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polymorphism and the diagnosis of periodontal disease in non-smoker Italian patients with
aggressive and chronic periodontitis.
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Materials and methods: DNA was obtained from the internal cheek mucosa of 115 patients
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with chronic periodontitis, 58 with aggressive periodontitis and 65 healthy controls. Allelic

VDR TaqI

discrimination was performed using TaqMan1 SNP Genotyping Assays. Genotype and allele

Vitamin D receptor

frequencies were calculated.
Results: Comparisons between diseased patients and healthy controls showed significant
differences. Moreover, calculating the odds ratio, individuals with the TT genotype, was
more susceptible than individuals with tt to chronic periodontitis and individuals with Tt to
aggressive periodontitis. Interestingly, the dominant model (TT + Tt vs. tt) was applicable to
chronic periodontitis, whilst for aggressive periodontitis the recessive model (TT vs. Tt + tt)
gave the highest odds ratio.
Conclusions: These data indicated that VDR TaqI polymorphism is differentially associated
with development of chronic periodontitis and aggressive periodontitis in Italian population. The study of VDR polymorphisms may therefore be essential for the prevention of
periodontitis and for a pre-treatment periodontal and/or for implant assessment. Moreover
VDR TaqI polymorphism could be useful to discriminate between aggressive and chronic
forms of periodontal disease.
# 2011 Elsevier Ltd. All rights reserved.

1.

Introduction

Periodontitis is a common multifactorial disease characterised
by inflammatory response to altered levels of subgingival
pathogens, resulting in destruction of periodontal ligament,
cement and bone, if left untreated can lead to tooth loss. The
principal feature of bone-loss in periodontitis is enhanced
osteoclast activity without a corresponding bone formation.
Periodontal disease is traditionally classified as chronic (CP) or
aggressive (AP) in relation to some clinical parameters such as
the age of onset or detection, rate of progression, patterns of

destruction, signs of inflammations and amount of plaque and
calculus.1 However, clinical distinction between chronic and
aggressive periodontitis is still not clear cut.2
The key point of periodontitis is the interaction of
periodontal pathogens and host immune response is modulated by genetic and environmental factors involved in the
inflammatory disease aetiology. Most genetic research in
periodontitis has focused on gene polymorphisms that play
roles in immunoregulation or metabolism, such as interleukin-1 family (IL-1), interleukin-6 (IL-6), interleukin-10 (IL-10) or
tumour necrosis factor (TNF). Currently, the presence of
interleukin genetic variations appears to identify individuals
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who are increased risk for more severe form of periodontitis
and for a more difficult response to therapy.
Vitamin D receptor (VDR) gene has also been suggested as
one of the candidate genes for genetic control of bone mass. The
VDR gene is polymorphic at several sites; the BsmI, ApaI, and
TaqI polymorphisms are in strong linkage disequilibrium in
Caucasians. These common polymorphisms in the gene may
alter transcriptional activity and mRNA stability, and may be
associated with circulating levels of 1,25(OH)2D3.3,4 The active
form of vitamin D, 1,25-dihydroxyvitamin D3 [1,25(OH)2D3]
(calcitriol), is a key regulator of bone and calcium metabolism. In
addition, 1,25(OH)2D3 is involved in cellular differentiation and
immunity with a role in the induction of monocytic differentiation to macrophages and modulating macrophage responses
preventing them from releasing proinflammatory cytokines
and chemokines.5 Vitamin D exerting also direct modulatory
effects on T-cells and B-cells functions.6–8
There are numerous studies confirming the association of
VDR polymorphisms with several diseases such as osteoporosis, rheumatoid arthritis, cancer, diabetes and periodontitis.9–
11
Several authors have looked for association between VDR
polymorphisms and periodontitis at TaqI, BsmI, FokI and ApaI
restriction sites.3,12–17 However, the mode by which VDR gene
polymorphism may influence susceptibility to periodontitis is
not clear yet. In fact, the most studied VDR polymorphisms
such as those shown by restriction enzymes TaqI, BsmI, ApaI
involve synonymous substitutions, leaving unchanged the
protein sequence, whereas the FokI polymorphism may affect
VDR functions by creating an alternative start codon.18 The
VDR TaqI ( 1056) is characterised by a single base transition
(T < C) at codon 352 in exon 9 of the VDR gene that creates a
TaqI restriction site. The resulting alleles are called ‘‘t’’ (TaqI
site present) and ‘‘T’’ (TaqI site absent). The allele ‘‘t’’
correlates with increased transcriptional activity, mRNA
stability, and high serum level of 1,25-D3.3 Several studies
on VDR gene polymorphisms have found an association with
periodontitis, however not always unconditionally. The
carriage of VDR TaqI TT genotype and T allele was associated
with periodontitis in Caucasian and Japanese patients,12–14
whilst the tt genotype and t allele are associated with
aggressive periodontitis in Chinese subjects. VDR BsmI, FokI,
and ApaI polymorphisms showed no association with periodontitis as a single SNP but in different haplotype combination with the other VDR polymorphisms.15–17 Conversely, the
study of VDR TaqI SNP may be associated with periodontal
disease as a single polymorphism or in combination with
other VDR polymorphisms with which shows a significant
linkage disequilibrium.3

