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Background: Studies have reported an association between periodontitis, a chronic inflammatory disease of the periodontal tissues, and insulin
resistance. The Metabolic Score for Insulin Resistance (METS-IR) index was recently developed to assess insulin resistance. This study aimed to
investigate the association between periodontitis and insulin resistance according to the METS-IR index.

Methods: A total of 10,807 participants from the 6th National Health and Nutrition Examination Survey (2013-2015) were included in this study. We
defined periodontitis as the community periodontal index score of 3 or higher in at least one site. Multiple logistic regression analyses were
conducted to calculate odds ratios (OR) and 95% confidence intervals (Cl) for periodontitis according to METS-IR index quartiles.

Results: Compared to the lowest quartile (Q1), the OR (95% Cl) for periodontitis were 1.61 (1.37-1.90) in the second quartile (Q2), 2.37 (2.03-2.77) in the
third quartile (Q3), and 2.89 (2.45-3.41) in the highest quartile (Q4) of the unadjusted model. After the adjustment for confounders, compared to Q1,
the OR (95% Cl) for periodontitis was 1.15 (0.93-1.42) in Q2, 1.30 (1.04-1.62) in Q3, and 1.39 (1.09-1.77) in Q4.

Conclusion: Our study found that METS-IR index had a significant positive association with the prevalence of periodontitis.
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Participants aged over 20 years old from the 2013-2015 KNHANES
(n=17,780)

Excluded:
: With missing data on oral
© examination (n=3,044)

—» METS-IR index (n=2,544) :
i Past history of DM (n=1,604) |
. Past history of dyslipidemia :
¢ (n=2,296) :

Study population
(n=10,807)

METS-IR index quartiles |

Quartile 1 (n=2,704) |

Quartile 2 (n=2,700) |

Quartile 3 (n=2,704) |

Quartile 4 (n=2,699) |

Figure 1. Flow chart of study population selection. KNHANES, Korea
National health and Nutrition Examination Survey; METS-IR, Metabolic
Score for Insulin Resistance; DM, diabetes mellitus.
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Table 1. Baseline characteristics of the study population according to METS-IR index quartiles

) METS-IR index
Variable P-value
Q1 (<2.13) Q2 (2.13-2.25) Q3 (2.25-2.40) Q4 (>2.40)

Unweighted 2,704 2,700 2,704 2,699
Age (y) 41.6+14.7 46.6£154 50.1+15.2 50.7+15.0 <0.001
Male sex 26.5(1.1) 453(1.2) 58.6(1.1) 72.4(0.9) <0.001
BMI (kg/m?) 212424 23.0+2.8 243+29 259134 <0.001
Waist circumference (cm) 72.847.3 785482 82.748.2 87.748.6 <0.001
SBP (mmHg) 110.2+£14.8 115.0+16.4 118.5+£16.4 121.2+15.6 <0.001
DBP (mmHg) 71.84£9.2 74.1£9.9 76.0£10.2 78.2£10.7 <0.001
FPG (mg/dL) 89.7+7.9 93.149.6 96.3%£13.1 100.9+21.9 <0.001
Total cholesterol (mg/dL) 187.2431.1 188.4+33.8 190.3£34.1 190.74£35.0 <0.001
Triglyceride (mg/dL) 68.7£29.2 95.6+41.0 126.7+£54.2 221.3+1441 <0.001
HDL-C (mg/dL) 66.749.1 54.615.6 47148 38554 <0.001
Current smoking 12.6 (0.8) 214(1.0) 229(1.1) 36.1(1.1) <0.001
Regular exercise 41.8(1.3) 41.0(1.2) 41.0(1.2) 37.1(1.2) 0.027
Regular drinking 22.8(1.0) 25.4(1.1) 23.5(1.1) 277 (1.2) 0.005
Hypertension 1(0.6) 15.4(0.8) 22.3(0.9) 286(1.1) <0.001
Brushing before sleep 55.1 (1 2) 51.7(1.2) 46.0(1.2) 450(1.2) <0.001
Use of dental floss 32.1(1.1) 255(1.1) 21.2(1.0) 16.9(0.9) <0.001
Use of interdental brush 23.2(0.9) 22.9(1.0) 21.7(1.0) 20.0 (1.0 0.072
Current oral examination 33.7(1.2) 285(1.1) 31.4(1.2) 29.8(1.1) 0.006

Values are expressed as number only or meantstandard deviations for continuous variables and number (%) for categorical variables.
METS-IR, Metabolic Score for Insulin Resistance; Q, quartile; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glu-

cose; HDL-C, high-density lipoprotein cholesterol.

