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Abstract 

Background 

In addition to its canonical role in musculoskeletal health, several reports have demonstrated 
that serum vitamin D level may influence kidney function. However, the effect of 
pretransplant serum vitamin D level on subsequent graft function has not been explored. 
Therefore, this study was undertaken to examine the effect of serum vitamin D level at the 
time of kidney transplantation (KT) on subsequent graft function. 



Methods 

We analyzed 106 patients who underwent KT and for whom 25-hydroxy vitamin D (25-
OHD) levels were measured during hospitalization prior to transplantation. We measured 
estimated glomerular filtration rates (eGFR) using the Modification of Diet in Renal Disease 
(MDRD) formula at baseline and at six-month intervals up to 36 months after KT. 

Results 

38.7% of the patients were diagnosed with 25-OHD deficiency defined as less than 
10 ng/mL. Recipient gender (female vs. male, odds ratio [OR] 3.30, 95% CI 1.33-8.21, 
P = 0.010), serum albumin level (per 1 mg/dl increase, OR 0.35, 95% CI 0.13-0.98, 
P = 0.047), and predominant renal replacement therapy modality before KT (P < 0.001) were 
found to be independent pretransplant risk factors for 25-OHD deficiency by multivariate 
logistic regression analysis. Subsequent repeated measures analysis of covariance revealed 
that 25-OHD level had the only significant main effect on eGFR during the 36-month follow-
up period [F (1, 88) = 12.07, P = 0.001]. 

Conclusions 

Pretransplant 25-OHD deficiency was significantly associated with a lower post-transplant 
eGFR, suggesting that 25-OHD may play an important role in maintaining graft function after 
KT. 

Background 

25-hydroxy vitamin D (25-OHD) is not only the stored form of vitamin D in the human body 
but also the predominant circulating form of vitamin D in the blood. Due to its long half-life 
and high concentration in plasma, the serum 25-OHD level is considered to be the best 
measure of vitamin D status. In addition to its classical role in maintenance of bone and 
neuromuscular health, several reports have demonstrated that poor vitamin D status is 
associated with a higher prevalence of hypertension, chronic heart failure, malignancy [1–3], 
and increased mortality not only in patients with chronic kidney disease not on dialysis, but 
also in incident hemodialysis patients [4,5]. Moreover, several clinical and experimental 
studies have reported a protective role for vitamins D against both diabetic and non-diabetic 
renal injuries [6–10]. 

Patients with kidney failure are at high risk for 25-OHD deficiency, most likely due to 
reduced exposure to sunlight resulting from inactivity and hyperpigmentation and, to some 
extent, reduced ingestion of foods that are natural sources of vitamin D [11]. Even though 
patients undergoing kidney transplantation (KT) are generally healthier than patients with 
end-stage kidney disease not eligible for KT, Sadlier et al. reported that only 12% of patients 
at the time of KT had a normal 25-OHD concentration (> 30 ng/mL), while 29% of patients 
had 25-OHD deficiency (< 10 ng/mL) [12]. To date, there has been little research exploring 
the consequences of this high prevalence of vitamin D deficiency at the time of KT. 

We therefore undertook this study to examine which clinical parameters at the time of KT are 
associated with vitamin D deficiency and the effect of vitamin D status prior to KT on 
subsequent graft function in incident kidney transplant patients. 



Methods 

Study population 

One hundred forty-four patients who had been hospitalized for KT at Yonsei University 
Health System in Seoul, Korea (latitude: 37.5°N; annual average sunshine hours: 5.8 hours 
per day) between April 1, 2002 and June 30, 2004 were enrolled and had their 25-OHD level 
assessed. All participants were ethnically homogeneous Korean population. At enrollment, 
patients who were less than 16 years old, had active liver disease or liver cirrhosis, or had 
received prior KT were excluded. During follow-up period, patients who were forced to take 
vitamin D supplements after KT for compelling indications, such as pre-existing uremic 
osteodystrophy or post-transplant osteoporosis, or who did not have an equal number of 
observations (estimated renal function) made at fixed regular intervals were also excluded 
from the analysis without imputation of missing data to minimize estimation bias in statistics 
used in this study (details are below) [13]. Therefore, 106 participants, who maintained 
functioning grafts and were regularly assessed for graft function without missing data 
throughout the 36-month study period, were only included in the final analysis (Figure 1). 

Figure 1  Study profile. All 106 patients selected from 144 patients who were screened for 
25-OHD level were included in the final analysis 

Baseline demographic and clinical characteristics and laboratory data including 25-OHD 
level were obtained during hospitalization prior to transplantation. For correcting serum total 
calcium for the effects of confounders, such as protein level or nutritional status, albumin-
corrected calcium was calculated as previously described [14]. Predominant renal 
replacement therapy (RRT) during the pretransplant end-stage renal disease (ESRD) course 
was defined as the RRT modality for >50% of the ESRD period. 

