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Abstract

Aim: Evidence suggests that the ultimate product of the renin—angiotensin system
(RAS), angiotensin II, exerts inflammatory actions. The present study aimed to
evaluate the inter-relation between gene polymorphisms of the RAS components;
angiotensin converting enzyme (ACE), angiotensinogen (AGT) and angiotensin II
type-I receptor (AT1R), and severe chronic periodontitis (CP).

Material and Methods: DNA was obtained from peripheral blood of 90 CP patients
and 126 periodontally healthy subjects, and the clinical parameters were recorded.
ACE I/D, AGT M235T and AT1R A1166C polymorphisms were genotyped by the
PCR-RFLP method. Chi-square, aNova and logistic regression methods were used in
statistical analyses.

Results: The frequency of the ACE D allele was significantly lower in the CP group
than the healthy group (p.or = 0.015). CP subjects exhibited increased C allele
carriage and C allele frequency of the ATIR gene (Pcorr = 0.03 and peorr = 0.03,
respectively). All clinical parameters of CP patients were found to be similar in variant
allele-carrying and non-carrying subjects (p > 0.05).

Conclusions: The present findings suggest that ACE I/D and ATIR polymorphisms
might be associated with susceptibility to CP but not with disease severity. The D
allele of ACE I/D might be associated with decreased, whereas the C variant of AT1R
A1166C might be associated with an elevated risk for CP in Turkish population.
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Angiotensin (Ang) II, the final and
bioactive component of the renin—angio-
tensin system (RAS), contributes to
inflammation and the related tissue
destruction as a key cytokine (Ruiz-
Ortega et al. 2001, Phillips & Kagiyama
2002, Suzuki et al. 2003, Das 2005).
Ang II, which is proinflammatory in
nature, regulates the expression of var-
ious cytokines, growth factors, chemo-
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kines and other molecules contributing
to the development of inflammation
(Ruiz-Ortega et al. 2001, Suzuki et al
2003). Therefore, an elevation in Ang
I production may play a role in the
onset and progression of inflammation.
Although our current knowledge regard-
ing the role of RAS in periodontal
disease is limited to only one study
(Holla et al. 2001), the biological activ-
ities of the members of this system
suggest their potential contribution to
the pathogenesis of periodontitis.

An insertion (I) or a deletion (D) of a
287 bp Alu repetition sequence localized
inside the intron 16 of the angiotensin-
converting enzyme (ACE) gene was
identified (Rigat et al. 1990). About

50% of the inter-individual variance in
plasma ACE levels is determined by this
polymorphism. The mean plasma ACE
levels were reported to be twice that of
II subjects in DD subjects whereas sub-
jects, with the ID genotype had inter-
mediate levels (Rigat et al. 1990).
A point mutation has been described
at codon 235 of the angiotensinogen
(AGT) gene, resulting from a thymidine
(T) to cytosine (C) replacement at posi-
tion 704 in exon 2, leading to a methio-
nine (Met) to threonine (Thr) substitution
(Jeunemaitre et al. 1992). The AGT
M235T polymorphism is in synergis-
tic interaction with the ACE D allele
(Ludwig et al. 1997) and in very tight
linkage with the functional AGT A
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(— 6) polymorphism, which plays a cri-
tical role in transcriptional control
(Inoue et al. 1997). Carriers of the
235T allele have higher levels of plasma
AGT compared with non-carriers (Jeu-
nemaitre et al. 1992). Ang II type 1
receptor (AT1R) gene harbours a poly-
morphism as a consequence of adenine
(A) to cytosine (C) transversion at posi-
tion 1166 located in the 3’ untranslated
region (Bonnardeaux et al. 1994). The C
allele of the AT1R A1166C polymorph-
ism has been shown to increase sensi-
tivity to Ang II (Spiering et al. 2000).
The aforementioned polymorphisms are
the most commonly studied ones among
the RAS genes in relation to various
diseases and have been linked with the
onset and progression of various micro-
and macrovascular diseases and rheuma-
toid arthritis (Inoue et al. 1997, Ludwig
et al. 1997, Kennon et al. 1999, Fatini et
al. 2000, Spiering et al. 2000, Tsai et al.
2004, Acartiirk et al. 2005, Berdeli et al.
2005, Sekuri et al. 2005, Uppal et al.
2007), which is linked with periodontitis
by means of molecular pathogenesis and
inflammatory aetiology (Bartold et al.
2005, Davé & van Dyke 2008).

