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remain controversial. Active vitamin D reduced PTH levels 
and increased BMD after transplantation, but paricalcitol 
treatment was not accompanied by benefits on osteopenia. 
Vitamin D is considered protective against CVD due to the 
widespread pleiotropic effects, but data among KTRs remain 
scanty. Although vitamin deficiency is associated with lower 
glomerular filtration rate (GFR) and faster estimated GFR de-
cline and data on the anti-proteinuric effects of vitamin D 
receptor activation (VDRA) in KTRs sound encouraging, re-
ports on related improvement on graft survival are still lack-
ing. Clinical data support the efficacy of VDRA against HPTH 
and show promising evidence of VDRA’s effect in counter-
acting post-transplant proteinuria. New insights are manda-
tory to establish if the improvement of surrogate outcomes 
will translate into better patient and graft outcome. 

 © 2016 S. Karger AG, Basel 

 Background 

 Kidney transplantation is the best renal therapy for el-
igible end-stage renal disease (ESRD) patients. Kidney 
transplant recipients (KTRs) have better survival rates 
than dialysis patients, with lower morbidity, lower car-
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 Abstract 

 Chronic kidney disease-mineral and bone disorder (CKD-
MBD) is common in kidney transplant recipients (KTRs), 
where secondary hyperparathyroidism (HPTH) and post-
transplantation bone disease (PTBD) are potential effectors 
of both graft and vascular aging. Reduced 25(OH)D levels are 
highly prevalent in KTRs. Experimental and clinical evidence 
support the direct involvement of deranged vitamin D me-
tabolism in CKD-MBD among KTRs. This review analyzes the 
pathophysiology of vitamin D derangement in KTRs and its 
fall out on patient and graft outcome, highlighting the roles 
of both nutritional and active vitamin D compounds to treat 
PTBD, cardiovascular disease (CVD) and graft dysfunction. Fi-
broblast growth factor-23-parathyroid hormone (PTH)-vita-
min D axis, immunosuppressive therapy and previous bone 
status have been associated with PTBD. Although several 
studies reported reduced PTH levels in KTRs receiving nutri-
tional vitamin D, its effects on bone mineral density (BMD) 
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diovascular risk, improved quality of life and reduced 
health economic costs  [1, 2] . Despite recent improve-
ments in graft survival up to 1–3 years after transplanta-
tion, graft failure remains a frequent cause of dialysis-de-
pendent ESRD  [3] . Transplant patients with graft failure 
are prone to a threefold greater mortality risk than pa-
tients with functioning grafts, with a 3.5–5% annual risk 
of fatal or nonfatal cardiovascular events  [4, 5] . Identifica-
tion of modifiable factors responsible for a hampered glo-
merular filtration rate (GFR) would improve targeted in-
terventions against allograft deterioration and the related 
cardiovascular burden.

  Chronic kidney disease-mineral and bone disorder 
(CKD-MBD), including secondary hyperparathyroidism 
(HPTH) and post-transplantation bone disease (PTBD), 
can be considered among the effectors of allograft and 
vascular aging. A deranged vitamin D system, which is an 
established trigger of CKD-MBD  [6] , was associated with 
worse clinical outcomes even in KTRs, where reduced 
synthesis of vitamin D and impairment of its pleiotropic 
effects may account for the clinical links between vitamin 
D, PTBD and graft survival  [7] .

  The present review analyzes vitamin D derangement 
in KTRs, moving from experimental to clinical evidence 
to discuss the potential therapeutic application of nutri-
tional and active vitamin D supplementation in terms of 
graft survival and PTBD and cardiovascular disease 
(CVD).

  Vitamin D System: Pathophysiology 

 Vitamin D is crucially involved in mineral homeosta-
sis. It regulates intestinal and renal handling of calcium 
and phosphate  [8] , as well as bone turnover through PTH 
downregulation with a direct effect on osteoclast and os-
teoblast activity  [9] . Vitamin D metabolism is described 
in  figure 1 .

