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Interleukin-6 and interleukin-10 gene 
polymorphisms and the risk of further 
periodontal disease progression

Abstract: Susceptible genotypes to periodontal disease are associated 
with disease onset and progression. The aim of this study was to 
examine the effect of gene polymorphisms on the risk of further 
disease progression and the need for further treatment among adults 
with chronic periodontal disease. Sixty-seven patients diagnosed with 
chronic periodontitis were grouped according to genotype status and 
risk of further progression of disease and tooth loss. All individuals 
were clinically evaluated for probing pocket depth, clinical attachment 
loss and bleeding on probing at baseline and 45 days after treatment. 
Blood samples were collected at baseline and genotyping of the 
polymorphisms in IL-6 (rs1800796) and IL-10 (rs1800872) genes were 
performed by PCR. Following DNA separation and genotyping, 65.7% 
of the patients were homozygous carriers of the IL-6 -572G and 49.3% 
were carriers of the IL-10 -592A allele. Individuals at risk of disease 
progression ranged from 7.5% to 62.7% based on the criteria used. 
Carriers of the IL-10 -592A allele were significantly associated with 
BOP ≥ 30% and therefore exhibited a higher risk of further periodontal 
breakdown (p = 0.018) with an odds ratio of 1.18. None of the other 
definitions of disease progression were significantly associated with 
the examined IL-6 and IL-10 genotypes (p > 0.05). IL-10 polymorphism 
was associated with an increased risk of further disease progression 
and the potential need for further treatment following non-surgical 
periodontal treatment. Susceptible IL-6 genotypes were not associated 
with the risk of persisting or recurrent disease activity.
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Introduction

Periodontal disease is defined as a multifactorial inflammatory 
disease, which results from the interaction between periodontal 
pathogens and the host immune response. Microbial products initiate 
an inflammatory response leading to local tissue destruction including 
connective tissue and bone support loss, which may ultimately result 
in tooth loss.1 The virulence factors of the subgingival microbes 
disrupt the immune surveillance and elevate the virulence of the 
microbial community leading to a dysbiotic community and disruptive 
tissue homeostasis including periodontal ligament, cementum and 
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alveolar bone.2 The high prevalence of periodontal 
disease, which affects nearly half of adults in 
the United States with 8.5% of these individuals 
having been diagnosed with severe periodontal 
disease. Individuals with periodontal disease 
incur the economic burden associated with the 
management of periodontitis and this further 
underscores the importance of implementing new 
therapeutic interventions.3 Approximately 10–15% 
of the population appears to progress rapidly from 
gingivitis to periodontitis and a few sites within 
individual patients or a small percentage (8–12%) of 
patients within a given population were found to 
be unresponsive to routine periodontal treatment.4,5 
The detection of these patients before the initial 
periodontal treatment is critical and may influence 
the clinicians treatment approach.

Initial periodontal therapy consists of oral 
hygiene instructions and non-surgical periodontal 
treatment aiming to improve a patient’s quality of life 
as well as to preserve, improve and maintain long-
term the natural dentition in healthy periodontal 
tissues.6 Risk of periodontal disease progression 
has been reported in the literature to be associated 
with smoking history, diabetes mellitus, age, poor 
oral hygiene, furcation involvement, residual pocket 
depths, frequency of supportive periodontal care 
and genetics.7-11 It is of paramount importance 
to identify periodontal disease progression as 
soon as possible in order to minimize the risk 
of irreversible periodontal bone loss. Today, the 
clinical diagnosis of chronic periodontal disease 
is based on clinical and radiographic findings 
of the periodontal tissues 12, while this visual 
method may only detect the current status for 
the presence or absence of disease. Traditional 
clinical criteria are often insufficient for measuring 
the degree of susceptibility to future periodontal 
disease progression or determining the appropriate 
treatment plan for each individual.13

Identifying probable genetic polymorphisms 
associated with progression and onset of periodontal 
diseases may contribute in predicting periodontal 
treatment outcome and therefore may justify 
modifying the treatment plan accordingly.14 A number 
of different polymorphisms of various genes have 

been assessed in regards to the clinical outcomes 
after non-surgical periodontal therapy, but the lack 
of methodologically sound studies revealed the 
need for additional investigations.15 Individuals 
susceptible to periodontal disease progression 
following non-surgical periodontal therapy may 
benefit from adjunctive systemic antibiotics or 
other additional treatments. The use of genetic tests 
to predict the risk of future periodontal disease 
destruction may make it possible to individualize 
therapy (Personalized/Precision Medicine) with the 
intent of reducing the incidence of periodontally 
compromised teeth and tooth loss. The results from 
such a prognostic test may increase the accuracy of 
periodontal disease diagnosis as well as explaining 
unsuccessful treatments. 

