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Abstract. The prevalence of vitamin D deficiency is high in patients with chronic kidney
disease (CKD). Vitamin D deficiency is associated with various bone disorders such as
osteoporosis by affecting bone mineralization. Currentinternationalguidelines recommend
vitamin D supplementation in CKD as well as in the general population. However,
the effect of various forms of vitamin D on bone health in CKD remains unclear. Few
randomized controlled studies have evaluated the effects of vitamin D supplementation
on bone mineral density and bone turnover markers; however, the findings of these studies
are heterogeneous. This review aimed to present comprehensive and current findings on
the effects of native vitamin D supplementation on bone biomarkers and bone mineral
density in CKD. We infered that native vitamin D treatment could improve some bone
biomarkers, particularly in predialysis CKD patients with severe vitamin D deficiency.
Our findings also draw attention to the fact that vitamin D is an important factor in
treatment. However, it is essential to design better-quality and comprehensive controlled
studies to obtain clear findings.
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Ceuninaii [Iemipess, Mypart I'top0io3

PoJib JikyBanHg BiTaminoM D y KiiHiuHili oniHIi ocTeonopo3y y XBOpHUX HA
XPOHIYHY XBOPOOY HUPOK
Kadenpa xapuyBanHs Ta gietosorii Tpakiiicbkoro yHiBepcutety, Enipne, Typeuunna

Pestome. Towupenicmo degpivumy eimaminy D € Had3eunaiino 6UCoKoio ceped NAyIiEHMIe 3 XPOHIUHOI X60p000I0
Hupok (XXH). Hegiuum eimaminy D acoyiiioeanuii 3 MiHepaibHO-KIiCMKOBUMU PO31A0AMU, 8 MOMY HUCAI I OCMEONo-
posom. CyuacHi MincHaApoOHi HACMAHOB8U peKomMeHdyromb dodamkosuil npuiiom eimaminy D xeopum na XXH ma ceped
HaceneHHs 6 yinomy. Ilpome enaue piznux gopm éimaminy D na 300pos’s kicmok y nayicumie 3 XXH 3aaumaemocs He-
sacnum. Kinvka panoomizosanux KOHMpPOAbOBAHUX Q0CAIONCEHb OUIHIOBAAU BNAUG NPULioMy eimaminy D Ha miHepanrbHy
WinbHicmb KicmKoeoi mKanuHu ma mMapkKepu 00MIiHY KiCMK080i MKAHUHU, 00HAK pe3yabmamu Yux 00CAi0NceHb Heo-
OHopioni. lleii 0ensnd mae Ha memi npedcmasumu Ce0CaNCHi ma cy4acHi pe3yabmamu uo0o énaUGy HamuUeHUX 0006a6oK
éimaminy D na Kicmkogi Giomapkepu ma MiHepanbHy winbHicms Kicmkoeoi mkanunu y xeopux Ha XXH. Mu npuiiwau do
BUCHOBKY, W0 AiKyeaHHs simaminom D moxce nokpawumu desiki biomapkepu Kicmok, ocobaugo y nayienmie 3 XXH na
nepeddianizniii cmadii, i3 cepiiozHum deghiyumom éimaminy D. Hawii sucnosku makoxc npusepmaroms ygazy 00 8aic-
ausocmi 3acmocygants eimaminy Dy aikyeanni xeopux na XXH. O0nak 045 ompumManHs 4imKux 8UCHOBKIE 8AXNCAUBO

Ppo3podumu AKiCHi ma KOMIAEKCHI KOHMPOAbOBAHI 00CAIONCEHHS.
KmouoBi ciioBa: ocmeonopos, éimamin D, karsuyumpion, HupKoea ocmeooucmpogis, kaavyudion.

Introduction. Chronic kidney disease (CKD) is
a progressive disease in which kidney function is irre-
versibly impaired because of certain changes in kidney
function or structure [1]. According to the Kidney Dis-
ease Improving Global Outcomes (KDIGO) reports,
CKD affects 10-15% of the total population worldwide
[2]. In Turkey, the prevalence of CKD is 15.7%, ac-
cording to the reports of the Chronic Renal Disease in
Turkey (CREDIT) study [3]. However, it is known that
the actual prevalence is difficult to estimate due to low
awareness levels and limited access to laboratory ser-
vices. Hypertension, diabetes mellitus (DM), obesity,
and primary kidney diseases are serious health problems
that can cause significant complications such as CKD.
It has been reported that cardiovascular disease (CVD)
is primarily responsible for mortality and morbidity, and
the risk of comorbidity and cardiovascular mortality is
lower in women [4]. There is an inverse relationship be-
tween glomerular filtration rate (GFR) and CVD risk,
regardless of sex, age, or other risk factors [5]. CKD
significantly increases global health care costs. In high-
income countries, more than 3% of the annual health-
care budget is spent solely on the treatment of end-stage
renal disease (ESRD) [6]. In Turkey, it is estimated that
this rate corresponds to approximately 5% of the total
health budget [7].

