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Abstract
Background—Periodontitis has been reported to be associated with coronary artery disease
(CAD). Research is needed to determine if therapies that improve periodontal health also reduce
systemic measures of inflammation associated with both diseases.

Methods—128 postmenopausal women with chronic periodontitis were randomly assigned to
twice-daily subantimicrobial dose doxycycline (SDD) or placebo tablets for two years adjunctive
to periodontal maintenance therapy. Through a supplement to the main trial investigating alveolar
bone and clinical periodontal changes, inflammatory mediators and lipid profiles were assayed in
baseline, one- and two-year serum samples. Data were analyzed by generalized estimating
equations.

Results—In the intent-to-treat population over two years, SDD treatment reduced median high-
sensitivity C-reactive protein (hs-CRP) by 18% (primary outcome; p=0.02) and reduced serum
matrix metalloproteinase-9 (MMP-9; 92 kilodalton gelatinase) (difference in mean scanning units:
−28.44; p<0.0001), with no significant effect on serum lipids. However, in women more than five
years postmenopausal, SDD elevated high-density lipoprotein (HDL) cholesterol (difference in
means [mg/dl]: 5.99; p=0.01).

Conclusions—A two-year SDD regimen in postmenopausal women significantly reduced the
serum inflammatory biomarkers hs-CRP and MMP-9 and, among women more than five years
postmenopausal, raised HDL cholesterol.

Full contact information for corresponding author: Dr. Jeffrey B. Payne, Associate Dean for Research, Professor, F. Gene and
Rosemary Dixon Endowed Chair in Dentistry, University of Nebraska Medical Center, College of Dentistry, Lincoln, NE
68583-0740, Telephone Number: (402) 472-1318, Fax Number: (402) 472-6668, jbpayne@unmc.edu.
Clinical Trial Registration Information: Protocol registered at ClinicalTrials.gov: NCT00066027
DISCLOSURES OF INTERESTS
Dr. Golub is listed as an inventor on patents on the test medication in this clinical trial and those have been fully assigned to his
institution, Stony Brook University. He is also a consultant to Galderma Research and Development (Lausanne, Switzerland) which
has licensed a series of tetracycline patents from the State University of New York. No other conflicts of interest exist with the other
authors.

NIH Public Access
Author Manuscript
J Am Dent Assoc. Author manuscript; available in PMC 2012 March 1.

Published in final edited form as:
J Am Dent Assoc. 2011 March ; 142(3): 262–273.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://ClinicalTrials.gov


Clinical Implications—SDD significantly reduced the systemic inflammatory biomarkers, hs-
CRP and MMP-9. More research is needed to determine whether SDD has a role in CAD risk
management.

Keywords
C-reactive protein; doxycycline; inflammation; HDL cholesterol; matrix metalloproteinases;
periodontitis; serum inflammatory biomarkers

INTRODUCTION
Inflammation is increasingly recognized as a significant factor in the initiation, progression
and ultimate instability of atherosclerotic plaques during coronary artery disease (CAD).1,2
In this regard, chronic periodontitis is a very common chronic inflammatory disease which
is increasingly being recognized as having an association with, and potential causal
relationship to, CAD.3,4 Therapeutic strategies which resolve inflammation associated with
both of these pathologies, and that impact CAD onset and progression, are needed.

One group in the general population that is particularly at risk for CAD is postmenopausal
women.5 To date, therapeutic attempts to limit disease onset and progression in this
population, such as hormone replacement therapy, have had poor outcomes.6

In atherosclerotic CAD pathogenesis, specific elements of the inflammatory process have
been identified as risk factors and risk markers. For example, C-reactive protein (CRP) and
matrix metalloproteinase-9 (MMP-9) have been identified as important in CAD
pathogenesis and as serum markers of disease activity.7,8,9 To date, the mainstay of
pharmacologic therapy to modulate these and other inflammatory mediators has been the
statins,10 originally approved for their lipid-lowering effects. Previously, we showed that
tetracyclines, including their chemically-modified analogs, have immunomodulatory effects
independent of antimicrobial activity.11 In particular, doxycycline at a low dose (i.e.,
subantimicrobial dose doxycycline [SDD]) in humans modulates matrix metalloproteinase
(MMP) activity and/or reduces severity of inflammatory diseases such as periodontitis,12
rheumatoid arthritis13 and lymphangioleiomyomatosis.14 Furthermore, the efficacy of non-
antibiotic properties of tetracyclines in reducing risk factors for acute coronary events in
patients has been suggested.15,16,17

