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Abstract: This pilot case-control study investigated whether variants in vitamin D-related genes can be used to predict the
occurrence of peri-implantitis. Eighty-two patients with at least one dental implant were enrolled. Thirty patients (36.6%)
were diagnosed with peri-implantitis, whereas 52 (63.4%) had healthy peri-implant tissues. Clinical parameters, risk factors
(history of periodontitis, smoking), and genetic factors were assessed. A buccal mucosa swab was taken for DNA analysis.
Four variants in three vitamin D-related genes, VDR (rs2228570), retinoid X receptor alpha (RXRA) (rs3118523, rs7864987),
and cytochrome P450 family 27 subfamily B member 1 (CYP27B1) (rs4646536) were genotyped by real-time PCR. There
was no difference in the genotype distribution of the variants VDR rs2228570 (P=0.410), RXRA rs3118523, rs7864987
(P=0.789 and P=0.144, respectively), and CYP27BI rs4646536 (P=0.562) between patients with healthy peri-implant tis-
sues and those affected by peri-implantitis. History of periodontitis, a modified plaque index (mPI), modified bleeding
index (mBI), peri-implant pocket depth, and implant location were associated with peri-implantitis incidence. In patients
with peri-implantitis, CYP27B1 rs4646536 was associated with mBI (P=0.040), and RXRA rs7864987 was associated with
implant position (P=0.009). We conclude that the variants of vitamin D-related genes, VDR, RXRA, and CYP27B1, cannot
be used as molecular markers for peri-implantitis.
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INTRODUCTION factors. Poor oral hygiene, a history of periodontitis,
smoking, diabetes mellitus, and osteoporosis con-
tribute to peri-implantitis occurrence [2-4]. Despite
exposure to known risk factors, the predisposition of
certain patients to peri-implantitis suggests that genetic
variability among individuals may play a role in their
susceptibility. To date, gene association studies of peri-
implantitis mainly focused on assessing the variants
in genes involved in immune response, bone growth,
and gene expression regulation [4,5].

Dental implant placement is a highly predictable treat-
ment option for replacing missing teeth, with high
survival and a success rate greater than 95% [1]. Despite
the favorable outcome of implant treatment, biological
complications known as peri-implant diseases (peri-
implant mucositis and peri-implantitis) may affect the
health of osseointegrated implants and their long-term
stability leading to implant loss. Peri-implantitis is a
pathological condition in the tissues surrounding the

dental implant, characterized by inflammation of the
peri-implant mucosa and progressive bone loss [2].
The incidence of peri-implantitis varies from 1.4% to
53.5% [3]. The etiology of peri-implantitis is multifac-
torial and includes local, systemic, and implant-based
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The process of osseointegration primarily depends
on bone metabolism. Vitamin D (1a25(0OH),D,) is an
important regulator of calcium and phosphate metabo-
lism and bone matrix mineralization [6,7]. In addition,
vitamin D exerts anti-inflammatory effects by regulating
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immune cells, and the prostaglandin, p38-MAPK, and
nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-kB) signaling pathways [8]. Moreover, vi-
tamin D reduces the production of pro-inflammatory
cytokines, key mediators of osteoclastogenesis, which
are found in higher concentrations in the peri-implant
cervical fluid of patients with peri-implantitis. It has
been reported that low vitamin D levels may lead to
decreased osseointegration rates, resulting in a higher
risk of dental implant failure [9-12]. In contrast, another
study failed to confirm low serum levels of vitamin D
as an indicator of early implant failure [13]. Calcidiol,
the major circulating form of vitamin D, was found
to be lower in patients with peri-implantitis than in
patients with healthy peri-implant tissue [14,15]. The
biosynthesis and biological action of vitamin D is
complex and involves the activation of multiple genes.
The vitamin D receptor, encoded by the VDR gene,
is considered to play the most crucial role. It binds to
the retinoid X receptor encoded by the RXRA gene.
Vitamin D bound to a VDR-RXR complex regulates
the transcription of many genes. The CYP27B1 gene
encodes for the cytochrome P450 family 27 subfamily
B member 1, which plays a central role in calcidiol
conversion to a biologically active form of vitamin D,
calcitriol. Variants in the sequence of vitamin D-related
genes may affect both function and vitamin D levels.
Therefore, specific gene variants in vitamin D-related
genes may be linked to an increased risk of inflamma-
tory processes, including peri-implantitis.

To ensure the long-term success of dental implants,
it is of interest to identify the potential genetic risk in-
dicators that might lead to peri-implantitis occurrence.
These factors would help to identify patients susceptible
to peri-implantitis at an early stage and to develop appro-
priate preventive treatments and individualized follow-
up. The current study aimed to investigate whether the
variants of vitamin D-related genes, VDR, RXRA, and
CYP27BI1 are associated with peri-implantitis.