In the initial stages of CKD, systemic mineral me-
tabolism and bone tissue composition begin to change
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with decreased kidney function. As kidney dysfunc-
tion progressively increases, deteriorating mineral me-
tabolism causes bone disorders, defined as renal osteo-
dystrophy [8]. Renal osteodystrophy is expressed as a
component of the syndrome called Chronic Kidney
Disease-Mineral and Bone Disorders (CKD-MBD),
which causes bone fractures, vascular calcification and
mortality. However, moderate and advanced CKD pa-
tients are usually elderly individuals and may also ex-
perience age-related or post-menopausal osteoporosis
alongside declining kidney function [9]. Osteoporosis
is a progressive bone disease that results in increased
bone fragility due to low bone mineral density (BMD)
and deterioration of the microarchitecture of bone tis-
sue [8]. It is known that the factors such as age, gender,
glucocorticoid use, malnutrition, physical inactivity
and vitamin D deficiency contribute to the occurence
of osteoporosis in CKD patients [8, 10]. Osteoporosis
often coexists with CKD, and the global prevalence of
both is increasing day by day. Osteoporotic fractures,
which cause increased disability and reduced survival,
cost 5.8 million disability-adjusted life years (DALYs5)
annually worldwide [9].

Sustaining calcium and phosphorus metabolism is
possible by maintaining vitamin D homeostasis in the
body. The level of circular vitamin D is maintained by
the production of active vitamin D (calcitriol) in the
kidney. In this context, a better understanding of the
relationship between renal damage and impaired vita-
min D homeostasis may offer important clinical ad-
vantages [11, 12]. It is known that vitamin D has an
important role in the maintenance of mineral balance
and bone tissue health, as well as in the prevention of
health problems, such as cardiovascular damage, renal
damage, hyperparathyroidism, and immune dysfunc-
tion [11, 13, 14]. Vitamin D is defined as a steroid
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hormone that is exogenously supplied with animal- or
plant-based foods or nutritional supplements and syn-
thesized endogenously from subcutaneous cholesterol
[15]. Studies have shown that the prevalence of vitamin
D deficiency is high in patients with CKD and that this
deficiency increases disease progression [16, 17]. This
vicious cycle leads to osteoporosis and/or bone fractures
due to the increasing severity of CKD. It is well known
that the prevalence of fractures is higher in patients with
CKD compared with the general population [18]. At
this point, there is some evidence that BMD and bone
formation markers may be improved by native vitamin
D treatment [19, 20]. However, there are no clear find-
ings on the role of native vitamin D in the prevention
and/or treatment of osteoporosis in patients with CKD.
This review aimed to comprehensively investigate the
effect of native vitamin D treatment on bone mineral
density and biochemical parameters used in the clinical
assessment of osteoporosis in patients with CKD.
Overview of vitamin D metabolism. Vitamin D
is a nomenclature expressing the group of fat-soluble
steroidal compounds that regulate the absorption and
metabolic effects of calcium and phosphate [12]. In na-
ture, vitamin D exists in two different forms as vitamin
D3 (cholecalciferol) in animal tissues and vitamin D2
(ergocalciferol) in plant tissues. Despite dietary sources
such as animal- and plant-based foods, the main source
of vitamin D in the body is subcutaneous 7-dehydro-
cholesterol. As a classical metabolic pathway, vitamin
D3 is converted from 7-dehydrocholesterol to previta-

