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Abstract: Background: Sarcopenia is associated with significant morbidity and mortality in patients
with chronic kidney disease. The prevalence of sarcopenia in the dialysis population varies from 4%
to 63%. However, the prevalence and risk factors of sarcopenia in the Australian dialysis population
remain uncertain. Aim: To study the prevalence of sarcopenia in patients on maintenance dialysis by
using the European Working Group on Sarcopenia in Older People (EWGSOP) diagnostic criteria
of sarcopenia and to identify associated risk factors. Methods: We evaluated adult patients on
maintenance haemodialysis and peritoneal dialysis in this single-centre cross-sectional study in
Australia. Patient’s clinical (age, gender, dialysis modality and diabetic status) and laboratory
parameters (serum albumin, calcium, phosphate, 25-hydroxy-vitamin D and parathyroid hormone
levels) were investigated. We employed bioimpedance spectroscopy, hand grip dynamometer and
the timed up and go test (TUG) to evaluate muscle mass, strength and function, respectively. Results:
We evaluated 39 dialysis patients with a median age of 69 years old. The prevalence of sarcopenia
was 18%. Sarcopenia was associated with low serum albumin (p = 0.02) and low serum phosphate
level (p = 0.04). Increasing age and female sex were potential risk factors for sarcopenia (p = 0.05
and 0.08, respectively). Low lean muscle mass, reduced hand grip strength and prolonged TUG
were present in 23.1%, 41% and 40.5%, respectively, of the cohort. The hand grip test had good
correlation with lean muscle evaluation and the TUG. Conclusions: Sarcopenia was prevalent in
18% of maintenance haemodialysis patients from an Australian single-centre cohort, with low serum
albumin and phosphate as significant risk factors.

Keywords: sarcopenia; dialysis; elderly; Australia

1. Introduction

Sarcopenia has historically been considered as an age-related phenomenon and plays
a major role in frailty, disability and mortality in the geriatric population [1,2]. In fact,
sarcopenia is now recognised as a progressive and generalised skeletal muscle condition
involving loss of skeletal muscle mass and function in the latest International Statistical
Classification of Disease and Related Health Problems—Australian Modification [3,4].
Studies of the elderly population associate primary sarcopenia with several factors such
as vitamin D deficiency and hyperparathyroidism [5,6]. Secondary causes of sarcopenia,
particularly those that are disease related, are increasingly being recognised. Chronic
kidney disease (CKD), being a hypercatabolic state, is regarded as an important driver of
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muscle wasting, resulting in significant morbidity and mortality in this population, thus
the association between the two entities has been vigorously investigated in the recent era.

Our understanding of the pathogenesis and factors associated with sarcopenia in CKD
patients is evolving into an overarching concept of uraemic sarcopenia [5]. In addition to
the uraemic milieu, the drivers of muscle atrophy (primarily type IIB fibre) and dysfunction
in such a state include (1) abnormal muscle mitochondrial function from renin–angiotensin–
aldosterone system malfunction; (2) deficiencies in testosterone, oestrogen and growth
hormone; (3) mechanical changes from physical inactivity, protein energy wasting and
comorbid conditions; (4) activation of the ubiquitin–proteasome pathway and (5) changes
in muscle protein balance [5]. The recent literature also suggested sarcopenia is closely
associated with raised inflammatory markers, which is common in CKD patients [6,7].

The prevalence of sarcopenia in patients with end-stage kidney disease and its asso-
ciations with clinical markers has been partially explored [6,7]. In 2016, 12,706 patients
received dialysis in Australia, with 9263 patients (72.9%) aged more than 55 years old [8].
The prevalence of sarcopenia in the Australian dialysis population is unknown.

In this first cross-sectional analytical study in Australia, we aim to study the prevalence
of sarcopenia in patients on maintenance dialysis by using the European Working Group
on Sarcopenia in Older People (EWGSOP) diagnostic criteria of sarcopenia and to identify
associated risk factors. We also aim to test the correlation between practical assessment
tools for muscle strength and function against muscle mass.

2. Materials and Methods
2.1. Study Design and Participants

We recruited all adult patients aged 18 or above, on maintenance haemodialysis and
peritoneal dialysis, at a satellite dialysis centre of a tertiary referral university teaching
hospital in Western Sydney, Australia, from 1st May 2015 to 30th June 2016. Exclusion
criteria included amputees and cognitive impairment which limited study participation.