Table 2. Odds ratios and 95% confidence intervals for higher incidence of periodontitis (CPI>3) according to METS-IR quartiles

METS-IR index
Model
Q1 Q2 Q3 Q4 P for trend
Model 1 1 (reference) 1.61(1.37-1.90) 2.37(2.03-2.77) 2.89 (2.45-3.41) <0.001
Model 2 1 (reference) 1.18 (1.00-1.42) 1.39(1.15-1.69) 1.54 (1.25-1.91) <0.001
Model 3 1 (reference) 1.13(0.92-1.39) 1.31(1.05-1.63) 1.39(1.10-1.77) 0.031
Model 4 1 (reference) 1.15(0.93-1.42) 1.30 (1.04-1.62) 1.39 (1.09-1.77) 0.044

Values are presented as odds ratio (95% confidence interval).

CPI, Community Periodontal Index; METS-IR, Metabolic Score for Insulin Resistance; Q, quartile; BMI, body mass index.
Model 1: Unadjusted. Model 2: Adjusted for age, sex, and BMI. Model 3: Adjusted for age, sex, BMI, current smoking, regular drinking, regular exercise, and hyperten-
sion. Model 4: Adjusted for age, sex, BMI, current smoking, regular drinking, regular exercise, hypertension, brushing before sleep, and use of floss.

2HIE, 123 A &
ZHAHE A9 Batghke Q4°ﬂ*1 & ROITHQIL 66.7+9.1 mg/dL
vs. Q4 38.5%5.4 mg/dL, P<0.001). A SAAe] v (EZHAD
QI-Q4ol1A Z¥ZF 12.6% (0.8), 21.4% (1.0), 22.9% (1.1), 36.1% (1.1)=
FoJgt AFolE HH oM (P<0.001), F714 5 Aot A
HS(EZHADLS QoA 41.8% (1.3), Q4ollA 37.1% (1.2)E QIolA
o EQeH(P=0.027). F71F 0.2 SF5t= AFe] Hl&L QI
QoA FrofshA B =L, T8} FHEEEEEAD) E3F QI 8.1%
0.6)°1 HIsto] Q4 28.6% (1.)E K22 ZpolE HFTH(P<0.001). 5
A FAEste AT AY AHES Sk AR HlE(REHAY)
< QoA 22 55.1% (1.2)9F 32.1% (LDZ Q40149 B &2 45.0%
(1.2} 16.9% (0.9%th 247} -2l &2 HlE= YERH: A3t
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1.54 (1.25-1.9DE oI5t Ato]S BATHP<0.001). 2E 29 B gk
of tfe @A & ofF, FAH 5, F71AA FF oF 2 1
U= BT 29 3004 2 =H]= QIO tiste] Q2 1.13 (0.92-
1.39), Q32 1.31 (1.05-1.63), Q4+ 1.39 (1.10-1.77)F .25 (P=0.031), =
9 39] BAof| Bl F3 A FAE o7} A ARG o F 7] B
e 2d 4004 Q1L 7|ECE o @ ZH)E= 2olA 1.15 (0.93-
1.42), Q39141 1.30 (1.04-1.62), Q401141 1.39 (1.09-1.79)% F-2Ju|gt
Aol HATHP=0.044). A FA|, A7 3l& AHE ol 11211 ]
< 19 o] A1 of o] w2 519 T1F £4] 2= Table 39]
et A GAo] whE 6k9] IF F A8 IA ol dF(over
the age threshold)oA] & 194 QI 7|&0.2 g 2 ZH|& Qo]
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Al 1.23 (0.99-1.54), Q39141 1.46 (1.17-1.81), Q49141 1.71 (1.38-2.13)
oStk S-S B HAR B9 404 QI VISl E P o2
H]E Q2004 1.14 (0.87-1.49), Q30014 1.15 (0.87-1.52), Q4°lA4] 1.22
0.92-1.62)%At. ¥ HA] vt T35 (under the age threshold)ol4] QI
of gt @ =H]= QoA 1.36 (1.04-1.79), Q3°MA] 2.07 (1.59-2.70),
Q4014 2.54 (1.95-3.3D U EHHSE 5 BT 29 4004 QI
Z 7|50 2 g @ ZH|E Q2014 1.09 (0.80-1.49), Q394 1.41
(1.01-1.98), Q4141 1.56 (1.06-2.28)°] ATt