We have investigated the effect of a two-year SDD regimen on alveolar bone loss,18 clinical
periodontal measures,19 gingival crevicular fluid biomarkers of periodontitis,12 serum bone
biomarkers,20 and adverse events18 including microbiologic measures of antibiotic
resistance21 in a randomized, double-blind, placebo-controlled trial. The patient cohort was
at risk for CAD (i.e., postmenopausal women), yet with no history of myocardial infarction,
angina or stroke, and also exhibited chronic periodontitis. We now report results from a
supplement to the main two-year clinical trial; the objective of this study is to determine
whether long-term SDD therapy can reduce serum biomarkers of systemic inflammation and
improve lipid profiles in postmenopausal women with systemic osteopenia and chronic
periodontitis. To the best of our knowledge, this is the only long-term clinical trial
examining systemic (not just oral) parameters of inflammation in periodontitis patients
treated with a systemic pharmacological agent.

Payne et al. Page 2

J Am Dent Assoc. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



MATERIALS AND METHODS
Study Design and Eligibility Criteria

The trial design of the main study has been described in detail, following Consolidated
Standards of Reporting Trials guidelines.18 This report presents the findings from a
supplemental study, embedded in the main trial, focused on the effect of SDD versus
placebo on the primary hs-CRP outcome measure and other secondary inflammatory
biomarker and lipid levels. Briefly, this study was a two-year, double-blind randomized
clinical trial with two treatment arms adjunctive to regular periodontal maintenance therapy:
SDD (20 mg doxycycline hyclate) and a look-alike placebo. One hundred twenty-eight
eligible subjects participated in this trial and all subjects signed University of Nebraska
Medical Center and Stony Brook University Institutional Review Board-approved consent
forms. Subjects were centrally randomized, through a call-in center, with stratification by
study center (University of Nebraska Medical Center or Stony Brook) and current smoking
status. The randomization list was computer-generated in blocks, with the size varying
randomly among 4, 6 and 8. 64 eligible subjects were randomized to each treatment: SDD or
placebo twice daily for two years. The treatment code identifying the SDD or placebo arms
was concealed from the study investigators and the statistician doing the analyses (JAS)
until all subject follow-up and outcomes measurements had been made. All subjects were
provided calcium and vitamin D supplements to be taken twice daily (a total of 1200 mg
calcium and 400 IU vitamin D daily). Subjects were instructed to take the supplements at
least one hour after taking the study drug.

Subjects were recruited on a rolling-admission basis at the two study centers between June
2002 and October 2003. The protocol was amended in April 2004, at which point 13
subjects had withdrawn consent (placebo n=2, SDD n=10) or had withdrawn (SDD n=1) due
to a serious adverse event, to allow measurement of inflammatory biomarkers in stored
(−80°C) serum. Two additional SDD subjects withdrew following the protocol amendment
and refused to complete an exit exam that included the addendum study consent request. The
last subject completed the trial in October 2005. 113 subjects who completed the trial
consented to participate in this addendum study (SDD=51; placebo=62).

Inclusion and exclusion criteria have been published.18 Briefly, subjects were 45–70 years
old at telephone screening, postmenopausal, osteopenic at the lumbar spine or femoral neck
(based on dual-energy x-ray absorptiometry scans), and not receiving hormone replacement
therapy. Subjects had a history of generalized moderate to advanced chronic periodontitis
(subjects had to have at least two sites with probing depths and clinical attachment loss ≥ 5
mm together with bleeding on probing; the two sites had to be on different posterior teeth),
were undergoing periodontal maintenance therapy and had to be in good general health.
Subjects were excluded if they had a tetracycline allergy or hypersensitivity, had diseases or
regular drug therapy that would affect the inflammatory or immune response, had active
periodontal therapy within the past year, had a diabetes history, or had osteoporosis at either
the lumbar spine or femoral neck. In addition, subjects had no history of myocardial
infarction, angina or stroke.

Serum Inflammatory Mediator Analyses
Specimen samples were analyzed in 3 batches by an investigator (Dr. Hsi-ming Lee) who
was blinded to treatment assignment. All samples from an individual patient were analyzed
in the same batch and treatment assignments were balanced among the batches.
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High-sensitivity C-reactive protein
Non-fasting blood samples were drawn at baseline, 1-year and 2-year appointments. Serum
was obtained by standard technique and was stored at −80°C until analysis. High-sensitivity
CRP was measured by hs-Enzyme-Linked Immunosorbent Assay (ELISA) (MP
Biomedicals, Diagnostic Division, Orangeburg, NY) and was the primary outcome measure
in this supplemental trial. The assay had a sensitivity of 0.1 mg/L.

