
Effects of scaling and root planing
and sub-antimicrobial dose
doxycycline on oral and systemic
biomarkers of disease in patients
with both chronic periodontitis
and coronary artery disease
Tüter G, Kurtis- B, Serdar M, Aykan T, Okyay K, Yücel A, Toyman U, P{nar S, Cemri
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Abstract
Objectives: This study evaluated the effects of scaling and root planing (SRP) �
sub-antimicrobial dose doxycycline (SDD) on gingival crevicular fluid (GCF) levels of
matrix metalloproteinase (MMP) -1, -8, -13 and on serum levels of high-sensitivity
C-reactive protein (HsCRP) and lipid fractions in patients with both chronic
periodontitis (CP) and coronary artery disease (CAD).

Material and Methods: Thirty-six patients were randomly distributed into two
groups (Placebo or SDD; 6 weeks) and both received two regimens of SRP. At baseline
and 6 weeks, GCF and blood were collected and clinical indices were recorded.
MMPs, HsCRP and lipid fractions were assayed.

Results: There were statistically significant improvements for all clinical parameters,
GCF volumes, GCF MMPs and serum levels of HsCRP, apolipoprotein-A (APO-A),
high-density lipoprotein (HDL) and lipoprotein-a between pre- and post-treatment in
both groups. Between groups, there were statistically significant greater improvements
in pocket depth (PD), gingival index (GI), APO-A and HDL, favouring the group
receiving SDD adjunctive to SRP (po0.05).

Conclusion: Greater improvement was detected for PD and GI, and for serum levels
of APO-A and HDL cholesterol when using SRP1SDD compared with SRP1placebo
in this study. An investigation with larger numbers of patients and a longer duration of
drug treatment is needed to confirm these preliminary findings.
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The systemic implications of acute and
chronic infections, such as chronic
periodontitis (CP), have received con-
siderable attention over the past decade
(Smeeth et al. 2004, Moutsopoulos &
Madianos 2006). Besides classical risk
factors, such as hyperglycaemia, dysli-
pidaemia, hyperinsulinaemia, hyperten-
sion, diabetes and cigarette smoking,
that may increase the probability of
vascular atherogenic changes, chronic
inflammatory diseases may also accel-
erate vascular inflammation and pro-
mote thrombosis (Craig et al. 2003,
Iwamoto et al. 2003, Viles-Gonzalez
et al. 2006, Croce & Libby 2007).
Numerous cross-sectional studies have
suggested that CP is a risk factor for
atherosclerosis and subsequent cardio-
vascular disease (CVD) (Beck & Offen-
bacher 2005, D’Aiuto et al. 2005a,
Yamazaki et al. 2005). However,
whether an association between CP
and CVD could be cause and effect is
still uncertain.

There are a number of hypotheses to
explain the association between CP and
CVD. Periodontal pathogens, such as
Porphyromonas gingivalis, and inflam-
matory mediators generated by the
host’s diseased periodontal tissues,
such as the cytokines, interleukin 1b
(IL-1b), tumour necrosis factor-a
(TNF-a) and IL-6, may act directly, or
indirectly, to exacerbate CVD (Mattilla
et al. 2005). Bacteria from the subgin-
gival biofilm may enter systemic circu-
lation and colonize the coronary
endothelium. The now dysfunctional
endothelium could promote monocyte
penetration into sub-endothelial tissues,
adjacent to the shoulder of the athero-
scleromatous plaque, where they differ-
entiate into macrophages and foam cells
that produce enzymes that cause cardiac
events [i.e., acute myocardial infarction
(AMI)]. Although periodontal patho-
gens have not been cultured from car-
otid or aortic atheromatous plaques,
their presence has been inferred by
positive polymerase chain reaction
(PCR) assays (Haraszthy et al. 2000,
Okuda et al. 2001) and more recently,
Cavrini et al. (2005) have detected
periodontal pathogens in atheromatous
plaques by fluorescence in situ hybridi-
zation. Another possibility for the con-
tribution of CP to CVD is that cytokines
synthesized locally, in inflamed perio-
dontal tissues, can be carried by the
circulation to the liver where they
induce the expression of acute phase
proteins including (but not limited to)

C-reactive protein (CRP), fibrinogen
and haptoglobin. CRP can then form a
complex with enzyme- or oxidant-mod-
ified low-density lipoprotein (LDL) cho-
lesterol, which, when phagocytosed by
infiltrating monocytes, induces their dif-
ferentiation into macrophages and foam
cells (Østerud & Bjørklid 2003). The
production of matrix metalloproteinases
(MMPs), such as MMP-8 (collagenase-2)
and MMP-9 (gelatinase B) by these
inflammatory cells, can degrade the
thin collagen ‘‘cap’’ that covers choles-
terol-rich plaques lining the coronary
arteries causing plaque rupture, result-
ing in thrombosis and AMI (Falk et al.
1995, Libby 1995, Lee & Libby 1997).
An elevated serum level of high-sensi-
tivity CRP (HsCRP) is a biomarker of
systemic inflammation and significantly
increases the risk for CVD in combi-
nation with other risk profile factors
(Persson et al. 2005). Recently, studies
have shown that severe CP may also
induce elevated serum CRP levels
(Noack et al. 2001, Craig et al. 2003,
D’Aiuto et al. 2004b). Moreover, some
studies (but not all) have shown that
periodontal treatment can reduce the
serum levels of these biomarkers of
systemic inflammation such as CRP
(Mattilla et al. 2002, Iwamoto et al.
2003, D’Aiuto et al. 2004a, 2005b). In
this regard, a recent study revealed a
‘‘spike’’ of acute phase proteins in the
circulation of patients with severe CP
soon after a vigorous regimen of SRP.
However, this increase in systemic
inflammatory markers was short-lived
and was followed by a reduction of
these biomarkers, compared with base-
line values, over the long term (Tonetti
et al. 2007).