  Vitamin D deficiency has been associated with poor 
outcomes in the general population and in CKD patients 
 [6, 10, 11] . A univocal definition of 25(OH)D deficiency 
is still lacking, as no randomized controlled trials (RCTs) 
have yet been designed to investigate the best 25(OH)D 
targets to improve hard endpoints in humans. In the gen-
eral population, serum 25(OH)D levels <20 ng/ml are 
considered deficient, 20–29.9 ng/ml insufficient, and lev-
els  ≥ 30 ng/ml sufficient  [8] . Optimal vitamin D levels may 
vary according to the specific disease and outcome of in-
terest. 25(OH)D levels >10 ng/ml were shown to be ade-
quate to prevent rickets and osteomalacia, whereas 

25(OH)D levels >30 ng/ml may be required to prevent 
secondary HPTH or osteoporosis  [12] .

  The extra-renal expression of CYP27B1, CYP24A1 
and vitamin D receptor (VDR) is considered the corner-
stone of vitamin D’s pleiotropic effects  [13] . VDR is a 
ubiquitous nuclear receptor, with a major genomic regu-
latory effect, currently considered a crucial modulator of 
the human genome. Systemic expression of CYP27B1 al-
lows the local hydroxylation of 25(OH)D into 1,25(OH) 2 D 
and subsequent VDR activation (VDRA) at autocrine 
and paracrine level  [11] . Thus, widespread VDR activity 
may safeguard homeostasis in different organs and sys-
tems.

  Vitamin D is an endocrine suppressor of the renin 
angiotensin aldosterone system (RAAS), downregulat-
ing renin expression and the pro-inflammatory path-
way pivoted by the transforming growth factor β  [14, 
15] . Experimental research investigated the effect of vi-
tamin D in reducing CKD progression through the im-
provement of glomerular and tubular interstitial fibro-
sis  [16] . A more recent study showed that vitamin D and 
its analogs are able to reduce proteinuria in CKD pa-
tients  [17] .

  Epidemiology of Altered Vitamin D Metabolism in 

KTRs 

 Reduced 25(OH)D levels are common in KTRs, with 
an extensive prevalence of deficiency and insufficiency up 
to 30 and 81%, respectively  [18] . Low 25(OH)D levels 
have been observed after transplantation ( fig. 2 )  [19]  with 
only 12% of KTRs showing 25(OH)D levels higher than 
30 ng/ml during the first year after transplant  [20]  and at 
longer follow-up  [21] . Conversely, 1,25(OH) 2 D 3  levels 
reached normal values within 3–6 months after trans-
plantation ( fig. 2 )  [22, 23] .

  Vitamin D metabolism may be influenced by im-
paired allograft function as well as by persistently ele-
vated PTH and fibroblast growth factor-23 (FGF23) lev-
els. HPTH is a frequent and possibly severe complica-
tion after renal transplantation. Persistently high PTH 
levels were reported at 1–2 years and even at 5 years 
after transplantation in 20% of cases ( fig.  2 )  [24] . By 
contrast, FGF23 declines 3 months after transplant but 
remains higher than in CKD patients matched for esti-
mated GFR (eGFR;  fig. 2 )  [25] . Further, FGF23 reduc-
tions were repeatedly observed at longer follow-up, ap-
proximating normal levels 1–3 years after transplanta-
tion  [26–28] .
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  Pathogenesis of Impaired Vitamin D Metabolism in 

KTRs 

 Specific alterations in vitamin D metabolism are still 
incompletely understood in KTRs. A physiology-driven 
approach suggests that the vitamin D system may be reg-
ulated by kidney function, PTH and FGF23 in agreement 
with evidence from non-transplant CKD patients. How-

ever, alterations in the vitamin D system in KTRs show 
peculiarities related to post-transplant specific derange-
ment of the PTH-FGF23 axis, immunosuppressive regi-
men and environmental factors  [21, 29] .