25(0H)D3

Osteoblast
J Ta-hydroxylase

CD/ (CYP27B1)

l PO4 «—— FGF-23/Klotho

1,25 (OH).D3

24-hydroxylase
(CYP24AT1)

min D3, followed by vitamin D3 by thermal isomeriza-
tion under the effect of ultraviolet B (UVB) rays in the
epidermis [21]. Vitamin D3, which is supplied by diet
or synthesized in the skin by UVB rays, is transported
to the liver by binding to vitamin D-binding protein
(VDBP) in the bloodstream. In the liver, it is convert-
ed to 25-hydroxy vitamin D [25(OH)D], also known
as calcidiol, by 25-hydroxylase (CYP2R1) and sterol
27-hydroxylase (CYP27A1), which is then converted to
1,25-dihydroxy vitamin D [1,25(OH)2D], also known
as calcitriol, in the proximal tubule of the kidney by
1-alpha-hydroxylase (CYP27B1) [21]. Calcitriol is the
most active form of vitamin D and is transported to the
target organs via VDBP after synthesis [12]. Calcitriol
exerts its effects on target cells through the vitamin D
receptor (VDR), which is found in almost all cells in the
human body and can activate approximately 3% of the
human genome. The calcitriol/VDR complex formed
by the binding of calcitriol to VDR in the cytoplasm
enters the nucleus and binds to the retinoid X receptor
(RXR). This complex interacts with vitamin D response
elements to up-regulate or down-regulate the transcrip-
tion of target genes [22].

The main endocrine function of calcitriol is to
help maintain regular calcium homeostasis by increas-
ing intestinal calcium absorption, stimulating calcium
resorption from the bones, and increasing calcium re-
absorption in the distal tubule of the kidney [21]. Cal-
citriol synthesis occurs under tight control of the kid-
neys (Fig. 1) [23].
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Fig. 1. Illustration of vitamin D synthesis in the kidney: Native vitamin D is converted to 25(OH)D by hepatic 25-a-hydroxylase.
Renal (mostly) and extrarenal 1-a-hydroxylase converts 25(OH)D to the active form, 1,25(OH)2D. While PTH increases
vitamin D activation by up-regulating 1-a-hydroxylase in proximal tubular cells, FGF23 inhibits vitamin D activation by

down-regulating 1-a-hydroxylase and up-regulating 24-a-hydroxylase. FGF-23: Fibroblast growth factor-23;
PTH: Parathyroid hormone; Ca: Calcium; PO4: Phospate.
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In hypocalcemia, parathyroid hormone (PTH)
secretion is stimulated by calcium-sensitive receptors
(CaSR) in the parathyroid gland; thus, calcitriol pro-
duction increases with PTH-mediated CYP27B1 stim-
ulation. Calcitriol sensitizes the parathyroid gland to
calcium inhibition by increasing serum calcium levels,
thereby inhibiting PTH secretion. Calcitriol can also
suppress its own production by inhibition of CYP27B1
and stimulate its own degradation through induction
of 24-hydroxylase (CYP24A1l) in the kidneys [23].
Further, it is known that the expression of fibroblast
growth factor-23 (FGF-23) secreted mainly by osteo-
blasts and osteocytes can be stimulated by calcitriol. In
addition, increased serum calcium levels can increase
FGF-23 synthesis independent of serum vitamin D
and PTH levels [24]. FGF-23 not only stimulates re-
nal phosphate excretion, but also suppresses calcitriol
synthesis through CYP27B1 inhibition and accelerates
calcitriol degradation through CYP24A1 induction
[23, 25].
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Although it has many different metabolic roles,
such as glucose homeostasis, cardiovascular health,
immunomodulation and anti-proliferation, vitamin D
exerts its main effect in bone tissue together with the
actors such as PTH and FGF-23 [12, 26]. It has long
been known that vitamin D has direct and indirect ef-
fects on bone formation through modulation of cal-
cium and phosphate metabolism. Many studies have
reported that vitamin D increases bone mineralization
and is an important stimulator of bone remodeling [27,
28]. During the remodeling process, vitamin D not only
regulates serum calcium and phosphate levels, but also
stimulates the maturation and proliferation of VDR-
expressing osteoblasts and osteoclasts [29]. Atkins et
al. (2007) demonstrated that calcitriol up-regulates the
bone formation marker genes such as osteocalcin, nu-
clear factor kappa-f ligand (RANKL), and osteopontin
in human osteoblasts [30]. The effects of calcitriol on
the regulation of calcium/phosphate metabolism and
bone remodeling are summarized in Fig. 2 [31].

