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Abstract
Background: Genetically transmitted traits such as cytokine gene polymorphisms
may accentuate the host inflammatory response to the bacterial challenge and influence
susceptibility to periodontitis.

Objective: To systematically review the evidence of an association between the
interleukin-1 (IL-1) composite genotype, i.e. presence of the allele 2 in the gene
clusters IL-1A-889 and in IL-1B 13953, and periodontitis progression and/or treatment
outcomes.

Material and Methods: Based on the focused question, a search was conducted for
longitudinal clinical trials comparing progression of periodontitis and/or treatment
outcomes in IL-1 genotype-positive (carrying allele 2) and IL-1 genotype-negative
(not carrying allele 2) subjects. A search in the National Library of Medicine
computerized bibliographic database MEDLINE and a manual search were performed.
Selection of publications, extraction of data and validity assessment were made
independently by two reviewers.

Results: The search provided 122 titles of which 11 longitudinal publications were
included. The heterogeneity of the data prevented the performance of a meta-analysis.
While findings from some publications rejected a possible role of IL-1 composite
genotype on progression of periodontitis after various therapies, other reported a
prognostic value for disease progression of the positive IL-1 genotype status. When
assessed on a multivariate risk assessment model, several publications concluded that
the assessment of the IL-1 composite genotype in conjunction with other covariates
(e.g. smoking and presence of specific bacteria) may provide additional information on
disease progression. The small sample size of the available publications, however,
requires caution in the interpretation of the results.

Conclusion: Based on these findings, (i) there is insufficient evidence to establish if a
positive IL-1 genotype status contributes to progression of periodontitis and/or
treatment outcomes. Therefore, (ii) results obtained with commercially available tests
should be interpreted with caution.

Key words: genetic susceptibility; IL-1 gene
polymorphism; IL-1 genotype; interleukin-1;
periodontal disease; periodontitis

Accepted for publication 27 December 2006

Assigning a prognosis to the dentition of a
periodontitis-susceptible subject is one of
the greatest challenges in clinical practice.
While the role of bacterial biofilms in
initiating the disease process is undisputed
(Socransky & Haffajee 1992, Haffajee &
Socransky 1994), the contribution of the
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host response to the bacterial challenge
has been shown to be of critical impor-
tance for propagation of the disease pro-
cess (Offenbacher 1996, Page et al. 1997).
Thus, tissue destruction in periodontitis-
susceptible subjects results from an imbal-
ance in host protective and destructive
mechanisms initiated by an infectious
challenge. Epidemiological evidence,
however, has identified marked differ-
ences in the rate of disease progression
among subjects of the same population.
Findings from periodontally untreated
Sri Lankan tea labourers with abundant
plaque and calculus deposits and with-
out any access to dental care showed
that 8% of the subjects were not affected
by periodontal attachment loss, whereas
11% of the subjects were almost eden-
tulous by the age of 45 years (Löe et al.
1986). On the other hand, a distinct
individual variability in disease progres-
sion has been shown in periodontally
treated subjects enrolled in a maintenance
care programme and followed over a
period of 420 years (Hirschfeld & Was-
serman 1978). Despite regular attendance
in a supportive periodontal therapy (SPT)
programme, 83% of subjects classified as
‘‘well maintained’’ lost 43 teeth, 12.6%
of subjects classified as ‘‘downhill’’ lost
4–9 teeth and 4.2% of subjects classified
as ‘‘extreme downhill’’ lost X10 teeth.

Although bacterial biofilms are essen-
tial for periodontal disease to occur,
patient-related factors have been
included to estimate an individual risk
profile for disease progression. Such
factors encompass environmental (e.g.
cigarette smoking, psychosocial stress;
Kinane & Chestnutt 2000, Vettore et al.
2003) and systemic/genetic (e.g. dia-
betes mellitus, cytokine gene poly-
morphisms) components (Kornman &
di Giovine 1998, Salvi et al. 1998).
Furthermore, studies in twins have indi-
cated that a considerable portion of
individual variability to periodontitis
may be attributed to genetic rather than
environmental factors (Michalowicz et
al. 2000).

The outcome of the host-parasite
interactions may result in periodontal
tissue destruction if in the course of this
process elevated amounts of inappropri-
ate mediators are released (Gemmell &
Seymour 2004). Among these media-
tors, prostaglandin E2 and cytokines
such as interleukin-1 (IL-1) and tumour
necrosis factor (TNF) have been shown
to play a dominant role in the pathogen-
esis of periodontitis. Based on increased
expression of IL-1 and TNF in inflamed

gingiva and elevated levels in the gingi-
val crevicular fluid (GCF) of subjects
with periodontitis (Masada et al. 1990,
Salvi et al. 1997, Figueredo et al. 1999),
several studies have suggested that an
increased secretion of IL-1 may play an
important role in periodontal tissue
destruction (Graves & Cochran 2003).

Three IL-1 genes are arranged in a
cluster on human chromosome 2q13.
Two of the genes, namely IL-1A and IL-
1B, encode the cytokines IL-1a and IL-
1b, respectively, while the third gene,
known as IL-1RN, encodes the receptor
antagonist (IL-ra) protein (Nicklin et al.
1994). Polymorphisms of the IL-1 gene
cluster have been described and some of
these variations (i.e. alleles) have been
associated with stable inter-individual
differences of IL-1 levels upon bacterial
challenge (Mølvig et al. 1988). A specific
genotype characterized by the presence of
allele 2 in the polymorphic gene clusters
IL-1A (� 889) and IL-1B (13953), also
referred to as ‘‘genotype-positive’’, has
been associated with severe chronic
periodontitis in a non-smoking population
of Caucasian Northern European heritage
(Kornman et al. 1997).

Thus, the inflammatory response
appears to be genetically driven with
some individuals displaying a more
robust IL-1 secretion than others to a
comparable bacterial challenge. More-
over, higher IL-1 levels in GCF and
gingival biopsies were detected at shal-
low sites of genotype-positive compared
with genotype-negative subjects with
comparable periodontal status, indicat-
ing that the specific IL-1 genotype may
result in an exaggerated local inflamma-
tory response (Engebretson et al. 1999).

Evidence that this specific IL-1 geno-
type (i.e. composite genotype of IL-1A
and IL-1B) may be associated with the
progression of periodontitis and/or treat-
ment outcomes has not yet been system-
atically appraised. Hence, the aim of this
systematic review was to answer the
focused question whether or not the com-
posite IL-1 genotype was associated with
periodontitis progression and/or treatment
outcomes in periodontally treated and
untreated populations.

Material and Methods

Study selection

As no randomized-controlled clinical
trials (RCCT) have been conducted
addressing the focussed question, this
systematic review will focus on subor-

dinate levels of evidence. To be eligible
for inclusion in this review, publications
had to be longitudinal in nature, as an
association between the IL-1 composite
genotype status and the course of perio-
dontal disease with or without treatment
over time was sought.

Outcome variables

The primary outcome variable of inter-
est for the assessment of periodontitis
progression and/or treatment outcomes
was change in the clinical attachment
level (DCAL). However, when the
primary outcome (i.e. DCAL) was not
reported, secondary outcome measures
including changes in probing pocket
depth (DPPD), tooth loss, radiographic
bone level changes, changes in bleeding
on probing (BOP) values and levels of
inflammatory mediators in the GCF
were considered.

Literature search

A search in the MEDLINE database up
to and including December 2005 was
made. Only publications in English,
German, French or Italian were consid-
ered. The search strategy applied was:

(interleukins[MeSH Terms] OR inter-
leukin 1[Text Word])

AND
(periodontal diseases[MeSH Terms]

OR periodontitis[Text Word] OR perio-
dontal disease[Text Word])

AND
(polymorphism, genetic [MeSH

Terms] OR polymorphism[Text Word]
OR genotype[Text Word] or haplotype
[Text Word])

A complementary manual search from
1997 up to December 2005 was carried
out in the following journals: Journal of
Clinical Periodontology, Journal of Den-
tal Research, Journal of Periodontal
Research and Journal of Periodontology.

In addition, the reference lists of pub-
lications selected for inclusion in this
review were systematically screened.

Validity assessment

Two reviewers (G. H-B. & G. E. S.)
independently screened titles and
abstracts of the search results for possi-
ble inclusion. The discrepancies were
resolved by discussion. Publications of
potential interest were searched for to
evaluate the full text.

The methodological quality assess-
ment and data extraction of the included
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publications was independently con-
ducted by the same two reviewers.
Again, any disagreement was resolved
by discussion among the two reviewers.

Results

Characteristics of the publications

The search resulted in the identification
of 122 publications. Independent initial
screening of the titles resulted in the
further consideration of 72 publications.
Based on the abstracts, 17 full text
articles were obtained. From these arti-
cles, 10 publications were selected. In
addition, one study (Cortellini & Tonetti
2004) was included based on the manual
search (Fig. 1).

Based on the screening of titles, 50
publications were excluded for the fol-
lowing reasons:

� Language: Duan et al. (2001, 2002),
Gutierrez et al. (2002), Laine et al.
(2002), Zhong et al. (2002, 2003),
Gera (2004), Huang & Zhang
(2004), Li et al. (2005).

� Oral implants: Wilson & Nunn
(1999), Feloutzis et al. (2003),
Shimpuku et al. (2003), Gruica
et al. (2004), Jansson et al. (2005).