We recorded patients’ clinical parameters (age, sex, dialysis modality and diabetic sta-
tus) and laboratory parameters (serum albumin, calcium, phosphate, 25-hydroxy-vitamin
D (25OH-D) and parathyroid hormone (PTH) levels) at the date of study entry. All subjects
underwent assessment of muscle mass, muscle strength and muscle function. Patients
were defined as sarcopenic if they had low muscle mass in addition to either low muscle
strength or low muscle function, as per EWGSOP [9]. The study protocol was approved by
the local ethics committee (Study 15/31-HREC/15/NEPEAN/69).

2.2. Muscle Mass

We measured muscle mass indirectly by Bioimpedance Spectroscopy (BIS) (Body
Composition Monitor (BCM), Fresenius, Germany) and presented it as lean tissue index
(LTI). We defined an LTI of less than the 10th percentile for an age- and sex-matched
population as a marker of reduced muscle mass [10]. LTI measurements were performed
pre-dialysis in haemodialysis patients and at random for peritoneal dialysis patients.
Details of BCM measurement were outlined by the manufacturer online [11].

2.3. Muscle Strength

We assessed muscle strength by Jamar Handgrip dynamometer with patients’ hand-
grip strength recorded in a standardised posture of upright seating, arms by the side
with the elbow at a 90-degree angle. Three readings were taken from both hands and the
best reading was recorded. We defined reduced muscle strength as handgrip strength
measurement below 26 kg in men and 16 kg in women [12].

2.4. Muscle Function

We assessed patient’s muscle function by the timed up and go test (TUG). We defined
reduced muscle function in patients with TUG scores above the 95% confidence interval of
their age-matched normal population scores. Abnormal TUG tests were defined as greater



Nutrients 2021, 13, 3284 3 of 8

than 9 s, greater than 10.2 s and greater than 12.7 s for patients 60–69 years, 70–79 years
and 80–99 years of age, respectively [13].

2.5. Statistical Analysis

Baseline characteristics were summarized by count and percentage, means with stan-
dard deviation (SD) or medians with interquartile ranges (IQR) where appropriate. Logistic
regression was used to test the association between sarcopenia and clinical covariates, and
we report the odds ratio. No adjustments were made for multiple comparisons. Analyses
were undertaken in SPSS v24 (IBM, Chicago IL USA). Correlations between the three
muscle parameters were found using the Pearson correlation coefficient (GraphPad Prism
Version 6). A two-sided p-value less than 0.05 was considered statistically significant.

3. Results
3.1. Baseline Characteristics

We recruited 39 dialysis patients, and all completed the evaluation. Baseline clinical
and laboratory characteristics of the patient population are summarized in Table 1. The
median age of this population was 69 years (IQR 54–77), and 72% of the patients were
men. In total, 62% of patients were on haemodialysis and 31% of the patients had diabetes.
Patients on haemodialysis were dialysed for a minimum of 4.5 h, thrice weekly. Amongst
patients on peritoneal dialysis, 13 were on automated peritoneal dialysis and 2 patients
were on continuous ambulatory peritoneal dialysis.

Table 1. Baseline characteristics of all patients on maintenance dialysis.

Characteristics Overall Cohort

n (%)
Median age, year 1

39 (100)
69 (54, 77)

Male (%) 28 (72)
Dialysis modality
Haemodialysis (%) 24 (62)

Peritoneal dialysis (%) 15 (38)
Diabetes mellitus 12 (31)

Serum albumin 2 (g/L) 32.4 ± 3.7
Serum calcium 2 (mmol/L) 2.4 ± 0.2

Serum phosphate 2 (mmol/L) 1.5 ± 0.6
Serum parathyroid hormone 1 (pmol/L) 31.8 (22.8, 85.4)
Serum 25 hydroxy-vitamin D 1 (nmol/L) 66 (43.8, 78.3)

Legend: 1—interquartile range; 2—standard deviation.

