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ABSTRACT

The development of sarcopenia is common in individuals with chronic kidney disease (CKD). Studies aim to evaluate the 
complex mechanisms that contribute to its development, including the correlation with serum hormone concentrations. The 
objective of this study was to measure the prevalence of palmar pinch strength (PPS) and muscle mass (MM) associated 
with serum concentrations of 25-hydroxyvitamin D (25-OHD) and parathyroid hormone (PTH) in individuals with CKD on 
hemodialysis. An observational, longitudinal, and prospective study was conducted. PPS and MM were monitored from a 
sample of 64 patients and data on anthropometry and serum concentrations of 25-OHD and PTH were collected. Low serum 
levels of 25-OHD and high blood concentrations of PTH were associated with an increased risk of developing sarcopenia 
because they contributed to the reduction of MM and PPS. For better comprehension of the mechanisms of this process, it 
is suggested the realization of new studies at the cellular, metabolic, and population level.
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INTRODUCTION

Chronic kidney disease (CKD) is a major global public 
health problem due to the progressive increase in 
incidence and prevalence rates, high cost, and high 

complexity, being considered a major cause of morbidity and 
mortality. At present, it is estimated the existence of more 
than 2 million individuals with this disease in Brazil, being 
equivalent to 1% of the Brazilian population.[1,2]

The term CKD comprises a set of heterogeneous changes, in 
which the excretory function is chronically compromised as 

a result of damage to the structure or function of the kidneys. 
Thus, its definition is based on three components: An 
anatomical or structural component, a functional component, 
or a temporal component.[3]

CKD patients are susceptible to changes in body composition, 
including reductions in muscle mass (MM) and, consequently, 
muscle strength (MS), which occur independently of age, 
and are mainly caused by increased protein catabolism. 
Thus, these individuals are more prone to the development 
of sarcopenia which, in addition to defining the presence 
of the decline in MM and strength, is also associated with 
worsening of physical performance.[4,5]
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The consequences of sarcopenia for these individuals are 
associated with increased morbidity and mortality and 
cardiovascular complications. Therefore, several studies 
in the area have been carried out, aiming to analyze the 
complex mechanisms that contribute to the loss of MM and 
MS, including the relationship of these variables with the 
serum concentrations of some hormones, such as parathyroid 
hormone (PTH) and Vitamin D.[6,7]

Vitamin D deficiency is commonly observed in individuals 
with CKD, since renal function is impaired, impairing the 
conversion of 25-hydroxyvitamin D (25-OHD) to its active 
form 1.25-dihydroxyvitamin D [1.25(OH)2D] that occurs at 
the renal level. In addition, the decrease in the serum level 
of 1.25(OH)2D contributes to the increase of PTH due to the 
reduction of intestinal calcium, resulting in problems such as 
secondary hyperparathyroidism and bone mineral disease.[8]

The relationship between Vitamin D and bone problems is 
widely available in the literature. However, this hormone has 
been associated with several non-bone manifestations, including 
its role in preventing the risk of falls and skeletal muscle.[9,10]

Some studies suggest that higher levels of Vitamin D are 
associated with higher MM, MS, and physical capacity. 
In addition, controlled double-blind clinical studies 
with several populations suggest an association between 
Vitamin D supplementation in MM and MS improvement. 
In contrast, other trials found opposite results, indicating 
Vitamin D supplementation as not effective in improving 
these variables.[11-13]

Although the molecular actions of Vitamin D in the skeletal 
muscle have already been widely mentioned in the literature, 
little is known about Vitamin D and PTH related to MM and 
MS in CKD, necessitating a higher level of evidence that may 
aid in the treatment of individuals affected by sarcopenia. 
Given this context, the aim of this study was to evaluate 
the prevalence of palmar pinch strength (PPS) and MM 
associated with serum concentrations of 25-OHD and PTH 
in patients with CKD on hemodialysis (HD).

METHODOLOGY

A prospective, longitudinal, observational, and quantitative 
approach study was conducted at a private clinic located in 
the city of Natal/RN, Brazil.

