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Abstract Vitamin D deficiency is common among kid-

ney transplant (KT) recipients because of reduced sunlight

exposure, low intake of vitamin D, the immunosuppressive

drug regimen administered, and steroid therapy. Gluco-

corticoids regulate expression of genes coding for enzymes

that catabolize vitamin D, further reducing its level in

serum. Although vitamin D primarily regulates calcium

homeostasis, vitamin D deficiency is associated with the

risk of several diseases, such as diabetes mellitus and tu-

berculosis. Aim of this review is to highlight endocrine and

metabolic alterations due to the vitamin D deficiency by

evaluating the mechanisms involved in the development of

KT-related disease (cardiovascular, bone mineral density,

and new-onset diabetes after transplantation). Next, we

review evidence to support a link between low vitamin D

status and KT-related diseases. Finally, we briefly highlight

strategies for restoring vitamin D status in KT patients.
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Introduction

Vitamin D3 (cholecalciferol) is formed in the skin by

photolysis of 7-dehydrocholesterol by ultraviolet radiation

from sunlight. Cholecalciferol is transported in the blood-

stream bound to vitamin D binding protein and is hy-

droxylated in the liver to 25-hydroxyvitamin D [25(OH)D

or calcidiol]. In the kidney, 25(OH)D is further hy-

droxylated to form the active hormone, i.e., 1,25-dihy-

droxyvitamin D [1,25-(OH)2D, or calcitriol] [1].

Vitamin D deficiency is defined by the US Endocrine

Society guideline as 25(OH)D less than 20 ng/ml

(50 nmol/l), vitamin D insufficiency as 25(OH)D between

21 and 29 ng/ml, and the upper cutoff to minimize the risk

of adverse effects as 25(OH)D equal to 100 ng/ml

(250 nmol/l) [2]. Vitamin D deficiency is common in the

general population and more frequent in subgroups such as

the elderly and patients with chronic diseases, particularly

kidney failure (CKD) [3].

It is estimated that 17 % of patients with CKD have

vitamin D insufficiency, and approximately 80 % have

vitamin D deficiency [4]. Production of 1,25-(OH)2D is
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also reduced in CKD owing to fibroblast growth factor 23–

mediated inhibition of enzymatic 1a-hydroxylation and by

lack of viable kidney tissue containing the active enzyme

[5]. In addition, the higher risk of vitamin D deficiency in

patients with CKD is due to decreased exposure to sunlight,

hyperpigmentation, and reduced ingestion of foods that are

natural sources of vitamin D [6]. Thus, many patients

present hypovitaminosis D at kidney transplantation (KT)

[7]. In addition, immunosuppressive therapy undertaken by

these subjects was reported to have an effect on vitamin D

metabolism. In particular, calcineurin inhibitors (tacroli-

mus and cyclosporine) were found to suppress vitamin D

receptor (VDR), thus increasing renal calcium wasting [8].

Moreover, the administered glucocorticoids may activate

the genes involved in the expression of enzymes that ca-

tabolize vitamin D, further reducing its level [9].

Although KT patients are generally healthier than pa-

tients with end-stage kidney disease, Sadlier and Magee

[10] reported that only 12 % of KT patients had normal

vitamin D status, whereas 29 % had vitamin D deficiency.

Similarly, Stavroulopoulos et al. [6] showed that 25(OH)D

insufficiency and deficiency was prevalent in more than

90 % of patients, particularly in the first year after KT.

Tripathi et al. [11] reported 25(OH)D deficiency and in-

sufficiency in 57.8 and 94.7 %, respectively, of KT

patients.

Studying the vitamin D metabolites, Riancho et al. re-

ported that patients with a graft duration longer than

6 months had a normal serum levels of 25(OH)D and a

reduction of serum levels of 1,25-(OH)2D while patients

transplanted 1-6 months before and those with a longer

duration of the graft had no differences in terms of vitamin

D metabolites [12]. Conversely Barros et al. reported that

25(OH)D levels remain low 6 months after KT, where-

as 1,25-(OH)2D levels rapidly return to normal during

the first 6 months after KT [13].

Vitamin D status in KT patients is an emerging theme.

