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Abstract
The problem has been discussed a lot, but the results remain controversial.
Since no consensus had been reached yet for whether vitamin D insufficient is a
major contributor for rejection in renal transplant patients, we performed a metaanalysis of the association between them. Pub Med, Medline, web of science,
Ovid and Springer databases were searched for observational studies linked
with vitamin D and rejection in adult renal transplant recipients. A meta-analysis
was conducted by pooling data from relevant cohort and case control studies.
The Q statistic and I2 were used to measure heterogeneity. Subgroup analysis
and meta-regression were conducted to detect the source of heterogeneity.
When significant heterogeneity was observed statistically, a random-effect
model can be used to estimate the odds ratio. And sensitivity analysis was
conducted to make sure whether the results were stable. The analysis consisted
of seven studies including five cohort studies and two case control studies,
with a total of 2731 participants. These studies contained different vitamin D
doses with a varying degree of intervention duration. Pooled odds ratio was
1.07, 95% confidence interval: [0.50-2.28], with significant heterogeneity among
these studies (I2=82%, P<0.01). Vitamin D has no association with rejection in
adult renal transplant recipients. There is a necessity that future investigations
are encouraged to reveal the underlying mechanisms and the risk factors for
rejection.
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Abbreviations
ACR: Acute Cellular Rejection; CI: Confidence Interval; CKD:
Chronic Kidney Diseases; ESRD: End-Stage Renal Disease; PTDM:
Post Transplant Diabetes Mellifluous; NOS: Newcastle-Ottawa Scale;
OR: Odds Ratio; RR: Risk Ratio; VDR: Vitamin D Receptor

Introduction
Chronic Kidney Diseases (CKD) is highly prevalent in the
general population, which have become a worldwide epidemic
with an occurrence rate of approximately 5%-15% [1]. When the
CKD is developing to End-Stage Renal Disease (ESRD), kidney
transplantation is a preferred treatment for the increasing number
of patients [2]. Renal transplant recipients usually have low vitamin
D levels, especially in the early post-transplantation period [3].
Vitamin D is an important hormone which closely correlated with
many immune disorders. It not only maintains the basic metabolism
of calcium and phosphorus, but also affects immune functions of the
body [4]. More and more people have realized that vitamin D is one
of the largest modifiable risk factors for health [5].
Since the kidney is an active organ of vitamin D, it is also
increasingly appreciated that there may be an association between
vitamin D and allograft outcomes in renal transplant recipients [6].
Some retrospective cohort studies stated that vitamin D can improve
the prognosis of graft, reduce graft loss and prevent rejection by
inhibiting allograft rejection [7]. Various case control studies have
been also projected to the conclusion that higher 25(OH) D level
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was independently associated with lower incidence of rejection. In
contrast, the others hold the reverse opinion that the incidence of
rejection in renal transplantation was not associated with a low 25
(OH) D level [8]. A cross-sectional study was carried out by Maggie
K.M. Ma, which showed there was no significant difference in the 25
(OH) D levels between renal transplant patients [9].
Although
vitamin
D
supplement
could
provide
immunomodulatory effects, the effects of vitamin D deficiency on
allograft may not be entirely attributable to immune factors [10]. So
the association between vitamin D with renal outcomes is not well
described in these recipients. The problem has been discussed a lot,
but the results remain controversial. Since no consensus had been
reached yet for whether vitamin D insufficient is a major contributor
for rejection in renal transplant patients, we performed a metaanalysis of the association between them.

Methods
Literature search
Pub Med, Medline, Ovid, web of science, and Springer databases
were searched for relevant publications concerning the association
between vitamin D and risk of rejection. The search was further
updated to 2 April, 2017 in order to cover newer studies published
without any language limitations. The following terms “vitamin D”,
“rejection” and “renal or kidney transplant” were searched. More
substitutions about Vitamin D were presented in (Table 1). Reference
lists of relevant studies or reviews were also screened. The search
strategy is presented in (Figure 1).
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Table 1: Substitutions of Vitamin D.
Number

Substitutions

1

Vitamin D

2

1,25-dihydroxyvitamin D

3

25 dihydroxycholecalciferol

4

25-hydroxyvitamin

5

Cholecalciferol

6

Ergocalciferol

7

Calcitriol

sufficient, conclusion.
Then, these articles were identified independently by two authors
(Shan and Long) using a standardized data extraction format, with
disagreements resolved by discussion or consulting another author.
We used the Newcastle–Ottawa Scale (NOS) [11] to assess cohort or
case-control studies. Articles scoring 0–3, 4–6, and 7–9 were defined
as poor, fair and good quality, respectively [12].
Figure 1: Selection process of relevant studies.

