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ABSTRACT. The gene encoding vitamin D receptor (VDR) is recognized
as a promising candidate for indicating the development of inflammatory
bowel disease (IBD). Four genetic polymorphisms (Apal, Bsml, Fokl, Taql)
in VDR have been widely evaluated to determine their association with
IBD, and the results of these evaluations are often inconsistent. Therefore,
we conducted a meta-analysis to shed some light on this issue and explored
the sources of the heterogeneity between studies. We identified six articles
for Apal (cases/controls: 1902/1468), eight for Tagl (3053/2145), and five
each for Bsml (1512/1616) and Fokl (2315/1676). Data were analyzed
under the random-effects model, and heterogeneity was explored by
subgroup analyses. Overall, except for Tagl in allelic comparison [odds
ratio (OR) = 0.90, 95% confidence interval (CI): 0.83-0.98], A4pal,
Bsml, and Fokl polymorphisms showed no significant associations with
IBD across different genetic models of inheritance. However, subgroup
analyses indicated significance for the association of Apal with Crohn’s
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disease (CD) risk (AA versus aa: OR = 1.40; 95%CI = 1.05-1.88), for Bsml
in East Asians (BB plus Bb versus bb: OR = 1.77, 95%CI = 1.14-2.74),
for Tagl in Caucasians (TT plus Tt versus tt: OR = 0.79, 95%CI = 0.63-
1.00), and with ulcerative colitis (UC) risk (T versus t: OR = 0.89, 95%CI
=0.80-0.99). There was a low probability of publication bias for all studied
polymorphisms. Pooling previous individual studies on IBD, our findings
demonstrated that the Apal polymorphism may increase the risk of CD,
whereas the 7aql polymorphism may decrease the risk of UC, especially
in Caucasians. Moreover, this study leaves open the question of divergent
genetic profiles across different ethnic groups.

Key words: Vitamin D receptor; Polymorphism; Association study;
Inflammatory bowel diseases; Meta-analysis

INTRODUCTION

Inflammatory bowel diseases (IBD) is a chronic relapsing inflammatory condition of
the gastrointestinal tract and comprises two main subtypes, namely, Crohn’s disease (CD) and
ulcerative colitis (UC), that show overlapping but distinct clinical and pathological features.
Although considerable efforts have been devoted to elucidating the etiology and pathogenesis
of IBD, its underlying regulation and molecular mechanisms remain elusive. Epidemiological
studies have documented that in comparison to the general population, the first-degree relatives of
individuals with IBD carry about a 20- to 50-fold higher risk of developing CD and a 10- to 20-fold
higher risk of developing UC (Zheng et al., 2003), indicating the genetic nature of IBD. Genome-
wide linkage analyses have identified multiple candidate regions on several chromosomes for
IBD. Meanwhile, the loci of a number of immunity-related genes have been identified on several
IBD-susceptibility regions (Hugot and Thomas, 1998; Hampe et al.,1998; Wild and Rioux,
2004). Considering the importance of immunity in IBD, investigations on the IBD-susceptibility
genes involved in immunity have therefore attracted more attention. One candidate gene that is
repeatedly studied in the pathogenesis of IBD is the vitamin D receptor (VDR) gene (12q12-14).

To date, four polymorphisms of the VDR gene, which are recognized by the restriction
enzymes Apal (rs7975232), Taql (rs731236), and Bsml (rs1544410) at the 3' end and FokI
(rs10735810) at the exon 2 of VDR gene (Morrison et al., 1994; Gross et al., 1996), have been
exhaustively studied. However, the results of these studies are often irreproducible (Hughes et
al., 2011). Individually underpowered association studies might have accounted for this disparity.

In an effort to clarify the earlier inconclusive results, we decided to evaluate the associa-
tion of VDR polymorphisms with the occurrence of IBD by a comprehensive meta-analysis of
the current literature and to address the potential sources of heterogeneity and publication bias.

