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What is not yet known on the issue addressed in
the submitted manuscript

The role of vitamin D metabolism abnormalities in the
pathogenesis of bone mineral disorders in chronic kidney
disease is known, but it is not known the level of reduction
of vitamin D in relation to the stage of nondialysis chronic
kidney disease.

The research hypothesis

Chronic kidney disease is a global health problem, and
a decrease in glomerular filtration rate increases the risk
of bone mineral disorders and secondary hyperparathy-
roidism, which plays an important role in vitamin D de-
ficiency.

The novelty added by manuscript to the already
published scientific literature

Highlighting the decrease in vitamin D levels depend-

\\ing on the stage of chronic kidney disease. )
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Abstract

Introduction. Vitamin D plays an important role in
maintaining musculoskeletal health. As the glomerular fil-
tration rate decreases, vitamin D deficiency also occurs. The
aim of this paper is to highlight the level of vitamin D de-
pending on the stage of chronic kidney disease.

Materials and methods. A structured search was per-
formed in the PubMed, Scopus and HINARI databases,
where the relevant articles have been taken into account,
published in the last 20 years. The search terms used (in
English) were: ,vitamin D deficiency”, ,pathogenesis of vita-
min D”, "the impact of vitamin D in chronic kidney disease”,
»chronic kidney disease”.

Results. Several studies have shown that the change in
vitamin D levels is dependent to the decrease of glomerular
filtration rate. The lowest serum vitamin D concentration
was observed in stage 5 of chronic kidney disease. Vita-
min D deficiency occurs due to a decrease in the number of
nephrons and a decrease in the number of proximal tubular
cells that absorb vitamin D (25 (OH) D) to be subsequently
hydroxylated to its active form by 1a-hydroxylase.

Conclusions. Patients with vitamin D-deficient due to
chronic kidney disease have an increased risk of decreased
bone mineral density and multiple fractures.
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Introduction

Vitamin D plays an important role in maintaining mus-
culoskeletal health. As the glomerular filtration rate de-
creases, vitamin D deficiency also occurs. This is due to the
decrease of functional nephrons and in the number of prox-
imal tubular cells that absorb vitamin D 25 (OH) D, which is
then hydroxylated in its active form by 1a-hydroxylase. It is
well known that the abnormalities of vitamin D are import-
ant factors in the pathogenesis of bone mineral disorders.
At present there is more and more data about the role of
vitamin D on muscle health and function [1-3]. It is known
that patients with chronic kidney disease have clinical man-
ifestations such as: muscle pain and weakness, sarcopenia,
fatigue, low exercise tolerance, fractures and falls that may
have an adverse effect on the quality of life [4-9, while vita-
min D deficiency is directly related to the severity of muscle
manifestations [10]. Multiple data show that the vitamin D
receptor (VDR) is expressed in muscles and that the vita-
min D receptor regulates gene expression and the absorp-
tion of 25 (OH) D in skeletal muscle cells [11, 12]. Vitamin
D is part of a group of fat-soluble vitamins. There are two
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forms of vitamin D: vitamin D2 (ergocalciferol) and vitamin
D3 (cholecalciferol). Vitamin D2 is the plant-derived form
(ergosterol or provitamin D2). Vitamin D3 comes either
from food of animal origin, or is synthesized in the skin from
7-dehydrocholesterol (provitamin D3) under the action of
ultraviolet radiation [13]. Vitamin D activation takes place
in two stages: the first stage takes place in the liver, and the
second stage takes place in the kidneys. In plasma, vitamin
D is transported as a complex with a specific alphal glob-
ulin-vitamin D transporter protein. The first hydroxylation
takes place in the liver, where 25-OH vitamin D (calcifediol),
a metabolite with limited biological activity, is formed. Then
25-0OH vitamin D binds to a specific protein that is trans-
ported to the kidneys where the second hydroxylation takes
place. Under the action of 1-alpha hydroxylase, the most ac-
tive metabolite of vitamin D is formed: 1,25-(0OH) 2 vitamin
D (calcitriol) in the proximal renal tube.