Baseline laboratory parameters showed serum albumin 32.4 ± 3.7 g/L, calcium
2.4 ± 0.2 mmol/L and phosphate 1.5 ± 0.6 mmol/L. Median PTH and 25OH-D level
were 31.8 pmol/L (IQR 22.8–85.4) and 66 nmol/L (IQR 43.8–78.3), respectively.

3.2. Indicators of Sarcopenia

In total, 23% of the studied population had reduced LTI by BIS with a mean LTI of
14.1 ± 3.2 kg/m2. We detected reduced handgrip strength in 41% of the study group with
a median grip strength of 27.0 ± 12.3 kg. In total, 41% of the study population had elevated
age-matched TUG, thus regarded as a decrease in muscle function. The median TUG was
8 s (IQR 6–15 s).

3.3. Prevalence of Sarcopenia and Associated Factors

The prevalence of sarcopenia by EWGSOP definition was 18% (7 out of 39 patients).
Associated factors are summarized in Table 2. Patients with sarcopenia tended to be older
(77 years old versus 64, OR 1.16, p = 0.05) and of female sex (4 of 11 females versus 3 of
28 males were sarcopenic, OR 4.76, p = 0.08). There was no significant association with
dialysis modality and presence of diabetes. For laboratory parameters, sarcopenic patients
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had lower serum albumin (29.3 g/L versus 33.1 g/L, OR 0.72, p = 0.02) and lower serum
phosphate level (1.08 mmol/L versus 1.6 mmol/L, OR 0.08, p = 0.04). They had slightly
higher calcium, PTH and 25OH-D levels compared to their non-sarcopenic counterparts,
but the association between these parameters and sarcopenia did not reach statistical
significance. There was no association between inflammatory parameters, CRP or dialysis
vintage on sarcopenia.

Table 2. Risk factors for sarcopenia in Australian patients on maintenance dialysis.

Characteristics Sarcopenic
(n = 7)

Non Sarcopenic
(n = 32) Odds Ratio p Value

Median age (IQR) 77 (69, 80) 64 (19,84) 1.16 0.05
Female sex (%) 4 (36) 3(11) 4.76 0.08

Dialysis modality—HD (%) 5 (71) 19 (59) 1.71 0.56
Diabetes (%) 2 (29) 10 (31) 1.14 0.89

Serum albumin (g/L) 1 29.3 ± 1.8 33.1 ± 3.6 0.72 0.02
Serum calcium (mmol/L) 1 2.41 ± 0.09 2.37 ± 0.16 4.80 0.55

Serum phosphate (mmol/L) 1 1.08 ± 0.32 1.59 ± 0.55 0.08 0.04
Serum PTH (pmol/L) 2 42.5 (4.8,315) 30 (0.0–235) 1.00 0.46

Serum 25 OH-D (nmol/L) 2 68 (22–87) 65 (24–179) 0.99 0.68
CRP 8 (1–19) 7 (1–62) 1.01 0.91

Months on dialysis 53 (2–108) 34 (3–144) 1.01 0.25
Legend: HD—haemodialysis; PTH—parathyroid hormone; 25OH-D—25 hydroxyvitamin D; CRP—C-reactive
protein; 1—standard deviation; 2—range lowest to highest.

3.4. Correlation between Muscle Parameters

Correlations between the three muscle function tests were evaluated in pairs, that
is, (a) LTI and handgrip strength, (b) LTI and TUG and (c) handgrip and TUG. Handgrip
strength correlated well with both LTI and TUG (p < 0.05). However, no correlation was
noted between LTI and TUG (p = 0.17).

4. Discussion

In this first cross-sectional study on patients on maintenance dialysis from Australia,
we found that the prevalence of sarcopenia was 18% by the EWGSOP definition. The
prevalence of sarcopenia in the population aged greater than 60 years has been noted to be
approximately 10% in both men and women [14]. Hence, the prevalence of sarcopenia in
our dialysis population is clearly higher than that of the age-matched general population.
However, the prevalence is not as high as reported from previous studies in patients on
dialysis of age 50 or above [6,12].