� Different cytokine or different IL-1
gene polymorphisms: Kinane et al.
(1999), Hennig et al. (2000), Michel
et al. (2001), Yamazaki et al. (2001),
Gonzales et al. (2002, 2004), Scarel-
Caminaga et al. (2002, 2003, 2004),
Berglundh et al. (2003), Kang et al.
(2003), Soga et al. (2003), Trevilatto
et al. (2003), Holla et al. (2004),
Pontes et al. (2004), Dashash et al.
(2005), Drozdzik et al. (2005),
Folwaczny et al. (2005a, b), Komatsu
et al. (2005).

� Review article: Hart & Kornman
(1997), Kornman & di Giovine
(1998), Nevins & Nevins (1998),
Boch et al. (2001), Kornman &
Duff (2001), Greenstein (2002),
Greenstein & Hart (2002a), Kinane
& Hart (2003), Nares (2003),
Taylor et al. (2004), Hacker &
Roberts (2005), Heitz-Mayfield
(2005), Loos et al. (2005), Research,
Science and Therapy Commitee of
American Association of Periodon-
tology (2005), Shapira et al. (2005).

� Experimental study: Gemmell et al.
(2000).

Abstracts were obtained from the
remaining 72 publications for further
screening process. Based on abstract’s

screening, 55 additional publications
were excluded for the following reasons:

� Cross-sectional design: Kornman
et al. (1997), Gore et al. (1998),
Diehl et al. (1999), Price et al.
(1999), Armitage et al. (2000),
Mark et al. (2000), McDevitt et al.
(2000), Socransky et al. (2000),
Walker et al. (2000), Hodge et al.
(2001), Laine et al. (2001), Papapa-
nou et al. (2001), Thomson et al.
(2001), Caffesse et al. (2002a),
Meisel et al. (2002, 2004), Tai
et al. (2002), Trevilatto et al. (2002),
Anusaksathien et al. (2003), Gonzales
et al. (2003), Guzman et al. (2003),
Nastri & Caruso (2003), Sakellari et al.
(2003), D’Aiuto et al. (2004b), Li
et al. (2004), Quappe et al. (2004),
Brett et al. (2005), Lopez et al.
(2005).

� Lack of information on the specific
IL-1 composite genotype: Galbraith
et al. (1999), Nakajima et al. (1999),
Cutler et al. (2000), Laine et al.
(2000), Parkhill et al. (2000),
Shirodaria et al. (2000), Takahashi
et al. (2001), Engebretson et al.

(2002), Yamazaki et al. (2002),
Faizuddin et al. (2003), Lin et al.
(2003), D’Aiuto et al. (2004a, 2005),
Moore et al. (2004), Moreira et al.
(2005), Scapoli et al. (2005a, b).

� Experimental gingivtis trials: Jepsen
et al. (2003), Scapoli et al. (2005a, b).

� Experimental study: Chi et al. (2004).
� Oral implants: Rogers et al. (2002).
� Review article: Newman (1997),

Wilson & Higginbottom (1998),
Greenstein (1999), Kornman et al.
(2000), McGuire (2000), Greenstein
& Hart (2002b).

� Assessment of cost-effectiveness:
Higashi et al. (2002).

The full text articles of the remaining
17 publications were obtained for further
evaluation. Seven additional publications
were excluded for the following reasons:

� No clinical trial: Kornman et al.
(1999), Persson (2004).

� Disuse of occlusal splint: McDevitt
et al. (2003).

� Cross-sectional design: Meisel et al.
(2003).

Publications excluded on the basis of 
title evaluation (n=50) 

Potentially relevant abstracts
retrieved for evaluation 

(n=72) 

Potentially relevant publications
identified from electronic search

(n=122) 

Publications excluded on the basis of 
abstract evaluation (n=55) 

Potentially relevant full text articles 
retrieved for detailed evaluation 

(n=17) 

Publications excluded on the basis of 
full text evaluation (n=7) 

Publications included based on the 
MEDLINE database search

(n=10) 

Publications included based on the 
manual search (n=1) 

 Publications included in the present 
systematic review

(n=11) 

Fig. 1. Selection process of the included publications.
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� Subpopulation of an already
included study (Lang et al. 2000):
Persson et al. (2003).

� Periodontal plastic surgery: Caffesse
et al. (2002b).

� Same population as Nieri et al.
(2002) (already included): Cattabri-
ga et al. (2001).

Therefore, from the electronic search
of the MEDLINE database, 10 publica-
tions were selected. The manual search
and screening of the reference list of
included publications added one publica-
tion (Cortellini & Tonetti 2004). Thus, a
total of 11 publications were included in
the present systematic review.

Qualitative data synthesis

A preliminary evaluation of the selected
publications revealed a considerable
heterogeneity in terms of study design,
study population, disease status, treat-
ment provided and primary outcomes.
Consequently, it was impossible to con-
duct a quantitative data synthesis lead-
ing to a meta-analysis. Therefore, it was
attempted to report the data by applying
descriptive methods. The characteristics
of the included 11 publications are
summarized in Table 1.

The 11 publications were grouped
according to the treatment provided as
follows:

Absence of periodontal therapy

The effect of IL-1 genotype status on
PPD and CAL was assessed over 5 years
in 295 Australians of Caucasian ethni-
city (Cullinan et al. 2001). In this study
population, the prevalence of IL-1
genotype-positive subjects amounted to
38.9%. No systematic periodontal treat-
ment or supportive periodontal therapy
(SPT) was provided over the entire
observation period. Over the 5-year
period, no statistically significant differ-
ence in mean PPD change was observed
comparing IL-1 genotype-positive and
negative subjects. In non-smoking IL-1
genotype-positive subjects older than
50 years, the mean PPD change was sta-
tistically significantly higher (po0.05)
compared with that of IL-1 genotype-
negative subjects. In smokers, IL-1 gen-
otype-positive subjects had on average
70% more PPD X3.5 mm compared
with IL-1 genotype-negative subjects.
Moreover, IL-1 genotype-positive sub-
jects harbouring Porphyromonas gingi-
valis (P. gingivalis) had on average 80%

more PPD X3.5 mm compared with
IL-1 genotype-negative subjects with a
similar microbiological profile. In
subjects older than 50 years, 56% of
IL-1 genotype-positive subjects dis-
played X4 sites with CAL loss of
X2 mm compared with 43.5% of IL-1
genotype-negative subjects. In subjects
of similar age with X8 sites with CAL
loss of X2 mm, 17.4% were IL-1 geno-
type-positive compared with 8.7% of
IL-1 genotype-negative. These differ-
ences, however, did not reach statistical
significance (p40.05). Considering all
age groups, IL-1 genotype-positive sub-
jects did not experience a statistically
significantly elevated CAL loss com-
pared with IL-1 genotype-negative sub-
jects. Hence, IL-1 genotype status alone
did not yield a positive predictive value
for periodontal disease progression. On
the other hand, IL-1 genotype status in
conjunction with age, smoking status
and presence of P. gingivalis was con-
sidered a contributory factor for perio-
dontal disease progression.

Non-surgical periodontal therapy

The prognostic value of IL-1 genotype
status on periodontal disease progres-
sion following non-surgical therapy was
evaluated over a 24-month period
(Ehmke et al. 1999). Periodontal therapy
including full-mouth scaling and root
planing alone was provided in 16 sub-
jects (control group) while in 17 sub-
jects (test group), additional systemic
antibiotics were delivered. After com-
pletion of active periodontal therapy, all
subjects were enrolled in a 3- to 6-
month SPT interval. Seven subjects in
the test group (i.e. 41.1%) and nine in
the control group (i.e. 56.2%) were IL-1
genotype-positive. Site- and tooth-based
analyses in both treatment groups
revealed no statistically significant dif-
ferences (p40.05) in CAL loss 42 mm
over a 24-month period when compar-
ing IL-1 genotype-positive and negative
subjects. Overall, 85% of sites and 53%
of teeth in IL-1 genotype-positive sub-
jects displayed a CAL loss 42 mm over
24 months. The corresponding %ages in
IL-1 genotype-negative subjects were
89% and 56%, respectively. IL-1 geno-
type status was of limited value for the
prognosis of periodontal disease pro-
gression following non-surgical perio-
dontal therapy with/out systemic
antibiotic administration. It should be
noted that plaque control levels during

active periodontal therapy and mainte-
nance were not reported.

A correlation of IL-1 genotype status
with GCF levels of IL-1b and TNFa and
with gingival tissue levels of IL-1a, IL-
1b and TNFa as well as the effect of
non-surgical periodontal therapy was
investigated in 22 non-smoking subjects
with moderate/advanced chronic perio-
dontitis (Engebretson et al. 1999). Seven
subjects (i.e. 31.8%) were IL-1 geno-
type-positive. Measurements were per-
formed at baseline and 3 weeks after
therapy.

In sites with PPD o4 mm, total GCF-
IL-1b from IL-1 genotype-positive sub-
jects was statistically significantly high-
er before and after non-surgical therapy
compared with that of IL-1 genotype-
negative subjects. In sites with PPD
4–6 mm and 46 mm, no statistically
significant differences (p40.05) in total
GCF-IL-1b between IL-1 genotype-
positive and negative subjects was
observed before and after therapy. Total
GCF-IL-1b concentration decreased in
IL-1 genotype-negative but not in IL-1
genotype-positive subjects. No statisti-
cally significant difference (p40.05) in
mean IL-1b tissue levels was observed
when comparing both IL-1 genotypes.
IL-1 genotype-positive subjects may,
therefore, demonstrate phenotypic dif-
ferences with respect to GCF-IL-1b
levels.

