INTRODUCTION

The understanding of periodontal condition including natural history is growing rapidly
(Mlyazaki et al. 1989, 1995). Periodontal destruction is a frequent experience among
elderly people (Slade ef al., 1995; Brown ef al., 1996). It is contributes to as many as 40
percent of extraction (Jonson, 1993). Nevertheless, elderly people who show minimun
periodontal tissue destruction certainly exist (Papapanou and Lindhe, 1992).

It is as yet impossible to effect any elevation in host resistance. However, If a role for
genetic polymorphism in the pathogenesis of complex disease such as periodontal disease
can be established, the information on the multiple genetic determinants will be useful in
understanding the aberrant function of genes and how this affects homeostasis.

Neutrophils play an important role in the control of periodontitis, and increased disese
susceptibility is observed in patients with defective neutrophil production and/or fuction
(Hart et al., 1994; Van Dyke ef al, 1994; Kinane, 1999). Neutrophils constitute
approximately 90 % of immunocompetent cells in gingival crevicular fluid. In addition,
Neutrophils are the first leukocytes that infiltrate inflammatory sites, and are also found in
healthy gingival crevice (sugita et al., 1993). Therefore, genetic polymorphism that affect
neutrophil effector fuction might be relevant for disease resistance.

FcyRIIIb is a neutrophil-specific receptor and bears the functional NA1-NA2
polymorphism which determines IgG1- and IgG3-mediated neutrophil effector function.
The NA1-NA2 polymorphism caused by 4 amino acid substitutions within the first
extracellular Ig-like domain. In our previous reports, we demonstrated a role of FcyRIIIb
allele as a nisk factor for periodontal disease (Kobayashi et al, 1997, 2000a, 2000b, 2001;
Sugita ef al., 1999, 2001; Yoshihara ef al., 2001). A

In our previous study for elderly population, we found significant associations between
additional attachment loss during two years and smoking, and attachment level of 6 mm
or more at baseline (Ogawa et al., 2002 in press). In the same group, we found that the
subjects who had over than 20 remaining teeth were relevant for periodontal disease
resistance (Hirotomi et al., 2002 in press). In addition, we found that FcyRIIIb-NA1
allotype was over-represented in the periodontitis-resistant group, compared with the
priodontitis-susceptible group according to cross-sectional study ( Sugita ef al., 2001).

The purpose of this study is to determine how FcyRIIIb-NA1-NA2 polymorphism and
smoking are associated with periodontal disease progression among healthy elderly people
longuitudinally.



MATERIAL & METHODS

Subjects and Clinical Assessment

In 1998, in an oral health survey of the elderly population conducted by the Ministry of
Health and Welfare of Japan, we sent questionnaires to all 6,629 residents ageds 70 or 80
years old in Niigata City (Japan) regarding their medical and dental health conditions.

Among these, 599 persons 70 years of age agreed to undergo the medical and dental
examinations (screened population), with signed informed consent to the protocol, which
was reviewed and approved by the Ethics Committee of the Faculty of Dentistry, Niigata
University. Four dentists performed clinical evaluations on the following items: @
unmber of teeth present, @ probing pocket depth (PPD), and ) probing attachment level
(PAL). PPD and PAL were assessed by means of a Williams probe at six sites per tooth
and recorded to the nearest millimeter.

Among the screened population, 309 subjects with neither diabetes mellitus nor blood
sugar 2140mg/dL were randomly selected. In addition, the only persons with more than
20 teeth present included in the study. The FcyRIIIb-NA1/NA2 genotype was
determined.

Among the subjects included in the study, NAl group was defined as having NAINAL
genotype (NAl group), whereas the NAZ2 group was defined as having NAINA2 or
NA2NA2 genotype. Number of the subjects in the study were 164 (NA1 group: 54, NA2
group: 110). Follow-up clinical surveys were carried out by PAL after three years.

Prior to data collection, the four examiners were calibrated with each examiner paired
with all other examiners on 17 volunteer patients in the Faculty Hospital of Dentistry,
Niigata University. The percentage of agreement ranged from 85.5 to 100% for PPD and
from 70.0 to 100% for PAL. The kappa ranged from 0.77 to 1.00 for PPD and from 0.62
to 1.00 for PAL.