IL-6 has a significant effect in inflammation and 
is considered a pro-inflammatory cytokine that 
is secreted by immune cells, adipose tissues and 
muscles which regulates the immune reactivity 
and haemopoiesis.16 IL-6 has been associated with 
attachment loss and tissue destruction due to its 
effect on osteoclast differentiation.17,18,19 In addition, 
IL-6 is regulated at the transcriptional level and a 
polymorphism in the region of -572 G/C plays a 
critical role in the regulation of transcription.20,21 On 
the other hand, IL-10 is an anti-inflammatory cytokine 
that down-regulates the pro-inflammatory immune 
response of monocytes and macrophages.14 IL-10 is a 
differentiation factor that stimulates B cells to secrete 
IgG, IgA and IgM which suppresses the pathological 
immune response driving the generation of CD4+ 
T cells.22 A significant increased risk of chronic 
periodontitis has been associated with IL-6 -572 G/C 
and IL-10 -592 C/A gene polymorphisms, especially 
in Caucasian Europeans.23,24  

In periodontal therapy, it is of paramount 
importance to evaluate the response to active 
treatment that will detect potential persisting or 
recurrent disease activity and determine the need 
for additional therapy. The aim of this study was to 
examine the effect of interleukin-6 rs1800796 and 
interleukin-10 rs1800872 gene polymorphisms on 
the risk of further disease progression and the need 
for further treatment among adults with chronic 
periodontal disease. 
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Material and methods

In this prospective cohort study, sixty-eight 
consecutive patients diagnosed with chronic 
periodontal disease were recruited from a private 
practice limited to Periodontics and Implant dentistry 
in Thessaloniki, Greece between September 2014 and 
June 2015. The purpose and the procedures of the 
study were completely analyzed, and all patients 
were given a written consent form in accordance 
with the Declaration of Helsinki. This research 
was approved by the Local Ethics Committee. 
The following inclusion criteria were considered 
for patient recruitment: 
a.	 Diagnosis of chronic periodontitis with 

interproximal clinical attachment loss (CAL) 
≥ 3 mm, probing pocket depth (PPD) ≥ 5 mm 
and bleeding on probing (BOP) in two or more 
non-adjacent sites.25 

b.	 Good general systemic health.
c.	 Age at initial appointment between 30 and 70 years. 
d.	 Presence of at least 16 teeth in the oral cavity. 
e.	 Ability to consent. 

On the contrary, individuals were excluded 
from the study for one or more of the following 
conditions:
a.	 History of periodontal therapy (non-surgical 

and surgical) within the past 12 months.
b.	 History of severe medical disorders.
c.	 History of systemic diseases.
d.	 Need for antibiotic prophylaxis.
e.	 History of systemic antibiotic therapy in the 

past 3 months.
f.	 Pregnant or lactating females.

Clinical examination
Clinical measurements were performed by 

a single, calibrated (weighted kappa index of 
intra-examiner agreement=0.88) examiner (A.E.D) 
who was blinded to the genotype status of each 
patient. The periodontal examination included 
probing pocket depth (PPD), clinical attachment loss 
(CAL) and bleeding on probing (BOP) which were 
recorded utilizing a standard manual periodontal 
probe (15 UNC probe, Hu-Friedy, Chicago, IL, 
USA) at six sites around each tooth (mesio-

buccal, mid-buccal, disto-buccal, mesio-lingual, 
mid-lingual, disto-lingual) for the whole mouth, 
except the third molars. Periodontal measurements 
were performed at baseline and at 45 days after 
non-surgical periodontal therapy. 