Periodontal regenerative procedures

The impact of IL-1 genotype status on
the clinical outcomes of guided tissue
regeneration (GTR) in deep intrabony
defects was evaluated in subjects diag-
nosed with chronic periodontitis (De
Sanctis & Zucchelli 2000, Christgau
et al. 2003, Cortellini & Tonetti 2004).

Forty subjects yielding a total of 40
interproximal angular bony defects were
treated according to the principles of
GTR using expanded poly-tetra-fluor-
ethylene (ePTFE) barrier membranes
(De Sanctis & Zucchelli 2000). Fourteen
subjects (i.e. 35.0%) were IL-1 geno-
type-positive. After GTR therapy, sub-
jects were enrolled in an SPT
programme with a monthly interval in
the first year and a 3-month interval in
the remaining 3 years. Clinical para-
meters were recorded at baseline and
after 1 and 4 years following GTR
therapy. Full-mouth plaque scores
(FMPS) and full-mouth bleeding scores
(FMBS) did not differ between IL-1
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genotype-positive and negative subjects
over the 4-year observation period.

At the 1-year follow-up, PPD reduction
and CAL gain in the treated defects were
not statistically significantly different
(p40.05) comparing IL-1 genotype-posi-
tive (DPPD: 6.4 � 1.1 mm and DCAL:
5.1 � 1.5 mm) with IL-1 genotype-
negative subjects (DPPD: 6.4 � 1.6 mm
and DCAL: 5.3 � 1.7 mm).

Between the 1- and 4-year examina-
tions, however, PPD increase and CAL
loss in treated defects of IL-1 genotype-
positive subjects were statistically sig-
nificantly different (p 5 0.0001) from
those in IL-1 genotype-negative sub-
jects. In IL-1 genotype-positive subjects,
PPD increased 2.2 � 1.1 mm compared
with 0.9 � 1.1 mm in IL-1 genotype-
negative subjects. Loss of CAL
amounted to 2.3 � 1.1 mm in IL-1 gen-
otype-positive subjects compared with
1.0 � 1.1 mm in IL-1 genotype-negative
subjects. Positive IL-1 genotype status
conferred a 10 times greater relative risk
of experiencing X2 mm CAL loss in the
regenerated defect between the 1- and
4-year examinations. Although GTR
therapy was effective, IL-1 genotype
status had the strongest impact on
long-term stability in the regenerated
area. IL-1 genotype-positive subjects
were more prone to periodontal tissue
breakdown following GTR therapy
when compared with IL-1 genotype-
negative subjects.

Forty-seven non-smoking subjects
yielding a total of 94 interproximal
angular bony defects were treated
according to the principles of GTR
using non-resorbable and bioresorbable
barrier membranes (Christgau et al.
2003). Nineteen subjects (i.e. 40.4%)
were IL-1 genotype-positive. After
regenerative therapy, the subjects were
enrolled in an SPT programme with an
interval of 2–3 months. Clinical mea-
surements as well as standardized radio-
graphs were taken at baseline and 12
months after therapy. The mean papil-
lary bleeding index (PBI) decreased
from 29% at baseline to 19% at 12
months in IL-1 genotype-positive sub-
jects and from 30% at baseline to 18% at
12 months in IL-1 genotype-negative
subjects. In regenerated defects, the
mean PPD reduction amounted to
3.6 mm and the mean CAL gain to
3.6 mm in IL-1 genotype-positive sub-
jects. The corresponding values for IL-1
genotype-negative subjects were
3.9 mm for PPD reduction and 3.4 mm
for CAL gain.
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Quantitative digital subtraction radio-
graphy revealed a median bone density
gain of 49% in defects of IL-1 genotype-
positive and of 43.6% in those of IL-1
genotype-negative subjects, respectively.
Thus, IL-1 genotype status had no
significant influence on clinical and
radiographic outcomes following GTR
therapy.

Assessment of IL-1 genotype status
and treatment according to the prin-
ciples of GTR were performed in a
subset of 86 subjects presenting with
a deep intrabony defect (Cortellini &
Tonetti 2004). Thirty-two subjects (i.e.
37.2%) were genotyped as IL-1 positive.
The periodontal parameters PPD and
CAL were recorded 1 year after regen-
erative therapy and every 2 years
thereafter for a period up to 16 years
[mean follow-up time: 8 years � 3.4
(SD)]. Longitudinal CAL stability was
defined as absence of CAL loss X2 mm
compared with the 1-year results.
When comparing IL-1 genotype-posi-
tive subjects with their IL-1 genotype-
negative counterparts, no statistically
significant difference (p 5 0.4383) with
respect to loss of regenerated attachment
was observed.

In a retrospective study, Weiss et al.
(2004) assessed the effect of IL-1 gen-
otype status on the outcome of bone
grafting in the treatment of interprox-
imal periodontal defects. Forty-four
subjects enrolled in an SPT programme
participated in the study. All subjects
had undergone bone-grafting proce-
dures 9 months to 13 years before the
assessment of clinical parameters. Thir-
teen subjects (i.e. 29.5%) were diag-
nosed as IL-1 genotype-positive. At
baseline, no statistically significant dif-
ferences (p40.05) in PPD and CAL
between IL-1 genotype-positive and
negative subjects had been recorded.
Bone-grafting therapy in IL-1 geno-
type-positive subjects yielded less
PPD reduction (mean � SD: 1.86 �
1.49 mm) and more CAL gain
(mean � SD: 1.20 � 1.59 mm) com-
pared with IL-1 genotype-negative
subjects (mean � SD: 2.13 � 1.77 and
0.65 � 2.13 mm), respectively. These
differences were, however, not statisti-
cally significant (p40.05). When apply-
ing multivariate linear regression
analysis adjusting for baseline PPD and
CAL, age, gender, smoking status, full-
mouth plaque index, full-mouth bleeding
index, IL-1 genotype status failed to
influence significantly PPD reduction
and CAL gain.

Supportive Periodontal Therapy (SPT)

To assess whether the knowledge of
the IL-1 genotype status would improve
the clinician’s ability to assign a pre-
therapeutic prognosis and predict tooth
loss, a Caucasian population of 42
subjects enrolled in an SPT programme
was monitored over a period of 14 years
(McGuire & Nunn 1999). Sixteen
subjects (i.e. 38.1%) were IL-1 geno-
type-positive. The risk of tooth loss was
increased by 2.7 times in the presence of
an IL-1 genotype-positive status and
by 2.9 times in case of heavy smoking
(i.e. X30 pack-years). When combined,
IL-1 genotype-positive status and heavy
smoking increased the risk of tooth loss
by 7.7 times. In IL-1 genotype-positive
heavy smokers, none of the clinical
(i.e. PPD, furcation involvement, tooth
mobility, crown-to-root ratio) and radio-
graphic (i.e. %age bone loss) para-
meters was statistically significantly
related to tooth loss. In IL-1 genotype-
positive non-smokers, however, the cited
clinical and radiographic parameters were
statistically significantly related to tooth
loss.

The effect of IL-1 composite geno-
type on gingival inflammation (i.e.
BOP) was evaluated at four time points
in 323 periodontally treated subjects
enrolled in an SPT programme with an
interval of 3–4 months (Lang et al.
2000). The percentage of IL-1 geno-
type-positive subjects amounted to
35.3%. The proportion of IL-1 geno-
type-positive subjects with deteriorating
BOP scores was twice as high compared
with that of IL-1 genotype-negative sub-
jects. The %age of subjects with
improving BOP scores amounted to
24% in IL-1 genotype-positive and to
37% in IL-1 genotype-negative subjects,
respectively (po0.05). The increased
prevalence and incidence of bleeding
sites in IL-1 genotype-positive subjects
during SPT indicated the presence of a
hyper-inflammatory trait.

To evaluate the prognostic value of
radiographic marginal bone level
changes, 60 non-smoking Caucasian
subjects enrolled in SPT were followed
for 10 years after active periodontal
therapy (Nieri et al. 2002). Twenty-three
subjects (i.e. 38.3%) were genotyped
positive for the IL-1 composite geno-
type. In subjects with minimal mean
bone loss at baseline, IL-1 genotype-
positive status negatively influenced
bone level changes compared to IL-1
genotype-negative status. In cases of

severe initial mean bone loss, however,
IL-1 genotype-positive subjects showed
smaller marginal bone level changes
compared with IL-1 genotype- negative
subjects.

In a retrospective study, the influence
of the IL-1 genotype status on PPD
changes and tooth loss was analysed in
53 periodontally treated and maintained
non-smoking subjects (König et al.
2005). The subjects had been diagnosed
with and treated for generalized chronic
periodontitis and maintained over a
mean period of 15.5 years. Twelve
subjects (i.e. 22.6%) had been geno-
typed as IL-1 genotype-positive. No
statistically significant differences
(p40.05) were reported with respect
to tooth loss and PPD changes over the
observation period between IL-1 geno-
type-positive and negative subjects.
The authors concluded that irrespective
of the IL-1 genotype status, non-smok-
ing subjects could be periodontally trea-
ted and maintained with success over
time.

