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Abstract
We recently reported that subantimicrobial-dose doxycycline 
(SDD) significantly reduced serum bone-resorption biomarkers in 
subgroups of post-menopausal women. We hypothesize that 
changes in serum bone biomarkers are associated not only with 
systemic bone mineral density (BMD) changes, but also with 
alveolar bone changes over time. One hundred twenty-eight eligible 
post-menopausal women with periodontitis and systemic osteope-
nia were randomly assigned to receive SDD or placebo tablets 
twice daily for two years, adjunctive to periodontal maintenance. 
Sera were analyzed for bone biomarkers. As expected, two-year 
changes in a serum bone biomarker were significantly associated 
with systemic BMD loss at the lumbar spine (osteocalcin, bone-
turnover biomarker, p = 0.0002) and femoral neck (osteocalcin p = 
0.0025). Two-year changes in serum osteocalcin and serum pyridi-
noline-crosslink fragment of type I collagen (ICTP; bone-resorp-
tion biomarker) were also significantly associated with alveolar 
bone density loss (p < 0.0001) and alveolar bone height loss (p = 
0.0008), respectively. Thus, we have shown that serum bone bio-
markers are associated with not only systemic BMD loss, but with 
alveolar bone loss as well. Clinical Trial Registration Information: 
Protocol registered at ClinicalTrials.gov, NCT00066027.

Abbreviations: bone mineral density (BMD), bone-specific 
alkaline phosphatase (BSAP), computer-assisted densitometric 
image analysis (CADIA), confidence interval (CI), deoxypyridi-
noline-containing degradation fragment of the C-terminal telo-
peptide region of type I collagen (CTX), coefficient of variation 
(CV), dual-energy x-ray absorptiometry (DXA), pyridinoline-
crosslink-containing degradation fragment of the C-terminal 
telopeptide region of type I collagen (ICTP), and subantimicro-
bial-dose doxycycline (SDD).

KEY    WORDS: subantimicrobial-dose doxycycline, 
periodontitis, osteopenia, serum biomarkers, bone, post-meno-
pausal.

Introduction

Our research group recently reported that a two-year subantimicrobial-
dose doxycycline (SDD) regimen significantly reduced the serum 

bone-resorption biomarkers, deoxypyridinoline-crosslink fragment of type I 
collagen (CTX) and pyridinoline-crosslink fragment of type I collagen (ICTP), 
in subgroups of post-menopausal women with periodontitis and systemic 
osteopenia (Golub et al., 2010) enrolled in a double-blind, placebo-controlled 
randomized clinical trial. In this trial, SDD did not significantly affect serum 
biomarkers of bone formation (bone-specific alkaline-phosphatase [BSAP]) 
or bone turnover (osteocalcin). SDD is approved by the United States Food 
and Drug Administration to treat chronic periodontitis as an adjunct to scaling 
and root planing. To the best of our knowledge, our clinical trial was the first 
to examine SDD effects on systemic, as opposed to only local, bone turnover.

Serum bone biomarkers appear to be useful for the assessment of therapeu-
tic responses to anti-osteoporosis therapies (Seibel, 2006), and changes in 
these biomarkers precede treatment-induced systemic bone mineral density 
(BMD) changes (Blumsohn et al., 2011). It has been suggested that serum 
CTX should be monitored as a means of predicting risk of osteonecrosis of 
the jaw (Marx et al., 2007) in patients taking oral bisphosphonates and requir-
ing oral surgical procedures, although the use of serum CTX in this fashion 
has not been rigorously evaluated in clinical studies. There is a gap in our 
understanding of the relationship between systemic bone biomarkers and 
alveolar bone loss. Therefore, the purpose of this study was to test the hypoth-
esis that serum bone biomarkers, which are known to reflect systemic bone 
loss, are also associated with alveolar (local) bone loss.

Materials & Methods

Clinical Trial Design

The design of this clinical trial has been described previously (Payne et al., 
2007). One hundred twenty-eight eligible women participated, and all signed 
University of Nebraska Medical Center and Stony Brook University 
Institutional Review Board-approved consent forms. The trial was double-
blind, randomized, and placebo-controlled. Participants were randomized to 
SDD (n = 64) or placebo (n = 64). They were instructed to take the study drug 
(SDD [20 mg doxycycline hyclate] or placebo tablets) twice daily for 2 yrs. 
In addition, they were provided calcium and vitamin D supplements to be 
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taken twice daily (a total of 1200 mg calcium and 400 IU vita-
min D daily) for 2 yrs, as the standard of care for post-meno-
pausal women. Participants were instructed to take calcium and 
vitamin D supplements no sooner than 1 hr after taking the study 
drug. All participants received periodontal maintenance every 3 
to 4 mos throughout the study by their own dental provider and 
at no cost.