Periodontitis, which is initiated and
perpetuated in response to microbial
challenge, exhibits features of a complex
genetic disease whose phenotype pattern
is modulated by both genetic and envir-
onmental factors (Yoshie et al. 2007).
Mounting data suggest a key role for the
genetic features in individual suscept-
ibility to periodontitis (Kinane et al.
2005, Yoshie et al. 2007). To date, there
is only one study available on the asso-
ciation of the ACE I/D polymorphism
with chronic periodontitis (CP) (Holla et
al. 2001). Nevertheless, the relation
between polymorphisms of other RAS
components and CP has not been deter-
mined previously. Considering the role
of RAS in both vascular events and
inflammation, whether genetic variances
in this system have implications in sus-
ceptibility to CP was hypothesized.
Therefore, the present study was under-
taken to compare the genotype, variant
allele carriage and allele frequencies of
ACE I/D, AGT M235T and ATIR
A1166C polymorphisms in CP patients
and periodontally healthy subjects.

Material and Methods
Study population

A total of 216 unrelated Turkish sub-
jects, including 90 CP patients and 126
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periodontally healthy subjects were
recruited from the Department of Perio-
dontology, School of Dentistry, Ege
University, over a period of 4 years
between 2002 and 2006. All the study
subjects were residing in the Aegean
region of Turkey and belonged to a
low to moderate socioeconomic level.
The study protocol was approved by the
Ethics Committee of the Ege University,
School of Medicine. Participants eligi-
ble for the study were informed about
the purpose of the study and gave writ-
ten informed consent in accordance with
the Helsinki declaration. Medical and
dental histories were taken. All the
study subjects had at least 20 teeth.
None of the CP patients and healthy
subjects had a history of or a current
manifestation of systemic conditions
that could modify the periodontal status
including diseases that have been asso-
ciated with investigated RAS poly-
morphisms (such as cardiovascular
diseases, hypertension, renal diseases,
diabetes and allergy), or had transmis-
sible infectious diseases (HIV, hepati-
tis). Pregnancy was also an exclusion
criterion for the study. Smoking status
and history was determined by a self-
administrated questionnaire regarding
present or previous tobacco smoking
habits, the duration (years) and the
dose of the exposure (cigarettes/day) as
well as the eventual date of cessation.
Smoking status was classified as non-
smokers or current smokers based on
current smoking habits. Smokers in both
CP and healthy groups were smoking
more than ten cigarettes per day for
more than 5 years. Subjects who had
never smoked or had quit smoking at
least five years ago were considered as
non-smokers. CP patients were diag-
nosed in accordance with the clinical
criteria agreed upon by consensus at the
World Workshop in Periodontics in
1999 (Armitage 1999) as follows:

CP group: The CP group included 90
subjects having at least 20 teeth, had
severe CP and exhibited at least four
sites with clinical attachment loss
(CAL) =5mm in at least two separate
quadrants. They also had bleeding on
probing (BOP) at >80% of the prox-
imal sites. The bone loss estimation was
radiographically performed in each
patient for assessment of the extent
and severity of alveolar bone loss.
Examinations were particularly focused
on consistency of periodontal destruc-
tion with plaque accumulation in order
to distinguish from aggressive forms of

RAS gene polymorphisms in CP
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Table 1. Demographic characteristics of the
study subjects

Chronic Healthy
periodontitis

Subjects (n) 90 126
Smokers () 37 6
Age (Mean SD) 482 £ 6.2 38.7 9.7
Gender

Male n (%) 59 (65.6) 55 (43.7)

Female n (%) 31 (34.4) 71 (56.3)

periodontitis. The characteristics of the
CP group are outlined in Table 1.

