Table 2B. Relationship between periodontal conditions and decreased adiponectin

level by logistic regression analysis

A Model 1 .
Independent : Adiponectin p* Multivariate OR® . p
variables >11.5ng/ml <11.5ng/ml _ (95%CI)
Periodontal condition
Control 34 (45.9) 40 (54.1) 0.336 1 _
Periodontitis 32(38.1) 52(61.9) 1.38(0.68-2.80) 0.374
Sex ' ,
Male 19 (23.7)  61(76.3) <0.001 1
Female 47 (60.3) 31(39.7) 0.21(0.07-0.61) 0.004
BMI
<25 57(43.5) 74 (56.5) 0.395 1 .
>25 ' " 9(33.3) 18(66.7) 2.21(0.83-5.92) 0.114
Fasting glucose
<110mg/dL 39(57.6) 29 (42.6) 0.001 1 ‘
>110mg/dL 27 (30.0) 63 (70.0) 2.57(1.26-5.24) 0.009
Smoking habit
No 48 (55.2) 39(44.8) <0.001 _ 1
Yes 18(25.4) 53(74.6) - 1.04(0.36-3.04) 0.942
Model 2 '
Independent Adiponectin p* Multivariate OR® p
variables >11.5ng/ml <11.5ng/ml ' (95%CI)
Periodontal condition
Control 27 (45.0) 33(55.0) 0.321 1
without bleeding ‘ '
* Periodontitis 16 (34.0) 31 (66.0) 1.62(0.67-3.92) 0.290
with bleeding
Sex
Male 13(24.5) 40(75.5) 0.002 1
Female 30(55.6) 24 (44.4) 0.25(0.08-0.83) 0.023
BMI ' ‘
<25 37 (43.0) 49(57.0) 0.321 1
>25 6(28.6) 15(71.4) 4 2.20(0.69-7.04) 0.182
Fasting glucose
<110mg/dL 28 (57.1) 21 (42.9) 0.001 1
>110mg/dL 15(25.9) 43 (74.D 3.11(1.30-7.43) 0.011
Smoking habit :
No 31(50.8) 30(49.2) 0.011 1

Yes 12(26.1) 34(73.9) 1.00(0.31-3.25) 0.997
* chi-square test - '
® odds ratio by logistic regression analysis



Table 3. Adjusted mean value of serum resistin and adiponectin in the subjects with
each periodontal conditions.

Periodontal status Resistin p° Adiponectin p°

Model 1 | _ . ,
Control 4.86+2.90 0.138 12.09 + 6.27 0.248
Periodontitis 5.60 % 3.23 10.92 + 4.96

Model 2

. Control without bleeding 4.78+£2.95 0.037 11.90 +6.55 0.551

Periodontitis with bleeding 6.11 £3.54 10.85 +£5.62

* ANCOVA was performed adjusting for sex, BMI, fasting glucose, and smoking.



Figure legends

Fig 1. Correlations between serum levels of resistin or adiponectin and mean probing depth, mean
" attachment loss, percentage of bleeding on probing, leukocyte counts. Serum levels of resistin and
adiponectin were determined by ELISA. Mean values of probing depth, mean values of attachment
loss, percentage of bleeding on probing of each subjects were determined by periodontal examination.
Spearman’s rank correlation analyses between mean probing depth (A), mean attachment loss (B),
percentage of bleeding on probing (C), and leukocyte counts (D) and serum levels of resistin.
Spearman’s rank correlation analyses between mean probing depth (E), mean attachment loss (F),
percentage of bleeding on probing (G), and leukocyte counts (H) and serum levels of adiponectin.
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Resistin (ng/mL)

1.5 2.0 235 3.0 35

Mean of probing depth (mm)
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E. EF%EE’J :
LHOFRBRELTTHEEO— DL LTHETNT IUBH 5, EFORFHRERGR
Mo, RBEEM RE, WRA, BRARLECIY, BTNV IVEBENRILTE L

T3, METLTIVOEREICLE DV RENIREFRINETIE, SUEBRENMETL,

L ORBEEIZINDRT RS, BRERELEEICKITAANRRETR, SEERIZEWVTS, &l
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I EhCH EFRIZ D EIC BT A MEREEER TH D, HEARORER TIEMEICST
AEEDRBIGE L LTREMRIEHERI o T3, REBEDKRTIZERKRLETSE
B LRMBRTNG, '

