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a  b s  t r a  c t

Objective: To assess serum levels of vitamin D in renal transplant patients, and if the

glomerular filtration rate affects them.

Methods:  The study included patients older than 18 years with a  kidney transplant for

more than 1 year. Demographic, anthropometric, solar exposure, aetiology of chronic pre-

transplant renal disease (CKD), bone densitometry, and laboratory variables related to  bone

and  mineral disorders were evaluated.

Study: Cross-sectional analytical study with review of medical records. Descriptive statistical

methods were used to measure central tendency, dispersion (mean, standard deviation), and

absolute and relative frequencies. A lineal regression method was used to determine the

correlation between vitamin D levels with each of the laboratory tests included, especially

with  GFR.

Results: A  total of 56 patients met the inclusion criteria, 29  men and 27  women, mean age

44.8  ± 12.4 years, mostly of mixed race  (57.1%), main aetiology of CKD unknown (55.3%).

Only 35.7% of the patients had normal levels of vitamin D, and 64.3% had insufficient levels.

None of the  patients had levels in the deficit range. No significant differences were found

between the vitamin D results and the stage of CKD. An inverse relationship was found

between vitamin D levels and creatinine, calcium, phosphorus, Ca × P, albumin, and alkaline

phosphatase. The ratio was positive for 24-h urine protein, GFR and PTHi, although the

ratio is very weak in all of them. The bone density results were within the normal range

in  41.07% of patients, with 46.43% osteopenia, and 12.5% osteoporosis. No correlation was

found between vitamin D levels and the degree of bone alteration.
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Conclusions: In  renal transplant patients it is common to detect insufficient levels of vitamin

D, regardless of the GFR.

© 2018 Asociación Colombiana de  Reumatologı́a. Published by Elsevier España, S.L.U. All

rights reserved.

Determinación  de  niveles  de vitamina  D (25[OH]D)  en  pacientes
trasplantados  renales  y  su  importancia  de  acuerdo  con  la  tasa  de
filtración  glomerular
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Vitamina D

Insuficiencia renal crónica

r  e s u m  e n

Objetivo: Evaluar los niveles séricos de vitamina D en pacientes trasplantados renales, la

relación con la tasa de filtración glomerular y  la correlación con diversas variables clínicas

y  de  laboratorio que podrían afectarlos.

Métodos: Pacientes con más de un año de  trasplante renal, mayores de  18 años. En ellos

se  evaluaron variables demográficas, antropométricas, grado de exposición solar, etiología

de  la enfermedad renal crónica pretrasplante, osteodensitometría y  variables de  laboratorio

relacionadas con desórdenes óseos y  minerales.

Estudio: Analítico de  corte transversal con revisión de  historias clínicas. Se utilizaron méto-

dos  estadísticos descriptivos como medidas de tendencia central, de dispersión (media,

desviación estándar), frecuencias absolutas y relativas. Para determinar la correlación entre

los  niveles de vitamina D con cada una de  las pruebas de  laboratorio incluidas, especial-

mente  con la tasa de  filtración glomerular (TFG), se  utilizó el método de regresión lineal.

Resultados: Cincuenta y seis pacientes cumplieron los criterios de  inclusión, 29  hombres y  27

mujeres, edad media de 44,8 ± 12,4 años, la mayoría mestizos (57,1%), principal etiología de

enfermedad renal crónica (ERC) desconocida (55,3%). Solo  el  35,7% de los pacientes tenían

niveles normales de vitamina D y  el  64,3%, insuficientes; ninguno de  los  pacientes tenía

niveles en rango de  déficit. Al analizar los resultados de  la  vitamina D y el estadio de ERC, se

encontró que no existían diferencias significativas entre ellos. Se encontró relación inversa

entre los niveles de vitamina D y  las pruebas de creatinina, calcio, fósforo, Ca × P, albúmina,

fosfatasa  alcalina y  proteínas en orina de  24  h. Mientras que para la TFG y  la hormona

paratiroidea intacta la relación fue positiva, aunque en todas las pruebas la relación es muy

débil. Los resultados de  la osteodensitometría mostraron valores normales para el 41,07%

de  los pacientes, osteopenia el 46,43% y  osteoporosis el  12,5%. No se encontró correlación

entre los  niveles de vitamina D y  el grado de alteración ósea.

Conclusiones: En pacientes trasplantados renales es frecuente detectar niveles insuficientes

de vitamina D, independientemente de  la TFG que tengan.

©  2018 Asociación Colombiana de  Reumatologı́a. Publicado por  Elsevier España, S.L.U.

Todos  los derechos reservados.

Introduction

Kidney transplant is the best therapeutic option in patients
with chronic kidney disease (CKD), because it  improves the
long term survival, reduces the  morbidity and cardiovascu-
lar complications, in  addition to improving the quality of
life and reducing the costs for the healthcare system, as
compared with patients undergoing dialysis.1,2 According to
the recent recommendation of the KDIGO3 Guidelines, Kid-
ney transplant patients should be included in the group
of patients with CKD, in various stages in  accordance with
their glomerular filtration rate (GFR), including the so called
End-Stage Kidney Disease – ESKD – with most of them hav-
ing a GFR of just 70 ml/min in the immediate postoperative
period.

