

15 (11.4)
117 (88.6)
17403

56 (42.4)
76 (57.6)
5.0 (3.0 - 7.0)

60 (45.5)
72 (54.5)

8.0t1.4
6.7% 1.1

26.5+£10.3
162+ 5.8

Note, data were presented in mean * SD; n, frequency; %, percentage; SD, Standard Deviation; 1QR, Inter Quartile Range;
SCI, simplified creatinine index; MIS, malnutrition inflammation score; ASM, appendicular skeletal muscle mass;

IPAQ-SF, international physical activity questionnaire short form

Furthermore, the factors in Table 2
linked to sarcopenia in CKD 5D patients were
subjected to bivariate analysis. Age category and
sarcopenia are significantly correlated (p=0.016).
The eldetly (=60 years old) had more sarcopenia

(33.3%) than other age groups. Subjects with
sarcopenia had significantly lower BMI than non-
sarcopenia  (18.9 vs 23.5 kg/m? p<0.001),
suggesting

a strong correlation between

sarcopenia and low BML.

Table 2. Bivariate analysis of factors associated with sarcopenia in CKD 5D patients

Variables Sarcopenia Non-sarcopenia P
n=21 n=111
Age (year), Mean = SD 51.8 £16.2 46.7 £ 11.7 0.1822
Age category, n (%) 0.016*
Eldetly (=60 year) 7 (33.3) 11 (9.9)
Pre-elderly (45-59 year) 8 (38.1) 54 (48.0)
Adult (18-44 year) 6 (28.6) 46 (41.4)
Sex, n (%) 0.460¢
Male 13 (61.9) 59 (53.2)
Female 8 (38.1) 52 (46.8)
Dialysis periods(month),median IQR 30.0 (9.0 — 73.5) 34.0 (22.0 — 61.0) 0.325>
Body mass index (kg/m?), Mean £ SD 18.9 £25 235+ 41 <0.0012*
IPAQ-SF, n (%) 0.137¢
Low activity 7 (33.3) 29 (26.1)
Moderate activity 12 (57.1) 48 (43.2)
High activity 2(9.5) 34 (30.0)

Laboratory
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Albumin (g/dL), Median IQR) 39(35-4.1) 3.9 (3.7-4.1) 0.431b
Creatinine (umol/L), Mean £ SD 122 +£3.9 13.2+£33 0.2452
Ton calcium (mmol/L), Median 41(3.6-44 43 (4.1-4.5) 0.115b
Phosphate (mg/dL), Mean * SD 45=%21 52%17 0.0862
SCI (mg/kg/day), Mean £ SD 234 +3.6 244 +£3.1 0.204

Hypertension, n (%) 0.507¢
Yes 8 (38.1) 51 (45.9)
No 13 (61.9) 60 (54.1)
Diabetes Melitus, n (%o) 0.2594
Yes 4 (19) 11 (9.9
No 17 (81) 100 (90.1)
Single Pool (Sp) Kt/V, Mean + SD 1.8£03 1.7%£0.3 0.253¢
Hemodialysis adequacy, n (%) 0.599¢
Good (=1,8) 10 (47.6) 46 (41.4)
Bad (<1,8) 11 (52.4) 65 (58.0)
MIS, Median (IQR) 6.0 (4.5-28.0) 5.0 (3.0 — 6.0) 0.016b*
MIS criteria, n (%) 0.009<*
Malnutrition (> 5) 15 (71.4) 45 (40.5)
Normal (< 5) 6 (28.0) 66 (59.5)
ASM (kg/m2), Mean £ SD
Male 64103 84%13 <0.001#*
Female 54103 6.9%1.0 <0.001*
Hand grip strength (kg), Mean = SD
Male 159 £ 4.6 28.8£9.8 <0.001*
Female 128 £6.3 16.7 £ 5.7 0.0832

Note, data were presented in mean * SD; n, frequency; %, percentage; SD, Standard Deviation; 1QR, Inter Quartile Range;