Discussion

Ten years following the report (Korn-
man et al. 1997) of a possible associa-
tion between a composite IL-1 genotype
and severity of periodontal destruction,
only few studies have addressed its
possible association with disease pro-
gression or treatment outcome. The vast
majority of these studies included
small sample sizes lacking statistical
power to properly assess the association
with the selected outcomes. It has been
estimated that to correctly assess the
impact of genetic risk factors in terms
of statistical power, a couple of thou-
sand subjects are required (Ioannidis et
al. 2003). Furthermore, universal perio-
dontal ‘‘case’’ definitions as well as
standardized treatment protocols were
lacking. The available evidence was
too fragmented to allow the perfor-
mance of a meta-analysis of the avail-
able data. Thus, the findings of the
present systematic review revealed a
lack of evidence to support the use of
the composite IL-1 genotype to discri-
minate subjects at risk for periodontal
disease progression and/or to predict
treatment outcomes.

First available evidence (Kornman
et al. 1997) claimed that the compo-
site IL-1 polymorphism conferred the
risk for advanced periodontal disease
with genotype-positive subjects of
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Caucasian origin having a higher risk
for developing severe periodontitis
after the age of 40 years when com-
pared with genotype-negative subjects
of the same race. Interestingly, cigar-
ette smoking appeared to mitigate the
genetic predisposition to an exagger-
ated host response so that a positive IL-
1 genotype status was found to have an
impact on attachment loss only in non-
smokers. While this study (Kornman
et al. 1997) was cross-sectional in nature,
the relationship between the composite
IL-1 polymorphism and disease progres-
sion remained to be determined. Further
evidence showed that this specific com-
posite IL-1 polymorphism was linked
to the expression of elevated levels of
IL-1 in gingival tissue and crevicular
fluid (Engebretson et al. 1999) as well
as from activated peripheral blood neu-
trophils isolated from subjects with
severe chronic periodontitis (Gore
et al. 1998).

In the present systematic review,
findings from a first group of studies
(Ehmke et al. 1999, Christgau et al.
2003, Cortellini & Tonetti 2004, Weiss
et al. 2004, König et al. 2005) rejected
the presence of an association between
the positive IL-1 genotype status and
periodontal disease progression or out-
comes of therapy. Findings from
one study (Ehmke et al. 1999) revealed
no statistically significant difference in
CAL changes after non-surgical perio-
dontal therapy and over 24 months of
maintenance when comparing IL-1
genotype-positive and negative subjects.
Informations regarding plaque control,
however, were not reported during
active and supportive therapy. This
reinforced the concept that a positive
IL-1 genotype status did not act by
itself, but in concert with bacterial
factors.

A second group of studies (McGuire
& Nunn 1999, Cullinan et al. 2001,
Nieri et al. 2002) found the positive
composite IL-1 genotype to have some
prognostic value for periodontal disease
progression, assessed as clinical attach-
ment loss or tooth loss when included in
a multilevel risk-assessment model.
None of these publications, however,
used comparable covariates and out-
comes as indicators of disease progres-
sion. In a longitudinal study (Cullinan et
al. 2001), IL-1 genotype-positive smo-
kers and IL-1 genotype-positive subjects
harboring P. gingivalis displayed ele-
vated proportions of PPD X3.5 mm
over 60 months. In addition to the con-

tributory role of the positive IL-1 geno-
type status to disease progression, this
study (Cullinan et al. 2001) underlined
the multifactorial nature of periodontal
disease confirming cigarette smoking
and the presence of P. gingivalis as
true risk factors for periodontitis pro-
gression.

A third group of studies (De Sanctis
& Zucchelli 2000, Lang et al. 2000)
reported the presence of an association
between the positive composite IL-1
genotype and indicators of periodontal
disease deterioration such as increase in
BOP, PPD and CAL. Based on evidence
suggesting that elevated BOP %ages
were associated with an increased risk
for periodontal disease progression
after active therapy (i.e. during SPT)
(Lang et al. 1986, Joss et al. 1994), the
elevated BOP %ages observed in IL-1
genotype-positive subjects reported in
one study (Lang et al. 2000) could, at
least in part, be explained as an early
sign of disease progression. In this con-
text, knowledge of the IL-1 genotype
status may prove helpful in customizing
the frequency of SPT thereby reducing
the risk for future disease progression or
tooth loss (McGuire & Nunn 1999). The
detrimental effect of a positive IL-1
genotype status on loss of regenerated
periodontal tissue following GTR ther-
apy (De Sanctis & Zucchelli 2000),
however, was not corroborated by find-
ings reported by Cortellini & Tonetti
(2004).

One publication (Engebretson et al.
1999) could not be categorized in the
above-mentioned groups, as no clear
association between the IL-1 composite
genotype status and outcomes of therapy
could be determined.

It should be emphasized that assess-
ment of genetic predisposition to perio-
dontal diseases represents only one of
several components of subject-based
risk analysis. Although a common ‘‘can-
didate gene’’ to all forms of perio-
dontitis has not been identified, it is
evident that at the individual level dis-
ease expression results from the inter-
action between genetic susceptibility
and bacterial, environmental (e.g. smok-
ing) and acquired (e.g. diabetes) factors.
The progress in the field of genetics has
lead to an increased number of reports
focusing on the association between
specific cytokine gene polymorphisms
(e.g. genes coding for TNF-a, IL-4, IL-
6, IL-10) and a variety of systemic
conditions including periodontal dis-
eases (Kinane & Hart 2003, Loos et al.

2005). Such a ‘‘candidate gene’’
approach, however, may overlook addi-
tional genes involved in the hyper-
inflammatory response to the bacterial
challenge and the resulting phenotypic
expression of the disease. Hence, genet-
ic confounders should be considered
when evaluating the results based on a
single-gene approach.

In conclusion, controversial associa-
tions between the positive composite IL-
1 genotype and periodontal disease pro-
gression and/or influence on treatment
outcomes emerged from the present
systematic review. One of the main
shortcomings of the studies analysed
was characterized by a sample size too
small to confer adequate statistical
power. Therefore, positive associations
between the IL-1 composite genotype
and more generally between any
gene polymorphism and periodontal dis-
eases should be critically evaluated. As
a clinical consequence, screening for
IL-1 composite genotype to determine
the risk for periodontitis does not seem
to be justified. The positive IL-1 com-
posite genotype status may have a
contributory role, but is neither nece-
ssary nor sufficient to account for
disease progression and/or treatment
outcomes. Results from commercially
available genetic tests should be inter-
preted with caution and factors such
as smoking status, systemic conditions,
specific microbiological profiles and
genetic confounders should be incor-
porated in a multilevel risk-assessment
model. The results of this systematic
review are in agreement with the con-
sensus report of the 2005 European
Workshop on Periodontology (Tonetti
& Claffey 2005).

References

Anusaksathien, O., Sukboon, A., Sitthiphong, P.

& Teanpaisan, R. (2003) Distribution of

interleukin-1beta(13954) and IL-1alpha

(� 889) genetic variations in a Thai popula-

tion group. Journal of Periodontology 74,

1796–1802.

Armitage, G. C., Wu, Y., Wang, H. Y., Sorrell,

J., di Giovine, F. S. & Duff, G. W.

(2000) Low prevalence of a periodontitis-

associated interleukin-1 composite genotype

in individuals of Chinese heritage. Journal of

Periodontology 71, 164–171.

Berglundh, T., Donati, M., Hahn-Zoric, M.,

Hanson, L. A. & Padyukov, L. (2003) Asso-

ciation of the � 1087 IL 10 gene polymorph-

ism with severe chronic periodontitis in

312 Huynh-Ba et al.

r 2007 The Authors. Journal compilation r 2007 Blackwell Munksgaard



Swedish Caucasians. Journal of Clinical

Periodontology 30, 249–254.

Boch, J. A., Wara-aswapati, N. & Auron, P. E.

(2001) Interleukin 1 signal transduction –

current concepts and relevance to periodontitis.

Journal of Dental Research 80, 400–407.

Brett, P. M., Zygogianni, P., Griffiths, G. S.,

Tomaz, M., Parkar, M., D’Aiuto, F. & Tonet-

ti, M. S. (2005) Functional gene polymorph-

isms in aggressive and chronic periodontitis.

Journal of Dental Research 84, 1149–1153.

Caffesse, R. G., De LaRosa, M. R., De LaRosa,

M. G. & Mota, L. F. (2002a) Prevalence

of interleukin 1 periodontal genotype in a

Hispanic dental population. Quintessence

International 33, 190–194.

Caffesse, R. G., De La Rosa, R. M., De La Rosa,

G. M. & Weltman, R. (2002b) Effect of

interleukin-1 gene polymorphism in a perio-

dontally healthy Hispanic population treated

with mucogingival surgery. Journal of

Clinical Periodontology 29, 177–181.

Cattabriga, M., Rotundo, R., Muzzi, L., Nieri,

M., Verrocchi, G., Cairo, F. & Pini Prato, G.

(2001) Retrospective evaluation of the influ-

ence of the interleukin-1 genotype on radio-

graphic bone levels in treated periodontal

patients over 10 years. Journal of Perio-

dontology 72, 767–773.

Chi, H., Messas, E., Levine, R. A., Graves, D. T.

& Amar, S. (2004) Interleukin-1 receptor

signaling mediates atherosclerosis associated

with bacterial exposure and/or a high-fat diet

in a murine apolipoprotein E heterozygote

model: pharmacotherapeutic implications.

Circulation 110, 1678–1685.

Christgau, M., Aslanidis, C., Felden, A., Hiller,

K. A., Schmitz, G. & Schmalz, G. (2003)

Influence of interleukin-1 gene polymorph-

ism on periodontal regeneration in intrabony

defects. Journal of Periodontal Research 38,

20–27.

