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ABSTRACT

Objectives: We sought to evaluate the mitigating effect of using floss and interdental brushes
on periodontal health inequality. Methods: This study was based on data acquired from the
Seventh Korea National Health and Nutrition Examination Survey (KNHANES VII; 2016-2018). We
included 11,359 participants aged =19 years in the final analysis. Multivariable logistic regression
analysis was performed using socioeconomic characteristics, health behavior, health status, and
periodontitis status. We analyzed differences in the prevalence of periodontitis according to
household income stratified by the use of floss and interdental brush. Results: In the multivariable
logistic regression model, the lowest income group had 1.304 (95% confidence interval [CI]
1.08-1.58) odds ratios for periodontitis than the highest income group. In the interdental brush
nonusers or floss nonusers, the lowest income group had significantly higher odds of developing
periodontitis. However, we found no significant differences in the periodontitis prevalence between
the income groups among the interdental brush users. In the 65-year-old or older group, the same
result was observed in the interdental brush and floss users. Conclusions: The results suggest that

the use of floss and interdental brushes could alleviate periodontal health inequality.

Key Words: Dental floss, Interdental brush, KNHNES, Periodontal health inequality,
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Table 1. Prevalence of periodontitis according to participants’ general characteristics [12]

Characteristics Division Total Periodontitis (CPI 34 P
Yes No

All 11,359 (100.0) 3,529 (30.4) 7,830 (69.6)

Sex Male 4,984 (42.3) 1,884 (37.2) 3,100 (62.8) <0.001
Female 6,375 (57.7) 1, 645 (25.3) 4,730 (74.7)

Age (yrs) 19-24 799 ( 7.5) 25( 3.5) 774(96.5)  <0.001
25-34 1,406 (12.5) 108 (7.4) 1,298 (92.6)
35-44 2,197 (18.6) 437 (18.8) 1,760 (81.2)
45-54 2,201 (19.7) 745 (33.2) 1,456 (66.8)
5564 2,215 (19.9) 988 (43.5) 1,227 (56.5)
65-74 1,626 (14.1) 778 (47.2) 848 (52.8)
=75 915( 7.7) 448 (49.5) 467 (50.5)

Household income Lowest 1,982 (17.1) 861 (43.0) 1,121 (57.0) <0.001
Middle low 2,745 (23.8) 954 (34.1) 1,791 (65.9)
Middle high 3,240 (28.4) 900 (27.2) 2,340 (72.8)
Highest 3,392 (30.7) 814 (23.3) 2,578 (76.7)

Education <Elementary school 2,083 (17.6) 1,042 (49.9) 1,041 (50.1) <0.001
Middle school 1,094 ( 9.8) 481 (44.5) 613 (55.5)
High school 3,749 (33.7) 1,075 (27.7) 2,674 (72.3)
>University or college 4,433 (38.9) 931 (20.2) 3,502 (79.8)

Smoking Current smoker 2,026 (17.2) 863 (41.9) 1,163 (58.1) <0.001
Ex-smoker 2,139 (18.2) 849 (39.6) 1,290 (60.4)
Non-smoker 7,194 (64.6) 1,817 (24.7) 5,377 (75.3)

Toothbrushing frequency <1/day 1,073 ( 8.9) 470 (44.3) 603 (55.7)  <0.001
2/day 4,372 (38.4) 1,488 (33.6) 2,884 (66.4)
=>3/day 5,914 (52.8) 1,571 (25.7) 4,343 (74.3)

Dental floss use No 8,562 (75.0) 3,010 (34.5) 5,552 (65.5) <0.001
Yes 2,797 (25.0) 519 (18.0) 2,278 (82.2)

Interdental bursh use No 9,169 (80.6) 2,996 (32.2) 6,173 (67.8) <0.001
Yes 2,190 (19.4) 553 (22.6) 1,657 (77.4)

Dental clinic visit No 4,716 (41.6) 1,500 (31.2) 3,216 (68.8) 0.180
Yes 6,643 (58.4) 2,029 (29.8) 4,614 (70.2)

Diabetes Normal 7,267 (64.9) 1,738 (23.8) 5,529 (76.2) <0.001
Impaired fasting glucose 2,711 (23.4) 1,070 (37.6) 1,641 (62.4)
Diabetes 1,381 (11.6) 721 (52.1) 660 (47.9)

Hypercholesterolemia Normal 8,833 (77.6) 2,572 (28.4) 6,261 (71.6) <0.001
Abnormal 2,526 (22.4) 957 (37.2) 1,569 (62.8)

Hypertension Normal 5,108 (45.6) 1,063 (20.1) 4,045 (79.9) <0.001
Prehypertension 2,748 (24.3) 902 (32.2) 1,846 (67.8)
Hypertension 3,503 (30.1) 1, 564 (44.4) 1,939 (55.6)

Obesity Underweight 413 ( 3.6) 77 (16.4) 336 (83.6) <0.001
Normal 7,019 (62.8) 1,992 (28.0) 5,027 (72.0)
Obese 3,927 (33.6) 1,460 (36.4) 2,467 (63.6)