The prevalence of sarcopenia is quite variable across studies looking at sarcopenia
in similar populations. Socioeconomic status is one important determining factor, as
Dorosty et al. illustrated a marked difference of 12.8% compared to 20.8% between higher-
and lower-income elderly participants [15]. The variability is also due to a non-uniform
definition of sarcopenia, leading to a wide interpretation of its prevalence [16,17]; non-
uniform reference cut-offs for the domains of sarcopenia such as muscle mass and muscle
performance; and a lack of a standardized method for muscle mass assessment [18]. We
used the EWGSOP definition of sarcopenia in our study and believe this universally
accepted definition would form a solid foundation for standardisation in future studies
of sarcopenia in the geriatric population, and a better understanding of the prevalence
in the dialysis population [9]. In the “Kidney Function and Sarcopenia in the United
States General Population NHANES III” (2007), using bioimpedence to estimate muscle
mass and identify sarcopenic patients showed a high prevalence of 60% in patients with
glomerular filtration less than 60 mL/min [19]. This estimate is likely to be different to the
revised definition of sarcopenia, as it now incorporates low muscle function or strength in
addition to low muscle mass. Muscle mass alone is insufficient to determine sarcopenia
and the relationship between strength and mass is non-linear [9]. This is supported by
studies of sarcopenia in the haemodialysis population, where Marcus et al. showed a
weak correlation between measurements of muscle atrophy and function [20], and Isoyama
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et al. demonstrated that low muscle strength was more strongly associated with ageing,
protein-energy wasting, physical inactivity, inflammation and mortality than low muscle
mass in the haemodialysis population [21]. The EWG guidelines recommend gait velocity
to determine muscle function. In our study, we adopted TUG as a more simplified and
appropriate measure due to frailty and comorbidities within our population.

We identified that low serum albumin and phosphate levels were significantly associ-
ated with sarcopenia in our dialysis population, while there was also a trend showing age
being associated with sarcopenia. Our study is consistent with other studies in the dialysis
and healthy older population where age is an important factor in determining sarcopenia.
Nutritional status and serum albumin have been found to correlate with muscle function in
the dialysis population [21]. Low albumin and phosphate are reflectors of poor oral intake
and protein energy wasting [22] and have been shown to be independent risk factors for
mortality on dialysis as well [23,24].

We also identified a higher incidence of sarcopenia amongst female patients, although
this did not reach statistical significance. There is scarce literature on the differential
prevalence of sarcopenia between genders. Physical inactivity has been noted to be higher
in females compared to males and there is a correlation between physical inactivity and
sarcopenia in patients with chronic kidney disease [25]. Therefore, by extrapolation, we
hypothesize that it is the physical inactivity of female dialysis patients that led to sarcopenia,
rather than other clinical factors. The direct relationship remains to be elucidated.

Surprisingly, we did not find a correlation between PTH or 25OH-D levels with sar-
copenia. This contrasts with previous studies, which have noted an association between
vitamin D and PTH levels with sarcopenia in the general population. Vitamin D deficiency
is associated with sarcopenia in the elderly population [5,26] and vitamin D supplementa-
tion in deficient sarcopenic haemodialysis patients has been shown to increase muscle size
and strength [27]. Secondary hyperparathyroidism was also found to have an associative
role [28,29]. The lack of association in our study could be due to a different definition of
sarcopenia, as we adopted the newer EWGSOP guidelines. Moreover, most of the subjects
had appropriate medications to achieve optimal 25OH-D and PTH levels, hence eliminating
differential levels as a factor and probably contributing to the lower incidence of sarcopenia
in our study population. We also did not find a correlation between dialysis modality and
sarcopenia. This was confirmed in a previous study [30].

We identified a good correlation between handgrip and LTI and TUG. Handgrip
strength has been found to be a reproducible tool for identifying sarcopenia, as more
muscle mass tends to be reflected as stronger muscle power [18]. However, the correlation
between TUG and LTI is poor. A standard TUG is a simple and practical test which takes
less than ten seconds and involves walking 3 m. It is more associated with a patient’s
functional mobility and static and dynamic balance, resulting in the assessment of risk of
fall. In fact, TUG is a good screening tool for sarcopenia [31]. TUG and gait velocity test both
predict most geriatric outcomes [32]. However, the correlation between TUG and muscle
mass is unclear and demands further studies to verify. We therefore suggest, in addition to
bioimpedance measurement, handgrip strength assessment to be an appropriate, simple
and cheap method to perform in routine clinical practice to screen for sarcopenia in the
dialysis population.