SCI, simplified creatinine index; MIS, malnutrition inflammation score; ASM, appendicular skeletal muscle mass;

IPAQ-SF, international physical activity questionnaire short form; CKD 5D, stage 5 Chronic Kidney Disease on
dialysis. Analysed with *Unpaired t-test, "Mann-Whitney, <Chi Square, Fisher Exact

Sarcopenia was significantly associated
with malnutrition, with 71.4% of subjects with
sarcopenia being malnourished compared to
40.5% in the non-sarcopenia group (p=0.009).
Subjects with sarcopenia had lower ASM in both
males (6.4 vs 8.4 kg/m? p<0.001) and females
(5.4 vs 6.9 kg/m?, p<0.001). Hand grip strength
was also lower in subjects with sarcopenia,
especially in males (15.9 vs 28.8 kg, p<0.001).
Several other factors, such as gender, dialysis
period, physical activity, and laboratory para-
meters, showed no significant association with
sarcopenia. Overall, sarcopenia in CKD 5D

patients was more common in older age, lower

23

BMI, malnutrition, and lower muscle mass and

hand grip strength.

Multivariate analysis, as listed in Table 3,
showed a number of important variables linked
to a higher risk of sarcopenia in CKD 5D
patients. Elderly patients (=60 years) had a 27
times greater risk of developing sarcopenia
compared to adult patients (18-44 years) (AOR
27.230; 95% CI 2.573-288.144; p=0.000). The
pre-elderly group (45-59 vyears) showed no
significant risk for sarcopenia (AOR 2.317;
p=0.318).
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Table 3. Multivariate analysis of factors associated with sarcopenia in CKD 5D patients

Variable AOR (95% CI) p

Age category, n (%)
Elderly (=60 year) 27.230 (2.573 — 288.144) 0.006*
Pre-elderly (45-59 year) 2.317 (0.445 — 12.078) 0.318
Adult (18-44 year) 1 (ref)

BMI category
Underweight (< 18,5 kg/m?) 5.876 (1.44 — 23.981) 0.014*
Not Underweight (=18,5 kg/m?) 1 (ref)

IPAQ-SF, n (%)
Low activity 2.096 (0.308 — 14.262) 0.449
Moderate activity 3.776 (0.042 — 22.214) 0.142
High activity 1 (ref)

Laboratory
Creatinine (g/dL) 0.819 (0.382 — 1.753) 0.606
Ton calcium (umol/L) 0.375 (0.145 — 0.969) 0.043*
Phosphate (mmol/L) 0.655 (0.432 — 0.994) 0.047*
SCI (mg/kg/day) 1.581 (0.656 — 3.811) 0.307

MIS criteria, n (%)
Malnutrition (> 5) 3.603 (1.055 — 12.307) 0.041*

Normal (= 5)

1 (ref)

Note, SCI, simplified creatinine index; MIS, malnutrition inflammation score; IPAQ-SF, international physical activity

questionnaire short form; CKD 5D, stage 5 Chronic Kidney Disease on dialysis.

Subjects with underweight status (BMI <
18.5 kg/m?2) had almost 6 times greater risk of
developing sarcopenia compared to patients with
normal or higher BMI (AOR 5.876; 95% CI 1.44-
23.981; p=0.014). Each one-unit decrease in
calcium levels was correlated with a 62.5%
increased risk of sarcopenia (AOR 0.375; 95% CI
0.145-0.969; p=0.043), and a one-unit decrease in
phosphate levels was correlated with a 34.5%
increased risk of sarcopenia (AOR 0.655; 95% CI
0.432-0.994; p=0.047). Subjects with Mal-
nutrition Inflammation Score (MIS) indicating
malnutrition (MIS > 5) had a 3.6 times greater
risk of developing sarcopenia compared to
patients with normal nutritional status (AOR
3.603; 95% CI 1.055-12.307; p=0.041).

Factors such as physical activity,
creatinine serum, and SCI did not show a
significant correlation with sarcopenia based on
multivariate analysis results. Overall, CKD 5D
patients were much more likely to develop
sarcopenia if they were older, underweight, mal-
nourished, or had low calcium and phosphate
levels.