Cortellini, P. & Tonetti, M. S. (2004) Long-term

tooth survival following regenerative treat-

ment of intrabony defects. Journal of Perio-

dontology 75, 672–678.

Cullinan, M. P., Westerman, B., Hamlet, S. M.,

Palme, J. E., Faddy, M. J., Lang, N. P. &

Seymour, G. J. (2001) A longitudinal study

of interleukin-1 gene polymorphisms and

periodontal disease in a general adult popula-

tion. Journal of Clinical Periodontology 28,

1137–1144.

Cutler, C. W., Stanford, T. W., Abraham, C.,

Cederberg, R. A., Boardman, T. J. & Ross, C.

(2000) Clinical benefits of oral irrigation for

periodontitis are related to reduction of

pro-inflammatory cytokine levels and plaque.

Journal of Clinical Periodontology 27,

134–143.

D’Aiuto, F., Parkar, M., Andreou, G., Brett, P.

M., Ready, D. & Tonetti, M. S. (2004a)

Periodontitis and atherogenesis: causal asso-

ciation or simple coincidence? Journal of

Clinical Periodontology 31, 402–411.

D’Aiuto, F., Parkar, M., Brett, P. M., Ready, D.

& Tonetti, M. S. (2004b) Gene polymorph-

isms in pro-inflammatory cytokines are asso-

ciated with systemic inflammation in patients

with severe periodontal infections. Cytokine

28, 29–34.

D’Aiuto, F., Ready, D., Parkar, M. & Tonetti, M.

S. (2005) Relative contribution of patient-,

tooth-, and site-associated variability on the

clinical outcomes of subgingival debridement.

I. Probing depths. Journal of Periodontology

76, 398–405.

Dashash, M., Blinkhorn, A. S., Hutchinson, I.

V., Pravica, V. & Drucker, D. B. (2005) The

relationship between interleukin-10 gene

polymorphism at position � 1082 and sus-

ceptibility to gingivitis in children. Journal of

Periodontology 76, 1455–1462.

De Sanctis, M. & Zucchelli, G. (2000) Inter-

leukin-1 gene polymorphisms and long-term

stability following guided tissue regeneration

therapy. Journal of Periodontology 71,

606–613.

Diehl, S. R., Wang, Y., Brooks, C. N., Burme-

ister, J. A., Califano, J. V., Wang, S. &

Schenkein, H. A. (1999) Linkage disequili-

brium of interleukin-1 genetic polymorph-

isms with early-onset periodontitis. Journal

of Periodontology 70, 418–430.

Drozdzik, M., Kurzawski, M., Drozdzik, A.,

Kotrych, K., Banach, J. & Pawlik, A.

(2005) Interleukin-6 gene polymorphism in

renal transplant patients with and without

gingival overgrowth. Journal of Clinical

Periodontology 32, 955–958.

Duan, H., Zhang, J. C., Huang, P. & Zhang, Y.

H. (2001) [Buccal swab: a convenient source

of DNA for analysis of IL-1 gene polymorph-

isms]. Hua Xi Kou Qiang Yi Xue Za Zhi 19,

11–13.

Duan, H., Zhang, J. C. & Zhang, Y. H. (2002)

The association between IL-1 gene poly-

morphisms and susceptibility to severe perio-

dontitis. Hua Xi Kou Qiang Yi Xue Za Zhi 20,

48–51.

Ehmke, B., Kress, W., Karch, H., Grimm, T.,

Klaiber, B. & Flemmig, T. F. (1999) Inter-

leukin-1 haplotype and periodontal disease

progression following therapy. Journal of

Clinical Periodontology 26, 810–813.

Engebretson, S. P., Grbic, J. T., Singer, R. &

Lamster, I. B. (2002) GCF IL-1beta profiles

in periodontal disease. Journal of Clinical

Periodontology 29, 48–53.

Engebretson, S. P., Lamster, I. B., Herrera-

Abreu, M., Celenti, R. S., Timms, J. M.,

Chaudhary, A. G., di Giovine, F. S. & Korn-

man, K. S. (1999) The influence of interleu-

kin gene polymorphism on expression of

interleukin-1beta and tumor necrosis factor-

alpha in periodontal tissue and gingival

crevicular fluid. Journal of Periodontology

70, 567–573.

Faizuddin, M., Bharathi, S. H. & Rohini, N. V.

(2003) Estimation of interleukin-1beta levels

in the gingival crevicular fluid in health and

in inflammatory periodontal disease. Journal

of Periodontal Research 38, 111–114.

Feloutzis, A., Lang, N. P., Tonetti, M. S.,

Burgin, W., Bragger, U., Buser, D., Duff,

G. W. & Kornman, K. S. (2003) IL-1 gene

polymorphism and smoking as risk factors for

peri-implant bone loss in a well-maintained

population. Clinical Oral Implants Research

2003 14, 10–17.

Figueredo, C. M., Ribeiro, M. S., Fischer, R. G.

& Gustafsson, A. (1999) Increased interleu-

kin-1beta concentration in gingival crevicular

fluid as a characteristic of periodontitis.

Journal of Periodontology 70, 1457–1463.

Folwaczny, M., Glas, J., Torok, H. P., Tonenchi,

L., Paschos, E., Bauer, B., Limbersky, O. &

Folwaczny, C. (2005a) Polymorphisms of the

interleukin-18 gene in periodontitis patients.

Journal of Clinical Periodontology 32,

530–534.

Folwaczny, M., Glas, J., Torok, H. P., Tonenchi,

L., Paschos, E., Malachova, O., Bauer, B. &

Folwaczny, C. (2005b) Prevalence of the

� 295 T-to-C promoter polymorphism of

the interleukin (IL)-16 gene in periodontitis.

Clinical and Experimental Immunology 142,

188–192.

Galbraith, G. M., Hendley, T. M., Sanders, J. J,

Palesch, Y. & Pandey, J. P. (1999) Poly-

morphic cytokine genotypes as markers of

disease severity in adult periodontitis. Jour-

nal of Clinical Periodontology 26, 705–709.

Gemmell, E. & Seymour, G. J. (2004) Immu-

noregulatory control of Th1/Th2 cytokine

profiles in periodontal disease. Perio-

dontology 2000 35, 21–41.

Gemmell, E., Winning, T. A., Grieco, D. A., Bird,

P. S. & Seymour, G. J. (2000) The influence of

genetic variation on the splenic T cell cytokine

and specific serum antibody responses to Por-

phyromonas gingivalis in mice. Journal of

Periodontology 71, 1130–1138.

Gera, I. (2004) Risk factors and risk indicators

of destructive periodontitis. II. Genetic risk

factors (literature review). Fogorvosi Szemle

97, 59–67.

Gonzales, J. R., Kobayashi, T., Michel, J.,

Mann, M., Yoshie, H. & Meyle, J. (2004)

Interleukin-4 gene polymorphisms in Japa-

nese and Caucasian patients with aggressive

periodontitis. Journal of Clinical Perio-

dontology 31, 384–389.

Gonzales, J. R., Michel, J., Diete, A., Herrmann,

J. M., Bodeker, R. H. & Meyle, J. (2002)

Analysis of genetic polymorphisms at the

interleukin-10 loci in aggressive and chronic

periodontitis. Journal of Clinical Perio-

dontology 29, 816–822.

Gonzales, J. R., Michel, J., Rodriguez, E. L.,

Herrmann, J. M., Bodeker, R. H. & Meyle, J.

(2003) Comparison of interleukin-1 geno-

types in two populations with aggressive

periodontitis. European Journal of Oral

Sciences 111, 395–399.

Gore, E. A., Sanders, J. J., Pandey, J. P.,

Palesch, Y. & Galbraith, G. M. (1998) Inter-

leukin-1beta13953 allele 2: association with

disease status in adult periodontitis. Journal

of Clinical Periodontology 25, 781–785.

Graves, D. T. & Cochran, D. (2003) The con-

tribution of interleukin-1 and tumor necrosis

factor to periodontal tissue destruction. Jour-

nal of Periodontology 74, 391–401.

Greenstein, G. (1999) Understanding a commer-

cially available genetic susceptibility test for

periodontitis. The Compendium of Continu-

IL-1 genotype and periodontal disease 313

r 2007 The Authors. Journal compilation r 2007 Blackwell Munksgaard



ing Education in Dentistry 20, 301–306,

308, 310.

Greenstein, G. (2002) Conceptualization vs

reality in periodontal therapy: genetic testing

and host modulation. The Compendium of

Continuing Education in Dentistry 23,

1083–1091, 1094–1096.

Greenstein, G. & Hart, T. C. (2002a) A critical

assessment of interleukin-1 (IL-1) genotyp-

ing when used in a genetic susceptibility test

for severe chronic periodontitis. Journal of

Periodontology 73, 231–247.

Greenstein, G. & Hart, T. C. (2002b) Clinical

utility of a genetic susceptibility test

for severe chronic periodontitis: a critical

evaluation. Journal of the American Dental

Association 133, 452–459.

Gruica, B., Wang, H. Y., Lang, N. P. & Buser,

D. (2004) Impact of IL-1 genotype and

smoking status on the prognosis of osseo-

integrated implants. Clinical Oral Implants

Research 15, 393–400.

Gutierrez, J., Noguerol, B., Soto, M. J. &

Liebana, J. (2002) Interleukin-1 genotype in

mouthwash from patients with periodontal

disease. Medicina Clı́nica 118, 757–758.