Healthy control group: This group
included 126 subjects exhibiting prob-
ing depth (PD) <3mm and CAL<
2mm at more than or equal to 90% of
the measured tooth sites as well as no
BOP at examination and no alveolar
bone loss in radiography (i.e., distance
between the cementoenamel junction
and bone crest <3mm at >95% of
the proximal tooth sites). These indivi-
duals were periodontally healthy volun-
teers from the staff and other patients
referring to the School of Dentistry. The
characteristics of the healthy control
group are given in Table 1.

Determination of periodontal status

The clinical periodontal parameters
were assessed at six sites around each
tooth (mesio-buccal, mid-buccal, disto-
buccal, mesio-lingual, mid-lingual and
disto-lingual locations) for the whole
mouth excluding the third molars and
included PD, CAL, BOP and supragin-
gival plaque accumulation. The cemen-
toenamel junction was considered as
the reference point in measurements of
CAL. PD and CAL measurements were
performed using a manual Williams
probe. BOP (deemed positive if it
occurred within 15s after periodontal
probing) and supragingival plaque
accumulation were recorded dichoto-
mously.

Genotyping of ACE, AGT and AT1R
polymorphisms

Genotyping of the ACE I/D gene was
carried out as described previously
(Tabel et al. 2005). Analysis of the
AGT M235T polymorphism was per-
formed according to Russ et al. (1993),
while ATIR A1166C polymorphism
was analysed according to Bonnardeaux
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Fig. 1. Agarose gel electrophoresis image of angiotensin converting enzyme (ACE),
angiotensinogen (AGT) and angiotensin II type-I receptor (AT1R) polymorphisms.

et al. (1994). Preparation of genomic
DNA, DNA amplification, sense and
antisense primers used, thermal cycling
conditions, restriction enzymes, PCR
products and digestion of PCR products
were as described elsewhere (Tabel
et al. 2005). Only a slight modification
was made in the method for the diges-
tion of PCR products in the ATIR
polymorphism; undigested PCR pro-
duct was 410bp, whereas the digestion
yielded in 300 bp and 110bp fragments

(Fig. 1).

Statistical analysis

The Chi-square (Xz) test with 1 degree
of freedom was used to evaluate the
concordance of genotype frequencies
with Hardy—Weinberg equilibrium in

CP and healthy groups. The distribution
of ACE, AGT and ATIR genotypes,
variant allele carriage and allele fre-
quencies in CP and healthy groups
were also analysed by the ” test. Allele
frequencies were calculated from the
observed numbers of genotypes. The
odds-ratio (OR) and 95% confidence
interval (95% CI) were also assessed.
Furthermore, subjects were subgrouped
according to their smoking status and
analyses were repeated. Corrected p
values were calculated for multiple test-
ing using the Bonferroni method and
0.017 (0.05/3) was set as the threshold
degree for significance because three
separate comparisons were performed.
The clinical parameters of subjects dis-
tributed by carriage of the variant allele
in the CP group were compared by a

randomized block design where smok-
ing status was utilized as a block. The
relationship between variant allele car-
riage and disease status was analysed by
multiple logistic regression analysis
while adjusting for age, gender and
smoking status. All data analyses were
performed using a statistical package
(SPSS 15.0, SPSS Inc., Chicago, IL,
USA). Post hoc power calculations
were performed by a statistical software
(PAWE version 1.2; Gordon et al. 2002)
at the 5% significance level.

Results

Power was calculated as 0.80, 0.34 and
0.71 for ACE, AGT and ATIR, respec-
tively. The distributions of CP and con-
trol subjects exhibiting ACE, AGT and
ATIR genotypes were in accordance
with  H-W  equilibrium (p>0.05,
X2<3.84). Also, the distribution of
ACE, AGT and ATIR genotypes sub-
grouped by gender in the healthy
(p=051, =133 p=063, 1=
0.94; p=0.64, y*=0.88, respectively)
and CP groups (p=0.64, z>=0.88;
p=043, ¥*=1.69, p=0.10, y*=0.95,
respectively) were similar.