Cytokine analyses
Interleukin-6, interleukin-1β and tumor necrosis factor-α levels were measured by ELISA
(Biosource Int., Camarillo, CA). The sensitivity to detect IL-6, interleukin-1β and tumor
necrosis factor-α was as low as 2 pg/ml, 1 pg/ml, and 1.7 pg/ml, respectively.

Myeloperoxidase (MPO)
Levels were measured by ELISA (Hycult biotechnology b.v., Frontstraat 2a, 5405 PB
UDEN, The Netherlands). The sensitivity to detect MPO was as low as 0.4 ng/ml.

Lipid profile
Total cholesterol, high-density lipoprotein (HDL) cholesterol and triglycerides were
measured by the Stony Brook University clinical chemistry lab using standard techniques
and reagents with the Roche Modular P automated analyzer. Low-density lipoprotein (LDL)
cholesterol and very low-density lipoprotein (VLDL) cholesterol levels were based on
calculated results: LDL cholesterol calculated as total cholesterol – (HDL cholesterol +
triglycerides/5); VLDL cholesterol calculated as triglycerides /5. The sensitivity to detect
lipids was as follows: assay range = 3–800 mg/dl for total cholesterol, 3–120 mg/dl for HDL
cholesterol, and 4–1000 mg/dl for triglycerides.

MMP-2 and MMP-9
MMP-2 and MMP-9 levels were measured by gelatin zymography, as described previously,
and the data are presented as densitometric units.17

MMP-8 and tissue inhibitor of metalloproteinases (TIMP)-1
Serum MMP-8 concentration was determined via time-resolved immunofluorometric
assay22 and TIMP-1 was determined by Western Blot plus densitometric computerized
quantitation, as previously described.23 The detection limit for the MMP-8 assay was 0.08
ng/ml.

Statistical Analyses
The supplemental study sample size was justified based on hs-CRP data presented by Brown
et al.17 The average two-year change in hs-CRP was estimated to be a decrease of 2.5 mg/L
for SDD and a decrease of 0.5 mg/L for placebo groups, with a standard deviation of the
change of 3.0 mg/L. A total sample of 50 subjects per group resulted in 90% power to detect
a true difference of 2 mg/L in the mean change in hs-CRP over the two-year period,
assuming a standard deviation of 3.0 mg/L and a two-sided 0.05 alpha level. Analyses were
performed using SAS (SAS Institute Inc., Cary, NC, USA, version 9.1.3). Repeated
measurements over time were analyzed at the subject level. Linear regression models were
fit using generalized estimating equations methodology to account for the correlation among
repeated measurements for each subject. The follow-up biomarker measure (outcome) was
modeled as a function of study drug with adjustment for the baseline biomarker measure,
visit (one-year or two-year), assay batch and randomization stratification factors
(independent variables).24 A visit-by-study-drug interaction was included but dropped if not
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significant, in which case, the SDD effect was estimated based on one-year and two-year
data combined. Outcome variables whose distributions were skewed (measures of hs-CRP,
myeloperoxidase, MMP-8, TIMP-1, VLDL cholesterol, and triglyceride) were log-
transformed to preserve assumptions that underlie linear regression models. Regression
coefficients generated from these models, when “back transformed” by exponentiation,
express multiples or ratios of group medians. Because a large percentage of observations for
interleukin-6 and tumor necrosis factor-α were below the level of detection, we
dichotomized those outcomes as detectable or undetectable. Logistic regression models used
approaches similar to those described above for linear regression models to compare the
odds of detecting interleukin-6 or tumor necrosis factor-α between SDD and placebo groups.
Baseline characteristic distributions were compared between treatment groups using an
independent sample t-test or Chi-square test. Linear mixed effects models, with random
subject and tooth terms, were used to estimate the standard deviation of baseline site-level
periodontal measures.