Inclusion and exclusion criteria have been published (Payne 
et al., 2007). Briefly, participants were between 45 and 70 yrs of 
age at telephone screening, post-menopausal, osteopenic at the 
lumbar spine or femoral neck (defined as a T-score of -1.0 to 
-2.5 inclusive on dual-energy x-ray absorptiometry [DXA] 
scan), and were not receiving any medications that would influ-
ence bone remodeling (e.g., hormone replacement therapy or 
bisphosphonates). All participants had a history of generalized 
moderate to advanced chronic periodontitis (defined as at least 
2 sites, on different posterior teeth, with probing depths and 
clinical attachment loss ≥ 5 mm with bleeding on probing), were 
in good general health, and did not have osteoporosis at either 
the lumbar spine or femoral neck, as measured by DXA (see 
below).

Measurement of Serum Bone Biomarkers

Non-fasting blood samples were collected from each individual at 
baseline, one-year, and two-year visits. Serum was obtained by 
standard techniques and then frozen at −80°C until analysis. The 
intra-assay coefficient of variation (CV) for this study is reported 
below for each biomarker. Serum CTX (Nordic Bioscience 
Diagnostics, Herlev, Denmark; intra-assay CV = 10.2%), BSAP 

(Quidel Corp., San Diego, CA, USA; 
intra-assay CV = 7.0%), and osteocalcin 
(Nordic Bioscience Diagnostics; intra-
assay CV = 3.3%) were determined by 
enzyme immunoassay, as previously 
described (Golub et al., 2010). Serum 
ICTP (Immunodiagnostic Systems, 
Fountain Hills, AZ, USA; intra-assay 
CV = 7.5%) was determined by radioim-
munoassay (Golub et al., 2010).

Measurement of Alveolar Bone 
Density and Height

Four posterior bite-wing radiographs 
(maxillary and mandibular right and left) 
were taken at baseline, one-year, and two-
year visits. Images were exposed by the 
extended geometry method (Payne 
et al., 1999) introduced by Jeffcoat et al. 
(1987). Alveolar bone density was mea-
sured by computer-assisted densitometric 
image analysis (CADIA) at crestal and 
subcrestal areas of interest (Payne 
et al., 2007). Alveolar bone height mea-
surements were made by the method 
described by Hausmann et al. (1992); 
linear measurements were made between 

a fixed reference point (cemento-enamel junction or restoration 
margin) and the alveolar crest. Alveolar bone measurements were 
made at the Longitudinal Radiographic Assessment Facility in 
San Antonio, TX, by a single masked examiner (PVN).

Measurement of Systemic Bone Mineral Density

Annual BMD scans of the lumbar spine and femoral neck were 
taken by DXA (Hologic 4500, Waltham, MA, USA), as previ-
ously described (Payne et al. 2007).

Statistical Analyses

Two-year changes in serum-biomarker measures from baseline 
were modeled as categorical variables, where categories were 
defined by the observed tertiles (tertiles of lowest, intermediate, 
and highest). Linear regression models were fit to investigate 
the association between serum-biomarker (independent factor) 
changes and concurrent changes in alveolar and systemic bone 
(dependent factor). Generalized estimating equations methodol-
ogy was used to fit the models for the alveolar bone outcomes 
with a working exchangeable correlation structure to account 
for correlation among tooth-site-level measures on the same 
participant. We performed tests for linear trends to assess mean 
changes in bone among the ordered biomarker change catego-
ries. Models were adjusted for baseline bone measures, random-
ized treatment (SDD/placebo), baseline smoking status (current 
smoker/not), center (Nebraska/ Stony Brook), baseline age, and 
assay batch (all samples for a given participant were analyzed in 
the same batch by one person [Dr. Hsi-ming Lee], blinded to 