Determination of FcyRIIIb-NA1/NA2 Genotype and smoking habit

Genomic DNA was isolated from peripheral blood (Easy-DNA kit; Invitrogen, SanDiego,
CA, USA) and genotyped for FcyRIIIb-NA1-NA2 by allele-specific polymerase
chan-reaction, as previously described (de Haas et al., 1995; Kobayashi ef al., 1997).
Furthermore, an personal interview was performed to obtain the bulk of information
regarding smoking.

Statistical Analysis
We used the Mann-Whitney U test to compare the clinical parameters between the
NA1 and NA2 groups at baseline. In addition, the proportion of subjects experiencing =



3mm or > 5mm additional attachment loss at either sites during three years were
calculated.

For evaluating how FcyRIIIb-NA1-NA2 polymorphism and smoking are associated with
periodontal disease progression, progressive person rate with more than eleven > 3mm
additional attachment loss sites or more than one > 5mm additional attachment loss site
during three years between smoker and no smoker in the NA1l or NAZ groups were
calculated.

The relative risk for periodontal progression with more than eleven additional
attachment loss sites of >3mm during three years between smoker and no smoker in the
NAl or NA2 groups was calculated. In addition, the relative risk for periodontal
progression with more than one additional attachment loss site of >5mm during three
years between smoker and no smoker in the NA1 or NAZ groups was calculated.



RESULTS

As shown in Table 1, there were no significant difference in the clinical parameters
between the NAL and NA2 groups at baseline. After dividing the subjects into smoker
and no smoker, we evaluated the progressive rate who had =3mm AAL during three
years (Fig 2). The progressive rate in smoker was 0% for NA1 group, 35.0% for NAZ2
group (Fisher's exact probability=0.087). Table 2 shows the relative risk of smoker or
no smoker with NA1 or NAZ2 genotypes who had over than 11 >3mm AAL. The relative
risk between smoker and no smoker in the NAZ2 group was 2.06 (Fisher's exact
probability =0.009).

The progressive rate in smoker who had >5mm AAL during three years was 0% for
NA1 group, 35.0% for NA2 group (Fig 2, Fisher's exact probability=0.087). The table 3
shows the relative risk of smoker or no smoker with NA1 or NAZ genotypes who had
>5mm AAL during three years. The relative risk for periodontal progression with more
than one >5mm AAL during three years between smoker and no smoker in the NA2
group was 3.93 (Fisher's exact probability=0.006).



DISCUSSION

FcyRIlb is the predominant FeyR on neutrophis, which are present of high numbers in
gingival crevicular fluid and subjacent to the apical part of the pocket epithelium (Sugita et
al., 1993, Yuan et al., 1999). In our study, the subjects with NA2 genotype had higher
progressive rate than the subjects with NA1 genotype especially in smoker. The
progressive rate for more than eleven >3mm additional attachment loss sites (AAL) in
smoker was 0% for NA1 group, 35.0% for NA2 group. In addition, the progressive rate
in smoker who had >5mm AAL during three years was 0% for NA1 group, 35.0% for NA2
group. These findings suggested the FcyRIIIb-NA1-NA2 polymorphism to contribute to
periodontal progression. FcyRIIIb, of which function and roles in periodontitis have
demonstrated previously, are expected to be reliable as a candidate genetic facor for
progression of periodontitis in elderly Japanese.

Furthermore, smokers had a higher progressive rate especiaily in the NA2 group. The
relative risk was 2.06 for > 3mm AAL, 3.93 for = 5mm AAL. The previous reports
indicating a strong association between smoking and periodontal disease progression.
Smoking was found to be the most important explanatory variable for periodontal disease
progression and modification of this factor is important in the treatment and prevention of
periodontal disease. The strong association between smoking and subsequent attachment
loss could be explained by a number of biologic phenomena. Nicotine, the chief noxious
substance found in cigarettes, and its byproducts have a vasoconstrictive effect, not only
on peripheral circulation, but also on coronay, placental, and gingival blood vessels
(GonzClez ef al., 1996). In addition, according to The Research, Science and Therapy
Committee of the American Academy of Periodontology 1996, nicotine may reduce the
functional activity of leukocytes and macrophages both in saliva as well as crevicular fluid,
and it decreases chemotaxis and phagocytosis of blood and tissue polymorphonuclear
leukocytes. Accroding to our study, smoking might reinforce the function of
FeyRIIIb-NA2 allele due to reduce the functional activity of leukocytes and macrophages.