The discrepancies between studies addressing genetic
risks may be attributed to genetic heterogenity population
and to the small size of sample. For these reasons the aim of
this study is to investigate the relationship between VDR TaqI
polymorphism and the diagnosis and progression of periodontal disease in Italian patients with AP and CP. In
particular, thanks to the large dataset presented we address
the question if doubtful clinical cases of AP and CP patients
could be associated to VDR TaqI polymorphism.

2.

Materials and methods

2.1.

Subject population

Samples of Italian untreated subjects from IRF in Microdentistry
(Florence) were analysed. The study included 65 healthy subjects,
58 aggressive periodontitis and 115 chronic periodontitis
patients. The healthy controls were at least 36 years old, without
pocket depth >3 mm and they did not show radiographic
evidence of bone loss and history of periodontitis. Clinical
examination was performed using Florida Probe (www.floridaprobe.com) a computerised periodontal probing that allows tests
comparable over time and independent from the operator.
The group of 173 patients suffering from periodontitis shows
a severe generalised form of the disease with at least 5 sites with
PPD  6 mm located in different teeth and distributed amongst
the four quadrant, BOP and PUS. The differential diagnosis of CP
and AP was made according to the age of onset: subjects with CP
were >50 years old; patients with AP were <36 years old and
exhibited highly destructive forms of periodontitis (Table 1).
Informed consent was obtained from all subjects.

2.2.

Exclusion criteria

Exclusion criteria included localised periodontitis, history or
current manifestation of systemic diseases that could affect
the progression of periodontitis, chronic usage of antiinflammatory drugs, smoke, diabetes, hepatitis, HIV infection,
current pregnancy and lactation.

2.3.

Sample collection

Sampling was carried out following the procedures reported in
the kit (Genetic Periodontal Screening GPS Biomolecular
Diagnostics, Italy) with a sterile foam tipped applicator that
must be firmly rubbed, for about 2 min, on the patient’s
internal cheek mucosa.

Table 1 – Demographic characteristics of study subjects.a

Age (mean  SD)
Females (%)
PPD (mm) (mean  SD)
BOP
PUS

Control (n = 65)

Chronic periodontitis (n = 115)

Aggressive periodontitis (n = 58)

56.07  20.88a
45 (69.23%)a
2.08  0.35b
25.6%b
0.0 (n.a.)

59.59  8.74a
97 (84.35%)a
7.26  1.13a
99.14%a
57.76%a

29.07  5.77b
40 (68.96%)a
7.14  1.02a
97.10%a
62.32%a

a
Mean value of age and PPD (SD) and the percentage of females and smokers of Caucasian subjects are reported. SD, standard deviation.
Different letters for the same row indicate statistically significant differences (P < 0.05) after one-way ANOVA; n.a., not applicable.
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DNA extraction and genotyping

Genomic DNA was isolated by Biomolecular Diagnostic using
commercial kit (QIAGEN). Allelic discrimination was performed using TaqMan1 SNP Genotyping Assays (rs731236
functionally tested by Applied Biosystems) on the StepOne
instrument (Applied Biosystems, Forster City, CA, USA) with
10 ng genomic DNA in 48 well plates. Thermocycler conditions
were an initial 35 s denaturation at 95 8C, followed by 40 cycles
of 95 8C for 10 s and 60 8C for 45 s.