Of the screened 144 patients, 16 patients (11.1%) experienced acute rejection episodes. 
Diagnosis of all these rejection episodes was confirmed by biopsy. Of whom, 11 patients 
were diagnosed with acute cellular rejection and were treated with 1 g boluses of intravenous 
methyl prednisolone for 3 consecutive days or additional polyclonal/monoclonal antibody 
therapies for steroid-resistant cases (3 of 11 episodes), which enabled them to maintain graft 
patency and be included in the final analysis. In contrast, 5 patients were diagnosed with 
acute mixed humoral/cellular rejection and lost their grafts despite receiving intensive 
courses of immunosuppressive therapy and returned to dialysis (Figure 1). 

These patients were prospectively evaluated for graft function at six-month intervals for 
36 months following KT by estimated glomerular filtration rate (eGFR) using the 
Modification of Diet in Renal Disease (MDRD) equation. When analyzing serum 25-OHD 
concentrations in this population, 25-OHD deficiency was defined as a serum 25-
OHD < 10 ng/mL because this level is associated with an increased risk of rickets in children 
and osteomalacia in adults [15]. This study was approved by the Institutional Review Board 
of Severance Hospital, Yonsei University College of Medicine (no. 4-2009-0382) and written 
informed consent was obtained from all subjects. 



Measurement of serum 25-OHD level 

All specimens measured for 25-OHD were examined in the endocrinology laboratory at the 
Medical Research Center of Yonsei University Health System. 25-OHD level was evaluated 
using a Diasorin 25-OHD 125I radioimmunoassay kit [16], sensitivity ≤ 1.5 ng/mL; inter-assay 
coefficient of variation (CV) = 11.7% at 8.6 ng/mL and 8.6% at 33.0 ng/mL. 

Immunosuppressive regimens 

During the study period, most patients were treated with a triple regimen of calcineurin 
inhibitor (cyclosporine or tacrolimus), purine synthesis inhibitor (azathioprine or 
mycophenolate mofetil), and prednisolone. 

Statistical analysis 

Data analysis was performed using SPSS for Windows, version 12.0 (SPSS, Chicago, IL, 
USA). All results are presented as the mean ± standard error of the mean (SEM). The 
independent t-test was used to compare means and analysis of variance (ANOVA) with 
Bonferroni post-hoc test was used for multiple comparisons between groups. The Chi-square 
test was used to compare proportions between variables. Logistic regression analysis was 
used to estimate the odds ratios and to identify the independent pretransplant risk factors for 
25-OHD deficiency; all variables at the P < 0.1 level in univariate analyses and recipient age 
at KT were included in the model. 

To evaluate the impact of 25-OHD deficiency on changes in eGFR during the 36 months 
following KT, a repeated measures analysis of covariance (ANCOVA) was conducted with 
recipient gender, predominant RRT modality before KT, Biopsy-proven acute rejection 
episode, and group according to serum 25-OHD concentration (25-OHD deficiency vs. 
control) as between-subjects factors, the eGFR at each six-month intervals after KT as a 
within-subjects factor, and baseline serum albumin level as a covariate. Because our data 
violated sphericity assumptions, multivariate tests using Wilks’ lambda was used to analyze 
of the within-subjects effects instead of univariate tests. All main effects as well as their 
interactions were entered into the models. If there was a significant interaction effect, the 
Bonferroni correction was used for post hoc repeated measures ANCOVA. In all cases, a P-
value less than 0.05 was considered significant. 

Results 

Demographic features 

Demographic characteristics of the patients analyzed are listed in Table 1. The mean age was 
40.2 ± 1.1 years (range: 16.8–60.6 years), and 31 participants (29.2%) were women. Forty-
nine (46.2%) patients had received hemodialysis, and 22 (20.2%) had received peritoneal 
dialysis as a predominant RRT modality prior to transplantation. The mean duration of 
dialysis for these 71 patients was 16.8 ± 2.7 months. The remaining 35 subjects (33.0%) 
received pre-emptive transplants. 