Periodontal therapy
Active periodontal therapy included oral 

hygiene instructions and non-surgical supra- and 
sub-gingival debridement provided by a single, 
calibrated, experienced and blinded periodontist 
(A.E.D). Manual curettes (Hu-Friedy, Chicago, USA) 
and ultrasonic instrumentation (KaVo SONOsoft 
LUX, Kavo, Germany) were utilized. Patients were 
re-evaluated 45 days following the completion of 
active non-surgical periodontal treatment and 
the same clinical procedures as performed at 
baseline were carried out which included PPD, 
CAL and BOP by the same calibrated clinical 
examiner. The risk of progression of periodontal 
disease was determined on a site-level based on 
the presence of at least one site with residual PPD 
≥ 6 mm (1st definition) or ≥ 9 sites with residual 
PPD ≥ 5 mm (2nd definition) at the re-evaluation of 
periodontal therapy (45 days).26 At the patient level, 
the risk of disease progression was assessed when 
full-mouth bleeding score was ≥ 30% (3rd definition) 
after active non-surgical periodontal therapy.26

Blood samples and genotyping 
The included individuals were considered 

susceptible or non-susceptible to chronic periodontitis, 
according to the IL-6 -572 G/C and IL-10 -592 C/A 
polymorphisms. Genomic DNA was extracted from 
drops of blood using a commercially available 
genomic DNA isolation kit (QIAamp, DNA mini 
blood kit, QIAGEN, Germany) according to the 
manufacturer’s instructions. Genotyping of the 
polymorphisms in IL-6 -572 G/C (rs1800796) and 
IL-10 -592 C/A (rs1800872) genes was performed 
by polymerase chain reaction, in a final volume 
of 25 ul according to the manufacturer’s standard 
protocol.27 The genotype of random samples was 
confirmed by sequencing analysis.

The IL-6 polymorphism genotypes were determined 
by using the 5’-GGAGACGCCTTGAAGTAACTGC-3’ 
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and 5’- GAGTTTCCTCTGACTCCATCGCAG-3’ 
primers to generate a PCR product of 163bp that 
was then digested with BsrBI (NEB) restriction 
enzyme.27 The -572C allele lacks the digestion 
site, giving a fragment of 163bp, while the -572G 
allele gives two fragments of 102 and 61 bp. Primer 
pair 5’-CAACTTCTTCCACCCCATCTTT-3’ and 
5’-GTGGGCTAAATATCCTCAAAGTT-3’ was used 
to amplify a 477 bp sequence containing the IL-10 
polymorphism.27 Restriction enzyme RsaI (NEB) 
cleaved the -592C specific PCR product into four 
fragments of 311, 116, 42 and 8 bp and the -592A 
product into five fragments of 240, 116, 71, 42 and 
8 bp.27 For the IL-6 and IL-10 polymorphisms the 
digested products were separated on polyacrylamide 
gels stained with silver nitrate. Patients carrying 
the genotype IL-6 GG (susceptible allele G) and/
or IL-10 CA or IL-10 AA (susceptible allele A) were 
classified as susceptible to chronic periodontitis, 
while the non-susceptible group were carriers of 
the non-susceptible genotype IL-10 CC and/or IL-6 
GC or CC. 

Statistical analysis 
Descriptive analysis of the collected data was 

performed. Continuous variables are presented 
as mean ± SD and categorical variables are shown 
in frequency numbers and percentages. The 
chi-square test was utilized to determine the 
significance of a susceptible genotype regarding 
the risk of further disease progression. The odds 
ratios with their 95% confidence intervals and 
corresponding p-values for the samples were 
analyzed. All statistical procedures were performed 
with statistical software (SPSS v.19.0 for Windows, 
IBM, Armonk, USA). Statistical significance was 
set at p ≤ 0.05. Calculation of the sample size was 
described in our previous report.27 The power of 
the analysis was performed to calculate sample 
size based on a pilot sample collection of five 
susceptible and five non-susceptible patients. 
Sample size was determined in order to achieve an 
80% statistical power and 5% level of significance 
resulting in a minimum size of 34 per group 
(susceptible and non-susceptible). 