Foods
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1

+ Tubuler reabsorption
of Ca** and P
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Fig. 2. Schematic summary of vitamin D metabolism and its mechanism of action: Vitamin D is derived from both
ergocalciferol and cholecalciferol. Ergocalciferol derives from UV irradiation of ergosterol, the sterol in mushrooms, while
cholecalciferol derives from UVB irradiation of 7-dehydrocholesterol in the skin. Calcitriol, the active form synthesized in

the kidney, suppresses parathyroid hormone secretion, stimulates renal reabsorption and intestinal absorption of calcium
and phosphorus.It also promotes bone remodeling by increasing circular calcium and phosphate levels, and stimulating
mineralization and organic matrix synthesis by maturation and proliferation of VDR-expressing osteoblasts and osteoclasts.
Ca: Calcium; P: Phosphorus; PTH: Parathyroid hormone.
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Vitamin D metabolism in CKD. CKD is one of
the main causes of vitamin D deficiency, which is an
important public health problem. CKD is an irrevers-
ible progressive loss of kidney function that persists for
at least three months and eventually leads to ESRD.

Decreased kidney function can be determined by the
estimated glomerular filtration rate (eGFR; 120 to
0 mL/min/1.73 m?) or the corresponding CKD stage
(G1 to G5) [32]. GFR stages representing kidney
function are shown in Table 1 [10].

Table 1

Glomerular Filtration Rate-based Disease Stages in CKD

CKD Stages GFR mL/min/1.73m?

Gl >90
G2 60-89

G3a 45-59

G3b 30-44
G4 15-29
G5 <15

G5D Dialysis

Abbreviations: GFR: Glomerular filtration rate; CKD: Chronic kidney disease

Literature findings have reported that decreased
GFR level is associated with vitamin D deficiency [11,
16]. As seen in Figure 2, the conversion of calcidiol to
calcitriol occurs in the kidney proximal tubule [31].
Therefore, it is well known that renal dysfunction al-
ters vitamin D metabolism in CKD patients. Vitamin D
deficiency is mainly due to decreased renal filtration of
calcidiol, suppression of calcitriol synthesis by FGF-23
and uremic factors, and high urinary excretion of cal-
cidiol in patients with CKD [32].

The FGF-23 level, which starts to increase in the
early stages, is primarily responsible for the vitamin D
deficiency in CKD. Hyperphosphatemia resulting from
renal dysfunction stimulates FGF-23 expression in os-
teocytes and osteoblasts, and increased FGF-23 levels
decrease renal phosphate reabsorption through NaPi-
ITIa inhibition and calcitriol synthesis through renal
CYP27BI1 inhibition [33]. Additionally, acidosis and
hyperuricemia may also cause decreased calcitriol syn-
thesis in patients with CKD [34, 35]. Vitamin D defi-
ciency causes hypocalcemia, owing to its active role in
the intestinal absorption and renal reabsorption of cal-
cium. Hypocalcemia may cause secondary hyperpara-
thyroidism (SHPT) in patients with CKD by triggering
PTH secretion in the parathyroid gland [32]. Further-
more, it has been suggested that factors that decrease
calcidiol bioavailability, such as decreased exposure
to sunlight, insufficient dietary vitamin D intake, de-
creased glomerular filtration of calcidiol, and increased
urinary excretion of calcidiol due to decreased megalin
expression, may also cause vitamin D deficiency in pa-
tients with CKD [33].

Serum calcidiol level is considered to be the best in-
dicator for the assessment of vitamin D status [33, 36].
Many authors believe that the lower limit of adequate
calcidiol levels should be 30 ng/mL [33, 37]. According
to the Korea National Health and Nutrition Examina-

tion Survey (KNHANES) reports, serum calcidiol lev-
els decrease when GFR is below 60 ml/min/1.73 m?2,
[38]. The literature shows that severe deficiencies begin
to occur in patients with stage 3 CKD, and the deficien-
cy becomes more severe in advanced stages [16, 39].
In hemodialysis patients, this deficiency reaches up to
80% [40]. Aging, corticosteroid use, and obesity have
also been suggested to affect the vitamin D status in pa-
tients with CKD [9, 33, 37]. Although there is no in-
ternational consensus regarding the optimal dose, most
observational and randomized controlled studies have
shown that nutritional vitamin D supplementation pro-
motes bone health [19, 41]. However, the significant
effect of vitamin D supplementation on bone health
in all patients with CKD has not yet been determined.
The Current KDIGO CKD-MBD Guidelines do not
recommend routine vitamin D treatment for predialysis
patients with stage 3a-5 CKD [42].