Table 1 Baseline characteristics of the 106 patients 
25-OHD (ng/ml) 13.1 ± 0.6 

Demographic characteristics  

Recipient age (years) 40.2 ± 1.1 

Recipient gender (% women) 31 (29.2) 

Active vitamin D supplementation before KT 17 (16.0) 

Etiology of renal failure (%)  

Diabetes mellitus 10 (9.4) 

Glomerulonephritis 32 (30.2) 

Hypertension and others 64 (60.4) 

Duration of dialysis (months) 16.8 ± 2.7 

History of cardiovascular disease 8 (7.5) 

Smoking 22 (20.8) 

Body mass index (kg/m2) 22.8 ± 0.3 

Predominant RRT modality before KT (%)  

Hemodialysis 49 (46.2) 

Peritoneal dialysis 22 (20.8) 

Pre-emptive transplantation 35 (33.0) 

Transplant type  

Living-related donor 76 (71.7) 

Living-unrelated donor 29 (27.4) 

Deceased donor 1 (0.9) 

Donor characteristic  

Donor age 35.1 ± 1.0 

Donor gender (% women) 46 (43.4) 

ABO mismatch (%) 15 (14.2) 

Number of HLA mismatches 2.8 ± 0.1 

Mismatch at A locus (%) 83 (78.3) 

Mismatch at B locus (%) 90 (84.9) 

Mismatch at DR locus (%) 87 (82.1) 

Laboratory test results  

Albumin (g/dl) 3.8 ± 0.0 

Calcium (mg/dl) 9.1 ± 0.1 

Albumin-corrected calcium (mg/dl) 9.3 ± 0.1 

Phosphorus (mg/dl) 5.8 ± 0.2 

Alkaline phosphatase (IU/l) 68.6 ± 2.6 

Parathyroid hormone (intact; pg/ml) 204.6 ± 19.9 

Osteocalcin (ng/ml) 45.2 ± 4.0 

Hemoglobin (g/l) 9.5 ± 0.2 

Biopsy-proven acute rejection episode 11 (10.4) 

Results are expressed as mean ± SEM or number (%). 
KT, kidney transplantation; RRT, renal replacement therapy. 



Distribution of 25-OHD concentrations 

The mean serum 25-OHD concentration was 13.1 ± 0.6 ng/mL; 41 participants (38.7%) had 
vitamin D deficiency defined as less than 10 ng/mL. Considering the latitude of Korea, it can 
be assumed that there is a seasonal variation in ultraviolet exposure, which is a major 
determinant of 25-OHD level. Therefore, we analyzed the seasonal variation of pretransplant 
25-OHD levels. As shown in Figure 2, there was a trend that serum 25-OHD levels were 
higher in summer (14.3 ± 0.9 ng/mL)/autumn (14.4 ± 1.4 ng/mL) than in spring 
(11.4 ± 0.9 ng/mL)/winter (11.4 ± 1.2 ng/mL), but did not reach statistical significance both in 
ANOVA (P = 0.081) and post-hoc multiple comparison using Bonferroni test. 

Figure 2 Seasonal variations of pretransplant 25-OHD levels. I bars represent the 
standard error. *P-value for the association between seasons of KT and serum 25-OHD 
level by analysis of variance (ANOVA) 

Characteristics of the patients according to serum 25-OHD level are shown in Table 2. 
Results showed that the patients divided into two groups according to 25-OHD level were 
similar with regard to donor age and gender, percentage of living and deceased donors, the 
number and locus of HLA mismatch, percentage of ABO mismatch, etiology of renal failure, 
and duration of dialysis. However, the patients with 25-OHD deficiency at KT were more 
likely to be female (P = 0.002), had received maintenance peritoneal dialysis as a 
predominant RRT modality prior to KT (P < 0.001), experienced more frequent biopsy-
proven acute rejection episodes (P = 0.003), and had lower serum levels of hemoglobin 
(P = 0.028) and albumin (P < 0.001). Serum calcium level was also lower in the patients with 
25-OHD deficiency (P = 0.004), but lost significance after correcting for serum albumin level 
(P = 0.121). 

Table 2  Baseline characteristics of patients according to serum 25-OHD levels 
 Without 25-OHD 

deficiency 
(n = 65) 

With 25-OHD 
deficiency 
(n = 41) 

 
P-values 

25-OHD (ng/ml) 16.7 ± 0.6 7.3 ± 0.3 < 0.001 
Demographic characteristics    

Recipient age (years) 40.5 ± 1.3 39.9 ± 1.8 0.793 
Recipient gender (% women) 12 (18.5) 19 (46.3) 0.002 
Active vitamin D supplementation before KT 13 (20.0) 4 (9.8) 0.186 
Etiology of renal failure (%)    

Diabetes mellitus 5 (7.7) 5 (12.2) 0.440 
Glomerulonephritis 17 (26.2) 15 (36.6) 0.255 
Hypertension and others 43 (66.2) 21 (51.2) 0.126 

Duration on dialysis (months) 19.1 ± 3.7 13.3 ± 3.9 0.309 
History of cardiovascular disease 5 (7.7) 3 (7.3) 0.943 
Smoking 15 (23.1) 7 (17.1) 0.458 
Body mass index (kg/m2) 23.2 ± 0.4 22.2 ± 0.4 0.102 
Predominant RRT modality before KT (%)    

