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Aim: Recent research has focused attention on the single nucleotide polymorphisms (SNPs)

involved in the host response in periodontitis. However, so as to combine the relatively

small effects of individual genes the use of multi locus genetic risk (GRS) has been proposed.

This study aims to evaluate whether the genetic risk score may predict periodontitis onset

and progression.

Materials and methods: Fifty patients were divided into various groups according to peri-

odontal status. Total DNA was isolated from epithelial oral cells by a masked operator and

the selected SNPs were analysed. A GRS was calculated using an additive model.

Results: We found a strong association only between TNF rs1800629 and diffused forms of

periodontitis. Data show that GRS is able to discriminate diffused forms of periodontitis

from localized ones. Finally, a progressive increase of the GRS is evident in advanced

periodontitis in comparison with early forms.

Discussion: In recent years, research on genetic polymorphism has had limited success in

predicting the susceptibility to periodontal disease. However, our results indicate that the

use of the genetic risk score could be promising. Further studies are necessary to include

data from multiple genes so as to confirm our result.

# 2011 Elsevier Ltd. All rights reserved.
Clinical relevance:
*
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Scientific rationale. Periodontitis is a complex disease de-

termined by both genetic and environmental factors.

Gene polymorphisms, which have a role in the immune

response, tissue destructive mechanisms or the meta-

bolic process, have been investigated in several studies.

However, the contribution of any single gene variant to

risk has been small, underscoring the polygenic nature of

the disease. Therefore, the aim of this study was to
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evaluate the ability of a genetic risk score to predict the

risk of periodontitis onset and progression.

Principal findings. Our results clearly indicate that the risk

score based on genetic markers succeeded in discrimi-

nating between healthy subjects and patients suffering

from periodontitis. Moreover, it seems to be useful in

predicting the severity of periodontitis.

Practical implications. These findings support the clinical

relevance of using a genetic risk score to predict predis-

position to various forms of periodontitis.
lla Versilia, Reparto di Odontoiatria, Via Aurelia 335, 55041 Lido di

d.
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1. Introduction

Periodontitis is considered to be a complex multifactorial

disease similar to cardiovascular diseases, type II diabetes or

tumours. Such human pathologies have a relatively mild

phenotype and are slowly progressing and chronic in nature.

Research has shown that the phenotype of these diseases is

determined by both genetic and environmental factors.

Therefore, even though periodontitis is largely recognized

as infective, nowadays genetic factors have an increasing role

in its aetiology.1,2 In fact, the progression of periodontitis is

based on the interplay between host factors and oral bacteria.

Periodontopatic bacteria initiate and repeatedly attack the

host, which subsequently reacts with an immune response

and may be slowly destroyed by the action of the inflamma-

tory process.3 It is evident that the presence of pathogenic sub-

gingival bacteria alone does not result in severe periodontal

destruction. Everyone has an individual dose dependent

response to the bacteria challenge that determines their

susceptibility to periodontitis.4

In recent years, research has focused its attention on the

role of genes and their variants, in particular single nucleotide

polymorphisms (SNPs), in the host response in periodontitis.

Genetic polymorphisms provoke a change in the protein or its

expression, resulting in alterations in innate and adaptive

immunity. This fact may sometimes be responsible for an

unfavourable outcome of the disease, whereas it may also be

protective for such a pathology. Pro-inflammatory cytokines

have been targeted as potential genetic markers for periodon-

titis.5 They play an important role in the initiation and

amplification of the inflammatory response. It is well known

that the presence of several virulence factors coming from

bacteria may activate inflammatory cascade stimulating the

production of several cytokines.5 A difference in production of

such cytokines can cause various degrees of destruction of soft

tissue and bone.2,6 The link between cytokine polymorphisms

and periodontitis involves the variation of certain alleles

which are thought to bring about changes in the production of

such mediators.5 Gene polymorphisms that have a role in the

immune response, tissue destructive mechanisms or meta-

bolic process have been investigated in several studies.1

Searching on Medline and ‘‘Pubmed’’ with keywords peri-

odontitis, chronic periodontitis, composite genotype, poly-

morphisms, results indicate that most studies recognized

TNF-a and IL-1 gene cluster polymorphisms as best candidates

in relation to chronic periodontitis.5,7,8

Advances in genomic technologies have made it possible to

genotype and evaluate many single nucleotide polymor-

phisms (SNPs) throughout the human genome to identify

novel susceptibility genes related to periodontitis.6 The

reported contribution of any single gene variant to risk has

been small, underscoring the polygenic nature of the disease.