Figure.  Consolidated Standards of Reporting Trials flow diagram. This Fig. shows the flow of 
participants through randomization, follow-up, and analysis. This diagram was previously 
published (Payne et al., 2007) and is reproduced with permission from Wiley-Blackwell.
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treatment assignment, and batches were well balanced by treat-
ment group). Fitted models included interaction terms to deter-
mine whether the association between biomarker levels and 
bone changes differed between the randomized treatment groups 
or time-points (one-year vs. two-year change). Data were ana-
lyzed for the SDD and placebo groups combined, because no 
significant interactions with treatment were found. Two-year 
changes are reported because associations were evident long-
term (2 yrs), but not at 1 yr, when significant modification by 
time was found, and were consistent with aggregated time-point 
analyses (1 and 2 yrs combined), when significant modification 
by time was not found (see Appendix). Based on a Bonferroni 
adjustment for 8 multiple comparisons (4 biomarkers with 2 
pair-wise comparisons each), a 2-sided 0.006 alpha level defined 
statistical significance.

Results

One hundred sixteen individuals completed the one-year visit and 
provided serum (SDD n = 55, placebo n = 61), while 113 indi-
viduals completed the two-year visit and provided serum (SDD, 
n = 51; placebo, n = 62). Serum was not drawn at the one-year 
visit for one placebo participant who provided a two-year sample, 
and four SDD participants withdrew from the study between the 
one- and two-year visits. In total, 117 individuals provided serum 
samples at either the one-year or two-year visit and were included 
in the analyses of the combined time-points. The Fig. shows the 
flow of participants through randomization, follow-up, and analy-
sis. Participants were primarily white, non-Hispanic or Latino, 
more than 5 years post-menopausal, never or former smokers, and 
were 58.3 yrs old (standard deviation 5.7) on average (Table 1).

Serum osteocalcin changes in the highest tertile were signifi-
cantly associated with alveolar bone density loss at 2 yrs com-
pared with osteocalcin changes in the lowest tertile (p < 0.0001) 
(Table 2). Likewise, serum osteocalcin changes in the highest 
tertile were significantly associated with lumbar spine BMD 
loss (p = 0.0002) and femoral neck BMD loss (p = 0.0025). No 
significant association was noted between changes in serum 
osteocalcin and alveolar bone height changes, based on a test of 
linear trend (p = 0.47).

Serum ICTP changes in the highest tertile were significantly 
associated with alveolar bone height loss at 2 yrs (p = 0.0008) 
(Table 3), while no significant association was noted with 
changes in alveolar bone density (p = 0.30), lumbar spine BMD 
(p = 0.71), or femoral neck BMD (p = 0.68), based on a test of 
linear trend.

No significant association was noted between changes in 
CTX and changes in alveolar bone density (p = 0.095), alveolar 
bone height (p = 0.12), lumbar spine BMD (p = 0.011), or 
femoral neck BMD (p = 0.41), based on a test of linear trend. 
Similarly, changes in BSAP were not significantly associated 
with changes in alveolar bone density (p = 0.055), alveolar bone 
height (p = 0.52), lumbar spine BMD (p = 0.012), or femoral 
neck BMD (p = 0.67), based on a test of linear trend.

Discussion

In this study, we have shown that changes in serum bone bio-
markers over time are associated not only with systemic bone 

density loss, but also with loss of alveolar bone density and 
alveolar bone height, in post-menopausal women with periodon-
titis and systemic osteopenia. Menopause is associated with a 
substantial increase in bone turnover, accompanied by increases 
in both bone formation and resorption and reflected by increases 
in serum bone formation and resorption biomarkers (Kushida 
et al., 1995; Midtby et al., 2001). However, the rate of bone 
resorption exceeds the rate of bone formation, resulting in a net 
loss of bone mass (Manolagas, 2000). Serum osteocalcin was 
significantly associated with alveolar bone density loss at 2 yrs, 
while serum ICTP was significantly associated with alveolar 
bone height loss at 2 yrs. It is presumed that alveolar bone den-
sity loss precedes alveolar bone height loss (Ortman et al., 
1982), and we have shown that alveolar bone density loss over 
a two-year period is more common than alveolar bone height 
loss (12% of posterior sites manifesting alveolar bone density 
loss vs. 8% manifesting alveolar bone height loss) (Payne et al., 
2007). It is possible that serum osteocalcin is a more sensitive 
biomarker of alveolar bone loss, since it was associated with 
alveolar bone density loss rather than alveolar bone height loss. 
In contrast, ICTP was associated with more pronounced bone 
loss, manifesting as loss of alveolar bone height. Gingival cre-
vicular fluid (a serum exudate) ICTP has been shown to be 
related to active bone destruction in the Beagle dog (Giannobile 
et al., 1995). Since the serum bone biomarkers measure differ-
ent processes (formation vs. resorption), some are collagen 
breakdown products (ICTP and CTX), and others are products 
of different cells (e.g., osteocalcin is synthesized by osteoblasts 
but may also be released during bone resorption; BSAP is a 