MATERIALS AND METHODS

Study design and participants

This pilot case-control study was conducted at the
Department of Implantology, Clinic of Dentistry,
Military Medical Academy following the Helsinki
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Declaration of Human Studies (2013). The procedures
were approved by the Ethics Committee of the School
of Dental Medicine, University of Belgrade (No. 36/28).
The study group consisted of 82 patients (40 females and
42 males, aged 23 to 80 years, median age 59) recruited
between January 2015 and June 2017. The patients were
fully informed about all relevant aspects of the study,
and their informed consent was obtained prior to its
commencement. The study included patients with one
or more dental implants that had been functional for at
least one year and had undergone prosthetic rehabilita-
tion for more than six months. Exclusion criteria were
uncontrolled systemic diseases (diabetes, osteoporosis),
treatment with drugs affecting bone metabolism, peri-
implant therapy within the last 6 months, peri-implant
mucositis, pregnancy, and breastfeeding.

Case definition

Thirty patients (36.6%) were diagnosed with peri-
implantitis, while 52 patients (63.4%) had healthy peri-
implant tissue. The study group was homogeneous, as
all participants were Caucasians, of the same Serbian
ethnicity. Since most patients had been treated in the
same department, comprehensive baseline documen-
tation with radiographs was available. All implants
included were 2-piece dental, conventionally loaded
implants (median 5, range 1 to 17 years in function)
with a standard diameter (3.5-5.0 mm) and length (8-16
mm). The following case definitions were applied to
assess the presence of the disease [16]: (i) peri-implant
health, defined by the absence of bleeding on probing
(BOP) and suppuration (SUP), with no additional bone
loss for at least one year after implant placement and
a minimum of six months of prosthetic rehabilita-
tion. Depending on the implant type (bone or tissue
level), the peri-implant probing depth (PPD) should
not exceed 5 mm. (ii) peri-implantitis, characterized
by the presence of BOP and/or SUP, a PPD >5 mm,
and radiographic evidence of pathological bone loss
of 22 mm [16].

To assess the extent of crestal bone changes, peri-
apical radiographs were obtained using standardized
intraoral radiography with the long-cone paralleling
technique. Bone loss was assessed visually and com-
pared with previous radiograms, giving insights into
implant health conditions and disease presence with
a clinical estimate.
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Data collection and inter-examiner calibration

Data collection was in two parts: clinical and ra-
diographic examination and comparison to earlier
radiography records, and demographic, implant,
and implant-related factors (the interview). The fol-
lowing clinical parameters of the study population
were recorded: PPD, modified plaque index (mPI),
modified bleeding index (mBI) [17], the presence of
suppuration, the gingival phenotype (thick or thin)
determined by the periodontal probe [18], smoking
habits (non-smoker/light smoker or smoker), history
of early treated periodontitis (presence or absence), the
timing of implant placement (immediate or delayed),
time in function (in years), implant position (maxilla
or mandible, anterior or posterior), implant collar
design (machined or rough), and implant mobility
(measured by palpation). All data were recorded in a
case-record form.

If a patient had multiple implants with healthy peri-
implant tissue, one implant was randomly selected for
further analysis. If only one of the multiple implants
was diagnosed with peri-implantitis, that implant was
chosen for analysis. If peri-implantitis was diagnosed
in multiple implants, the implant with the most severe
clinical and radiological findings was selected.

A clinical and radiographic examination was con-
ducted by two trained professionals (MM and DR), who
reviewed the clinical parameters of 5 healthy implants
and 5 implants with diagnosed peri-implantitis that
were not included in the study, to ensure the consistency
of their assessments. The inter- and intra-examiner
reproducibility were assessed on two separate occasions
48 h apart. The calibration was accepted if >90% of
the recordings between the first and second measure-
ments could be reproduced within 1 mm of each other
with an interclass correlation coefficient of 0.91 [19].

Sample collection, DNA isolation, and VDR,
RXRA, and CYP27BI1 gene variant genotyping

Buccal swab samples were taken from each subject.
The patients rinsed their mouths with clear water be-
fore the samples were taken. Swabs were taken with a
sterile swab brush (FLOQSwabs’ Flocked Swabs 552C,
Copan, USA) by moving the brush up and down, left
and right on the inside of the cheek for at least 30 s. The
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collected swabs were air-dried for at least 5 min and
then returned to the original tube. Buccal swabs were
stored at -40°C until further use and DNA isolation.

DNA was isolated from the collected buccal
swabs using the PureLink™ Genomic DNA mini kit
(Invitrogen, USA) according to the manufacturer’s
instructions. The isolated DNA was stored at -40°C
until further use.

Since vitamin D biosynthesis and function are
complex processes, VDR, RXRA, and CYP27BI genes
were chosen based on their critical biological roles in
vitamin D signaling (VDR, RXRA) and metabolism
(CYP27B1). At least one gene variant in VDR, RXRA,
and CYP27BI genes was selected for analysis. The cri-
teria for the selection of gene variants were as follows:
(i) frequency of the alternative allele of more than 5%
in European populations; (ii) association of the selected
variants with peri-implantitis or other inflammatory
diseases reported in the literature. Details on the se-
lected variants are presented in Supplementary Table
S1. The gene variants in VDR (rs2228570), RXRA
(rs3118523, rs7864987), and CYP27BI (rs4646536)
genes were determined by allelic discrimination
and the real-time PCR method (Real Time 7500,
Applied Biosystems, USA). Predesigned TagMan™
SNP genotyping assays (Assay ID: C_12060045_20,
C_2002263_20, C_28976210_20, C_25623453_10)
and 2xTagMan™ Universal PCR Master Mix (Applied
Biosystems, USA) were used to prepare the PCR mix-
ture with isolated DNA. The real-time PCR reaction
mixture contained 5uL 2xTagMan™ Universal PCR
Master Mix, 0.25 pL 40x TagMan™ SNP genotyping
assay, 20 ng DNA, and dHZO to the total volume of 10
uL. The temperature conditions were as follows: 50°C
for 2 min, 95°C for 10 min, followed by 40 cycles of
95°C for 15 s and 60°C for 1 min.