To combine the relatively small effects of individual genes and

to better capture the complex relationships between genetics

and various diseases, the use of multilocus genetic risk has

been proposed.9

In fact, several studies demonstrated that the aggregation

of the contribution of multiple SNPs, selected from both

candidate genes and genes identified through large-scale
genomic association studies, into a single genetic risk score

(GRS) significantly increases the prediction power of the

susceptibility to develop complex diseases like cardiovascular

disease or type II diabetes.10 Although there have been recent

attempts using genome association, most studies have

involved genetic markers of which the predictive ability has

not been tested. Despite the fact that studies have greatly

expanded the discovery of genetic markers associated with

chronic periodontitis, there are no studies which evaluate a

literature based genetic risk score for periodontitis onset and

progression.

Identification of the definitive set of SNPs for inclusion in a

GRS was not the primary aim of this study. However,

considering that genetic risk prediction could become a

central part of periodontal disease prevention, this pilot study

was drawn up with the aim to evaluate whether genetic risk

score may increase the prediction of periodontitis onset risk.
2. Materials and methods

2.1. Subjects recruitment and classification

The subjects of this study were selected from amongst the

patients under therapy in the department of dentistry at

Versilia Hospital, Lido di Camaiore (Lucca, Italy). All fifty (50)

selected patients were Caucasian (people with European

origin), Italian with an age between 35 and 70 years old and

they were submitted to anamnesis and to clinical and

periodontal examination. Exclusion criteria included systemic

diseases which would require antibiotic prophylaxis or would

affect periodontal condition, patients who used systemic or

sub-gingival antimicrobial agents or made chronic use of anti-

inflammatory medication, and non Caucasian patients. In

addition, patients with presence of genetic diseases such as

aneuploidies, chromosomal alterations or mutations which

were clinically evident were excluded. Finally, heavy smokers

(more than 15 cigarettes day) were not involved in this

research.

All patients signed written informed consent. The protocol

of the study was approved by Versilia Hospital ethical

committee.

The examination of each subject was conducted using a

standardized periodontal evaluation procedure with a North

Carolina University periodontal probe at six locations on

each tooth. The periodontal evaluation included the verifi-

cation of clinical attachment loss, probing depth, supra

gingival plaque index and bleeding on probing index. Clinical

attachment loss was measured by simple probing and

identifying the cemento–enamel junction, and measuring

the distance to the base of the pocket. Probing depth was the

measurement of the distance from the soft tissue margin to

the tip of the probe.6 All sites were dichotomously assessed

for supra gingival plaque and bleeding on probing.11,12 The

periodontal status of each subject was based on the amount

of clinical attachment loss.6 Sets of periapical radiographs

were obtained using a standardized parallel technique

(Ektaspeed; Eastman Kodak Co, Rochester, USA). Patients

were divided into 3 groups according to periodontal status, as

follows:
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Group A (control group): (n = 23) subjects with a high

standard of oral hygiene, low gingival index and plaque

index, without clinical loss of attachment and absence of

bone loss as determined by radiographs. None of the

control subjects had a history of periodontitis or tooth loss

due to periodontal disease.

Group 1 (n = 28) (subjects with localized forms of periodon-

titis): (n=) subjects having less than 40% of sites with

various degree of clinical attachment loss.

Group 2 (n = 35) (subject with more diffused forms of

periodontitis): (n=) subjects having more than 40% of sites

with various degree of clinical attachment loss.

Moreover, in order to evaluate the association between

genetic risk score and the severity of the disease, we divided

patients into four groups, according to the classification of the

American academy of periodontology13:

Group A (n = 23) (control group): subjects with a high

standard of oral hygiene, low gingival index and plaque

index, without clinical loss of attachment and absence of

bone loss as determined by radiographs. None of the

control subjects had a history of periodontitis or tooth loss

due to periodontal disease.