Renal hydroxylation plays an important role in con-
trolling the metabolism of vitamin D, which is regulated by
serum calcium, phosphate and parathyroid hormone (PTH)
and fibroblast growth factor 23 (FGF23), which is produced
by bone osteocytes and osteoblasts [14].

The decrease in plasma concentration of both metabo-
lites - 25 (OH) D and 1,25 (OH) 2D, is observed with the pro-
gression of chronic kidney disease [15]. There are known
several factors contributing to vitamin D deficiency: renal
dysfunction, dietary restrictions, reduced sun exposure,
skin hyperpigmentation, diabetes, obesity, the presence of
uremic syndrome, hyperphosphatemia, metabolic acidosis,
proteinuria and increased FGF23 [16].

The role of vitamin D in the kidneys is to increase the
tubular reabsorption of calcium. Thanks to the maintenance
of calcium homeostasis, calcitriol has an important role in
the process of bone remodeling. Along with the interaction
of specific receptors, it induces the expression of bone ma-
trix proteins (osteopontin, osteocalcin, alkaline phospha-
tase) and inhibits the synthesis of type I collagen. At the
same time, there is an increase in bone resorption togeth-
er with the action of parathyroid hormone, by stimulating
immature osteoclastic precursors, which will later turn into
mature osteoclasts. They remove calcium and phosphorus
from the bone, maintaining the levels of calcium and phos-
phorus in the blood.

Normal concentrations of Ca?* and phosphorus in the
blood favor the mineralization of the osteoid. Vitamin D
deficiency leads to disorders of osteoid mineralization, as a
result favors the appearance of osteomalacia.

Materials and methods

A search of scientific papers published since 2001 in
the MEDLINE electronic database was performed using
the search engine PubMed, Scopus and HINARI (Health
Internet Work Access to Research Initiative) - Research-
4Life program. We have selected English articles provided
by these platforms. The search terms used were: ,vitamin
D deficiency”, ,pathogenesis of vitamin D”, ,the impact of
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ease”. Original articles, meta-analyzes and systematic re-
views were selected.

Results and discussion

After processing the information from the PubMed, Sco-
pus and HINARI databases, according to the search crite-
ria, 220 articles on vitamin D deficiency in chronic kidney
disease were selected. The final bibliography contains 38
relevant sources, which were considered representative of
the material published on the topic of this synthesis arti-
cle. Excluded from the list were the content of publications
that did not reflect the research topic, as well as articles that
were not accessible through the HINARI database.

Vitamin D deficiency in chronic kidney disease

The fibroblastic growth factor 23 (FGF23), which is in-
creased in chronic kidney disease, inhibits the activity of
la-hydroxylase, which subsequently stimulates 25-hydrox-
ylase, and, at the same time, vitamin D further increases the
production of FGF23 [14, 17]. Increased FGF23 stimulates
increased renal phosphate excretion [18]. FGF23 inhibits
alkaline phosphatase as a result. Moreover, FGF23 leads
to extracellular increase in pyrophosphate, decreases the
amount of inorganic phosphate, and stimulates the expres-
sion of the osteopontin gene.

Vitamin D 1,25 (OH) D binds to the vitamin D receptor
(VDR), which is present in almost all tissues. The VDR-1,25
(OH) 2D complex subsequently binds to the retinoic X re-
ceptor (RXR) which controls the transcriptional activity of
target genes. 1,25 (OH) 2D has an important role in main-
taining calcium and phosphate homeostasis, stimulating
intestinal absorption and bone resorption [19]. The 1,25
(OH) 2D-VDR-RXR complex increases the expression of the
epithelial calcium channel in the cells of the small intestine.
This allows more calcium to enter the cell, ensuring the nec-
essary availability of calcium and phosphate for the proper
mineralization of the newly formed bone matrix. Vitamin
D enhances the expression of LRP5, which, together with
sclerostin, Dkk1 and frizzled, forms the Wnt pathway, which
is an important process in bone mineralization [20, 21]. In
most patients with chronic kidney disease, 25-hydroxyvita-
min D levels were observed to be <30 ng/ml, which is lower
than normal. In patients who have a high level of protein-
uria have an even lower level of vitamin D. Interestingly,
there was a positive relationship between 25-hydroxyvita-
min D levels and 1,25-dihydroxyvitamin D levels, in contrast
to patients without chronic kidney disease.