It is well established that acute and
chronic infections influence lipoprotein
levels as a part of the acute phase
reaction in a way that may favour ather-
ogenesis and CVD (Khovidhunkit et al.
2000, Mattilla et al. 2005). Several
pathogens that cause chronic infection
may induce alterations in lipoprotein
metabolism. These pathogens include
Chlamydia pneumoniae (Laurila et al.
1997), Helicobacter pylori (Laurila et al.
1999) and periodontal pathogens
(Lösche et al. 2000). Thus, recently,
increased attention has been paid to the
effect of periodontitis on both lipopro-
teins and inflammatory markers systemi-
cally in the circulation, two major
contributors to the pathogenesis of CVD.

MMPs are tissue destructive, host-
derived, calcium and zinc-dependent

neutral proteinases that are not only
involved in numerous pathologic condi-
tions, including cardiovascular and
periodontal diseases, but also in physio-
logic tissue remodelling associated with
organogenesis, growth and normal tis-
sue turnover (Kiili et al. 2002, Sorsa
et al. 2004). MMP-1 is distributed
widely in tissues and expressed by
fibroblasts, keratinocytes, endothelial
cells, osteoblasts, chondrocytes and
macrophages. MMP-1 is an important
regulator of connective tissue and is
present in inflamed gingival regions,
including periodontal disease (Tüter
et al. 2002). Although initially identified
as a fibroblast-type collagenase, which
can degrade the triple-helical collagen
molecule, MMP-1 is now known to
degrade a wide range of other substrates,
including various structural extracellu-
lar matrix (ECM) components as well as
soluble non-matrix mediators and other
MMPs. MMP-8, initially called leuco-
cyte-type collagenase, like MMP-1, also
has wide substrate specificity and is the
major type of collagenase detected in
the gingival tissue, gingival crevicular
fluid (GCF) and saliva of humans with
periodontitis (Kiili et al. 2002, Kinane et
al. 2003). In fact, Golub et al. (1997)
found that the relative proportion of the
three genetically distinct types of col-
lagenase in the GCF of patients with CP
was 96% MMP-8, 4–5% MMP-13 and
o1% MMP-1. MMP-8 is now known to
be produced not only by polymorpho-
nuclear leucocytes but also by resident
synovial and gingival fibroblasts,
epithelial cells, odontoblasts, plasma
cells, oral cancer cells and monocyte/
macrophages (Sorsa et al. 2004). The
third member of the collagenase sub-
family, MMP-13, is expressed during
bone development as well as in gingi-
val–oral and foetal wound healing (Kiili
et al. 2002) and has been detected in
human gingival sulcular epithelium in
patients with CP and in gingival fibro-
blasts (Mancini et al. 1999, Tervahartiala
et al. 2000).

ECM degradation, during various
periodontal diseases, is mediated by a
complex cascade involving both host-
and microbial-derived proteinases
(Golub et al. 1991). The importance of
the host inflammatory response in perio-
dontal pathogenesis presents an oppor-
tunity to exploit new treatment
strategies for periodontitis by means of
host response modulation (Golub et al.
1992). Host modulatory therapy can be
combined with traditional periodontal
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therapies that reduce the bacterial bur-
den. Sub-antimicrobial dose doxycy-
cline (SDD) marketed as Periostats is
the only Food and Drug Administration-
approved, systemic therapy for the treat-
ment of periodontal diseases adjunctive
to scaling and root planing (SRP). It was
developed to treat the host inflammatory
response in periodontal pathogenesis
and functions by inhibiting the activity
and/or down-regulating the expression
of MMP’s, such as collagenase and
gelatinase, and cytokines, such as IL-
1b and TNF-a, and other mediators of
inflammation and connective tissue
destruction including excessive bone
resorption (Golub et al. 1991, 1992,
Lee et al. 2004).

Brown et al. (2004) recently showed
that patients with acute coronary syn-
dromes, which included a history of
CVD, atherosclerosis in coronary
arteries and unstable angina, who were
treated for 6 months with SDD in a
double-blind study, showed dramatic,
and statistically significant, reductions
in plasma markers of systemic inflam-
mation and ECM degradation including
HsCRP, IL-6 and MMP-9. Placebo-trea-
ted patients showed no significant
changes in any of these parameters.
However, periodontal disease was not
treated or assessed in that study.