Hemodialysis 42 (64.6) 7 (17.1) < 0.001 
Peritoneal dialysis 6 (9.2) 16 (39.0) < 0.001 



Pre-emptive transplantation 17 (26.2) 18 (43.9) 0.058 
Transplant type    

Living-related donor 44 (67.7) 32 (78.0) 0.249 
Living-unrelated donor 20 (30.8) 9 (22.0) 0.321 
Deceased donor 1 (1.5) 0 (0.0) 1.000 

Donor characteristic    
Donor age 35.2 ± 1.4 35.0 ± 1.5 0.922 
Donor gender (% women) 36 (56.3) 23 (56.1) 0.988 

ABO mismatch (%) 12 (18.8) 3 (7.3) 0.153 
Number of HLA mismatches 2.9 ± 0.2 2.8 ± 0.2 0.753 

Mismatch at A locus (%) 49 (76.6) 34 (82.9) 0.434 
Mismatch at B locus (%) 55 (85.9) 35 (85.4) 0.935 
Mismatch at DR locus (%) 52 (81.3) 35 (95.4) 0.585 

Biopsy-proven acute rejection episode 2 (3.1) 9 (22.0) 0.003 
Laboratory test results    

Albumin (g/dl) 4.0 ± 0.1 3.6 ± 0.1 < 0.001 
Calcium (mg/dl) 9.4 ± 0.1 8.7 ± 0.2 0.004 
Albumin-corrected calcium (mg/dl) 9.4 ± 0.1 9.1 ± 0.2 0.121 
Phosphorus (mg/dl) 6.0 ± 0.3 5.5 ± 0.2 0.169 
Alkaline phosphatase (IU/l) 68.9 ± 3.3 68.0 ± 4.4 0.864 
Parathyroid hormone (intact; pg/ml) 205.4 ± 26.9 203.2 ± 29.2 0.957 
Osteocalcin (ng/ml) 47.7 ± 5.4 41.2 ± 5.5 0.429 
Hemoglobin (g/l) 9.8 ± 0.2 9.0 ± 0.3 0.028 

Results are expressed as mean ± SEM or number (%). 
KT, kidney transplantation; RRT, renal replacement therapy. 

Among the pretransplant parameters, an adjusted multivariate logistic regression model 
showed that female gender was independently associated with 25-OHD deficiency (odds ratio 
[OR] 3.30, 95% CI 1.33–8.21, P = 0.010), and increased serum albumin level was associated 
with lower odds of 25-OHD deficiency (OR 0.35, 95% CI 0.13–0.98, P = 0.047). In addition, 
predominant RRT modality before KT was also associated with 25-OHD deficiency 
(P < 0.001) (Table 3). 

Table 3 Independent predictors for 25-OHD deficiency using multivariate logistic 
regression model* 
Pretransplant parameters B S.E. Wald df P-values OR 95% CI 
Female sex (vs. male) 1.19 0.47 6.60 1 0.010 3.30 1.33-8.21 
Serum albumin (per 1 mg/dl increase) −1.04 0.52 3.96 1 0.047 0.35 0.13-0.98 
Predominant RRT modality before KT   13.66 2 < 0.001   

HD (vs. PD) −2.31 0.65 12.64 1 < 0.001 0.10 0.03-0.36 
Preemptive KT (vs. PD) −0.96 0.60 2.56 1 0.110 0.38 0.12-1.24 

*adjusted for recipient age and baseline serum hemoglobin level 
25-OHD, 25-hydroxy vitamin D; RRT, renal replacement therapy; KT, kidney 
transplantation; HD, hemodialysis; PD, peritoneal dialysis 