Table 1.  Baseline Demographic and Clinical Characteristics (n = 117)

Characteristic Mean (SD) or Count (%)

Age (yrs) 58.3 (5.7)
Ethnicity  
  Hispanic or Latino 5 (4%)
  Not Hispanic or Latino 112 (96%)
Race  
  Asian 3 (3%)
  African American 2 (2%)
  White 112 (96%)
Years post-menopausal  
  5 or fewer 44 (38%)
  More than 5 73 (62%)
Smoking status  
  Current smoker 24 (21%)
  Former smoker 38 (32%)
  Never smoker 55 (47%)
Number of teeth 25.8 (2.6)
Lumbar spine  
  Bone mineral density (g/cm2) 0.9 (0.08)
  T-score –1.2 (0.7)
Femoral neck  
  Bone mineral density (g/cm2) 0.7 (0.07)
  T-score –1.3 (0.6)
Alveolar bone height (mm) 3.2 (1.4)
Manual probing depth (mm) 3.8 (1.2)
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specific product of osteoblasts but may cross-react with the liver 
isoenzyme), dissimilar findings with different serum biomarkers 
are expected (Seibel, 2005).

In this study, data were pooled from participants who received 
SDD and placebo, because there was no significant evidence 
that SDD modified the association between serum biomarker 
levels and bone loss. In our clinical trial, based on intent-to-treat 
analyses, SDD did not significantly alter alveolar or systemic 
bone loss (Payne et al., 2007) and did not significantly alter 
serum bone biomarkers, although, in subgroups, SDD signifi-
cantly reduced serum ICTP and CTX (Golub et al., 2010), and 

SDD significantly reduced the loss of both alveolar bone density 
and bone height (Payne et al., 2007). However, the lack of 
intent-to-treat effect may explain why treatment did not modify 
the association between the serum biomarker levels and bone 
changes.

We have shown for the first time that serum bone biomarkers 
are associated with alveolar bone loss. Future studies should 
further examine the relationship between serum bone biomark-
ers and alveolar bone loss in larger patient populations, prefer-
ably osteoporotic rather than osteopenic individuals. These 
studies also should utilize fasting serum samples at the same 

Table 2.  Association between Two-year Changes from Baseline in Osteocalcin and Concurrent Alveolar Bone Density (computer-assisted densito-
metric image analysis [CADIA]), Alveolar Bone Height, Lumbar Spine Bone Mineral Density (BMD), and Femoral Neck Bone Mineral Density 
(BMD) Changes (n = 113)

Bone Measure Biomarker Change Category
Difference in Mean 

Bone Changes 95% CI** p-value

CADIA changes 
(CADIA units)

Lowest tertile (< −6.5 ng/mL)
Intermediate tertile (−6.5 to −0.5 ng/mL)

0 (reference)
−1.38 −2.95 to 0.19

 
0.086

  Highest tertile (> −0.5 ng/mL) −3.56 −5.10 to −2.03 < 0.0001
Alveolar bone height 

changes (mm)*
Lowest tertile (< -6.5 ng/mL)
Intermediate tertile (−6.5 to −0.5 ng/mL)

0 (reference)
0.019 −0.022 to 0.059

 
0.37

  Highest tertile (> −0.5 ng/mL) 0.016 −0.027 to 0.059 0.47
Lumbar spine BMD 

% changes
Lowest tertile (< −6.5 ng/mL)
Intermediate tertile (−6.5 to −0.5 ng/mL)

0 (reference)
−0.35% −2.07% to 1.38%

 
0.69

  Highest tertile (> −0.5 ng/mL) −3.13% −4.80% to −1.46% 0.0002
Femoral neck BMD 

% changes
Lowest tertile (< −6.5 ng/mL)
Intermediate tertile (−6.5 to −0.5 ng/mL)

0 (reference)
−1.78% −3.84% to 0.28%

 
0.091

  Highest tertile (> −0.5 ng/mL) −2.82% −4.65% to −0.99% 0.0025

*Alveolar bone height change was calculated as two-year alveolar bone height (mm) minus baseline alveolar bone height (mm). A positive differ-
ence reflects alveolar bone height loss.