Two formal interim outcome analyses were performed during the course of the study using
the Lan-DeMets approximation to the O’Brien-Fleming procedure.25 Interim results were
reported to the independent Data and Safety Monitoring Board. Final analyses are based on
a two-sided 0.05 alpha level. The primary analysis was intent-to-treat, where data were
analyzed from all subjects providing addendum consent according to randomized
assignment (SDD=51; placebo=62). A secondary, per-protocol analysis included only
measurements up to the time point at which lack of protocol adherence occurred (e.g.,
initiation of significant concomitant medications or pill count adherence rate18 below 80%)
(SDD n=29; placebo n=25). Pre-specified subgroup analyses were performed based on
smoking status, time since menopause, study medication adherence, and significant
concomitant medication use, using tests of interactions.18 No formal adjustment to the alpha
level was made for multiple tests.26

RESULTS
Participants

The distributions of subject baseline demographics, clinical characteristics and medication
usage were similar for SDD and placebo groups (Tables 1 and 2). Figure 1 shows the flow
of subjects from enrollment through intervention allocation, follow-up and data analysis.

Intent-to-treat analyses
SDD reduced median hs-CRP levels by 18% compared to placebo over the two-year
protocol, which was statistically significant (ratio of medians [SDD relative to placebo]:
0.82; 95% Confidence Interval (CI): 0.70 to 0.97, p=0.02) (Figure 2, Table 3). The mean hs-
CRP level at baseline, although descriptively higher among SDD subjects compared to
placebo subjects, did not differ significantly between treatment groups (p=0.09). When
subjects with baseline hs-CRP greater than 9 mg/L (the maximum baseline level among
placebo subjects) were removed from the analysis set (n=4 SDD subjects), the estimated
difference in hs-CRP changes over time between the treatment groups remained essentially
the same (ratio of medians: 0.83; 95%: 0.71 to 0.97, p=0.02). The estimated treatment effect
did not appear to be significantly modified or confounded by statin use, diuretic use, or
aspirin use (treatment by concomitant medication use interactions were not significant and
the estimated SDD effect was consistent across the models with or without adjustment for
concomitant medications).

Interleukin-6 was detected in 46% of samples from placebo patients and 40% of samples
from SDD patients at the 2-year visit and SDD had no significant effect (ratio of odds of
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detectable interleukin-6 [SDD relative to placebo]: 0.72; 95% CI: 0.30 to 1.69, p=0.4).
Tumor necrosis factor-α was detected in 32% of samples from placebo subjects and 40% of
samples from SDD subjects at the 2-year visit, and the effect of SDD was not significant
(ratio of odds of detectable tumor necrosis factor-α [SDD relative to placebo]: 1.08; 95% CI:
0.56 to 2.08, p=0.8). SDD had no significant effect on myeloperoxidase (ratio of medians
[SDD relative to placebo]: 0.91; 95% CI: 0.78 to 1.06, p=0.2) (Table 3). Interleukin-1β was
not detected in any serum samples. There was no significant difference between SDD and
placebo with respect to mean serum lipids, or mean natural log transformed VLDL and
triglyceride levels, (p≥0.2) based on intent-to-treat (Table 4).

SDD significantly reduced serum MMP-9 (92 kilodalton [kDa]) relative to placebo over the
two-year protocol (difference in mean scanning units [SDD minus placebo]: −28.44; 95%
CI: −40.17 to −16.72, p<0.0001) (Figure 3, Table 3). There was no significant difference
between groups with respect to MMP-2 (72 kDa) (difference in mean scanning units [SDD
minus placebo]: −5.70; 95% CI: −13.54 to 2.14, p=0.2), MMP-8 (ratio of medians [SDD
relative to placebo]: 0.85; 95% CI: 0.68 to 1.07, p=0.2) or TIMP-1 (ratio of medians [SDD
relative to placebo]: 0.96, 95% CI: 0.78 to 1.18, p=0.7) (Table 3).

Pre-specified per-protocol and subgroup analyses
In women more than five years postmenopausal, mean HDL levels were significantly higher
for SDD compared to placebo subjects over two years (difference in means [mg/dl; SDD
minus placebo]: 5.99; 95% CI: 1.17 to 10.81, p=0.01), while median VLDL (ratio of
medians [SDD relative to placebo]: 0.87; 95% CI: 0.76 to 1.00, p=0.06) and median
triglyceride levels (ratio of medians [SDD relative to placebo]: 0.87; 95% CI: 0.76 to 1.01,
p=0.06) were reduced in SDD versus placebo, although not significantly at the 0.05 alpha
level (Table 5).