The aim of the present study was to
evaluate the effects of phase I perio-
dontal therapy, consisting of SRP, with
or without SDD, on clinical parameters,
GCF levels of MMP-1, -8, -13 and also
on the serum levels of HsCRP and lipid
fractions in patients who exhibited both
CP and CAD. To our knowledge, this is
the first study to determine the effect of
SRP � SDD in patients with both CP
and coronary artery disease (CAD).

Material and Methods

Study population and study design

Informed consent

The protocol of this randomized, dou-
ble-blind clinical trial was approved by
both the Ethical Committees of the
Faculty of Medicine and the Faculty
of Dentistry, Gazi University, Ankara,
Türkiye. Informed written consent was
obtained from all subjects after the
details of the clinical procedures,
including periodontal measurements,
blood and GCF sampling, and the host
modulatory drug were fully explained.
Before consent, information on the

safety and potential efficacy of SDD,
and the probability of receiving SDD or
placebo, was also explained. Subjects
were recruited from patients referred to
the Department of Cardiology of Gazi
University. A total of 36 patients were
enrolled into the study.

Inclusion/exclusion criteria

Patients referred to the Department of
Cardiology of Gazi University who had
angiographically proven CAD, defined
as the presence of a X50% lesion in
any major coronary artery or left main
stem, were screened for inclusion in the
study. Exclusion criteria included dia-
betes mellitus, current smoking, unstable
CAD, congestive heart failure or mark-
edly impaired left ventricular dysfunc-
tion [ejection fraction (EF) o40%], a
coronary angiography performed within
the last 4 weeks and an age >70 years.
Potential subjects were then screened for
periodontal disease status at the Depart-
ment of Periodontology of Gazi Univer-
sity. Periodontal disease status was
determined according to clinical and
radiographic criteria. Patients showing
radiographic evidence of bone loss and
attachment loss and those who had a
minimum of six periodontal pockets
>4 mm were included in the study.
None of the patients had received perio-
dontal treatment during the past 6
months and none had received antibiotic
medication during the past 3 months. The
clinical evaluation of patients was based
on the following indices: plaque index
(PI) (Silness & Löe 1964), gingival index
(GI) (Löe 1967), probing depths (PD)
and clinical attachment loss (CAL).

Medical history

All 36 subjects were on statin therapy
and none of them used anti-aggregant
therapy other than salicylates. The sub-
ject’s cardiac medical therapy and diet
habits did not change during the study.
Subjects and their medical records were
reviewed for a family history of CAD. A
positive family history of CAD was
defined as a documented myocardial
infarction, angiographic evidence of
CAD, angina pectoris or sudden cardiac
death in a first- or second-degree rela-
tive who was a male, 55 years or young-
er or was a female 65 years or younger.
Subjects were considered to have hyper-
tension if they had been prescribed
medications to lower blood pressure or
had blood pressure values of X140/
90 mmHg on two or more occasions.

Clinical procedures

All clinical parameters were measured
with a Goldman/Fox Williams probe
calibrated in millimetres. All single-
rooted teeth present in the subject, in
both the upper and lower sextants, were
used as test sites for PD and CAL
measurements and for GCF sampling.
Clinical measurements were taken at six
sites per tooth (mesio-buccal, mid-buc-
cal, disto-buccal, mesio-palatal, mid-
palatal and disto-palatal) from the test
sites. The deepest six pockets found in
the test site (single-rooted teeth) of each
subject were chosen for GCF sampling.
Therefore, 216 (36 patients � six sites)
pockets were sampled for GCF at each
of the test appointments.

The 36 patients were randomly
assigned to either group I or II, using a
completely randomized design, by the
corresponding author who did not pro-
vide any patient treatment or participate
in any clinical measurements or labora-
tory analysis. No other participant in the
study had access to the blinded informa-
tion, including the statistician, until all
the data had been collected and ana-
lysed. All subjects received SRP. In
addition to SRP, group I patients were
placed on placebo and group II patients
were placed on SDD therapy (20 mg
Periostats bid; Drug and identi-
cal-appearing placebo were provided
by Alliance Pharmaceuticals Ltd.,
Wilshire, UK) for 6 weeks. Blood and
GCF were sampled and clinical index
scores were recorded, at baseline. After
the baseline clinical recording and blood
and GCF sampling, phase I periodontal
therapy was initiated for both groups
and SRP was accompanied by SDD
therapy for group II, whereas placebo
and SRP were administered to patients
in group I. All patients underwent phase
I therapy, including oral hygiene
instruction, and SRP under local anaes-
thesia. Full-mouth SRP was performed
once a week for 2 weeks by sharp
sickles, gracey and universal curettes
and ultrasonic instruments.

After 6 weeks, clinical measurements
were again obtained and blood and GCF
were collected, and the subjects were
questioned about drug compliance and
any possible adverse reactions.