It should be noted that the reason why smoking had influenced the function of
FcyRIIIb-NAZ2 polymorphism stronger than the function of FcyRIIIb-NA1 polymorphism.

Other polymorphisms than FcyRIIIb-NA1-NA2 have been recently shown to be risk
factors for periodontitis as well. IL-1 genotype (Kornman ef al., 1997; Cullinan et al.,
2001), FcyRlla 158V-F polymorphism (Sugita ef al., 1999), f/MLP polymorphisms (Gwinn et
al., 1999), vitamin D receptor (Hennig et al., 1999) have been shown to be associated
with periodontitis. Not only each polymorphism, but also combining with some
polymorphisims might significantly affect the incidence (Yoshihara et al., 2001). Another
survey with a larger number of subjects may be necessary to evaluate the mechanism
how genes influence periodontal progression.



In summary, our results support the FcyRIIIb-NA1-NA2 polymorphism may be associated
with periodontal progression in elderly especially in smoker. Further studies should be
undertaken to confirm these observations in different ethnic backgrounds.



REFERENCE

Brown L], Brunelle JA, Kingman A (1996). Periodontal status in the United Staes,
1988-91: Prevalence, extent, and demographic variation. J Dent Res 75(Special issue):
672-683.

Cullinan MP, Westerman B, Hamlet SM, Palmer JE, Faddy M], Lang NP, Seymour G]
(2001). A longitudinal study of interleukin-1 gene polymorphisms and periodontal disease
in a general adult population. J Clin Periodontol 28: 1137-1144.

de Haas M, Kleijer M, van Zwieten R, Roos D, von dem Borne AEGK (1995). Neutrophil
FcyRIIb deficiency, nature and clinical consequences: A study of 21 individuals from 14
families. Blood 86: 2403-2413.

Gonzélez YM, Nardin AD, Grossi SG, Machtei EE, Genco R], Nardin ED (1996). Serum
cotinine levels, smoking, and periodontal attachment loss. J Dent Res 75: 796-802.

Gwin MR, Sharma A, De Nardin E (1999). Single nucleotide polymorphisms of the
N-formyl peptide receptor in localized juvenile periodontitis. J Pertodontol 70: 1194-1201.

Hart TC, Shapira L, Van Dyke TE (1994). Neutrophil defects as risk factors for
periodontal disease. J Periodontol 65: 521-529.

Hennig BJW, Parkhill JM, Chapple ILC, Heasman PA, Taylor JJ (1999). Association of a
Vitamin D receptor gene polymorphism with localized early-onset periodontal disease. J
Periodontol 70: 1032-1038.

Hirotomi T, Yoshihara A, Yano M, Ando Y, Miyazaki H (2002). Longitudinal study on
periodontal conditions in healthy elderly people in Japan. Community Dent Oral Epidemiol,
In press.

Johnson TE (1993). Factors contributing to dentists’ extraction decisions in older adultsd.
Spectal Care tn Dentistry 13: 195-199.

Kinane DF (1999). Blood and lymphoreticular disorders. Periodontology 2000 21: 84-93.

Kobayashi T, Westerdaal NAC, Miyazaki A, van der Pol WL, Suzuki T, Yoshie H, van de
Winkel JG, Hara K (1997). Relevance of immunoglobulin G Fc receptor polymorphism to



recurrence of adult periodontitis in Japanese patients. Infect Immun 65: 3556-3560.

Kobayashi T, van der Pol W-L, Hara K, van de Winke] JGJ (1998). IgG Fc receptor
polymorphisms: Genetic risk factors for periodontal disease. In: Guggenheim B, Shapiro S,
eds. Oral Biology at the Turn of the Century: Misconceptions, Truths, Challenges and
Prospects. Basel, Switzerland: S. Karger AG 151-158.