2.5.

Statistical analysis

One-way ANOVA was computed with Analyse-It 2.20 (Analyse-it Software, Ltd., http://www.analyse-it.com/). Tukey
post hoc error protection was used for inferring statistical
significance of differences and of proportions. Genetic
association analyses were conducted following already
reported guidelines.20 The population genetic parameters of
control, AP and CP groups were assessed by testing the Hardy–
Weinberg equilibrium and genetic differentiation amongst
groups by Fixation Index and pairwise FST analysis with the
software Arlequin ver. 3.5.1.2.21 Statistical significant for
Hardy–Weinberg equilibrium was assessed by running exact
tests using a Markov chain with length 1,000,000 and

dememorisation steps 100,000, whilst for pairwise FST by a
permutation test with 1000 random permutation. The significance of the differences in the observed frequencies of Taq
polymorphism in the control, CP and AP groups was also
computed by Chi-square test (x2) with Analyse-It 2.20
(Analyse-it Software, Ltd., http://www.analyse-it.com/). The
risk associated with individual alleles or genotypes was
calculated as the Conditional Maximum Likelihood Estimate
(CMLE) of odds ratio22 with 95% confidence intervals (CI) by
using OpenEpi 2.3 software suite23 and SPSS Ver 18.0. The
dominant (TT + Tt vs. tt), recessive (TT vs. Tt + tt) and additive
models (linear relation) were tested.

3.

Results

3.1.

Clinical data

The demographic and clinical characteristics of the population are presented in Table 1. The population recruited for our
study is composed of non-smoker Italian individuals only,
with a prevalence of females in all three groups.
The frequencies of the alleles and genotypes are reported in
Tables 2 and 3. Hardy–Weinberg equilibrium was tested for the
three groups (control, CP, AP). Obtained results indicated CP and

Table 2 – Conditional maximum likelihood estimates of odds ratio (OR) and 95% confidence interval (CI) of comparison
between patients with chronic periodontitis and healthy controls.
Parameter

t allele
T allele
tt genotype
Tt genotype
TT genotype

Cases (chronic periodontitis)
n = 115

88 (38.3%)
142 (61.7%)
14 (12.2%)
60 (52.2%)
41 (35.6%)

ORa (95% CI)

Controls
n = 65

70
60
20
30
15

(53.9%)
(46.1%)
(30.8%)
(41.6%)
(20.0%)

Dominant model

Additive model

Recessive model

TT + Tt vs. tt

Linear relation

TT vs. T

–b
1.78 (1.02–3.11)c
3.18 (1.45–7.01)

3.59 (1.62–7.55)

1.84 (0.93–3.76)

a
OR: odds ratio in the cases compared to the control. x2 of comparisons between patients with CP and healthy controls were 9.35 (P < 0.002) for
alleles and 10.01 (P < 0.007) for genotypes.
b
Reference category.
c
Models are not applicable.

Table 3 – Conditional maximum likelihood estimates of odds ratio (OR) and 95% confidence interval (CI) of comparison
between patients with aggressive periodontitis and healthy controls.
Parameter

t allele
T allele
tt genotype
Tt genotype
TT genotype
a

Cases (aggressive periodontitis)
n = 43

34
52
12
10
21

(39.5%)
(60.5%)
(27.9%)
(23.2%)
(48.8%)

ORa (95% CI)

Controls
n = 65

70
60
20
30
15

(53.9%)
(46.1%)
(30.8%)
(41.6%)
(20.0%)