Immunosuppressive therapy to prevent rejection of the
transplanted organ in these patients has been associated
with skin cancer; so the general recommendation for post-
transplanted patients is to reduce sun exposure, in order to
lower the incidence of skin cancer.4

Ultraviolet light from sun exposure is necessary for the
synthesis of active vitamin D (1.25[OH]2D or calcitriol), a pro-
cess that starts on the skin from 7-dehydrocholesterol, and in
the presence of ultraviolet light, produces pre-vitamin D3 that
then undergoes thermal isomerization to  be  converted into
vitamin D3. This vitamin D3, under the  activity of the  CYP2R1
enzyme in the  liver, results in 25-hydroxyvitamin D3  (calcid-
iol [25(OH)D3]), which is filtered in the glomeruli, reabsorbed
by the proximal convoluted tubule and exposed to mitochon-
drial enzyme CYP27B1 (1 alpha hydroxilase), hence generating
the active form.5 Active vitamin D is necessary for the optimal
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intestinal absorption of calcium and phosphorus, for calcium
reabsorption in the  renal distal tubule, and to inhibit parathy-
roid hormone (PTH) secretion. Low vitamin D levels result in
hypocalcemia which activates the production and release of
PTH, increases bone calcium resorption, leading to osteoma-
lacia and osteoporosis.

Recently we  were able to establish that in a  population of
patients with CKD stages 2 to 5, living in Manizales City, Cal-
das, Colombia, South America, at an altitude of 2200 m above
sea level, the prevalence of low calcidiol levels affected around
78.80% of the population studied6;  moreover, lower GFR values
were associated with lower the vitamin D levels.

Kidney transplant patients are considered to have ESKD
and low sun exposure, which are predisposing factors for the
development of insufficient vitamin D levels. The objective of
our study was to determine in a group of kidney transplant
patients with various GFRs, the serum vitamin D levels and
their correlation with several clinical and laboratory variables
that could have an  impact.

Materials  and  methods

Kidney transplant patients aged 18 years and older, residents
of various cities of the Caldas Department, Colombia, South
America, who  were under the  mandatory health plan and in
the post-transplant outpatient clinic of the Internal Medicine-
Nephrology Program of Caldas University, Manizales, and the
Renal Therapy Service (RTS) Caldas affiliate were included in
the trial. The inclusion period and data collection spanned
from August 19, 2015 to June 19, 2017. The statistical analysis
was  conducted over the month of July 2017.

The exclusion criteria were: kidney transplant within
less than one year, having received prednisone doses above
10 mg per day or IV steroid pulses in  the  last 12 months;
changes in the  immunosuppressive therapy over the past six
months, parathyroidectomy, primary hyperparathyroidism
confirmed through neck ultrasound and sestamibi bone
scan, liver disease, hyperphosphaturia, hypocalciuric hyper-
calcemia, hospitalization in the last 2 months, active infection,
having received native vitamin D therapy over the past 12
months, and excessive sun exposure over the last 30 days.

No informed consent was required because at the RTS Cal-
das affiliate the  standard practice adopted since 2013 -  and
based on the KDIGO Guidelines for bone and mineral disorders
of 2009,7 – for transplant patients, included the requirement of
once-a-month creatinine test, calcium and phosphorus every
three months, alkaline phosphatase every 6  months, and vita-
min  D, PTH, serum albumin, 24-h urine proteins, and bone
densitometry once a year.

The demographic, anthropometric and clinical variables
collected were: gender, age, ethnic group, body weight, size,
body mass index (BMI), level of sun  exposure, pre-transplant
CKD aetiology, ESKD stage, and time elapsed since the kidney
transplant.

Patients were questioned about the level of sun exposure,
and a physical examination of the hands, face, and arms was
conducted for confirmation and classification into three levels:
level 1 (low) less than 1 h per week, level 2 (moderate) between

1 and 3 h per week, and level 3(adequate) more  than 3 h per
week.8

The BMI was estimated using the formula: BMI  = weight
(kg)/height (m2), with the following classification: skinny or
low weight <18.49; normal from 18.5 to 24.99; overweight 25.00
to 29.00, and obese >30.00.

The laboratory variables collected were:  creatinine, GFR
estimated according to  the MDRD9 formula, calcium, phos-
phorus, calcium × phosphorus (Ca × P), albumin, intact PTH
(PTHi), alkaline phosphatase, 24-h urine protein, and total
native vitamin D  (25 [OH]D or calcidiol) levels; the latter were
estimated using the  electro-chemiluminiscence technique.
The result of the bone densitometry recorded within one year
of measuring the vitamin D  levels was also noted.

The CKD was defined in accordance with the  criteria of the
KDIGO Guidelines for 20133 and was classified in stages, in
accordance with the  estimated GFR: 1: >90, 2: 60–90, 3a: 45–59,
3b: 30–44, 4: 15–29, and 5: <15.

The levels of total native vitamin D (25[OH]D) were
defined in accordance with the relationship between the
serum vitamin D levels, PTH and intestinal calcium transport
according to the references by the  International Osteoporosis
Foundation and the  National Osteoporosis Foundation 2005
and 2010,10,11 respectively; the American Geriatrics Society
Consensus12 and the National Osteoporosis Society.13 The
classification was as follows: normal >30 ng/ml, insufficient:
between 10  and 30 ng/ml, and deficient < 10 ng/ml.