Although vitamin D primarily maintains calcium home-

ostasis, low vitamin D levels are associated with many

diseases, such as breast, prostate, and colon cancer as well

as diabetes mellitus and tuberculosis (Fig. 1) [14]. Of note,

prostate, colon, breast, b cells of pancreas, monocytes, and

macrophages, express both the VDR and 1a hydroxylase

enzyme (CYP27B1). Extrarenal production of calcitriol

controls directly or indirectly more than 200 genes, in-

volved in the regulation of cellular proliferation and dif-

ferentiation, apoptosis, angiogenesis, and insulin and renin

secretion [15]. Three recent reviews have extensively ex-

amined the effects of vitamin D deficiency in the devel-

opment of post-KT diseases [16–18]. In this work, we

aimed to provide our contribution on this issue, mainly

focusing on cardiovascular, metabolic, and endocrine out-

comes [cardiovascular and bone mineral density (BMD)

diseases and new-onset diabetes after transplantation

(NODAT)]. We also briefly present strategies for restoring

normal vitamin D status in KT patients.

Vitamin D and cardiovascular disease

Cardiovascular disease (CVD) accounts for 40–60 % of

all-cause mortality and is the leading cause of death and

allograft loss among KT recipients [19]. Although im-

proved cardiac function and amelioration of cardiovascular

morbidity and mortality are observed in kidney recipients

with preserved kidney function, annual risk of death from

CVD is 3.5–5 %—up to 50-fold higher than the risk in the

age-matched general population [20].

Multiple CVD risk factors prevalent among dialysis

patients persist or even increase after transplantation.

Along with traditional CVD risk factors, nontraditional risk

factors associated with reduced glomerular filtration rate

include 25(OH)D deficiency, hyperhomocysteinemia, or

factors unique to transplantation itself, including direct

effects of maintenance immunosuppressive drugs [21].

General population studies have associated 1,25-(OH)2D

levels with incident heart disease [22, 23]. The Framing-

ham offspring study, involving 1,739 participants, associ-

ated 25(OH)D deficiency (\15 ng/ml) with higher

incidence of cardiovascular events, with an adjusted hazard

ratio of 1.62 (95 % confidence interval (CI), 1.11–2.36,

p = 0.01) [22]. Moreover, a very recent observational

study with longitudinal design considering 435 stable renal

transplant recipients has reported that low 25(OH)D is in-

dependently associated with an increased risk of all-cause

mortality [23]. Therefore, a potential role of 25(OH)D on

excess CVD risk in KT recipients is not surprising.

Furthermore, levels of 25(OH)D in serum are strongly

and inversely associated with very-low-density lipoprotein,

triglyceride levels, serum renin activity, and brachial artery

vasodilatation—key factors in atherosclerosis [24]. Also, in

stable renal transplant recipients, 25(OH)D\12 ng/ml was

associated with a rapid estimated glomerular filtration rate

decline [23]. In addition, both VDRs and the CYP27B1

enzyme are found in vascular smooth-muscle cells, en-

dothelial cells, and cardiomyocytes, potentially affecting

growth and proliferation of these cells [15, 25]. It has been

demonstrated that subjects deficient in 25(OH)D showed

greater expression of proinflammatory transcription factor

NF-jB in vascular smooth-muscle cells [26]. Conversely,

inhibition of NF-jB by oral salsalate improved flow-me-

diated dilation in the patients with lower 25(OH)D levels.

These findings make hypothesize that vascular endothelial

dysfunction is mediated in part by NF-jB-related inflam-

mation [26]. Consequently, a beneficial effect on CVD risk

by vitamin D supplementation in KT recipients is plausible.
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A recent meta-analysis on vitamin D supplementation

concluded from limited evidence that moderate to high

doses of vitamin D supplements may reduce CVD risk

[27]. However, that analysis included studies that assessed

active vitamin D analogs and calciferols in dialysis or the

general population, not in kidney recipients. Moreover, no

benefit of vitamin D supplementation was apparent in

analysis restricted to randomized controlled trials (RCTs).

