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Background: In the Periodontitis and Vascular Events (PAVE) pilot study, periodontal therapy was pro-
vided as an intervention in a secondary cardiac event prevention model through five coordinated cardiac–
dental centers.

Methods: Subjects were randomized to either community care or protocol provided scaling and root
planing to evaluate effects on periodontal status and systemic levels of high-sensitivity C-reactive protein
(hs-CRP).

Results: After 6 months, there was a significant reduction in mean probing depth and extent of 4- or 5-mm
pockets. However, there were no significant differences in attachment levels, bleeding upon probing, or extent
of subgingival calculus comparing subjects assigned to protocol therapy (n = 151) to those assigned to com-
munity care (n = 152). Using intent-to-treat analyses, there was no significant effect on serum hs-CRP levels at
6 months. However, 48% of the subjects randomized to community care received preventive or periodontal
treatments. Secondary analyses demonstrated that consideration of any preventive or periodontal care
(i.e., any treatment) compared to no treatment showed a significant reduction in the percentage of people
with elevated hs-CRP (values >3 mg/l) at 6 months. However, obesity nullified the periodontal treatment ef-
fects on hs-CRP reduction. The adjusted odds ratio for hs-CRP levels >3 mg/l at 6 months for any treatment
versus no treatment among non-obese individuals was 0.26 (95% confidence interval: 0.09 to 0.72), adjusting
for smoking, marital status, and gender.

Conclusion: This pilot study demonstrated the critical role of considering obesity as well as rigorous pre-
ventive and periodontal care in trials designed to reduce cardiovascular risk. J Periodontol 2009;80:190-201.
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O
ver the last decade, there have been numer-
ous case-control and longitudinal studies
that generally, but not unanimously, support

a statistically significant association between the
clinical presentation of periodontal disease and
more severe cardiovascular disease (CVD). Linkages
between periodontitis and various CVD diagnostic
outcomes include the presence of coronary heart
disease, peripheral arterial disease, myocardial
infarctions, severe atherosclerosis (thick carotid
intimal-medial wall thickness as determined by ultra-
sound and also with echo-indicated calcification),1-4

acute coronary syndrome,5 and non-hemorrhagic
stroke.6 These associations, adjusted for a variety of
cardiovascular risk factors, appear to be mild to
moderate in magnitude with increased odds ratios
(ORs), relative risks, and hazards ratios in studies
showing a positive association ranging from 1.2 to
3.9.7,8 Although not all populations or studies show
statistically significant associations, the majority of
the studies, as summarized by meta-analyses, show
significant associations even after adjusting for tra-
ditional risk factors including smoking, blood lipids,
race, gender and obesity.7,8 Whether these associ-
ations are causally related or due to underlying
genetic or behavioral risk factors that are common to
both conditions remains unknown.

It has been suggested that clinical periodontal-dis-
ease measurements that are used to quantify the level
of exposure in these studies provide only a unidimen-
sional estimate of the burden of periodontal disease
and may not fully represent the infectious and inflam-
matory stress associated with periodontal disease.9

Recent studies10,11 of CVD association, using mea-
surements that capture clinical signs and periodontal
infectious and inflammatory measurements as expo-
sures, generally show stronger associations than just
clinical parameters of disease. This point is important
to understand the association between the two condi-
tions, as it is now generally believed that atherogene-
sis and plaque rupture, two critical elements of
cardiovascular pathogenesis that lead to chronic dis-
ease burden and clinical events, are a consequence of
systemic and vascular inflammatory processes.

Inflammation impairs the function of the endothe-
lium, promotes atheroma formation within the major
elastic arteries, and compromises the structural integ-
rity of the arterial plaque by creating vascular regions
of unstable plaque that lead to susceptibility to throm-
botic and embolic events.12 Thus, the traditional role
of lipid abnormalities in cardiovascular risk, such as
an increase in blood levels of low-density lipoprotein
(LDL) cholesterol and a decrease in high-density lip-
oprotein, comprise one causal pathway leading to
cardiovascular events, and it is now clear that inflam-
mation poses a second pathogenic pathway.12 For

example, it is widely cited that about half of all cardi-
ovascular events occur among subjects who do not
have any of the traditional Framingham risk factors12

(e.g., lipid abnormalities including high cholesterol
and low LDL). It is in this context that systemic inflam-
mation is thought to promote atherogenesis and
plaque instability, a process that can be reflected by
increased levels of serum biomarkers of inflamma-
tion, such as C-reactive protein (CRP), soluble in-
tracellular adhesion molecule, or interleukin (IL)-6.
An infection of oral origin can represent one poten-
tial source of systemic infectious and inflamma-
tory stress that might contribute to the morbidity
and mortality of CVD.