  Recovery of graft function, inappropriately high PTH 
levels and hypophosphatemia accelerate the conversion of 
25(OH)D into 1,25(OH) 2 D 3  after renal transplantation 
 [30] . Conversely, high FGF23 levels during the first months 

  Fig. 1.  Physiology of vitamin D metabolism. Vitamin D derives 
from ergocalciferol and cholecalciferol. Ergocalciferol derives 
from UV irradiation of yeast sterol ergosterol, present in sun-ex-
posed mushrooms, while cholecalciferol derives from UVB irra-
diation of 7-dehydrocholesterol. Ergocalciferol and cholecalciferol 
are transformed into 25(OH)D 2  and 25(OH)D 3 , respectively, by 
hepatic 25-α-hydroxylase. 25(OH)D 2  is not produced in humans 
and almost 80% of human 25(OH)D derives from UVB irradiation 

as 25(OH)D 3  with only a minor contribution from nutrients. Renal 
and extrarenal 1-α-hydroxylase transform 25(OH)D into the ac-
tive form 1,25(OH) 2 D), which thereafter activates VDR. Calcitriol 
is catabolized by the 24-α-hydroxylase; PTH increases vitamin D 
activation by upregulating 1-α-hydroxylase in proximal tubular 
cells, whereas FGF23 counteracts vitamin D activation decreasing 
1-α-hydroxylase and enhancing 24-α-hydroxylase. UV = Ultravio-
let. 
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post-transplant could inhibit 1-α-hydroxylase and en-
hance 24-α-hydroxylase, thereby reducing 1,25(OH) 2 D 3  
and 25(OH)D levels, respectively ( fig. 2 )  [31] . The interac-
tions between FGF23 and PTH are very complex and have 
a fall-out on vitamin D metabolism. FGF23 and PTH mu-
tually regulate each other in a negative feedback loop, 
where PTH stimulates FGF23 production, and FGF23 in 
turn suppresses PTH synthesis acting by the Klotho- 
FGFR1 complex in the parathyroid gland and via a calci-
neurin-dependent signaling pathway, although their rela-
tive contributions are unknown. In uremic patients, PTH 

secretion remains elevated despite extremely high FGF23 
levels. A decreased expression of the Klotho-FGFR1 com-
plex in the parathyroid gland causes this parathyroid resis-
tance to FGF23. Speculatively, the clinical use of calcineu-
rin inhibitors (CNI) that block calcineurin signaling may 
increase the susceptibility to develop, or aggravate pre-ex-
isting, HPTH in patients with reduced Klotho expression 
such as in KTRs  [32, 33] . At any rate, decreased FGF23 
levels within 1 year  [26]  associated with FGF23 resistance, 
may account for the restored 1,25(OH) 2 D 3  levels within 
3–6 months after transplantation  [22, 23] .

  Fig. 2.  Trends of mineral metabolism after renal transplantation. 
In a well-functioning graft, the rise in 1,25(OH)D levels after trans-
plantation follows, within the first months, the recovery of 
1-α-hydroxylase. Persistently high PTH and the rapid reduction of 
FGF23 levels enhance the 1-α-hydroxylase activity. Also FGF23 

resistance can promote this enhancement. Levels of 25(OH)D are 
reported to remain inappropriately low even during long follow-
up after transplantation. Years after transplantation, PTH can re-
main persistently high, alongside normal or slightly high FGF23 
levels. 
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  Immunosuppressive therapy anyhow contributes to 
vitamin D derangement, although the scientific literature 
is still scanty on the topic. Glucocorticoids alter vitamin 
D metabolism, expressing enzymes involved in vitamin D 
catabolism  [34, 35]  and increasing PTH and FGF23 levels 
( fig.  3 ). The cumulative prednisone dose was inversely 
correlated with 1,25(OH) 2 D 3  levels 2 years after trans-
plantation  [30] , and low 1,25(OH)D levels could also be 
favored by higher FGF23 concentrations induced by ste-
roid therapy  [27, 36–38] .

  Discrepancies were observed between the effects of 
CNI and mTOR inhibitors on the vitamin D system 
( fig. 3 ). CNI was associated with lower 25(OH)D levels 
among 289 KTRs, in agreement with previous experi-
mental data  [39]  and animal models showing CNI-in-
duced vitamin D resistance through VDR downregula-
tion  [40, 41] . By contrast, sirolimus had no effect on 
renal calcium excretion, vitamin D metabolism, calci-
um channel expression or calcium-binding proteins 
 [38] .