Changes in eGFR 

A repeated measures ANCOVA was performed to explore whether pretransplant 25-OHD 
level had an impact on changes in eGFR during the 36-month follow-up period as a main 
between-subjects factor. We also entered recipient gender and predominant RRT modality 
before KT as between-subjects factors, and serum albumin level as a covariate into the model 
because they were potential pretransplant contributors to differences in 25-OHD level 
(Table 3). Since an acute rejection episode is an established precedent for chronic graft 
dysfunction [17] and the incidence of posttransplant biopsy-proven acute rejection was 
significantly different according to 25-OHD level (Table 2), a biopsy-proven acute rejection 
episode was also included as a between-subjects factor. The within-subjects factor was 
represented by the eGFR at each six-month interval after KT. Upon multivariate test of 
within-subjects effect, there was no significant main effect for eGFR at each 6-month interval 
after KT [Wilks’ lambda = 0.92, F(6, 83) = 1.39, P = 0.228], whereas eGFR at each 6-month 
interval after KT by group (25-OHD deficiency vs. control) interaction was significant 
[Wilks’ lambda = 0.84, F(6, 83) = 3.56, P = 0.003]. This indicates that, while overall graft 
function did not change significantly throughout the 36 months after KT, the patterns of 
changes in graft function were not consistent and depend on 25-OHD level. Subsequent 
analysis of between-subjects effects revealed that only the main effect of group according to 
25-OHD level (25-OHD deficiency vs. control) was significant, and none of the interactions 
associated with group according to 25-OHD level (25-OHD deficiency vs. control) were 
significant [F(1, 88) = 12.07, P = 0.001] (Figure 3) (Table 4). While the main effect of biopsy-
proven acute rejection episode was not significant, there were significant interactions of 
Biopsy-proven acute rejection episode with recipient gender [F(1, 88) = 6.78, P = 0.011] and 
predominant RRT modality before KT [F(1, 111) = 3.84, P = 0.025]. These results suggest 
that an acute rejection episode affects post-KT graft function differently according to 
recipient gender and predominant RRT modality before KT. Further, post hoc repeated 
measures ANCOVA analyses with the Bonferroni corrections revealed that, after a biopsy-
proven acute rejection episode, males experienced a persistently lower level of graft function 
[F(1, 73) = 7.57, P = 0.007] but females did not [F(1, 29) = 0.65, P = 0.426], and only the graft 
function of patients receiving pre-emptive KT was affected adversely by a biopsy-proven 
acute rejection episode [F(1, 33) = 5.86, P = 0.020] but patients receiving HD [F(1, 47) = 1.80, 
P = 0.185] or PD [F(1, 20) = 0.28, P = 0.605] as predominant RRT modality before KT were 
not adversely affected. 

Figure 3  Changes in eGFRs between patients with and without 25-OHD deficiency 
from the immediate postoperative period (20 days after kidney transplantation) to 
36 months after kidney transplantation. I bars represent the standard error.  *P-value 
for test of between-subjects effects by repeated measures analysis of covariance (ANCOVA) 

Table 4  Test of between-subject effects on change of eGFR using repeated measures 
ANCOVA * 
Between-subjects factors df F P-values 
Recipient gender 1 3.03 0.085 
Predominant RRT modality before KT 2 2.50 0.087 
Biopsy-proven acute rejection episode 1 1.83 0.179 
25-OHD deficiency 1 12.07 0.001 
*Analysis was conducted with all listed between-subjects factors and baseline serum albumin 
level as covariate entered into models 



RRT, renal replacement therapy; KT, kidney transplantation; 25-OHD, 25-hydroxy vitamin D 

Discussion 

Poor vitamin D status, defined by low level of serum 25-OHD concentration, has been 
reported to be associated with both renal dysfunction and nephrotic syndrome [18]. In 
addition, 25-OHD level is positively correlated with eGFRs [19]. This correlation can in part 
be explained by certain conditions that are more prevalent in the dialysis population, 
including uremic inflammatory status, co-morbidities, dark skin color, decreased sun 
exposure, poor nutritional status, and decreased vitamin D binding protein. 

Our study showed that 38.7% of the analyzed patients suffered from 25-OHD deficiency, 
with a mean value of 13.1 ± 0.6 ng/mL. Men had significantly higher levels of 25-OHD than 
did women, consistent with previous studies conducted in both the general population [20] 
and in patients with chronic kidney disease [19]. We also discovered that low serum albumin 
level was associated with low 25-OHD level, which might be explained not only by 
malnutrition or uremic inflammation but also by the positive correlation between serum 
albumin and vitamin D binding protein levels [21]. 

Patients with 25-OHD deficiency were more likely to be receiving peritoneal dialysis than 
hemodialysis prior to KT. This can be explained by a substantial loss of vitamin D binding 
protein through the peritoneal membrane [22] or direct loss of 25-OHD via peritoneal 
membrane into PD fluid [23], which is unlikely in conventional hemodialysis due to a general 
inability to transport middle-sized proteins. 