Despite the fact that many studies have shown asso-
ciations that link periodontal disease to CVD, there
have been relatively few studies to address the poten-
tial effects of periodontal treatment on surrogate
markers of cardiovascular risk or cardiovascular
outcomes. Recent studies have suggested that peri-
odontal treatments can reduce levels of serum high-
sensitivity (hs)-CRP (as determined by hs-CRP assay),
lower IL-6,13-15 and improve endothelial function as
measured by flow-mediated dilation.15-18

It is not known whether the vascular lesions that are
associated with periodontal disease are fully reversi-
ble. Indeed, not all multifactorial diseases can be re-
versed by removing an etiologic component. This is
particularly relevant for chronic diseases in which
the causative agent was present, perhaps insidiously,
for decades prior to clinical onset.

Thus, to better understand whether periodontal dis-
ease was a potentially modifiable cause of CVD, the
Periodontitis and Vascular Events (PAVE) pilot study
was designed as a randomized controlled intervention
trial to determine whether we could: 1) recruit patients
with CVD intoaperiodontal treatmentstudy;2)provide
periodontal treatment in a combined university/com-
munity setting and measure improvements in peri-
odontal health; 3) determine whether periodontal
treatmentaffects the levelsof serumhs-CRP;and4) fol-
low-up with subjects to show that we could evaluate
cardiovascular endpoints.

In the following report of the PAVE pilot randomized
controlled trial (RCT), we demonstrate that periodon-
tal therapy improved periodontal health but did not re-
duce the level of hs-CRP compared to the community
care control group using an intent-to-treat analysis.
However, we performed secondary analyses to further
examine the importance of community care, the re-
sponse to therapy, and other risk modifiers on study
outcomes. The findings from this pilot study may pro-
vide important insight into how to optimally design fu-
ture studies aimed at providing periodontal care to
reduce adverse cardiovascular outcomes and lower
levels of surrogate biomarkers of cardiovascular risk.
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MATERIALS AND METHODS

Study Design
In two previous publications,19,20 we described the
study aims, the design, patient recruitment, patient
demographics, treatments received by both protocol
provided and community care groups, subject reten-
tion, clinical periodontal responses to treatment, and
adverse event outcomes. As described in Couper
et al.,19 ‘‘the specific aims of the PAVE pilot study
were: 1) to organize field centers and the administra-
tive infrastructure necessary to perform a definitive
clinical trial of periodontal treatment in the secondary
prevention of CVD; 2) to use these field centers and
the clinical trial administrative infrastructure to design
and implement a pilot RCT with the primary goal of
testing the efficacy of the infrastructure in recruiting
and enrolling patients, and in data management;
and 3) to obtain information from the pilot trial on fea-
sibility, including data on compliance, periodontal
and cardiovascular outcomes, and adverse events.’’
In this article, we report the effects of periodontal ther-
apy on changes in clinical status (probing depth [PD],
bleeding on probing [BOP], and attachment level) and
the biomarker data (serum hs-CRP and the periodon-
tal gingival crevicular fluid [GCF]-IL-1b levels). Our
hypotheses were that periodontal therapy would re-
duce the levels of PD, BOP, and attachment loss
(AL) and lower hs-CRP and GCF-IL-1b levels among
the protocol treatment group compared to the com-
munity care group.

