Bone turnover markers and periodontal disease
A Yoshihara et of

178

Normal corntex
ch

Mildly to
moderately eroded
cortex (C2)

Severely eroded
coriex (C3)

Figure 1 Mandibular inferior cortex classification (MIC) on dental
panoranuc radiographs

First-, second- and third percentiles were computed.
S-0C, S-BAP, and U-DPD were evaluated by analysis of
covariance (ANCOVA) adjusted for smoking habit (0:
no, 1: past or current). In addition, correlations among
S-OC, S-BAP, U-DPD. mean PPD, mean CAL and
6+~ mm CAL were evaluated using partial correlation

Table 1 Companson of selected charactenstics according 1o MIC of each

coefficients adjusted for gender. Finally, the multiple
linear regression analysis was used to idenufy
independent predictors of 6+ mm CAL. Gender (0:
males, 1: females). the number of remaining teeth, S-OC,
smoking habit (0: no, 1: past or current), MIC (Cl,
reference), MIC (C2, dummy), and MIC (C3, dummy)
were used as independent variables. In this analysis,
S5-0C, S-BAP, and U-PD are strongly correlated with
each other. Therefore, we selected S-OC because 5-0C is
most strongly correlated in the percentage of sites with
6+ mm CAL.

All calculations and statistical analyses were per-
formed using the STATA™ software package (Stata-
Corp.. College Station. TX. USA). A P-value <0.050
was considered statistically significant

Results

The percentage of subjects with MIC C1, C2, and C3
were 65.8%, 32.9%, and 1.3% for males and 11.3%.
54.8%, and 33.9% for females, respectively. The per-
centage of subjects with C2 and C3 was significantly
higher in females than in males (P < 0.001, Fisher's
exact probability test).

Characteristics of subjects are shown in Table 1
S-OC had significantly higher (males: P = 0.038,
females: P = 0.041) tendency for MIC Class (ANO-
VA). Table 2 shows differences in the distribution of
bone turnover markers according to the percentage of
sites with 6+ mm CAL per person. S-OC was signif-
icantly lower in the third tertile than in the first and
second tertile adjusted for smoking habit (males:
P = 0.007, females: P = 0,042, ANCOVA).

Partial correlation coefficients among bone metabo-
lism markers and periodontal disease markers are shown
in Table 3. There was a significant negative relationship
between mean CAL and §S-OC (r = =0.26, P = 0.002).

Males fn = 79)

MIC Class

Clfn= 352 C2f{n= 26) Cifn=1]
Mean Mean Mean
Variables or % 5., or % s.d. or % 5.
% of sites with 10.8 13.2 13.7 14.1
> 6 mmCAL
CAL (mm 3.7 1.0 18 0.9
PPD (mm 2.2 05 22 0.4
Number of remaining 19.5 78 15,5 19
teeth
Smoking habit (% 820 £0.0
S5-0C (ng/ml) 6.3 28 78 33
S-BAP (1L4) 21.3 5.6 243 8.2
U-DPD (nMmM*Cr 43 1.2 45 09

gender
Females (n a9
MIC Class
Clfn=7) C:fn=234 Cifn=2]
Mean Mean Mean
P value" or % 5. or % gl or % s.4d. P value®
0.340 19 5.2 10.7 17.0 58 7.2 0.673
0.620 27 0.7 id 14 i4 0.8 0.246
0.781 20 04 23 0.6 2.1 0.5 0.908
0,059 213 1.6 18.7 8.1 169 10.1 0.146
0.807 0.0 13 5.0 0473
0.038 8.0 1.2 9.3 32 10,3 28 0.041
0.059 25.7 6.9 27.5 10.5 0.9 10.7 0.172
0,496 6.3 0.8 6.5 1.4 6.8 1.8 0.307

CAL, mean clinical attachment level; PPD, mean probing pocket dept: S-OC, serum osteocalcin; S-BAP, serum bone-specific alkaline phosphatase;
U-DPD. unnary deoxypyndinohine: MIC Class, Mandibular inferior cortex classificalion

“P value was obtained by ANOVA
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Table 2 Bone markers of subjects according to attachmem level
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Males (% of sites with 6 mm attachment