InaKidney | Vol. 2 | Issue 1 | April 2025

Discussion

Patients with CKD, particularly those
receiving hemodialysis, frequently experience a
decrease in muscle mass. Numerous diagnostic
criteria and patient characteristics significantly
influenced the prevalence of sarcopenia.
According to several studies, 4-68% of CKD
patients have sarcopenia.®> The prevalence of
sarcopenia in this study was 15.9%. Increased
protein degradation and decreased protein
synthesis are two categories of etiological factors
contributing to muscle loss in CKD 5D patients.
Lack of protein consumption and calories, insulin
resistance, inflammation, metabolic acidosis,
oxidative stress, and vitamin D deficiency are all
factors linked to increased protein degradation.
Reduced regeneration stimuli, aging, hormonal
imbalances, and the loss of proteins and amino
acids during dialysis are some of the factors that

lead to decreased protein synthesis.>10:.11

Patients with chronic kidney disease also
frequently have problems with muscle re-
generation. This is supported by reduced
expression of myogenic regulatory factors and
cell activation, which are negative regulators of
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skeletal muscle mass. Chronic inflammation,
oxidative stress, uremic toxin accumulation,
elevated ubiquitination, vitamin D deficiency, and

malnutrition also contribute to increased
catabolism in CKD.8

There is a correlation between
phosphate and muscle function. High phosphate
concentrations in CKD patients were connected
to a greater likelihood of cardiovascular
complications and mortality. Therefore, lowering
serum phosphate levels is the goal of
pharmacotherapeutic and dietary
interventions.!2!3 However, a study by Block et
al. discovered that at lower serum phosphate
concentrations (<4.0 mg/dL), the relative risk of
death increased significantly.!* This study's
multivariate analysis showed a strong correlation
between sarcopenia and low phosphate levels.
This is consistent with study by Jauwerissa et al.1>
conducted in Jakarta, Indonesia on 96
maintenance hemodialysis patiens. This study
also in line with the findings of research
conducted by Umakanthan et al.'s, Ren et al.l”
and Cai et al.'”® The results of these studies
indicated that uremic syndrome patients typically
experience anorexia or loss of appetite, and high-
protein diets contain high levels of phosphate. A
decrease in energy and protein intake led to a
reduction in serum phosphate levels, which can
result in sarcopenia, protein catabolic disorders,
and  malnutrition.  Hypophosphatemia  in
sarcopenia is explained by the fact that inorganic
phosphate is also involved in cell membranes,
energy production, and signal transduction in
every cell in the body.!6-19

According to this study, underweight
and malnutrition are significantly linked to
sarcopenia. Most sarcopenic subjects (71.4%) had
a lower BMI than non-sarcopenic subjects and
were malnourished (MIS>5). According to the
study by Vettoretti et al., the sarcopenia group in
CKD 3b-5 patients had a higher MIS (6.6+6.5 vs.
45%14.0) and a lower BMI (24.8%3.0 wvs.
28.4£5.5Kg/m?2).20 Macedo et al. discovered that
aged patients receiving routine hemodialysis who
had sarcopenia had 66.7% malnutrition,
according to the subjective global assessment
(SGA) tool. The study found that older hemo-

25

dialysis patients with sarcopenia and malnutrition
had diminished nutritional status, experienced
lower quality of life, and they are also at a higher
risk of dying.?!

Conclusion

At Hasan Sadikin Hospital in Bandung,
15.9% of CKD 5D patients had sarcopenia. In
this study, low body weight, malnutrition,
advanced age, and low serum phosphate and
calcium levels were all significantly linked to
sarcopenia. However, there was no discernible
correlation between sarcopenia and IKD or
physical activity level. Higher body weight, better
nutritional status, and elevated serum phosphate
and calcium levels are protective factors against
sarcopenia in CKD 5D patients, according to
multivariate analysis. These results imply that
sarcopenia in CKD 5D patients can be avoided
by improving nutritional status and that early
detection of sarcopenia is crucial.