A PTH above 70  pg/ml was considered compatible with sec-
ondary hyperparathyroidism.

The bone densitometry report was  expressed based on
the T-score: normal (−1.0 or higher), osteopenia (between
−1.0 and −2.5), and osteoporosis (−2.5 or less), pursuant to
the recommendations of the World Health Organization and
NBHAWG.14,15

All the  medications that the patient was receiving at that
time for immunosuppression, prevention, and treatment of
osteoporosis were recorded.

The project was approved by the Bioethics Committee of
Caldas University, the academic vice-president, and the ethics
and RTS research committees for Colombia. The trial was
considered risk-free, pursuant to Article 11, Chapter 1 of Res-
olution No. 008430 of 1993, of the Ministry of Health of the
Republic of Colombia, that establishes the scientific, technical,
and administrative standards for health research.

Type  of  study

Analytical, cross-sectional trial with medical record review.

Statistical  analysis

The information was  collected on an Excel database which
was completed by the investigators and its statistical analysis
was done using the SPSS 15.0v statistical software in Spanish,
under license for the University of Caldas.

All patients participating in the kidney post-
transplantation programme that met the inclusion criteria
were included and thus sampling was  not considered
necessary.
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Table 1 – Demographic, anthropometric, and laboratory characteristics of patients with ESKD.

Variables Stage  1, n  = 8 Stage 2, n  = 20  Stage  3a, n = 15 Stage 3b, n =  10 Stage  4, n = 3 Test F  p-Value

Median SD Median  SD Median SD  Median SD Median SD

Age 31.6 14.7 46.8 10.9 45.1 10.9  48.1 10.3 55.0 10.3 3.66 0.01
Size 1.61 0.12 1.61 0.09 1.63 0.08 1.7 0.07 1.6  0.06 1.95 0.11
Weight 58.7 12.92 64.4 12.1 66.1 15.1  72.4 18.9 76.1 7.4 1.45 0.23
BMI 22.2 4.14 24.7 3.5 24.9 5.7  25.7 5.6 30.8 0.8 1.99 0.11

Laboratories

Creatinine (mg/dl) 0.95 0.24 1.05 0.16 1.35 0.19 1.72 0.34 2.95 0.36 27.08 0.00
Calcium (mg/dl) 9.96 0.47 9.76 0.61 9.59 0.65 9.15 0.67 7.71 0.19 2.38 0.08
Phosphorus (mg/dl) 3.46 0.73 3.46 0.64 3.42 0.88 3.67 0.83 3.47 0.61 0.56 0.64
Ca ×  P 34.68 8.3  32.5 6.62 32.8 8.74 33.91 9.0 33.6 5.3 0.16 0.9
Albumin (g/dl) 4.57 0.42 4.46 0.34 4.44 0.33 4.07 0.21 4.08 0.4 4.66 0.005
Alkaline phosphatase 98.39 64.4 78.2 18.36 82.25 39.14 133.4 89.0 62.1 9.75 3.09 0.35
24-h urine protein 27.8 0.18 0.17 0.2 0.25 0.44 0.34 0.43 1.61 1.21 2.12 0.11
25(OH)D levels (ng/ml) 0.18 9.0  28.3 11.7 27.8 18.8  23.6 8.97 26.4 11.5 0.23 0.92
GFR (ml/min) 94.21 24.66 72.0 10.11 53.8 4.92 39.18 5.0 19.67 2.2 41.14 0.00
PTHi 49.51 14.84 62.19  30.15 68.6 37.7  81.2 61.69  127.7  87.93 0.95 0.42

No. % No.  % No.  % No.  %  No.  % x2 p-Value

Ethnicity

Mestizo 5 62.5 9 45.0 10 66.7  5 50.0 3  100.0 4.31 0.36
White 2 25.0 11  55.0 5 33.3  4 40.0 0  0.0 2.82 0.42
Black 1 12.5 0 0.0 0 0.0  1 10.0 0  0.0

In order to  meet the objectives, statistical descriptive
methodological approaches were used, such as central ten-
dency measurements, scatter measurements (mean, standard
deviation), absolute and relative frequencies; the summary of
the information is shown in charts or graphs. In order the
establish an association between the vitamin D levels and
the laboratory values, the F  distribution probability was  used,
and the criterion to determine statistically significant differ-
ences was a test p value < 0.05. To determine the correlation,
the lineal regression statistical method was used, with its cor-
responding Pearson correlation coefficient.

Results

Sixty-two patients were evaluated, of which 6 were excluded
because they failed to meet the inclusion criteria. Of the
remaining 56  patients, 29  (51.8%) were males and 27  (48.2%)
were females. The average age was 44.8 ± 12.4 years, and
the average body weight and height were 66.1 ± 14.6 kg and
1.6 ± 0.1 m respectively; the average BMI  was  24.9 ±  4.8. With
regards to ethnicity, 32 (57.1%) patients were mestizos, 22
(39.2%) were white, and only 2 (3.57%) were black.

The time in years elapsed from the time of transplant was
10.5 years in  average, with a standard deviation of 6.1 years.

