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CLINICAL STUDY

High Prevalence of Vitamin D Insufficiency in Southern Chinese Renal
Transplant Recipients

Maggie K.M. Ma, Maggie M.Y. Mok, Susan Yung, Colin S.O. Tang and Tak Mao Chan

Division of Nephrology, Department of Medicine, The University of Hong Kong, Queen Mary Hospital, Hong Kong (SAR), PR

China

Abstract

Vitamin D deficiency is common globally. There is evidence that vitamin D status may be related to immune function and
cardiovascular disease. The vitamin D status of Chinese kidney transplant recipients has never been investigated. We
performed a cross-sectional study and measured the level of 25-hydroxyvitamin D [25(OH)D] in 94 Chinese renal
transplant recipients with stable allograft function. Vitamin D deficiency and insufficiency were detected in 43.6% and
54.2% of patients, respectively. About 53.2% of the patients also had elevated parathyroid hormone (PTH) levels. The
level of 25(0OH)D was lower in kidney transplant recipients compared with healthy controls matched for age and sex
(52.5 + 15.6 nmol/L vs. 57.5 &+ 19.0 nmol/L, p = 0.05), but the level of serum creatinine was higher in kidney transplant
recipients (120.3 +48.5 ymol/L and 78.3 + 15.3 umol/L, p < 0.01). The level of 25(OH)D was negatively correlated with that
of PTH (p = 0.001). The latter was associated with serum creatinine (o = 0.001) and duration of dialysis (p = 0.001).
Patients with a history of acute rejection showed lower levels of 25(0OH)D (45.3 + 11.9 nmol/L vs. 54.2 + 16.0 nmol/L,
p = 0.003). We conclude that vitamin D deficiency is prevalent among Chinese renal transplant recipients. In view of the
potential immunomodulatory effect of vitamin D, the relationship between vitamin D level and rejection and the effect of

vitamin D supplementation in renal transplant recipients warrant further investigations.
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INTRODUCTION

Vitamin D deficiency is well known to play a role in the
pathogenesis of secondary hyperparathyroidism in
patients with chronic kidney disease (CKD).! It has
also been demonstrated that vitamin D deficiency con-
tributed to bone loss in renal transplant recipients and
resulted in increased fracture rates and morbidity.? In
addition to its well-established role in bone mineral
metabolism, the nonclassical effects of vitamin D on the
cardiovascular, renal, and immune systems are gaining
increasing attention recently.” Vitamin D deficiency has
demonstrated associations with increased risk of hyper-
tension, cardiovascular disease, glucose intolerance,
infectious diseases, autoimmune disorders, and
malignancy.*

The data to date suggest that vitamin D insufficiency is
common among renal transplant recipients. It was
reported that the prevalence of vitamin D insufficiency
among stable renal transplant recipients was up to 85%

in the United Kingdom,”> and 94.7% among African
Americans.® Vitamin D status shows geographical and
racial variation.” There are no data on the vitamin D
status in Chinese renal transplant recipients. With inade-
quate information on the vitamin D status and its clinical
consequences, the management of vitamin D insuffi-
ciency in renal transplant recipients remains undefined.
We therefore performed a cross-sectional study to inves-
tigate the vitamin D status in renal transplant recipients
and looked for parameters that were associated with
vitamin D status.