EEBREDETICEIVOFETAVTIVOETHAELS, MBEBT7NVTIVNETTH
ERIEVEY A DA V72 ¥ D cell mediator DEEBEZZITOT KRBT EVRESNTEHY,
FNNEEHRBRORLE - #ITICEAS L TNnB I ENRELLNS,

W4, HERBLSHFMNRBEHEREL ORBEEIMT IMESRTLONATELERE, WTh
LIRS <, BREMICTMLIZEEMRITIZLALRD RN,

AL, SENLBRERECIEL LThETATIVERAL, HEAKEE OFEL
BREMICGTIMTALEZAEMN LTS,
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BT, ERI0EEITORER—A T4 VRETHRE L 10 EEEE 600405 b,
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DL L, —EETRRG bR EIC VN TIEREELRE, PESRED DA L, 4
FERICHEBRSRAEMET LEEO R 2 HEARETRRER L LTHRETLICHEL,
HRARORBEMETOMERL L THVW:, BT ALVT7 I IEBCGEICEIVRIEL, 20
fn, MEEFREIZLY, GOT, GPT, y-GTP, IgG, L0, AN O LERIEL
7

NR—=2F7A4 VIEOMBEBTNT I VBEIC ;OzﬁCQ%m >4.0g/dl) 1Z530F, AR
B L OBIFE AT L, & bICBEEREMA, WEARETRREREERERE T
BEBROW AT, T, XN—RFAVENLA4ER CE) OMFETNLT I VRED
EIIE DRV EE L EVBHC AT (4.0g/dl, >4.0g/d), HRARETRRERE B LE, 4
EMLSEIOMET VT I VDOREORENHDIE 284BDHEXRE LT,

Effect modification % 5V {li9" 2 7= DT OREIIX RE & WIERE 139 4, FEERERE 165 4
W53 T 270 N—AS A VAT ICEN b —ETHREBEORBRO 5 5 2 BUERF &
L7,

G MIRRKRBIVELR

FEMEREIZ T, FHWEFRETRRERIIN—RATA VU BOMET LT IV RED
RV (<4g/dl, N=20) T 105+73 &, REDOEVEE (>4g/dl, N=145) T6.7+48 K THY,
MET VT I VBECRVHTEYEAREITRRESENZ L, TOEIRAFNCEER
TdHh 7= (Student's t-test, p =0.0024 ) (Fig. 1),

T, R, BMI, BIEHESH, LA KRXE, OLUE (&KX, &/, GOT, GPT, y-GTP, IgG,
e Ry, ANTT LAOBEWN LD TFHEEARETRREREZ TR TR LI L 25,
BHEOH N ERRETRRERNE L (p =0.0155), TOM TEIBEHEEL 20-32 OF (p
<mmm)LAEkﬁsmnuL@%(pwmmiﬁﬁ%ﬁ@ﬁﬁ%ﬁ&ﬁ%<,%n%n
HETHICAEEBE CThH o7z (Table 1),

ELICHARETRRERE MB7 LT IV RE, R, RESER, LARKEEOBE
WOWTEBROMERWGEHE L L 25, HEARETERERE WET VT I VRE
ORNCHE AR b7z (standardized coefficient =-0.16, R*=0.3005, p <0.001) (Table 2),

Fir, R—=ZAF A4 VENLAERMOMBTNT I VBEOEHEDIECVEE (<d4g/dl, N=19)
OEHWEREITREBREHIT 104475 X, MET7 VT IV REOFEHEOEHVE (G4g/dl,
N=133) 1% 6.8+48 K TH Y, MiFT VT I EBEOFHEDOKEEO T L) B IREITIRER
CEHAEBEICEV D a0 7s (Student's r-test, p =0.0049) (Fig. 2).,

—7, BEREICSWTTEAERFETRRER L MET7 VT I REOMIZHEFERIC
AELBEIRD ORI -7 (Figs 1 &2),

PLEX Y, FEERICRVNT, ME7LT IVDERETRINDIZHFOXBIREDKT
DHEEROFEICEEL TWD T ENRRENT,

3
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Iwasaki M, Yoshihara A, Hirotomi T, Ogawa H, Hanada N, Miyazaki H: Longitudinal relationship

between serum albumin and periodontal disease. J Clin Periodontol, in press, 2008.
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Table 1. Relationship between subject characteristics, dental status, blood pressure levels, serum blood parameters for nutritional
and biochemical values, serum disease markers and periodonatal disease events