  Fig. 3.  Effects of immunosuppressive therapy on bone and vitamin 
D metabolism. Steroids unbalance bone homeostasis between os-
teoblastic and osteoclastic activity. Steroids impair osteoblasts, en-
hancing apoptosis and impairing their genesis and functionality. 
At the same time, steroids enhance osteoclastic activity, by upreg-
ulation of the RANKL/OPG ratio. Steroids are also associated with 

high PTH levels and also increase vitamin D catabolism, directly 
or via a potential activation of FGF23. CNI can increase the oste-
clastic activity and induce vitamin D resistance though a direct 
downregulation of VDR. Sirolimus has been reported to be a bone-
sparing immunosuppressor free from side effects on bone and vi-
tamin D metabolism. 
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  PTBD: Epidemiology and Mechanisms 

 KTRs commonly present PTBD, a disorder character-
ized by altered mineral metabolism with reduced bone 
quality, bone loss and an increased fracture risk. PTBD 
requires special attention when dealing with vitamin D 
derangement and vitamin D therapy for transplant re-
cipients.

  Significant bone loss was described during first year 
after transplantation with a 14.5% rate in the first 
6 months, followed by mild improvement only after the 
second year post-transplant  [42, 43] . Restoration of bone 
mineral density (BMD) within pre-transplant range was 
observed only 8 years after transplantation  [44] . Although 
bone loss and bone frailty are well-established drawbacks 
in KTRs, reports on their prevalence vary widely. Osteo-
porosis ranged from 11 to 56% among long-term KTRs 
and paralleled the fracture risk between 5 and 44%  [30] . 
Although the risk of fracture is high in KTRs, it was con-
siderably lower up to 1–3 years after transplantation com-
pared to that in dialysis patients  [45] .

  The limitations of the diagnostic techniques available 
to assess PTBD merit particular consideration. Extraskel-
etal calcifications and osteosclerosis impair the accuracy 
of dual-energy X-ray absorptiometry in assessing BMD, 
thereby limiting its reliability in predicting the risk of 
fractures. Furthermore, biomarkers of bone metabolism 
(PTH, osteocalcin, 25OHD) do not correlate with histo-
logical patterns. Bone biopsy remains the gold standard 
for the diagnosis of bone disease in KTRs, although it has 
limited routine applicability due to its invasive character-
istics. Few studies have reported histological patterns of 
PTBD, describing a considerable prevalence of adynamic 
bone disease (5–50%), and high bone turnover (25–50%) 
 [46–48] . More recent investigations observed a 48% rate 
of delayed mineralization, a 26% rate of low bone turn-
over, a 26% rate of high turnover and a 12% rate of mixed 
uremic bone disease 2 years after transplantation  [36] .

  Persistent bone resorption associated with reduced os-
teoblastogenesis, impaired osteoblast function and in-
creased osteoblast apoptosis represent the main triggers 
of impaired bone formation and mineralization in KTRs 
 [30] . Similar derangements are influenced by (1) an im-
balanced FGF23-PTH-vitamin D axis, (2) immunosup-
pressive therapy, (3) previous bone status, (4) allograft 
function and (5) hypophosphatemia. Among these con-
ditions, HPTH seems to be predominant. Post-transplant 
HPTH can be differentiated into a maladaptative re-
sponse (persistent HPTH) vs. a compensatory-adaptative 
response (de novo HPTH). Persistent HPTH results from 

pre-existing CKD-MBD with secondary HPTH, likely to 
complicate post-transplant follow-up with hypercalce-
mia, hypophosphatemia, fracture risk  [49, 50] , vascular 
calcification  [51]  and loss of graft function  [52–54] . Con-
versely, de novo HPTH results in raised PTH levels along 
with deterioration of graft function to maintain normo-
phosphatemia and normocalcemia.