Kobayashi T, van der Pol W-L, van de Winkel JGJ, Hara K, Sugita N, Westerdaal NA,
Yoshie H, Horgome T (2000). Relevance of IgG receptor IlIb (CD16) polymorphism to
handling of Porphyromonas gingivalis: Implications for the pathogenesis of adult
periodontitis. J Pertodont Res 35: 65-73.

Kobayashi T, Sugita N, van der Pol W-L, Nunokawa Y, Westerdaal NAC, Yamamoto K,
van de Winkel JGJ, Yoshie H (2000). The Fcy recepor genotype as a risk factor for
generalized early-onset periodontitis in Japanese patients. J Periodonfol 71: 1425-1432.

Kobayashi T, Yamamoto, K., Sugita, N., van der Pol W-L, Yasuda ,K., Kaneko, S., van de
Winkel JGJ, Yoshie H (2001) The Fcy R Receptor Genotype as a severnity factor for
chronic periodontitis in Japanese patients, J Periodontol 72: 1324-1331.

Kornman KS, Crane A, Wang H-Y, di Giovine FS, Newman MG, Pirk FW, et al. (1997).
The interleukin-1 genotype as a severity factor in adult periodontal disease. J Clin
Periodontol 24: 72-77.

Miyazaki H, Hanada N, Itoh-andoh M, Yamashita Y, Saito T, Sogame A, Goto K,
Shirahama R, Takehara T (1989). Periodontal disease prevalence in different age group in
Japan as assessed according to the CPITN. Community Dent Oral Epidemiol 17: 71-74.

Miyazaki H, Ohtani I, Abe N, Ansai T, Kato Y, Sakao S, Takehara T, Shimada N, Pilot T
(1995). Periodontal conditions in older cohorts aged 65 years and older in Japan, measured

by CPITN and loss of attachment. Community Dental Health 12: 216-220.

Ogawa H, Yoshihara A, Hirotomi T, Ando Y, Miyazaki H (2002). Risk factors for
periodontal disease progression among elderly people. J Clin Periodontol 8: in press.

Papapanou PN, Linde J (1992). Preservation of probing attachment and alveolar bone
levels in 2 random population samples. J Clin Periodontol 19: 583-588.

Slade GD, Spencer AJ (1995). Periodontal attachment loss among adults aged 60+ in



10
South Australia. Community Dent Oral Epidemiol 23, 237-242.

Sugita N, Suzuki T, Yoshie H, Yoshida N, Adachi M, Hara K (1993). Differential
expression of CR3, FcyRIl and FcyRIIl on polymorphonuclear leukocytes in gingival
crevicular fluid. J Pertodonital Res 28: 363-372.

Sugita N, Yamamoto K, Kobayashi T, van Der Pol W, Horigome T, Yoshie H, van De
Winkel JG, Hara K (1999). Relevance of FcyRIia-158V-F  polymorphism to recurrence of
adult periodontitis in Japanese patients. Clin Exp Immunol 117: 350-354.

Sugita N, Kobayashi T, Ando Y, Yoshihara A, Yamamoto K, van de Winkel JGJ, Miyazaki
H, Yoshie H (2001). Increased frequency of FcyRIIIb-NA1 allele in periodontitis-resistant
subjects in elderly Japanese population. J Dent Res 80: 914-918.

Van Dyke TE, Vaikuntam J (1994). Neutrophil function and dysfunction in periodontal
disease. Curr Opin Periodontol 19-27.

Yoshihara A, Sugita N, Yamamoto K, Kobayashi T, Miyazaki H, Yoshie H (2001). Analysis
of Vitamin D and Fcg Receptor Polymorphisms in Japanese Patients with Generalized
Early-Onset Periodontitis. f Dent Res 80 (12): 2051-2054.

Yuan Z-N, Schreurs O, Gjermo P, Helgeland K, Schenk K (1999). Topical distribution of
FcyR], FeyRH and FeyRI in inflamed human gingiva. J Clin Periodontol 26: 441-447.