The level of sun  exposure was  predominantly “level 1” with
40 (71.4%) patients in this category; there were 15 (26.8%) in
“level 2”, and only one (1.79%) patient in “level 3”.

The primary aetiologies resulting in CKD prior to trans-
plantation were: unknown aetiology in  29 (55.3%) patients,
lupus nephritis 7 (12.5%), hypertensive nephropathy 5 (8.9%),
and diabetic nephropathy 4 (7.1%) patients. Twenty (35.7%)
patients had ESKD stage 2 and 15 (26.8%) stage 3a; the rest
of the patients were stages 1, 3b and 4 (Table 1).

Table 2 – Classification of vitamin D levels according to
stage.

Stage Normal >30 ng/ml Insufficient 11–29  ng/ml Total

No. % Mean No.  % Mean No.  % Mean

1 5  62.5 33.67 3 37.5 18.00 8 100.0 27.79
2 8  40.0 38.44 12 60.0 22.63 20 100.0 28.33
3a 3  20.0 55.33 12 80.0 20.88 15 100.0 27.77
3b 3  30.0 34.72 7 70.0 18.90 10 100.0 23.64
4 1  33.3 2 66.7 20.70 3 100.0 26.37

Total 20  35.7 39.20 36 64.3 20.80 56 100.0 27.20

Deficit: zero  cases.

The evaluation of the medicines used indicated that 100%
of the patients received a low dose of steroid (prednisone
or deflazacort), so a  statistical analysis was not feasible.
With regards to the other medications, 12 (21.4%) of the
patients received azathioprine, 22 (39.3%) received mycoph-
elonate mofetil, and 20 (35.7%) sodium mycophenolate. With
regards to mTOR, only 3 (5.3%) patients received sirolimus
and 7 (12.5%) everolimus. In terms of calcineurin inhibitors,
16  (28.6%) cyclosporine and 26 (46.4%) tacrolimus. No associa-
tion was found between the type of immunosuppressant that
the patients received and the  serum vitamin D levels.

The results of vitamin D values showed that of the total
number of patients analyzed, 20 (35.7%) had normal vitamin D
levels, 36 (64.3%) had insufficient levels and none had a  deficit
of vitamin D.

Only among patients in ESKD stage 1, the  percentage
of patients with normal levels exceeded the percentage of
patients with insufficient levels (Table 2), although when
considering the association of the  vitamin D levels and ESKD,
no statistically significant differences were found, since the
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Table 3 – Correlation between the levels of vitamin D
and the laboratory tests of individuals with chronic
kidney disease.

Laboratory test  Correlation Pearson’s Sig (bilateral) No.

Creatinine −0.031  0.818 56
Calcium −0.289  0.031 56
Phosphorus −0.079  0.56 56
Ca × P −0.139  0.305 56
Albumin −0.076  0.577 56
Alkaline phosphatase −0.093  0.494 56
24-h urine protein −0.151  0.355 56
GFR using MDRD 0.068 0.617 56
PTHi 0.174 0.204 56

Table 4  –  Bone densitometry results and average vitamin
D levels in individuals with chronic kidney disease.

Results No. % Vitamin D
average

Normal 23  41.07 25.3
Osteopenia 26  46.43 29.2
Osteoporosis 7 12.5 25.9
Total 56  100 27.2
F value 0.61
P value 0.5467

test result was  0.9207. An association was identified however
with regards to  creatinine, GFR, and albumin, with statistically
significant differences for the various stages (Table 3).

An inverse correlation was  found between the levels of
vitamin D and the creatinine, calcium, phosphorus, Ca ×  P,
albumin, alkaline phosphatase and 24-h urine protein tests.
In contrast, the correlation was positive for the GFR and PTHi,
although in all tests the correlation was very weak because
the coefficients were very low (Table 3) (Fig. 1).

With  regards to sun exposure, no significant differences
were found between the average vitamin D levels and the
degree of exposure, keeping in mind that most patients were
in level 1 (71.4%). A similar situation occurred with the bone
densitometry results. No correlation was found between the
level of bone disorder and the levels of vitamin D, since the
results were > 5% (Table 4).

In only 5 (8.9%) patients a specific osteoporosis therapy was
identified, and the agent used was  alendronate in all cases,
stating just a few months earlier. With  regards to prophylaxis
for osteoporosis, 21 (37.5%) patients were not being treated,
5 (8.9%) received calcium carbonate, 12 (21.4%) received cal-
citriol, and 18  (32.1%) received the combination of calcium
carbonate + calcitriol.