Females (% of sites with 6 mm attachment

level ) level )
First Second Third First Second Third
fn= l6} fn=231) fn=29) P value” fn= 28 fm = M) (fn = 16) P value®
Mean (SD) 0.5 (0.6) 4.3 (2.1) 25.1 (11.5) 0.3 (0.5) 43(24) 24.7(154)
S-0C (nginl) 8.5(4.5 6.8 (2.7) 5T(1.8) 0.007 0.9(2.8) 9.3(24) 9.1 (3.5) 0.042
S-BAP (L) 22.2(59) 233 (74) 211 (6.2) 0.212 29.3 (10.8) 289 (8.1) 2740112 0.752
U-DPD (nMmaM*Cr) 48 (1.0) 44(1.2) 40010 0,055 6.6 (1.4) 6.8(1.4) 6.3 (1.7) 0.664
5-0C, serum osteocalcin; S-BAP, serum bone-specific alkaline phosphatase: U-DPD, unnary deoxypyridinoline.
"ANCOVA adjusted for smoking habit
Table 3 Correlation of 5-OC, S-BAP, U-D-
PD and penodontal disease markers using % of sites
partial correlation coelficient adjusted for with 6 mm
gender PFPD CAL attachment level S-0C S-BAP U-DPD
PPD
" 1.00
P value
CAL
" 0.51 1.00
P value <0.001
% of sites with 2 6 mm attachment level
r 0.52 0.85 1.00
P value <0.001 <0.001
S-0C
£ -0.05 -0.26 =029 1.00
P value 0.581 0.002 <0001
S-BAP
" -0.03 -0.14 =0.17 0.49 1.00
F value 0.701 0,108 0052 <0.001
U-DPD
E 0.02 -0.17 =022 0.56 0.58 1.00
P value 0.800 0.057 0.011 <0.001 <0.001

Table 4 The relationship between % of sites

with > 6 mm attachment level and con-

PPD, mean probing pocket depth; CAL, mean clinical attachment level: §-OC., serum osteocalein;

S5-BAP, scrum bone-specific alkaline phosphatase; U-DPD, urinary deoxypyridinoline.

*Partial correlation coefficient adjusted for gender.

founding factors by multiple regression anal-

ysis

Independent variables

Number of remaining teeth

5-0C (ngml)

Smoking habit (0: no, 1:

past or current)
Gender (0: males,
MIC
C1 (Reference)
C2 (Dummy)
C3 (Dummy)
Constant

. 1: females)

Dependent variable [ % of sites with 6 mm attachment level)

Coef.

0.7
=111
=-2.60

292

316
=312

30.82

5. P value 95% cl Beta
012 <0.001 -0.95 -0.47 046
0.35 0,002 -1.81 =0.4] -0.28
3.2 0.420 -8.97 377 =0.10
174 0435 -4.47 10.32 0.11
249 0.206 -1.76 B.08 0.12
170 0.401 -10.46 421 -0.09
428 <0,001 22.34 39.29 -

R = 0322,

P < 0.001

S-0C, serum osteocalcin: MIC, mandibular inferior conex classification

The percentage of sites with 6+ mm CAL had a

significant negative association with 8-0OC (r =
-0.22, P = 0.011). There
was a significant positive relationship among bone
S§-0C, S-BAP. and

P < 0.001)and U-DPD (r =

metabolism markers, that

is,

—0.

U-DPD (r = 0.49-0.58, P < 0.001).

29,

(P = 0.002), respectively (Table 4).

Multiple linear regression results showed that the
number of remaining teeth and S-OC were negatively
associated with the percentage of sites with 6+ mm
CAL (R* = 0.322, P < 0.001). Coefficients and betas
were —0.71, —-046 (P < 0.001) and =I1.11, —-0.28
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Discussion

We can confirm a weak but clear relationship between
the percentage of sites with 6+ mm CAL and bone
metabolism markers, especially S-OC. A significant
association remained after adjustment for demographic
variables. Furthermore, S-OC was associated with MIC,
Lower concentrations of S-OC might reflect a lower
level of general bone metabolism, especially in an elderly
population. S-OC is presently considered a valid marker
of bone turnover when resorption and formation are
coupled (Giannobile er al, 2003).