Dominant model

Additive model

Recessive model

TT + Tt vs. tt

Linear relation

TT vs. T

–b
1.97 (1.27–3.06)c
1.15 (0.49–2.75)

2.71 (1.15–5.24)

3.15 (1.37–7.38)

OR: odds ratio in the cases compared to the control. x2 of comparisons between patients with AP and healthy controls were 4.25 (P < 0.04) for
alleles and 8.89 (P < 0.01) for genotypes.
b
Reference category.
c
Models are not applicable.
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healthy control groups as theoretical populations in genetic
equilibrium, whilst for AP an excess of homozygosity was
observed (Supplemental Material S1). Whilst analysing genetic
differentiation on the basis of allele frequencies a significant
Fixation Index was obtained (FST = 0.025, P < 0.02) and pairwise
FST comparisons indicated healthy control group as statistically
differentiated from CP group. No statistical significant differences were on the contrary obtained for pairwise FST comparisons between AP and CP and between healthy control and AP
(Supplemental Material S2). x2 of comparisons between
diseased patients and healthy controls considering both alleles
and genotypes gave similar results, showing a significant
difference between the control and AP and CP groups.
Calculating the odds ratio (OR), it was revealed that dominant
and additive models produced higher values for CP (OR = 3.18
and 3.59, respectively) (Table 2), whilst for AP the highest value
was shown under the recessive model (OR = 3.15) (Table 3).
However possible biases cannot be completely excluded due to
the excess of homozygosis within the AP group. For the T vs. t
alleles, slightly higher OR was scored for CP than for AP.

4.

Discussion

Periodontitis is a complex multifactorial disease. Periodontopathogens are essential for the initiation of disease but
the amount of plaque and the species of bacteria do not
necessarily correlate with periodontitis severity. Each person
has an individual dose-dependent response to the bacterial
load that determines the susceptibility to periodontitis. This is
the reason of the increasing scientific interest on the role of
genes and of their polymorphism in: (i) host immune
responses to periodontitis, (ii) progression of the disease,
and (iii) tissue destructive processes.
Amongst the large number of candidate gene polymorphisms investigated in relation to susceptibility to periodontitis,
the vitamin D receptor (VDR) gene polymorphism is one of the
most studied because it affects both bone metabolism and
immune functions.5 Hennig and co-authors found an association between the carriage of the less-frequent VDR t allele
(detected as polymorphism for TaqI restricton enzyme site)
with an increased risk of developing localised, but not
generalised, disease in Caucasian subjects.24 Others studies
associated the TT genotype and T allele with CP in Caucasian
and Japanese patients.12,13 According to these results our
study confirmed that VDR TaqI polymorphism is significantly
associated with CP but also with AP. In particular, for CP
dominant and additive models support the association of T
allele (TT and Tt genotypes vs. tt) whilst for AP the recessive
model (TT vs. Tt + tt) better explain the association. However,
due to excess of homozygosis in AP group this result should be
carefully considered. More studies are needed to better
elucidate these findings. Our study also has some potential
limitations. In particular we did not perform any sample size
calculation of subject population, and there are missing data
in clinical parameters such as plaque index and clinical
attachment loss (CAL).
From the molecular aspect, the VDR TT genotype has been
correlated with lower serum levels of vitamin D3.3 Low serum
levels of vitamin D3 due to reduced activation of the provitamin
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D by UV radiation, to VDR polymorphism or to nutritional
factors, are associated with increased circulating-reactive
protein (CRP),25 with cardiovascular disease26 and with autoimmune diseases such as inflammatory bowel disease (IBD),
rheumatoid arthritis (RA) and multiple sclerosis (MS).27 Furthermore, vitamin D deficiency induces a decreased bone
mineral density at skeletal level (osteoporosis) including
maxilla and mandible with an increased alveolar porosity
and more rapid alveolar bone resorption following invasion by
periodontal pathogens. These evidence may explain a higher
susceptibility to periodontitis of patients showing VDR TT
genotype, hypothesising a more difficult host response to
periodontopathogenic bacteria and to a marked bone loss.Unlike the effects of other gene polymorphisms associated with
the development and progression of periodontal disease, such
as IL-1, Il1RN, IL-6, that produce immediate consequences in the
immune response, the metabolic effects produced by low
serum levels of vitamin D are only noticeable over the years and
therefore likely to be more associated with CP rather than AP,
suggesting gene-dosage effect as a possible hypothesis for the
differences between CP and AP in genotype’s susceptibility. For
both forms the homozygous T condition is the most associated,
but whilst for AP homozygous and heterozygous (Tt) individuals
differentiate, for CP they behave similarly (dominant model).
Gene dosage effect has previously been shown to be related to
Down syndrome as well as several cancer diseases,28,29 but no
association with periodontitis have been reported.
The determination of VDR polymorphisms may therefore
be essential for the prevention of periodontitis through a mass
screening from a very early age and for a pre-treatment
periodontal and/or for implant assessment. In case of
individual susceptibility (TT genotype), patients treated with
vitamin D before surgery may reduce the risk of implant
failure, whilst the administration during treatment may
promote the response to periodontal treatment.30
In conclusion, this is the first study in which the VDR TT/Tt/
tt genotypes show strong differential correlation with the
development of CP and AP. This result could be useful to
discriminate between aggressive and chronic forms of
periodontitis, especially in the range 36–50 years in which
clinical distinction between these two forms is still dubious.2
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Appendix ASupplementary data
Supplementary data associated with this article can be found,
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references