Bone metabolism and bone disorders in patients
with CKD. In early-stage CKD, decreased expres-
sion of the co-receptor klotho causes increased serum
FGF-23 levels and increased FGF-23 stimulates uri-
nary phosphate excretion and decreases calcitriol syn-
thesis through proximal tubular CYP27B1 inhibition
[23]. Furthermore, increased levels of sclerostin and
dickcopf-1 due to CKD progression reduce bone for-
mation by inhibiting LRP5/6-mediated Wnt signaling
and stimulating RANKL-mediated osteoclastogenesis
[43]. Moreover, uremic toxins, such as indoxyl sulfate,
which accumulate in tissues owing to increased levels
of circular urea, can reduce PTH receptor expression
in osteoblasts [44]. It is well known that the trend of
increasing serum phosphate levels from the early stages
in patients with CKD plays a central role in the occur-
rence of SHPT [32, 33]. These known factors reduce
bone strength by causing abnormal bone remodeling
and osteoporosis in patients with CKD [43, 44].
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CKD is often associated with mineral and bone
disorders, osteoporosis, and low trauma fractures [8,
18]. As renal function declines, CKD-MBD, which is
an important complication, may occur in patients with
CKD. This syndrome is defined as a systemic disorder
of mineral and bone metabolism characterized by one
or more anomalies such as impaired calcium, phospho-
rus, vitamin D and PTH metabolism; changes in bone
mineralization, bone turnover, bone volume and bone
strength; and soft tissue calcification [43]. It is well
known that CKD-MBD significantly increases the risk
of bone fractures, cardiovascular events, and morta-
lity [9]. Renal osteodystrophy, which is characterized
by detectable changes in bone morphology on biopsy,
is expressed as a bone tissue-related subcomponent of
CKD-MBD syndrome [9, 45]. Compared with the
general population, patients with CKD are more likely
to have bone fractures due to renal osteodystrophy. A
prospective cohort study of stage 3-5 CKD patients has
found a moderate association between CKD and high
fracture risk, regardless of BMD, age, or race [46].

The etiology of the increased fracture risk in the
CKD population is multifactorial. Many of the risk fac-
tors identified in the general population, such as early
menopause, low BMD, family history of osteoporosis,
low body mass index (BMI), and inflammatory diseases,
increase the risk of fracture in patients with CKD [44,
47]. However, there is no clear distinction between frac-
tures caused by severe osteoporosis or renal osteodys-
trophy. Therefore, the basic approach in fracture man-
agement is to reduce CKD-induced mineral and bone
disorders and to treat osteoporosis [47]. KDIGO recom-
mends the use of bone quality parameters such as turn-
over, mineralization, and volume determined by biopsy
when evaluating bone pathology. Apart from bone biop-
sy, biomarkers such as bone specific alkaline phosphatase
(BSAP) and intact PTH (iPTH) levels can also contrib-
ute to the assessment of bone turnover [43, 48]. In ad-
dition to quality parameters that directly assess fracture
risk, noninvasive methods, such as BMD measurement,
have also been defined. Many studies have reported that
low BMD can predict fracture risk in the CKD popula-
tion [49, 50]. However, routine BMD measurements are
not recommended for predicting bone fractures in CKD
patients [42].

The relationship between CKD and osteoporosis.
It has been reported that age-related or postmenopausal
osteoporosis is mostly detected in patients with CKD
[9]. The fact that the risk of osteoporosis is more than
doubled in individuals aged 80 years and older compared
to patients aged 70-79 reveals the importance of age in
osteoporosis [51]. It is also known that decreased kid-
ney function can cause abnormal bone remodeling and
osteoporosis [44, 45]. The NHANES-III study results
showed that the risk of osteoporosis was two times higher
in CKD patients with a GFR less than 60 mL/min [52].
However, osteoporosis can also coexist with renal osteo-
dystrophy or CKD-MBD, making the diagnosis of os-
teoporosis difficult [53]. The NHANES-III findings re-

ported that more than 60% of women with osteoporosis
had stage 3 CKD, and 23% had stage 4 CKD [51].

Literature findings have suggested that there was a
positive correlation between GFR and BMD in patients
with CKD [54, 55]. BMD is often measured with Dual
Energy X-ray Absorptiometry (DXA), despite some
limitations such as only areal density assessment, and
the results are expressed as T-scores. The World Health
Organization (WHO) defines osteoporosis as a T-score <
-2.519, 12]. While the WHO-recommended BMD cri-
teria can be used for osteoporosis in patients with stage
1-3 CKD, these BMD criteria cannot be used unless
other renal bone diseases are excluded owing to abnor-
mal bone turnover in patients with stage 4-5 CKD [53].
It is known that all forms of severe renal bone disease are
characterized by low BMD and high fracture risk from
low trauma. Bone biopsy is considered the gold stan-
dard for elucidating histomorphometric abnormalities
in patients with stage 3-5 CKD [48]. However, it is not
widely used because it is time consuming, expensive, and
not useful in predicting bone fractures. All forms of renal
bone disease have been noted to have a component of
osteoporosis, which includes microarchitectural dete-
rioration according to the National Institutes of Health
definition of osteoporosis [53]. Therefore, most studies
have demonstrated an association between CKD and os-
teoporosis through BMD measurements and bone turn-
over biomarkers.