Statistical analysis

SPSS v.20.00 software (IBM, USA) was used for statisti-
cal analysis. The Pearson chi-square test (x*) or Fisher’s
exact test was used to analyze categorical data and
assess differences in genotype and allele distributions
of the examined gene variants between patients with
peri-implantitis and those with healthy peri-implant
tissue. The normality of the data distribution was tested
using the Shapiro-Wilk test. As there were no normally
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distributed variables, parametric statistical tests were
not used. Differences between continuous variables
that were not normally distributed were tested using
the non-parametric Mann-Whitney U test. The asso-
ciation of the studied variants in the VDR, RXRA, and
CYP27B1 genes with peri-implantitis risk was assessed

Arch Biol Sci. 2025;77(1):71-82

by calculating the odds ratio (OR). An OR with a 95%
confidence interval (CI) was determined by binary
logistic regression. The adjusted OR was calculated
accounting for the history of periodontitis. Different
genetic models (pairwise, dominant, recessive, and over-
dominant) were tested. To estimate statistical epistatic

Table 1. Association of demographic factors, implant and implant-related factors, and clinical characteristics of the study group with

peri-implantitis.

Patients with dental implants
with .
Demographic and clinical healthy peri- with
. .. . . peri-implantitis P OR (95% CI) P
characteristics implant tissue (n=30)
(n=52) 8
n % n %
male 27 51.9 15 50 Ref.
Gender 0.867 0.867
female 25 48.1 15 50 1.080 (0.440-2.654)
Age (years) mean+t SD 54.52 £15.355 60.20 = 10.284 0.145 7 1.033 (0.996-1.070) 0.079
Age <61 32 61.5 17 56.7 Ref.
. 0.665 0.665
(years, median) >61 20 38.5 13 43.3 1.224 (0.491-3.049)
. non-smoker | 36 69.2 19 63.3 Ref.
Smoking status 0.584 0.584
smoker 16 30.8 11 36.7 1.303 (0.505-3.361)
i 37 71.2 13 43.3 Ref.
History of =2 0.013 < 0.014
periodontitis yes 15 28.8 17 56.7 3.226 (1.262-8.248)
i 0 27 51.9 6 20 Ref.
Modified plaque 0.005 = 0.006
index (mPI) 1+2+3 25 48.1 24 80 4.320 (1.516-12.308)
i i 0+1 44 84.6 9 30 Ref.
Modified bleeding <0.0001 = <0.0001
index (mBI) 243 8 15.4 21 70 12.833 (4.336-37.980)
dP:;‘t'l‘lmplant pocket | cant SD 3.259 + 0.588 6.463+1.997 | <0.0001' | 105.352 (7.143-1553.786) | 0.001
i-i <4 49 94.2 2 6.7 Ref.
Peri 1mplan.t pocket mm <0.0001 ¢ <0.0001
depth (median) >4mm 3 5.8 28 93.3 228.667 (36.010-1452.042)
Ginei h thin 17 32.7 7 23.3 0.370 Ref. 0372
ingiva phenotype . .
giva p P thick 35 67.3 23 76.7 1.596 (0.572-4.450)
14 26.9 2 6.7 Ref.
Number of implants one 0.026 € 0.039
two or more 38 73.1 28 93.3 5.158 (1.084-24.544)
Number of implants | one - - 13 43.3 i ) )
with peri-implantitis | two or more - - 17 56.7
immediate /
imi i 17 32.7 12 40 Ref.
Timing of implant carly 0.505 ¢ 0.506
placement
delayed 35 67.3 18 60 0.792 (0.287-1.851)
maxilla 37 71.2 12 40 Ref.
Jaw B 0.006 0.007
mandible 15 28.8 18 60 3.700 (1.438-9.522)
anterior 21 40.4 7 23.3 Ref.
Location of implant 0.117 0.121
posterior 31 59.6 23 76.7 2.226 (0.810-6.119)
hined 40 76.9 19 63.3 Ref.
Im[?lant collar machine 0.187 ¢ 0.190
design rough 12 23.1 11 36.7 1.930 (0.722-5.161)

SD - standard deviation; P<0.05 is presented in bold; "Mann-Whitney U test OR (95% CI) — Odds Ratio (95% confidence interval); mPI: 0 - no plaque,
1 - plaque recognized by running a probe, 2 - plaque seen by the eye, 3 — abundance of plaque; mBI: 0 — no bleeding, 1 - isolated bleeding spots visible,

2 - blood forms a confluent red line, 3 - heavy bleeding
Ref. - referent
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interactions among the gene variants of interest in the
current study, the generalized multifactorial dimen-
sionality reduction (GMDR) method was performed
using GMDR v.0.9 software [20]. Pathogenicity and
functional effects of selected variants in VDR, RXRA,
and CYP27BI genes were analyzed by in silico software
SIFT (for nonsynonymous variants), regSNP-intron,
PD-SNP¢, HaploReg 4.2 and RegulomeDB?*? (for in-
tronic variants). G*Power 3.1 software was used to
estimate the post-hoc power of the study [21,22]. The
post-hoc power was calculated with a significance
level of 0.05 and an effect size of 0.3, indicating small
to medium effects [23]. Associations were considered
significant if the P value was less than 0.05.