METHODS
Search strategy for identification of studies

We searched the PubMed, EMBASE, and ISI Web of Knowledge databases before
August 12, 2012 by using the key subjects “inflammatory bowel disease”, “IBD”, “Crohn’s
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disease”, “CD”, “Ulcerative colitis”, “UC”, in combination with “vitamin D (1,25- dihy-
droxyvitamin D3) receptor” and “VDR”. We read the full text of the retrieved articles to
determine whether data on the topic of interest were included. Reference lists of the retrieved
articles and systematic reviews were also screened for citations of articles that were not ini-
tially identified. Special meeting issues of journals (Abstract only) were removed from the
search results. If more than one geographic or ethnic heterogeneous group was mentioned in
one report, information on each was extracted separately. If two or more studies completely or
partially shared study populations, the one with the larger sample size was extracted.

Inclusion/Exclusion criteria

Identified studies satisfied the following criteria: 1) evaluation of at least one studied
polymorphism (4Apal, Bsml, Fokl, or Tagl) in the VDR gene and the risk for IBD (CD and/or
UC); 2) case-control or cross-sectional or nested case-control study design; 3) availability of
genotype or allele counts of studied polymorphisms between patients and controls in order to
estimate the odds ratio (OR) and its corresponding 95% confidence interval (CI). Meanwhile,
reported crude/adjusted ORs of the studied associations were also included.

Studies investigating the progression, severity, phenotype modification, and treatment
response and survival- or family-based studies were excluded. Case reports, editorials, review
articles, and non-English articles were also excluded.

Extracted information

The following data from each qualifying study were extracted independently and en-
tered into separate databases by two authors (Z.T.W. and J.J.H): first author’s last name, pub-
lication year, population ethnicity, study design, genotyping methods, VDR polymorphism
evaluated, baseline characteristics of the study population, including age, gender, subtype of
the disease, and the genotype or allele distributions in patients and controls. Any encountered
discrepancies were adjudicated by a discussion and a 100% consensus was reached.

Statistical analysis

In this meta-analysis, we assessed the association of the Apal, Bsml, Taql, and Fokl
polymorphisms with IBD risk in allelic, homozygous, and dominant and recessive models,
respectively. Crude OR and 95%CI were calculated to compare differences of alleles or geno-
types between patients and controls.

Deviation from the Hardy-Weinberg equilibrium was assessed with controls by using
the Pearson y? test. The random-effects model using the DerSimonian & Laird method was
employed to bring the individual effect-size estimates together irrespective of between-study
heterogeneity (Cohn and Becker, 2003). Heterogeneity was evaluated by the /? statistic, which
represents the percentage of the observed between-study variability due to heterogeneity rather
than chance, with values ranging 0-100% [ > = 0-25%, no heterogeneity; > =25-50%, moderate
heterogeneity; I =50-75%, large heterogeneity; and I* = 75-100%, extreme heterogeneity]
(Higgins et al., 2003). For between-study heterogeneity, we examined the study characteristics
that could stratify the studies into subgroups with homogeneous effects. Subgroup analyses
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were conducted after stratifying studies performed on various ethnic/geographic populations
or studies with different study designs or studies on different subtype diseases.

Finally, evidence for publication bias was assessed using Egger’s test and visual fun-
nel plot inspection. The Egger’s test detects funnel plot asymmetry by determining whether the
intercept deviates significantly from zero in a regression of the standardized effect estimates
against their precision. We assessed publication bias on all the four considered genetic models.

Probability less than 0.05 was judged to be significant, with the exception of the /?
statistic and publication tests, where a significance level of less than 0.1 was chosen. Statistical
analyses were performed using STATA version 11.0 for Windows.