A principal finding of our prospective study was that 25-OHD level at the time of KT had a 
substantial effect on subsequent graft function. Several experimental studies demonstrated 
that the active form of vitamin D, 1,25-dihydroxyvitamin D [1,25-(OH)2D] has a potentially 
beneficial effect on the progression of renal disease. Vitamin D/vitamin D analog therapy has 
been shown to decrease glomerulosclerosis by suppressing the actions of TGF-β [6], 
albuminuria, podocyte hypertrophy [8], mesangial cell proliferation [24], and activation of 
the renin-angiotensin system [9]. In addition, other possible renoprotective roles more 
specifically related to transplantation have also been noted. There was a tendency toward 
fewer acute rejection episodes in 1,25-(OH)2D-treated kidney transplant cohort [25]. 
Consistent with this finding, our study showed that 25-OHD deficiency was associated with a 
significantly higher incidence of biopsy-proven acute rejection (P = 0.003, Table 2). Several 
other immunomodulatory mechanisms potentially influencing graft function have also been 
explored, including attenuation of the activities of CD4+/CD8+ T-cells [26,27], B-cells [28], 
and dendritic cells [29] as well as alteration of TGFβ-1 and matrix-regulating molecules [30]. 
There is little conversion of 25-OHD to 1,25-(OH)2D due to lack of 1-α hydroxylase in 
patients with kidney failure; however, after KT, 1,25-(OH)2D levels can be restored by 
allograft [31]. 

Taken together, these facts imply that a suboptimal level of 25-OHD, as a substrate for 1,25-
(OH)2D, at the time of KT might have an adverse effect on subsequent graft function from as 
early as 20 days (Figure 3) to several months after KT with its long half-life (up to 25–
30 days) [32]. Additionally, it is well established that early graft function, under the possible 
influence of 25-OHD level at the time of KT, is the most relevant predictor for long-term 



graft function [33]. Furthermore, we cannot completely exclude the possibility that 25-OHD 
has another independent role in maintaining graft function not mediated by 1,25-(OH)2D. 

This study had some limitations but also points of relevance. First, serum 25-OHD level was 
measured only once at baseline. But, Since posttransplant 25-OHD supplementation is the 
only proven intervention to change 25-OHD level in renal transplant patients [34], we 
excluded all the patients taking post-KT vitamin D supplements from the analysis. Therefore, 
we can cautiously expect that initial differences in 25-OHD might be maintained during the 
study period. Second, only serum 25-OHD level was measured, but not 1,25-(OH)2D level 
because only serum 25-OHD level is used as a standard to define vitamin D deficiency. In 
addition, a positive correlation between 25-OHD and 1,25-(OH)2D levels in transplant 
subjects with mild renal impairment suggests that the serum level of 25-OHD can be used as 
an estimate of 1,25-(OH)2D level [35]. Third, instead of imputation, we excluded the data of 
all the patients who did not have complete details of graft function at fixed intervals 
according to protocol. Excluded patients were those who experienced premature graft failure, 
were dead, or had even 1 missing data of graft function at fixed intervals during the study 
period. This process was required and helps to minimize the estimation bias in repeated 
measures ANCOVA, but meanwhile also might introduce sample bias since the subjects with 
complete data may not be representative of the entire transplant population. However, more 
than 90% of the participants, who were initially screened, had complete data of graft function 
at fixed intervals. Hence, such sample bias is expected to be relatively small. 

Conclusions 

In conclusion, we found that 25-OHD deficiency at the time of KT had a significant adverse 
effect on graft function during the first 36 months after KT. Although the exact mechanism 
remains to be elucidated, vitamin D metabolites not only contribute to canonical 
musculoskeletal health but may also play an important role in the health of other organ 
systems, including maintenance of early graft function. Further studies are needed to identify 
an effective and safe method for maintaining adequate 25-OHD levels in dialysis patients 
listed for KT and to clarify the effect of vitamin D supplementation in vitamin D deficient KT 
patients on the post-transplant outcomes, which is expected to be addressed in the ongoing 
randomized controlled trial by Thiem et al. (ClinicalTrial.gov NCT00752401) [36]. 

Competing interests 

The authors declare that they have no competing interests. 

Author’s contributions 

The authors’ responsibilities were as follows: HK designed and conducted the statistical 
analysis and wrote the manuscript; SWK and THY edited and made critical revision to the 
manuscript; MSK organized the data collection and helped interpret data; SIK and YSK 
collected data and contributed to study design; KHC organized the data collection and edited 
the manuscript. All authors approved the final version of the manuscript. 



Acknowledgements 

This paper was supported by Wonkwang University in 2012. 

References 

1.  Kristal-Boneh E, Froom P, Harari G, Ribak J: Association of calcitriol and blood 
pressure in normotensive men. Hypertension 1997, 30(5):1289–1294. 

2.  Zittermann A, Schleithoff SS, Tenderich G, Berthold HK, Korfer R, Stehle P: Low 
vitamin D status: a contributing factor in the pathogenesis of congestive heart failure? J 
Am Coll Cardiol 2003, 41(1):105–112. 

3.  Giovannucci E, Liu Y, Rimm EB, Hollis BW, Fuchs CS, Stampfer MJ, Willett WC: 
Prospective study of predictors of vitamin D status and cancer incidence and mortality 
in men. J Natl Canc Inst 2006, 98(7):451–459. 