Study participants
The study was performed with individuals with CKD in the 
dialysis phase. Sampling was of the non-probabilistic type, 
being the sample performed by convenience and composed 
of 64 patients. Inclusion criteria were to have CKD and to 
undergo HD, to be 18 years of age or older, to have no clinical 
complications or interruption of the treatment, and to be able 

to communicate. Exclusion criteria consisted of individuals 
with cognitive deficits, wheelchair users, restricted to bed, 
and/or refusal by the interviewee to participate in the study.

Patients were initially approached during the dialysis 
procedure and participated in the main interview, being 
instructed on the methods used in the research and invited 
to participate in it. After the conclusion of the dialysis 
session, they were referred to the nutrition room to obtain the 
anthropometric and PPS data.

Patients who agreed to participate in the study signed the free 
and informed consent form – TCLE (Appendix A) and the 
study was approved by the local ethics committee.

Sarcopenia
PPS

As an indicator of MS, PPS was used, which is referred to 
as easy to implement, non-invasive, and low cost. The grip 
strength is not only seen as an intrinsic measure of hand or 
upper limbs strength but rather as an indicator of physical 
strength and general health since PPS is necessary for 
performing most daily tasks.[14]

Thus, PPS was measured using a Sanny® brand hand 
dynamometer grip strength. The maximum force (kilograms) 
was calculated based on three attempts of each hand and 
was performed twice, with a difference of 6 months between 
baseline and follow-up examination. The PPS change was 
calculated as the force difference between baseline and 
follow-up divided by baseline strength and multiplied by 100. 
This calculation was based on the methodology proposed by 
Visser et al.[7] as well as the definition of sarcopenia as a loss 
of PPS >40% during follow-up.

MM

The body composition was evaluated by means of the Sanny® 
four-pole bioimpedance (BIA1010) and was performed twice, 
with a difference of 6 months between baseline and follow-up 
examination. With the patient lying on a non-conductive 
surface, in the supine position, arms and legs abducted at 
45° from the body, the electrodes were placed on the hands 
and feet, and the procedure was started as indicated by the 
bioimpedance protocol. The change relative to MM (kilograms) 
was calculated as the difference of MM between baseline and 
follow-up divided by baseline value and multiplied by 100. 
This calculation was based on the methodology proposed by 
Visser et al.[7] as well as sarcopenia, which was understood as 
a loss of MM >3% during follow-up.

Hormonal factors
The performance of biochemical exams is part of the clinical 
practice and the follow-up of patients with CKD in the 
dialysis phase. Therefore, serum levels of PTH and 25-OHD 
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were collected from the medical records of each patient.

Serum PTH levels were categorized into tertiles (<3 pg/dL, 
between 3 and 3.9 pg/dL and >4 pg/dL), and the group with 
the lowest PTH levels was used as the reference group. Serum 
levels of 25-OHD were categorized into three groups based 
on published cutoff points: <25, 25–49.9, and 50 ng/mL, the 
latter being considered as the reference group.

Both serum levels of PTH and 25-OHD, as well as the diagnosis 
of Vitamin D deficiency, were evaluated according to the 
criteria used in the study of Visser et al.[7] Vitamin D deficiency 
was defined as a serum concentration of <25 ng/mL.

Indicators of change of body composition
Potential confounding factors were initially measured in 
the study and included in the statistical analysis, being age 
in years, body weight, height, body mass index (BMI), and 
body weight change in percentage. A form (Appendix B) was 
used to fill in such data.

Body weight was measured with the patient barefoot and with 
the minimum of possible clothes, with the aid of a properly 
calibrated Toledo® digital scale, with a maximum capacity of 
200 kg. The individual was asked to get on the equipment and was 
positioned centrally, upright, feet together, and arms extended 
along with the body and head positioned in the Frankfurt plane. 
The “dry weight,” measured after the end of HD, was used. With 
the individual in the same position, the stature was measured 
with the aid of a stadiometer coupled to the scale.

The BMI was calculated based on weight and 
height measurements and the classification of the 
result was performed based on the BMI cutoffs 
recommended by the World Health Organization 
(1995), that is, low weight (IMC <18.5 kg/m²); eutrophy 
(IMC 18.5-24.99 kg/m²); overweight (IMC 25–29.99 kg/m²); 
and obesity (IMC ≥30.0 kg/m²).