Our study has a number of strengths. To our knowledge, this is the first cross-sectional
analysis of sarcopenia amongst the dialysis population in Australia using the EWGSOP def-
inition of sarcopenia. Our study comprises both maintenance haemodialysis and peritoneal
dialysis patients. The prevalence of sarcopenia was lower in our population, and this may
be due to a lower prevalence of vitamin D deficiency and significant hyperparathyroidism;
this could also be a limitation, as this prevents us from identifying these as possible fac-
tors of sarcopenia in this population. We can identify patients on dialysis at high risk of
sarcopenia by medical record review and simple assessment tools, including BIS and a
handgrip dynamometer. This will enable population-targeted preventive measures, namely
regular dietary review and exercise physiotherapy advice to maintain muscle strength and
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function. Early intervention targeting risk factors may reduce the incidence of sarcopenia
and improve the quality of life in these patients.

Nevertheless, there are a few limitations of note. We used an indirect measurement
of lean muscle mass by using bioimpedance spectrometry. Although it is accepted as a
practical method to reflect muscle mass, there is a paucity of data to demonstrate good
correlation with the gold standard measurement of skeletal muscle mass by dual X-ray
absorptiometry. Moreover, this was a single-centre study. The study population was
relatively small in number, and a large proportion of them were on peritoneal dialysis
at home. They are potentially more well-nourished as they are independent in the home
environment and more motivated when participating in various tests, which is in contrast
with the wider population in the region, where there is a higher proportion of diabetes
requiring in-centre monitoring and medical care while undergoing dialysis. Even though
dialysis modality did not influence outcomes in this study, the small study population may
not have been enough to identify a difference in outcomes. Nonetheless, we demonstrated
that even in such a population, 18% were sarcopenic, which warrants further evaluation
by future multicentre trials with larger sample sizes. We did not collect data on the use of
phosphate binders or records of dialysis adequacy. However, the serum phosphate and
PTH levels were reasonable, which might be suggestive of acceptable dialysis adequacy.

5. Conclusions

In conclusion, the prevalence of sarcopenia was 18% in this single-centre cross-
sectional study by using the EWGSOP definition for patients on maintenance dialysis
in Australia. In addition, we report low serum albumin and phosphate levels were asso-
ciated with sarcopenia. Individuals of advancing age and females tend to have a higher
risk of sarcopenia. We demonstrated that handgrip strength measured by dynamometer
as an indicator of muscle strength was a good marker for sarcopenia and correlated well
with muscle mass and muscle function, and should be an integral part of the assessment
of sarcopenia in this population. The TUG test did not correlate with lean tissue index
in our study. Future research should focus on larger studies in the dialysis population,
and on evaluating whether interventions such as intensive dietetic education and exercise
physiotherapy prescription could reduce the incidence of sarcopenia, a common but silent
disease of modern society.

5.1. Practical Application

Sarcopenia affected 18% of our dialysis population, where low serum albumin and
phosphate levels were associated risk factors. Bioimpedance spectroscopy and handgrip
dynamometer are feasible methods for the earlier identification of sarcopenia and to guide
potential interventions.

5.2. Compliance with Ethical Standards

All procedures performed in this study were in accordance with ethical standards of
the Nepean Blue Mountains Local Health District (NBMLHD) ethics committee (Study
15/31-HREC/15/NEPEAN/69) and with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. Informed consent was obtained from all partici-
pants. There was no funding for the project and there was no conflict of interest for any of
the authors.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu13093284/s1, Table S1: title: Sheet 1; Table S2: title: Sheet 2; Table S3: title: Sheet 3.

Author Contributions: M.G.K. designed the study, conducted the experiment and edited the
manuscript. M.U. conducted the experiment and wrote the manuscript. J.W.L. helped with re-
visions. K.S. edited the manuscript. G.D. provided assistance with the study concept. D.B. helped in
preparing equipment for the study. D.G. and K.C. helped with the comparison of the study sample
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with the overall study population. C.B. performed the statistical analysis for the study. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The Study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Human research Ethics Committee of Nepean Blue
Mountains Local Health District (Study 15/31-HREC/15/NEPEAN/69) on 15 October 2015.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available as a supplemental file.

Conflicts of Interest: All the authors have declared no competing interest.