Discussion

Having normal 25-hydroxivitamin D (25[OH]D) o calcidiol lev-
els is very important for  kidney transplant patients, in order
to achieve an adequate production of the active form of vita-
min D; i.e., calcitriol.5 Normal serum levels are required to
inhibit the secretion of PTH and these range between 30
and 40 ng/ml.10,11 Low levels of vitamin D are a risk factor
for osteoporosis, high blood pressure, cardiovascular disease,
diabetes mellitus, infections, autoimmune diseases, rickets,

some types of cancer and higher mortality among the popu-
lation in  general.16–21

In has been found that low vitamin D levels in  kidney
transplant patients represent a risk factor for  various com-
plications, including most notably: (1) delayed graft function
and increased risk of acute rejection with accelerated kidney
function loss, interstitial fibrosis, tubular atrophy and low GFR
one year after transplantation.22–25 Vitamin D  may  affect the
adaptive and innate immune response, modulating the allo-
geneic response,26 and possibly promoting the tolerance for
inducing regulatory T-cells.27–29 (2) Stronger tendency towards
the development of opportunistic viral infections such as
polyomavirus type BK,30,31 and bacterial infections (mainly
those that involve the urinary tract),32 but non-fungal.33 A fur-
ther contribution could be the stimulating effect of vitamin
D in macrophage antimicrobial activity.34–36 (3) Major pres-
ence of depressive symptoms and fatigue.37,38 (4) Persistence
of secondary hyperparathyroidism, with increased risk of
mineral bone loss and fractures.39,40 (5)  Post-transplantation
diabetes mellitus due to a  decreased insulin secretion by
beta cells which express vitamin D receptors.41 (6) Risk of
cancer.42,43

Native vitamin D  serum levels have been evaluated in
various kidney transplant population groups. These levels of
vitamin D have been reported low in 97% of patients in Ger-
many, Spain, England, and Denmark,44–47 based on studies in
the Northern hemisphere, where sun exposure is  low;  there-
fore, generalizing these findings to  tropical regions would be
inappropriate. In Brazil – tropical region – 65% of the  renal
transplant patients exhibited hypovitaminosis D (53% insuf-
ficient and 12% with deficit), with a  higher impact on obese
women.48 In another trial in that same country, the rate was
80.7% among 83  patients studied.49 In Israel, inadequate vita-
min D levels were identified in 75% of 103 kidney transplant
patients, 52.4% in the insufficiency range and 23% in the deficit
range.50 In Korea, in 25 kidney transplant patients, the native
vitamin D levels were low in  40% of the patients.51 In Iran
no seasonal changes of vitamin D were described in 96  kid-
ney transplant patients, but during the  summer the patients
avoided a high sun exposure and used sun screens.52 In India,
in 51 kidney transplant patients, only 8% had adequate calcid-
iol levels, 33% were insufficient, 51% had deficit, and 8% had
severe deficit.53

Currently, the most common factors involved in the identi-
fication of low levels of vitamin D in kidney transplant patients
are: low sun exposure, low intake of foods rich in vitamin D,
and the  type of immunosuppressive therapy administered.
Low sun exposure is the consequence of the general rec-
ommendation given to these patents to avoid the risk of
skin neoplasms, particularly when receiving cytostatic ther-
apy such as  azathioprine and mycophenolate.4,54–56

The reason why there is a  low intake of foods rich in vita-
min D is that most transplanted patients have CKD and a low
protein intake is  recommended.

The type of immunosuppression may  be  important for
metabolizing vitamin D. Steroids, due to their ability to
increase the 24-hydroxilase activity, may  result in low lev-
els of vitamin D.57 Steroids have a  direct toxic effect on the
osteoblasts and osteocytes by inducing apoptosis and increas-
ing the osteoclastic activity through the elevation of RANK-L;
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Fig. 1 – Correlation graphs.

furthermore, steroids reduce intestinal and renal tubular cal-
cium absorption.58–60 Mycophenolate and azathioprine have a
neutral effect on bone metabolism and vitamin D. Calcineurin
inhibitors are controversial,61–64 though they may  cause sup-
pression of the  renal vitamin D  receptor, hence increasing the
urine calcium losses.63 mTOR  inhibitors have not been shown
to affect the serum vitamin D levels.63,65

In our study, the prevalence of insufficient levels of cal-
cidiol were high, except in patients in ESKF stage 1. This is
probably associated with shorter post-transplant times and
higher pre-transplant sun exposure, since the effects of a  low
sun exposure and the side effects of the immunosuppressive
medication are evidenced in the long term, because of the
prolonged half-life of calcidiol.

The progressive elevation of PTH as the GFR drops, and the
reduction of serum albumin may  be the result of nutritional
factors, low renal excretion of phosphates, hypocalcemia,
and insufficient vitamin D levels. The lack of correlation
between the levels of vitamin D and the bone scan findings
is striking, reflecting the difficult interpretation in  patients
with CKD since in these patients, a  high PTH hinders the
conclusion of whether the findings are the result of renal
osteodystrophy and its variations, or of genuine osteoporo-
sis.

The strength of this study is that this is the first report in  our
country describing the above findings. The limitations include
the small number of patients and the lack of long-term follow-
up.

Conclusions

A  high percentage of kidney transplant patients exhibit low
levels of vitamin D, at all stages of their ESKD. This could be a
significant factor in the development of osteoporosis and sec-
ondary hyperparathyroidism. It is then recommended that the
levels of 25(OH)D be measured in  al kidney transplant patients,
regardless of their GFR.

Conflict  of interest

The authors have no conflict of interest to disclose.

r  e  f  e  r  e n c e  s

1. Tonelli M, Wiebe N,  Knoll G, Bello A, Browne S, Jadhav D,  et al.
Systematic review: kidney transplantation compared with
dialysis in clinically relevant outcomes. Am  J Transplant.
2011;11:2093–109.