MATERIALS AND METHODS

This cross-sectional study was carried out during the
period 1 August 2010 to 31 January 2011. Adult renal
transplant recipients with stable renal allograft function,
defined as <15% fluctuation of serum creatinine over the
previous 6 months, more than 1 year after kidney
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transplantation were recruited from a single center.
Patients with acute rejection in the past 6 months, those
who had undergone parathyroidectomy, or those who
were treated with vitamin D were excluded.
Demographic data, including age, gender, and body
weight, were recorded. Clinical data including cause of
end-stage renal failure; modality and duration of renal
replacement therapy prior to transplantation; and compli-
cations such as acute rejection, malignancy, and cardio-
vascular disease were obtained from the review of patients’
records. Cardiovascular disease was defined as prior his-
tory of coronary artery revascularization, documented
coronary artery stenosis or myocardial hypoperfusion
with imaging, or history of myocardial infarction or
acute coronary syndrome with characteristic electrocar-
diographic changes and elevated cardiac enzyme level.
Fasting blood samples were collected from each
patient for the measurement of serum creatinine, cal-
cium, phosphate, parathyroid hormone (PTH), hemo-
globin, fasting glucose, lipid profile, and 25-
hydroxyvitamin D [25(OH)D] levels. The level of 25
(OH)D was measured by radioimmunoassay using a kit
(DiaSorin, Inc., Stillwater, MN, USA). Vitamin D defi-
ciency was defined as serum 25(OH)D level below
50 nmol/L. The level of 25(OH)D over 75 nmol/L indi-
cated sufficient vitamin D status, and levels in the range
50-75 nmol/L. were regarded as vitamin D insufficiency
according to established criteria.* Age- and sex-matched
healthy individuals from the general population with no
documented renal disease were included as controls.
Data were analyzed using SPSS for Windows software
(version 16.0). Continuous data were expressed as
mean =+ standard deviation. Comparison between
groups was performed by chi-square or Fisher’s exact
test for categorical data and Student’s r-test, Mann—
Whitney U-test, or analysis of variance (ANOVA) as
appropriate for continuous data. Continuous variables
that were not in normal distribution were logarithmically
transformed. Pearson’s correlation testing was used to
look for associations between different parameters. A
p-value <0.05 was considered statistically significant.
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RESULTS

A total of 94 kidney transplant recipients were included
in the study (mean age: 51.0 + 8.8 years; duration of
transplantation: 148.7 + 92.1 months). All were local
Chinese. In addition, 94 age- and sex-matched healthy
individuals were included as controls (Table 1). There
were no differences in comorbidities between renal trans-
plant recipients and controls, such as ischemic heart
disease (21.3% vs. 28.4%, p = NS) and diabetes
(21.3% vs. 23.4%, p = NS). Serum creatinine level was
higher in kidney transplant recipients than that in con-
trols (120.3 + 48.5 pmol/LL and 78.3 £+ 15.3 umol/L,
respectively, p < 0.01). The level of 25(OH)D was
52.5 4+ 15.6 nmol/L in kidney transplant recipients and
57.5 £ 19.0 nmol/LL in controls (p = 0.05). Serum 25
(OH)D level was similar between patients and controls
with estimated glomerular filtration rate (eGFR) of
60 mL/min or above (i.e., CKD stage 1 or 2; Figure 1).
There were too few controls with more severe degrees of
renal impairment for meaningful comparison.

About 21.3% of samples were taken in the sunny sum-
mer months of August—September. The level of 25(OH)
D measured in summer and in winter (October—January)
did not differ significantly (56.4 £+ 21.4 nmol/L vs.
51.3 £+ 13.2 nmol/L, p = NS). About 43.6% of kidney
transplant recipients had 25(OH)D levels below
50 nmol/LL (i.e., vitamin D deficient) and 54.3% had
levels in the range 50—75 nmol/L (i.e., vitamin D insuffi-
cient). Only 2 (2.1%) patients had sufficient vitamin D
status as indicated by 25(OH)D levels above 75 nmol/
L. Vitamin D-deficient patients were younger
(48.7 + 10.1 vs. 52.9 + 7.4 vs. 52.5 £+ 0.7 in 25(OH)
D < 50 nmol/L, 50-75 nmol/L, and >75 nmol/L group,
respectively) and received renal transplant at younger age
(36.8 £ 12.1 vs. 40.4 £+ 10.6 vs. 45.0 &+ 1.4 in 25(OH)
D < 50 nmol/L, 50-75 nmol/L, and >75 nmol/L group,
respectively; Table 2). However, 25(OH)D level was not
significantly associated with age (p = 0.14) and age at
transplantation (p = 0.29) on correlation analysis.
Duration of dialysis prior to transplantation and duration

Table 1. Laboratory parameters of 94 renal transplant recipients compared with age- and sex-matched healthy controls.