The percentage of loss or weight gain was calculated based 
on the data of usual weight and the current weight. The 
calculation was performed by dividing the usual weight by 
the current weight and multiplying by 100.[15]

Statistical analysis
Statistical analysis was performed using PRISMA 2017 
software version 7.0 for Macbook. The distributions of PTH and 
25-OHD concentrations were standardized by transformation 
into their normal logarithm and were used as continuous 
variables, as well as categorized variables, since the aim was 
to evaluate potentially non-linear relationships with sarcopenia.

Significant differences between groups were tested using 
one-way ANOVA. P values were considered statistically 
significant at P < 0.05.

RESULTS

In Figure 1, the loss of PPS and MM during a 6-month 
period was measured, according to blood concentrations of 
25-OHD. The results indicate that individuals with serum 
level of 25-OHD lower than 25 ng/mL tended to have higher 
PPS losses and those with blood concentrations between 
25–49.9 ng/mL and greater than 50 ng/mL of 25-OHD were 
likely to show lower losses of the same variable.

Regarding MM, individuals with serum concentrations lower 
than 25 ng/mL or 25–49.9 ng/mL of 25-OHD were more 
likely to present higher MM (>3%) losses in comparison with 
those with concentrations of >50 ng/mL. That is, individuals 
with lower levels of 25-OHD were more likely to have loss 
of grip strength (>40%) and MM (>3%).

Table 1 shows the characteristics of the 64 study participants. 
Regarding the mean, it was observed that participants who 
lost PPS (>40%) were older had lower weight, BMI, and grip 
strength compared to those who had adequate parameters. In 
addition, they had 1.3% (5.4) reduction in body weight.

Regarding the mean of the participants who lost MM (>3%), 
it could be observed that they were older, presented lower 
weight, BMI, and MM compared to those who had adequate 
parameters. There was also 13.2% loss of body weight in the 
same group.

There was a significant difference only regarding PPS 
between the group with adequate parameters and the group 
with PPS losses (P < 0.001) and regarding the change in body 
weight between the group with adequate parameters and the 
group with MM loss (P < 0.05).

In Figure 2, the loss prevalence of PPS (>40%) and MM 
(>3%) was measured over a period of 6 months, according to 
parathyroid blood levels (PTH). The results demonstrated that 

Figure 1: Prevalence of loss of palmar grip strength (> 40% 
PPS) and muscle mass (> 3% MM) for 6 months according 
to serum 25-OHD concentrations. *There was no significant 
difference between them. 
Source: Own study (2018)
Note: Palmar Pinch Strength (PPS), Muscle Mass (MM). 
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individuals with PTH blood concentrations of >4 pg/dL and 
between 3 and 3.9 pg/dL tended to show greater loss of PPS 
compared to those with blood concentrations below 3 pg/dL.

Regarding MM, individuals with PTH blood concentrations 
higher than 4 pg/dL tended to present higher losses of 
this variable in comparison with those with concentrations 
lower than 3 pg/dL and between 3 and 3.9 pg/dL. Thus, the 
results suggest that individuals with elevated serum PTH 
levels are more likely to exhibit reductions in grip strength 
and MM.

DISCUSSION

Vitamin D has been extensively associated with several non-
bone manifestations, including its effects on the risk of falls 
and skeletal muscle related to reduced MS and MM, which 
are common in sarcopenia (Bischoff-Ferrari et al., 2009[3]; de 
Flávia et al.[9,16])

The occurrence of sarcopenia in individuals with CKD is 
common and may occur at any stage of the disease. It is 
associated with several factors and, more recently, several 
studies have begun to evaluate the effect of Vitamin D on the 

parameters of sarcopenia (Souza et al., 2014).[6]

Thus, the present study tested the relationship of PPS and 
MM with serum concentrations of 25-OHD and PTH since 
these variables are directly related to sarcopenia. Analyzing 
Figures 1 and 2, they suggest that low serum concentrations 
of 25-OHD and elevated serum levels of PTH contribute to 
the increased risk of developing sarcopenia.