References
1. Cesari, M.; Landi, F.; Vellas, B.; Bernabei, R.; Marzetti, E. Sarcopenia and Physical Frailty: Two Sides of the Same Coin. Front.

Aging Neurosci. 2014, 6, 192. [CrossRef]
2. Brown, J.C.; Harhay, M.O.; Harhay, M.N. Sarcopenia and mortality among a population-based sample of community-dwelling

older adults. J. Cachexia Sarcopenia Muscle 2016, 7, 290–298. [CrossRef]
3. Cruz-Jentoft, A.J.; Sayer, A.A. Sarcopenia. Lancet 2019, 393, 2636–2646. [CrossRef]
4. Zanker, J.; Scott, D.; Brennan-Olsen, S.L.; Duque, G. Sarcopenia: A deserving recipient of an Australian ICD-10-AM code. Med. J.

Aust. 2020, 212, 45.e41. [CrossRef]
5. Fahal, I.H. Uraemic sarcopenia: Aetiology and implications. Nephrol. Dial. Transplant. Off. Publ. Eur. Dial. Transpl. Assoc.—Eur.

Ren. Assoc. 2014, 29, 1655–1665. [CrossRef]
6. Kim, J.K.; Choi, S.R.; Choi, M.J.; Kim, S.G.; Lee, Y.K.; Noh, J.W.; Kim, H.J.; Song, Y.R. Prevalence of and factors associated with

sarcopenia in elderly patients with end-stage renal disease. Clin. Nutr. 2014, 33, 64–68. [CrossRef] [PubMed]
7. Souza, V.A.; Oliveira, D.; Barbosa, S.R.; Corrêa, J.O.D.A.; Colugnati, F.A.B.; Mansur, H.N.; Fernandes, N.M.D.S.; Bastos, M.G.

Sarcopenia in patients with chronic kidney disease not yet on dialysis: Analysis of the prevalence and associated factors. PLoS
ONE 2017, 12, e0176230. [CrossRef] [PubMed]

8. ANZDATA. ANZDATA 40th Annual Report 2017: Chapter 2 Prevalence of End Stage Kidney Disease. Available online: https:
//www.anzdata.org.au/wp-content/uploads/2018/04/c02_prevalence_2016_v1.0_20180409.pdf (accessed on 15 October 2020).

9. Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.P.; Rolland, Y.; Schneider,
S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia
in Older People. Age Ageing. 2010, 39, 412–423. [CrossRef]

10. Wang, Y.W.; Lin, T.Y.; Peng, C.H.; Huang, J.L.; Hung, S.C. Factors Associated with Decreased Lean Tissue Index in Patients with
Chronic Kidney Disease. Nutrients 2017, 9, 434. [CrossRef] [PubMed]

11. Fresenius-Medical-Care. BCM-Body Composition Monitor: Innovation for Better Outcome. Available online: https://www.fmc-
au.com/body-composition-monitor-bcm (accessed on 10 September 2017).

12. Kittiskulnam, P.; Carrero, J.J.; Chertow, G.M.; Kaysen, G.A.; Delgado, C.; Johansen, K.L. Sarcopenia among patients receiving
hemodialysis: Weighing the evidence. J. Cachexia Sarcopenia Muscle 2017, 8, 57–68. [CrossRef]

13. Bohannon, R.W. Reference values for the timed up and go test: A descriptive meta-analysis. J. Geriatr. Phys. Ther. 2006, 29, 64–68.
[CrossRef] [PubMed]

14. Shafiee, G.; Keshtkar, A.; Soltani, A.; Ahadi, Z.; Larijani, B.; Heshmat, R. Prevalence of sarcopenia in the world: A systematic
review and meta- analysis of general population studies. J. Diabetes Metab. Disord. 2017, 16, 21. [CrossRef]

15. Dorosty, A.; Arero, G.; Chamar, M.; Tavakoli, S. Prevalence of Sarcopenia and Its Association with Socioeconomic Status among
the Elderly in Tehran. Ethiop. J. Health Sci. 2016, 26, 389–396. [CrossRef]

16. Diz, J.; Queiroz, B.; Tavares, L.; Pereira, L. Prevalence of sarcopenia among the elderly: Findings from broad cross-sectional
studies in a range of countries. Rev. Bras. Geriatr. Gerontol. 2015, 18, 665–678. [CrossRef]