RESULTS

Association of demographic, implant, implant-
related factors, and clinical characteristics of the
study group with peri-implantitis

The association of demographic, implant, implant-
related factors, and clinical characteristics of the study
group with peri-implantitis is shown in Table 1. A posi-
tive periodontitis history (patients with early treated
periodontitis) was more common in patients with peri-
implantitis (56.7%) than in healthy patients (28.8%)
(P=0.013). A history of periodontitis was associated
with a 3.2-fold increased risk of peri-implantitis. mPI
(P=0.006) and mBI (P<0.0001), along with increased
PPD (P<0.0001), were significantly higher in patients
with peri-implantitis compared to those with healthy
peri-implant tissue (Table 1). A 4.3-fold increased risk
for peri-implantitis was observed in the presence of
plaque, and a 12.8-fold increased risk was observed
with a higher mBI. The distribution of the number
of implants placed differed significantly between the
study groups (P=0.026). Patients with two or more
implants had a 5.1-fold higher risk of peri-implantitis.
There was a significant difference in the distribution of
implants between arches for the two groups of patients
(P=0.006). Healthy peri-implant tissue was observed
more frequently in the maxilla, and peri-implantitis
was observed more often in the mandible, with this
location being associated with a 3.7-fold higher risk of
peri-implantitis. No difference was observed between
implants placed in the anterior and posterior regions
of the jaws. There were no differences between cases
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and controls as regards gender, age, smoking status,
gingival phenotype, timing of implant placement, and
implant collar design (P>0.05).

Genotype and allele distribution of VDR, RXRA,
and CYP27BI1 gene variants

The variants in the VDR (rs2228570), RXRA (rs3118523,
rs7864987), and CYP27BI (rs4646536) genes were in
Hardy-Weinberg equilibrium (HW) in both groups of
studied patients. There were no significant differences
in the genotypes and allelic distribution of the analyzed
rs2228570, rs3118523, and rs4646536 variants between
patients with and without peri-implantitis (Table 2).
A mutated C allele of the RXRA variant rs7864987
was significantly more frequent in patients with peri-
implantitis than in those with healthy peri-implant
tissue (P=0.019).

Table 2. Distribution of genotypes and allele of analyzed variants
in VDR, RXRA and CYP27BI genes in patients with healthy peri-
implant tissue and those with peri-implantitis.

Patients with dental
implants
ERCNC GR= P
283 | =53
£5% | £%1
E% g5 E
Gene variant | Genotype | n % n %
AA 11 |21.15] 4 13.3
VDR AG 24 |46.15| 12 40 | 0.410
152228570 GG 17 | 32.7 | 14 | 46.7
A 46 | 44.2 | 20 | 333
0.170
G 58 | 558 | 40 | 66.7
GG 2 385 2 6.7
RXRA GA 14 2692 9 30 | 0.789
rs3118523 AA 36 169.23| 19 | 63.3
G 18 | 17.3 | 13 | 21.7
0.492
A 86 | 82.7 | 47 | 783
TT 15 2885 4 |13.33
RXRA TC 15 [28.85| 7 |23.33| 0.144
rs7864987 CC 22 1423 | 19 |63.34
T 45 | 433 | 15 25
0.019
C 59 |56.7 | 45 75
AA 35 | 67.3 | 20 |66.66
CYP27BI AG 12 | 231 | 5 |[16.67] 0.562
+s4646536 GG 5 9.6 5 |16.67
A 82 | 788 | 45 75
0.570
G 22 | 212 | 15 25