The results found corroborate with the study carried out by 
Visser et al.,[7] which propose that a lower concentration of 
25-OHD and a higher concentration of PTH increase the risk of 
developing sarcopenia in old age, associated with loss of PPS 
and appendicular muscle mass. This study was conducted with a 
large cohort and was the first population-based study carried out 
to investigate the prognostic value of serum levels of 25-OHD 
in sarcopenia in elderly individuals, using a longitudinal design.

Another study, conducted by Janssen et al.,[12] in which 
they sought to determine the association between serum 
concentrations of 25-OHD with muscle mass, strength, and 
performance, showed that higher serum levels of 25-OHD 
were significantly associated with higher MM, PPS, and 
physical performance in middle-aged men and women.

Regarding the research done with individuals with CKD, a 
study carried out by Gordon et al.,[17] which aimed to evaluate 
the association of Vitamin D with physical performance and 
MM, found that 1.25(OH)2D is a determinant of physical 
performance and MM in patients with CKD in Stages 3 and 4.

Recently, research has verified the effects of Vitamin D on 
muscle. There are several lines of evidence that support the 
role of this vitamin in muscle health. Among them, there 
are observational studies that suggest a positive association 
between 25-OHD and MS or function and that Vitamin D 
supplementation works by increasing MS and balance. In 
addition, several studies point to the existence of specific 
nuclear receptors (Vitamin D receptor [VDR]) of Vitamin D 
in human skeletal muscle and its activation, which is related 

Figure 2: Prevalence of loss of palmar pinch strength (>40% 
PPS) and muscle mass (>3% MM) for 6 months according 
to serum concentrations of parathyroid hormone. *There was 
no significant difference between them. Source: Own study 
(2018). PPS: Palmar pinch strength, MM: Muscle Mass

Table 1: Distribution of the anthropometric variables of palmar pinch strength and muscle mass of patients with 
CKD undergoing HD

Variable Palmar pinch strength Muscle mass
Adequate Loss >40% P Adequate Loss >3% P

Age (years) 49.5 (6.4) 53.3 (7.2) 0.134 48.7 (5.2) 51 (5.9) 0.097

Weight (kg) 72.4 (8.6) 67.6 (9.2) 0.367 73.4 (10.3) 68.9 (9.4) 0.567

BMI (kg/m2) 25.4 (6.4) 22.4 (3.9) 0.198 25.1 (7.4) 23.9 (4.2) 0.678

Pinch strength (kg) 48 (17.8) 19 (10.5) 0.001 - - -

Muscle mass (kg) - - - 20.2 (4.7) 18.4 (4.9) 0.079

Weight change (%) +0.7 (3.8) −1.3 (5.4) 0.321 −0.3 (2.9) −13.2 (3.5) 0.05
Source: Own study (2018). CKD: Chronic kidney disease, HD: Hemodialysis, BMI: Body mass index
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to the promotion of muscle protein synthesis.[18]

The active form of Vitamin D [1.25(OH)2D] exerts a large part 
of its actions through the link with the VDR. This intracellular 
hormone receptor binds specifically to 1.25(OH)2D, 
mediating its effects. The molecular mechanisms of this 
action involve genomic and non-genomic effects. As for the 
genomic effects, it is suggested that they are mediated by the 
genetic transcription of messenger RNA and subsequently 
the production of new proteins that affect the contractility, 
proliferation, and differentiation of muscle cells, resulting in 
muscle growth. The probable metabolism of Vitamin D in the 
control of sarcopenia is present in Figure 3.[19,20]

Vitamin D deficiency is generally associated with increased 
serum PTH levels. It can be explained because the deficiency 
leads to a reduction in calcium absorption and, consequently, 
an exacerbated increase in PTH secretion by the parathyroid 
glands. In addition, the synthesis of 1.25(OH)2D is stimulated 
by PTH, thus, a drop of 25-OHD also ends up stimulating 
PTH production.[21]

Treating CKD, as the kidneys lose their ability to excrete toxic 
substances accumulated in the body, this problem consequently 
leads to the occurrence of hyperphosphatemia, which ends up 

generating a greater stimulation of the production of PTH and 
triggering secondary hyperparathyroidism.[22]

Thus, in addition to the relationship between Vitamin D 
and MS and mass, research has also been done on the 
association of these variables with serum PTH levels. 
According to Haroon and FitzGerald,[20] studies have shown 
that PTH impairs skeletal muscle function in animal models 
through muscle proteolysis and the intracellular reduction of 
inorganic phosphate, creatine phosphate, and Ca-ATPase in 
muscle cells.