Blood sampling and laboratory analyses

At the baseline and 6-week appoint-
ments, a fasting (12 h) blood draw was
taken before conducting the dental
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procedures. The blood was processed to
isolate serum and plasma and then the
serum or plasma was analysed immedi-
ately. Total cholesterol, high-density
lipoprotein (HDL) cholesterol and tri-
glyceride levels were measured in the
serum by enzymatic assays using an
Aeroset autoanalyser (Abbott Labora-
tories, Chicago, IL, USA). LDL choles-
terol was calculated using Friedewald’s
formula: LDL cholesterol 5 total cho-
lesterol� [HDL cholesterol1(triglycer-
ides/5)]. Hs-CRP, apolipoprotein A
(APO-A), apolipoprotein B (APO-B)
and lipoprotein a (Lp a) levels were
assayed in the plasma on a Behring
BN-ProSpec Nephelometer (Dade Behr-
ing, Marburg, Germany).

GCF sampling and processing

GCF samples were collected using com-
mercially available periopaper (Oraflow
Inc., Plainview, NY). The sample site
was gently air-dried and all supragingi-
val plaque was removed. The area was
carefully isolated with cotton rolls and a
saliva ejector was used to prevent the
samples from being contaminated by
saliva. The paper strips were inserted
into the pockets until slight resistance
was felt and left in place for 30 s. Care
was taken to avoid mechanical injury of
the gingival tissues. Strips contaminated
by bleeding or exudate were discarded.
Strips were placed into coded sealed
plastic microcentrifuge tubes and cov-
ered with paraffin and then stored at
� 701C until processed. GCF volumes
were determined as described pre-
viously (Tüter et al. 2002). GCF collec-
tion always preceded pocket depth
probing to avoid mechanical stimulation
of GCF flow.

GCF enzyme-linked immunoabsorbent
assay (ELISA) analysis for MMP-1, -8

and -13

The levels of MMP-1, -8 and -13 in
GCF samples were assayed using a
sandwich ELISA (Quantikine R&D
Systems Inc., Minneapolis, MN, USA).
All ELISA procedures were carried out
according to the manufacturer’s instruc-
tions. Microcentrifuge tubes, containing
a PerioPaper strip, with absorbed GCF
sample, were removed from storage and
warmed to 41C, and then eluted using a
centrifugal method (Griffiths et al.
1988). Elution was carried out by adding
200 ml of calibrator diluent (MMP-1 and
MMP-13) or 100ml of diluent (MMP-8)

to the strip and then the microcentrifuge
tubes, containing the strips and the
buffer, were centrifuged for 20 min. at
3000 g. After centrifugation, the strips
were removed and the fluid was assayed
by ELISA for MMP-1, -8 and -13. The
ELISA plates were then assessed spec-
trophotometrically at optical density
(OD) at 450 nm with a reference filter
of OD at 540 nm. The levels of GCF
MMP-1, -8 and -13 in each sample were
determined using the concentration
values of the standards included with
the kit. Total collagenase was deter-
mined by the arithmetic summation of
MMP-1, -8 and -13 totals.

Statistical analysis

Data analysis was performed using the
statistical package SPSS (Microsoft
Corp., Chicago, IL, USA). The Sha-
piro–Wilks test was used to determine
the normality of the data’s distribution.
The statistical significance of the differ-
ences in GCF levels of MMP-1, -8 and -
13, serum levels of lipid fractions and
HsCRP and clinical parameters between
pre- and post-treatment were analysed
using the Wilcoxon Signed Rank test.
Mann–Whitney U-tests were used to
determine the significance of the differ-
ences between the two groups at
baseline and post-treatment for all para-
meters. The w2-test was used to deter-
mine whether there was a statistical
difference between the groups with
respect to age, hypertension, gender
and a family history of CAD. We could
not prospectively calculate the power
needed in this study from the literature
because the literature did not contain
any studies that examined the effects of
SRP and LDD on subjects that were
diagnosed with both periodontitis and
coronary artery disease. Using the data
that were generated with our study, we
retrospectively calculated the power
[(1�b) calculation] to observe a statis-
tically significant difference in PD,
between the two groups, to be 82.96%.
A p-value o0.05 was considered to be

statistically significant for all statistical
tests.

Results

No adverse events occurred during this
preliminary clinical trial and none of the
subjects asked to be withdrawn from the
study or stopped taking their assigned
study drug. There were no significant
differences between the two groups with
respect to age, gender, hypertension or
family history (Table 1). Table 2 com-
pares the four clinical parameters (PI,
GI, PD and CAL) and the GCF volumes,
pre- and post-treatment, within each
group and also compares these para-
meters, pre- and post-treatment,
between the two groups. At the pre-
treatment time point, there were no
significant differences between groups
I and II for the clinical parameters or
for GCF volumes. At the post-treatment
time point, there were no significant
differences between groups I and II
for PI, CAL or GCF volumes but group
II showed statistically significant
decreases in GI and PD in comparison
with group I; p 5 0.027 and 0.034,
respectively. Within each group, all the
clinical parameters and the GCF
volumes showed statistically significant
reductions at the post-treatment time
point.

Figure 1 presents the data for the
levels of MMP-1, -8 and -13 and total
collagenase, pre- and post-treatment, for
groups I and II. Within groups I and II,
there were statistically significant reduc-
tions in all MMPs and total collagenase
at the post-treatment time point com-
pared with pre-treatment values. At both
the pre- and post-treatment time points,
there were no statistically significant
differences between the two groups for
MMPs or total collagenase.