Muscle damage in vitamin D deficiency

Several studies have shown that in addition to main-
taining calcium homeostasis, which is imported for muscle
function, vitamin D deficiency can act directly on skeletal
muscle. Vitamin D also binds to the vitamin D receptor in
muscle cells. This, in turn, leads to the rapid up-regulation
of calcium channels [22]. The influence of vitamin D hypo-
vitaminosis on skeletal muscle also refers to muscle struc-
ture. Structural muscle changes include disruption of the
intermiofibrillar network, increased intramuscular lipids,
and rapid atrophy of white fibers (type 2) [23-25]. Subjects



with severe vitamin D deficiency show generalized muscle
atrophy, before the appearance of biochemical signs of bone
disease [26].

Multiple studies show that the presence of myopathy in
chronic kidney disease occurs at a GFR <25 mL/min/1.73m?
and increases with worsening of renal function [27, 28]. The
diagnosis of uremic myopathy is established based on clini-
cal manifestations: weakness and sarcopenia found mainly
in the lower limbs [29]. Meanwhile, muscle enzyme levels
and electromyographic studies are usually normal [30].
These characteristics are also found in patients with vita-
min D deficiency [23].

Bone damage in vitamin D deficiency

Skeletal disorders associated with bone mineral disor-
ders in chronic kidney disease are associated with bone
loss and fractures. Compared to the general population, the
incidence rates of fractures are more than four times high-
er and are associated with higher morbidity and mortality.
With the progression of chronic kidney disease, metabolic
disorders risk is higher, including abnormal bone remod-
eling, which leads to to osteoporosis and subsequent de-
crease in bone strength. Chronic kidney disease is a risk
factor for osteoporosis. Osteoporosis is a skeletal condition
characterized by compromised bone density that increases
the risk of fracture [31]. Bone mineral density measure-
ment using osteodensitometry by Dual X-ray Absorption
(DXA) is a commonly used method for assessing bone min-
eral density. In chronic kidney disease, the relation among
bone mineral density, bone fragility and the risk of frac-
ture is not always clear. In chronic kidney disease there is
a greater loss of cortical bone than trabecular bone, due to
the presence of hyperparathyroidism compared to post-
menopausal osteoporosis, where there is loss of trabecu-
lar bone in the axial skeleton [32]. The preferred sites for
measuring bone mineral density in patients with chronic
kidney disease are the hip and radio-carpal joints. The use
of computed tomography could also be a useful tool for
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assessing bone loss and micro-architectural changes [33].
Although there have been doubts about the usefulness of
bone mineral density in chronic kidney disease [34], mea-
suring bone mineral density may become useful in these
patients. This issue is currently being reviewed and bone
mineral density testing is most likely to be recommended
in patients with chronic kidney disease and evidence of
bone mineral disorders or in patients with CKD who have
risk factors for osteoporosis, especially if the results may
change the management [35, 36].

Bone biopsy is not commonly performed in uremic pa-
tients, although it is the gold standard and the only way to
assess the type of renal osteodystrophy in bone mineral dis-
orders in chronic kidney disease [37, 38]. Bone histologi-
cal changes in chronic kidney disease range from low bone
turnover, mineralization disorders, and changes in bone vol-
ume. These histological changes may occur alone or togeth-
er. The prevalence of renal osteodystrophy in bone mineral
disorders in chronic kidney disease is high; the presence of
osteoporosis is usually a diagnosis of exclusion.