Limitations of the Study

One of the limitations of this research
was its cross-sectional design, which constrained
the capacity to make causal inferences, and the
potential for selection bias due to the specific
hospital setting.

Declarations

Ethics approval and consent to participate
This study received approval from the

Ethics Committee of the Hasan Sadikin Hospital

Bandung under reference number
DP.04.03/D.XIV.6.5/317/2024.

Competing interests
There are no conflicts of interest in
writing this article.

Funding source

Not applicable.

InaKidney | Vol. 2 | Issue 1 | April 2025



Rakbima, et al.

InaKidney

Acknowledgments

Thank you to Dr. Ria Bandiara,
dr.Sp.PD. K-GH, FINASIM, Prof. Dr. Rudi
Supriyadi, dr., M.Kes., Sp.PD. K-GH, FINASIM
and Lazuardhi Dwipa, dr.Sp.PD. K-Ger,
FINASIM as supervisors in this study. Thank you
to Hasan Sadikin Bandung Hospital dan
Padjadjaran University for providing support and
the opportunity to conduct this research.

Author’s Contribution

Idea/concept:  FR.  Design:  FR.
Control/supetrvision: RB, RS, LD. Data
collection/processing: FR. Analysis/intet-
pretation: FR, RB, RS, LD. Literature review: -.
Writing the article: FR. Critical review: -. All
authors have critically reviewed and approved the
final draft and are responsible for the content and

similarity index of the manuscript.

References

1. Cruz-Jentoft AJ. Muscle Aging and
Sarcopenia. In: Halter JB, Ouslander ]G,
Studenski S, High KP, Asthana S,
Supiano MA, et al, editors. Hazzard’s

Geriatric Medicine and Gerontology. 8th
ed. New York: Mc Graw Hill; 2022.

2. Kim JK, Choi SR, Choi MJ, Kim SG, Lee
YK, Noh JW, et al. Prevalence of and
factors associated with sarcopenia in
elderly patients with end-stage renal
disease. Clin Nutr. 2014;33(1):64-8.
doi:10.1016/j.clnu.2013.04.002

3. Chen LK, Woo ], Assantachai P,
Auyeung TW, Chou MY, lijjima K, et al.
Asian Working Group for sarcopenia:
2019 consensus update on sarcopenia
diagnosis and treatment. ] Am Med Dir
Assoc. 2020;21(3):300-307.e2.
doi:10.1016/j.jamda.2019.12.012

4. Carrero JJ, Chmielewski M, Axelsson J,
Snaedal S, Heimbtirger O, Barany P, et al.
Muscle atrophy, inflammation and clinical
outcome in incident and prevalent dialysis
patients. Clin Nutr. 2008;27(4):557—64.
doi:10.1016/j.clnu.2008.04.007

5. Martinson M, Ikizler TA, Morrell G, Wei
G, Almeida N, Marcus RL, et al

InaKidney | Vol. 2 | Issue 1 | April 2025

10.

11.

12.

13.

Associations of body size and body
composition with functional ability and
quality of life in hemodialysis patients.
Clin ] Am Soc Nephrol. 2014;9(6):1082—
90. doi:10.2215/¢jn.09200913

Beddhu S, Pappas LM, Ramkumar N,
Samore M. Effects of body size and body
composition on survival in hemodialysis
patients. ] Am  Soc  Nephrol
2003;14(9):2366-72.
doi:10.1097/01.asn.0000083905.72794.¢
6

Sato E, Mori T, Mishima E, Suzuki A,
Sugawara S, Kurasawa N, et al. Metabolic
alterations by indoxyl sulfate in skeletal
muscle induce uremic sarcopenia in
chronic  kidney disease. Sci Rep.
2016;6(1). doi:10.1038/s1ep36618

Avin KG, Mootrthi RN. Bone is not
alone: The effects of skeletal muscle
dysfunction in chronic kidney disease.
Curr Osteoporos Rep. 2015;13(3):173-9.
doi:10.1007/511914-015-0261-4