Data are presented as unweighted number (weighted %).
"by complex samples crosstabs
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Table 2. Distribution of the floss and interdental brush use based on participants’ general characteristics [12]

.. . Dental floss * Interdental brushing .
Characteristics Division
User Nonuser User Nonuser
All 2, 797 (25.0) 8,562 (75.0) 2, 190 (19.4) 9,169 (80.6)
Sex Male 44 (19.0) 4,040 (81.0) <0.001 46 (17.0) 4,138 (83.0) <0.001
Female 1, 853 (29.4) 4,522 (70.6) 1, 344 (21.1) 5,031 (78.9)
Age (yrS) 19-24 157 (18.9) 642 (81.1) <0.001 151 (18.8) 648 (81.2) <0.001
25-34 539 (38.1) 867 (61.9) 438 (31.1) 968 (68.9)
3544 854 (40.3) 1,343 (59.7) 598 (27.3) 1,599 (72.7)
45-54 592 (27.9) 1,609 (72.1) 448 (20.5) 1,753 (79.5)
55-64 428 (19.6) 1,787 (80.4) 297 (13.9) 1,918 (86.1)
6574 177 (10.9) 1,449 (89.1) 176 (10.6) 1,450 (89.4)
>75 50 (5.0)  865(95.0) 82(9.4)  833(90.6)
Education <Elementary school 126 (6.1) 1,957(93.9) <0.001 181 (8.6) 1,902 (91.4) <0.001
Middle school 132 (12.0) 962 (88.0) 135 (11.6) 959 (88.4)
High school 862 (23.0) 2,887 (77.0) 745(19.8) 3,004 (80.2)
=University or college 1,677 (38.6) 2,756 (61.4) 1,129 (25.8) 3,304 (74.2)
Household income Lowest 214 (11.6) 1,768 (88.4) <0.001 231 (11.8) 1,751 (88.2) <0.001
Middle low 615(22.4) 2,130 (77.6) 494 (18.9) 2,251 (81.1)
Middle high 894 (27.9) 2,346 (72.1) 658 (19.8) 2,582 (80.2)
Highest 1,074 (31.8) 2,318 (68.2) 807 (23.5) 2,585 (76.5)
Smoking Current smoker 374(19.2) 1,652 (80.8) <0.001 398 (20.0) 1,628 (80.0) 0.012
Ex-smoker 451 (21.1) 1,688 (78.9) 351(16.7) 1,788 (83.3)
Non-smoker 1,972 (27.6) 5,222 (72.4) 1,441 (19.9) 5,753 (80.1)
Toothbrushing frequency ~ <1/day 100(9.8)  973(90.2) <0.001 103 (9.1) 970 (90.9) <0.001
2/day 876 (20.2) 3,496 (79.8) 686 (16.0) 3,686 (84.0)
>3/day 1,821 (31.0) 4,093 (69.0) 1,401 (23.6) 4,513 (76.4)
Dental clinic visit No 921 (19.6) 3,795 (80.4) <0.001 808 (16.7) 3,908 (83.3) <0.001
Yes 1,876 (28.8) 4,767 (71.2) 1,382 (21.2) 5,261 (78.8)
Diabetes Normal 2,085(29.0) 5,182 (71.0) <0.001 1,502 (20.7) 5,765 (79.3) <0.001
Impaired fasting glucose 539 (19.8) 2,172 (80.2) 473(17.1) 2,238 (82.9)
Diabetes 173 (13.1) 1,208 (86.9) 215(16.5) 1,166 (83.5)
Hypercholesterolemia Normal 2,285 (26.3) 6,548 (73.7) <0.001 1, 743 (19.9)  7,090(80.1) 0.032
Abnormal 512 (20.5) 2,014 (79.5) 447 (17.6) 2,079 (82.4)
Hypertension Normal 644 (32.6) 3,464 (67.4) <0.001 1,122 (22.1) 3,986 (77.9) <0.001
Prehypertension 627 (23.00 2,121 (77.0) 555 (20.2) 2,193 (79.8)
Hypertension 526 (15.1) 2,977 (84.9) 513 (14.6) 2,990 (85.4)
Obesity Underweight 149 (37.8) 264 (62.2) <0.001 93 (23.5) 320(76.5)  0.015
Normal 1,844 (26.6) 5,175 (73.4) 1,292 (18.5) 5,727 (81.5)
Obese 804 (20.6) 3,123 (79.4) 805 (20.5) 3,122 (79.5)

Data are presented as unweighted number (weighted %).