When we evaluate the general bone condition, serum
and urinary markers may be appropriate. Indeed, perio-
dontal disease is characterized by the absorption of
alveolar bone. Some studies reported the efficacy of
serum and urinary markers to evaluate periodontal
disease (Gibert er al, 2003; Takaishi er al, 20035), How-
ever, the mechanism between periodontal disease and
bone metabolism markers might be so complicated in
elderly because bone resorption and formation are
balanced to maintain stable bone mass. It has been
assumed that bone formation and bone resorption are
mechanistically linked during bone remodeling. Bone
formation markers and bone resorption markers are
positively correlated. High bone metabolism involves
both high formation and resorption (ki er al, 2004).
Previous study has demonstrated a consistent relation-
ship between biochemical markers and bone loss. Peri-
odontitis patients have been reported to have lower $-0C
values than healthy subjects (Vardar-Sengill er al, 2006).

On the other hand, the percentage of subjects with
MIC C2 and MIC C3 was significantly higher in females
than in males (Table 1). It has been speculated that
estrogen deficiency and osteopeniafosteoporosis play a
role in the progression of oral bone loss following
menopause. Various reports also have linked estrogen
deficiency and osteopeniz/osteoporosis to increased oral
bone resorption, attachment loss, and tooth loss (Paga-
nini-Hill, 1995; Grodstein ¢f al, 1996).

Furthermore, there was positive relationship between
MIC and S-OC (Table 1). The subjects with MIC Cl
had lower level of S-OC and more teeth than the
subjects with MIC C2 or C3. According to another large
cohort study (Bauer er al, 1999), higher levels of $-OC
were associated with greater average rates of total hip
bone loss. In our previous studies, we lound the
relationship between general bone metabolism and
periodontal condition (Yoshihara er a/, 2007) or man-
dibular inferior cortex (Deguchi er al, 2008). We
hypothesized that general bone metabolism affected
both alveolar bone and mandibular inferior cortex.

The relationship between CAL and MIC was obscure
according to Tables | and 4. However, the findings in
our study did not deny the positive relationship between
MIC class and CAL even if it was not significant. In our
previous study, we confirmed the significant relationship
between osteopenia and periodontal disease progression
(Yoshihara er al, 2004).

There might be an indirect association between CAL
and MIC, which is complicated. CAL is influenced by

not only general bone metabolism but also local factors
such as gingival crevicular fluid. Bone turnover profiles
from periodontal bone surfaces and gingival crevicular
fluid differed from systemic (serum) bone turnover
profiles (Wilson er al, 2003). Osteocalcin levels in
gingival crevicular fluid correlates with periodontal but
not with osteoporosis status (Bullon eral, 2005).
Unfortunately, it was impossible to show concrete
connection based on the findings of our study. We
could not measure bone turnover markers in gingival
crevicular fluid.

In terms of the relationship between oral bone mass
and systemic bone mineral density, Kribbs er af (1983)
reported that the bone mass of the mandible and
alveolar bone was related to radial and systemic bone
mineral density in postmenopausal women; this was
followed by reports on mandibular bone mass by many
researchers. Southard er a/ (2000) reported correlations
between maxillary alveolar bone mineral density and
bone mineral density in other parts of the body
including the mandibular alveolar bone. Furthermore,
some reports suggest that osteoporosis in postmeno-
pausal women accelerates the progression of periodon-
tal disease and increases the risk of early tooth loss
(von Wowern er al, 1994; Inagaki er al, 2001; Moham-
mad er al, 2003). According to our study, jaw bone
status was significantly associated with markers of bone
turnover.

This study had some limitations. The cross-sectional
nature of the study limits its ability to make causal
relationships, and the findings should be confirmed by a
longitudinal study. In addition, we selected 148 of 600
possible subjects. Although we excluded subjects for
justifiable reasons, it is possible that selection bias
occurred. Generalization of our results to other popu-
lations should thus be made with caution.

In conclusion, this study suggests that there is a
significant relation of bone turnover markers to peri-
odontal disease and jaw bone morphology in elderly
Japanese subjects.
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