Table 1 Biographicat and periodontal characteristics of each subject group at baseline.

b
Screened irsl::ll:gzztiil . . p value
Parameters population he stud Subjects for analysis (n=164)  \A] v,
(n=599) (n—~309§ NAINAZ or NA2)
- NAINA1 NA2NA2
Male/Female 306/293 157/152 30/24 61/49 0.990
Smokers (%) 18.7 19.7 13.0 18.2 0.990
Subjects under medical
treatment for diabetes (%) > None None None )
bi .
iuxjf;t)smwgl/t;:);; d sugar 7 None None None -
Edentulous subjects (%) 7.5 12.9 None None -
ber of t
Number of teeth present 174404 183+0.6  2596+2.80 2508291  0.067
(mean+SD)
Subjects with >=20 teeth 9.6 68.9 All All )
present (%) ‘
Probing pocket depth, PPD 2032003  200+004 188047 1914051  0.680
mm (mean=xSD)
Probing attachment level,
PAL mm (mean=SD) 3.10+0.05 3.04+0.08 2.58+0.85 2.72x0.78 0.296
Number of sites (mean+SD)
PPD >=4mm 93.63+12.62 9.65+13.33 10.63+12.94 9.86+14.20 0.739
PPD >=6mm 1.29+3.01 1.09+3.08 (0.83+2.05 1.09+3.50 0.618
PAL >=4mm 28.29+25.23 30.92+31.13 30.74x33.71 33.46:30.62 0.606
PAL >=6mm 5.74+939 528+10.19 541+11.66 4.65+8.28 0.635
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Fig 1. Percentage of persons who have more than eleven >3mm additional
attachment loss sites, and who have more than one > bmm additional
attachment loss between NA1 and NAZ2 groups in smoker or no smoker.
There were higer trends in progressive rate between NA1 group and NA2
group in smoker for both AL >3mm and AL >5mm (p=0.087 by Fisher's
exact probability).



Table 2 Relative risk for eleven 23mm additional attachment loss sites between smoker and no smoker.

Relative risk
* _10% K
0 1-10 11 (Fisher's exact probability)
Smoker O** 7 0 _—l
NAINAL - (0.302)
No smoker 8 31 8 .08 |
Smoker 3 10 7 —‘ 1.60 (0.180)
NAINAZ2 or 2.06 (0.009)
NA2NA2
No smoker 21 60 9 o

* Number of sites which have 23mm additional attachment loss during three years.
** Number of subjects.



Table 3 Relative risk for one =5mm additional attachment loss sites between smoker and no smoker.

o* 1* Relative risk
(Fisher's exact probability)
Smoker 7 0 -—"“ ]
NAINA1 - (0.485)
No smoker 42 5 —l 0087 |
Smoker 13 T 0.84 (0.479)
NAINAZ2 or 3.93 (0.006)
NAZNAZ2 o
No smoker 82 8

* Number of sites which have >5mm additional attachment loss during three years.
** Number of subjects.
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Abstract

Background: the root caries incidence was reported as a risk predictor for
mortality from recent study. This may indicate a link between general health and
root caries. However, the relationship between a dental disease such as root
caries with the general health condition, including nutrient intake or
anthropometry, was unknown.

Objectives: to evaluate the relationship between the so-called general condition
and the root caries.

Design: initially, questionnaires were sent to all 6,629 inhabitants aged 70 and 80
years old according to a registry of residents in Niigata city in Japan, and they
were informed of the purpose of this survey and ask whether they wanted to
participate. According to the replies, 763 individuals were selected randomly in
order to have approximately the same numbers of gender of each age.

Body Mass Index, serum albumin, Ig G and Ig A for Body composition and blood
measurements, total daily nutrient intakes of sugar, fat and protein from food for
food intake, and root dental caries were measured.

Main outcome measures: the relationship between root caries and serum albumin
concentration was evaluated by multiple linear regression analysis.

Results: the differences in the serum albumin concentration between subjects with
the number of untreated root caries (DT)=0 and DT = 3 were 75.56mg/dl in 70
yrs and 202.97mg/di in 80 yrs. For multiple linear regression, four variables
(number of untreated root caries, age, Body Mass Index and concentration of IgG)
were selected for the independent variables of the final model. The number of
untreated root caries was significantly associated with the concentration of serum
albumin ( p<0.05).