Conclusions

Vitamin D participates in the control of bone metabo-
lism and calcium homeostasis and plays an important role
in muscle function in chronic kidney disease. Patients with
chronic kidney disease with vitamin D deficiency have a
high risk of decreased bone mineral density and multiple
fractures due to mineralization defects. The clinical mani-
festations observed in patients with chronic kidney disease
correlate with levels of 25 (OH) D.

Conflict of interests
Nothing to declare.

Authors’ contribution

All authors contributed equally to the research, data
analysis, and writing of the manuscript. All authors read
and approved the final article.

mortality in dialysis patients. Clin ] Am Soc Nephrol 2014;
9:1720-1728.

6. Kutner NG, Zhang R, Huang Y, Painter P. Gait speed and
mortality, hospitalization, and functional status change
among hemodialysis patients: a US Renal Data System spe-
cial study. Am J Kidney Dis 2015; 66:297-304.

7. Stenvinkel P, Carrero J], von Walden F, Ikizler TA, Nader GA.
Muscle wasting in end-stage renal disease promulgates
premature death: established, emerging and potential
novel treatment strategies. Nephrol Dial Transplant 2016;
31:1070-1077.

8. Mak RH, Ikizler AT, Kovesdy CP, Raj DS, Stenvinkel P, Kalan-
tar-Zadeh K. Wasting in chronic kidney disease. /] Cachexia
Sarcopenia Muscle 2011; 2:9-25.



Impact of vitamin D in chronic kidney disease

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Carrero ], Stenvinkel P, Cuppari L, et al. Etiology of the pro-
tein-energy wasting syndrome in chronic kidney disease:
a consensus statement from the International Society of
Renal Nutrition and Metabolism (ISRNM). / Ren Nutr 2013;
23:77-90.

Wicherts IS, van Schoor NM, Boeke A], et al. Vitamin D sta-
tus predicts physical performance and its decline in older
persons. J Clin Endocrinol Metab 2007; 92:2058-2065.
Girgis CM, Mokbel N, Cha KM, et al. The vitamin D recep-
tor (VDR) is expressed in skeletal muscle of male mice and
modulates 25-hydroxyvitamin D (250HD) uptake in myofi-
bers. Endocrinology 2014; 155:3227-3237.

Abboud M, Puglisi DA, Davies BN, et al. Evidence for a spe-
cific uptake and retention mechanism for 25-hydroxyvi-
tamin D (250HD) in skeletal muscle cells. Endocrinology
2013; 154:3022-3030.

Kalantar-Zadeh K, Rhee C, Sim ]], Stenvinkel P, Anker SD,
Kovesdy CP. Why cachexia kills: examining the causality of
poor outcomes in wasting conditions. J Cachexia Sarcope-
nia Muscle 2013; 4:89-94.

Jippner H. Phosphate and FGF-23. Kidney Int Suppl 2011;
121:524-S27.

Moranne O, Froissart M, Rossert ], et al. Timing of onset
of CKD-related metabolic complications. ] Am Soc Nephrol
2009; 20:164-171.

Urefia-Torres P, Metzger M, Haymann JP, et al. Association
of kidney function, vitamin D deficiency, and circulating
markers of mineral and bone disorders in CKD. Am J Kidney
Dis 2011; 58:544-553.

Kolek O], Hines ER, Jones MD, et al. 1alpha, 25-Dihydroxyvi-
tamin D3 upregulates FGF23 gene expression in bone: the
final link in a renal-gastrointestinal-skeletal axis that con-
trols phosphate transport. Am J Physiol Gastrointest Liver
Physiol 2005; 289:G1036-G1042.

Prié D, Urefia Torres P, Friedlander G. Latest findings in
phosphate homeostasis. Kidney Int 2009; 75:882-889.
Holick MF. Resurrection of vitamin D deficiency and rick-
ets. J Clin Invest 2006; 116:2062-2072.

He W, Kang YS, Dai C, Liu Y. Blockade of Wnt/-catenin sig-
naling by paricalcitol ameliorates proteinuria and kidney
injury. ] Am Soc Nephrol 2011; 22:90-103.