Study selection
All the studies need adhere to the following inclusion and
exclusion criteria.
The inclusion criteria were as follows:

1. Participants were made up of renal transplant recipients
aged 18 years or older without a history of any transplantation.
2. Studies design was case-control or cohort providing the
adjusted Odds Ratio (OR), Risk Ratio (RR) and 95% Confidence
Interval (CI).
3. The exposure was vitamin D (including other forms, such
as 25(OH) D3, 1,25(OH) 2D3 and so on). Meanwhile, the end point
was rejection, in other words, the primary or secondary outcomes
must list rejection.
4. The comparison groups were divided based on the amount
of vitamin D.
5.

The exclusion criteria were as follows:

6. We excluded case reports, narrative reviews, animal studies
and those with a sample size <50.
7. The latest article was chosen if a cohort study had been
reported in more than one publication.
8. Studies involving multi-organ transplantation (e.g. liver
transplantation) were also excluded.
9. Studies whose languages were not Chinese or English were
excluded, so were the literature which failed to provide exact data.
Data extraction and quality assessment
All the studies were searched and selected for full-text review if
they met the selection criteria. When necessary, we contacted the
original authors for elaboration. The following data was collected:
first author’s name, year of publication, type of study, country, sample
size, mean age, length of follow-up, and dose regulation of vitamin D
Submit your Manuscript | www.austinpublishinggroup.com

Statistical analysis
Review Manager (Rev Man) version 5.3 was used to analyze the
collected data after entering them into that program. On the first step,
what we need to do is to confirm either Risk Ratio (RR) or Odds Ratio
(OR) value is the eligible choice. The OR was taken to measure the
association between vitamin D and rejection since both cohort and
case-control studies were comprised of the meta analysis. And OR
was regarded as approximately equal to RR, according to a previous
publication [13-15]. It can transform into RR by the formula RR=
OR/[(1−P0) + (P0×OR)], where P0 represents for the incidence of
rejection of the non-exposed group [13]. Secondly, heterogeneity
across studies was assessed using the I2 statistic [14]. If the significant
level was at P>0.10 and I2<50%, slight heterogeneity existed. When
no statistically significant heterogeneity was observed, a fixed-effect
model was used to estimate the odds ratio; otherwise, a randomeffect model was selected [16]. In addition, sensitivity analysis was
conducted to make sure whether the results were stable. If OR<1, the
incidence of the experimental group was less than that of the control
group.

Results
Study selection
As is shown in the (Figure 1), we searched out 237 relevant studies
in total initially from the databases mentioned above. Except for 64
duplicates, there were 173 records left to be assessed. Alternatively,
156 articles were excluded and 27 were remained after scanning of
the titles and abstracts. 20 of 27 articles were rejected for a variety of
reasons, in that they did not meet the requirements of study designs
(n=7), objects (n= 4) and exposure (n=5), sample size (n=2) and
some of those cannot get available data (n=2). After reading the full
text, seven studies which met inclusion and exclusion criteria were
included in the present meta-analysis finally.
Characteristics and quality
The main characteristics of the seven studies including five cohort
and two case-control studies are presented in (Table 2). Among them,
three were from America, two were Korea, and the rest were from
Austin Biom and Biostat 5(1): id1036 (2018) - Page - 02

Chanjuan S and Junrui L

Austin Publishing Group

Table 2: Characteristics of Included Studies.
Study

Year

Study types

Country

Samplesize

Mean
age

Dosage of
sufficient
vitamin D

Time of follow-up (year)

Tae Hyun Ban et al [18]

2016

case-control

Korea

174

43

12.1ng/mL

1

LucianoMoscarelliet al [19]