Results 

A total of 68 Caucasian patients with chronic 
periodontal disease were divided into two groups 
according to the presence or absence of the 
susceptible IL-6 and IL-10 genotype. One patient 
was excluded from the study because he failed to 
attend the follow-up appointment due to change of 
residency. Ultimately, the final population consisted 
of 67 Caucasians. The demographic characteristics, 
genotype and periodontal status of the included 
population are shown in Table 1. The total subject 
population included 32 (47.8%) males and 35 (52.2%) 
females with a mean age of 47.63 ± 9.66 years. A 
history of smoking was reported by 28 (41.8%) 
of the included population, while 39 individuals 
(58.2%) denied that they had ever been smokers. In 
regards to genotype status, 44 (65.7%) individuals 
were homozygous carriers of the IL-6 -572G and 
were classified as susceptible to periodontal disease, 
while 22 (32.8%) and 1 (1.5%) were heterozygous and 
homozygous carriers, respectively of the IL-6 -572C 
genotype and were classified as non-susceptible. 
Thirty-three (49.2%) patients were found to be 
susceptible to periodontal disease because they 
carried the susceptible genotype IL-10 -592 CA or 
AA, whereas 34 (50.8%) were non-susceptible and 
carriers of the IL-10 -592 CC. The mean number of 
missing teeth along with the mean clinical measures 
of subjects in this population group may also be 
seen in Table 1. 

Individuals at risk of disease progression included 
62.7% of subjects based on the 1nd definition (at least 
one site with residual PPD ≥ 6 mm) and 31.3% based 
on the 2nd definition (≥ 9 sites with residual PPD ≥ 5 
mm), while at the patient-level, 7.5% of the included 
population were found to be at risk of further 
periodontal destruction (BOP ≥ 30%). Distribution 
of IL-6 -572 G/C (rs1800796) and IL-10 -592 C/A 
(rs1800872) genotypes as well as clinical periodontal 
parameters at baseline and the 45th day following 
periodontal treatment among individuals at risk 
or not at risk of periodontal disease progression 
as determined by the presence of at least one site 
with residual PPD ≥ 6 mm are shown in Table 2. 
No significant differences (p > 0.05) were found 
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between the IL-6 -572 G/C and IL-10 -592 C/A 
polymorphisms with the risk of disease progression. 
Clinical periodontal parameters were significantly 
different (p < 0.05) between the at risk and not at 
risk individuals at baseline and the 45th day after 
the treatment. 

Distribution of the examined genotypes and the 
clinical periodontal parameters among individuals at 
risk or not at risk of periodontal disease progression 
as determined by the presence of at least 9 sites 
with residual PPD ≥ 5 mm are demonstrated in 
Table 3. IL-6 -572 G/C (rs1800796) and IL-10 -592 C/A 
(rs1800872) polymorphisms were not associated with 
an increased risk of further disease progression (p > 
0.05), while all examined periodontal clinical measures 
were significantly different between the groups (p 
< 0.05) both at baseline and the 45th day following 
non-surgical periodontal therapy. 

In Table 4, the distribution of IL-6 -572 G/C and 
IL-10 -592 C/A genotypes and the clinical parameters 
are shown among patients at risk or not at risk of 
disease recurrence as determined by the full-mouth 
bleeding score.  The statistical analysis revealed that 
IL-6 rs1800796 gene polymorphisms are not associated 
with an increased risk of further disease progression 
following non-surgical periodontal therapy, while 
carriers of the IL-10 -592A allele were significantly 
associated with BOP ≥ 30% and therefore exhibited a 
higher risk of further periodontal breakdown (p=0.02) 
with an odds ratio of 1.18 (1.02–1.36). In particular, 
all included homozygous carriers of the IL-10 -592C 
and non-susceptible individuals (n=34, 100%) showed 
no risk of further disease progression (p=0.02). 
Individuals at risk of disease recurrence exhibited 
significantly (p < 0.05) higher PPD, CAL, BOP and 
sites with PPD and CAL between 4–6 mm as well as 
PPD and CAL ≥ 7 mm at 45 days following treatment 
when compared to those not at risk. 

When smoking history and gender were 
considered as potential factors that may affect an 
individuals’ risk of persisting or recurrent disease 
activity following active periodontal treatment, 
neither of them showed significant association (p 
> 0.05). Both females and males as well as smokers 
and non-smokers of the included population 
demonstrated similar risk of disease progression 
after evaluating all three definitions (presence of at 
least one site with residual PPD ≥ 6 mm or presence 
of ≥ 9 sites with residual PPD ≥ 5 mm or full-mouth 
bleeding score ≥ 30%).

Table 1. Demographic characteristics, genotype and 
periodontal status of the included population. 