Renal transplant recipient (z = 94) Healthy control (z = 94) p-Value
Age 51.0 + 8.8 51.1 £8.5 NS
Male gender (%) 57.4 58.5 NS
Cardiovascular disease (%) 21.3 28.4 NS
Diabetes mellitus (%) 21.3 23.4 NS
25(OH)D (nmol/L) 52.5+15.6 57.5+19.1 0.05
Creatinine (umol/L) 120.3 +48.5 78.3 +£15.3 0.00
Fasting glucose (mmol/L) 53+ 1.6 55+1.5 NS
HbAlc (%) 6.1 +1.4 6.2+ 1.1 NS
Total cholesterol (mmol/L) 4.88 +1.10 4.73 +0.85 NS
Triglyceride (mmol/L) 1.40 + 0.74 1.31 +0.53 NS
Low-density lipoprotein (mmol/L) 2.71 £ 0.86 2.73+0.74 NS
High-density lipoprotein (mmol/L) 1.57 + 0.50 1.39 + 0.43 NS

Note: NS, not significant.

© 2012 Informa Healthcare USA, Inc.
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Figure 1. The level of 25(OH)D in renal transplant recipients and
healthy controls matched for age, sex, and renal function. The
numbers in the columns indicate the number of patients in each
subgroup, and the error bars indicate the respective standard
deviations.

of follow-up after transplantation did not differ signifi-

cantly among patients with different vitamin D status.
PTH level in kidney transplant recipients was

10.2 £ 7.4 pmol/L. Fifty (53.2%) patients had PTH levels

above the normal upper limit of 7.3 pmol/L. Calcium and
phosphate levels were 2.38 + 0.11 mmol/LL and
1.03 + 0.16 mmol/L, respectively. The level of 25(OH)
D was negatively associated with log-PTH (R = —0.34,
p=0.001), and the latter was significantly associated with
log-creatinine (R = —0.33, p = 0.001) and duration of
dialysis (R = 0.35, p = 0.001). However, there was no
significant correlation between 25(OH)D level and log-
creatinine (R = —0.052, p = 0.62), calcium (R = 0.15,
p = 0.15), phosphate (R = —0.057, p = 0.58), duration of
dialysis (R = —0.074, p = 0.51), and duration of trans-
plantation (R = 0.034, p = 0.74; Table 3).

Eighteen patients had history of acute rejection; the
rejection episodes were 148 + 95 months prior to the
measurement of vitamin D level. These patients had sig-
nificantly lower serum 25(OH)D level (45.3 4+ 11.9 nmol/
L) compared with those without acute rejection
(54.2 + 16.0 nmol/L, p = 0.003). The levels of 25(OH)
D were similar in patients with (z =9, 49.3 + 9.0 nmol/L)
or without solid organ tumor (z = 85, 52.9 4+ 16.2 nmol/
L, p = 0.52). The tumors included renal cell carcinoma
(n = 4), carcinoma of colon (z = 2), hepatocellular carci-
noma (n = 1), carcinoma of ovary (z = 1), and carcinoma

Table 2. Comparison between kidney transplant recipients with 25(OH)D level <50 nmol/L, 50-75 nmol/L, or >75 nmol/L..

25(0H)D < 50

25(0H)D 50-75 25(0H)D > 75

Opverall (nmol/L) (nmol/L) (nmol/L)
Number of patients 94 41 51 2
Age (yrs)” 51.0 + 8.8 48.7 + 10.1 52.9+7.4 52.5+0.7
Age at transplantation (years)™** 389+ 11.3 36.8 £ 12.1 40.4 + 10.6 45.0+ 1.4

Male/female (%/%)
Cause of renal failure, n (%)
Chronic glomerulonephritis

54/40 (57.4%/42.6%)

50 (53.1%)

Hypertension 2 (1.9%)
Diabetes 6 (5.6%)
Unknown 33 (30.6%)
Others 3 (2.8%)

Immunosuppressant, z (%)
Prednisolone + CNI + MPA
Prednisolone + CNI + mTOR
Prednisolone + CNI + AZA
Prednisolone + CNI

28 (29.8%)
10 (10.6%)
19 (20.2%)
26 (27.7%)

Prednisolone + AZA 5(5.3%)

Prednisolone + mTOR 1 (1.1%)

Steroid-free regime 5(5.3%)
Duration of dialysis (months) 24.2 + 30.0

Type of transplantation, 7 (%)
Cadaveric
Living donor
Duration of transplantation (months)
Acute rejection, 7 (%)

67 (71.3%)
27 (28.7%)
148.7 + 92.1
18 (19.1%)

Biochemistry
Serum creatinine (umol/L) 120.31 + 48.5
eGFR (mL/min) 54.4 + 18.8
PTH (pmol/L) 102+ 74
Calcium (mmol/L) 2.36 £ 0.27
Phosphate (mmol/L) 1.02 £0.20