P<0.05 is significant and indicated in bold.
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Table 3. Association of VDR (rs2228570), RXRA (rs3118523, rs7864987), and CYP27BI (rs4646536) gene variants with peri-implantitis risk.
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Ger}e Genotype / Genetic model OR (95%CI) P aOR (95%CI) P
variant
AA 1.000 Ref. 1.000 Ref.
AGvs. AA 1.375 (0.361-5.240) 0.641 1.024 (0.248-4.236) 0.973
- GGvs. AA 2.265 (0.590-8.695) 0.234 1.868 (0.464-7.521) 0.379
= Dominant AG+GGvs. AA 1.744 (0.502-6.059) 0.381 1.353 (0.370-4.949) 0.648
o~ § Recessive GG vs. AG+AA 1.801 (0.716-4.530) 0.211 1.782 (0.683-4.651) 0.238
§ % Over-dominant | AGvs. GG+AA 0.778 (0.313-1.935) 0.589 0.670 (0.256-1.751) 0.413
GG 1.000 Ref. 1.000 Ref.
GA vs. GG 0.643 (0.076-5.417) 0.685 0.560 (0.041-7.639) 0.664
AA vs. GG 0.528 (0.069-4.048) 0.539 0.536 (0.072-4.396) 0.584
0 Dominant GA+AA vs. GG 0.560 (0.075-4.195) 0.573 0.615 (0.075-5.022) 0.650
;E § Recessive AA vs. GA+GG 1.021 (0.375-2.781) 0.968 1.044 (0.364-2.993) 0.937
§ 2 Over-dominant | GA vs. GG+AA 1.163 (0.431-3.139) 0.765 1.010 (0.357-2.856) 0.985
TT 1.000 Ref. 1.000 Ref.
TCvs. TT 1.750 (0.422-7.253) 0.440 1.814 (0.420-7.830) 0.425
~ CCvs. TT 3.239 (0.917-11.443) 0.068 3.333 (0.902-12.308) 0.071
< 5 Dominant TC+CCvs. TT 2.635 (0.785-8.851) 0.117 2.737 (0.780-9.597) 0.116
& § Recessive CCyvs. TC+TT 2.355 (0.935-5.935) 0.069 2.373 (0.907-6.206) 0.078
E £ | Over-dominant | TCvs. CC+TT 0.751 (0.266-2.118) 0.588 0.768 (0.262-2.255) 0.631
AA 1.000 Ref. 1.000 Ref.
AGvs. AA 0.729 (0.224-2.371) 0.600 0.515 (0.142-1.871) 0.314
- GGvs. AA 1.750 (0.451-6.790) 0.419 1.994 (0.483-8.234) 0.340
E v Dominant AG+GGvs. AA 1.029 (0.396-2.675) 0.953 0.931 (0.344-2.526) 0.889
S § Recessive GG vs. AG+AA 1.880 (0.497-7.117) 0.353 2.275 (0.562-9.213) 0.249
O £ | Over-dominant | AG vs. GG+AA 0.667 (0.210-2.120) 0.492 0.507 (0.148-1.734) 0.279

OR (95% CI) - odds ratio (95% confidence interval). Adjustment was done for the history of periodontitis; Ref. - referent

Association of VDR, RXRA, and CYP27B1
gene variants with peri-implantitis and clinical
characteristics

No association was found between variants in the
VDR, RXRA, and CYP27B1 genes and the risk of peri-
implantitis for any of the variants studied or genetic
models tested (pairwise, dominant, recessive, over-
dominant). (Table 3). In the case of RXRA (rs7864987),
a statistical trend of increased risk of peri-implantitis
was observed in the mutated CC genotype compared
to the TT wild type (OR=3.239, 95% CI: 0.917-11.443,
P=0.068) and in the recessive genetic model (CC vs.
TT and TC genotypes combined, OR=2.355, 95% CI:
0.935-5.935, P=0.069). After adjustment, none of the
genotypes and genetic models of the studied variants
in the VDR, RXRA, and CYP27B1 genes were found
to be associated with the risk of peri-implantitis. After
adjustment for periodontitis history, a statistical trend

remained for increased risk of peri-implantitis in the
tested mutated CC genotype compared to wild-type
TT (OR =3.333,95% CI: 0.902-12.308, P=0.071) and
recessive genetic model (OR =2.373, 95% CI: 0.907-
6.206, P=0.078) of RXRA variant rs7864987.

Clinical characteristics (history of periodontitis,
mPI, mBI, PPD), as the main indicators of periodontal
status, were studied relative to variants in the VDR,
RXRA, and CYP27B1 genes in patients with peri-
implantitis (Table 4). Dental implant location was as-
sociated with the RXRA rs7864987 variant (P=0.009).
Patients with the CC genotype of the RXRA rs7864987
variant were more likely to have peri-implantitis and
dental implants placed in the mandible. mBI was asso-
ciated with the CYP27B1 rs4646536 variant as patients
with wild-type TT genotype were more likely to have
unfavorable mBI (P=0.040). Other clinical characteris-
tics were not associated with the gene variants studied
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Table 4. Association of VDR, RXRA and CYP27BI gene variants with epidemiological and clinical characteristics of patients with peri-

implantitis.
b hic and clinical VDR RXRA RXRA CYP27BI
em°g;ap ‘t‘ a,nt, clinica rs2228570 p rs3118523 p rs7864987 P rs4646536 P
characteristics
AA | AG | GG GG | GA | AA TT| TC | CC AA | AG |GG
male 1|77 15109 30 3 9 103 |2
Gender 0.513 0.921 0.550 0.819
female 3057 1] 410 1] 4 10 0|23
Age <61 3051009 1] 610 0| 4 13 2] 213
. 0.372 0.768 0.043 0.712
(years, mediana) >61 11715 113]09 4 3 6 8 | 3 | 2
. non-smoker | 3 9 7 2 3 14 3 4 12 13 ] 3 3
Smoking status 0.366 0.063 0.839 0.965
smoker 11317 01615 1| 3 7 2 | 2

i 30416 11|11 2| 3 8 1] 4
History of no 0.346 0.064 0.959 0.140
periodontitis yes 1|8 8 1|88 2 4 11 12 4|1