Patient Population and Treatments
The study, conducted from January 2003 to June
2005, was approved by human subject committees
at all five field centers (University at Buffalo, Univer-
sity of North Carolina at Chapel Hill, Boston Univer-
sity, Oregon Health and Science University, and
University of Maryland), and written informed con-
sent was obtained prior to subject enrollment. Over-
sight of the study was provided by a Data Safety
Monitoring Board (DSMB) appointed by the National
InstituteofDentalandCraniofacialResearch(NIDCR),
National Institutes of Health (NIH), Bethesda, Mary-
land, that included both periodontal and cardiology
experts. The study randomized 303 subjects (begin-
ning in March 2003; enrollment ended in December
2004, with the last follow-up visits in June 2005) with
periodontal disease and a previous history of recent
cardiovascular events. For the cardiovascular criteria,
participants had to have ‡50% blockage of one
coronary artery or, within 3 to 36 months prior to en-
rollment, have had a coronary event, including myo-
cardial infarction, coronary artery bypass graft
surgery, or coronary transluminal angioplasty with
or without a stent. The periodontal inclusion criteria

were the presence of at least six natural teeth (not in-
cluding hopeless teeth), including third molars, with
at least three teeth having PD ‡4 mm, at least two teeth
with interproximal AL ‡2 mm, and with ‡10% of sites
having BOP. Once subjects were identified as eligible,
hopeless teeth were extracted, and subjects were ran-
domized to a either a community care group, consist-
ing of oral hygiene instruction plus a letter of referral to
seek periodontal care, or a protocol ‘‘intensive treat-
ment’’ group consisting of oral-hygiene instruction
plus scaling and root planing under anesthesia using
apiezoelectric ultrasonic scaler,## suturing as needed.
All therapists received standardized instruction and
training in the use of the piezoelectric scaler. Full-
mouth periodontal examinations were conducted at
baseline and at 6 and 12 months collecting data on
the plaque index,21 gingival index,22 calculus index,23

PD, AL, and BOP using trained and calibrated exam-
iners. Serum and GCF were collected at all three
visits.23,24

Laboratory Analyses
GCF measurements of IL-1b were performed measur-
ingat fourGCFsamplingsitespersubject.24Briefly, im-
munoreagents***wereused tocreatestandard curves
using a an ELISA plate reader††† in a range of 0 to 250
pg/ml with a lower sensitivity of 1.5 pg/ml. The coeffi-
cient of variance (CV) for standard curves was in the
rangeof8%to12%,whichwaswithinour laboratoryop-
erational maximum of a CV <15% for this assay.

Serum hs-CRP concentrations were measured by
latex-enhanced nephelometry.‡‡‡ The hs-CRP assay
uses a monoclonal antibody attached to polystyrene
particles and fixed-time kinetic nephelometric mea-
surements. This fully automated system creates a
seven-point standard curve from 0.4975 mg/ml
(1:40 dilution of Rheumatolgy standard) to 0.0078
mg/ml (1:2,560 dilution). The nephelometer makes
a 1:400 dilution to measure sample CRP concentra-
tions between 3.5 and 210 mg/l and a 1:20 dilution
<3.5 mg/l. This is the only hs-CRP assay that has been
approved by the United States Food and Drug Admin-
istration (FDA) for use in assessing the risk of cardio-
vascular and peripheral vascular disease.

Data Analyses
Baseline characteristics of the protocol treatment and
community care groups were expressed as the prev-
alence for categoric data and differences in propor-
tions by the x2 test. Continuous variables were
expressed as means, and standard errors were

## Cavitron, Dentsply, York, PA.
*** Cayman ELISA Kit, Cayman Chemical, Ann Arbor, MI.
††† Spectro-Max M2, Molecular Devices, Sunnyvale, CA.
‡‡‡ BN high-sensitivity CRP assay on a BN II nephelometer, Dade Behring

(Siemens), Deerfield, IL.
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computed. Differences in means were tested for sta-
tistical significance using t tests. Differences in re-
sponse variables at 6 and 12 months for community
versus protocol treatment were assessed by analysis
of covariance (ANCOVA) adjusting for baseline
values for each patient. P values <0.05 were consid-
ered statistically significant.

Three study design issues were identified a priori as
potential modifiers of the effects of the planned exper-
imental intervention: 1) non-protocol preventive and
periodontal treatments provided to subjects random-
ized to the community care group; 2) subject obesity
that serves to increase hs-CRP levels irrespective of
periodontal disease status;23 and 3) hs-CRP levels
within the normal range at baseline may be difficult
to reduce further, and improvements may only be ev-
ident in patients with elevated levels at baseline or in
preventing an increase in hs-CRP from normal to high
during the period of study.