It is possible that PTH exerts a direct effect on skeletal 
muscle since its administration has demonstrated effects 
related to the production, transport, and energy use, besides 
its influence on the metabolism of amino acids and proteins 
in the skeletal muscle of rats, contributing to weight loss, 
muscle weakness, and atrophy. In addition, this hormone is 
also known to induce the production of interleukins in the 
liver of rats with consequent increase in circulating levels 
of these in vivo cytokines. Studies performed with elderly 
individuals have associated high levels of interleukin-6 with 
lower MM and muscular strength.[23]

Vitamin D supplementation in patients with CKD in HD 

Figure 3: Proposed metabolic mechanism of Vitamin D in the control of sarcopenia. Source: Own study (2018)
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seems to have conflicting results regarding strength and 
MM gain. In the study carried out by Gordon et al.,[24] with 
individuals with CKD who were in the dialysis phase, it was 
found that individuals receiving calcitriol or paricalcitol 
supplementation had better results in physical performance 
tests, greater strength, and MM when compared to those who 
did not receive them.

Similar results were observed in the study carried out by 
Cangussu et al.,[11] which sought to investigate the effects of 
Vitamin D isolated on the muscular function of 160 Brazilian 
women shortly after menopause. It has also shown that 
supplementation in individuals with Vitamin D deficiency 
provides a significant protective effect against sarcopenia 
by increasing MS and controlling for the progressive 
loss of MM.

However, the same results were not observed in the 
randomized clinical trial conducted by Hewitt et al.[25] with 
patients who were in HD. After 6 months of study, there were 
no significant differences in MS and functional capacity 
between the group receiving placebo and the group receiving 
cholecalciferol supplementation.

Some of the limitations of the present study consisted in the 
evaluation of only two parameters and could interfere in the 
final result since the existence of other variables and the 
evaluation of the activity of genes and cellular mechanisms 
may allow the discovery of new forms of treatment. However, 
the two variables evaluated can be used in clinical practice, 
contributing to the analysis, prognosis, or evolution of several 
cases of renal patients on HD.

In addition, the type of sampling was non-probabilistic, so 
it was not possible to generalize the results for the entire 
population. Therefore, it is suggested to carry out new 
studies with probabilistic sampling, larger sample, and 
longer follow-up time and with other populations and ethnic 
groups.

FINAL CONSIDERATIONS

According to the results, it is suggested that lower serum 
25-OHD concentrations and higher PTH levels contribute 
to the increased risk of developing sarcopenia in individuals 
with CKD on HD. Therefore, they should be submitted to 
preventive measures and continuously observed for the 
presence of sarcopenia from the early stages of the disease, to 
reverse or reduce the process of muscle loss and, consequently, 
reduce the complications generated by sarcopenia in renal 
patients.

Due to the diverse associations found, a greater level of 
evidence is needed regarding the effects of Vitamin D and 
PTH on skeletal muscle cell metabolism in renal patients. 

Therefore, further longitudinal studies are necessary, as well 
as randomized controlled trials, that verify the effects of 
Vitamin D supplementation in individuals with CKD on HD, 
to contribute to the implementation of preventive measures 
for the development of sarcopenia.

CONCLUSION

It then concludes that it suggests which are the lowest 
25-OHD levels and highest levels of PTH contribution to 
increase the risk of developing sarcopenia in individuals with 
CKD on hemodialysis.