Non-Smokers (N=165) Smokers (N=139)
NO.' of Periodontal disease events' : No.. of Periodontal disease events’
subjects subjects
Mean SD p-value Mean SD p-value

Gender

Male 35 9.03 572 0.0155 129 9.74 5.51 NS+
~Female . 130 6.60 5.07 10 6.90 1.79

BMI
<20 37 7.27 5.78 NS* 33 10.61 4.92 NS*
220 128 7.07 5.17 106- 9.20 549

No. of teeth present
1-9 29 262 243 <0.0001 16 4.19 2.07 <0.0001
10-19, 36 5.75 3.37 44 8.23 3.26
20-32 100 8.91 5.56 79 11.34 5.86

Highest CALS {mm) . :
<6 79 5.57 4.67 0.0003 29 7.17 6.18 0.0074
26 86 8.53 5.46 110 10.15 4.99

High blood pressure
<140 115 7.15 4.95 NS* 80 - 9.76 5.24 NS*
>140 50 7.04 6.05 59 9.22 5.58

Low blood pressure ‘
<90 160 7.11 533 NS* 128 9.51 5.38 NS*
>90 S 7.20 432 11 9.82 5.56

GOT
<40 162 7.14 532 NS* 136 9.59 5.38 NS*
>40 ' 3 6.00 3.61 3 7.00 5.29

GPT : -
<35 158 7.15 533 NS* 133 9.51 5.31 NS*
>35 7 - 629 4.54 ) 10.00 7.32

y-GTP ‘ ' : '
<60 163 7.17 5.30 NS* 127 9.57 5.39 NS*
260 2 3.00 141 12 9.17 5.39

IgG (mg/dD) :
<1000 3 12.33 8.08 NS* 9 10.67 4.00 NS*
1000-1900 144 6.94 5.24 _ 121 9.45 5.48

“>1900 18 7.61 5.17 9 9.44 5.46

Total protein (g/dl) .
<6.5 2 8.00 4:24 NS* 5 8.60 5.18 NS§*
26.5 163 7.10 531 : 134 9.57 5.40

Calcium (mEg/l) ’
<6.5 55 7.82 5.54 NS* 67 9.63 5.91 NS*
265 - 110 6.76 5.16 72 9.44 4.86

"Number of teeth with periodontal disease progression during 4 years.
IBody mass index.

$Clinical attachment level.

*Not significant.
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Abstract

Aim: The purpose of this study was to evaluate the relationship between
periodontal disease and general health status in community-dwelling
elderly using the serum albumin concentration as a criterion index of the
vseverity of underlying disease and nutrition.

Methods: 600 subjects aged 70 years underwent a baseline examination.
Dental examinations were carried out at baseline and once a year for 4
years. Periodontal conditions were estimated for subjects with at least one
remaining tooth. Clinical attachment levels at six sites of all teeth present
were measured. A change in loss of attachment of 3mm or greater in 1 year
at each site was defined as periodontal disease progression. The serum
level of albumin was measuréd by the bromcresol green albumin method.
Data were anal?zed in subjects for whom déta were available for 4 years.
Results: Serum albumin concentration at baseline ranged from 3.4 to 5.0
g/dl with a mean of 4.3+ 0.2. Using multiple regression analysis, we found
that serum albumin concentration had a significant effect on periodontal
disease progression (standardized regression coefficient = -0.10; p=0.032).
Conclusions: The findings of the present study suggest that serum albumin
concentration is a significant risk predictor of periodontal disease
progréssion. |

Clinical Relevance
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Scientific rationale for the study: Investigating the relationship between
serum albumin and periodontal disease is important to understand the
association between inflammation, nutrition and serum albumin level.
Principal findings: According to the results of multiple regression models,
we observed an inverse independent relationship between serum albumin
concentration aﬁd periodontal disease.

Practical implications: Serum albumin concentration is a significant risk
predictor of periodontal disease progression, especially in the elderly who

may be at higher risk of developing inflammatory conditions or disorders.
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Introduction

Serum albumin level is a practical marker of the general health status as it
‘demonstrates the severity of an underlying disease and mortality in elderly
(Shibata et al. 1991). Several studies have demonstrated that serum
albumin concentrations are associated with general health status among the.
elderly (Corti et al. 1994; Baumgartner et al. 1996). Moreover, malnutrition
also may be monitored by means of serum albumin concentration (Don &
Kaysen 2004). Serum albumin is the main protein synthesized by the liver.