Al-Aly Z. Arterial calcification: a tumor necrosis factor-
alpha mediated vascular Wnt-opathy. Transl Res 2008;
151:233-239.

Sinha A, Hollingsworth KG, Ball S, Cheetham T. Improving
the vitamin D status of vitamin D deficient adults is asso-
ciated with improved mitochondrial oxidative function in
skeletal muscle. | Clin Endocrinol Metab 2013; 98:E509-
E513.

Ceglia L. Vitamin D and its role in skeletal muscle. Curr Opin
Clin Nutr Metab Care 2009; 12:628-633.

Authors’s ORCID ID:
Costina Groza, https://orcid.org/0000-0002-6820-0522
Liliana Groppa, https://orcid.org/0000-0002-3097-6181
Serghei Popa, https://orcid.org/0000-0001-9348-4187
Dorian Sasu, https://orcid.org/0000-0002-5832-5954
Larisa Rotaru. https://orcid.org/0000-0002-3260-3426

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

MJHS 29(3)/2022

Gilsanz V, Kremer A, Mo AO, Wren TA, Kremer R. Vitamin
D status and its relation to muscle mass and muscle fat
in young women. J Clin Endocrinol Metab 2010; 95:1595-
1601.

Tagliafico AS, Ameri P, Bovio M, et al. Relationship between
fatty degeneration of thigh muscles and vitamin D status in
the elderly: a preliminary MRI study. Am J Roentgenol 2010;
194:728-734.

Kaludjerovic J, Vieth R. Relationship between vitamin D
during perinatal development and health. | Midwifery
Womens Health 2010; 55:550-560.

Krishnan AV, Kiernan MC. Neurological complications of
chronic kidney disease. Nat Rev Neurol 2009; 5:542-551.
Patel SS, Molnar MZ, Tayek JA, et al. Serum creatinine as a
marker of muscle mass in chronic kidney disease: results of
a cross-sectional study and review of literature. J Cachexia
Sarcopenia Muscle 2013; 4:19-29

Fahal [H. Uraemic sarcopenia: aetiology and implications.
Nephrology Dialysis Transplantation 2014; 29:1655-1665.
Souza VA, Dd O, Mansur HN, Fernandes NM, Bastos
MG. Sarcopenia in chronic kidney disease. /] Bras Nefrol
2015;37:98-105.

NIH Consensus Development Panel on Osteoporosis Pre-
vention, Diagnosis, and Therapy. Osteoporosis preven-
tion, diagnosis, and therapy. JAMA. 2001; 285(6):785-795.
doi:10.1001/jama.285.6.785

Ott SM. Review article: bone density in patients with chron-
ic kidney disease stages 4-5. Nephrology (Carlton) 2009;
14:395-403.

Nickolas TL. The utility of circulating markers to predict
bone loss across the CKD spectrum. Clin ] Am Soc Nephrol
2014; 9:1160-1162.

Miller PD. Bone disease in CKD: a focus on osteoporosis
diagnosis and management. Am J Kidney Dis 2014; 64:290-
304.

Ketteler M, Elder GJ], Evenepoel P, et al. Revisiting KDIGO
clinical practice guideline on chronic kidney disease-min-
eral and bone disorder: a commentary from a Kidney Dis-
ease: Improving Global Outcomes controversies confer-
ence. Kidney Int 2015; 87:502-528.

Goldenstein PT, Jamal SA, Moysés RM. Fractures in chronic
kidney disease: pursuing the best screening and manage-
ment. Curr Opin Nephrol Hypertens 2015; 24:317-323.
Moe S, Driieke T, Cunningham ], et al. Definition, evaluation,
and classification of renal osteodystrophy: a position state-
ment from Kidney Disease: Improving Global Outcomes
(KDIGO). Kidney Int 2006; 69:1945-1953.

Torres PU, Bover ], Mazzaferro S, de Vernejoul MC, Co-
hen-Solal M. When, how, and why a bone biopsy should be
performed in patients with chronic kidney disease. Semin
Nephrol 2014; 34:612-625.



