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ABSTRACT

Objectives: The purpose of the study is to investigate the relationship between the number of remaining
teeth and bone health status among adults over 65 years old. Methods: The study subjects were 1,843 adults
over 65 years old drawn from the Korea National Health and Nutrition Examination Survey (KNHANES)
in 2008-2010. Oral health status included the number of remaining teeth, and prosthetic appliance status. Bone
health statuses were assessed using dual-energy X-ray absorptiometry (DEXA). Bone health statuses were
classified into normal (T-score > -1.0), osteopenia (-2.5 < T-score < -1.0), and osteoporosis (T-score <
-2.5). Complex samples chi-square test was used to estimate the relationship between the number of remai-
ning teeth and bone health status, and related factors included in the model were analyzed with the complex
samples logistic regression analysis. Results: Using the multinomial logistic regression analytic method, the
elderly having 20 or more remaining teeth and those having less than 20 remaining teeth with prosthesis
were compared. The latter group had 1.89 times higher rate of being diagnosed as having osteoporosis.
Conclusions: This study suggests that oral health is an important factor for geriatric osteoporosis.
Therefore, in order to prevent fractures due to osteoporosis and osteoporosis in old age, it is necessary to be
aware of the relationship between oral health and osteoporosis, and oral health should be considered when
preparing preventive management strategies.
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Table 1. Characteristics of study subjects

Characteristics Division N (%)

Oral health status <20 Teeth without prosthesis 61 (4.0)
<20 Teeth with prosthesis 926 (49.7)
=20 Teeth 856 (46.3)

Bone health status Normal 302 (16.3)
Osteopenia 845 (44.9)
Osteoporosis 696 (38.8)
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Table 2. General characteristics of subjects by the number of remaining teeth, and prosthetic appliance status
<20 Teeth W}thout <20 Teeth wr[h >20Teeth  Total (%) P
prosthesis prosthesis
Age, year 76.83+6.73 73.18+5.48  70.73+4.69 <0.001"
Gender Male 33 (4.6) 379 (47.1) 394 (48.3) 806 (100.0) 0.270
Female 28 (3.6) 547 (51.7) 462 (44.7) 1037 (100.0)
Education level < Primary school 55(5.1) 729 (55.5) 522 (39.4) 1306 (100.0)  <0.001
2=Middle school 6(1.9) 197 (36.7) 334 (61.5) 537(100.0)
Employment status Economic activity 17 (2.5) 363 (52.0) 321 (45.5) 701 (100.0) 0.121
Not economic activity 44 (4.8) 563 (48.6) 535 (46.6) 1142 (100.0)
Smoking Never smoker, Ex-smoke 47(3.9) 762 (46.7) 776 (49.4) 1585(100.0)  <0.001
Current smoker 14 (4.7) 164 (66.9) 80 (28.4) 258 (100.0)
Alcohol drinking Non 35(4.6) 536 (52.8) 406 (42.5) 977 (100.0) 0.152
Moderate 11(3.3) 182 (46.7) 211(50.0) 404 (100.0)
Heavy 15(3.5) 208 (46.1) 239(50.4) 462 (100.0)
Energy intake (kcal/day) <2,000 keal, <1,600 kcal 49 (4.7) 639 (51.3) 566 (44.0) 1254 (100.0) 0.032
22,000 kcal, =1,600 kcal 12 (2.6) 285 (46.1) 290 (51.3) 587 (100.0)
Experience of dental No 54 (4.4) 789 (51.2) 687 (44.4) 1530 (100.0) 0.041
examination for the last 1 year
Yes 7(2.6) 137 (43.8) 169 (53.6) 313 (100.0)
Brushing frequency 0-1 27 (6.8) 266 (53.4) 196 (39.8) 489 (100.0) 0.002
2< 34(3.1) 660 (48.4) 660 (48.5) 1354 (100.0)
Use of oral care products Not used 554.3) 819 (52.5) 668 (43.1) 1542(100.0)  <0.001
Used 6(2.7) 107 (36.0) 188 (61.3) 301 (100.0)
The values are presented as N (%) or Mean+SD
*by chi-square test (taking into account complex sampling design)
Tby ANOVA (taking into account complex sampling design)
Table 3. General characteristics of subjects by bone health status
Normal Osteopenia  Osteoporosis ~ Total (%) p*
Age, year 69.93+4.39 71.49+5.00  73.96+5.71 <0.001"
Gender Male 271 (33.9) 439 (53.9) 96 (12.2) 806 (100.0) <0.001
Female 31(25) 406 (37.8) 600 (59.7) 1037 (100.0)
Education level < Primary school 122 (9.0) 573 (42.5) 611 (48.5) 1306 (100.0) <0.001
=Middle school 180 (32.7) 272 (50.1) 85(17.2) 537 (100.0)
Employment status Economic activity 139 (23.6) 338 (44.2) 224(32.3) 701 (100.0) <0.001
Not economic activity 163 (13.1) 507 (45.2) 472 (41.7) 1142 (100.0)
Smoking Never smoker, Ex-smoke 252 (16.0) 708 (43.7) 625 (40.3) 1585(100.0)  0.043
Current smoker 50 (18.3) 137 (51.8) 71(29.9) 258 (100.0)
Alcohol drinking Non 98 (9.8) 412 (40.1) 467 (50.1) 977 (100.0) <0.001
Moderate 65 (14.5) 193 (48.2) 146 (37.4) 404 (100.0)
Heavy 139 (30.6) 240 (51.2) 83 (18.2) 462 (100.0)
Energy intake (kcal/day)  <2,000 keal, <1,600 kcal 176 (13.7) 569 (44.4) 509 (41.8) 1254 (100.0) <0.001
=2,000 kcal, =1,600 kcal 126 (22.2) 275 (45.8) 186 (31.9) 587 (100.0)