It has been reported that there is a significant rela-
tionship between the severity of CKD and the increas-
ing severity of osteoporosis [56]. Observational studies
have shown a high prevalence of osteoporosis, especially
in ESRD patients receiving dialysis treatment [57, 58].
However, this prevalence is not significantly different
between hemodialysis and peritoneal dialysis treatment
[59, 60] . Most authors have associated low bone mass
with old age, increased PTH levels, low BMI, high se-
rum ALP levels, and low serum albumin levels in ESRD
patients, regardless of the type of dialysis treatment [58,
60]. Additionally, Lv et al. (2023) associated an increased
prevalence of osteoporosis in ESRD patients who were
candidates for kidney transplantation with increased di-
alysis time [61]. The number of studies on the prevalence
of osteoporosis in patients with CKD receiving perito-
neal dialysis is negligible. It is of great importance to bet-
ter understand the relationship between CKD and os-
teoporosis in further studies to determine treatment and
reduce the burden of mortality/morbidity.

Dietary sources of vitamin D. The main source of
vitamin D is cutaneous synthesis and its dietary sources
are scarce. Dietary vitamin D has two different forms:
ergocalciferol (vitamin D2), found in mushrooms, and
cholecalciferol (vitamin D3), found in animal-based
foods [62]. Dietary sources of vitamin D3 include fish
liver oil, oily fish (herring, tuna, and sardines) and egg
yolk. Dietary sources of vitamin D2 include mush-
rooms, vegetables, and foods fortified with vitamin D
[63-65]. Dietary sources of vitamin D are as seen in
Table 2 [65, 66].
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Table 2

The amount of dietary vitamin D per 100 grams of food

Food Source

Vitamin D Content

Cod Liver Oil

10.000IU D3

Fresh Wild Salmon

600 — 1000IU D3

Canned Salmon

300 — 600 IU D3

Fresh Farm Salmon

100 — 250 TU D3

Canned Sardines 300 IU D3
Canned Mackerel 250 IU D3
Canned Tuna 230 IU D3

Fresh Shiitake Mushrooms 600 — 1000 U D2
Sun Dried Mushrooms 1600 IU D2

Egg yolk 628 Ul D3

Beef Kidney 451U D3

Beef Muscle 491U D3

The main source of vitamin D in Western coun-
tries is oily fish. Some countries have several policies
to fortify foods, such as milk and dairy products, mar-
garine, breakfast cereals, and fruit juices with vitamin
D. Mushrooms that are dried in the sun and exposed to
UV rays are also considered a primary dietary source of
vitamin D, especially for vegans and vegetarians [62].

Inadequate sun exposure and dietary intake of vita-
min D cause vitamin D deficiency. The definition of vi-
tamin D deficiency varies according to various national
and international organizations; however, general lit-
erature findings define a serum calcidiol level of <20-30
ng/mL as a vitamin D deficiency [33, 64]. An adequate
intake (Al) for vitamin D is recommended as 15 ug/day
for adults, children aged 1—17 years, and pregnant and
lactating women by European Food Safety Authority
(EFSA) [67].

The activity of native vitamin D supplementation
on bone health in patients with CKD. All guidelines
aimed at optimizing bone health recommend ensuring
an adequate vitamin D status. Vitamin D supplementa-
tion has been reported to significantly reduce the risk
of bone fractures in a population not screened for re-
nal function, especially in elderly individuals with vi-