4.  Wolf M, Shah A, Gutierrez O, Ankers E, Monroy M, Tamez H, Steele D, Chang Y, 
Camargo CA Jr, Tonelli M, et al: Vitamin D levels and early mortality among incident 
hemodialysis patients. Kidney Int 2007, 72(8):1004–1013. 

5.  Mehrotra R, Kermah DA, Salusky IB, Wolf MS, Thadhani RI, Chiu YW, Martins D, 
Adler SG, Norris KC: Chronic kidney disease, hypovitaminosis D, and mortality in the 
United States. Kidney Int 2009, 76(9):977–983. 

6.  Makibayashi K, Tatematsu M, Hirata M, Fukushima N, Kusano K, Ohashi S, Abe H, 
Kuze K, Fukatsu A, Kita T, et al: A vitamin D analog ameliorates glomerular injury on 
rat glomerulonephritis. Am J Pathol 2001, 158(5):1733–1741. 

7.  Agarwal R, Acharya M, Tian J, Hippensteel RL, Melnick JZ, Qiu P, Williams L, Batlle D: 
Antiproteinuric effect of oral paricalcitol in chronic kidn ey disease. Kidney Int 2005, 
68(6):2823–2828. 

8.  Kuhlmann A, Haas CS, Gross ML, Reulbach U, Holzinger M, Schwarz U, Ritz E, Amann 
K: 1,25-Dihydroxyvitamin D3 decreases podocyte loss and podocyte hypertrophy in the 
subtotally nephrectomized rat. Am J Physiol Ren Physiol 2004, 286(3):F526–F533. 

9.  Zhang Z, Sun L, Wang Y, Ning G, Minto AW, Kong J, Quigg RJ, Li YC: Renoprotective 
role of the vitamin D receptor in diabetic nephropathy. Kidney Int 2008, 73(2):163–171. 

10.  de Zeeuw D, Agarwal R, Amdahl M, Audhya P, Coyne D, Garimella T, Parving HH, 
Pritchett Y, Remuzzi G, Ritz E, et al: Selective vitamin D receptor activation with 
paricalcitol for reduction of albuminuria in patients with t ype 2 diabetes (VITAL 
study): a randomised controlled trial. Lancet 2010, 376(9752):1543–1551. 

11.  Taskapan H, Wei M, Oreopoulos DG: 25(OH) vitamin D3 in patients with chronic 
kidney disease and those on dialysis: rediscovering its importance. Int Urol Nephrol 
2006, 38(2):323–329. 



12.  Sadlier DM, Magee CC: Prevalence of 25(OH) vitamin D (calcidiol) deficiency at 
time of renal transplantation: a prospective study. Clin Transplant 2007, 21(6):683–688. 

13.  Gueorguieva R, Krystal JH: Move over ANOVA: progress in analyzing repeated-
measures data and its reflection in papers published in the Archives of General 
Psychiatry. Arch Gen Psychiatry 2004, 61(3):310–317. 

14.  Portale AA: Blood calcium, phosphorus, and magnesium. Primer Metab Bone Dis 
Disord Miner Metabol 1999, 5:151–154. 

15.  Holick MF: Vitamin D: importance in the prevention of cancers, type 1 diabetes, 
heart disease, and osteoporosis. Am J Clin Nutr 2004, 79(3):362–371. 

16.  Hollis BW, Kamerud JQ, Selvaag SR, Lorenz JD, Napoli JL: Determination of vitamin 
D status by radioimmunoassay with an 125I-labeled tracer. Clin Chem 1993, 39(3):529–
533. 

17.  Matas AJ, Humar A, Payne WD, Gillingham KJ, Dunn DL, Sutherland DE, Najarian JS: 
Decreased acute rejection in kidney transplant recipients is associated with decreased 
chronic rejection. Ann Surg 1999, 230(4):493–498. discussion 498–500. 

18.  Thomas MK, Lloyd-Jones DM, Thadhani RI, Shaw AC, Deraska DJ, Kitch BT, 
Vamvakas EC, Dick IM, Prince RL, Finkelstein JS: Hypovitaminosis D in medical 
inpatients. N Engl J Med 1998, 338(12):777–783. 

19.  LaClair RE, Hellman RN, Karp SL, Kraus M, Ofner S, Li Q, Graves KL, Moe SM: 
Prevalence of calcidiol deficiency in CKD: a cross-sectional study across latitudes in the 
United States. Am J Kidney Dis 2005, 45(6):1026–1033. 

20.  Looker AC, Dawson-Hughes B, Calvo MS, Gunter EW, Sahyoun NR: Serum 25-
hydroxyvitamin D status of adolescents and adults in two seasonal subpopulations from 
NHANES III.  Bone 2002, 30(5):771–777. 