Conclusions: the number of untreated teeth was a significant factor associated
with serum albumin concentration. The difference in serum albumin levels have a
meaningful influence to general status accoring to previous reports. The findings
of the present study indicated that a relationship between root caries and general
health status of these elderly subjects is highly possible.

Key words: Serum albumin, Root dental caries, Elderly people



Introduction

Disabilities in daily living occur frequently in elderly people because of
inflammatory states or disorders. Regarding oral health, elderly people have few
remaining teeth. The dental caries including root caries was significantly
associated with incidence of tooth loss (Hand ef al., 1991; Locker ef al., 1996).

Furthermore, the root caries incidence was reported as a risk predictor for
mortality from recent study (Mauriello et al., 1999). This may indicate a link
between general health and root caries. However, the relationship between a
dental disease such as root caries with the general health condition, including
nutrient intake or anthropometry, was unknown.

The purpose of this study is to evaluate the relationship between the so-called
general condition and the root caries. Especially, we adopted the serum albumin
concentration as a criteria which shows us the general condition. The serum
albumin may be an index of the severity of an underlying disease. In addition, a
strong association between albumin level and mortality has been reported (Phillips
et al., 1989; Darnes and Ducimetiere, 1990). Many conditions, such as
malnutrition, inflammatory states, liver diseases, and renal diseases, reduce serum
albumin level (Francois ef al., 1992). We evaluated the relationship between the
serum albumin and root caries.



Methods
Initially, questionnaires were sent to all 6,629 inhabitants aged 70 and 80 years old
according to a registry of residents in Niigata city in Japan, and they were
informed of the purpose of this survey and ask whether they wanted to participate.
According to the replies, 763 individuals were selected randomly in order to have
approximately the same numbers of gender of each age. Written informed
consent was obtained from all subjects. The protocol of this study was approved
by the Ethics Committee of Niigata University School of Dentistry.

Root caries
Four trained and experienced dentists assessed the oral health conditions of the
subjects. Dental clinical examinations was done using dental mirrors and WHO
ball-pointed periodontal probes under artificial light, without bite-wing radiographs.
Root caries was diagnosed using WHO criteria (World Health Organization, 1997).
First, it was detected whether a given surfaces was exposed or not. An exposed
root surface was defined as at least 1 mm of visible root surface between the
gingival crest and the cement-enamel junction or the restoration margin. All
exposed root surfaces were examined and recorded by each surface. Root decay
was defined when a lesion was detected on an exposed root surface and felt soft or
leathery to probing. For a single decay affecting both the crown and the root, the
likely site of origin of the lesion was recorded as decayed. In the case of filling
involving both the crown and the root, the most likely site of the primary carious
lesion was recorded as filled. The examiners were calibrated by eighteen
volunteer patients in the University Hospital before and during the survey.
Interexaminer reliability for surfaces was assessed for four examiners. Kappa
values between each pair of examiners were 0.56-0.75 for root caries.

Body composition and blood measurements

Anthropometric evaluation included measurements of weight and height to
calculate the Body Mass Index. In addition, determinations of serum albumin,

Ig G and Ig A were also made. The serum albumin concentration was measured
by a BCG method (Doumas ef al., 1971) using a Gemsack First Auto-analyzer.

Food intake
Participants were asked to record their own dietary intake on one day by
dieticians. The interviewer provided each person with written directions and food
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models for recording food intake and reviewed the completed records with each
subject. Total daily nutrient intakes of sugar, fat and protein from food were
computed for those subjects.

Statistical analysis

For descriptive data (serum albumin and anthropometric measurements, food
intake, biochemical measurements, root caries) , statistical differences between
age or sex were evaluated by analysis of variance. In addition, the relationship
between serum albumin concentration and root caries, missig teeth, Body Mass
Index, nutrient intakes, biochemical values were evaluated by multiple liner
regression analysis adjusted for age and sex. For evaluation of relationship
between root caries and serum albumin concentration, multiple linear regression
analysis was performed. As a dependent variable, serum albumin concentration
was used. As independent variables, we selected the independent variables,
which had p-values less than 0.05 according to the multiple linear regression
analysis adjusted by sex and age for each variable.