Characteristics Total (n = 67)

Gender (%)

Males 32 (47.8)

Females 35 (52.2)

Age (mean±SD) 47.63 ± 9.66

Smoking (%)

Yes 28 (41.8)

No 39 (58.2)

IL-6 -572 G/C (rs1800796)

Genotypes (%)

GG 44 (65.7)

GC 22 (32.8)

CC 1 (1.5)

Susceptibility (%)

SCP 44 (65.7)

NSCP 23 (34.3)

IL-10 -592 C/A (rs1800872)

Genotypes (%)

CC 34 (50.8)

CA 26 (38.8)

AA 7 (10.4)

Susceptibility (%)

SCP 33 (49.2)

NSCP 34 (50.8)

Missing teeth (mean ± SD) 2.27 ± 2.65

BOP(mean ± SD) 84.23 ± 29.71

PPD (mean ± SD) 3.60 ± 0.68

CAL (mean ± SD) 3.79 ± 0.75

Sites with PPD = 4–6 mm (mean ± SD) 30.15 ± 15.56

Sites with PPD ≥ 7 mm (mean ± SD) 5.50 ± 6.16

Sites with CAL = 4–6 mm (mean ± SD) 35.7 ± 16.60

Sites with CAL ≥ 7 mm (mean ± SD) 6.86 ± 7.27

IL: Interleukin; SCP: susceptible; NSCP: non-susceptible; BOP: 
bleeding on probing; PPD: probing pocket depth; CAL: clinical 
attachment level; SD: standard deviation. 
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Table 2. Distribution of IL-6 -572 G/C (rs1800796) and IL-10 -592 C/A (rs1800872) genotypes as well as clinical periodontal 
parameters at baseline and the 45th day following periodontal treatment among individuals at risk or not at risk of periodontal 
disease progression as determined by the presence of at least one site with residual PPD ≥ 6 mm.

Variable
At risk No risk

p-value*
(n = 42, 62.7% (n = 25, 37.3%

IL-6 -572 G/C (rs1800796)

Genotypes (%)      

GG 29 (65.9) 15 (34.1) 0.49

GC 12 (54.5) 10 (45.5)  

CC 1 (100) 0 (0)  

Susceptibility (%)      

SCP 29 (65.9) 15 (34.1) 0.45

NSCP 13 (56.5) 10 (43.5)  

IL-10 -592 C/A (rs1800872)

Genotypes (%)      

CC 20 (58.8) 14 (41.2) 0.84

CA 17 (65.4) 9 (34.6)  

AA 5 (71.4) 2 (28.6)  

Susceptibility (%)      

SCP 22 (66.7) 11 (33.3) 0.51

NSCP 20 (58.8) 14 (41.2)  

Clinical periodontal parameters (baseline)

BOP (mean ± SD) 85.37 ± 29.00 82.31 ± 31.40 0.69

PPD 3.77 ± 0.66 3.31 ± 0.62 0.01

CAL 3.99 ± 0.70 3.45 ± 0.73 0.004

Sites with PPD = 4–6 mm (mean ± SD) 32.93 ± 15.30 25.49 ± 15.17 0.06

Sites with PPD ≥ 7 mm (mean ± SD) 7.12 ± 6.51 2.80 ± 4.45 0.01

Sites with CAL = 4–6 mm (mean ± SD) 38.45 ± 15.56 29.38 ± 17.03 0.03

Sites with CAL ≥ 7 mm (mean ± SD) 8.80 ± 7.46 3.61 ± 5.70 0.004

Clinical periodontal parameters (45 days)