2. Wolfe RA,  Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa
LY, et al. Comparison of mortality in all  patients on dialysis,
patients on dialysis awaiting transplantation, and recipients
of  a  first cadaveric transplant. N  Engl J  Med. 1999;341:1725–30.

3. KDIGO clinical practice guideline for the evaluation and
management of chronic kidney disease. Definition,
identification, and prediction of CKD progression. Kidney Int.
2013;  Suppl. 3:63–72.



r  e v c o  l  o  m b  r  e  u m a t  o l . 2 0 1  8;2 5(3):161–168 167

4. Euvrard S,  Kanitakis J, Claudy A. Skin cancers after organ
transplantation. N  Engl J  Med. 2003;348:1681–91.

5. Bosworth C,  de  Boer IH. Impaired vitamin D metabolismo in
CKD. Semin Nephrol. 2013;33:158–68.

6. Restrepo CA, Aguirre JV. Niveles de vitamina D  (25[OH]D) en
pacientes con enfermedad renal crónica estadios 2 a 5.
Colomb Med. 2016;47:160–6.

7. KDIGO Clinical practice guideline for the diagnosis,
evaluation, prevention, and treatment of chronic Kidney
disease-mineral and bone disorders (CKD-MBD). Kidney Int.
2009;72 Suppl. 113:S100–10.

8. Del Valle E, Negri AL, Aguirre C, Fradinger E, Zanchetta JR.
Prevalence of 25(OH)vitamin D insufficiency and deficiency in
chronic  kidney disease stage 5  patients on hemodialysis.
Hemodial Int. 2007;11:315–21.

9. Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL,
Hendriksen S, et al. Using standardized serum creatinine
values in  the modification of diet in renal disease study
equation for estimating glomerular filtration rate. Ann Intern
Med. 2006;145:247–54.

10. Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJ,
Vieth R.  Estimates of optimal vitamin D  status. Osteoporos
Int. 2005;16:713–6.

11. Dawson-Hughes B, Mithal A, Bonjour JP, Boonen S, Burckhardt
P,  Fuleihan GE, et al. IOF  position statement: vitamin D
recommendations for older adults. Osteoporos Int.
2010;21:1151–4.

12. American Geriatrics Society Work group on Vitamin D
Supplementation for Older Adults Recommendations.
Abstracted from the  American Geriatrics Society consensus
statement on vitamin d for prevention of falls and their
consequences. J  Am Geriatr Soc. 2014;62:147–52.

13. Aspry TJ, Bowring C,  Fraser W, Gittoes N, Javaid MK,
Macdonald H, et al. National osteoporosis society vitamin D
guideline summary. Age Ageing. 2014;43:592–5.

14. WHO Technical Report Series 843. Assessment of fracture risk
and its application to  screening for postmenopausal
osteoporosis. Report of a  WHO Study Group. Geneva: World
Health Organization; 1994.  Available at
https://apps.who.int/iris/bitstream/10665/39142/1/WHO TRS
843 eng.pdf

15. Siris ES, Adler R, Bilezikian J, Bolognese M, Dawson-Hughes B,
Favus MJ, et al. The clinical diagnosis of osteoporosis: a
position statement from the  National Bone Health Alliance
Working Group. Osteoporos Int. 2014;25:1439–43.

16. Dusso A, Gonzáles EA, Martín KJ.  Vitamin D in chronic kidney
disease. Best Pract Res Clin Endocrinol Metab. 2011;25:647–55.

17. Witham MD, Nadir MA, Struthers AD. Effect of vitamin D on
blood pressure: a systematic review and meta-analysis. J
Hypertens. 2009;27:1948–54.

18. Grandi NC, Breitling LP, Brenner H. Vitamin D and
cardiovascular disease: systematic review and meta-analysis
of prospective studies. Prev Med. 2010;51:228–33.

19. Grant WB. How strong is the evidence that solar ultraviolet B
and  vitamin D reduce the risk of cancer? An examination
using  Hill’s criteria for causality. Dermatoendocrinology.
2009;1:17–24.

20. Mitri J, Muraru MD, Pittas AG. Vitamin D and type 2 diabetes:
a  systematic review. Eur J Clin Nutr. 2011;65:1005–15.

21. Melamed ML, Michos ED, Post W,  Astor B. 25-Hydroxyvitamin
D  levels and the risk of mortality in the general population.
Arch  Intern Med. 2008;168:1629–37.

22. Kim H, Kang S-W,  Yoo T-H, Kim MS, Kim SI, Kim YS, et al. The
impact of pretransplant 25-hydroxy vitamin D deficiency on
subsequent graft function: an  observational study. BMC
Nephrol. 2012;13:22.

23. Falkiewicz K, Boratynska M, Speichert-Bidziska B,
Magott-Procelewska M, Biecek P, Patrzalek D, et al.

1,25-Dihydroxyvitamin D deficiency predicts poorer outcome
after renal transplantation. Transplant Proc. 2009;41:3002–5.

24. Obi  Y, Hamano T, Ichimaru N, Tomida K, Matsui I, Fujii N,
et al. Vitamin D deficiency predicts decline in kidney allograft
function: a  prospective cohort study. J Clin Endocrinol Metab.
2014;99:527–35.