As secondary analyses, we stratified subjects
based upon dental-use patterns, obesity, and hs-
CRP values. Dental-use patterns were assessed by
an administered questionnaire during visits and fol-
low-up telephone inquiries. Utilizations were catego-
rized by preventive (prophylaxis only) or scaling
and root planing plus prophylaxis. To explore the ef-
fects of community treatment on outcomes, the com-
munity referral group was stratified into those who
reported receiving any periodontal care (any treat-
ment, i.e., either prophylaxis, scaling and root plan-
ing, or gum surgery) or no periodontal treatment.
Three subjects had periodontal surgery following
scaling and root planing with prophylaxis and were
pooled with the scaling and root planing group. Sub-
jects were also stratified by obesity using a body mass
index (BMI) value >30 for obesity.

Additional analyses were performed using a three-
level categoric definition of hs-CRP as described by
Ridker25 with hs-CRP ranges 0 to <1 mg/l = low or nor-
mal, 1 to 3 mg/l = intermediate, and >3 mg/l = high.
hs-CRP at values >3 mg/l approximates the highest
decile as described by Ridker,25 and a high hs-CRP
value reflects a ‘‘high risk’’ category for future cardio-
vascular events. Differences in the proportions of sub-
jects with high hs-CRP among various treatment and
obesity groups were analyzed by the x2 test. Bivariate
associations were determined for the relationship be-
tween baseline characteristics and elevated hs-CRP.
Logistic regression models were developed for high
hs-CRP using the subset of the community care group
who indicated that they did not receive any preventive
or periodontal treatment as the referent population
(no treatment). Baseline characteristics were in-
cluded in the adjusted model for hs-CRP if they were
significantly (P <0.05) related to elevated hs-CRP.
Separate logistic models were computed stratifying

by obesity to compute odds ratios (OR) and 95% con-
fidence intervals (CI) for high hs-CRP.

RESULTS

The baseline demographics of the community care
and protocol treatment groups appear in Table 1.
The baseline characteristics for both groups have
similar distributions of race, gender, hypertension, di-
abetes, smoking history, BMI, mean age, level of
education, marital status, employment, and type of
CVD event that qualified them for the study. There
were a significantly greater number of subjects on
cholesterol-lowering drugs in the community care
group with 96.7% of subjects (147 of 152) taking
these medications compared to 88.7% of subjects in
the protocol treatment group. Further analyses of this
difference showed that this variation in medication-
usage patterns was not a significant modifier of any
of the periodontal or inflammatory outcomes in this
study, and no post hoc adjustments were indicated.

In Table 2, the baseline periodontal measurements
for the community care and the protocol treatment
groups show that they were well matched in terms
of disease severity at baseline as indicated by mea-
sures of extent PD ‡4 mm, mean PD, mean AL, and
extent BOP. Plaque indices and gingival indices were
also similar for both groups (data not shown). The
mean GCF-IL-1b levels were not significantly different
at baseline comparing the two groups. Similarly, the
baseline mean serum hs-CRP levels and the percent-
age of subjects with high hs-CRP were not different.
Equal distribution of baseline characteristics between
the two comparison groups suggested that randomi-
zation was effective.

The effects of periodontal therapy are shown at
6 months in Table 3 and at 1 year in Table 4. The treat-
ment protocol had a significant effect on improving
periodontal status at 6 months compared to commu-
nity care (Table 3). The P values are statistically signif-
icant for extentPD ‡4 mm (P = 0.001) and mean PD(P =
0.0009)withoutsignificanteffectsonmeanAL(border-
lineatP = 0.052)orextentBOPscores (P = 0.16)adjust-
ing for baselinevalues for each patient using ANCOVA.
Overall, there was an improvement in pocket reduction
andatrendforslightlylowerbleedingscoresandlessAL
at 6 months comparing the protocol intervention
group to the community care group. The GCF-IL-
1b levels showed no significant differences between
groupsat6months.Theeffectsofperiodontal interven-
tion onserum hs-CRPshow that there were no effectsof
protocol therapy on serum hs-CRP levels (Table 3) at
6 months.