tamin D deficiency [68]. Vitamin D supplementation
is considered essential for maintaining drug efficacy in
osteoporotic patients using anti-resorptive drugs [69].
Although CKD is often associated with mineral and
bone disorders, osteoporosis, and low-trauma frac-
tures, randomized controlled trials on the role of vita-
min D treatment in reducing fracture risk in patients
with CKD are limited. Although serum calcidiol levels
begin to decrease significantly from the onset of stage
3 CKD in patients, few studies on the effect of vitamin
D treatment on bone health have presented heteroge-
neous findings. This review evaluated 13 different ran-
domized controlled trials using cholecalciferol (eight
studies), ergocalciferol (four studies), and extended re-
lease (ER) calcifediol (one study). The doses of vitamin
D used were 1.200-8.000 U per day, 6.000-50.000 TU
per week, and 9000-50.000 IU per month, respectively.
Only two studies used 300.000 IU of vitamin D once at
the start of the study and then at week 8. Study dura-
tion was in the range of 5-52 weeks. The current study
findings regarding the activity of vitamin D treatment
in predialysis CKD patients and CKD patients receiv-
ing dialysis treatment are summarized in Tables 3 and
4, respectively.
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Vitamin D supplementation is performed in the na-
tive form (ergocalciferol, cholecalciferol, and calcife-
diol) or with calcitriol and its analogs, active forms of
vitamin D. The KDIGO guidelines do not recommend
the routine use of calcitriol or vitamin D analogs in pre-
dialysis patients but reserve them for the treatment of
severe and progressive SHPT to prevent hypercalcemia
and vascular calcification [42]. Owing to the possibility
of extrarenal conversion of calcidiol to calcitriol, native
vitamin D treatment has received increasing attention
in the current literature as an alternative to calcitriol use
in patients with CKD. Our findings from the current
studies indicated that cholecalciferol and ergocalciferol
treatment increased serum calcidiol levels in patients
with stage 3-5 CKD. The findings also indicated that
cholecalciferol treatment, but not ergocalciferol, has
the potential to significantly increase serum calcitriol
levels. Hypercalcemia, hyperphosphatemia, and kidney
stones are of the greatest concern regarding high serum
vitamin D levels. However, the current studies have re-
ported that both cholecalciferol and ergocalciferol do
not significantly increase serum calcium and phospho-
rus levels. Several meta-analyses have already reported
that native vitamin D supplements do not increase se-
rum calcium or phosphorus levels [70, 71].

Monitoring of serum iPTH levels from stage G3a
in patients with CKD is recommended. Serum iPTH
levels have been associated with renal and cardiovas-
cular outcomes and even increased mortality [42]. K/
DOQI guidelines have recommended correction of
plasma calcidiol level on a 6-month regimen with ergo-
calciferol to treat increased PTH levels in patients with
Stage 3-4 CKD [72]. Recent studies have shown that
cholecalciferol and ergocalciferol do not significantly
reduce or prevent the increase in iPTH levels in patients
with CKD receiving dialysis treatment. This may be due
to the small sample size and very high PTH levels in the
patients.

There is limited evidence for the reduction of
iPTH levels using native vitamin D treatment in pre-
dialysis CKD patients. Yadav et al. (2018b) reported
that 300.000 IU of oral cholecalciferol treatment, once
at the start and at 8th week of the study, can effectively
reduce iPTH levels in patients with stage 3-4 non-di-
abetic CKD [73]. Similarly, Sprague et al. (2016) re-
ported that daily 30 and 60 ug ER calcifediol treatment
significantly reduced iPTH levels in CKD patients with
SHPT [74]. In this review, it is noteworthy that na-
tive vitamin D treatment was more effective in reduc-
ing iPTH levels in pre-dialysis CKD patients in studies
where the sample size was large and participants with
serum calcidiol levels <20 ng/ml were included in the
study [73, 74]. Although some authors have reported
that native vitamin D treatment is not effective in re-
ducing PTH levels in predialysis CKD patients, most
studies have demonstrated that it is at least effective in
preventing further increases in PTH levels [75, 76].

The current KDIGO guidelines recommend the
use of calcitriol and its analogs for stage 4-5 CKD pa-

tients with severe and progressive SHPT [42]. However,
the concerns remain that calcitriol and its analogs may
increase serum calcium and phosphorus levels [77, 78].
In particular, hypercalcemia may be associated with
accelerated progression of cardiovascular calcification
and worsening of renal function [42]. To our knowl-
edge, only one study has reported a significantly higher
incidence of hypercalcemia with calcitriol treatment
than in the control group [79]. Moreover, calcitriol and
paricalcitol treatment had a low stimulatory effect on
serum calcium levels while being effective in suppress-
ing iPTH levels [77, 80, 81]. A meta-analysis conduct-
ed by Christodoulou et al. (2021) showed that vitamin
D treatment had an inconsistent effect on PTH concen-
trations, whereas treatment with calcifediol, calcitriol,
and paricalcitol consistently reduced PTH [70].