"by complex samples crosstabs
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Table 3. Multivariable association between use of floss and interdental brush and periodontitis [12]

. . Model 1 Model 2 Model 3
Variables Division
OR (95% CI) OR (95% CI) OR (95% CI)
Dental floss use Nonusers 1.518M(1.322-1.742) 1.462w(1.268-l.685) 1.424”*(1.233-1.643)
Users Reference Reference Reference
Interdental brushuse ~ Nonusers 1.058 (0.923-1.212) 1.056 (0.920-1.212) 1.090 (0.950-1.251)
Users Reference Reference Reference

Data are presented as OR (95% CI). OR: odds ratio; CI: confidence interval, p<0.05, p<0.01,  p<0.001

Response variable: Periodontitis. Model 1 was adjusted to socioeconomic status variables (sex, age, education levels, household
income). Model 2 was additionally adjusted to personal health practice variables (smoking, toothbrushing, dental clinic visit).
Model 3 was additionally adjusted to systematic medical factor variables (diabetes mellitus, hypercholesterolemia, hypertension,

obesity)
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Table 4. Multivariable association between household income and periodontitis in the entire sample, stratified by use of

floss or interdental brush and age

Dental floss use Interdental brush use
. Total

Division (N=11,359) Users Nonusers Users Nonusers

’ (N=2,797) (N=8,562) (N=2,190) (N=9,169)
Model 1
Low 14577(1.206-1.762)  1.797 (1.1982.695) 1.426  (1.167-1.743)  1.165(0.716-1.894) 1.514" (1.230-1.863)
Middle low 1.3717(1.169-1.608)  1.038 (0.744-1.449) 1.4417(1.212-1.715)  1.393 (0.984-1.971) 1.368"(1.153-1.625)
Middle high 1.184° (1.030-1.361)  1.091 (0.818-1.455) 1.215 (1.029-1.436)  0.969 (0.712-1.319) 1.224" (1.047-1.431)
High Reference Reference Reference Reference Reference
Model 2
Low 1.3457(1.112-1.626)  1.7497(1.1742.605) 1.330" (1.085-1.631) ~ 1.086 (0.658-1.792) 1.395  (1.133-1.718)
Middle low 1.3037(1.112-1.527)  0.977 (0.704-1.356) 1.387 (1.165-1.651)  1.362(0.953-1.948) 1.297 (1.094-1.539)
Middle high 1.145 (0.995-1.317)  1.041 (0.776-1.395) 1.183" (1.001-1.398)  0.985 (0.721-1.345) 1.179" (1.007-1.381)
High Reference Reference Reference Reference Reference
Model 3
Low 1.3047(1.077-1.578)  1.7407(1.151-2.629) 1.285 (1.048-1.576)  1.017 (0.616-1.679) 1361 (1.105-1.676)
Middle low 1.2917(1.101-1.515)  0.964 (0.696-1.336) 1.3727°(1.151-1.635)  1.309 (0.911-1.880) 1.296 (1.091-1.539)
Middle high 1.142 (0.991-1.315)  1.033 (0.770-1.386) 1.179 (0.994-1.397)  0.963 (0.703-1.319) 1.179" (1.005-1.383)
High Reference Reference Reference Reference Reference
Model 3 (19-34 years group)
Low 1.360 (0.545-3.392)  2.133 (0.858-5.255) 1.073 (0.333-3.457)  1.380(0.342-5.567) 1.264 (0.480-3.327)
Middle low 1.497 (0.830-2.700)  1.280 (0.515-3.180) 1.5568 (0.813-3.024)  1.713(0.594-4.938) 1.416 (0.749-2.674)
Middle high 1.380 (0.805-2.365)  0.793 (0.349-1.801) 1.643 (0.900-3.001)  1.112 (0.474-2.606) 1.348 (0.721-2.519)
High Reference Reference Reference Reference Reference
Model 3 (35-64 years group)
Low 1.363 (1.050-1.770)  1.697 (1.006-2.862) 1.326 (0.999-1.760)  1.132 (0.610-2.100) 1.432" (1.075-1.908)
Middle low 1.212° (1.010-1.454)  0.905 (0.637-1.284) 1.300° (1.057-1.599)  1.096 (0.718-1.672) 1.244" (1.020-1.517)
Middle high 1.071 (0.919-1.248)  1.014 (0.727-1.415) 1.097 (0.912-1.319)  0.825(0.572-1.189) 1.133 (0.953-1.347)
High Reference Reference Reference Reference Reference
Model 3 (=65 years group)
Low 1.460° (1.037-2.056)  2.408 (0.878-6.608) 1.414 (0.989-2.022)  1.369 (0.542-3.459) 1.459" (1.017-2.095)
Middle low 1.501° (1.064-2.116)  1.259 (0.451-3.509) 1.530° (1.052-2.225)  2.386 (0.950-5.990) 1.419 (0.980-2.054)
Middle high 1.390 (0.963-2.008)  1.443 (0.522-3.988) 1.378 (0.922-2.058)  1.827 (0.731-4.565) 1.328 (0.890-1.981)
High Reference Reference Reference Reference Reference

Data are presented as OR (95% CI). OR: odds ratio; CI: confidence interval, p<0.05, p<0.01, ~ p<0.001

Response variable: Periodontitis. Model 1 was adjusted for socioeconomic status variables (sex, age, education levels). Model 2
was additionally adjusted for health behavior variables (smoking, toothbrushing, dental clinic visit, use of floss or interdental
brush). Model 3 was additionally adjusted for health status variables (diabetes mellitus, hypercholesterolemia, hypertension,
obesity).
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