25. Zimmerman D, House AA, Kim SJ, Booth RA, Zhang T, Ramsay
T, et al. The risk of acute rejection following kidney transplant
by  25-hydroxyvitamin D and 1,25-dihydroxyvitamin D Status:
a  prospective cohort study. Can J  Kidney Health Dis.
2017;4:1–10.

26. Hewison M. Vitamin D and innate and adaptive immunity.
Vitam  Horm. 2011;86:23–62.

27. Courbebaisse M, Souberbielle JC, Thervet E. Potential
nonclassical effects of vitamin D in transplant recipients.
Transplantation. 2010;89:131–7.

28. Gregori S, Casorati M, Amuchastegui S, Smiroldo S, Davalli
AM,  Adorini L. Regulatory T cells induced by
1,25-dihydroxyvitamin D3 and mycophenolate mofetil
treatment mediate transplantation tolerance. J Immunol.
2001;167:1945–53.

29. Cockwell P. Chemoattraction of T cells expressing CCR5
CXCR3 and CX3CR1 by  proximal tubular epithelial cell
chemokines. Nephrol Dial Transplant. 2002;17:734–44.

30. Rech MA, Fleming JN, Moore CL.  25-Hydroxyvitamin D
deficiency and opportunistic viral infections after kidney
transplant. Exp Clin Transplant. 2014;12:95–100.

31. Saber A, Fotuhi F,  Rostami Z, Einollahi B, Nemati E. Vitamin D
levels after kidney transplantation and the risk of
cytomegalovirus infection. Nephro Urol Mon. 2015;7:e29677.

32. Kwon YE, Kim H, Oh HJ, Park JT,  Han SH, Ryu DR, et al. Vitamin
D  deficiency is an independent risk factor for urinary tract
infections after renal transplants. Medicine. 2015;94:e594.

33. Park YJ, Kim SU, Lee KH, Lee JH, Kwon  E, Jung HY, et al.
Vitamin D deficiency is associated with increased risk of
bacterial infections after kidney transplantation. Korean J
Intern Med. 2017;32:505–13.

34. Gavison R, Bar-Shavit Z. Impaired macrophage activation in
vitamin D3 deficiency: differential in vitro effects of
1,25-dihydroxyvitamin D3 on mouse peritoneal macrophage
functions. J  Immunol. 1989;143:3686–90.

35. Wang  TT, Nestel FP, Bourdeau V, Nagai Y, Wang Q,  Liao J, et al.
Cutting edge: 1,25-dihydroxyvitamin D3 is a direct inducer of
antimicrobial peptide gene expression. J  Immunol.
2004;173:2909–12.

36. Kalluri HV, Sacha LM, Ingemi AI,  Shullo MA,  Johnson HJ, Sood
P, et al. Low vitamin D exposure is associated with higher risk
of infection in renal transplant recipients. Clin Transplant.
2017;31, http://dx.doi.org/10.1111/ctr.12955 [Epub 2017 Apr 4].

37.  Ozkayar N,  Altun B, Ulusoy S,  Yildrim T, Halil M, Yilmaz R,
et al. Relationship between vitamin D levels and depressive
symptoms in renal transplant recipients. Int J  Psychiatry Med.
2014;47:141–5.

38. Han B, Wu  X, Guo Y. Improvement of fatigue after vitamin D
supplementation in kidney transplant recipients. Medicine
(Baltimore). 2017;96:e6918.

39. Neves CL,  dos Reis LM, Batista DG,  Custodio MR, Graciolli FG,
Martin RC, et al. Persistence of bone and mineral disorders 2
years after successful kidney transplantation.
Transplantation. 2013;96:290–6.

40. Rathi M, Kumar D, Bhadada SK, Khandelwal N, Kohli H, Jha V,
et al. Sequential changes in bone biochemical parameters
and  bone mineral density after renal transplant. Saudi J
Kidney Dis Transplant. 2015;26:671–7.

41. Le  Fur A, Fournier MC, Gillaizeau F, Masson D,  Giral M, Cariou
B, et al. Vitamin D deficiency is an independent risk factor for
PTDM after kidney transplantation. Transpl Int.
2016;29:207–15.

https://apps.who.int/iris/bitstream/10665/39142/1/WHO_TRS_843_eng.pdf
https://apps.who.int/iris/bitstream/10665/39142/1/WHO_TRS_843_eng.pdf
dx.doi.org/10.1111/ctr.12955


168  r e v c o  l o  m  b r  e u m a t o l  .  2  0 1 8;2  5(3):161–168

42. Ducloux D, Courivaud C,  Bamoulid J,  Kazory A,  Dumoulin G,
Chalopin J-M. Pretransplant serum vitamin D levels and risk
of cancer after renal transplantation. Transplantation.
2008;85:1755–9.

43. Ugalde-Altamirano J,  Álvarez Villegas D, Revuelta I,  Coloma A,
Torregrosa JV. Relationship between vitamin D blood levels
and cancer development in renal transplant patients: a
case–control study. Transplant Proc. 2016;48:2959–61.

44. Querings K, Girndt M, Geisel J, Georg T, Tilgen W,  Reichrath J.
25-Hydroxyvitamin D deficiency in renal transplant
recipients. J  Clin Endocrinol Metab. 2006;91:526–9.