The use of bone turnover biomarkers in clinical tri-
als makes an important contributes to the understand-
ing of the role of vitamin D in the treatment of osteo-
porosis and in predicting fracture risks. However, there
are only 6 randomized controlled studies (comparator
groups excluded) reporting the relationship between
vitamin D treatment and bone turnover markers in
patients with CKD. Recent studies have reported that
cholecalciferol treatment (regardless of daily, weekly,
or monthly use) has no significant effect on osteoporo-
sis markers such as serum ALP, BSAP, osteoprotegerin,
osteopontin, and osteocalcin in CKD patients receiv-
ing dialysis treatment [82-84]. In contrast, Wang et
al. (2014) demonstrated that 1 pg/day oral paricalcitol
treatment significantly reduced serum ALP levels after
52 weeks in stage 3-5 CKD patients with left ventricu-
lar hypertrophy compared to the placebo group [81].
Similarly, Yadav et al. (2018a) reported that 300.000 TU
of oral cholecalciferol at the beginning and 8th week of
the study increased serum ALP, BSAP, and C-terminal
telopeptide of type 1 collagen (CTX-1) levels in non-
diabetic patients with stage 3-4 CKD [19]. However,
the authors added that the serum sclerostin levels in the
treatment group were not significantly different from
those in the placebo group.

It is well known that as renal function decreases in
patients with CKD, FGF-23 secretion from osteoblasts
and osteocytes increases [85]. Increased secretion of
FGF-23 is hypothesized to occur during the early stages
of CKD as a protective response to phosphate accumu-
lation in the body. FGF23, with a co-receptor (Klotho
protein), is a phosphaturic hormone that is predomi-
nantly produced by osteocytes. The cofactor a-klotho,
whose expression decreases with aging and kidney dys-
function, decreases FGF23 receptor activation [86].
Therefore, increased FGF-23 in patients with CKD
decelerates calcitriol synthesis by inhibiting CYP27B1,
as well as decreasing renal phosphate reabsorption [23,
25]. Increased plasma FGF-23 concentration is asso-
ciated with soft tissue calcification and the promotion
of CKD-MBD [86]. The studies included in this re-
view reported that native vitamin D treatment did not
increase circular FGF-23 levels in patients with CKD.
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Similarly, a recent meta-analysis of clinical trials re-
ported that vitamin D treatment had no significant ef-
fect on plasma FGF-23 levels [87].

KDIGO recommends BMD measurement to de-
cide treatment, especially in patients with stage 3-5D
CKD, in the presence of CKD-MBD indicators and
osteoporosis risk factors [42]. Therefore, findings on
the effects of vitamin D treatment on BMD in patients
with CKD are scarce. The findings from the DECA-
LYOS II study highlighted that daily combined calcium
(1200 mg) and cholecalciferol (800 IU) treatment was
significantly effective in reducing BMD loss in vita-
min D-deficient women with moderate CKD [88].
Additionally, Tsujita et al. (2022) evaluated changes
in BMD in response to daily cholecalciferol in kidney
transplant recipients with a mean serum 25(OH)D level
of 10 ng/mL. Daily supplementation with 4000 IU of
cholecalciferol for 12 months significantly increased
lumbar spine BMD in kidney transplant recipients with
osteoporosis/osteopenia, but not in those with normal
BMD [89]. However, the findings of these studies are
insufficient to provide evidence for the effect of vitamin
D supplementation on BMD.

Conclusions. Inadequate circular vitamin D levels
are observed in patients with CKD, which increase the
risk of SHPT and bone fractures. Current international
guidelines recommend vitamin D treatment in chronic
kidney disease as in the general population. The current
findings have reported that native vitamin D treatment,
such as cholecalciferol and calcifediol, improves bio-
chemical markers such as ALP, BSAP, and iPTH used
for clinical assessment of osteoporosis in pre-dialysis
CKD patients with a serum vitamin D level of <20 ng/
ml. However, neither cholecalciferol nor ergocalciferol
(regardless of daily, weekly, or monthly use) improved
these biochemical markers in CKD patients receiving
dialysis. The current KDIGO guidelines recommend
the use of calcitriol and its analogs in stage 4-5 CKD
patients with severe and progressive SHPT. However,
the concerns remain that active vitamin D treatment
may increase serum calcium and phosphorus levels.
Hypercalcemia may be associated with the accelerated
progression of cardiovascular calcification and worsen-
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