  Immunosuppressive drugs may have a major impact 
on bone loss. Experimental models observed an associa-
tion between the skeletal toxicity of immunosuppressive 
drugs and impaired vitamin D metabolism, increased 
PTH and FGF23 synthesis and altered bone remodeling 
mediated by the osteoprotegerin (OPG)-receptor activa-
tor of nuclear factor Kappa-B ligand (RANKL)-RANK 
pathway ( fig. 3 )  [55–57] . Steroids directly worsen bone 
formation by impaired genesis and increased apoptosis of 
osteoblasts and enhanced osteoclastogenesis through an 
increased RANKL/OPG ratio  [30] . Both cyclosporin and 
tacrolimus similarly promote bone loss via direct osteo-
clast activation  [58] , but sirolimus is administered as a 
bone-sparing immunosuppressive agent due to its capa-
bility to inhibit osteoclast generation  [57, 59] .

  Vitamin D and Main Outcomes in KTRs: 

Observational Data 

 CVD is the leading cause of mortality in transplant re-
cipients accounting for 36–55% of deaths with a function-
ing graft, representing 42% of total graft losses per se  [60] . 
Vitamin D is currently considered protective against 
CVD due to the widespread pleiotropic effects elicited by 
VDRA.

  The benefits of vitamin D on CVD have received wide-
spread attention in CKD, but data among KTRs remain 
scanty. Although low vitamin D levels were not associated 
with a 3-year increased risk of CVD  [61] , more recent data 
from stable KTRs showed an independent association be-
tween 25(OH)D levels <12 ng/ml and all-cause mortality 
 [21] . Flow-mediated dilation consensually proved to in-
crease 25(OH)D levels close to restored renal function and 
reduced FGF23 levels  [62] .

  Observational studies have investigated the correla-
tion between vitamin D deficiency and graft outcomes. 
Reduced 25(OH)D levels, assessed 3 months after trans-
plantation, were independently associated with lower 
GFR at 12-month follow-up  [22]  and a worse annual 
eGFR decline  [21] . The strength of the association be-
tween 25(OH)D levels and graft function may be nega-
tively influenced by the length of follow-up. Obi et al.  [63]  
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observed a significant association between 25(OH)D de-
ficiency and a rapid decline in kidney function only with-
in 10 years after kidney transplantation. An inverse cor-
relation between 25(OH)D levels and acute rejection may 
contribute to a time-dependent link between 25(OH)D 
deficiency and graft function  [64] . No associations be-
tween 1,25(OH) 2 D 3  levels and GFR trends have been ob-
served in KTRs  [21] .

  Interventional Studies with Native and Active 

Vitamin D on Graft Survival 

 Although effective management of acute rejection im-
proves clinical outcomes during the early post-transplant 
period, loss of graft function secondary to chronic al-
lograft damage remains a frequent complication for KTRs 
in the long run. Proteinuria is an important risk factor for 
graft loss in KTRs  [65] . Accumulating experimental, epi-
demiological and clinical evidence supports raised pro-
teinuria as a modifiable effector of fibrogenesis and glo-
merulosclerosis typical of non-transplant CKD progres-
sion  [66–68] . The prevalence of proteinuria in KTRs 
varies considerably from 7.5 to 45%  [69] . Furthermore, 
mild proteinuria (<500 mg/24 h) 1 year after transplant 
was associated with a fourfold increased risk of graft fail-
ure  [65] . Nephrotic range proteinuria was even more 
closely associated with a 19 times higher risk of graft fail-
ure compared to non-proteinuric KTRs  [65] . In 2009, the 
KDIGO guidelines suggested assessing proteinuria at 
least once within the first month after transplantation, 
every 3 months during the first year and annually there-
after  [70] .

  The etiology of post-transplant proteinuria is likely to 
be multifactorial, including both allograft pathologies 
and the renal toxicity of immunosuppressive drugs. Re-
ports on vitamin D therapy to improve graft survival 
are  still scanty. Cholecalciferol supplementation 3–12 
months after kidney transplant did not retrospectively 
modify the progression of GFR, or the onset of interstitial 
fibrosis/tubular atrophy and proteinuria ( fig. 4 )  [71] . The 
ongoing VITALE study is comparing the effect of chole-
calciferol at high vs. low doses (respectively 100,000 or 
12,000 IU every 2 weeks for 2 months then monthly for 
22 months) on proteinuria and graft survival as second-
ary outcomes  [72] . Indeed, we are waiting to know the 
results of the VITA-D study, a randomized, placebo-
controlled, double-blind study including a total of 200 
KTRs, designed to investigate the immunomodulatory 
and renoprotective effects of cholecalciferol. KTRs found 

to have vitamin D deficiency have been randomly as-
signed to receive either oral cholecalciferol therapy at a 
daily dose of 6,800 IU over a time period of one year or 
placebo  [73] .