BOP (mean ± SD) 15.71 ± 13.68 8.55 ± 8.28 0.21

PPD (mean ± SD) 2.94 ± 0.48 2.38 ± 0.36 < 0.001

CAL (mean ± SD) 3.24 ± 0.57 2.54 ± 0.48 < 0.001

Sites with PPD=4–6 mm (mean ± SD) 15.74 ± 10.53 5.93 ± 6.69 < 0.001

Sites with PPD ≥ 7 mm (mean ± SD) 1.47 ± 2.99 0.00 ± 0.00 0.02

Sites with CAL = 4–6 mm (mean ± SD) 24.87 ± 11.95 10.73 ± 9.97 < 0.001

Sites with CAL ≥ 7 mm (mean ± SD) 2.84 ± 4.53 0.81 ± 1.51 0.04

IL: Interleukin; SCP: susceptible; NSCP: non-susceptible; BOP: bleeding on probing; PPD: probing pocket depth; CAL: clinical attachment 
level;SD: standard deviation.Footnote: IL-6 -572 G/C (rs1800796) SCP genotypes were considered patients carriers of the GG genotype and 
IL-6 -572 G/C (rs1800796) NSCP genotypes patients carriers of the C allele (GC+CC). IL-10 -592 C/A (rs1800872) SCP genotypes were 
considered patients carriers of the A allele (AA+CA) and IL-10 -592 C/A (rs1800872) NSCP genotypes carriers of the CC genotype. *Bold 
denotes statistical significance at p < 0.05. 
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Table 3. Distribution of IL-6 -572 G/C (rs1800796) and IL-10 -592 C/A (rs1800872) genotypes as well as clinical periodontal 
parameters at baseline and the 45th day following periodontal treatment among individuals at risk or not at risk of periodontal 
disease progression as determined by the presence of at least 9 sites with residual PPD ≥ 5 mm.

Variable
At risk No risk

p-value*
(n = 21, 31.3%) (n = 46, 68.7%)

IL-6 -572 G/C (rs1800796)

Genotypes (%)      

GG 15 (34.1) 29 (65.9) 0.21

GC 5 (22.7) 17 (77.3)  

CC 1 (100.0) 0 (0)  

Susceptibility (%)

SCP 15 (34.1) 29 (65.9) 0.50

NSCP 6 (26.1) 17 (73.9)  

IL-10 -592 C/A (rs1800872)

Genotypes (%)

CC 10 (29.4) 24 (70.6) 0.76

CA 8 (30.8) 18 (69.2)  

AA 3 (42.9) 4 (57.1)  

Susceptibility (%)

SCP 11 (33.3) 22 (66.7) 0.73

NSCP 10 (29.4) 24 (70.6)  

Clinical periodontal parameters (baseline)

BOP (mean ± SD) 96.43±16.37 78.66±32.80 0.02

PPD 4.24±0.53 3.30±0.52 < 0.001

CAL 4.44±0.57 3.49±0.63 < 0.001

Sites with PPD = 4–6 mm (mean ± SD) 41.45±10.88 25.00±14.69 < 0.001

Sites with PPD ≥ 7 mm (mean ± SD) 10.51±7.57 3.22±3.62 < 0.001

Sites with CAL = 4–6 mm (mean ± SD) 45.50±12.41 30.31±16.17 < 0.001

Sites with CAL ≥ 7 mm (mean ± SD) 12.76±8.56 4.17±4.61 < 0.001

Clinical periodontal parameters (45 days)

BOP (mean ± SD) 20.70±16.91 9.54±7.61 < 0.001

PPD (mean ± SD) 3.24±0.47 2.50±0.34 < 0.001

CAL (mean ± SD) 3.56±0.55 2.71±0.47 < 0.001

Sites with PPD=4–6 mm (mean ± SD) 22.42±10.41 7.36±6.11 < 0.001

Sites with PPD ≥ 7 mm (mean ± SD) 2.50±3.97 0.20±0.46 < 0.001

Sites with CAL = 4–6 mm (mean ± SD) 31.08±10.81 14.35±10.54 < 0.001

Sites with CAL ≥ 7 mm (mean ± SD) 4.40±5.86 1.02±1.57 0.001

IL: Interleukin; SCP: susceptible; NSCP: non-susceptible; BOP: bleeding on probing; PPD: probing pocket depth; CAL: clinical attachment level; 
SD: standard deviation. 
IL-6 -572 G/C (rs1800796) SCP genotypes were considered patients carriers of the GG genotype and IL-6 -572 G/C (rs1800796) NSCP 
genotypes patients carriers of the C allele (GC+CC). IL-10 -592 C/A (rs1800872) SCP genotypes were considered patients carriers of the 
A allele (AA+CA) and IL-10 -592 C/A (rs1800872) NSCP genotypes carriers of the CC genotype. *Bold denotes statistical significance at 
p < 0.05. 
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Table 4. Distribution of IL-6 -572 G/C (rs1800796) and IL-10 -592 C/A (rs1800872) genotypes as well as clinical periodontal 
parameters at baseline and the 45th day following periodontal treatment among individuals at risk or not at risk of periodontal 
disease progression as determined by the full-mouth bleeding score.