1. Armitage GC. Development of a classification system for
periodontal diseases and conditions. Ann Periodontol
1999;4(1):1–6.
2. Armitage GC, Cullinan MP. Comparison of the clinical
features of chronic and aggressive periodontitis. Periodontol
2000 2010;53:12–27.

Author's personal copy
1498

archives of oral biology 56 (2011) 1494–1498

3. Morrison NA, Qi JC, Tokita A, Kelly PJ, Crofts L, Nguyen TV,
et al. Prediction of bone density from vitamin D receptor
alleles. Nature 1994;367(6460):284–7.
4. Ma J, Hennekens CH, Hollis BW, Haddad JG, Stampfer MJ,
Vitamin D. receptor polymorphisms, circulating vitamin D
metabolites, and risk of prostate cancer in United States
physicians. Cancer Epidemiol Biomark Prev 1996;7(5):121–6.
5. Helming BJ, Bose J, Ehrchen J, Schiebe S, Frahm T, Geffers R,
et al. 1-Alpha, 25-dihydroxyvitamin D3 is a potent
suppressor of interferon gamma-mediated macrophage
activation. Blood 2005;106(13):4351–8.
6. Bouillon R, Okamura WH, Norman AW. Structure function
relationships in the vitamin D endocrine system. Endocr Rev
1995;16(2):200–57.
7. Haussler MR, Whitfield GK, Haussler CA, Hsieh JC,
Thompson PD, Selznick SH, et al. The nuclear vitamin D
receptor: biological and molecular regulatory properties
revealed. J Bone Miner Res 1998;13(3):325–49.
8. Selvaraj P, Kurian SM, Chandra G, Reetha AM, Charles N,
Narayanan PR. Vitamin D receptor gene variants of BsmI,
ApaI, TaqI, and FokI polymorphisms in spinal tuberculosis.
Clin Genet 2004;65(1):73–6.
9. Valdivielso JM, Fernandez E. Vitamin D receptor
polymorphisms and diseases. Clin Chim Acta 2006;371(1–
2):1–12.
10. Meng H, Xu L, Li Q, Han J, Zhao Y. Determinants of host
susceptibility in aggressive periodontitis. Periodontol 2000
2007;43:133–59.
11. Ranganathan P. Genetics of bone loss in rheumatoid
arthritis-role of vitamin D receptor polymorphisms.
Rheumatology 2009;48(4):342–6.
12. Brett PM, Zygogianni P, Griffiths GS, Tomaz M, Parkar M,
Aiuto D’, et al. Functional gene polymorphisms in
aggressive and chronic periodontitis. J Dent Res
2005;84(12):1149–53.
13. Tachi Y, Shimpuku H, Nosaka Y, Kawamura T, Shinohara M,
Ueda M, et al. Vitamin D receptor gene polymorphism is
associated with chronic periodontitis. Life Sci
2003;73(26):3313–21.
14. Nibali L, Parkar M, D’Aiuto F, Suvan JE, Brett PM, Griffiths GS,
et al. Vitamin D receptor polymorphism ( 1056 Taq-I)
interacts with smoking for the presence and progression of
periodontitis. J Clin Periodontol 2008;35(7):561–7.
15. Naito M, Miyaki K, Naito T, Zhang L, Hoshi K, Hara A, et al.
Association between vitamin D receptor gene haplotypes
and chronic periodontitis among Japanese men. Int J Med Sci
2007;4(4):216–22.
16. Gunes S, Sumer AP, Keles GC, Kara N, Koprulu H, Bagci H,
et al. Analysis of vitamin D receptor gene polymorphisms in
patients with chronic periodontitis. Indian J Med Res
2008;127(1):58–64.