Group B (n = 13) (early generalized chronic periodontitis):

subjects having more than 30% of sites with clinical

attachment loss (1–2 mm) associated with the presence

of clinical signs (bleeding on probing and plaque accumu-

lation) and bone loss confirmed by radiographs.

Group C (n = 19) (moderate generalized chronic periodonti-

tis): subjects having more than 30% of sites with clinical

attachment loss (3–4 mm) associated with the presence of

clinical signs (bleeding on probing and plaque accumula-

tion) and bone loss confirmed by radiographs.

Group D (n = 32) (severe generalized chronic periodontitis):

subjects having more than 30% of affected sites with clinical

attachment loss (more than 5 mm) associated with the

presence of clinical signs (bleeding on probing and plaque

accumulation) and bone loss confirmed by radiographs.

Finally we created a group including all patients suffering

from the various forms of periodontitis called group P, which

included 64 patients.

2.2. Genetic marker selection

The single nucleotide polymorphisms that make up the

genetic risk scores tested were selected on the basis of their

involvement in periodontal disease susceptibility as previous-

ly described in literature.10 The selected SNPs were IL1A

rs1800587, IL1B rs1143634, IL1B rs16944, IL1RN rs419598 and

TNF rs1800629.

2.3. Genotype identification

Total DNA was isolated from epithelial or al cells by a masked

operator. DNA extraction from buccal swabs was performed

using the Sample-to-SNP Kit (Applied Biosystems), following

manufacturer’s instructions. Genetic determination of SNPs

IL1A rs1800587, IL1B rs1143634, IL1B rs16944, IL1RN rs419598
and TNF rs1800629 was performed by Real Time-PCR method.

SNP-specific primers and probes were designed according to

the TaqMan genotyping assay by Applied Biosystems, and

assays were performed in 25 ml total volume on Stratagene

MX3000P following manufacturer’s instructions.

2.4. The genetic risk score (GRS)

The genetic risk score was calculated using an additive model

as previous studies had shown that this model was the (best

fit). In order to combine the effects of all SNPs, risk alleles were

counted and used as a sum score.14 In fact, in this study the

risk score was calculated for each gene considering the

variability of a single or both nucleotides, as follows:
- 0
, when the genotype does not show alterations
- 1
, when the genotype changes in a single nucleotide
- 2
, when the genotype changes in two nucleotides.

On this basis, in this study the genetic risk factor may

assume a variable value between 0 and 10, where 0 indicates a

low genetic predisposition to periodontitis and 10 a high level

of susceptibly to the disease.

2.5. Statistical analysis

The calculation of sample size by power analysis showed that

the number of patients analysed, with a disease prevalence of

30%, is sufficient to identify a predisposing allele or genotype

associated with an RR = 2.4 and an allele frequency>0.2 with a

P-value < 0.05 for the type I error and statistical power of 80%.

The analysis was done using the PGA software.15

The OR for allelic association was calculated following the

approach of Bland and Altman16 using the web application

available at http://www.hutchon.net/ConfidOR.htm.

Genotypic and allelic frequencies were compared between

the groups exhibiting different periodontal status, and the

significance of differences between the groups was deter-

mined by chi-squared analysis. Statistical significance of GRS

differences between groups was analysed using the Kruskal–

Wallis one-way analysis of variance.

All data analysis was performed using XLSTAT 2010

(Addinsoft) for Windows.
3. Results

Mean values (�SD) for the clinical parameters in the selected

population are summarized in Table 1. We analysed the allelic

and distribution of the five SNPs amongst the control group

and the periodontitis group (Table 2). The results show a

significant association between the G allele of TNF rs1800629

polymorphism and periodontitis, as showed in Table 2.

Interestingly the aggregation of the contribution of the

putative risk alleles for the 5 SNPs to periodontitis is highly

significant. A significant difference was also found in the TNF

rs1800629 genotype distribution between the patients and

control group (Table 3).