Variable
At risk No risk

p-value*
n = 5,  7.5% n = 62, 92.5%

IL-6 -572 G/C (rs1800796)

Genotypes (%)

GG 4 (9.1) 40 (90.9) 0.77

GC 1 (4.5) 21 (95.5)  

CC 0 (0) 1 (100)  

Susceptibility (%) 

SCP 4 (9.1) 40 (90.9) 0.48

NSCP 1 (4.3) 22 (95.7)  

IL-10 -592 C/A (rs1800872)

Genotypes (%)

CC 0 (0) 34 (100) 0.02

CA 3 (11.5) 23 (88.5)  

AA 2 (28.6) 5 (71.4)  

Susceptibility (%) 

SCP 5 (15.2) 28 (84.8) 0.02

NSCP 0 (0) 34 (100)  

Clinical periodontal parameters (baseline)

BOP (mean ± SD) 100.00 ± 0.00 82.95 ± 30.55 0.22

PPD 4.63 ± 0.66 3.51 ± 0.61 < 0.001

CAL 4.80 ± 0.75 3.71 ± 0.70 0.001

Sites with PPD = 4–6 mm (mean ± SD) 40.10 ± 4.77 29.35 ± 15.87 0.138

Sites with PPD ≥ 7 mm (mean ± SD) 17.13 ± 9.71 4.57 ± 4.78 < 0.001

Sites with CAL = 4–6 mm (mean ± SD) 43.98 ± 4.77 34.35 ± 17.01 0.214

Sites with CAL ≥ 7 mm (mean ± SD) 18.91 ± 11.16 5.89 ± 6.01 < 0.001

Clinical periodontal parameters (45 days)

BOP (mean ± SD) 45.16 ± 11.18 10.45 ± 8.15 < 0.001

PPD (mean ± SD) 3.62 ± 0.56 2.66 ± 0.44 < 0.001

CAL (mean ± SD) 3.93 ± 0.83 2.90 ± 0.55 < 0.001

Sites with PPD=4–6 mm (mean ± SD) 32.93 ± 7.91 10.40 ± 8.61 < 0.001

Sites with PPD ≥ 7 mm (mean ± SD) 4.47 ± 5.38 0.64 ± 1.89 0.001

Sites with CAL = 4–6 mm (mean ± SD) 39.83 ± 9.59 17.96 ± 12.01 < 0.001

Sites with CAL ≥ 7 mm (mean ± SD) 7.31 ± 9.31 1.66 ± 2.77 0.001

IL: Interleukin; SCP: susceptible; NSCP: non-susceptible; BOP: bleeding on probing; PPD: probing pocket depth; CAL: clinical attachment level; 
SD: standard deviation.
IL-6 -572 G/C (rs1800796) SCP genotypes were considered patients carriers of the GG genotype and IL-6 -572 G/C (rs1800796) NSCP 
genotypes patients carriers of the C allele (GC+CC). IL-10 -592 C/A (rs1800872) SCP genotypes were considered patients carriers of the 
A allele (AA+CA) and IL-10 -592 C/A (rs1800872) NSCP genotypes carriers of the CC genotype. *Bold denotes statistical significance at 
p < 0.05. 
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Discussion

This study investigated the role of IL-6 and 
IL-10 gene polymorphisms on the risk of disease 
progression following active non-surgical periodontal 
therapy in patients diagnosed with chronic 
periodontal disease. Sixty-seven consecutive patients 
of a private practice limited to Periodontics and 
Implant Dentistry received periodontal treatment 
and were followed-up 45 days after the periodontal 
therapy. Patient carriers of the IL-6 GG and IL-10 CA 
or IL-10 AA genotype were considered susceptible to 
periodontal disease.23,24 The hypothesis of the present 
investigation was that individuals susceptible to 
periodontal disease would demonstrate an increased 
risk of periodontal disease progression and persisting 
or recurrent disease activity following treatment as 
has been determined by previously accepted and 
validated criteria.26 We believe this is the first study 
that investigated this hypothesis. The results of our 
study suggest that IL-10 -592 C/A polymorphism is 
associated with a higher risk of periodontal disease 
progression following non-surgical periodontal 
therapy in a Caucasian population. 