The values are presented as N (%) or MeantSD
*by chi-square test (taking into account complex sampling design)
Thy ANOVA (taking into account complex sampling design)
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Table 4. Association of bone health status with the number of remaining teeth, and prosthetic
appliance status: Simple logistic regression analysis

<20 teeth without prosthesis <20 teeth with prosthesis
vs 220 teeth vs 220 teeth
OR (95% CI) OR (95% CI)
Normal 1.0 1.0
Osteopenia 2.23 (0.84-5.90) 1.49 (1.07-2.08)*
Osteoporosis 3.76 (1.56-9.05)** 2.57 (1.77-3.75)***

*p<0.05, **p<0.01, ***p<0.001 by simple logistic regression analysis
OR: odds ratio, CI: confidence interval
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Table 5. Association of bone health status with the number of remaining teeth, and prosthetic
appliance status: multinomial logistic regression analysis

<20 teeth without <20 teeth with <20 teeth without <20 teeth with
prosthesis prosthesis prosthesis prosthesis
vs =20 teeth vs =20 teeth vs =20 teeth vs 220 teeth
Adjusted” Adjusted”
OR (95%CT) OR (95%CI)
Normal 1.0 1.0 1.0 1.0
Osteopenia 1.58 (0.45-5.56) 1.28 (0.89-1.83) 1.64 (0.44-6.07) 1.29 (0.90-1.85)
Osteoporosis 2.05 (0.70-5.99) 1.87 (1.19-2.94)**  2.00 (0.65-6.09) 1.89 (1.20-2.95)**

*p<0.05, ¥**p<0.01, ***p<0.001 by multinomial logistic regression analysis

OR: odds ratio, CI: confidence interval

Adjusted”: General characteristics (Age, Gender, Education level, Employment status, Smoking, Alchol drinking, Energy intake)
Adjusted”: General characteristics + Oral health behavior (Experience of dental examination for the last 1 year, Brushing
frequency, Use of oral care products)
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