Compared to baseline, both groups showed a trend
toward higher values at 6 months, but there were no
significant differences in mean CRP values at 6
months adjusting for baseline values for each subject
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by ANCOVA. Thus, using intent-to-treat principles,
the intervention resulted in an improvement in peri-
odontal health but did not result in a significant change
in GCF-IL-1b or serum hs-CRP levels at 6 months. As
shown in Table 4, the clinical improvement seen
among those treated under protocol was not signifi-

cantly different from baseline at the 1-year follow-
up. At the 1-year visit, GCF and serum data were
available for 37 subjects. Table 4 demonstrates that,
at 1 year, there were no significant differences, using
ANCOVA, in any of the clinical parameters or bio-
marker values comparing the community care group

Table 1.

Demographic Characteristics at Baseline by Group Assignment: The PAVE Study

Demographic Characteristics*

Community Control

(n = 152)

Protocol Treatment

(n = 151) P Value

Race
White 127 (49.6) 129 (50.4)
Non-white 25 (53.2) 22 (46.8) 0.65

Gender
Male 112 (51.9) 104 (48.2)
Female 40 (46.0) 47 (54.0) 0.35

Hypertension
Yes 106 (51.5) 100 (48.5)
No 46 (48.9) 48 (51.1) 0.69

Diabetes type II
Yes 31 (50.8) 30 (49.2)
No 118 (50.4) 116 (49.6) 0.96

Smoking
Current 22 (43.1) 29 (56.9)
Former 87 (54.4) 73 (45.6)
Never 42 (46.2) 49 (53.9) 0.26

Height/weight/BMI (mean [SD]) 30.4 (5.36) 30.4 (5.81) 0.94
Age (mean [SD]) 59.8 (8.70) 59.5 (9.14) 0.75

Education
High school or less 62 (50.4) 61 (49.6)
Greater than high school 90 (50.0) 90 (50.0) 0.94

Married
Yes 99 (48.5) 105 (51.5)
No 53 (53.5) 46 (46.5) 0.41

Employed
Yes 83 (55.7) 66 (44.3)
No 69 (44.8) 85 (55.2) 0.06

Type of event that made patient eligible (yes)†

Blockage ‡50% 127 (51.2) 121 (48.8) 0.51
MI 56 (46.7) 64 (53.3) 0.30
Angioplasty (with or without stent) 98 (49.3) 101 (50.8) 0.66
CABG 42 (53.9) 36 (46.2) 0.47

Medications (yes)†

Antihypertensive 132 (51.4) 125 (48.6) 0.32
Cholesterol lowering 147 (52.3) 134 (47.7) 0.008
Infection 9 (45.0) 11 (55.0) 0.63
Pain/anti-inflammatory 36 (48.0) 39 (52.0) 0.67

CABG = coronary artery bypass graft.
* Values reflect n (%) unless otherwise indicated.
† Some participants reported more than one problem or medication.
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to the protocol treatment group after adjusting for
baseline values, except for the extent subgingival cal-
culus scores (values ‡2), which were significantly
lower among those subjects receiving protocol-man-
dated care (P = 0.009). Furthermore, the clinical sta-
tus for these 37 subjects was not significantly different
from baseline at 1 year, except for lower subgingival
calculus scores. However, because relatively few sub-
jects were seen at 1 year, detailed secondary analyses
were limited to the baseline and 6-month data.

Secondary Analyses of hs-CRP
One design issue of the trial that concerned us from
the beginning was that subjects assigned to the com-
munity care group might receive periodontal care
during the study period, an intervention that could po-
tentially diminish any possible differences between
the two study groups. At the onset before randomiza-
tion, we also extracted hopeless teeth and provided
home care instructions, thereby instituting some level
of infection control among those who were ultimately
assigned to the community care group. Furthermore,
subjects who were identified as having periodontal
disease and were randomized to the community care
group were also provided with referral letters to seek
additional care.