. 0 202 2 11 0| 2 4 41210
Modified plaque 0270 0.453 0.513 0.287
index (mPI) 1+2+3 2 10 12 1| 8|15 4| 5 15 6] 3|5

ifi i 0+1 1] 3]s 0|45 2| 3 4 3133
Modified bleeding s 0.815 0.392 0.361 0.040
index (mBI) 243 309009 2 15| 14 2| 4 15 17 2| 2

<4 011 0|02 1 1 0 1] 1]o0
Peri-implant mm 0.842 0.538 0.124 0.392
pocket depth >4mm 4 |11 13 219 |17 3 6 19 19 4|5
Gingiva ph thin L . S A A 0 A P LA > a0 2Ll o5

mgiva €no [ . . . .

giva phenotyp thick 3] 8 |12 2 | 5 |16 4 5 | 14 15| 4| 4
Number of one 1 6 6 1 5 7 1 1 11 7 3 3
implants with 0.682 0.635 0.101 0.428

.. .. two or more | 3 6 8 1 4 12 3 6 8 13 2 2
peri-implantitis

immediate /

imi i 05| 7 23| 7 1| 5 6 8| 2 2
Timing of implant |~ 0.196 0.197 0.148 1.000
placement

delayed | 4 | 7 | 7 06|12 30 2 13 2] 3| 3
B maxilla 1] 4|7 21317 0| 6 6 8| 2] 2
Jaw position - 0.554 0.197 0.009 1.000
mandible | 3 | 8 | 7 06|12 4 1 13 2] 3| 3
iti teri 1] 2] 4 1] 2] 6 21 2 3 5011
Position of anteriort 0.771 0.119 0316 0.954
placement posterior 3 |10 10 1 9 | 13 2 5 16 15| 4 4
hined | 2 | 6 | 11 2 15|12 3 6 10 13 42
Implant collar machine 0.269 0.498 0.262 0.408
design rough 2163 0|47 1 1 9 7011 3

P<0.05 is significant and indicated in bold; mPI: 0 - no plaque, 1 - plaque recognized by running a probe, 2 — plaque seen by eye, 3 — abundance of plaque;

mBI: 0 - no bleeding, 1 - isolated bleeding spots visible, 2 - blood forms a confluent red line, 3 - heavy bleeding

(Table 4). The data presented should be interpreted
with consideration of the limited sample size of the

peri-implantitis patient group.

Epistatic interactions between the analyzed
variants in the VDR, RXRA, and CYP27BI1 genes

Given that VDR, RXRA, and CYP27BI are key genes
involved in the function and synthesis of vitamin D,
we conducted a statistical epistatic interaction analysis
to explore potential combinations of genes and their
variants that could be associated with peri-implantitis.
None of the models tested proved to be significant and
associated with peri-implantitis (Table 5).

In silico analysis of pathogenicity and functional
effects of analyzed variants in VDR, RXRA, and
CYP27B1 genes

According to the in silico prediction of pathogenicity for
the analyzed variants, the VDR gene variant rs2228570
was found to be deleterious, while rs3118523 and
rs7864987 in RXRA, as well as rs4646536 in CYP27B1,
were identified as benign. RXRA rs3118523 was iden-
tified as altering regulatory motifs for Maf binding,
rs7864987 as affecting AP-1, NF-Y, and TATA bind-
ing, and CYP27BI rs4646536 as influencing DMRT7
regulatory elements. RXRA rs3118523 changes the
binding site of the CTCF transcription site, while
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Table 5. Models of statistical epistatic interactions of analyzed VDR rs2228570, RXRA (rs3118523, rs7864987), and CYP27B1 (rs4646536)

variants and their association with peri-implantitis.

Tested epistatic model Training balanced Testing balanced Cross v-alidation P
accuracy accuracy consistency

157864987 0.6061 0.5269 9/10 0.1719

rs2228570-rs7864987 0.6504 0.5043 8/10 0.9453

rs2228570-rs7864987-rs4646536 0.7112 0.4199 7/10 0.9896

1rs2228570-1s3118523-rs7864987-rs4646536 0.7693 NaN 10/10 0.9453

NaN - not a number

rs7864987 alters the binding sites of POLR2A, ZFX,
GABPA, STAT3, and CYP27BI rs4646536 of EZH2
transcription factor (Supplementary Table S2).

DISCUSSION

This case-control study aimed to investigate whether
variants in vitamin D-related genes could be used to
predict the occurrence of peri-implantitis. Our results
suggest that the variants analyzed in VDR, RXRA, and
CYP27B1 genes cannot be used as molecular predictors
of peri-implantitis. In patients with peri-implantitis,
CYP27BI variant rs4646536 was associated with a modi-
fied bleeding index (P=0.040), and RXRA rs7864987
with the implant jaw position (P=0.009).