In women within five years of menopause (SDD n=18; placebo n=20), SDD significantly
reduced the median MMP-8/TIMP-1 ratio by 49% at two years (ratio of medians [SDD
relative to placebo]: 0.51; 95% CI: 0.31 to 0.82, p=0.006).

In protocol-adherent subjects (SDD n=29; placebo n=25), SDD significantly reduced mean
serum MMP-2 levels at two years (difference in mean scanning units [SDD minus placebo]:
−16.46, 95% CI: −30.95 to −1.98, p=0.03). No other subgroup or per-protocol analyses
were statistically significant.

DISCUSSION
CAD represents an important clinical sequelae of menopause and a number of studies have
indicated that systemic inflammation contributes to CAD pathogenesis, with hs-CRP a
robust diagnostic risk marker and risk factor.7,8,10 Our two-year randomized clinical trial
suggests potential benefits of SDD in improving inflammatory biomarker levels in this
vulnerable population, including a reduction in serum hs-CRP and MMP-9.

High-sensitivity CRP is a systemic inflammatory biomarker that has been reported to be
more predictive of cardiovascular events than elevated LDL cholesterol.8 In patients at risk
for CAD due to abnormal lipid profiles, CRP may form a complex with elevated LDL
cholesterol27 which has been oxidized by the inflammatory process. This complex
facilitates the uptake of the modified LDL by macrophages infiltrating diseased coronary
arteries, resulting in upregulation of MMP-8 and MMP-9 expression. These proteinases,
MMP-8 (collagenase-2) and MMP-9 (92 kDa gelatinase), may cooperatively degrade the
thin collagen/connective tissue cap covering the atherosclerotic plaque, causing plaque
rupture, thrombosis and acute myocardial infarction.28 Indeed, elevated MMP-8 and
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MMP-9 levels in plasma and serum have been associated with increased incidence of fatal
heart attacks.9,22 Furthermore, MMP-9 plasma levels were associated with total
cardiovascular risk in a middle-aged population free from symptomatic CAD29 and MMP-9
serum levels were found to be the only independent predictor of plaque rupture in patients
who had acute myocardial infarction and unstable angina pectoris.30 Moreover, the balance
between MMPs and TIMPs is believed to be crucial in atherosclerosis development and
progression22,28 and we found, in subgroup analyses, that SDD reduced the MMP-8/
TIMP-1 ratio, which represents a favorable improvement in these systemic biomarkers.
Finally, our randomized clinical trial is in agreement with Tuter et al.31 who, in a six-week
trial, found significantly greater increases in HDL cholesterol (“good” cholesterol), and its
core protein, apolipoprotein-A, in chronic periodontitis patients with CAD receiving SDD
plus scaling and root planing versus placebo plus scaling and root planing.

In our six-month pilot trial on acute coronary syndrome (ACS) patients, SDD significantly
reduced plasma hs-CRP, interleukin-6 and MMP-9.17 This smaller study (n=30) included
aging males and females. Unlike this previous ACS study, our current two-year randomized
clinical trial included only postmenopausal women in good general health with no reported
history of myocardial infarction, angina or stroke and with much lower baseline serum hs-
CRP levels. Nonetheless, statistically-significant reductions in hs-CRP and MMP-9 in the
intent-to-treat population and a statistically-significant increase in HDL cholesterol in
women more than 5 years postmenopausal were observed. The reduction in mean serum
MMP-9 activity among subjects receiving SDD was approximately 6% and less than the
34% reduction in mean MMP-9 activity observed in the Brown et al. study17 in ACS
patients (i.e., unhealthy patients with symptomatic CAD, unlike the subjects in good general
health in the current study) treated with SDD. However, in the current trial, the 6%
reduction in MMP-9 activity in the SDD group was long-term (sustained for two years) and
highly statistically significant compared to the 3% increase in mean MMP-9 demonstrated
by placebo subjects. Consistent with the ACS study,17 SDD reduced MMP-9 in blood
(plasma) more than MMP-2. The reduced serum MMP-2 levels in protocol-adherent, non-
CAD patients in this current trial is also of interest, in part, because of this proteinase’s role
in cardiac myocyte dysfunction and its inhibition by doxycycline.32