Inflammation and malnutrition Both reduce alburnin concentration by.
decreasing its rate of synthesis. Chronic diseases are associated with
inflammation and the release of inflammatory cytokines such as
interleukin-1, interleukin-6; and tumor necrosis factor a, which cause a
decrease in serum albumin (Schalk et al. 2004). Albumin concentration is
associated with nutrition and inflammation (Kaysen et al. 2002).

On the other hand, periodontitis is defined as an inflammatory
condition of the gingival tissues, characterized by loss of attachment of the
periodontal ligament and the bony supporf of the tooth (Genco 1990).
Moreover, periodontitis has been implicated as a risk factor for systemic
diseases such as cardiovascular diseases and diabetes mellitus (D'Aiuto et
al. 2004; Taylor 2001). In periodontal diseases, bacteria triggef

inflammatory host responses which cause destruction of the alveolar bone
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and periodontal connective tissue. The individual characteristics that -
diminish the efficiency of host response may include systemic factors such
as malnutrition, which consistently impairs the innate and adaptive
defenses of the host, including phagocytic functipn, cell-mediated
immunity, complement system, secretory antibody, and cytokine
production and function. Therefore, malnutrition can intensify the severity
of periodontal diseases and may lead to their evolution into life-threatening
diseases (Enwonwu et al. 2002).

Consequently, it is very important to study the association between
periodontal disease and serum albumin levels, which reflect the general
health status, in the elderly, who may be at Higher risk of developing
inflammatory conditions orv disorders. However, few studies have
demonstrated an important relationship between serum albumin
.concentration and periodontal diseases. Therefore, we adopted the serum
albumin concentration as a criterion, which indicates the general health'
condition, includihg nutrition status, and designed this longitudinal study

on the relationship between serum albumin and periodontal diseases.
Materials and methods

Subjects

Initially, 4542 (2099 men and 2443 women) Niigata citizens, 70 years old,
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were sent a written request to participate in the survey and were informed
of the purpose of this survey. After two requests, 81.4% (3695) respbnded
positively to participate in the survey. Considering the availability of
resources, examination appointments could be arranged for 600 individuals.
The final study sample was randomly recruited from several areas of
Niigata in order to have an approximately equal number of men (306) and
women (2943. All subjects agreed and signed informed consent forms
- regarding the protocol, which was reviewed and approved by the Ethics
Committee of the F aculty of Dentistry, Niigata University. |

None of the subjects was hospitalized or institutionalized. They did not
require special care for their daily activities, and had high scores of
reliability and validity in é multidimensional 13-item index of competence
(TMIG index of competence) (Koyano et al. 1991). The mean score of the
TMIG-index subscales of the subjects was 11.9+ 1.4. The subjects were
recallpd and re-examined once a year from 1998 to 2002.
Measurements
Dental examinations were carried out at baseline and once a year for 4
years (1998-2.002),‘ that is, 5 times in 4 years. The periodontal conditions
were estimated for subjects with at least one remaining tooth.

Four dentists carried out intra-oral examinations under sufficient

illumination using artificial light. The periodontal condition, measured as
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the clinical attachment level (CAL), was recorded using mouth mirrors and
a specially designed pressure-sensitive Vivacare, TPS Probe® (Vivacare,
Schaan, Liechtenstein). Teeth were probed at six sites per tooth for all teeth.
present, and the measurements were recorded approximately to the nearest
whole millimeter.

The examiners were calibrated both before and during the survey using
18 volunteer patients in the University Hospital. As determined by replicate
examinations of the attachment level, each percent agreement (£ 1mm)
ranged from 70.0% to 100% among 4 examiners. The kappa values ranged
from 0.62 to 1.00.

In the longitudinal study, a change in the loss of attchment of 3mm or
greater in 1 year at each site was counted as a periodontal disease event
(Brown et al. 1994)" Teeth with one disease event were excluded form
additional-year assessments. Finally, the numbers of teeth with events over
4 years per person were calculated.

An interview was conducted to obtain information regarding gender
and smoking habit. Anthropométric evaluation included measurements of
weight and height to calculate body mass index (BMI). In addition,
biochemical values, such as total protein, calcium, and immunoglobulin G
(IgQ3), were also evaluated, while the serum level of albumin was measured

by the bromcresol green albumin (BCG) method.
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