We analysed the allelic distribution of the five SNPs

amongst the groups exhibiting different periodontal status

http://www.hutchon.net/ConfidOR.htm


Table 1 – Table shows clinical parameters such as probing depth, clinical attachment levels, plaque index, bleeding on
probing index and assumption of smoke at the time of inclusion in the different groups.

Clinical parameters Control group
(n = 23)

Group 1
(n = 28)

Group 2
(n = 35)

Group B
(n = 13)

Group C
(n = 19)

Group D
(n = 32)

Age (years) 58 � 6.3 49 � 2.3 52 � 4.5 45 � 3.2 52 � 6.3 58 � 4.4

Probing depth (mm) 1.52 � 0.60 3.1 � 0.8 3.8 � 1.1 2.7 � 1.2 3.1 � 0.9 4.0 � 0.6

Attachment loss (mm) 0 3.61 � 0.9 4.70 � 1.2 1.1 � 0.6 3.2 � 0.6 5.1 � 0.6

Plaque (%) 12% 22% 36% 26% 39% 40%

Bleeding on probing (%) 5% 23% 43% 33% 43% 44%

Smoker (less than 15 cigarettes/day) 35% 19% 31% 29% 25% 22%
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(groups A, 1,2). Results indicate that there is a significant

association between TNF rs1800629 polymorphism and

diffused forms of periodontitis, as showed in Table 2. Also

in this case the aggregation of the contribution of the putative

risk alleles for the 5 SNPs to periodontitis is highly significant.

No significant differences were found in genotype distribution

for the five SNPs (Tables 4 and 5).

The aggregation of the allelic contribution of the five SNPs

indicate that GRS is significantly higher in periodontal patients

than in the control group as Graph 1 shows. Moreover, our data

reveal that the GRS value is differentially distributed amongst

subjects grouped on the basis of the severity of the disease

(Graphs 2 and 3). Although not all the pairwise comparisons

amongst samples were significant, a progressive increase of

the GRS is evident in advanced periodontitis in comparison

with early forms.
4. Discussion

Periodontitis, as we know it today, is an inflammatory disease

associated with a bacterial infection.17 It is well known that

the inflammatory response of the periodontal tissue is
Table 2 – Distribution analysis of the five allelic forms
amongst the control group (A) and the periodontitis
group (P). Difference between groups was analysed by
the chi-squared test.

Group A
(n = 23)

Group P
(n = 32)

P-value

n % n %

IL1a_899 alleles

C 37 80.4 42 65.6 0.089

T 9 19.6 22 34.4

IL1b_3954 alleles

C 41 89.1 49 76.6 0.092

T 5 10.9 15 23.4

IL1b_511 alleles

T 22 47.8 23 35.9% 0.211

C 24 52.2 41 64.1%

IL1RN_2018 alleles

T 27 58.7 36 56.3% 0.798

C 19 41.3 28 43.8%

TNFa_308 alleles

G 43 93.5 47 73.4% 0.007

A 3 6.5 17 26.6%

Total alleles

Favourable 170 73.9 197 61.6 0.002

Unfavourable 60 26.1 123 38.4
influenced by environmental factors as well as genetic

factors.17 A large number of studies have investigated genetic

polymorphisms in both chronic and aggressive forms of

periodontitis.18,19 Their results showed clearly that most genes

involved in this disease are linked to the immune response,

which plays an important role in the development and

progression of this disease. They include genes that affect

the expression of Il-1,Il-6, TNF, Il-1 receptor. However, it

should be emphasized that most of these studies show

inconclusive correlations between the presence of disease

markers and the tested single nucleotide polymorphisms in

chronic forms of periodontitis.1,20,21 A recent meta-analysis

indicated a weak association between single nucleotide

polymorphisms in the interleukin-1 genes and chronic

periodontitis.22 Furthermore, although several polymor-

phisms such as those in Fc Gamma receptor genes were

associated with this disease, they were found both in

aggressive and chronic forms. Other studies described an

association between the occurrence of a single nucleotide

polymorphism in the IL-10 gene and both chronic and

aggressive types of periodontitis.22,23 These studies underline
Table 3 – Distribution analysis of the five genotypes
amongst the control group (A) and the periodontitis
group (P). Difference between groups was analysed by
the chi-squared test.