ACE I/D genotypes, allele frequency and
carriage of the D allele

The distributions of ACE I/D genotypes
among the study groups are presented in
Table 2. The distribution of ACE geno-
types and the frequency of the D allele
carriage between CP and healthy sub-
jects were different (p =0.03 and p =
0.03, respectively), but did not reach
significance following correction. The
frequency of the D allele was signifi-
cantly lower in the CP group when
compared with the healthy group (p =
0.005), which persisted even after cor-
rection (peorr = 0.015).

When the smokers were excluded, no
significant difference was found in the
distribution of ACE I/D genotypes and
D allele carriage between CP and
healthy groups (p>0.05). The allele
frequencies of non-smoker CP and
non-smoker healthy subjects exhibited
a slightly significant difference (p =
0.04), but this significance disappeared
following correction (Table 2).

AGT M235T genotypes, allele frequency
and carriage of the T allele

The distributions of AGT M235T geno-
types among the study groups are

© 2009 John Wiley & Sons A/S
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AGT M235T

Genotype

Referent

Referent

MM

18 (15.0)
45 (37.5)
57 (47.5)
102 (85.0)

9 (17.0)
22 (41.5)
22 (41.5)
44 (83.0)

20 (15.9)
48 (38.1)
58 (46.0)

106 (84.1)

17 (18.9)
42 (46.7)
31 (34.4)
73 (81.1)

0-1.98)

3
3
3

0.98 (0.38-2.53)
0.86 (0.36-2.37)

0.77 (0.53)

1.03 (0.48-2.22)
0.63 (0.29-1.37)
0.81 (0.40-1.65)

0.20 (2.92)

MT

0.77 (0.

TT
T allele carriage

Allele frequency

0.74 (0.11)

0.56 (0.33)

0.84 (0.52-1.35)

Referent

81 (33.8) 0.47 (0.51)

159 (66.2)

40 (37.7)
66 (62.3)

0.73 (0.50-1.09)

Referent

88 (34.9) 0.12 (2.38)

164 (65.1)

76 (42.2)
104 (57.8)

M
T

ATIR A1166C

Genotype

1.85 (0.95-3.63)

Referent

76 (63.3)
41(34.2) 0.12 (4.33)

25 (47.2)
25 (47.2)
3 (5.6)
28 (52.8)
75 (70.8)
31 (29.2)

1.97 (1.12-3.48)

Referent

NS

0.03 (7.07)

81 (64.3)
42 (33.3)
3 (24)
45 (35.7)

42 (46.7)
43 (47.8)
5(5.6)
48 (53.3)

AA
AC

3.04 (0.58-16.03)
1.94 (1.01-3.95)

3(2.5)
44 (36.7)
193 (80.4)
47 (19.6)

CcC
C allele carriage

Allele frequency

321 (0.73-14.18)
2.06 (1.19-3.57)

NS

0.047 (3.95)

0.03

0.01 (6.65)

1.770 (1.01-2.87)

NS Referent

0.047 (3.93)

1.77 (1.13-2.78)

0.03 Referent

0.01 (6.33)
48 (19.0)

204 (81.0)

127 (70.6)
53 (29.4)

A
C

P values in bold face denote statistical significance.

*Comparisons in this column are not significant unless the corresponding p value is < 0.017.

fCorrected p (pcorr) are for comparisons of three genotypes in the CP group (n = 3 independent comparisons). All comparisons are with healthy controls.

OR, odds ratio; CI, confidence interval; NS, non-significant.
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presented in Table 2. The distribution of
AGT M235T genotypes among the
study groups was similar (p = 0.20).
The frequency of T allele carriage (MT
and TT genotypes) was not significantly
different in the healthy and CP groups
(p =0.56). The percentage of the T
allele was higher in the healthy group
than that of the CP group but the
differences did not reach significance
(p =0.12).

In the non-smoker subgroup analysis,
the distribution of AGT M235T genotypes
and T allele carriage in the non-smoker
CP group was found to be similar to the
healthy group and no significant differ-
ence was found between non-smoker CP
and non-smoker healthy subjects for
allele frequencies (Table 2).