17. Lamarca, F.; Carrero, J.J.; Rodrigues, J.C.; Bigogno, F.G.; Fetter, R.L.; Avesani, C.M. Prevalence of sarcopenia in elderly maintenance
hemodialysis patients: The impact of different diagnostic criteria. J. Nutr. Health Aging 2014, 18, 710–717. [CrossRef]

18. Carrero, J.J.; Johansen, K.L.; Lindholm, B.; Stenvinkel, P.; Cuppari, L.; Avesani, C.M. Screening for muscle wasting and dysfunction
in patients with chronic kidney disease. Kidney Int. 2016, 90, 53–66. [CrossRef]

19. Foley, R.N.; Wang, C.; Ishani, A.; Collins, A.J.; Murray, A.M. Kidney function and sarcopenia in the United States general
population: NHANES III. Am. J. Nephrol. 2007, 27, 279–286. [CrossRef]

20. Marcus, R.L.; LaStayo, P.C.; Ikizler, T.A.; Wei, G.; Giri, A.; Chen, X.; Morrell, G.; Painter, P.; Beddhu, S. Low Physical Function in
Maintenance Hemodialysis Patients Is Independent of Muscle Mass and Comorbidity. J. Ren. Nutr. Off. J. Counc. Ren. Nutr. Natl.
Kidney Found. 2015, 25, 371–375. [CrossRef] [PubMed]

http://doi.org/10.3389/fnagi.2014.00192
http://doi.org/10.1002/jcsm.12073
http://doi.org/10.1016/S0140-6736(19)31138-9
http://doi.org/10.5694/mja2.50432
http://doi.org/10.1093/ndt/gft070
http://doi.org/10.1016/j.clnu.2013.04.002
http://www.ncbi.nlm.nih.gov/pubmed/23631844
http://doi.org/10.1371/journal.pone.0176230
http://www.ncbi.nlm.nih.gov/pubmed/28448584
https://www.anzdata.org.au/wp-content/uploads/2018/04/c02_prevalence_2016_v1.0_20180409.pdf
https://www.anzdata.org.au/wp-content/uploads/2018/04/c02_prevalence_2016_v1.0_20180409.pdf
http://doi.org/10.1093/ageing/afq034
http://doi.org/10.3390/nu9050434
http://www.ncbi.nlm.nih.gov/pubmed/28448447
https://www.fmc-au.com/body-composition-monitor-bcm
https://www.fmc-au.com/body-composition-monitor-bcm
http://doi.org/10.1002/jcsm.12130
http://doi.org/10.1519/00139143-200608000-00004
http://www.ncbi.nlm.nih.gov/pubmed/16914068
http://doi.org/10.1186/s40200-017-0302-x
http://doi.org/10.4314/ejhs.v26i4.11
http://doi.org/10.1590/1809-9823.2015.14139
http://doi.org/10.1007/s12603-014-0505-5
http://doi.org/10.1016/j.kint.2016.02.025
http://doi.org/10.1159/000101827
http://doi.org/10.1053/j.jrn.2015.01.020
http://www.ncbi.nlm.nih.gov/pubmed/25836339


Nutrients 2021, 13, 3284 8 of 8

21. Isoyama, N.; Qureshi, A.R.; Avesani, C.M.; Lindholm, B.; Bàràny, P.; Heimbürger, O.; Cederholm, T.; Stenvinkel, P.; Carrero, J.J.
Comparative associations of muscle mass and muscle strength with mortality in dialysis patients. Clin. J. Am. Soc. Nephrol.
CJASN 2014, 9, 1720–1728. [CrossRef] [PubMed]

22. Nitta, K.; Tsuchiya, K. Recent advances in the pathophysiology and management of protein-energy wasting in chronic kidney
disease. Ren. Replace. Ther. 2016, 2, 4. [CrossRef]

23. Iseki, K.; Kawazoe, N.; Fukiyama, K. Serum albumin is a strong predictor of death in chronic dialysis patients. Kidney Int. 1993,
44, 115–119. [CrossRef]