Group A
(n = 23)

Group D
(n = 32)

P-value

n % n %

IL1a_899 genotypes

CC 15 65.2 13 40.6 0.194

CT 7 30.4 16 50.0

TT 1 4.4 3 9.4

IL1b_3954 genotypes

CC 18 78.3 19 59.4 0.237

CT 5 21.7 11 34.4

TT 0 0.0 2 6.2

IL1b_511 genotypes

TT 4 17.4 3 9.4 0.388

CT 14 60.9 17 53.1

CC 5 21.7 12 37.5

IL1RN_2018 genotypes

TT 7 30.4 10 31.3 0.828

CT 13 56.5 16 50.0

CC 3 13.1 6 18.7

TNFa_308 genotypes

GG 20 87.0 17 53.1 0.027

AG 3 13.0 13 40.6

AA 0 0.0 2 6.3



Table 4 – Distribution analysis of the five allelic forms amongst the groups exhibiting different periodontal status (Group
A = Control; Group B = PD4 < 40%, Group C = PD4 > 40%).

Group A (n = 23) Group B (n = 13) Group C (n = 19) P-value

n % n % n %

IL1a_899 alleles

C 37 80.4 17 65.4 25 65.8 0.234

T 9 19.6 9 34.6 13 34.2

IL1b_3954 alleles

C 41 89.1 21 80.8 28 73.7 0.186

T 5 10.9 5 19.2 10 26.3

IL1b_511 alleles

T 22 47.8 11 42.3 12 31.6 0.317

C 24 52.2 15 57.7 26 68.4

IL1RN_2018 alleles

T 27 58.7 15 57.7 21 55.3 0.950

C 19 41.3 11 42.3 17 44.7

TNFa_308 alleles

G 43 93.5 19 73.1 28 73.7 0.027

A 3 6.5 7 26.9 10 26.3

Total alleles

Favourable 170 73.9 83 63.8 114 60.0 0.008

Unfavourable 60 26.1 47 36.2 76 40.0
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the dilemma that various forms of periodontitis cannot be

classified according to different genetic characteristics.

Case control association studies are considered a powerful

method in evaluating the role of gene polymorphisms in the

onset and progression of the disease. However, to be able to

detect genetic polymorphisms strict phenotype classification

should be employed during the selection procedure of the

subjects. Moreover, the diversity of ethnic background may be

a possible bias in such research. Finally, typical of periodonti-

tis like other multi-factorial and polygenic diseases is that

each genetic polymorphism has only a modest effect since the

interaction of each gene and its polymorphism with other

ones (gene–gene interaction) and with environmental factors
Table 5 – Distribution analysis of the five genotypes amongst
A = Control; Group B = PD4 < 40%, Group C = PD4 > 40%). Differe

Group A (n = 23) Group B (n

n % n

IL1a_899 genotypes

CC 15 65.2 6

CT 7 30.4 5

TT 1 4.4 2

IL1b_3954 genotypes

CC 18 78.3 8

CT 5 21.7 5

TT 0 0.0 0

IL1b_511 genotypes

TT 4 17.4 2

CT 14 60.9 7

CC 5 21.7 4

IL1RN_2018 genotypes

TT 7 30.4 4

CT 13 56.5 7

CC 3 13.1 2

TNFa_308 genotypes

GG 20 87.0 7

AG 3 13.0 5

AA 0 0.0 1
(gene–environment interaction) has a crucial role in the

development of the pathology. In the light of these consider-

ations we selected Caucasian, Italian patients only, including

mild, moderate and severe forms of periodontitis and healthy

patients. In addition, we constructed a literature based genetic

risk score for periodontitis. Scientific literature indicated that

the genetic risk score was successful in predicting cardiovas-

cular diseases.9 Yet, an important limit of such studies is that

they used few genetic markers rather than a literature based

approach and consequently yielding overlay optimistic

results. To limit this potential bias we chose the most

important genes involved in periodontitis as the literature

reported believing that this approach would more accurately
the groups exhibiting different periodontal status (Group
nce between groups was analysed by the chi-squared test.