  Data on the anti-proteinuric effects of VDRA in KTRs 
sound encouraging ( fig. 4 ). Paricalcitol at low doses (3 μg/
week) was retrospectively associated with a significant 
24-month reduction of proteinuria (from 1.1 ± 0.7 to 
0.7 ± 0.7 g/24 h) among 58 KTRs, independently from 
changes in renal function or blood pressure  [74] . Trillini 
et al.  [75]  described a significant 6-month reduction of 
proteinuria from 0.27 to 0.14 g/24 h (p < 0.05) in KTRs 
randomized to paricalcitol at escalating doses (1 μg/day 
for 3 months and then uptitrated to 2 μg/day if tolerated) 
without significant changes in the control arm. However, 
it should be noted that in this study, similarly with previ-
ous investigations in CKD patients [ 76, 77 ], paricalcitol 
treatment was associated with a slight increase in serum 
creatinine and creatinine clearance decrease. This finding 
was most likely explained by decreased creatinine tubular 
secretion, increased creatinine generation, or both. Au-
thors concluded that a worsening of kidney function was 
unlikely because comparative analyses showed that acti-
vators of VDRs do not affect inulin clearance  [77] . Lastly, 
the RAAS blockage is a known mechanism of renal pro-
tection with paricalcitol treatment, so we would expect to 
observe similar effects to RAAS blockers.

  Amer et al.  [78]  randomized 100 incident KTRs to oral 
paricalcitol 2 μg/day vs. no treatment for the first year af-
ter transplantation, showing that changes in proteinuria 
after 1 year were comparable among patients receiving 
paricalcitol (from 169 to 91 mg/24 h) and controls (from 
195 to 118 mg/24 h). Although the rate of mild interstitial 
fibrosis in 38 biopsies at 1 year was equally distributed in 
both study groups, moderate fibrosis was absent in the 
paricalcitol arm compared to controls (4 cases, p = 0.04). 
Notably, neither of these RCTs was designed to investi-
gate the effect of paricalcitol on proteinuria as a primary 
outcome. Further dedicated RCTs are advocated to clar-
ify whether active vitamin D administration may improve 
graft survival through a direct antiproteinuric effect.

  Interventional Studies with Native and Active 

Vitamin D for Post-Transplant Bone Disorder 

 Several international guidelines recommend replen-
ishment of vitamin D deficiency but show wide discrepan-
cies concerning 25(OH)D target levels, specific indica-
tions across CKD stages and therapeutic schedules for 
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supplementation  [66, 79–82] . No specific guidelines cur-
rently address nutritional vitamin D replenishment in 
KTRs, leading to heterogeneous interventions to correct 
vitamin D deficiency in clinical studies. Although several 
studies reported a significant improvement in PTH and 
calcium levels in KTRs receiving nutritional vitamin D, 
the effects of ergocalciferol and cholecalciferol on BMD 
remain controversial ( fig. 4 )  [83–85] . As previously men-
tioned, the VITALE trial has raised great expectations, as 
its secondary analysis will also compare the effect of high 
vs. low dose cholecalciferol on BMD at 2 years of follow-
up  [72] .