AT1R A1166C genotypes, allele frequency
and carriage of the C allele

The distribution of ATIR A1166C gen-
otypes among the study groups is pre-
sented in Table 2. The distribution of
ATIR A1166C genotypes tended to be
different between groups (p = 0.03);
however, this difference was not signif-
icant after correction. The frequency of
C allele carriage was approximately
18% higher in the CP group when
compared with the healthy group (p =
0.01). The C allele frequency of the CP
group was also significantly higher than
that of the healthy group (p =0.01).
Overall, the C allele carriage and the
C allele frequency exhibited elevated
ORs in a similar manner (ORs: 2.06
and 1.77, respectively), and the differ-
ences between study groups remained
after correction (peorr = 0.03 and 0.03,
respectively).

In subgroup analysis, a similar geno-
type distribution was observed in the
non-smoker study groups (p>0.05).
The C allele carriage and C allele fre-
quency of the ATIR A1166C poly-
morphism were higher in the CP group
as compared with healthy group, and
were marginally significant (p =0.047
and p = 0.047, respectively), but these
differences were not found to be sig-
nificant following correction (Table 2).

Variant allele carriage in relation to the
severity of chronic periodontitis

In order to investigate whether carriage
of the variant allele is associated with the
severity of chronic periodontitis, differ-
ences in the clinical parameters between
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Table 3. Logistic regression models for the association between variant allele carriage and

susceptibility to chronic periodontitis

Adjusted odds ratio 95% confidence interval )4
ACE 1/D
Age 1.31 1.11-1.22 <0.0001
Gender
Women Referent
Men 1.31 0.63-2.71 0.47
Smoking
Nonsmokers Referent
Smokers 18.09 6.27-52.21 <0.0001
ACE D allele
Non-carriers Referent
Carriers 0.47 0.18-1.27 0.14
AGT M235T
Age 1.16 1.11-1.22 <0.0001
Gender
Women Referent
Men 1.25 0.61-2.58 0.55
Smoking
Nonsmokers Referent
Smokers 19.64 6.71-57.47 <0.0001
AGT T allele
Non-carriers Referent
Carriers 1.34 0.51-3.51 0.55
ATIR A1166C
Age 1.17 1.11-1.23 <0.0001
Gender
Women Referent
Men 1.32 0.63-2.76 0.46
Smoking
Nonsmokers Referent
Smokers 19.40 6.56-57.34 <0.0001
ATIR C allele
Non-carriers Referent
Carriers 2.44 1.17-5.08 0.02

p values in bold face indicate statistical significance.
ACE, angiotensin converting enzyme; AGT, angiotensinogen; AT1R, angiotensin II type-I receptor

polymorphisms.

variant allele carrier and non-carrier
subjects in the CP group were compared
while adjusting for smoking. No signifi-
cant differences were found in the clin-
ical parameters between the D allele-
carrying and non-carrying genotypes of
the ACE I/D polymorphism (p>0.05).
The clinical parameters of AGT M235T
gene T allele carrier and non-carrier CP
patients were similar (p>0.05). The
clinical parameters also did not show
difference between C allele carriers and
non-carriers in the CP group regarding
the ATIR A1166C polymorphism
(»>0.05).

Multiple logistic regression models

Multiple logistic regression analysis was
used to evaluate the association of the
ACE, AGT and ATI1R genotypes with
susceptibility to CP, while adjusting for
modifying factors such as subject age,
gender and smoking. In all these mod-

els, subject age and smoking were found
to be significantly associated with CP
(»p<0.0001 and p<0.0001). Moreover,
C allele carriage of the ATIR gene was
found to be associated with susceptibil-
ity to CP (p = 0.02, adjusted ORs: 2.44
in reference to non-carriers) (Table 3).

Discussion

The relationship between RAS of parti-
cular ACE gene polymorphisms and
cardiovascular diseases has attracted
considerable attention recently. How-
ever, the findings of these studies
showed variations and the conclusions
remained controversial (Carluccio et al.
2001). Previous studies showed the
association of the DD genotype or the
D allele of the ACE I/D polymorphism
with coronary artery disease (CAD)
(Acartiirk et al. 2005, Berdeli et al.
2005, Sekuri et al. 2005), while others
reported no interaction between the