Guzman, S., Karima, M., Wang, H. Y. & Van

Dyke, T. E. (2003) Association between

interleukin-1 genotype and periodontal

disease in a diabetic population. Journal of

Periodontology 74, 1183–1190.

Hacker, B. M. & Roberts, F. A. (2005) Perio-

dontal disease pathogenesis: genetic risk fac-

tor and paradigm shift. Practical Procedures

and Aesthetic Dentistry: PPAD 17, 97–102.

Haffajee, A. D. & Socransky, S. S. (1994) Micro-

bial etiological agents of destructive periodontal

diseases. Periodontolology 2000 5, 78–111.

Hart, T. C. & Kornman, K. S. (1997) Genetic

factors in the pathogenesis of periodontitis.

Periodontology 2000 14, 202–215.

Heitz-Mayfield, L. J. (2005) Disease progres-

sion: identification of high-risk groups and

individuals for periodontitis. Journal of Clin-

ical Periodontology 32 (Suppl. 6), 196–209.

Hennig, B. J., Parkhill, J. M., Chapple, I. L.,

Heasman, P. A. & Taylor, J. J. (2000) Dinu-

cleotide repeat polymorphism in the interleu-

kin-10 gene promoter (IL-10.G) and genetic

susceptibility to early-onset periodontal dis-

ease. Genes and Immunity 1, 402–404.

Higashi, M. K., Veenstra, D. L., del Aguila, M.

& Hujoel, P. (2002) The cost-effectiveness of

interleukin-1 genetic testing for periodontal

disease. Journal of Periodontology 73, 1474–

1484.

Hirschfeld, L. & Wasserman, B. (1978) A long-

term survey of tooth loss in 600 treated

periodontal patients. Journal of Perio-

dontology 49, 225–237.

Hodge, P. J., Riggio, M. P. & Kinane, D. F.

(2001) Failure to detect an association with

IL1 genotypes in European Caucasians with

generalised early onset periodontitis. Journal

of Clinical Periodontology 28, 430–436.

Holla, L. I., Fassmann, A., Stejskalova, A.,

Znojil, V., Vanek, J. & Vacha, J. (2004)

Analysis of the interleukin-6 gene promoter

polymorphisms in Czech patients with

chronic periodontitis. Journal of Perio-

dontology 75, 30–36.

Huang, H. Y. & Zhang, J. C. (2004) Investi-

gation on the association of interleukin-1

genotype polymorphism with chronic perio-

dontitis. Hua Xi Kou Qiang Yi Xue Za Zhi 22,

415–419.

Ioannidis, J. P., Trikalinos, T. A., Ntzani, E. E.

& Contopoulos-Ioannidis, D. G. (2003)

Genetic associations in large versus small

studies: an empirical assessment. The Lancet

361, 567–571.

Jansson, H., Hamberg, K., De Bruyn, H. &

Bratthall, G. (2005) Clinical consequences

of IL-1 genotype on early implant failures

in patients under periodontal maintenance.

Clinical Implant Dentistry and Related

Research 7, 51–59.

Jepsen, S., Eberhard, J., Fricke, D., Hedderich,

J., Siebert, R. & Acil, Y. (2003) Interleukin-1

gene polymorphisms and experimental gingi-

vitis. Journal of Clinical Periodontology 30,

102–106.

Joss, A., Adler, R. & Lang, N. P. (1994)

Bleeding on probing. A parameter for mon-

itoring periodontal conditions in clinical

practice. Journal of Clinical Periodontology

21, 402–408.

Kang, B. Y., Choi, Y. K., Choi, W. H., Kim, K.

T., Choi, S. S., Kim, K. & Ha, N. J. (2003)

Two polymorphisms of interleukin-4 gene in

Korean adult periodontitis. Archives of Phar-

macal Research 26, 482–486.

Kinane, D. F. & Chestnutt, I. G. (2000) Smok-

ing and periodontal disease. Critical Reviews

in Oral Biology and Medicine 11, 356–365.

Kinane, D. F. & Hart, T. C. (2003) Genes and

gene polymorphisms associated with perio-

dontal disease. Critical Reviews in Oral

Biology and Medicine 14, 430–449.

Kinane, D. F., Hodge, P., Eskdale, J., Ellis, R. &

Gallagher, G. (1999) Analysis of genetic

polymorphisms at the interleukin-10 and

tumour necrosis factor loci in early-onset

periodontitis. Journal of Periodontal

Research 1999 34, 379–386.

Komatsu, Y., Tai, H., Galicia, J. C., Shimada,

Y., Endo, M., Akazawa, K., Yamazaki, K. &

Yoshie, H. (2005) Interleukin-6 (IL-6)–373

A9T11 allele is associated with reduced

susceptibility to chronic periodontitis in Japa-

nese subjects and decreased serum IL-6 level.

Tissue Antigens 65, 110–114.

König, J., Ruhling, A., Plagmann, H. C., Meisel,

P. & Kocher, T. (2005) Influence of inter-

leukin (IL)-1 composite genotype on clinical

variables in non-smoking, well-maintained

compliant patients with chronic periodontitis.

Swedish Dental Journal 29, 11–16.

Kornman, K. S., Crane, A., Wang, H. Y.,

di Giovine, F. S., Newman, M. G., Pirk, F.

W., Wilson, T. G. Jr., Higginbottom, F. L. &

Duff, G. W. (1997) The interleukin-1 geno-

type as a severity factor in adult periodontal

disease. Journal of Clinical Periodontology

24, 72–77.

Kornman, K. S. & di Giovine, F. S. (1998)

Genetic variations in cytokine expression: a

risk factor for severity of adult periodontitis.

Annals of Periodontology 3, 327–338.

Kornman, K. S. & Duff, G. W. (2001) Candi-

date genes as potential links between perio-

dontal and cardiovascular diseases. Annals of

Periodontology 6, 48–57.

Kornman, K. S., Knobelman, C. & Wang, H. Y.

(2000) Is periodontitis genetic? The answer

may be Yes! Journal of the Massachusetts

Dental Society 49, 26–30.

Kornman, K. S., Pankow, J., Offenbacher, S.,

Beck, J., di Giovine, F. & Duff, G. W. (1999)

Interleukin-1 genotypes and the association

between periodontitis and cardiovascular dis-

ease. Journal of Periodontal Research 34,

353–357.

Laine, M. L., Farre, M. A., Crusius, J. B., van

Winkelhoff, A. J. & Pena, A. S. (2000) The

mouthwash: a non-invasive sampling method

to study cytokine gene polymorphisms. Jour-

nal of Periodontology 71, 1315–1318.

Laine, M. L., Farre, M. A., Garcia-Gonzalez, M.

A., van Dijk, L. J., Ham, A. J., Winkel, E. G.,

Crusius, J. B., Vandenbroucke, J. P., van

Winkelhoff, A. J. & Pena, A. S. (2002) Risk

factors in adult periodontitis: polymorphism

in the interleukin-1 gene family. Nederlands

Tijdschrift voor Tandheelkunde 109,

303–306.

Laine, M. L., Farre, M. A., Gonzalez, G., van

Dijk, L. J., Ham, A. J., Winkel, E. G.,

Crusius, J. B., Vandenbroucke, J. P., van

Winkelhoff, A. J. & Pena, A. S. (2001)

Polymorphisms of the interleukin-1 gene

family, oral microbial pathogens, and smok-

ing in adult periodontitis. Journal of Dental

Research 80, 1695–1699.

Lang, N. P., Joss, A., Orsanic, T., Gusberti, F.

A. & Siegrist, B. E. (1986) Bleeding on

probing. A predictor for the progression of

periodontal disease? Journal of Clinical

Periodontology 13, 590–596.

Lang, N. P., Tonetti, M. S., Suter, J., Sorrell, J.,

Duff, G. W. & Kornman, K. S. (2000) Effect

of interleukin-1 gene polymorphisms on gin-

gival inflammation assessed by bleeding on

probing in a periodontal maintenance popula-

tion. Journal of Periodontal Research 35,

102–107.

Li, Q. Y., Zhao, H. S., Meng, H. X., Zhang, L.,

Xu, L. & Chen, Z. B. (2005) Interleukin-1

polymorphisms in patients with aggressive

periodontitis. Shanghai Kou Qiang Yi Xue 14,

333–337.

Li, Q. Y., Zhao, H. S., Meng, H. X., Zhang, L.,

Xu, L., Chen, Z. B., Shi, D., Feng, X. H. &

Zhu, X. L. (2004) Association analysis

between interleukin-1 family polymorphisms

and generalized aggressive periodontitis in a

Chinese population. Journal of Perio-

dontology 75, 1627–1635.

Lin, L., Pan, Y. P. & Yin, L. Y. (2003) Study on

the correlation of cytokine gene polymorph-

ism with chronic periodontitis. Shanghai Kou

Qiang Yi Xue 12, 456–459.

Loe, H., Anerud, A., Boysen, H. & Morrison, E.

(1986) Natural history of periodontal disease in

man. Rapid, moderate and no loss of attach-

ment in Sri Lankan laborers 14 to 46 years of

age. Journal of Clinical Periodontolology 13,

431–445.

314 Huynh-Ba et al.

r 2007 The Authors. Journal compilation r 2007 Blackwell Munksgaard



Loos, B. G., John, R. P. & Laine, M. L. (2005)

Identification of genetic risk factors for perio-

dontitis and possible mechanisms of action.