  Active vitamin D reduced PTH levels and improved 
BMD after transplantation ( fig. 4 )  [86–88] , thereby be-
coming a well-accepted preventive therapy against bone 
loss in KTRs with osteopenia or osteoporosis  [30, 89] . A 
clinical investigation by Gonzalez et al.  [74]  reported 
that paricalcitol induced a 30% reduction of PTH levels 
in 78% of 58 KTRs at 24 months of follow-up, although 
no data were provided on the BMD trend. Amer et al. 
 [78]  found a greater PTH reduction and a lower preva-
lence of HPTH (29–63%) in KTRs receiving paricalcitol 
compared to controls. However, improved HPTH was 
not accompanied by benefits on osteopenia  [78] . In the 

  Fig. 4.  Indications for vitamin D supplementation in KTRs. Data 
on the effect of nutritional vitamin D replacement on post-trans-
plant proteinuria and PTBD are still scanty. More encouraging 
interventional studies reported the efficacy of VDRA on both 

PTBD and proteinuria in KTRs. No RCTs have yet investigated 
whether the protective effect elicited by vitamin D on proteinuria 
and PTBD could improve graft survival and the risk of fractures in 
the long run. 
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previously mentioned RCT by Trillini et al.  [75] , pa-
tients randomized to paricalcitol improved L3 and L4 
vertebral BMD as well as reduced serum levels of bone 
formation biomarkers like osteocalcin and bone alkaline 
phosphatase, and reduced urinary levels of deoxypyr-
idinoline, a biomarker of osteoclastic-mediated bone re-
sorption. In addition, paricalcitol therapy was not asso-
ciated with a higher risk of hypercalcemia, the few hy-
percalcemic episodes being easily reversed by a 
down-titration of dosage.

  Conclusion and Future Perspectives 

 KTRs commonly present vitamin D derangement 
consisting in both 25(OH)D deficiency and reduced lev-
els of 1,25(OH) 2 D 3 . The resulting impairment of VDRA 
is likely to contribute to PTBD, graft aging and vascular 
disease. Perturbation of the vitamin D system after trans-
plantation is multifactorial, being influenced by allograft 
function, HPTH, altered FGF23 levels and immunosup-
pressive therapy.

  Unfortunately, specific recommendations on the opti-
mal 25(OH)D targets in KTRs and the relative interven-
tions to achieve them are still lacking. While awaiting an 
appropriately designed RCT to investigate this issue, the 
KDIGO guidelines could be applied in KTRs to replenish 
25(OH)D levels <30 ng/ml as a first-line therapy against 
HPTH. Although the protective effect of nutritional vita-
min D supplementation in KTRs seems reasonable against 
post-transplant proteinuria, CVD and PTBD, further ad 
hoc RCTs are advocated to test its real effectiveness com-
pared to placebo.

  Clinical data support the efficacy of VDRA against 
HPTH and show promising evidence of VDRA’s protec-
tive effect in counteracting post-transplant proteinuria. 
However, new insights are mandatory to establish if the 

improvement of surrogate outcomes will translate into 
better graft survival with a lower incidence of PTBD and 
cardiovascular events.

  Immunosuppressive therapy can significantly modu-
late the vitamin D system and bone turnover. Steroids 
and CNI are associated with vitamin D derangement and 
increased osteoclast activity, whereas sirolimus had no ef-
fect on either vitamin D or skeletal health. Further studies 
are advocated to investigate vitamin D therapies tailored 
to specific immunosuppressive regimens.

  Meanwhile, we suggest that in the post-transplant 
phase, vitamin D deficiency be corrected with 25,000 IU 
on a monthly basis. The prevention of osteoporosis in 
KTRs may benefit from a timely pre-transplant parathy-
roidectomy in the presence of uncontrolled HPTH. In 
the post-transplantation period, we suggest: (a) hip and 
lateral spine radiographs to screen for bone fragility or 
fractures (clinically silent) within 1 year after transplan-
tation; (b) in selected patients DEXA scans at the time 
of transplantation or within the first 3 months, particu-
larly if patients have other risk factors for rapid bone 
loss. DEXA scans can be repeated at 12-month intervals 
if BMD decreases by >5% or otherwise every 2 years; (c) 
in high-risk patients for PTBD, we evaluate the use of 
steroid-sparing and steroid-withdrawal protocols; (d) 
calcimimetics in KTRs with persistent HPTH and hy-
percalcemia or PCT, if the patients have not hypercalce-
mia and especially if coexists proteinuria; (e) parathy-
roidectomy if HPTH persists for more than 1 year after 
transplantation with associated symptomatic bone dis-
ease, spontaneous fracture, vascular calcification, and 
calciphylaxis.
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