ACE I/D polymorphism and CAD
(Araz et al. 2002, Akbulut et al. 2003)
as well as ischaemic stroke (Tuncer
et al. 2006) in Turkish population. To
date, only one study has evaluated the
ACE 1I/D polymorphism in relation to
CP in a Czech population, which
reported similar genotype and allele
frequency distributions in subjects with
CP and periodontally healthy subjects
(Holl4 et al. 2001). In the present study,
differences between groups regarding
ACE genotypes and the D allele carriage
did not reach significance. Also, no
relation between disease status and
ACE genotypes was observed in logistic
regression analysis. In addition, carriage
of D allele did not significantly influ-
ence the severity of CP as was evident
by the clinical parameters distributed by
variant allele carriage status. Concern-
ing these points, the findings from the
subjects with severe CP were in line
with a previous report investigating the
relation of CP to ACE polymorphism
(Holla et al. 2001). However, the D
allele frequency of the ACE I/D poly-
morphism was higher in controls than in
cases, suggesting a protective effect for
the D variant of the ACE I/D gene in
susceptibility to CP.

The present results are inconsistent
with the theory that subjects with the D
variant of the ACE 1I/D gene will have
elevated levels of ACE and thus will
produce more Ang II that will lead
consequently to tissue destruction,
because these genetic features were
more frequent in periodontal healthy
subjects. In contrast, an increase in
plasma Ang II levels are controlled by
a reduction in renin release (Danser
2003). In addition, it has been suggested
that plasma Ang II levels is not influ-
enced by ACE levels (Danser 2003).
Expression of a particular gene may
vary between different tissues or condi-
tions; thus, variation in the genetic code
of a molecule may be specific for a
particular tissue (Kinane et al. 2005).
Taken together, a difference between
the local and the circulating ACE gene
expressions might be assumed. There-
fore, as the Ang II is also produced by
local mechanisms, it could be specu-
lated that the ACE I/D polymorphism
might influence gingival tissue levels
rather than plasma levels of Ang IL
Moreover, this finding might support
the possible anti-inflammatory effects
of ACE, which acts by degrading bra-
dykinin and substance P (Scholzen et al.
2003). Furthermore, it has been shown
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that the presence of the ACE D allele
is associated with decreased type I
collagen degradation (Tziakas et al.
2007) and a decreased risk for myocar-
dial infarctus (Andrikopoulos et al.
2004). The aforementioned points might
help to clarify why a genetic determi-
nant that is associated with higher cir-
culating levels of ACE was observed
more frequently in the healthy group
when compared with the CP group.

In previous studies, the T allele of the
AGT M235T gene has been proposed to
be an independent risk determinant for
CAD (Ludwig et al. 1997, Lanz et al.
2005). In contrast, reports are also avail-
able linking the AGT 235 MM geno-
type, the M allele or the M allele
carriage with an increased risk for
CAD in Turkish (Berdeli et al. 2005)
as well as in other populations (Tsai
et al. 2004, Nakase et al. 2007). In the
present study, the TT genotype, T allele
carriage and T allele frequency of the
AGT M235T gene were lower in the CP
group compared with the healthy group.
However, the differences were found to
be statistically similar. Nevertheless,
these findings do not exclude the con-
tribution of this genetic variant to the
susceptibility to CP, because the statis-
tical power of the present sample size
was low for the AGT M235T poly-
morphism arising as a consequence of
small percentage differences between
allele frequencies in study groups.

The A1166C polymorphism is in a
non-coding region of the ATIR gene;
thus, transversion does not alter the
amino-acid sequence of the receptor
(Duncan et al. 2001). However, this
variant is proposed to be a genetic
marker in linkage disequilibrium with
an unidentified gene activated in
response to Ang II. Cardiovascular
events and ATIR A1166C polymorph-
ism have been found to be linked in
Turkish (Agachan et al. 2003, Sekuri et
al. 2005) and in Norwegian and Italian
populations (Berge et al. 1997, Fatini et
al. 2000). In the present study, the
genotype distribution, variant allele car-
riage and allele frequency of the ATIR
A1166C polymorphism showed an
approximately two times increased risk
for CP in C allele carriers and for the C
allele. This effect was more significantly
evident, about 2.5 times increased risk,
when corrected for confounding factors
in the regression analysis. The ATIR
A1166C polymorphism was found to be
closely related to fibrinolytic molecules
namely tissue plasminogen activator
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and plasminogen activator inhibitor 1
(Asselbergs et al. 2007). The interplay
between CP and cardiovascular events
has been an issue of interest for many
years; however, the exact mechanisms
that underlie this association have not
been elucidated. Chronic periodontal
inflammation and eventually elevated
circulating inflammatory molecules
might be strong candidates for this asso-
ciation (Davé & van Dyke 2008). From
this point of view, the present finding
might be of particular importance, indi-
cating a genetic commonality between
cardiovascular conditions and CP, besides
elevated circulating cytokine levels.