The genetic background of peri-implantitis is large-
ly unknown. Due to the increasing number of patients
with integrated dental implants and the occurrence
of biological complications, such as peri-implantitis,
there is a growing need for further clarification of
the etiology, pathology, and genetic predisposition
to peri-implantitis. Identifying individuals at risk for
peri-implantitis could help develop targeted implant
treatment and placement strategies, including appro-
priate follow-up and care for dental implants. Studies
have examined the association of different gene variants
with peri-implantitis to identify new genetic markers.
Most studies focus on genes involved in the immune
response, while there is a lack of association studies
exploring other genes [24,25]. Vitamin D has multiple
biological functions, including anti-inflammatory
effects. For example, vitamin D lowers the pro-in-
flammatory cytokines elevated in peri-implantitis [8].
The biological function of vitamin D might be affected
by variants in genes that are important for vitamin D
function and synthesis. To the authors’ knowledge,
this is the first study reporting an association between

vitamin D-related gene variants and the occurrence
of peri-implantitis.

None of the analyzed variants in the vitamin
D-related genes VDR (rs2228570), RXRA (rs3118523,
rs7864987), and CYP27BI (rs4646536) were associated
with the occurrence of peri-implantitis after adjusting
for the history of periodontitis as one of the main and
the most important confounding factors. The lack of
association might be due to the limited size of our study
group, the functional effects of the variants, and the
specific role of the analyzed variants in the pathology
under investigation. Although our study group was
limited in size, it was ethnically homogeneous, which
is important for gene association studies. Furthermore,
all the variants studied were in Hardy-Weinberg equilib-
rium in both the peri-implantitis cases and the controls
with healthy peri-implant tissues. In gene association
studies, HW equilibrium in a group of patients indicates
no association between common gene variants with the
disease, which is consistent with our results. The power
of the study was 68% for a significance level of 0.05 and
an effect size of 0.3, indicating modest power to detect
differences between the peri-implantitis group and the
group with healthy peri-implant tissue.

The rs2228570 variant, also known as Fokl, is one
of the most studied and functionally confirmed vari-
ants in the VDR gene. The presence of mutated allele
C results in the synthesis of a VDR protein that is three
amino acids shorter, but has a higher transactivation
capacity in binding vitamin D [26]. This variant in the
VDR gene is associated with various inflammatory
conditions, such as periodontitis [27-29], but, accord-
ing to our results, it is not linked to peri-implantitis
in the Serbian group of patients with dental implants.
Although peri-implantitis is an inflammatory condi-
tion, it is clear that the VDR variant rs2228570 may
have different associations across various inflammatory
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pathologies. In addition to the studied variants, there
are numerous identified single nucleotide changes in
the VDR gene, and some of these have been studied in
the context of dental implant losses. A previous study
reported that variant rs731236 (VDR Taql) was not
associated with dental implant loss [30], while VDR
rs3782905 was found to be a potential risk factor for
multiple dental implant loss [31]. These studies focused
on the association of VDR gene polymorphism with
implant loss, not peri-implantitis.

The results of association studies linking VDR gene
polymorphisms to periodontitis suggest that certain
genotypes may be associated with increased disease
susceptibility. However, differences in findings may
arise due to variations in study designs, sample sizes,
or heterogeneous populations [32-34]. For instance,
the VDR variant rs2228570 has been associated with
periodontitis [28,29].

The lack of association with peri-implantitis risk
was also observed for analyzed RXRA rs3118523 and
rs7864987 variants. Mutated C allele of RXRA intron
variant rs7864987 was more frequent in patients with
peri-implantitis than in patients with healthy peri-
implant tissue. However, risk analysis adjusted for
history of periodontitis showed a trend toward an
increased risk of peri-implantitis in the recessive genetic
model (CC versus TC and TT combined). Because the
association showed a statistical trend, it may be pos-
sible that enlarging the size of the study group could
lead to the discovery of a significantly increased risk.
If this were the case, the variant rs7864987 could be
used to identify patients at risk for peri-implantitis
after implant placement. However, this assumption
needs to be further tested in a larger group of patients
with peri-implantitis. A recent study reported that the
expression of RXRA and VDR was lower in patients
with peri-implantitis compared to patients with healthy
peri-implant tissue and individuals with periodonti-
tis [35]. It would be of great interest to measure the
expression of VDR and RXRA in the context of gene
variants in patients with peri-implantitis.

In our study, there was no association between the
studied variant rs4646536 in the CYP27BI gene and
peri-implantitis risk. Previous reports indicate that the
presence of the T allele (according to HGVS A allele)
of rs4646536 in the CYP27B1 gene is associated with
vitamin D deficiency [36]. In the current study, we did
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not measure the vitamin D level of the participants,
which may be of interest for future research.

Smoking status was not found to be associated
with peri-implantitis risk in our study group. The role
of smoking habits in peri-implantitis remains a topic
of ongoing debate [2]. A greater rate of tooth loss was
displayed in smokers compared to non-smokers and
the incidence of dental implants in smoking patients
was increased [37]. However, the current meta-analysis
revealed a significant increase in marginal bone loss
around implants, leading to subsequent bone loss, in
smokers compared to non-smokers [38]. This was in
contrast to a previous study in which smoking was iden-
tified as a risk factor in peri-implantitis development
in the Serbian population [25]. Nevertheless, similar
to our findings, smoking was not a significant predic-
tor for peri-implantitis, suggesting that other factors,
such as a history of early treated periodontitis and poor
plaque control, play a more crucial role in the onset of
peri-implantitis, representing an increased risk for its
development [2,3].