Journal of Clinical Periodontology 32

(Suppl. 6), 159–179.

Lopez, N. J., Jara, L. & Valenzuela, C. Y.

(2005) Association of interleukin-1 poly-

morphisms with periodontal disease. Journal

of Periodontology 76, 234–243.

Mark, L. L., Haffajee, A. D., Socransky, S. S.,

Kent, R. L. Jr., Guerrero, D., Kornman, K.,

Newman, M. & Stashenko, P. (2000) Effect

of the interleukin-1 genotype on monocyte

IL-1beta expression in subjects with adult

periodontitis. Journal of Periodontal

Research 35, 172–177.

Masada, M. P., Persson, R., Kenney, J. S., Lee,

S. W., Page, R. C. & Allison, A. C. (1990)

Measurement of interleukin-1 alpha and � 1

beta in gingival crevicular fluid: implications

for the pathogenesis of periodontal disease.

Journal of Periodontal Research 25,

156–163.

McDevitt, M. J., Russell, C. M., Schmid, M. J.

& Reinhardt, R. A. (2003) Impact of

increased occlusal contact, interleukin-1 gen-

otype, and periodontitis severity on gingival

crevicular fluid IL-1beta levels. Journal of

Periodontology 74, 1302–1307.

McDevitt, M. J., Wang, H. Y., Knobelman, C.,

Newman, M. G., di Giovine, F. S., Timms, J.,

Duff, G. W. & Kornman, K. S. (2000)

Interleukin-1 genetic association with

periodontitis in clinical practice. Journal of

Periodontology 71, 156–163.

McGuire, M. K. (2000) Prognosis vs outcome:

predicting tooth survival. The Compendium

of Continuing Education in Dentistry 21,

217–220, 222, 224.

McGuire, M. K. & Nunn, M. E. (1999) Prog-

nosis versus actual outcome. IV. The effec-

tiveness of clinical parameters and IL-1

genotype in accurately predicting prognoses

and tooth survival. Journal of Periodontology

70, 49–56.

Meisel, P., Schwahn, C., Gesch, D., Bernhardt,

O., John, U. & Kocher, T. (2004) Dose-

effect relation of smoking and the interleu-

kin-1 gene polymorphism in periodontal

disease. Journal of Periodontology 75,

236–242.

Meisel, P., Siegemund, A., Dombrowa, S.,

Sawaf, H., Fanghaenel, J. & Kocher, T.

(2002) Smoking and polymorphisms of the

interleukin-1 gene cluster (IL-1alpha, IL-

1beta, and IL-1RN) in patients with perio-

dontal disease. Journal of Periodontology 73,

27–32.

Meisel, P., Siegemund, A., Grimm, R., Herr-

mann, F. H., John, U., Schwahn, C. &

Kocher, T. (2003) The interleukin-1

polymorphism, smoking, and the risk of

periodontal disease in the population-based

SHIP study. Journal of Dental Research 82,

189–193.

Michalowicz, B. S., Diehl, S. R., Gunsolley, J.

C., Sparks, B. S., Brooks, C. N., Koertge, T.

E., Califano, J. V., Burmeister, J. A.

& Schenkein, H. A. (2000) Evidence of a

substantial genetic basis for risk of adult

periodontitis. Journal of Periodontology

2000 71, 1699–1707.

Michel, J., Gonzales, J. R., Wunderlich, D.,

Diete, A., Herrmann, J. M. & Meyle, J.

(2001) Interleukin-4 polymorphisms in early

onset periodontitis. Journal of Clinical Perio-

dontology 28, 483–488.

Mølvig, J., Baek, L., Christensen, P., Manogue,

K. R., Vlassara, H., Platz, P., Nielsen, L. S.,

Svejgaard, A. & Nerup, J. (1988) Endotoxin-

stimulated human monocyte secretion of

interleukin 1, tumour necrosis factor alpha,

and prostaglandin E2 shows stable interindi-

vidual differences. Scandinavian Journal of

Immunology 27, 705–716.

Moore, S., Ide, M., Randhawa, M., Walker, J. J.,

Reid, J. G. & Simpson, N. A. (2004) An

investigation into the association among pre-

term birth, cytokine gene polymorphisms and

periodontal disease. BJOG: An International

Journal of Obstetrics and Gynaecology 111,

125–132.

Moreira, P. R., de Sa, A. R., Xavier, G. M.,

Costa, J. E., Gomez, R. S., Gollob, K. J. &

Dutra, W. O. (2005) A functional interleukin-

1 beta gene polymorphism is associated with

chronic periodontitis in a sample of Brazilian

individuals. Journal of Periodontal Research

40, 306–311.

Nakajima, T., Yamazaki, K., Cullinan, M. P.,

Gemmell, E. & Seymour, G. J. (1999)

T-cell antigen specificity in humans follow-

ing stimulation with Porphyromonas

gingivalis. Archives of Oral Biology 44,

1045–1053.

Nares, S. (2003) The genetic relationship to

periodontal disease. Periodontology 2000 32,

36–49.

Nastri, L. & Caruso, F. (2003) Association

between interleukin-1 composite genotype

and severe periodontitis: case-control study.

Minerva Stomatologica 52, 253–259.

Nevins, M. & Nevins, M. L. (1998) Genetic

susceptibility to periodontal disease. Dentis-

try Today 17, 94–90.

Newman, M. G. (1997) Genetic risk for severe

periodontal disease. The Compendium of

Continuing Education in Dentistry 18, 881–

884, 886, 888.

Nicklin, M. J., Weith, A. & Duff, G. W. (1994)

A physical map of the region encompassing

the human interleukin-1 alpha, interleukin-1

beta, and interleukin-1 receptor antagonist

genes. Genomics 19, 382–384.

Nieri, M., Muzzi, L., Cattabriga, M., Rotundo,

R., Cairo, F. & Pini Prato, G. P. (2002) The

prognostic value of several periodontal fac-

tors measured as radiographic bone level

variation: a 10-year retrospective multilevel

analysis of treated and maintained perio-

dontal patients. Journal of Periodontology

73, 1485–1493.

Offenbacher, S. (1996) Periodontal diseases:

pathogenesis. Annals of Periodontology 1,

821–878.

Page, R. C., Offenbacher, S., Schroeder, H. E.,

Seymour, G. J. & Kornman, K. S. (1997)

Advances in the pathogenesis of perio-

dontitis: summary of developments, clinical

implications and future directions. Perio-

dontology 2000 14, 216–248.

Papapanou, P. N., Neiderud, A. M., Sandros, J.

& Dahlen, G. (2001) Interleukin-1 gene

polymorphism and periodontal status. A

case-control study. Journal of Clinical Perio-

dontology 28, 389–396.

Parkhill, J. M., Hennig, B. J., Chapple, I. L.,

Heasman, P. A. & Taylor, J. J. (2000)

Association of interleukin-1 gene poly-

morphisms with early-onset periodontitis.

Journal of Clinical Periodontology 27,

682–689.

Persson, G. R. (2004) Prevention of perio-

dontitis and the use of a multifactorial perio-

dontal risk assessment model. Oral Health

and Preventive Dentistry 2 (Suppl. 1),

329–331.

Persson, G. R., Matuliene, G., Ramseier, C. A.,

Persson, R. E., Tonetti, M. S. & Lang, N. P.

(2003) Influence of interleukin-1 gene poly-

morphism on the outcome of supportive

periodontal therapy explored by a multi-fac-

torial periodontal risk assessment model

(PRA). Oral Health and Preventive Dentistry

1, 17–27.

Pontes, C. C., Gonzales, J. R., Novaes, A. B. Jr.,

Junior, M. T., Grisi, M. F., Michel, J., Meyle,

J. & de Souza, S. L. (2004) Interleukin-4

gene polymorphism and its relation to perio-

dontal disease in a Brazilian population of

African heritage. Journal of Dentistry 32,

241–246.

Price, P., Calder, D. M., Witt, C. S., Allcock, R.

J., Christiansen, F. T., Davies, G. R., Camer-

on, P. U., Rogers, M., Baluchova, K., Moore,

C. B. & French, M. A. (1999) Periodontal

attachment loss in HIV-infected patients is

associated with the major histocompatibility

complex 8.1 haplotype (HLA-A1,B8,DR3).

Tissue Antigens 54, 391–399.

Quappe, L., Jara, L. & Lopez, N. J. (2004)

Association of interleukin-1 polymorphisms

with aggressive periodontitis. Journal of

Periodontology 75, 1509–1515.

Research Science and Therapy Committee of

American Academy of Periodontology.

(2005) Informational paper: implications of

genetic technology for the management

of periodontal diseases. Journal of Perio-

dontology 76, 850–857.

Rogers, M. A., Figliomeni, L., Baluchova, K.,

Tan, A. E., Davies, G., Henry, P. J. & Price,

P. (2002) Do interleukin-1 polymorphisms

predict the development of periodontitis or

the success of dental implants? Journal of

Periodontal Research 37, 37–41.

Sakellari, D., Koukoudetsos, S., Arsenakis, M.

& Konstantinidis, A. (2003) Prevalence of

IL-1A and IL-1B polymorphisms in a Greek

population. Journal of Clinical Perio-

dontology 30, 35–41.

Salvi, G. E., Beck, J. D. & Offenbacher, S.

(1998) PGE2, IL-1 beta, and TNF-alpha

responses in diabetics as modifiers of perio-

dontal disease expression. Annals of Perio-

dontology 3, 40–50.