17. de Brito Jr RB, Scarel-Caminaga RM, Trevilatto PC, de Souza
AP, Barros SP. Polymorphisms in the vitamin D receptor
gene are associated with periodontal disease. J Periodontol
2004;75(8):1090–5.
18. Gross C, Eccleshall TR, Malloy PJ, Luz Villa M, Marcus R,
Feldman D. The presence of a polymorphism at the
translation initiation site of the vitamin D receptor gene is
associated with low bone mineral density in
postmenopausal Mexican-American women. J Bone Miner
Res 1996;11(12):1850–5.
20. Lewis CM. Genetic association studies: design, analysis and
interpretation. Brief Bioinform 2002;3(2):146–53.
21. Excoffier Laval LG, Schneider S. Arlequin ver. 3.0:
an integrated software package for population
genetics data analysis. Evol Bioinformatics Online 2005;1:
47–50.
22. Martin D, Austin H. An efficient program for computing
conditional maximum likelihood estimates and exact
confidence limits for a common odds ratio. Epidemiology
1991;2(5):359–62.
23. Dean AG, Sullivan KM, Soe MM. OpenEpi: Open Source
Epidemiologic Statistics for Public Health, Version 2.3.
www.OpenEpi.com [updated 20.05.09, accessed 08.10.10].
24. Hennig BJ, Parkhill JM, Chapple IL, Heasman PA, Taylor JJ.
Association of a vitamin D receptor gene polymorphism
with localized early-onset periodontal diseases. J Periodontol
1999;70(9):1032–8.
25. Timms PM, Mannan N, Hitman GA, Noonan K, Mills PG,
Syndercombe-Court D, et al. Circulating MMP9, vitamin D
and variation in the TIMP-1 response with VDR genotype:
mechanisms for inflammatory damage in chronic
disorders? Q J Med 2002;95(12):787–96.
26. Kendrick J, Targher G, Smits G, Chonchol M. 25Hydroxyvitamin D deficiency is independently associated
with cardiovascular disease in the Third National Health
and Nutrition Examination Survey. Atherosclerosis
2009;205:255–60.
27. Cantorna MT, Mahon BD. Mounting evidence for vitamin D
as an environmental factor affecting autoimmune disease
prevalence. Exp Biol Med 2004;229(11):1136–42.
28. Rachidi M, Lopes C. Mental retardation in Down syndrome:
from gene dosage imbalance to molecular and cellular
mechanisms. Neurosci Res 2007;59(4):349–69.
29. Sellmann L, Scholtysik R, Kreuz M, Cyrull S, Tiacci E,
Stanelle J, et al. Gene dosage effects in chronic
lymphocytic leukemia. Cancer Genet Cytogenet 2010;203(2):
149–60.
30. Miley DD, Garcia MN, Hildebolt CF, Shannon WD, Couture
RA, Anderson Spearie CL, et al. Cross-sectional study of
vitamin D and calcium supplementation effects on chronic
periodontitis. J Periodontol 2009;80(9):1433–9.