Table 5 shows the dental care–use patterns for all
study participants. Overall, 48% of the community
care control group received one or more preventive
or periodontal therapies during the 6-month study pe-

riod, including prophylaxis, scaling and root planing,
and periodontal surgery. Some of this information re-
garding scaling and root planing was previously pub-
lished.19 In Table 5, those subjects assigned to the
community care group received significantly higher
levels of non-study-care than those receiving therapy
on protocol, including total number of dental visits,
numbers of prophylaxis, and subgingival scaling
and root planing. These use differences suggest that
perhaps many who received care as part of the PAVE
protocol chose to substitute study-provided care for
normal community care dental visits, although they
were advised to continue to seek routine dental care
during the study. The protocol treatment provided a
net change (SD) of -0.30 (0.45) mm (6-month base-
line value) which was more improvement than that
seen among the community care group (-0.13
[0.34] mm; P = 0.001). However, both groups demon-
strated a significant improvement in PD at 6 months
relative to baseline (Tables 2 and 3). These findings
suggested that secondary analyses to explore the ef-
fects of periodontal care provided to subjects random-
ized to the community care group appeared
warranted.

Table 2.

Baseline Periodontal and Serum hs-CRP
Measures by Treatment Group

Variable*

Community

Control

Protocol

Treatment P Value†

Extent PD ‡4 mm 20.8 (1.33) 19.9 (1.38) 0.69

Mean PD 2.72 (0.05) 2.69 (0.06) 0.74

N PD ‡5 mm 11.4 (1.05) 11.8 (1.50) 0.83

Extent AL ‡3 mm 51.9 (2.12) 49.6 (2.15) 0.45

Mean AL 2.95 (0.09) 2.79 (0.08) 0.19

Extent BOP 47.3 (2.18) 48.0 (3.13) 0.83

Mean GCF-IL-1b 194.4 (129.8) 201.0 (133.8) 0.12

Serum hs-CRP 3.18 (0.36) 3.17 (0.39) 0.76

High CRP (>3 mg/l)
(n [%])

48 (33.8) 42 (30.0) 0.98

* Values reflect means (SE) unless otherwise indicated.
† P values were computed using Student t or x

2 tests.
IL-1b levels are pg/ml; serum hs-CRP levels are mg/l.

Table 3.

Six-Month Follow-Up of Periodontal
Assessments, GCF-IL-1b Levels,
and Serum Measures of hs-CRP by
Treatment Group

Variable*

Community

Control

(n = 102)

Protocol

Treatment

(n = 126) P Value†

Extent PD ‡4 mm 16.8 (1.56) 13.3 (1.18) 0.001

Mean PD 2.57 (0.07) 2.41 (0.06) 0.0009

N PD ‡5 mm 10.4 (1.36) 7.35 (1.10) 0.0003

Extent AL ‡3 mm 40.7 (2.71) 42.5 (2.22) 0.02

Mean AL 2.72 (0.11) 2.52 (0.08) 0.052

Extent BOP 42.5 (2.56) 38.3 (2.17) 0.16

Extent subgingival
calculus

58.6 (3.95) 42.8 (3.14) 0.002

GCF-IL-1b 222.3 (22.9) 237.5 (35.0) 0.97

Serum hs-CRP 3.53 (0.45) 3.12 (0.38) 0.97

High CRP (>3 mg/l)
(n [%])

31 (34.8) 33 (31.4) 0.62

* Values reflect means (SE) unless otherwise indicated.
† P values reflect ANCOVA adjusting for baseline values.
IL-1b levels are pg/ml; serum hs-CRP levels are mg/l.
Six-month follow-up data were only available from 228 subjects.
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As secondary analyses, subjects were regrouped
into those who received any periodontal treatment
and those who received no treatment, irrespective of
group assignment. Also, subjects were stratified based
upon obesity. The community no treatment group was