Several lines of evidence suggest that KT patients manifest

increased CVD risk and 1,25-(OH)2D deficiency, which is

prevalent in these patients and might be involved in

atherosclerosis. Future studies need to evaluate whether

such supplementation yields better cardiovascular

outcomes.

Vitamin D and NODAT

NODAT has been related to several risk factors. Corti-

costeroids and the commonly used immunosuppressive

medications (e.g., cyclosporine and tacrolimus) play an

important role on its pathogenesis [28]. The incidence of

NODAT varies with the type of organ involved. The esti-

mated rates are 9–18 % after kidney, 20–33 % after liver,

26–40 % after lung, and 29 % after heart transplants [28–

30]. NODAT increases risk also for renal allograft loss,

infection, cardiovascular events, and total mortality—par-

ticularly among KT patients [31].

Vitamin D is important in regulating glucose home-

ostasis. Several human and animal studies have shown a

positive correlation between vitamin D deficiency, glucose

intolerance, and impaired insulin secretion [30]. Expres-

sion of the VDR and CYP27B1 in b pancreatic cells [15,

32], which secrete insulin, could partially explain the in-

volvement of vitamin D in glucose homeostasis. Research

increasingly recognizes vitamin D levels and downstream

signaling as an important cofactor in regulating insulin

secretion and insulin sensitivity, with potential implications

in the pathophysiology of diabetes [33]. More specifically,

vitamin D responsive elements have been identified in the

promoter of human gene encoding for insulin. Also,

in vitro studies showed that calcitriol stimulates insulin

human gene transcription as well as expression of insulin

receptor and glucose transport [15]. However, the precise

mechanism by which VDR and CYP27B1 affect insulin

secretion as well as how vitamin D is involved in insulin

sensitivity, immune system activation, and inflammation

need further study [30, 34]. In fact, human and animal

studies supporting the potential usefulness of vitamin D

supplementation are lacking, and secondary endpoint ana-

lyses from clinical trials have not consistently shown

benefits [35]. In particular, no randomized clinical trials

have yet studied how vitamin D supplementation affects

incidence of NODAT. However, the Vitamin D Supple-

mentation in Renal Transplant Recipients (VITALE) study

in France will compare effects of high and low doses of

Fig. 1 Effects of

25-hydroxyvitamin D deficiency

in kidney transplant patients
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vitamin D on several clinical outcomes that include

NODAT, with a planned median follow-up of 2 years [36].

Vitamin D and bone mineral density in KT
patients

Owing to the crucial role of vitamin D, impaired calcium

metabolism and bone development are commonly observed in

CKD. This derangement, known as CKD–mineral and bone

disorder (CKD–MBD), hasbeenwidely reported inpeoplewith

kidney disease and in most patients receiving dialysis [37].

Moreover, evidence has increasingly documented that

CKD–MBD is associatedwith bonemass loss, as indicated by

decreased BMD, particularly within the first 2 years after KT.

In a prospective study involving 20 adults who received renal

allograft, Julian et al. [37] reported a 7 % decrease in lumbar

spine 6 months after transplantation and a 9 % decrease after

18 months. Factors existing before transplantation, such as

bone disease (including osteitis fibrosa and osteomalacia), as

well as post-transplantation factors, including use of im-

munosuppressive drugs, PTH status, and hypophosphatemia,

may contribute to reducedBMDobserved inKTpatients [38].

These observations helped to make treating renal osteodys-

trophy before transplantation as well as preventing bone

disease in the first year after transplantation essential. The

most widely reported approach for preventing bone loss after

transplantation involves using different vitamin D metabo-

lites, calcium, or bisphosphonates [39, 40].

Although several studies have associated increased risk of

fracture and lower cortical BMD with CKD in adults and

children, reports of vitamin D administration’s beneficial ef-

fects for CKD patients are increasing [39, 41–44]. Several

studies have investigated using vitamin D or its analogs to

prevent bone loss after KT. For instance, in an RCT involving

40 KT patients, El-Agroudy et al. [45] reported that daily

treatment with alfacalcidol (0.5 lg) or placebo in combina-

tion with 500 mg of calcium carbonate increased BMD at the

lumbar spine, femoral neck, and forearm by 2.1, 1.8, and

3.2 % respectively. Similarly, Torres et al. [46] reported sig-

nificant change in femoral neck BMD after treatment with

calcitriol (0.5 lg, 48-h interval) and calcium (50 mg) in an

RCT involving 90 KT patients. Table 1 shows selected RCTs

that evaluated therapeutic benefits of supplementation with

vitamin D (or its analogs) after renal allograft on BMD.

