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Clinical study of exploring for oral frailty risk biomarkers in elderly patients
with diabetes-associated periodontitis

BANDO, Mika
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This clinical study aimed to explore novel biomarkers that correlate with
diabetes-related periodontitis and oral hypofunction. The correlation between various examination
items and biological biomarkers (oxidative stress-related: 8-OHdG, diabetes-related: AGE,
inflammation-related: CPT) was examined, and the results showed that CPT in gingival crevicular
exudate and 8-0HdG in saliva were significantly higher in the diabetic group. In addition, 63.8% of
patients aged 65 years or older had oral hypofunction. Salivary CPT was significantly associated
with the values of oral wetting degree and masticatory function in the oral function examination
items, 8-OHdG with oral hygiene status and lingual lip movements, and AGE with lingual lip
movements. It was suggested that biological biomarkers may be useful in the diagnosis of oral
hypofunction.
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Table 1 Clinical of

Participants

Age (vears)* 73.0 (70.0 - 77.0)

Sex (male)® 40 (34.5)
Remaining teeth® 235 (193 -26.0)
Diabetes mellitus® 41 (35.3)
Hypertension® 60 (51.7)
Heart disease® 15 (12.9)
Oral hypofunction® 74 (63.8)

The number of
below the refe
Oral hygiene level®

iminations

3.0 (2.0 -4.0)
50 (40-50)

27.8 (26.0 - 29.3)
734.7 (506.7 - 947.3)

Oral moisture*
Occlusal force (N)*'
Movement function of the tongue and lip (times/second)

Pa 6.0 (56-6.4)
T 6.0 (53-64)
Kat 5.6 (5.1-6.0)

Tongue pressure (kPa)* 30.1 (25.5 - 34.6)

Masticatory function (mg/dL)* 2335 (1963 - 276.0)
Swallowing function (score)* 0(00-1.0)
Systemic frailty (score)® 3.0 (20-50)
Periodontitis stage TI+IV® 70 (60.3)

PD>4mm (%)* 181 (93 -29.4)
PD=6mm (%)* 15 (0-5.6)
PD=6mm (site)? 2.0 (0-7.0)

BOP (%)

Proportion of P gingivalis (%)

18.5 (10.1 -31.5)
0.007 (0-0.034)

a: Data are expressed as median (25% - 75%).
b: Data are expressed as number (percentage).
+: 7 missing values exist in data.
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Table 2_Comparison of characteristics between paticipants with normal oral function and those of oral

Median (25" - 75")
Number (%)

Normal oral function

Oral hypofunction Povalue
(n=42) (n=74)
Age (yearsy' 72.0 (70.0 - 75.5) 74.0 (70.0 - 78.0) 043
Sex (male)® 19 (452) 21 (28.4) 0.072
Remaining teeth? 24.0(21.0-27.0) 23.0 (18.0 - 26.0) 0.069
Periodontitis stage IIT+IV® 23 (5438) 47 (63.5) 043
Diabetes mellitus® 41(353) 28 (37.8) 0.55
Hypertension® 60 (51.7) 41 (55.4) 034
Heart disease® 15 (12.9) 11 (149) 0.57
‘The number of examinations 20(10-20) 3.0 (3.0-40) <0.001*
below the reference value
Oral hygiene level (> 4)° 28 (66.7) 68 (91.9) 0.002%
Oral moisture (< 27)° 9(21.4) 39 (52.7) 0.002%
Occlusal force (< 500 N)*! 3(15) 0.002%
Movement function of the tongue and lip 22(524) <0.001*
(any counts of Pa, Ta, Ka < 6 times/second)®
Tongue pressure (< 30 kPa)® 3(1.0) 54(73.2) <0.001*
Masticatory function (100 mg/dL)® 0(0) 3(42) 0.55
Swallowing function (>3 score)® 2(48) 12 (16.2) 0.081
Systemic frailty (> 10 score)® 3.0 (1.0-43) 40(20-50) 014

a: Data are expressed as median (25 - 75%)

b: Data are expressed as number (percentage).

+:7 missing values exist in data; 2 in Normal oral function group and 5 in Oral hypofunction group

Statistical analysis was performed using Mann-Whitney U test or Chi-square test.