RESULTS

Description of available studies

The detailed selection process is presented in Figure 1. On the basis of the search rules, a
total of 83 articles were initially identified. Further application of our inclusion/exclusion criteria
yielded 9 articles (Simmons et al., 2000; Martin et al., 2002; Dresner-Pollak et al., 2004; Naderi et
al., 2008; Noble et al., 2008; Pluskiewicz et al., 2009; Bentley et al., 2011; Hughes et al., 2011; Pei
et al., 2011), which included 1666 cases of ulcerative colitis (UC) cases, 1796 cases of CD, and
2647 controls; these 9 articles were involved in this meta-analysis. There were 6 studies on Apal
(Simmons et al., 2000; Naderi et al., 2008; Noble et al., 2008; Pluskiewicz et al., 2009; Hughes et
al., 2011; Pei et al., 2011), 5 on Bsml (Dresner-Pollak et al., 2004; Naderi et al., 2008; Pluskiewicz
et al., 2009; Hughes et al., 2011; Pei et al., 2011) and Fokl (Simmons et al., 2000; Naderi et al.,
2008; Hughes et al., 2011; Pei et al., 2011; Bentley et al., 2011), and 8 on 7agl (Simmons et al.,
2000; Martin et al., 2002; Naderi et al., 2008; Noble et al., 2008; Pluskiewicz et al., 2009 Hughes
et al., 2011; Pei et al., 2011; Bentley et al., 2011), respectively. Altogether, there were 1902 (940
CD/962 UC) cases and 1468 controls for polymorphism Apal, 1512 (713 CD/799 UC) cases and
1616 controls for Bsml, 2315 (1098 CD/1217 UC) cases and 1676 controls for Fokl, and 3053
(1553 CD/1500 UC) cases, and 2145 controls for Taqgl, respectively. The baseline characteristics
of all qualifying studies are summarized in Table 1.

Apal and IBD

Overall null significant association was found for Apal polymorphism in allele com-
parison (OR = 1.09, 95%CI = 0.99-1.20), homozygote comparison (OR = 1.16, 95%CI =
0.92-1.46), dominant model (OR = 1.15, 95%CI = 0.95-1.38), and recessive model (OR =
1.14; 95%CI = 0.93-1.41) (Figure 2), even in subgroups by ethnicity and study design (Table
2). However, subgroup analyses by subtype disease suggested positivity for allele comparison
(OR = 1.17; 95%CI = 1.03-1.32) and homozygote model (OR = 1.40; 95%CI = 1.05-1.88)
with increased CD risk, even for under recessive models (OR = 1.31; 95%CI = 1.06-1.63).

Bsml and IBD

We failed to find any significant association between Bsml polymorphism and IBD risk in
allele comparison (OR = 1.11, 95%CI = 0.96-1.29), homozygote comparison (OR = 1.18, 95%CI
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=0.95-1.47), dominant model (OR = 1.12, 95%CI = 0.92-1.38), and recessive model (OR = 1.18;
95%CI = 0.97-1.43), even in analyses stratified by study design or subtype disease. In ethnicity-
stratified analyses, a significant association was noted only among the population of East Asians
in allele comparison (OR = 1.67) and dominant model (OR = 1.77, 95%CI = 1.14-2.74).

Fokl and IBD

No significance was noted in the association between Fokl polymorphism and IBD
risk in allele comparison (OR = 0.87, 95%CI = 0.71-1.07), homozygote comparison (OR
= 0.65, 95%CI = 0.40-1.07), dominant model (OR = 0.69, 95%CI = 0.46-1.04), and reces-
sive model (OR = 0.83; 95%CI = 0.58-1.19). Lack of association was identified in stratified
analyses by study design or subtype disease. Meanwhile, we conducted an ethnicity-stratified
analysis, and in general, there were obvious differences in risk estimates. For example, a de-
creased risk was observed across all genetic models in Middle Easterners; however, no mate-
rial change in odds was observed in Caucasians or East Asians.

Potentially relevant studies
identified and screened for
retrieval (N=83)

59 studies excluded:

10 functional studies

15 studies for animal research
12 studies for other diseases
22 review articles or editorials

A 4

RS

Potentially relevant studies
identified after the first selection
(N=24)

15 further studies excluded:

<> 3 studies for lacking the necessary
information on the cases’ and
controls’ alleles or genotypes

<> 12 studies with only abstract

9 qualified studies for VDR gene
polymorphisms and IBD association:
<> 6 forApal polymorphism

< 5 for Bsml polymorphism

<~ 5 for Fokl polymorphism

<~ 8 for Taqgl polymorphism

Figure 1. Flow diagram of search strategy and study selection.
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Figure 2. Association of Apal polymorphism with IBD (a. allele comparison; b. homozygote model; ¢. dominant
model; d. recessive model).