= 13) Group C (n = 19) P-value

% n %

46.1 7 36.8 0.268

38.5 11 57.9

15.3 1 5.3

61.5 11 57.9 0.251

38.4 6 31.6

0.0 2 10.5

15.4 1 5.3 0.585

53.8 10 52.6

30.8 8 42.1

30.8 6 31.6 0.964

53.8 9 47.4

15.4 4 21.0

53.8 10 52.6 0.117

38.5 8 42.1

7.7 1 5.3
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reflect the potential of current genetic markers to improve risk

prediction on a population basis.

Thus, our results clearly indicate that the risk score based

on genetic markers succeeded in discriminating between

healthy subjects and patients suffering from periodontitis,

confirming the importance of a genetic basis in this pathology
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comparing with control group. Overall P = 0.009 OR 95%.

periodontology. Overall P = 0.027 OR 95%.
as well as environmental factors and individual behaviour. In

addition, our data revealed a strong association between TNF-

rs1800629 alleles G/A polymorphism and diffused forms of

periodontitis. This is in agreement with the results of

Galbraith et al. who found that patients with periodontal

disease carry the rare allele (A) of this polymorphism had

higher TNF- alfa production than non carriers.24

IL1 genotype appears to be the most studied genetic

polymorphisms in chronic periodontitis. Some studies found

a positive association between Il1a rs1800587 and Il1b rs114363

and chronic periodontitis.25,26 Although our results lack

statistical significance, we found a higher incidence of such

polymorphisms in the group of periodontal patients. Similar

considerations may be made for IL1beta rs1694 and IL1

rs419598 polymorphisms confirming previous reports.

Finally, our data indicate that the selected genetic risk

factor is useful in predicting the severity of periodontitis

according to the classification of American academy of

periodontology.27 In fact, although a statistical significance

was not obtained, a progressive increase of the value of the

risk factor score can be observed when periodontal disease

gets worse.

In recent years research on genetic polymorphisms has

showed limited success in unravelling significant and repro-

ducible genetic factors for susceptibility to periodontal

disease. Although this study shows important limits such as
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the small number of patients involved, our results seem to

indicate that the use of the genetic risk score for evaluating the

predisposition to such a pathology is promising. Further

studies should involve a larger number of samples in order to

confirm these results. Finally, other studies are necessary to

include data from multiple genes adjusting them for environ-

mental factors in periodontitis so as to give a more accurate

prediction of the disease.
Source of funding

The study was self-funded by the authors and their institution.
Ethical approval

Versilia Hospital ethical committee approved.

Acknowledgements

We would thank Mrs Maria Dessı̀ and Mrs Donatella Molinari

for their contribution in the collection of the samples.
Conflict of interests

The Authors declare that a conflict of interest does not exist.
r e f e r e n c e s

1. Loos BG, John RP, Laine ML. Identification of genetic risk
factors for periodontitis and possible mechanisms of action.
J Clin Periodontol 2005;32(Suppl. 6):159–79.

2. Laine ML, Farre MA, Garcia-Gonzalez MA, van Dijk LJ, Ham
AJ, Winkel EG, et al. Risk factors in adult periodontitis:
polymorphism in the interleukin-1 gene family. Ned Tijdschr
Tandheelkd 2002;109:303–6.

3. Laine ML, Farre MA, Gonzalez G, van Dijk LJ, Ham AJ, Winkel
EG, et al. Polymorphisms of the interleukin-1 gene family,
oral microbial pathogens, and smoking in adult
periodontitis. J Dent Res 2001;80:1695–9.

4. Papapostolou A, Kroffke B, Tatakis DN, Nagaraja HN, Kumar
PS. Contribution of host genotype to the composition of
health-associated supragingival and subgingival
microbiomes. J Clin Periodontol 2011. Mar 15.

5. Moreira PR, de Sa AR, Xavier GM, Costa JE, Gomez RS, Gollob
KJ, et al. A functional interleukin- 1 beta gene polymorphism
is associated with chronic periodontitis in a sample of
Brazilian individuals. J Periodontal Res 2005;40:306–11.
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