*P<0.05
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Table 3 Simple correlation analysis between biomarkers in saliva and clinical variables Table 4 Multivariable linear regression analysis with biomarkers in saliva

calprotectin 8-OHdG AGE a_calprotectin (n=107)
ol T Vo T
(ng/ml) (og/ml) (og/mi) Expalamtory Variables [ Ssct Paaine e S Cl pvaine
* P-value r P-value r P-valuc Onlhygiene level o006 0169 0m 094 0007 0160 01 095
Age (years) 018 0,063 00725 0 0122 020 Onalmoisture w6 ol 005 00 004 01 00 oo
Remaining teeth 0018 085 00536 057 000787 093 Occlusal force () BTE0S ° 0 o oms ° o oo
Diabetes mellitus parameters. x‘;‘;l‘;‘““,{‘"nf:":z:‘,j: the tongue
* HbAlc (most recent %) 0063 059 039 0001* 021 0073 P o om0 o o0 orm 02w ome
* HbAlc (max %)* -0.085 047 043 <0001 022 0055 o o oon 07 oz oI o0 o3 ouz
P 5 Ko 007 ol o 036 005 0105 022 03
5 on (yes 2 <0.001+ 3
Duration (yoars) -0.048 062 040 0.001 0.054 038 ‘Tongue pressure (kPa) -0.005. 0.033 0.023 0.715 -0.006 -0.034 0022 0678
The number of examinations Masticatory function (mg/dL) 0003 0001 0005 0.006* 0003 0001 0006  0007*
below the reference vahue 0056 056 014 013 019 0043 oo 000 oo oo o0 oo oo oo
Oral hygiene level -0.025 079 013 0.17 013 017
b_S.0HG (n=108
Oral moisture: -023 0014* 0052 058 0070 046 b T T
Ocelusal force (N 0044 066 0044 065 0051 060 Expalanaory Varables Fstimne SSCl v Fsimate 5% Povae
Movement function of the tongue Onalysiene level s o 0 oo ons s 0 oos
d fip (times/sscood) Onalmoisnure 007 0w om0 oo w0 oo 06
and lip (times/secon Occlusal force (N) S35 o o omi apos o o o
Pa -0.023 0.81 0034 022 0017 Movement funcion ofhefonge
Ta 019 0047+ 0004 023 0013¢ and lp imesisecond)
Ka 018 0,059 0018 020 0.03* Py 0131 w22 0@ oo on6 028 ool6 007
i 3 5 - s my 0171 0326 0016 0031* 0172 037 007 003
Tongue pressure (ki’a) -0.002 0.99 0.80 0.006 095 K 0 0265 0003 005 01s 028 002 00u*
Masticatory function (mg/dl) 027 0036% 0041+ 0088 035 Tongue pressue (P2 005 005 oo o 0005 w0l oms o057
llowing function (score) 0.010 030 094 0,082 038 Mastcatory function (mg/dL) 0002 0003 0 00 002 0003 0 ooss
Periodoutal index 0008 00 oo s oo 006 0o o
« PD = 4mm (%)! 00029 098 0,055 057 018 0053 ¢ AGE (n=109)
« PD = 6mm (%) -0.019 084 0072 045 0069 046 Niodei T
0017 086 0.065 049 0085 037 Expalanatory Variables Estmate S9%Cl P Fmne Pane
Onlygiene evel w27 o6k om0 0222 o6 ol 029
-0.0075 094 0.132 0.6 026 0.005* Oral moisture -0.027 0197 0.142 0.752 0,083 -0221 0.115 0529
- Proportion of P2 gingivalis (%) 0.044 0.65 0.029 076 0071 045 Ocehusal foree () 0 ool ool onn aees o0 0ol 09
Sustemic frailty (score) 0010 030 014 014 010 028 Movement function of e tongue
and lp imes'second)
+:7 missing values exist in data P o oss o o1 0384 oos 0107
$: 1 missing value exists in data m 0507 0% oo oo w0508 ot 00w
§:38 missing values exists in data e 024 064 oxs o 0288 o102
N bl Tongue pressure (kPa) 0005 009 006 09 0008 o0 0
< MG VRS CRIVIE 1 CHiN Masticatory dL 0,003 0,008 0,003 0342 0002 0003, 0418

Statistical analysis was performed using Spearman’s rank correlation coeflicient

*P < 0,05, r: comrelation coeflicient

®
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e
Normal oral fuction Oral bypofunction

Model 1

P-value were derived using Multiple liner regression analysis. *P < 0.05, CI: confidence interval
Objective variable was a natural logarithmic transfomation of each salivary biomarker concentration,
calprotectin (a), 8-OHdG (b) and AGE (c).