Although, in general, several long-term studies 
have demonstrated that patients with chronic 
periodontal disease respond favorably to non-surgical 
treatment, a number of these studies reported that a 
few sites within individual patients responded poorly 
leading to tooth loss and edentulism.4,5 Recognizing 
these patients is of paramount importance to prevent 
further periodontal destruction. Unfavorable response 
to conventional treatment may be attributed to poor 
plaque control, systemic conditions that impair 
healing, smoking, genetic factors and others.28 
Research on the genetic background of periodontitis 
as well as other complex diseases has increased our 
current understanding and suggests that multiple 
genes and interactions between environmental 
and genetic factors may lead to susceptibility to 
periodontal disease. However, the current knowledge 
surrounding the genetic background of periodontal 
disease is still incomplete.29 Polymorphisms in 
the regulatory regions of genes may alter the 
expression of cytokines revealing an important role 
of genetic predictors of disease susceptibility and 

clinical measures.30 More specifically, both IL-6 -572 
G/C and IL-10 -592 C/A polymorphisms have been 
associated with an increased protein expression and 
inflammatory response.23,31

In the present study, we utilized drops of blood from 
patients with chronic periodontitis. Genotyping of the 
polymorphisms in IL-6 (rs1800796) and IL-10 (rs1800872) 
genes were performed using the real-time polymerase 
chain reaction technology. The included individuals 
exhibited 30.15% sites with PPD = 4-6 mm and more 
than a third of the sites showed CAL = 4-6 mm. The 
mean number of sites with PPD ≥ 7 mm and CAL ≥ 7 
was 5.50 and 6.86, respectively. The clinical periodontal 
parameters of the baseline and the 45th day after 
periodontal treatment of the “at risk” groups when 
compared to “no risk” groups as defined by the three 
different examined definitions (presence of at least one 
site with residual PPD ≥ 6 mm or presence of ≥ 9 sites 
with residual PPD ≥ 5 mm or full-mouth bleeding score 
≥ 30%) were statistically significantly different (p < 0.05). 
Therefore, individuals “at risk” of further periodontal 
disease progression demonstrated a more severe 
disease status than the “no risk” group of patients. 
This finding may also confirm the examined criteria 
of increased risk of periodontal disease progression 
and persisting or recurrent disease activity following 
treatment. To the best of our knowledge this is the first 
study that aimed to investigate the potential association 
between gene polymorphisms and risk of periodontal 
disease progression. Therefore, our findings could not 
be compared to previous studies’ results. 

The present investigation demonstrated that 
carriers of the IL-10 -592A allele were significantly 
associated with BOP ≥ 30% and therefore showed 
a higher risk of further periodontal breakdown 
following non-surgical periodontal treatment. It has 
been shown that gingival inflammation plays a key 
role in the progression of periodontal diseases.5 In a 
study that included well-maintained, well-educated 
male individuals, periodontal pockets increased 
in number and in depth at areas with gingival 
inflammation.32 Gingival sites with bleeding on 
probing throughout a 26-year observation period 
demonstrated approximately 70% more attachment 
loss than non-inflamed gingival sites, yielding an 
odds ratio of 3.22 for the inflamed sites to result in 
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attachment level loss.32 In another study that evaluated 
the use of bleeding on probing as an indicator for 
periodontal disease progression or disease stability, 
the majority of patients who experienced disease 
progression demonstrated a mean BOP score of greater 
than or equal to 30%.33 On the other hand, individuals 
with BOP score less than or equal to 20% exhibited 
a significantly lower risk for further attachment 
loss. Moreover, a retrospective study reported that 
patients with 16% or more BOP sites were more likely 
to experience further periodontal breakdown during 
the maintenance phase of periodontal therapy.34 

Future studies in different populations, with 
larger sample sizes and a longer follow-up period are 
required to examine various genetic polymorphisms 
of different genes. Bioinformatics may provide 
valuable information for patients with periodontal 

disease and may also equip us with specific 
indicators for individualized periodontal treatment 
(Personalized/ Precision Medicine) that will lead to 
more predictable and effective treatment outcome for 
all patients with less frequent need for periodontal 
surgery or tooth loss than we have today. 

Conclusions

This prospective cohort study found that IL-10 
rs1800872 polymorphism was associated with an 
increased risk of further disease progression and 
the potential need for further treatment following 
non-surgical periodontal treatment. On the other hand, 
susceptible IL-6 genotypes were not associated with 
the risk of persisting or recurrent disease activity. 
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