The serum HsCRP levels for the two
groups, pre- and post-treatment, are
shown in Fig. 2. There was no signifi-
cant difference in the HsCRP levels
between groups I and II pre-treatment
(p 5 0.864). The serum levels of HsCRP

Table 1. Comparison of the general characteristics of subjects in each group

Group I (placebo) (n 5 18) Group II (SDD) (n 5 18) p

Average age (years) 52.2 � 6.91 55.39 � 9.38 0.293
Gender (male/female) 17/1 16/2 0.5
Family history of CAD (�) 8/10 9/9 0.738
History of hypertension (�) 13/5 13/5 1.000

CAD, coronary artery disease; SDD, sub-antimicrobial dose doxycycline.
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were significantly decreased within both
groups (po0.001). There was no statis-
tically significant difference for the
HsCRP levels between the two groups
post-treatment (p 5 0.628). The altera-
tion of HsCRP levels between the two
groups showed no significant difference
post-treatment (p 5 0.791). Ejection
fractions were not different between
the two groups both at baseline
(p 5 0.988) and 6 weeks (p 5 0.117)
(data not shown).

The blood lipid and lipoprotein levels
of the two groups pre- and post-treat-
ment are shown in Table 3. There was
no significant difference in blood lipid

and lipoprotein levels between groups I
and II pre-treatment. After treatment,
HDL cholesterol and APO-A levels
increased and Lp(a) levels decreased
significantly in both groups. However,
there were significantly greater
increases in both HDL cholesterol and
APO-A, the protein core of HDL, post-
treatment in group II than in group I
( p 5 0.047 and p 5 0.006, respectively).

Discussion

Chronic destructive periodontal disease
is increasingly being recognized not

only as a localized inflammatory disease
(albeit the major cause of tooth loss in
the adult population world wide) but
also as a most common condition with
an impact on a variety of medical dis-
eases as well. In this regard, CP can be a
risk factor for CVD, stroke, bacterial
pneumonia and less well-regulated dia-
betes mellitus (Ryan 2006). Thus, the
question has been asked: can perio-
dontal therapy that effectively reduces
local inflammation reduce the risk for
CVD? In this regard, several studies
have found that periodontal therapy,
i.e., SRP, can reduce the level of circu-
lating biomarkers of systemic inflamma-
tion. For example, periodontal therapy
was found to reduce significantly plas-
ma levels of CRP after 6 weeks (Mattilla
et al. 2002) and after 6 months (D’Aiuto
et al. 2004a, b). However, studies by
other groups (Ide et al. 2003, Yamazaki
et al. 2005) did not observe significant
changes in these systemic biomarkers
after periodontal therapy consisting of
SRP. D’Aiuto et al. (2006) studied the
effect of SRP or intensive periodontal
treatment (IPT; SRP1locally applied
minocycline) in patients with severe
generalized periodontitis but otherwise
in good health. They found that patients
receiving IPT showed significant
decreases in CRP, IL-6, total cholesterol
and LDL cholesterol in comparison with
patients in the SRP group. In a subse-
quent study, an early ‘‘spike’’ (i.e.,
a sharp increase) in the biomarkers of
systemic inflammation (e.g., CRP) due
to SRP was seen, but this was followed
later by a reduction in these biomarkers
compared with the pre-treatment values
(Tonetti et al. 2007). It should be noted,
however, that the effect of local therapy
on systemic biomarkers in these studies
was not assessed in patients who had

Table 2. Comparison of clinical parameters and GCF volumes for groups I and II, pre- and post-treatment, and comparison of clinical parameters
and GCF volumes, pre- and post-treatment, between groups I and II

Group I (placebo) (n 5 18)
Median (quarters)

Group II (SDD) (n 5 18)
Median (quarters)

pn

pre-treatment post-treatment pw pre-treatment post-treatment pw pre-treatment post-treatment

Plaque index 2.0 (1.75–2.16)z 0.75 (0.23–0.92) o0.001 2.0 (1.5–2.21) 0.55 (0.17–1.0) o0.001 0.673 0.696
Gingival index 1.90 (1.83–2.08) 1.27 (0.97–1.52) 0.001 1.99 (1.86–2.21) 1.0 (0.77–1.16) o0.001 0.214 0.027
Pocket depth (mm) 4.59 (4.18–4.72) 3.78 (3.52–4.2) 0.001 4.44 (4.19–4.8) 3.45 (3.24–3.69) o0.001 0.839 0.034
Clinical attachment loss 4.26 (3.95–4.72) 4.0 (3.66–4.46) 0.001 4.08 (4.0–4.39) 3.97 (3.75–4.10) o0.001 0.673 0.521
GCF volume (ml) 2.53 (2.17–3.2) 1.95 (1.68–2.21) o0.001 2.37 (1.95–2.76) 1.85 (1.41–2.28) 0.001 0.226 0.323

nComparison between groups (Mann–Whitney U-test).
wChange between pre- and post-treatment within a group (Wilcoxon’s signed-rank test).
zThe numbers in parentheses are the 25th and 75th percentiles of the raw data.