According to our results, the location of dental
implants, especially in the mandible, might be con-
sidered a potential indicator of increased risk for peri-
implantitis. The current literature is inconsistent in
determining which specific implant position poses a risk
for peri-implantitis. Some authors found a significant
correlation between implants placed in the mandible
and the prevalence of peri-implantitis [39,40], while
others found no association between implant location
and peri-implantitis [41,42]. The timing of implant
placement was not a risk for peri-implantitis. Studies
examining the risk for peri-implantitis in immediately
and conventionally placed implants also found no dif-
ference between the two placement protocols [43,44].
Our findings agree with a recent systematic review
describing the relative risk of peri-implantitis for two-
piece implants with machined and rough collars [45].

Apart from well-known and commonly considered
risk factors, microbial composition is widely recognized
as a driving force for the occurrence and severity of
peri-implantitis [46,47]. A recent study on the Thai
population found that the VDR-FokI polymorphism
influences subgingival microbial composition and the
severity of periodontitis [33]. Therefore, genetic as-
sociation studies should consider microbial analysis as
an important confounding factor for peri-implantitis.
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One of the main limitations of our study is the
relatively small size of the study group, which may
have affected the reliability and generalizability of
the results. We performed a post-hoc power analysis,
and the obtained results should be interpreted in
light of the modest power of the study. Small sample
sizes may limit the ability to detect true associations
or differences between groups, increasing the risk of
type II (false negative) and type I (false positive) er-
rors in interpreting the results. In addition, the small
sample size limits the generalizability of the results as
they may not necessarily apply to other populations.
For these reasons, our results should be considered
as preliminary. Future studies should involve a larger
participant sample to confirm the results and validate
the conclusions. The procedure for recruiting patients
with peri-implantitis and healthy peri-implant tissue
proved feasible and provides a basis for future studies.

Based on the above and considering the limitations
of the current study, variants in vitamin D-related genes,
VDR (rs2228570), RXRA (rs3118523, rs7864987), and
CYP27BI (rs4646536) cannot be used as predictors of
peri-implantitis in the Serbian patient group. The next
steps for future research will include a larger study
group, measurement of the active form of vitamin
D (calcidiol), expression of vitamin D-related genes,
and analysis of gene and environmental interactions.
It is important to take a comprehensive approach that
encompasses genetic, transcriptomic, epigenetic, and
microbial analyses of peri-implant tissue to elucidate
the complex etiopathogenesis of peri-implantitis.
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SUPPLEMENTARY MATERIAL

Supplementary Table S1. Details of analyzed variants in VDR, RXRA, and CYP27BI genes

g
2 5 . Position within Position within | Referent and Allele
Gene E % | dbSNPID Nucleotide change gene and functional gene and alternative frequences
g 9 (GRCh38.p14, HGVS nomenclature) . in European
=] effect functional effect allele .
o population*
first exon first exon
initiator codon initiator codon Ref: A A=0.388696
VDR 12q13.11 | rs2228570 NC_000012.12:2.47879112A>G variant variant Alt: G G=0.612598
missense missense
Ref: G G=0.19043
rs3118523 NC_000009.12:g.134443675G>A 2KB upstream 2KB upstream Alt: A A=0.80957
RXRA | 99342 Ref: T T=0.75194
. . er: =U.
rs7864987 NC_000009.12:g.134356320T>C intron 1 intron 1 Alt: C C=0.24806
intron between exon | intron between Ref: A A=0.68287
CYP27B1 | 12ql4.1 | rs4646536 NC_000012.12:g.57764205A>G 6and 7 exon 6 and 7 Alt: G G=031713

i GRCh38.p14 - Genome Reference Consortium Human Build 38 patch release 14; HGVS - Human Genome Variation Society. Ref — referent allele;
Alt - alternative allele. *Based on data provided in the dbSNP database for the European population

Supplementary Table S2. Prediction of pathogenicity and functional effects of analyzed variants in VDR, RXRA, and CYP27BI genes

Pathogenicity predictors* Functional effects predictors
HaploReg 4.2 RegulomeDB?*?
Gene dbSNP ID SIFT regSNP-intron | PhD-SNP¢ (regulatory motifs TF binding sites Prediction
altered) (ChIP-seq) score
VDR rs2228570 | deleterious - - - - 0.22271
rs3118523 - - benign Maf CTCF 0.55436
AP-1 POLR2A
RXRA rs7864987 - benign benign NEF-Y Gill?l() A 0.66703
TATA
STAT3
CYP27BI1 | rs4646536 - benign benign DMRT?7 EZH2 0.55436

*SIFT software can be used only for missense variants; regSNP-intron and PhD-SNP#are software for pathogenicity characterization of intronic gene vari-
ants; RegulomeDB?? provides functional context to variants located within the non-coding regions. The prediction score [0-1] indicates the probability
of the variant having real functional significance.

ONLINE SUPPLEMENTARY MATERIAL

The data underlying this article are available in the online supplementary material: https://www.serbiosoc.org.rs/NewUploads/Uploads/
Magic%20et%20al_Dataset.pdf
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