Vitamin D supplementation in KT

The National Kidney Foundation has developed clinical

practice guidelines for treating vitamin D deficiency in pa-

tients with CKD [47]. For KT patients, the Kidney Disease

Improving Global Outcomes (KDIGO) guidelines recom-

mend using the treatment for the general population to correct

vitamin D deficiency and insufficiency [48]. However, the

supplementation now used for the general population does not

restore normal vitamin D levels in KT patients [49].

Thus, several authors tried to identify the ideal dosage to

restore healthy levels of vitamin D [50, 51].

However, evidence from RCTs is lacking. The paucity

of published studies does not allow to correctly examine

the effect of vitamin D supplementation on outcomes, also

Table 1 Studies investigating efficacy of vitamin D supplementation on BMD in KT patients

Investigators Sample

size

Treatment(s) Duration

(months)

Treatment outcome

(areas

showing improved BMD)

Remarks

De Sevaux et al. [39] 113 Calcidiol (0.25 lg) ? calcium (1000 mg) 6 Lumbar spine and

femoral neck

Talalaj et al. [41] 77 Calcidiol (40 lg) ? calcium (3000 mg) 12 Lumbar spine and

femoral neck

Vertebral

deformities

decrease

El-Agroudy et al. [42] 60 a-Calcidiol (0.5 lg) or alendronate (5 mg/d) or

calcitonin (200 IU/day)

12 Lumbar spine and

femoral neck

Ugur et al. [43] 45 Calcitriol (0.5 lg) ? calcium or calcitonin

(200 IU/2 weeks) ? calcium

12 Lumbar spine No change in

femoral neck

Jeffery et al. [44] 117 Alendronate (10 mg/d) ? calcium (1000 g) or

calcitriol (0.25 lg) ? calcium (1000 g)

12 Lumbar spine and

femoral neck

El-Agroudy et al. [45] 40 Alfacalcidol (0.5 lg) ? calcium carbonate

(500 mg), daily

12 Lumbar spine, femoral

neck, and forearm

Torres et al. [46] 90 Calcitriol (0.5 lg/48 h) ? calcium (500 mg) 12 Intertrochanter,

trochanter, and Ward’s

triangle

No difference at

femoral neck

BMD bone mineral density
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due to the heterogeneity in vitamin D formulations pre-

scribed in the different studies. The currently running

VITA-D study aims to evaluate whether cholecalciferol

administered at a dose of 6800 International Units daily

over a time period of 1 year in KT recipients with vitamin

D deficiency could have beneficial effects upon graft

function, incidence of acute rejection episodes, and fre-

quency and severity of post-transplant infection [52]. Also,

the VITALE study has been designed to demonstrate that

high doses of vitamin D (100000 International Units every

2 weeks for 2 months then monthly for 22 months) can

reduce the risk of extra-osseous diseases (e.g., NODAT,

major cardiovascular events, denovo malignancy) without

inducing adverse effects, and also aims to determine the

necessary levels of 25OHD to achieve these effects [36].

Hopefully, the results of these studies will provide the

correct dose of cholecalciferol or ergocalciferol required in

the renal transplant population and interesting suggestions

on the vitamin D deficiency effects in different stages of

kidney dysfunction as well as in the general population.

Conclusion and future perspectives

In addition to the emerging evidence suggesting a linkage

between vitamin D and many non-skeletal conditions [53–

58], many findings suggest an association between vitamin

D deficiency and KT-related cardiovascular, metabolic,

and endocrine diseases. However, data are missing re-

garding guidance for or against recommending vitamin D

supplementation to prevent or treat KT-related disease,

outside KDIGO recommendations. Further studies still

need to investigate the role of vitamin D in KT-related

disease and vitamin D supplementation’s beneficial effect.
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