Tagl and IBD

The pooled OR from all included studies indicated a significant association be-
tween Tagl polymorphism and IBD risk in allelic comparison (OR = 0.90, 95%CI = 0.83-
0.98), without evidence of heterogeneity (/= 0.0%; P = 0.859). While a marginally de-
creased risk was observed in the dominant model (OR = 0.81, 95%CI = 0.65-1.00), and
no significant association was found in homozygote (OR = 0.83, 95%CI = 0.65-1.05) and
recessive model (OR =0.95, 95%CI = 0.82-1.11). In ethnicity-stratified analyses, there was
a significant association among Caucasian populations in the allele model (OR = 0.90),
and a marginally decreased association was observed in the dominant model (OR = (.79,
95%CI = 0.63-1.00), whereas no significance was observed in East Asians or Middle East-
ern individuals in any kind of comparisons. Additional stratification by subtype disease
showed an 11% decreased risk in UC cases (95%CI = 0.80-0.99), which was negative in
CD cases (OR =0.93, 95%CI = 0.81-1.07) in allele comparison. Further stratification by
study design showed a slightly decreased risk in hospital-based studies in comparison with
population-based studies, with significance only identified in hospital-based studies under
allele comparison and homozygote model.
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Publication bias

As reflected by the funnel plots (Figure 3) and the corresponding Egger test (Table 2),
there was a low probability of publication bias for all polymorphisms examined.

A Begg's funnel plot with pseudo 95% confidence limits B Begg's funnel plot with pseudo 95% confidence limits
1 1

logor
logor

T T T h T T T
: > .

s.e. of: logor s.e. of: logor

C Begg's funnel plot with pseudo 95% confidence limits D Begg's funnel plot with pseudo 95% confidence limits

logor
0
|
N
logor

T - T T T
0 A 2 0 A 2 3
s.e. of: logor s.e. of: logor

Figure 3. Funnel plots of allele comparisons for VDR four polymorphisms. Vertical axis represents the log of
OR; horizontal axis represents the SE of log(OR). Funnel plots are drawn with 95% confidence limits. OR = odds
ratio; SE = standard error. The graphic symbols represents the data in the plot be sized proportional to the inverse
variance. A. VDR Apal allele comparison with IBD. B. VDR Bsml allele comparison with IBD. C. VDR Fokl allele
comparison with IBD. D. VDR Tagl allel comparison with IBD.

DISCUSSION

It has been over a decade since the first case-control study evaluating the VDR genetic
variation and IBD was conducted (Simmons et al., 2000); however, the findings obtained
subsequently remain conflicting. Herein, we quantitatively summarized all such studies to
provide an evidence-based clue for the effectiveness of using the genetic markers located on
the VDR gene in determining susceptibility to IBD. Our results collectively suggested that the
Bsml and Fokl polymorphisms might not be genetic markers for IBD. However, subgroup
analyses of the Apal polymorphism revealed a significant association with CD subtype, while
those of the 7agl polymorphism revealed a significant association with the UC subtype, espe-
cially in Caucasians. To the best of our knowledge, this meta-analysis was the first quantitative
summarization of four well-characterized polymorphisms in the VDR gene for their relevance
to IBD.
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VDR is a member of the steroid receptor family that mediates the effects of vitamin D
by regulating transcription of multiple cellular genes (Whitfield et al., 1995). The physiological
actions of the VDR and its ligand are not only the well-known regulation of calcium and
phosphorus uptake and transport, which are key processes controlling bone formation, but also
their significant involvement in the control of immune functions (Hayes et al., 2003; Cantorna
et al., 2004; Maruotti and Cantatore, 2010). VDR-knockout mouse studies showed that loss
of VDR expression resulted in perturbed inflammation reactions in the gastrointestinal tract,
leading to increased susceptibility to mucosal barrier damage and increased risk of IBD (Froicu
et al., 2003; Froicu and Cantorna, 2007; Kong et al., 2008). Meanwhile, the gene encoding
VDR is located 3 ¢cM to the microsatellite marker D12S85 on chromosome 12, which has been
reportedly linked to UC and CD (Satsangi et al., 1996; Curran et al., 1998; Duerr et al., 1998;
Hampe et al., 1999). Therefore, the VDR gene is regarded as a logical functional and positional
candidate in susceptibility to IBD.