2016

cohort

Italy

360

51

20ng/mL

1

Marie Courbebaisse et al [20]

2011

cohort

France

64

48

30ng/mL

1

John R.Lee et al [21]

2014

cohort

America

216

52.5

20ng/mL

1

T Horwedel et al [22]

2015

cohort

America

1418

51.4

20ng/mL

2

Megan A. Rech et al [23]

2014

cohort

America

89

51

16ng/mL

1

Young Eun Kwon et al [24]

2015

case-control

Korea

450

41.1

15ng/mL

0.5

Effect
measures
(95% CI)
HR=0.10 (0.03
–0.4)
HR=3.67
(1.4–9.6)
OR=1.87
(0.6,5.7)
HR=2.84
(1.1–7.5)
OR=0.45
(0.3—0.8)
OR=4.3 (1.118.0)
HR=1.99 (1.33.0)

Table 3: Results of quality assessment of selected studies according to NOS.
Selection

Comparability

Outcome assessment

Author

score
1

2

3

4

5

Tae Hyun Ban et al [15]

*

*

*

*

*

Luciano Moscarell et al [16]

*

*

*

Marie Courbebaisse et al [17]

*

*

*

John R.Lee et al [18]

*

*

*

T Horwedel et al [19]

*

*

**
*

**

*

*

**

*

Rech et al [20]

*

*

*

Young Eun Kwon et al [21]

*

*

*

*

*
**

6

*

*

*

7

8

*

*

7

*

*

8

*

*

8

*

*

7

*

*

8

*

*

9

*

*

7

Figure 2: A forest plot of the association between vitamin D and rejection in renal transplant recipients.

Italy and French respectively. From the perspective of sample size,
the participants of study ranged 64 to 1418, with 2731 participants
in all. The second study’s was less than one hundred while the fifth
study’s was more than one thousand, and the rest studies’ were
distributed from 100 to 300. Besides, the standard dose of sufficient
vitamin D used in the studies was different at the level of 12.1, 15, 16,
20 and 30ng/mL. According to the Newcastle–Ottawa Scale (NOS)
[11], seven studies were of good quality and have a mean score of 7.7.
(Table 2) and (Table 3) gives a detail about quality assessment.
* The study met the criteria of the NOS, and got one point in the
item.
Vitamin D and rejection
As was shown in (Figure 2), 252 of 2731 patients occurred
rejection in total. Pooled data from the seven studies in exposed
group, the incidence of rejection in adult renal transplant recipients
was 8.1% (143/1776) while the other group was 11.4% (109/955).
Submit your Manuscript | www.austinpublishinggroup.com

Figure 2 has shown a forest plot which presented the association
between vitamin D and rejection in adult renal transplant recipients.
Heterogeneity across the seven studies was found to be statistically
significant (I2=82%, P <0.05). By the random effect model, the pooled
OR was 1.07(95% CI [0.50-2.28]), which suggested no significant
increased risk of adult renal transplant recipients for rejection in
those who were exposed to sufficient vitamin D compared with those
who were not.
For smaller heterogeneity, we conducted subgroup analysis to
make out the source of high heterogeneity in terms of year, study
type, country, sample size, mean age, sex, follow up time and dosage
of sufficient vitamin D. The result viewed that the major factors
influencing the association between vitamin D and rejection in adult
renal transplant recipients were sex and year. When we divided the
seven studies into different groups (Figure 3) and (Figure 4) according
to sex and year respectively, the heterogeneity dropped to 0.
Austin Biom and Biostat 5(1): id1036 (2018) - Page - 03

Chanjuan S and Junrui L

Austin Publishing Group

Figure 3: A forest plot of the association between vitamin D and rejection in renal transplant recipients.

Figure 4: A forest plot of the association between vitamin D and rejection in renal transplant recipients.

Sensitivity analysis and publication bias
While excluding one study at a time, sensitivity analysis saw
the fact that no obvious changes was found of vitamin D and
rejection, which indicated that the results were stable (OR=0.51,95%
CI:[0.35,0.75]). Publication bias testing also indicated no obvious
asymmetry in the funnel plot (P=0.37).