Sabatino A, Cuppari L, Stenvinkel P,
Lindholm B, Avesani CM. Sarcopenia in
chronic kidney disease: what have we
learned  so  far? ]  Nephrol
2021;34(4):1347-72.
doi:10.1007/s40620-020-00840-y

da Silva MZC, Vogt BP, Reis NS do C,
Caramori JCT. Update of the European
consensus on sarcopenia: what has
changed in diagnosis and prevalence in
peritoneal dialysis> Eur ] Clin Nutr.
2019;73(8):1209-11.
doi:10.1038/s41430-019-0468-z

Matsuzawa R, Yamamoto S, Suzuki Y,
Imamura K, Harada M, Matsunaga A, et
al. The clinical applicability of ultrasound
technique for diagnosis of sarcopenia in
hemodialysis ~ patients.  Clin ~ Nutr.
2021;40(3):1161-7.
doi:10.1016/j.clnu.2020.07.025

Chen YY, Kao TW, Chou CW, Wu CJ,
Yang HF, Lai CH, et al. Exploring the link
between serum phosphate levels and low
muscle  strength,  dynapenia, and
sarcopenia.  Sci  Rep.  2018;8(1).
doi:10.1038/s41598-018-21784-1

Vervloet MG, Sezer S, Massy ZA,
Johansson L, Cozzolino M, Fouque D, et

26



InaKidney

Original Article

14.

15.

16.

17.

27

al. The role of phosphate in kidney
disease. Nat Rev Nephrol. 2017;13(1):27—
38. doi:10.1038/nrneph.2016.164

Block GA, Klassen PS, Lazarus JM,
Ofsthun N, Lowrie EG, Chertow GM.
Mineral metabolism, mortality, and
morbidity in maintenance hemodialysis. |
Am Soc Nephrol. 2004;15(8):2208-18.
doi:10.1097/01.asn.0000133041.27682.22

Jauwerissa R, Marbun MBH, Nugroho P,
Rinaldi I, Suhardjono S, Shatri H, et al.
Factors associated with sarcopenia in
maintenance hemodialysis patients: a

cross-sectional study. Acta Med Indones.
2023;55(1):26-32.

Umakanthan M, Li JW, Sud K, Duque G,
Guilfoyle D, Cho K, et al. Prevalence and
factors associated with sarcopenia in
patients on maintenance dialysis in
Australia-A single centre, cross-sectional
study. Nutrients. 2021;13(9):3284.
doi:10.3390/nu13093284

Ren H, Gong D, Jia F, Xu B, Liu Z.
Sarcopenia in  patients undergoing
maintenance hemodialysis: incidence rate,
risk factors and its effect on survival risk.
Ren Fail. 2016;38(3):364-71.
doi:10.3109/0886022x.2015.1132173

18.

19.

20.

21.

Cai G, Ying J, Pan M, Lang X, Yu W,
Zhang Q. Development of a risk
prediction nomogram for sarcopenia in
hemodialysis patients. BMC Nephrol.
2022;23(1):319. doi:10.1186/512882-022-
02942-0

Berndt T, Kumar R. Phosphatonins and
the regulation of phosphate homeostasis.
Annu Rev Physiol. 2007;69(1):341-59.
doi:10.1146/annurev.physiol.69.040705.1
41729

Vettoretti S, Caldiroli I, Armelloni S,
Ferrari C, Cesari M, Messa P. Sarcopenia
is associated with malnutrition but not
with systemic inflaimmation in older
persons with advanced CKD. Nutrients.
2019;11(6):1378.
doi:10.3390/nu11061378

Macedo C, Amaral TF, Rodrigues J,
Santin F, Avesani CM. Malnutrition and
sarcopenia combined increases the risk
for mortality in older adults on
hemodialysis. Front Nutr. 2021;8:721941.
doi:10.3389/fnut.2021.721941

InaKidney | Vol. 2 | Issue 1 | April 2025