defined as those subjects assigned to the community
care group who did not report having any periodontal
care during the study period (6 months; n = 79). The
community care group was further subdivided into
those that received a prophylaxis only or a prophylaxis
plus scaling and root planing. Three individuals in the
community care group received periodontal surgery
and were combined into the community scaling and
root planing group. The any treatment group (n =
224) included protocol treatment plus those in the
community care group that had either prophylaxis,
scaling and root planing, or periodontal surgery. In Fig-
ure 2, the percentage of subjects with high hs-CRP (hs-
CRP >3 mg/l) are shown for obese and non-obese indi-
viduals at 6 months for the community care group,
stratified upon type of care provided within the com-
munity setting, the protocol treatment group, and the
pooled any treatment group. There were two striking
findings. First, there was no difference in the proportion
of subjects who have elevated hs-CRP irrespective of
treatment among those 73 obese individuals (BMI
>30). It appears that periodontal treatment of obese in-
dividuals with high hs-CRP had no effect in the preva-
lence of elevated hs-CRP levels at 6 months. Secondly,
there was a marked lower proportion of subjects with
hs-CRP ‡3 mg/l at 6 months among those non-obese
subjects who received either a community prophylaxis
or scaling and root planing, whether assigned to com-
munity care or protocol. Among non-obese individuals
in the community who received no treatment, 43.5%
had high hs-CRP at 6 months. In contrast, there was
a strikingly lower proportion of subjects with high hs-
CRP among those subjects who received a prophylaxis

Figure 1.
PAVE study summary.

Table 4.

One-Year Follow-Up of Periodontal
Assessments, GCF-IL-1b Levels,
and Serum Measures of hs-CRP by
Treatment Group

Variable*

Community

Control

(n = 12)

Protocol

Treatment

(n = 25) P Value†

Extent PD ‡4 mm 19.5 (6.12) 14.3 (3.51) 0.76

Mean PD 2.77 (0.22) 2.49 (0.16) 0.55

N PD ‡5 mm 9.08 (4.72) 9.48 (3.30) 0.89

Extent AL ‡3 mm 46.8 (8.10) 33.9 (4.94) 0.11

Mean AL 2.95 (0.46) 2.25 (0.19) 0.20

Extent BOP 45.8 (9.06) 37.09 (5.00) 0.88

Extent subgingival calculus 63.8 (12.10) 29.2 (6.06) 0.009

GCF-IL-1b 202.6 (102.20) 163.8 (42.30) 0.74

Serum hs-CRP 2.79 (0.71) 3.41 (0.78) 0.74

High CRP (>3 mg/l)
(n [%])

5 (33.3) 8 (34.8) 0.93

* Values reflect means (SE) unless otherwise indicated.
† P values reflect ANCOVA adjusting for baseline values.
IL-1b levels are pg/ml; serum hs-CRP levels are mg/l.
Complete results from 1-year follow-up were only available for 37 subjects.

Table 5.

Dental Use During First 6 Months of
the Study

Protocol

Treatment

Community

Control P Value

Number reporting
non-study dental
visits (%)

54 (36.5) 93 (64.1) <0.0001

Number reporting
non-study
prophylaxis (%)

6 (4.1) 54 (37.2) <0.0001

Number reporting
non-study subgingival
scaling and root
planing (%)

3 (2.0) 26 (19.9) <0.0001
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(6.25%; P = 0.009), scaling and root planing (8.3%; P =
0.03), and protocol therapy (22.2%; P = 0.04). It is
noteworthy that these two community treatment
groups also demonstrated clinical improvements at 6
months relative to baseline. For example, the mean
(SE) PD change in millimeters for the four groups
was: no treatment (-0.07 [0.06]), prophylaxis (-1.17
[0.06]), scaling and root planing (-0.20 [0.08]), and
protocol treatment (-0.30 [0.03]). Combining all
treated, non-obese subjects into the any treatment
group showed, with statistical significance, a lower pro-
portion of subjects with high hs-CRP from 43.5% in the
no treatment group to 17.6% (P = 0.006) in the any
treatment group.