22/19 (53.7%/46.3%)

30/21 (58.5%/41.2%) 2/0 (100.0%/0.0%)

23 (56.1%) 25 (49.0%) 2 (100%)
0 (0.0%) 2 (3.9%) 0 (0%)
3 (7.3%) 3 (5.9%) 0 (0%)
12 (29.3%) 21 (41.2%) 0 (0%)
3 (7.3%) 0 (0%) 0 (0%)
14 (34.1%) 14 (27.5%) 0
5 (12.2%) 5 (9.8%) 0
5 (12.2%) 12 (23.4%) 2 (100%)
10 (24.4%) 16 (31.4%) 0
3 (7.3%) 2 (3.9%) 0
0 1 (2.0%) 0
4 (9.8%) 1 (2.0%) 0
154 +15.2 20.4 £ 37.6 13.0
30 (73.2%) 35 (68.6%) 2 (100%)
11 (26.8%) 16 (31.4%) 0 (0%)
149.7 + 100.0 150.1 + 87.4 90.5 £ 19.1
10 (24.4%) 8 (15.7%) 0 (0%)
122.3 £ 59.1 119.2 + 39.6 108.5 + 13.5
53.6 + 21.1 54.7 £17.3 62.0 £ 8.5
11.7+7.7 93+72 6.1+2.7
2.30 £ 0.39 2.40 £0.12 2.37 + 0.04
1.01 £0.24 1.03 £0.16 0.94 + 0.08

Notes: AZA, azathioprine; CNI, calcineurin inhibitor; MPA, mycophenolic acid; mTOR, mammalian target of rapamycin.

*p = 0.02 between 25(OH)D < 50 nmol/L and 50-75 nmol/L group.
**p = 0.03 between 25(OH)D 50-75 nmol/L and >75 nmol/L group.
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Table 3. Correlation between 25(OH)D and various clinical and
laboratory parameters in 94 renal transplant recipients.

Correlation coefficient  p-Value
Log PTH —0.34 0.001
Log creatinine —0.052 0.62
Calcium 0.15 0.15
Phosphate —-0.057 0.58
Duration of dialysis —-0.074 0.51
Duration of transplantation 0.034 0.74

of corpus (n = 1). The level of 25(OH)D did not differ
between patients with (z = 20, 56.2 + 14.0 nmol/L) or
without (n = 74, 51.5 + 16.0 nmol/L)) cardiovascular
disease (p = 0.24).

DISCUSSION

Vitamin D insufficiency is common among renal trans-
plant recipients. Previous studies reported that 85% of
Caucasian and 94.7% African American renal transplant
recipients had insufficient serum 25(OH)D level.>®
However, these studies did not include healthy controls
for comparison. In fact, there is evidence that vitamin D
deficiency is a global health problem. It has been esti-
mated that 1 billion people have vitamin D deficiency
worldwide.* In Hong Kong, over 60% of community
dwelling Chinese adult have 25(OH)D level below
75 nmol/L.®° In this study, over 90% Chinese renal
transplant recipients had insufficient 25(OH)D level.
There was no significant difference in the 25(OH)D
level between renal transplant patients and healthy con-
trols when stratified according to the stage of
CKD. Many factors may contribute to the high preva-
lence of vitamin D insufficiency in southern Chinese.®°
These include a low level of outdoor physical activity, use
of sunscreen, and the Chinese diet that is low in calcium
content and lacks vitamin D-rich food items.

Additional risk factors for vitamin D insufficiency
include long-term treatment with corticosteroids that
activate gene expression of enzymes that catabolize vita-
min D.? In addition, elevated level of fibroblast growth
factor 23 (FGF-23), a phosphatonin that suppresses 25
(OH)D, has been reported after kidney transplantation,
especially in the early posttransplant period.'® However,
the majority of patients included in this study were not in
the early posttransplant period and were on low main-
tenance dose of immunosuppressive medications.
Hence, the effect of corticosteroids and FGF-23 should
be minimal. This may account for the comparably low 25
(OH)D level between the kidney transplant recipients
and the healthy controls that were matched for age, sex,
and renal function. The inverse relationship between
serum 25(OH)D and PTH levels observed in our
patients is as expected and consistent with previous
reports.”® Despite the kidney transplantation, the
patients’ PTH level still showed a correlation with the