Salvi, G. E., Yalda, B., Collins, J. G., Jones, B.

H., Smith, F. W., Arnold, R. R. & Offenba-

cher, S. (1997) Inflammatory mediator

IL-1 genotype and periodontal disease 315

r 2007 The Authors. Journal compilation r 2007 Blackwell Munksgaard



response as a potential risk marker for perio-

dontal diseases in insulin-dependent diabetes

mellitus patients. Journal of Periodontology

68, 127–135.

Scapoli, C., Tatakis, D. N., Mamolini, E. &

Trombelli, L. (2005a) Modulation of clinical

expression of plaque-induced gingivitis:

interleukin-1 gene cluster polymorphisms.

Journal of Periodontology 76, 49–56.

Scapoli, C., Trombelli, L., Mamolini, E. &

Collins, A. (2005b) Linkage disequilibrium

analysis of case-control data: an application

to generalized aggressive periodontitis.

Genes and Immunity 6, 44–52.

Scarel-Caminaga, R. M., Trevilatto, P. C., Sou-

za, A. P., Brito, R. B., Camargo, L. E. & Line,

S. R. (2004) Interleukin 10 gene promoter

polymorphisms are associated with chronic

periodontitis. Journal of Clinical Perio-

dontology 31, 443–448.

Scarel-Caminaga, R. M., Trevilatto, P. C., Sou-

za, A. P., Brito, R. B. & Line, S. R. (2002)

Investigation of an IL-2 polymorphism in

patients with different levels of chronic perio-

dontitis. Journal of Clinical Periodontology

29, 587–591.

Scarel-Caminaga, R. M., Trevilatto, P. C., Sou-

za, A. P., Brito, R. B. Jr. & Line, S. R. (2003)

Investigation of IL4 gene polymorphism in

individuals with different levels of chronic

periodontitis in a Brazilian population.

Journal of Clinical Periodontology. 30,

341–345.

Shapira, L., Wilensky, A. & Kinane, D. F.

(2005) Effect of genetic variability on the

inflammatory response to periodontal infec-

tion. Journal of Clinical Periodontology 32

(Suppl. 6), 72–86.

Shimpuku, H., Nosaka, Y., Kawamura, T.,

Tachi, Y., Shinohara, M. & Ohura, K.

(2003) Genetic polymorphisms of the

interleukin-1 gene and early marginal bone

loss around endosseous dental implants.

Clinical Oral Implants Research 14, 423–

429.

Shirodaria, S., Smith, J., McKay, I. J., Kennett,

C. N. & Hughes, F. J. (2000) Polymorphisms

in the IL-1A gene are correlated with levels

of interleukin-1alpha protein in gingival cre-

vicular fluid of teeth with severe periodontal

disease. Journal of Dental Research 79,

1864–1869.

Socransky, S. S. & Haffajee, A. D. (1992) The

bacterial etiology of destructive periodontal

disease: current concepts. Journal of Period-

ontolology 63 (Suppl. 4), 322–331.

Socransky, S. S., Haffajee, A. D., Smith, C. &

Duff, G. W. (2000) Microbiological para-

meters associated with IL-1 gene polymorph-

isms in periodontitis patients. Journal of

Clinical Periodontology 27, 810–818.

Soga, Y., Nishimura, F., Ohyama, H., Maeda,

H., Takashiba, S. & Murayama, Y. (2003)

Tumor necrosis factor-alpha gene (TNF-

alpha) � 1031/� 863, � 857 single-nucleo-

tide polymorphisms (SNPs) are associated

with severe adult periodontitis in Japanese.

Journal of Clinical Periodontology 30, 524–

531.

Tai, H., Endo, M., Shimada, Y., Gou, E., Orima,

K., Kobayashi, T., Yamazaki, K. &

Yoshie, H. (2002) Association of interleu-

kin-1 receptor antagonist gene polymorph-

isms with early onset periodontitis in

Japanese. Journal of Clinical Periodontology

29, 882–888.

Takahashi, K., Ohyama, H., Kitanaka, M.,

Sawa, T., Mineshiba, J., Nishimura, F.,

Arai, H., Takashiba, S. & Murayama, Y.

(2001) Heterogeneity of host immunological

risk factors in patients with aggressive perio-

dontitis. Journal of Periodontology 72, 425–

437.

Taylor, J. J., Preshaw, P. M. & Donaldson, P. T.

(2004) Cytokine gene polymorphism and

immunoregulation in periodontal disease.

Periodontology 2000 35, 158–182.

Thomson, W. M., Edwards, S. J., Dobson-Le,

D. P., Tompkins, G. R., Poulton, R., Knight,

D. A. & Braithwaite, A. W. (2001) IL-1

genotype and adult periodontitis among

young New Zealanders. Journal of Dental

Research 80, 1700–1703.

Tonetti, M. S. & Claffey, N. European Work-

shop in Periodontology group C. (2005)

Advances in the progression of perio-

dontitis and proposal of definitions of a

periodontitis case and disease progression

for use in risk factor research. Group C

consensus report of the 5th European

Workshop in Periodontology. Journal of

Clinical Periodontology 32 (Suppl. 6),

210–213.

Trevilatto, P. C., Scarel-Caminaga, R. M., de

Brito, R. B. Jr., de Souza, A. P. & Line, S. R.

(2003) Polymorphism at position � 174 of

IL-6 gene is associated with susceptibility to

chronic periodontitis in a Caucasian Brazilian

population. Journal of Clinical Perio-

dontology 30, 438–442.

Trevilatto, P. C., Tramontina, V. A., Machado,

M. A., Goncalves, R. B., Sallum, A. W. &

Line, S. R. (2002) Clinical, genetic and

microbiological findings in a Brazilian family

with aggressive periodontitis. Journal of

Clinical Periodontology 29, 233–239.

Vettore, M. V., Leao, A. T., Monteiro Da Silva,

A. M., Quintanilha, R. S. & Lamarca, G. A.

(2003) The relationship of stress and anxiety

with chronic periodontitis. Journal of Clin-

ical Periodontology 30, 394–402.

Walker, S. J., Van Dyke, T. E., Rich, S., Korn-

man, K. S., di Giovine, F. S. & Hart, T. C.

(2000) Genetic polymorphisms of the IL-

1alpha and IL-1beta genes in African-Amer-

ican LJP patients and an African-American

control population. Journal of Perio-

dontology 71, 723–728.

Weiss, O. I., Caton, J., Blieden, T., Fisher, S. G.,

Trafton, S. & Hart, T. C. (2004) Effect of the

interleukin-1 genotype on outcomes of regen-

erative periodontal therapy with bone repla-

cement grafts. Journal of Periodontology 75,

1335–1342.

Wilson, T. G. Jr. & Higginbottom, F. L. (1998)

Periodontal diseases and dental implants in

older adults. Journal of Esthetic Dentistry 10,

265–271.

Wilson, T. G. Jr. & Nunn, M. (1999)

The relationship between the interleukin-1

periodontal genotype and implant loss.

Initial data. Journal of Periodontology 70,

724–729.

Yamazaki, K., Ohsawa, Y., Tabeta, K., Ito, H.,

Ueki, K., Oda, T., Yoshie, H. & Seymour, G.

J. (2002) Accumulation of human heat shock

protein 60-reactive T cells in the gingival

tissues of periodontitis patients. Infection and

Immunity 70, 2492–2501.

Yamazaki, K., Tabeta, K., Nakajima, T., Ohsa-

wa, Y., Ueki, K., Itoh, H. & Yoshie, H.

(2001) Interleukin-10 gene promoter poly-

morphism in Japanese patients with adult

and early-onset periodontitis. Journal of Clin-

ical Periodontology 28, 828–832.

Zhong, L. J., Zhang, Y. H., Zhang, J. C., Feng,

J. H. & Yang, A. L. (2003) The association

between interleukin-1 receptor antagonist

genotype and chronic periodontitis of Uighur

patients. Zhonghua Kou Qiang Yi Xue Za Zhi

38, 370–373.

Zhong, L. J., Zhang, Y. H., Zhang, J. C., Yang,

A. L. & Huang, H. Y. (2002) The association

of interleukin-1 gene polymorphisms with the

susceptibility to chronic periodontitis. Zhon-

ghua Yi Xue Yi Chuan Xue Za Zhi 19,

405–408.

Address:

Giovanni E. Salvi

Department of Periodontology &

Fixed Prosthodontics

School of Dental Medicine

University of Berne

Freiburgstrasse 7

CH-3010 Berne, Switzerland

E-mail: giovanni.salvi@zmk.unibe.ch

316 Huynh-Ba et al.

r 2007 The Authors. Journal compilation r 2007 Blackwell Munksgaard



Clinical Relevance

Scientific rationale for the study:
Significant evidence supports the
role of a genetic component in the
susceptibility to periodontitis. A spe-
cific IL-1 haplotype, also referred to
as IL-1-positive composite genotype,
has been proposed for clinical use in

assessing the risk of disease initia-
tion or progression.
Principal findings: Eleven available
publications had small sample size
and reported on heterogeneous clin-
ical situations to allow performance
of a meta-analysis. At this stage,
there is insufficient evidence to

establish if the specific IL-1 haplo-
type contributes to periodontitis pro-
gression and/or influences treatment
outcomes.
Practical implications: The value of
IL-1 composite genotype testing
must be questioned and results must
be interpreted with caution.
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