The primary intent-to-treat (ITT) analysis for this clinical trial indicated that there was no
statistically significant effect of SDD on alveolar bone density or height loss.18 The ITT
analysis included both healthy sites and periodontal pocket sites. However, in sites with
probing depths 5 mm or greater (subgroup analysis), SDD reduced alveolar bone density
loss relative to placebo (p=0.003). In addition, with respect to relative clinical attachment
levels, a secondary endpoint, SDD, adjunctive to periodontal maintenance, significantly
decreased the odds of more progressive periodontitis by 19% relative to placebo plus
adjunctive periodontal maintenance based on ITT analyses (OR = 0.81, 95% CI: 0.67 to
0.97, p = 0.03).19 Moreover, adverse event experiences were similar between SDD and
placebo groups and there was no evidence of microbiologic resistance in the SDD group
relative to placebo.18,21 SDD represents an attractive, adjunctive pharmacologic means to
reduce systemic inflammatory biomarkers, as it is relatively inexpensive (SDD is available
generically) and has been repeatedly demonstrated to be safe18,21,33: SDD was approved
by the United States Food and Drug Administration in 1998 as a safe and effective adjunct
to scaling and root planing in the treatment of chronic periodontitis.33

Limitations of our study include the loss of several patients to follow-up, as some subjects
withdrew prior to initiation of this addendum study. However, subjects with incomplete
follow-up did not differ from those with complete follow-up in terms of baseline
characteristics. Also, given the multiple hypothesis tests that were performed, subgroup
effects must be interpreted cautiously. Finally, inference is limited to the target population,

Payne et al. Page 7

J Am Dent Assoc. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



postmenopausal women with chronic periodontitis and osteopenia, with no history of
myocardial infarction, angina or stroke. Extrapolation to the general population of
postmenopausal women at risk for cardiovascular disease requires further study.

The postmenopausal women were in good general health, although all had chronic
periodontitis, which generates elevated levels of pro-inflammatory cytokines such as
interleukin-1β,34 tumor necrosis factor-α,34 interleukin-6 35 and tissue-destructive MMPs
(e.g., MMP-8 and MMP-9)36,37 in the periodontium. These aforementioned cytokines,
particularly interleukin-6, are carried by the circulation to the liver, where they induce
expression of acute phase proteins, notably CRP.38 In support of this pathway linking
periodontitis and CAD risk, it has been reported that patients with progressive periodontitis
show elevations in the same serum biomarkers (e.g., hs-CRP and biomarkers of endothelial
dysfunction and dyslipidemia) as CAD patients.39 Although a causal association between
CRP and CAD has recently been questioned,40 inflammation is recognized as playing a key
role in CAD pathogenesis and chronic inflammatory periodontitis can potentially contribute
to the systemic inflammatory burden. Furthermore, evidence indicates that tetracyclines, by
non-antimicrobial mechanisms, can be effective in treating both pathogenic periodontitis and
CAD pathways.11,41,42 However, a large multicenter clinical trial of longer duration would
be necessary to determine whether SDD could reduce CAD risk in addition to reducing
serum biomarkers of systemic inflammation.

CONCLUSIONS
In postmenopausal women in good general health, but exhibiting chronic periodontitis and
systemic osteopenia, SDD (an approved treatment for chronic periodontitis) reduced serum
hs-CRP and MMP-9, and, in subgroups, raised HDL cholesterol, reduced MMP-2 and
reduced the MMP-8/TIMP-1 ratio. Because SDD has a favorable safety profile and is
relatively inexpensive, SDD represents a potentially attractive pharmaceutical approach to
manage chronic systemic inflammation.
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CAD coronary artery disease