© 2012 Informa Healthcare USA, Inc.
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previous duration of dialysis. Although the mean serum
creatinine level in kidney transplant patients was
120.3 pmol/L, it showed a correlation with PTH level.
In contrast, the level of 25(OH)D was not related to
allograft function or dialysis duration. It has been
demonstrated in large population study that vitamin D
concentrations declined with increasing age.'! Although
patients in the vitamin D-deficient and -insufficient cate-
gories were younger in this study, there was no significant
relationship between age and 25(OH)D level on correla-
tion analysis.

It is of interest to note the lower level of vitamin D in
patients with a history of acute rejection, compared with
those who did not have any rejection episode. There are
data to suggest that vitamin D receptor activation could
modulate adaptive immune response and downregulate
dendritic cell proliferation and activities.” Vitamin D
receptor agonists (VDRAs) may thus theoretically
reduce the risk of allograft rejection, and this immuno-
modulatory capacity of vitamin D has been observed in
several animal models of transplantation.'®!> In the
human setting, data from a retrospective case-controlled
study suggested that osteoporotic renal transplant reci-
pients experienced fewer episodes of acute rejection after
calcitriol treatment.'* However, patients who had acute
rejection within 6 months were excluded in our study.
Further studies are needed to evaluate the role of vitamin
D in acute rejection and the efficacy of VDRA as immu-
nomodulatory agent in renal transplant recipients.

It has been suggested that vitamin D may have a pro-
tective effect against the development of cancer. Data
from in vitro experiments showed that vitamin D recep-
tor activation induced differentiation and apoptosis and
inhibited proliferation and angiogenesis.> Our data did
not show any difference in 25(OH)D level between renal
transplant recipients with and without malignancy,
although the sample size was small. Epidemiological stu-
dies had reported higher prevalence rates of solid organ
tumors in individuals living in high latitudes, and
decreased vitamin D synthesis was postulated to be a
contributing cause.'” Data from case—control studies in
the general population have demonstrated an inverse
relationship between 25(OH)D level and the incidence
of colon breast, prostate, and ovary cancers and lym-
phoma.®> A higher incidence of posttransplant malig-
nancy has been reported in renal transplant recipients
with 25(OH)D level below 25 nmol/L.'°

Data from previous studies showed that vitamin D
insufficiency may be an independent risk factor for car-
diovascular disease. A case—control study demonstrated
that patients with prior myocardial infarction had lower
vitamin D levels.'” The risk of myocardial infarction
in individuals with vitamin D deficiency [25(OH)
D < 37.5 nmol/L] was twice of those without vitamin
D deficiency [25(OH)D > 75 nmol/L].'® A multiethnic
study on atherosclerosis showed that for every 25 nmol/LL
reduction of 25(OH)D concentration, there was a 23%
increased risk for coronary artery calcification (p = 0.049)."°
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Lower 25(OH)D levels have been demonstrated in
patients with congestive heart failure. In addition, vita-
min D is a negative regulator of the renin—angiotensin
system and an inverse relationship between serum
25(OH)D and blood pressure has been observed.?%?!
In contrast to previous studies in general population
and dialysis/non-dialysis CKD patients, we could
not demonstrate a relationship between serum vitamin
D level and cardiovascular disease in renal transplant
recipients. The small sample size, in particular the very
small number of subjects with “adequate” vitamin
D level, the inclusion of only clinically evident cardio-
vascular disease, and genetic variation were possible
confounding factors. Furthermore, the importance of
vitamin D in relation to other (more prominent) cardi-
ovascular risk factors is likely to vary between different
patient populations.

The limitations of this study include the small sample
size and the small number of events of interest such as
rejection and malignancy. The cross-sectional design
permits examination of association but not causal or
temporal relationship. Nevertheless, these original find-
ings highlight the high prevalence of vitamin D deficiency
in Chinese renal transplant recipients, the clinical con-
sequence of which warrants further investigations. We
also note a high prevalence of hyperparathyroidism
despite relatively stable allograft function and long dura-
tion of post-transplant follow-up, which could be related
to impaired allograft function.

Declaration of interest: The authors report no con-
flicts of interest. The authors alone are responsible for the
content and writing of this article.
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