45. Marcen R, Ponte B, Rodríguez-Mendiola N,
Fernández-Rodríguez A,  Galeano C, Villafruela JJ, et al.
Vitamin D deficiency in kidney transplant recipients: risk
factors and effects of vitamin D3  supplements. Transplant
Proc. 2009;41:2388–90.

46. Stavroulopoulos A,  Cassidy MJ, Porter CJ,  Hosking DJ, Roe SD.
Vitamin D status in renal transplant recipients. Am J
Transplant. 2007;7:2546–52.

47. Ewers B, Gasbjerg A,  Moelgaard C, Frederiksen AM,
Marckmann P. Vitamin D status in kidney transplant patients:
need for intensified routine supplementation. Am  J  Clin Nutr.
2008;87:431–7.

48. Baxmann AC,  Menon VB,  Medina-Pestana JO, Carvalho AB, Ita
Heilberg IP. Overweight and body fat are  predictors of
hypovitaminosis D in renal transplant patients. Clin Kidney J.
2014;8:49–53.

49. Poli de Figueiredo SM, Magalhães AO, Malafronte P, de Souza
JF, Sens YA. Prevalence of hypovitaminosis D and the
different-dose cholecalciferol supplementation effects on
renal transplant recipients. Saudi J Kidney Dis Transpl.
2016;27:929–35.

50. Eyal O, Aharon M, Safadi R, Elhalel DE. Serum vitamin D levels
in  kidney transplant recipients the  importance of an
immunosuppression regimen and sun exposure. IMAJ.
2013;15:628–33.

51. Lee HH, Kim AJ, Ro H, Jung JY, Chang JH, Chung W, et al.
Sequential changes of vitamin D level and parathyroid
hormone  after kidney transplantation. Transplant Proc.
2016;48:897–9.

52. Nazemian SS, Sabbaq MG, Nazemian F,  Salehi M, Sani  FM.
Assessment of circannual rhythm in plasma level of vitamin
D  among kidney transplant recipients in Mashhad. IJKD.
2016;10:224–7.

53. Aggarwal M, Sahoo SP, Bhandari HS, Kriplani J, Mithal A.
Prevalence of vitamin D  deficiency in postrenal transplant
patients. Indian J  Endocrinol Metab. 2012;16:274–6.

54. Randle HW.  The historical link between solid-organ
transplantation, immunosuppression, and skin cancer.
Dermatol Surg. 2004;30:595.

55. Ducloux D, Courivaud C,  Bamoulid J,  Kazory A,  Dumoulin G,
Chalopin JM. Pretransplant serum vitamin D levels and risk of
cancer after renal transplantation. Transplantation.
2008;85:1755–9.

56. Reichrath J. Dermatologic management, sun avoidance and
vitamin  D status in organ transplant recipients (OTR). J
Photochem Photobiol B. 2010;101:150–9.

57. Maricic M. Update on glucocorticoid-induced osteoporosis.
Rheum Dis Clin North Am. 2011;37:415–31.

58. Canalis E, Mazziotti G, Giustina A, Bilezikian JP.
Glucocorticoid-induced osteoporosis: pathophysiology and
therapy. Osteoporos Int. 2007;18:1319–28.

59. Canalis E, Delany AM. Mechanisms of glucocorticoid action in
bone. Ann N Y  Acad Sci. 2002;966:73–81.

60. Kogianni G, Mann V, Ebetino F, Nuttall M, Nijweide P, Simpson
H, et al. Fas/CD95 is associated with glucocorticoid-induced
osteocyte apoptosis. Life Sci. 2004;75:2879–95.

61. Grenet O, Bobadilla M, Chibout SD, Steiner S.  Evidence for the
impairment of the vitamin D activation pathway by
cyclosporine A. Biochem Pharmacol. 2000;59:267–72.

62. Reichel H, Grüssinger A, Knehans A, Kühn K,  Schmidt-Gayk
H, Ritz E. Long-term therapy with cyclosporin A does not
influence serum concentrations of vitamin D metabolites in
patients with multiple sclerosis. Clin Investig. 1992;70:595–9.

63. Lee CT, Ng HY, Lien YH, LaiL W,  Wu  MS, Lin CR, et al. Effects of
cyclosporine, tacrolimus and rapamycin on renal calcium
transport and vitamin D metabolism. Am J Nephrol.
2011;34:87–94.

64. Filipova JJ, KiZlatkova BK, Dimitrova EP, Svinarovb D.
Relationship between vitamin D status and
immunosuppressive therapy in kidney transplant recipients.
Biotechnol Equip. 2015;29:331–5.

65. Baslov K, Katalinic L, Kes P, Spasovski G, Smalcelj R,
Basic-Jukic N.  What is the impact of immunosuppressive
treatment on the pos-transplant renal osteopathy? Int Urol
Nephrol. 2014;46:1019–24.


	Determination of vitamin D (25[OH]D) levels in kidney transplant patients and relevance thereof, in accordance with the gl...
	Introduction
	Materials and methods
	Type of study
	Statistical analysis

	Results
	Discussion
	Conclusions
	Conflict of interest
	References