A7k A& ARG ofFof] T 5H9] T A0 AT AEE A
8ot= 159 B 1914 Qiofl Hgh @ 2Hj= Q2 1.56 (1.09-2.23),
Q3 2.05 (1.43-2.92), Q4 2.34 (1.65-3.3)& K3t A5 Hlou

Table 3. Odds ratios and 95% confidence intervals for higher incidence of periodontitis (CPI>3) according to METS-IR quartiles with the subgroup

analyses
Model 1 Model 2 Model 3 Model 4
Age threshold
Over the age threshold
Q1 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Q2 1.23(0.99-1.54) 1.15(0.91-1.44) 1.09 (0.84-1.42) 1.14(0.87-1.49)
Q3 1.46 (1.17-1.81) 1.23(0.97-1.56) 1.14(0.87-1.50) 1.15(0.87-1.52)
Q4 1.71(1.38-2.13) 1.34 (1.05-1.72) 1.20(0.91-1.59) 1.22 (0.92-1.62)
Under the age threshold
Q1 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Q2 1.36 (1.04-1.79) 1.18 (0.88-1.57) 1.11(0.82-1.52) 1.09 (0.80-1.49)
Q3 2.07 (1.59-2.70) 1.58 (1.17-2.12) 1.45 (1.04-2.03) 1.41(1.01-1.98)
Q4 2.54(1.95-3.31) 1.85(1.31-2.60) 1.59 (1.08-2.34) 1.56 (1.06-2.28)
Use of interdental brush
Yes
Q1 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Q2 1.56 (1.09-2.23) 1.15(0.78-1.70) 1.08 (0.71-1.63) 1.04 (0.68-1.57)
Q3 2.05(1.43-2.92) 1.19(0.78-1.80) 1.18 (0.75-1.86) 1.13(0.71-1.78)
Q4 2.34(1.65-3.33) 1.37 (0.88-2.14) 1.38 (0.85-2.25) 1.31(0.80-2.15)
No
Q1 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Q2 1.61(1.35-1.93) 1.17 (0.96-1.42) 1.16 (0.93-1.44) 1.20 (0.96-1.50)
Q3 2.42 (2.02-2.89) 1.39(1.12-1.73) 1.35(1.05-1.73) 1.35(1.05-1.74)
Q4 3.04 (2.52-3.66) 1.55(1.23-1.95) 1.41(1.09-1.82) 1.43(1.10-1.86)
Current oral examination within 1 year
Yes
Q1 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Q2 1.60(1.19-2.16) 1.16 (0.84-1.61) 1.08 (0.76-1.54) 1.11 (0.78-1.58)
Q3 2.62 (1.95-3.52) 1.46 (1.03-2.07) 1.29(0.87-1.90) 1.28 (0.86-1.90)
Q4 3.37(2.51-4.52) 1.67 (1.16-2.42) 1.47 (0.98-2.20) 1.50 (1.00-2.25)
No
Q1 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Q2 1.58 (1.30-1.92) 1.14(0.92-1.42) 1.15(0.91-1.45) 1.17 (0.92-1.48)
Q3 2.21(1.82-2.68) 1.29 (1.03-1.61) 1.32 (1.03-1.69) 1.31(1.02-1.69)
Q4 2.69 (2.20-3.29) 1.44(1.13-1.83) 1.36 (1.04-1.77) 1.35(1.02-1.77)

Values are presented as odds ratio (95% confidence interval).

CPI, Community Periodontal Index; METS-IR, Metabolic Score for Insulin Resistance; Q, quartile; BMI, body mass index.

Model 1: Unadjusted. Model 2: Adjusted for age, sex, and BMI. Model 3: Adjusted for age, sex, BMI, current smoking, regular drinking, regular exercise, and hyperten-

sion. Model 4: Adjusted for age, sex, BMI, current smoking, regular drinking, regular exercise, hypertension, brushing before sleep, and use of floss.
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Figure 2. The association between proportion of periodontitis and
METS-IR index quartiles in Korean population. METS-IR, Metabolic
Score for Insulin Resistance. ***P<0.001.
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