CP is a multifactorial disease, whose
manifestation and progression is influ-
enced by a variety of factors such as
genetics, smoking, age and gender
(Heitz-Mayfield 2005, Palmer et al.
2005). Therefore, in the present study,
the investigated gene polymorphisms
were evaluated in non-smoker subjects
as well. Analysis of the genotype dis-
tribution, allele carriage and allele fre-
quency of RAS genes yielded similar
percentages in the non-smoker subgroup
and in the whole group. It has been
suggested that male gender is associated
with the prevalence, extent and severity
of periodontitis (Heitz-Mayfield 2005).
Also, recent studies reported an associa-
tion between RAS polymorphisms and
gender (Reich et al. 2003, Rocken et al.
2007). Because there was a non-propor-
tional distribution of genders in the
study groups, the study population was
also subgrouped in order to evaluate the
interaction between RAS genotypes and
gender. In addition, when evaluating
whether the rare allele carriage of the
investigated RAS polymorphisms was a
risk factor for severe CP, subject age,
sex and smoking were selected as cor-
rection factors. The incidence of perio-
dontal disease in terms of attachment
and alveolar bone loss is associated with
ageing and is more frequent in younger
subjects in comparison with older ones
(Grossi et al. 1994, 1995). However, it
has been proposed that the increased
level of periodontal destruction observed
with ageing is a result of cumulative
destruction rather than increased rates
of destruction (Genco 1996). Also, the
influence of age was deemed as negli-
gible as compared with plaque in perio-
dontal tissue destruction (Abdellatif &
Burt 1987). However, at least to remove
any question mark arising from the
mean age differences between groups,
the mean age of the subjects should have
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been similar. Thus, the mean age differ-
ence between groups may be a limita-
tion of the present study.

Within the limits of the present study,
which is the first to address RAS gene
polymorphisms in relation to CP, it is
proposed that ACE I/D polymorphisms
might be associated with decreased,
while the AT1R A1166C polymorphism
might be associated with increased sus-
ceptibility to CP in Turkish population.
However, due to the complexity and
multifactorial feature of the disease, a
direct cause—effect relation is unlikely
between investigated polymorphisms
and CP. Different populations can exhi-
bit different genotype frequencies, which
may be influenced by racial and regional
factors and may complicate interpreta-
tion of the results of genetic studies.
Therefore, additional case—control stu-
dies are warranted regarding the relation
of gene polymorphisms of RAS gene
polymorphisms and CP in other popula-
tions in order to further determine its
role in the susceptibility to periodontitis.
Moreover, whether functional genetic
variants in other loci of RAS genes and
as yet unidentified polymorphisms in
RAS molecules contribute to inter-indi-
vidual differences in susceptibility to CP
remains to be determined.
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Clinical Relevance

Scientific rationale for the study:
Host response to periodontopathic
microorganisms can be modulated
by genetic factors. Accumulated evi-
dence highlighted the role of RAS in
inflammatory response; thus, the
potential involvement of this mole-
cular system in the pathogenesis of

periodontitis can be suggested. The
present study investigated common
polymorphisms within the RAS
genes in relation to severe CP.

Principal findings: The D allele fre-
quency of ACE I/D polymorphism
was lower in severe CP subjects.
Conversely, subjects exhibiting the
ATIR A1166C genetic variant were

more frequent in the severe CP
group.

Practical implications: Investigated
polymorphic variations within ACE
and ATIR genes might be associated
with severe CP in a Turkish popula-
tion.
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