REFERENCES
1. Soares FC, Aguiar IA, De Carvalho NPF, De Carvalho RF, 

Torres RA, Segheto, et al. Prevalence of arterial hypertension 
and diabetes mellitus in carriers of chronic kidney disease in 
treatment conservator of the ubaense nefrologia service. Rev 
Cien Fagoc 2017;2:21-6. 

2. Rocha IA, Silva FVC, Campos TS, Marta CB, Lima RA. The 
Caring Costs for Patients Bearing Chronic Kidney Disease 
(CKD), in a Non-Dialytic Phase of a University Hospital. Rev 
Online 2018;3:647-55. Available from: http://www.seer.unirio.
br/index. php/cuidadofundamental/ article/download/6140/
pdf_1. [Last accessd on 2018 Jul 09].

3. Gomes BM, Mastroianni KG. Chronic kidney disease: 
importance of early diagnosis, immediate referral and structured 
interdisciplinary approach to improve outcomes in patients 
not yet on dialysis. J Bras Nefrol São Paulo 2011;33:93-108. 
Available from: http://www.scielo.br/scielo.php?pid=S0101-
28002011000100013&script=sci_abstract&tlng=pt. [Last 
accessed on 2018 Jul 09].

4. Prata MB, Camelier RC, Assunção A. Sarcopenia in the elderly: 
A study review. Rev Pesqui Fisioter 2014;4:6270. Available 
from: https://www5.bahiana.edu.br/index.php/fisioterapia/
article/viewFile/349/277. [last accessed on 2018 Jul 09].

5. De Lima PP, Soares IT, Bastos MG, Cândido AP. Thumb 
Adductor Muscle Thickness Used in the Nutritional 
Assessment of Chronic Kidney Disease Patients Under 
Conservative Treatment. Thesis (Master’s Degree). Medicine 
Course, Faculdade de Medicina da Universidade Federal de 
Juiz de Fora; 2018. Available from: http://www.repositorio.
ufjf.br:8080/xmlui/handle/ufjf/6903. [Last accessed on 2018 
Jul 08].

6. de Angelina SV, Oliveira D, Bastos MG. Sarcopenia in chronic 
kidney disease. J Bras Nefrol São Paulo 2015;37:98-105. 
Available from: http://www.scielo.br/scielo.php? script=sci_
arttextπd=S0101-28002015000100098. [Last accessd on 
2018 Jul 08].

7. Visser M, Deeg DJ, Lips P, Longitudinal Aging Study 
Amsterdam. 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;88:5766-72.

8. Goldsmith DJ. Pro: Should we correct Vitamin D deficiency/
insufficiency in chronic kidney disease patients with inactive 
forms of Vitamin D or just treat them with active Vitamin D 



Santos, et al.: Determinants of Sarcopenia in Patients with Chronic Renal Disease on Hemodialysis

Clinical Journal of Nutrition and Dietetics • Vol 3 • Issue 1 •  2020 7

forms? Nephrol Dial Transplant 2016;31:698-705.
9. Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, 

Orav JE, Stuck AE, Theiler R, et al. Fall prevention with 
supplemental and active forms of Vitamin D: A meta-analysis 
of randomised controlled trials. BMJ 2009;339:b3692.

10. Leal BA, Andrade KF, Nadson DS, Santos GG. Nutritional 
supplementation of calcium and Vitamin D for bone health and 
prevention of osteoporotic fractures. Rev Bras Ciênc Saúde 
2014;18:353-8.

11. Cangussu LM, Nahas-Neto J, Orsatti CL, Bueloni-Dias FN, 
Nahas EA. Effect of Vitamin D supplementation alone on 
muscle function in postmenopausal women: A randomized, 
double-blind, placebo-controlled clinical trial. Osteoporos Int 
2015;26:2413-21.

12. Janssen HC, Emmelot-Vonk MH, Verhaar HJ, van der Schouw 
YT. Vitamin D and muscle function: Is there a threshold in the 
relation? J Am Med Dir Assoc 2013;14:627.e13-8.

13. Knutsen KV, Madar AA, Lagerløv P, Brekke M, Raastad T, 
Stene LC, et al. Does Vitamin D improve muscle strength in 
adults? A randomized, double-blind, placebo-controlled trial 
among ethnic minorities in Norway. J Clin Endocrinol Metab 
2014;99:194-202.