24. Noordzij, M.; Korevaar, J.C.; Dekker, F.W.; Boeschoten, E.W.; Bos, W.J.; Krediet, R.T.; Bossuyt, P.M.; Geskus, R.B. Mineral
metabolism and mortality in dialysis patients: A reassessment of the K/DOQI guideline. Blood Purif. 2008, 26, 231–237. [CrossRef]
[PubMed]

25. Hirai, K.; Ookawara, S.; Morishita, Y. Sarcopenia and Physical Inactivity in Patients With Chronic Kidney Disease. Nephrourol.
Mon. 2016, 8, e37443. [CrossRef]

26. Kim, M.K.; Baek, K.H.; Song, K.H.; Il Kang, M.; Park, C.Y.; Lee, W.Y.; Oh, K.W. Vitamin D deficiency is associated with sarcopenia
in older Koreans, regardless of obesity: The Fourth Korea National Health and Nutrition Examination Surveys (KNHANES IV)
2009. J. Clin. Endocrinol. Metab. 2011, 96, 3250–3256. [CrossRef] [PubMed]

27. Avin, K.G.; Moorthi, R.N. Bone is Not Alone: The Effects of Skeletal Muscle Dysfunction in Chronic Kidney Disease. Curr.
Osteoporos. Rep. 2015, 13, 173–179. [CrossRef]

28. De Souza Genaro, P.; de Medeiros Pinheiro, M.; Szejnfeld, V.L.; Martini, L.A. Secondary hyperparathyroidism and its relationship
with sarcopenia in elderly women. Arch. Gerontol. Geriatr. 2015, 60, 349–353. [CrossRef]

29. Visser, M.; Deeg, D.J.; Lips, P. Low vitamin D and high parathyroid hormone levels as determinants of loss of muscle strength and
muscle mass (sarcopenia): The Longitudinal Aging Study Amsterdam. J. Clin. Endocrinol. Metab. 2003, 88, 5766–5772. [CrossRef]

30. McIntyre, C.W.; Selby, N.M.; Sigrist, M.; Pearce, L.E.; Mercer, T.H.; Naish, P.F. Patients receiving maintenance dialysis have more
severe functionally significant skeletal muscle wasting than patients with dialysis-independent chronic kidney disease. Nephrol.
Dial. Transplant. Off. Publ. Eur. Dial. Transpl. Assoc.—Eur. Ren. Assoc. 2006, 21, 2210–2216. [CrossRef] [PubMed]

31. Martinez, B.P.; Gomes, I.B.; Oliveira, C.S.; Ramos, I.R.; Rocha, M.D.M.; Forgiarini, L.A.; Camelier, F.W.R.; Camelier, A.A. Accuracy
of the Timed Up and Go test for predicting sarcopenia in elderly hospitalized patients. Clinics 2015, 70, 369–372. [CrossRef]

32. Viccaro, L.J.; Perera, S.; Studenski, S.A. Is timed up and go better than gait speed in predicting health, function, and falls in older
adults? J. Am. Geriatr. Soc. 2011, 59, 887–892. [CrossRef]

http://doi.org/10.2215/CJN.10261013
http://www.ncbi.nlm.nih.gov/pubmed/25074839
http://doi.org/10.1186/s41100-016-0015-5
http://doi.org/10.1038/ki.1993.220
http://doi.org/10.1159/000118847
http://www.ncbi.nlm.nih.gov/pubmed/18305386
http://doi.org/10.5812/numonthly.37443
http://doi.org/10.1210/jc.2011-1602
http://www.ncbi.nlm.nih.gov/pubmed/21832109
http://doi.org/10.1007/s11914-015-0261-4
http://doi.org/10.1016/j.archger.2015.01.005
http://doi.org/10.1210/jc.2003-030604
http://doi.org/10.1093/ndt/gfl064
http://www.ncbi.nlm.nih.gov/pubmed/16504974
http://doi.org/10.6061/clinics/2015(05)11
http://doi.org/10.1111/j.1532-5415.2011.03336.x

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Muscle Mass 
	Muscle Strength 
	Muscle Function 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Indicators of Sarcopenia 
	Prevalence of Sarcopenia and Associated Factors 
	Correlation between Muscle Parameters 

	Discussion 
	Conclusions 
	Practical Application 
	Compliance with Ethical Standards 

	References