GCF, gingival crevicular fluid; SDD, sub-antimicrobial dose doxycycline.
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Fig. 1. Gingival crevicular fluid levels of matrix metalloproteinase (MMP)-1, -8 -13 and
total collagenase in groups I and II before and after treatment and also a comparison of
enzyme levels between the two groups both before and after treatment.
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been diagnosed with CVD but in other-
wise healthy patients. In contrast,
Brown et al. (2004) carried out a dou-
ble-blind placebo-controlled study on
CVD patients administered a 6-month
regimen of a non-antimicrobial formu-
lation of doxycycline (i.e., low-dose
doxycycline-SDD) approved as an
MMP-inhibitor drug for the manage-
ment of CP. They found a 40–50%,
statistically significant reduction in cir-
culating (i.e., plasma) levels of HsCRP,
IL-6 and MMP-9, all of which are
recognized as being important risk fac-
tors for CVD and cardiac events (Ridker
2001, Blankenberg et al. 2003). How-
ever, the effect of SDD on the perio-

dontal condition of these CVD patients
was not assessed. As a result, it was
unclear whether these beneficial
changes in systemic biomarkers, pro-
duced by this dental medication, pro-
duced these effects either directly, by
direct inhibition of cytokine expression
and MMP activity in the diseased cor-
onary arteries, or indirectly by first
reducing the production of inflammatory
mediator molecules in the diseased
periodontal tissues in the CVD patient,
which, subsequently, reduced acute
phase proteins produced by the liver
and their risk for cardiac events.
Another difference between the Brown
et al. (2004) study and this study is that

patients with unstable CAD were
excluded in this study whereas they
were included in the Brown et al.
(2004) study. In this current preliminary
short-term (6-week) study, we began to
address these issues in CVD patients by
determining the effect of either a
repeated regimen of SRP alone or SRP
combined with systemic administration
of SDD as a host-modulatory agent.
Although the serum HsCRP levels
were significantly decreased after the
therapies in both the groups, there was
no significant difference between the
two groups at 6 weeks in our study.
The lack of additional benefit of
SRP1SDD (combination therapy)
versus SRP alone on this biomarker of
systemic inflammation may reflect
(1) the short-term duration of SDD in
this study (6 weeks) in contrast to the
previous study by Brown et al. (2004) in
which SDD was administered (without
SRP) for 6 months and (2) the ability of
SRP alone in this study to reduce ele-
vated HsCRP to low levels, at least in
the short term. However, it is conceiva-
ble that 6 months after SRP, SDD would
be required to maintain this beneficial
effect after the efficacy of SRP has
worn off and the bacterial ‘‘burden’’ in
the periodontal pockets has been
re-established.

The combination of SDD and SRP
has repeatedly been shown to reduce
collagenase, gelatinase and serpinolytic
(a1-proteinase inhibitor degrading)
activity in GCF and gingiva in patients
with CP more than SRP alone (Golub
et al. 1990, Crout et al. 1996, Preshaw
et al. 2004). In one such study, the
combination of SDD and subgingival
scaling reduced pyridinoline cross-
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Fig. 2. Serum levels of high-sensitivity C-reactive protein (HsCRP) for the two groups before
and after treatment and the alteration of HsCRP levels after the therapies. Horizontal bars
represent the sample means.

Table 3. Blood lipid and lipoprotein levels in both groups before and after treatment and comparison between the two groups

Group I (placebo) (n 5 18)
Median (quarters)

Group II (SDD) (n 5 18)
Median (quarters)

pn

pre-treatment post-treatment pw pre-treatment post-treatment pw pre-
treatment

post-
treatment

Total cholesterol (mg/dl) 153.5 (137.2–165.0)z 151.0 (126.0–159.0) 0.337 163.5 (152.7–177.7) 156.0 (153.5–181.5) 0.492 0.068 0.068
LDL cholesterol (mg/dl) 85.1 (77.6–105.3) 77.1 (67.3–95.1) 0.084 91.6 (79.5–105.8) 84.8 (77.1–95.9) 0.338 0.389 0.406
HDL cholesterol (mg/dl) 38.0 (32.0–42.0) 38.0 (35.0–46.0) 0.024 40.5 (38.5–43.2) 44.0 (39.7–50.5) 0.003 0.161 0.047
VLDL cholesterol (mg/dl) 25.4 (17.7–35.0) 24.5 (21.2–32.8) 0.306 29.8 (18.2–43.5) 22.0 (17.3–45.8) 0.862 0.355 0.864
Triglyceride (mg/dl) 127.0 (88.7–175.2) 122.5 (106.0–164.2) 0.306 149.0 (91.0–217.5) 110.0 (86.7–229.0) 0.862 0.355 0.864
Lipoprotein-a (mg/dl) 42.0 (15–51.2) 14.0 (9.7–38.5) 0.003 25.5 (11.5–39.5) 11.0 (9.0–17.0) 0.002 0.323 0.406
Apolipoprotein-A (mg/dl) 102.5 (98.0–117.7) 110.0 (103.7–134.0) 0.033 119.0 (104.7–133.2) 128.5 (116.2–140.7) 0.031 0.064 0.006
Apolipoprotein-B (mg/dl) 78.0 (60.0–95.5) 85.0 (68.5–103.2) 0.102 94.0 (80.0–108.0) 87.5 (76.0–98.0) 0.183 0.068 0.673

nComparison between groups (Mann–Whitney U-test).
wChange between pre- and post-treatment within a group (Wilcoxon’s signed-rank test).
zThe numbers in parentheses are the 25th and 75th percentiles of the raw data.