Al explanatory variables other than sex and periodontal stage were continuous variables,

Model 1 adjusted for age and sex (0 = female, 1 = male).

Model 2 adjusted for the variables in model 1 and periodontal stage (0 = stage I+II, 1 = stage III+IV).

Fig.1
Model 2
calprotectin
Table 5

b s Cl boss .
o == Table 5 Multiple logistic regression analysis with the diagnosis of oral hypofunction as the objective variable

5 N : Model 1 Model 2

&« N el . . Explanatory Variables OR 95%Cl P-value OR 95%Cl P-value

° i H % " H calprotectin 1.004 1.000-1.009 0.048* 1.004 1.000-1.009  0.047*

2o ’ . 4 i 8-OHdG 1.294 0.490-3.414 0.603 1.300 0.500-3.382  0.590

g < : . AGE 1.005 0.994-1.016 0.340 1.005 0.995-1.016 _ 0.331

B ! P-value was derived using Multiple Logistic regression analysis. *P < 0.05, OR: odds ratio, CI: confidence interval
s @ Objective variable was the diagnosis of oral hypofunction (Normal oral function = 0, Oral hypofunction = 1).
All explanatory other than sex and periodontal stage were continuous variables.
Oral bypofuact Model 1 adjusted for age and sex (0 = female, 1= male).

Model 2 adjusted for the variables in model 1 and periodontal stage (0 = stage T+IL, 1 = stage TII+IV).

Fig.1 Biomarker levels in saliva of participants with normal oral function and oral hypofunction

Concentration of (a) calprotectin, (b) 8-OHdG and (c) AGE in saliva of participants with normal
oral function and oral hypofunction

“The median is presented in each

box beard.

Statistical analysis was performed using Mann-Whitney U test

*

Table 6
AGE

Model 1 Model 2

(Table 7)



Table 6 Simple correlation analysis between the number of examinations
below the reference value and clinical variables

The number of examinations
below the reference value

ey o g'(:'j‘““‘ Table 7 Multivariable linear regression analysis with the number of examinations below the reference value
g (years 3
Remaining tecth 024 0.009*
Diabetes mellitus parameter Model 1 Model 2

EZAIC (most ecent %)t g-ig gzi Explanatory Variables Estimate 95%Cl1 P-value Estimate 95%Cl P-value

%) 34 B

Dot e 0031 s calprotectin (n=111)  0.13005  -0.11150, 0.3716 0.29 0.13945  -0.10230, 0.38119 0.26
8mi hygiene (level) 001?4 0/(()7‘33’;* 8-OHdG (n=114) 0.08556  -0.23661, 0.40773 0.60 0.07259 -0.25024, 0.39543 0.66
Ocelue force %) o o001+ AGE (n=115) 0.07499  -0.02675. 0.17673 0.15 0.06475 _ -0.03930. 0.16881 0.22
Movement function of the tongue and lip . : B : ; : . :

(imes/sccond) o 027 0003 P—\{alu§ were .dem ed using Multiple liner regression analysis. CI: confidence interval

ITa/ 034 <0.001* Objective variable was the number of examinations below the reference value.
/Ka/ -0.27 0.003* - . . .

Tongue pressure (kPa) o5 oo All explana_tory variables other than sex and periodontal stage were continuous variables.
Masticatory function (mg/dL) 024 0011* Model 1 adjusted for age and sex (0 = female, 1 = male).
g;ﬂ;’;‘n"‘f l:‘::\f“’" (score) 019 0.039* Model 2 adjusted for the variables in model 1 and periodontal stage (0 = stage I+II, 1 = stage ITI+IV).

PD =4 mm (%) 0.067 048

PD =6 mm (%)* 0.063 0.51

PD =6 mm (sites)* 0.049 0.60

BOP (%)* 0.12 0.22

P, gingivalis (%) 0.15 0.10
Systemic frailty (score) 0.18 0.059
Biomarkers in saliva

calprotectin (ng/ml) 0.056 0.56

8-OHdG (ng/ml) 0.14 0.13

AGE (ng/ml) 0.19 0.043*

+: 7 missing values exist in data.

$: 1 missing value exists in data.

§ :38 missing values exists in data

missing values exists in data

P-value was derived using Spearman’s rank correlation coefficient.
*P <0.05, 1: correlation coefficient
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