It is not uncommon to encounter genetic heterogeneity in any disease identification
strategy (Hemminki et al., 2006). In this study, we speculate that the roles of VDR gene
polymorphisms might vary across different ethnic populations. On one hand, there were
striking differences in allele frequency between Caucasians and East Asians. For example, the
frequency of the Tagl polymorphism T allele in Caucasians ranged from 55.04% to 65.96%,
which was remarkably lower than that in East Asians (94.35%), indicating that different
genetic backgrounds may cause this discrepancy or different populations may have different
linkage disequilibrium patterns. Moreover, we cannot exclude the possibility that the VDR
genetic markers may be in close linkage with different nearby causal polymorphisms in
different populations. On the other hand, it is widely believed that complex diseases may
have different genetic predispositions in people of different descents. For instance, genetic
defects of CARD15/NOD2 have been strongly associated with CD in Caucasians (Nagy et
al., 2005; Gazouli et al., 2005), while they were not associated with the disease in East Asian
populations, including Japanese (Yamazaki et al., 2002) and Chinese (Leong et al., 2003)
populations. Likewise, in our ethnicity-stratified analyses, IBD risk estimates associated
with VDR polymorphisms were remarkably different across ethnic groups, with Caucasians
showing a positive association only for the 7agl polymorphism, but Middle Easterners showing
a protective effect of Fokl polymorphism. Similarly, for Bsml polymorphism, significance
was merely found in East Asians, suggesting that the VDR genetic defects might exert a
pleiotropic role in the pathogenesis of IBD or interact with other genetic or environmental
factors. However, considering the relatively small sample sizes in the East Asian and Middle
Easterner populations, we agree that confirmation in large, well-designed studies is critical.

The two major subtypes of IBD, CD, and UC, are believed to have great differences
in etiology and genetic backgrounds. For example, recent advances continue to highlight the
abnormalities in innate immunity in CD patients, but not in UC (Marks, 2011). In subgroup
analyses by IBD subtypes, we found that the Apal polymorphism was associated with a sig-
nificantly increased risk for CD, but the Tagl polymorphism was associated with a protective
effect against UC, indicating the different roles of innate immunity and VDR polymorphisms
in the different IBD subgroups. Given the insufficient study power in each subgroup, much
more research within the framework of genetics and biology is warranted.

This study has some limitations. First, all included studies were case-control in de-
sign, which precludes an inference on causality. Second, because only published studies were
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retrieved and articles in languages other than English were not included, publication bias
might be possible, even though our funnel plots and statistical tests indicated no observable
bias. Third, our results were based on unadjusted estimates. It seems likely that Apal and Tagl
can individually contribute to risk prediction in IBD patients, but whether these polymor-
phisms can be combined with other risk factors to enhance the prediction is a question that
needs to be assessed in future studies. Thus, a more precise analysis should be conducted with
individual data, which would allow for adjustment by other co-varieties such as age, gender,
lifestyle, and other genetic factors.

In summary, we expand previous individual studies on IBD by indicating that the
VDR Apal polymorphism may increase the risk of CD, while 7agl polymorphism may de-
crease the risk of UC, especially in Caucasians. Moreover, this study leaves open the question
of divergent genetic profiles across different ethnic groups. Nonetheless, for practical reasons,
we hope that this study will not remain just another endpoint of research and instead serve as
the first point to establishing background data for further investigation on the pathophysiologi-
cal mechanisms of VDR genes on IBD.
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