SDD, sub-antimicrobial dose doxycycline; LDL, low-density lipoprotein; HDL, high-density lipoprotein; VLDL, very low-density lipoprotein.
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linked carboxyterminal telopeptide of
type I collagen (ICTP) levels, in addi-
tion to collagenase, in periodontal pock-
ets, whereas scaling alone had no effect
(Golub et al. 1997). ICTP is a degrada-
tion product of type I collagen used to
assess bone resorption, when measured
in blood or urine, in patients with bone
deficiency diseases such as osteoporosis
and has been monitored in the GCF of
periodontal pockets to assess bone
resorption at these local sites in both
humans and experimental animals
(Giannobile et al. 1995). However, the
current study is the first to assess
the combination of SDD and SRP in
the treatment of patients with both CP
and CAD. Although all the GCF levels
of MMPs decreased significantly after
the therapies in both groups, there was
no significant difference between two
groups post-treatment in the present
study. In contrast to these previous
studies, we prescribed SDD for a shorter
time (6 weeks). In fact, SDD adminis-
tration for just 2 or 3 weeks inhibited
collagenase activity in the gingival tis-
sues and GCF collected from CP
patients (Golub et al. 1990, Lee et al.
2004). However, it should be recognized
that in the earlier studies, SDD reduced
collagenase and gelatinase enzyme
activities, whereas enzyme activity was
not measured in the current study; only
the protein levels of these enzymes were
determined. It is not known what pro-
portion of MMPs measured in this study
were in active or inactive (proMMPs)
forms.

Regarding clinical measures of perio-
dontal disease severity in these CAD
patients, although all the clinical para-
meters were significantly improved after
the therapies in both groups, SDD in
combination with SRP provided a better
clinical improvement beyond that
obtained by SRP alone in the present
study. In particular, PD and GI scores
showed a significantly greater reduction,
in the combination therapy group, than
SRP alone post-treatment. Once again,
the clinical significance of this effect of
non-surgical periodontal therapy in
CAD patients remains to be clarified
by larger studies of longer duration.

In the present study, the lipid frac-
tions were not statistically different
between the two groups pre-treatment.
After the therapies, APO-A and HDL
cholesterol levels significantly increased
and Lp(a) levels significantly decreased
in both groups. Of particular interest, the
combination of SRP1SDD did signifi-

cantly increase the levels of HDL cho-
lesterol, and its core protein APO-A
lipoprotein, more than SRP alone, indi-
cating, based on these blood lipid
fractions, that SDD1SRP therapy con-
ceivably could reduce the risk for CVD,
including coronary events such as AMI.
But additional studies with larger num-
bers of patients and for longer time
periods will be needed to confirm these
findings. The levels of HDL cholesterol
and APO-A are decreased during acute
and chronic inflammatory conditions
(Lippi et al. 1998, Schlitt et al. 2005)
and HDL can bind and neutralize
endotoxin (lipopolysaccharide) that is
directly involved in mediating the
inflammatory process (Baumberger
et al. 1991). HDL can also inhibit the
formation of foam cells by promoting
cholesterol efflux from monocytes/
macrophages (Schlitt et al. 2005). In
addition to its other anti-atherothrombo-
tic functions, HDL can inhibit cyto-
kine-induced expression of adhesion
molecules such as vascular cell adhesion
molecule-1 (VCAM-1) and intercellular
adhesion molecule-1 (ICAM-1) by
endothelial cells (Barter 1997). These
effects could explain, at least in part, the
influence of inflammatory periodontal
disease on CVD and the greater ability
of the ‘‘two-pronged’’ treatment, i.e.,
bacterial ‘‘load’’ reduction by SRP
combined with host-modulation therapy
with SDD, to reduce more effectively
the severity of CP and the risk for
cardiac events. We hypothesize that
the increasing amounts of HDL choles-
terol and APO-A in both groups are
important because it has been reported
that every 1 mg/dl increase in HDL
cholesterol is associated with a 2–3%
decrease in CAD risk, independent of
LDL cholesterol and triglyceride levels
(Castelli et al. 1986). It has also been
reported that HDL cholesterol could be
a therapeutic target due to this protec-
tive effect (Toth 2005). In fact, based on
the Framingham study (Castelli et al.
1986), the combination of SRP plus
SDD, by increasing HDL cholesterol
twice as much as SRP alone, could
reduce the risk for CVD proportionately.