CI Confidence Interval

ELISA Enzyme-Linked Immunosorbent Assay

HDL, LDL, VLDL high-density, low-density and very low-density lipoprotein

hs-CRP high-sensitivity C-reactive protein

MMP matrix metalloproteinase

SDD subantimicrobial dose doxycycline

TIMP tissue inhibitor of metalloproteinases
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Figure 1. Flow diagram in compliance with Consolidated Standards of Reporting Trials
Diagram shows flow of subjects through each stage of the two-year clinical trial. An
additional subject, the 65th subject in the SDD group, was randomized and was deemed
ineligible at the baseline visit, as she did not meet inclusion criteria.
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Figure 2. SDD effects on serum hs-CRP over the two-year clinical trial
SDD reduced median hs-CRP levels by 18% compared to placebo over the two-year
protocol after adjustment for baseline hs-CRP level, smoking status, study center, study visit
and batch effects, which was statistically significant (p=0.02, intent-to-treat analysis). The
lower edge of the box represents the 25th percentile of the observed distribution, while the
center line and upper edge of the box represent the 50th and 75th percentiles of the observed
distribution, respectively. The number of subjects analyzed at each time point in the placebo
group is as follows: 62 at baseline, 61 at the 1-year visit (serum sample not available for one
subject) and 62 at the two-year visit. 51 subjects were analyzed at each time point in the
SDD group. hs-CRP = high-sensitivity C-reactive protein.
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Figure 3. SDD effects on serum MMP-9 over the two-year clinical trial
SDD significantly reduced mean serum MMP-9 (92 kDa) by 28.44 scanning units over the
two-year protocol relative to placebo after adjustment for the baseline MMP-9 (92 kDa)
level, smoking status, study center, study visit and batch effects (p<0.0001, intent-to-treat
analysis). Data are expressed as mean ± 95% confidence interval for the mean. The number
of subjects analyzed at each time point in the placebo group is as follows: 62 at baseline, 61
at the 1-year visit (serum sample not available for one subject) and 62 at the two-year visit.
51 subjects were analyzed at each time point in the SDD group. MMP-9 = matrix
metalloproteinase-9.
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Table 1

Subject Demographics and Baseline Characteristics*

Characteristic Placebo Group (n = 62) SDD Group (n = 51) p-value

Age (years) 58.06 (5.73) 58.62 (5.96) 0.6

Ethnicity 0.4

    Hispanic or Latino 4 (6%) 1 (2%)

    Not Hispanic or Latino 58 (94%) 50 (98%)

Race >0.9

    Asian 2 (3%) 1 (2%)

    African American 1 (2%) 1 (2%)

    White 59 (95%) 49 (96%)

Years postmenopausal 0.7

    5 or fewer years 22 (35%) 20 (39%)

    More than 5 years 40 (65%) 31 (61%)

Smoking status 0.5

    Current smoker 13 (21%) 10 (20%)

    Former smoker 17 (27%) 19 (37%)

    Never smoker 32 (52%) 22 (43%)

Hyperlipidemia† 55 (89%) 48 (94%) 0.5

Hypertension‡ 12 (19%) 8 (16%) 0.6

History of myocardial infarction, angina or stroke 0 0

Diabetes 0 0

Body Mass Index (kg/m2) 28.41 (6.13) 27.51 (4.38) 0.4

Number of teeth 25.63 (2.64) 25.96 (2.63) 0.5

Lumbar spine

    Bone mineral density (g/cm2) 0.91 (0.07) 0.92 (0.09) 0.4

    T-score −1.30 (0.67) −1.20 (0.78) 0.5

Femoral neck

    Bone mineral density (g/cm2) 0.71 (0.08) 0.70 (0.06) 0.5

    T-score −1.29 (0.68) −1.37 (0.52) 0.5

Alveolar bone height (mm) 3.11 (1.29) 3.37 (1.50) 0.2

Manual probing depth (mm) 3.84 (1.19) 3.81 (1.12) 0.7

*
Data are expressed as count (%) for categorical variables and mean (standard deviation) for continuous measures. Standard deviation of alveolar

bone height and probing depth was estimated using a linear mixed model.

†
Hyperlipidemia is defined as total cholesterol > 200 mg/dL or LDL cholesterol > 100 mg/dL or HDL cholesterol < 50 mg/dL

‡
Hypertension was coded as present for any subject reporting use of a diuretic, calcium channel blocker, beta blocker, or angiotensin-converting

enzyme inhibitor/angiotensin receptor blocker
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Table 2

Baseline Medication Use*

Characteristic Placebo Group (n = 62) SDD Group (n = 51) p-value

Aspirin (any dose) 9 (15%) 9 (18%) 0.8

Non-steroidal anti-inflammatory agents 0 0

Steroids 0 0

Antibiotics 1 (2%) 0 >0.9

Statins 6 (10%) 8 (16%) 0.4

Non-statin lipid-lowering agent 0 0

Diuretics 8 (13%) 4 (8%) 0.5

Beta blockers 3 (5%) 3 (6%) >0.9

Calcium channel blockers 4 (6%) 1 (2%) 0.4

Angiotensin-converting enzyme inhibitor/angiotensin receptor blockers 6 (10%) 6 (12%) 0.8

Nitrates 0 0

Thienopyridine adenosine diphosphate-receptor antagonists 0 0

*
Data are expressed as count (%)
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