14. Josária FA, Marcelly M, José MJ. Comparison of three hand 
dynamometers in relation to the accuracy and precision of the 
measurements. Braz J Phys Ther São Paulo 2012;16:217-24. 
Available from: http://www.scielo.br/scielo.php?pid=S1413-
35552012000300007&script=sci_abstract&tlng=pt. [Last 
accessed on 2018 Jun 20].

15. Lilian C. Nutrição Clínica no Adulto: Guias de Medicina 
Ambulatorial e Hospitalar da EPM-UNIFESP. 3rd ed. São 
Paulo: Manole; 2016.

16. De Flávia FA, Prado MA, Cação JC, Beretta D, Albertini S. 
Sarcopenia and nutritional status of elderly: A review of the 
literature. Arq Ciênc Saúde 2015;22:9-13. Available from: 
http://www.cienciasdasaude.famerp.br/index.php/racs/article/
view/19. [Last accessed on 2018 Jun 20].

17. Gordon PL, Doyle JW, Johansen KL. Association of 
1,25-dihydroxyvitamin D levels with physical performance 
and thigh muscle cross-sectional area in chronic kidney disease 
stage 3 and 4. J Ren Nutr 2012;22:423-33.

18. Bischoff-Ferrari HA. Relevance of Vitamin D in muscle health. 
Rev Endocr Metab Disord 2012;13:71-7.

19. Cipriani C, Pepe J, Piemonte S, Colangelo L, Cilli M, Minisola 
S. Vitamin d and its relationship with obesity and muscle. Int J 
Endocrinol 2014;2014:841248.

20. Haroon M, FitzGerald O. Vitamin D deficiency: Subclinical 
and clinical consequences on musculoskeletal health. Curr 
Rheumatol Rep 2012;14:286-93.

21. Lichtenstein A, Ferreira-Júnior M, Sales MM, Aguiar FB, 
Fonseca LA, Sumita NM, et al. Vitamin D: non-skeletal actions 
and rational use. Rev Assoc Med Bras São Paulo 2013;59:495-
506. Available from: https://www.sciencedirect.com/science/ 
article/pii/S0104423013001504?via%3Dihub. [Last accessed 
on 2018 Jun 21].

22. De Almeida CC, Mafra D, Costa DM. End-stage chronic kidney 
disease in hemodialysis: Changes in habits and bone diseases. 
Rev Eletrôn Novo Enfoque 2013;17:196-201. Available 
from: http://www.castelobranco.br/sistema/novoenfoque/
files/17/29artigo-pibict-27092013. pdf. [Last accessed on 2018 
Jun 22].

23. Campos SR, Gusmão MH, Almeida AF, Pereira LJ, 
Sampaio LR, Medeiros JM. Nutritional status and food intake 
of continuous peritoneal dialysis patients with and without 
secondary hyperparathyroidism. Braz J Nephrol 2012;34:170-
7. Available from: http://www.scielo.br/scielo.php?pid=S0101-
28002012000200010&script=sci_abstract&tlng=pt. [Last 
accessed on 2018 Jun 21].

24. Gordon PL, Sakkas GK, Doyle JW, Shubert T, Johansen KL. 
Relationship between Vitamin D and muscle size and strength 
in patients on hemodialysis. J Ren Nutr 2007;17:397-407.

25. Hewitt NA, O’Connor AA, O’Shaughnessy DV, Elder GJ. 
Effects of cholecalciferol on functional, biochemical, vascular, 
and quality of life outcomes in hemodialysis patients. Clin J 
Am Soc Nephrol 2013;8:1143-9.

How to cite this article:  Santos L, de Lima TL, da 
Costa KC, Caetano AL, de Farias EHC, da Silva DCP, 
Fayh APT, Serquiz AC. Serum Levels of Vitamin D and 
Parathyroid Hormone as Determinants of Sarcopenia in 
Patients with Chronic Renal Disease on Hemodialysis. 
Clin J Nutr Diet 2020;3(1):1-7.