Discussion
Rejection is a form of graft damage in combination with immune
and non immune factors [25]. A large amount of literature only have
reported that Vitamin D Receptor(VDR) agonists have pleiotropic
activities on the immune response, as well as on cell growth and
differentiation [26], that can control allograft rejection and promote
the induction of transplantation tolerance [27].
However, researchers just know that vitamin D plays a leading
role in our diary resulting in many diseases such as cancer [28], Post
Transplant Diabetes Mellifluous (PTDM) [29], bacterial infections
and soon [30]. No study noticed the association between vitamin
D and rejection was influenced by non-immune factors. So we
can’t confer that vitamin D may be an effective treatment for renal
transplant recipients [26]. There is a necessity for us to reveal the
Submit your Manuscript | www.austinpublishinggroup.com

real association between vitamin D and rejection, even underlying
mechanisms and the risk factors for rejection.
It is the first meta-analysis to identify the association between
vitamin D and rejection in adult renal transplant recipients. A total of
7 studies were included in the meta-analysis. Remarkably, we didn’t
include randomized controlled trials or prospective cohort studies
according to inclusion and exclusion criteria.
In other organ transplantation studies, pre-transplant circulating
levels less than 5ng/mL of 25(OH) D levels were independently
associated with moderate to severe ACR episodes within 2 months
post transplantation in a study of 133 liver transplant recipients [31].
Also, in another study of 102 lung transplant recipients, those with
25(OH) D levels less than 30ng/mL had more episodes of Acute
Cellular Rejection (ACR) and more aggressive ACR during the first
year of post transplantation than those with levels greater than 30ng/
Ml [32].
In our meta analysis, these data involving 2731 patients. After
pooling these seven studies, the results revealed that the risk of
rejection was lower in sufficient vitamin D group than the other
group (8.1% vs 11.4%) but there was no statistical difference between
Austin Biom and Biostat 5(1): id1036 (2018) - Page - 04

Chanjuan S and Junrui L

the two groups. So we can’t support that vitamin D is a protective
factor for rejection in adult renal transplant recipients. There was
no evidence to demonstrate that sufficient vitamin D can reduce
the incidence of rejection in adult renal transplant recipients. More
concretely, the precise prevalence of vitamin D deficiency in renal
transplant recipients is unclear. Maybe the quality and heterogeneity
of included studies attenuate the strength of the result in a way [17].
Subgroup analysis was used to explain the big heterogeneity. The
most vital factor affecting the relationship of vitamin D and rejection
in adult renal transplant recipients were noticed to be sex and year
of publication. But it is a pity that there has been no study published
yet about sex or year of publication influencing the association
between vitamin D and rejection in KTRs. But it could be explained
as follows with the biggest possibility. From the perspective of year of
publication, we think it was normal the results varied at the beginning
of the study. As research goes deeper, the results of different studies are
more likely to come to an agreement. So the heterogeneity dropped to
0% in two studies of 2016. From the perspective of sex, we speculated
that the male usually have a habit of smoking and drinking which
is a unhealthy lifestyle leading to high rate of rejection. Of course,
any other potential factors might exist. We could not determine
temporarily.
However, there were certain limitations in the study.
First, our study objects are not for all ages and the selected studies
are limited, which are prone to give rise to bias [33]. Although we
attempted to adhere to the guidelines for reporting meta-analyses
of observational studies, inherent limitations generated inevitably
in terms of different study designs, countries, follow-up time, dose
criteria of sufficient vitamin D and so on [34,35].
Second, findings are only confined to renal transplant recipients
but not all organ transplant recipients in the high prevalence of
rejection and vitamin D deficiency. Further investigations need to be
implemented to confirm some clinical consequence.
Third, our meta-analysis only considered the problem whether
vitamin D is link with the incidence of rejection but don’t check
whether rejection is related to vitamin D in return.

Conclusion
In conclusion, the meta-analysis provides powerful evidence that
vitamin D has no association with rejection in adult renal transplant
recipients. And sufficient vitamin D isn’t certified to be a protective
factor for rejection. The observed correlation between vitamin D and
rejection in two groups isn’t significant and doesn’t make sense on
clinical and public health.

Austin Publishing Group

seeing risk factors.
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