**CI, confidence interval.

Table 3.  Association between Two-year Changes from Baseline in Pyridinoline-crosslink Fragment of Type I Collagen (ICTP) and Concurrent 
Alveolar Bone Density (computer-assisted densitometric image analysis [CADIA]), Alveolar Bone Height, Lumbar Spine Bone Mineral Density 
(BMD), and Femoral Neck Bone Mineral Density (BMD) Changes (n = 113)

Bone Measure Biomarker Change Category
Difference in Mean

Bone Changes 95% CI** p-value

CADIA changes (CADIA units) Lowest tertile (< −0.3 ng/mL) 0 (reference)  
  Intermediate tertile (−0.3 to 0.3 ng/mL) −1.20 −3.17 to 0.78 0.23
  Highest tertile (> 0.3 ng/mL) −0.76 −2.19 to 0.68 0.30
Alveolar bone height changes (mm)* Lowest tertile (< −0.3 ng/mL) 0 (reference)  
  Intermediate tertile (−0.3 to 0.3 ng/mL) 0.030 −0.0078 to 0.067 0.12
  Highest tertile (> 0.3 ng/mL) 0.060 0.025 to 0.095 0.0008
Lumbar spine BMD % changes Lowest tertile (< −0.3 ng/mL) 0 (reference)  
  Intermediate tertile (−0.3 to 0.3 ng/mL) 0.98% −0.83% to 2.79% 0.29
  Highest tertile (> 0.3 ng/mL) 0.33% −1.40% to 2.05% 0.71
Femoral neck BMD % changes Lowest tertile (< −0.3 ng/mL) 0 (reference)  
  Intermediate tertile (−0.3 to 0.3 ng/mL) 1.21% −0.79% to 3.22% 0.24
  Highest tertile (> 0.3 ng/mL) 0.41% −1.58% to 2.40% 0.68

*Alveolar bone height change was calculated as two-year alveolar bone height (mm) minus baseline alveolar bone height (mm). A positive differ-
ence reflects alveolar bone height loss.

**CI, confidence interval.
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time of day for each visit. The knowledge acquired can poten-
tially lead to a better understanding of systemic influences on 
the periodontium and use of systemic (serum) biomarkers to 
determine risk of progressive alveolar bone loss. With further 
research, prediction of overall susceptibility to alveolar bone 
loss on an individual basis with a simple blood test could poten-
tially provide valuable information to a practitioner who, at this 
time, still cannot identify susceptible patients prior to their 
manifesting periodontitis progression.

Examples of therapeutic approaches to treat both oral and 
systemic bone loss include SDD, as discussed earlier, and 
teriparatide, which has been shown, in a recent clinical trial, to 
be associated with greater resolution of alveolar bone defects at 
6 mos and 1 yr (Bashutski et al., 2010). In this trial, at 6 wks, 
individuals in the teriparatide group had a statistically signifi-
cant transient increase in serum alkaline phosphatase levels 
relative to placebo, which preceded statistically significant reso-
lution of osseous defects beginning at 6 mos. Other novel pro-
anabolic and/or anti-catabolic treatment strategies to 
simultaneously treat both oral and systemic bone loss include 
the chemically modified tetracyclines (Golub et al., 1999) and 
newer non-tetracyclines (poly-enolic/phenolic zinc-binding 
molecules) designed to incorporate a putative active site on tet-
racycline and chemically modified tetracycline compounds (i.e., 
the β-diketone, metal ion [calcium and zinc]-binding site at 
carbon-11 and carbon-12), which are now being tested (Payne 
and Golub, 2011). By 2020, approximately one in every two 
women (41 million women) aged 50 and over is projected to 
have osteoporosis or osteopenia of the hip (Population Division, 
US Census Bureau, 2008; US DHHS, 2004), and greater than 
60% of women over age 50 have at least 3 mm of attachment 
loss (Albandar et al., 1999). Since post-menopausal osteopo-
rotic women with periodontitis represent a large patient cohort, 
and the morbidity associated with both systemic and oral bone 
loss is significant, future therapeutic studies should target this 
patient population and also evaluate serum bone biomarkers.
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