To our knowledge, the current study
is the first to demonstrate the effects of
SRP � SDD on both periodontitis and
systemic biomarkers of inflammation in
CVD patients. In view of our results,
combination therapy produced statisti-
cally significant benefits in both local
periodontal disease (GI and PD) and
systemic biomarkers (HDL cholesterol

and APO-A). However, it is not yet
clear whether SDD reduces risk for
cardiac events, after combination ther-
apy, and whether these effects are due to
direct effects on CAD or indirect effects
resulting from improved periodontal
health. Further investigations with lar-
ger numbers of subjects and of a longer
duration are needed to better understand
the role of periodontal therapy with/
without adjunctive SDD in patients
with both CP and CAD.
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Löe, H. (1967) The gingival index, plaque index

and the retention index systems. Journal of

Periodontology 38, 610–616.

Lösche, W., Karapetow, F., Pohl, A., Pohl, C. &

Kocher, T. (2000) Plasma lipid and blood

glucose levels in patients with destructive

periodontal disease. Journal of Clinical

Periodontology 27, 537–541.

Mancini, S., Romanelli, R., Laschinger, C. A.,

Overall, C. M., Sodek, J. & McCulloch, C. A.

(1999) Assesment of a novel screening test

for neutrophil collagenase activity in the

diagnosis of periodontal diseases. Journal of

Periodontology 70, 1292–1302.

Mattilla, K., Vesanen, M., Valtonen, V., Nie-

minen, M., Palosuo, T., Rasi, V. & Asikai-

nen, S. (2002) Effect of treating periodontitis

on C-reactive protein levels: a pilot study.

BMC Infectious Diseases 2, 30.

Mattilla, K. J., Pussinen, P. J. & Paju, S. (2005)

Dental infections and cardiovascular dis-

eases: a review. Journal of Periodontology

76, 2085–2088.

Moutsopoulos, N. M. & Madianos, P. N. (2006)

Low-grade inflammation in chronic infec-

tious diseases: paradigm of periodontal infec-

tions. Annals of the New York Academy of

Sciences 1088, 251–264.

Noack, B., Genco, R. J., Trevisan, M., Grossi,

S., Zambon, J. J. & Nardin, E. (2001) Perio-

dontal infections contribute to elevated sys-

temic C-reactive protein level. Journal of

Periodontology 72, 1221–1227.

Okuda, K., Ishihara, K., Nikagawa, T., Hiraya-

ma, A., Inayama, Y. & Okuda, K. (2001)

Detection of Treponema denticola in athero-

sclerotic lesions. Journal of Clinical Micro-

biology 39, 1114–1117.

Østerud, B. & Bjørklid, E. (2003) Role of

monocytes in atherogensis. Physiological

Reviews 83, 1069–1112.

Persson, G. R., Pettersson, T., Ohlsson, O. &

Renvert, S. (2005) High-sensitivity serum C-

reactive protein levels in subjects with or

without myocardial infarction or perio-

dontitis. Journal of Clinical Periodontology

32, 219–224.

Preshaw, P. M., Hefti, A. F., Jepsen, S., Etienne,

D., Walker, C. & Bradshaw, M. H. (2004)

Subantimicrobial dose doxycycline as

adjunctive treatment for periodontitis. Jour-

nal of Clinical Periodontology 31, 697–707.

Ridker, P. M. (2001) High-sensitivity C-reac-

tive protein: potential adjunct for global risk

assessment in the primary prevention of

cardiovascular disease. Circulation 103,

1813–1818.

Ryan, M. E. (2006) Guest editorial. Grand

Rounds in Oral-Systemic Medicine 1, 12–13.

Schlitt, A., Blankenberg, S., Bickel, C., Meyer,

J., Hafner, G., Jiang, X. C. & Rupprecht, H. J.

(2005) Prognostic value of lipoproteins and

their relation to inflammatory markers among

patients with coronary artery disease. Inter-

national Journal of Cardiology 102, 477–

485.
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Silness, J. & Löe, H. (1964) Periodontal disease

in pregnancy. II. Correlation between oral

hygiene and oral condition. Acta Odontolo-

gica Scandinavica 22, 121–135.

Smeeth, L., Thomas, S. L., Hall, A. J., Hubbard,

R., Farrington, P. & Vallance, P. (2004) Risk

of myocardial infarction and stroke after

acute infection or vaccination. The New Eng-

land Journal of Medicine 351, 2611–2618.
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Clinical Relevance

Scientific rationale for the study: CP
may contribute to systemic inflam-
mation that increases the risk of
CAD, and reduction of local inflam-
mation by aggressive treatment of
CP may reduce systemic inflamma-
tion as well.

Principal findings: SRP � SDD in
patients with both CP and CAD
both resulted in improved clinical
parameters and GCF levels of
MMP-1, -8 and -13. Serum levels
of HsCRP and Lp(a) decreased,
whereas APO-A and HDL levels
increased in both groups. However,
SRP1SDD resulted in significantly

greater improvements in PD, GI,
APO-A and HDL levels compared
with SRP1placebo.
Practical implications: Treating CP
with SRP or SRP1SDD reduces both
local and systemic inflammation;
however, SRP1SDD had greater
efficacy on some local and systemic
outcomes.
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