21.  Ishimura E, Nishizawa Y, Inaba M, Matsumoto N, Emoto M, Kawagishi T, Shoji S, 
Okuno S, Kim M, Miki T, et al: Serum levels of 1,25-dihydroxyvitamin D, 24,25-
dihydroxyvitamin D, and 25-hydroxyvitamin D in nondialyzed patients with chronic 
renal failure. Kidney Int 1999, 55(3):1019–1027. 

22.  Delmez JA, Slatopolsky E, Martin KJ, Gearing BN, Harter HR: Minerals, vitamin D, 
and parathyroid hormone in continuous ambulatory peritoneal dialysis. Kidney Int 1982, 
21(6):862–867. 

23.  Sahin G, Kirli I, Sirmagul B, Colak E, Yalcin AU: Loss via peritoneal fluid as a factor 
for low 25(OH)D3 level in peritoneal dialysis patients. Int Urol Nephrol 2009, 41(4):989–
996. 

24.  Abe H, Iehara N, Utsunomiya K, Kita T, Doi T: A vitamin D analog regulates 
mesangial cell smooth muscle phenotypes in a transforming growth factor-beta type II 
receptor-mediated manner. J Biol Chem 1999, 274(30):20874–20878. 



25.  O'Herrin JK, Hullett DA, Heisey DM, Sollinger HW, Becker BN: A retrospective 
evaluation of 1,25-dihydroxyvitamin D(3) and its potential effects on renal allograft 
function. Am J Nephrol 2002, 22(5–6):515–520. 

26.  Bhalla AK, Amento EP, Krane SM: Differential effects of 1,25-dihydroxyvitamin D3 
on human lymphocytes and monocyte/macrophages: inhibition of interleukin-2 and 
augmentation of interleukin-1 production. Cell Immunol 1986, 98(2):311–322. 

27.  Reichel H, Koeffler HP, Tobler A, Norman AW: 1 alpha,25-Dihydroxyvitamin D3 
inhibits gamma-interferon synthesis by normal human peripheral blood lymphocytes. 
Proc Natl Acad Sci U S A 1987, 84(10):3385–3389. 

28.  Chen S, Sims GP, Chen XX, Gu YY, Lipsky PE: Modulatory effects of 1,25-
dihydroxyvitamin D3 on human B cell differentiation. J Immunol 2007, 179(3):1634–
1647. 

29.  Penna G, Adorini L: 1 Alpha,25-dihydroxyvitamin D3 inhibits differentiation, 
maturation, activation, and survival of dendritic cells leading to impaired alloreactive T 
cell activation. J Immunol 2000, 164(5):2405–2411. 

30.  Hullett DA, Laeseke PF, Malin G, Nessel R, Sollinger HW, Becker BN: Prevention of 
chronic allograft nephropathy with vitamin D.  Transpl Int 2005, 18(10):1175–1186. 

31.  Riancho JA, de Francisco AL, del Arco C, Amado JA, Cotorruelo JG, Arias M, 
Gonzalez-Macias J: Serum levels of 1,25-dihydroxyvitamin D after renal transplantation. 
Miner Electrole Metabol 1988, 14(6):332–337. 

32.  Coburn JW: An update on vitamin D as related to nephrology practice: 2003. Kidney 
Int Suppl 2003, 87:S125–S130. 

33.  Salvadori M, Rosati A, Bock A, Chapman J, Dussol B, Fritsche L, Kliem V, Lebranchu 
Y, Oppenheimer F, Pohanka E, et al: Estimated one-year glomerular filtration rate is the 
best predictor of long-term graft function following renal transplant. Transplantation 
2006, 81(2):202–206. 

34.  Wissing KM, Broeders N, Moreno-Reyes R, Gervy C, Stallenberg B, Abramowicz D: A 
controlled study of vitamin D3 to prevent bone loss in renal-transplant patients 
receiving low doses of steroids. Transplantation 2005, 79(1):108–115. 

35.  Lucas PA, Woodhead JS, Brown RC: Vitamin D3 metabolites in chronic renal failure 
and after renal transplantation. Nephrol Dial Transplant 1988, 3(1):70–76. 

36.  Thiem U, Heinze G, Segel R, Perkmann T, Kainberger F, Muhlbacher F, Horl W, 
Borchhardt K: VITA-D: cholecalciferol substitution in vitamin D deficient kidney 
transplant recipients: a randomized, placebo-controlled study to evaluate the post-
transplant outcome. Trials 2009, 10:36. 

 



Figure 1



Figure 2



Figure 3


	Start of article
	Figure 1
	Figure 2
	Figure 3