Logistic regression models were used
to compute the ORs shown in Table 6
for having high hs-CRP (>3 mg/l) at 6
months based upon periodontal treat-
ment provided either in the community
setting or on protocol compared to the
communitynotreatmentgroupastheref-
erent population stratifying by obesity or
using all treated subjects. As illustrated in
Figure 2, there were no significant find-
ings regarding the risk for high hs-CRP
among obese individuals irrespective of
treatment category. However, any treat-
mentamong all subjects resulted in a sta-
tistically significant 2.38-fold lower odds
for high hs-CRP (OR = 0.42 [95% CI =
0.18 to 0.995]). The effects were
even stronger among the non-obese sub-
jects, with a 3.85-fold lower odds for

having high hs-CRP at 6 mon-
ths with any treatment (OR =
0.26 [95% CI = 0.09 to 0.72]).
Thecommunity-providedprophy-
laxis showed a significant reduc-
tion in OR among non-obese
subjects, whereas the lower OR
(0.09) seen with community
scaling and root planing was not
statistically significant among
non-obese individuals. The proto-
col treatment had no effect among
the obese individuals but signifi-
cantly lowered the OR to 0.34
(95% CI = 0.12 to 0.98) among
the non-obese subjects, repre-
senting a statistically significant
2.9-fold reduction in the number
of subjects with high hs-CRP at 6
months compared to those non-
treated individuals in the commu-
nity setting.

DISCUSSION

General Comments Regarding Study Design
and Implementation
This pilot study resulted in several important opera-
tional and outcome assessment insights. During the
first year of the trial, the PAVE enrollment was inade-
quate because the periodontal disease levels
for eligibility were initially too stringent, and the logis-
tic engagement of cardiovascular-qualified potential
subjects into the dental component of the investiga-
tion was not convenient for patients. Periodontal dis-
ease criteria were lessened, and we learned that dental
screening must be performed in cardiology settings
rather than as a two-step referral process. In

Figure 2.
Percent of subjects with hs-CRP >3 mg/l at 6 months by treatment group and stratified by
obesity. *P = 0.009; †P = 0.03; ‡P = 0.04; §P = 0.006. Tx = treatment ; Prophy =
prophylaxis; SRP = scaling and root planing. Vertical dashed line designates that ‘‘Any Tx’’
is a composite of the three treatment groups.

Table 6.

OR (95% CI) for hs-CRP >3 mg/l at 6 Months

Group Non-Obese* Obese* All Subjects†

Community: no
treatment

Referent Referent Referent

Community:
prophylaxis

0.9 (0.01 to 0.79)‡ 1.36 (0.4 to 7.88) 0.34 (0.09 to 1.31)

Community: scaling
and root planing

0.10 (0.10 to 1.01) 2.55 (0.34 to 19.14) 0.70 (0.19 to 2.56)

Protocol: treatment 0.34 (0.12 to 0.98)‡ 0.84 (0.22 to 3.24) 0.39 (0.153 to 0.999)‡

Any treatment 0.26 (0.09 to 0.72)‡ 1.05 (0.30 to 3.75) 0.42 (0.181 to 0.995)‡

Baseline characteristics were considered for entering into the adjusted logistic models for elevated
hs-CRP (data not shown). Significant baseline characteristics included smoking, marital status, and BMI.
Gender was also included because of its known relationship24 to hs-CRP even though it did not reach
statistical significance in this dataset (P = 0.08).
* Adjusted for smoking, marital status, and gender.
† Adjusted for smoking, marital status, gender, and BMI.
‡ Statistically significant.
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the PAVE trial, the sample size was not designed to be
adequate to test the hypothesis that periodontal treat-
ment reduces the incidence of secondary cardiovas-
cular events, but it was adequately powered to test
the hypothesis that periodontal treatment may
improve periodontal status, lower GCF-IL-1b, and
reduce the serum level of CRP at 6 months post-
treatment compared to the community care group.
Although relatively few subjects were available for
analysis at 1 year due to slow initial enrollment, sev-
eral significant trends can be seen at 1 year that war-
rant discussion. In addition, the preliminary findings
provide further guidance for future study design.

Effects of Periodontal Therapy on Periodontal
Status and GCF-IL-1b Levels
The treatment protocol resulted in a significant im-
provement in periodontal status at 6 months as as-
sessed by reduction of PD, but there was little or no
change in attachment levels, BOP, or subgingival cal-
culus.Thisunexpectedresultsuggestedthatamorerig-
orous protocol for treatment may be necessary in a
population of cardiovascular patients. The effects of
treatmentwereattenuatedat1year.Thisfinding iscon-
sistent for treatments provided in a community setting
in which close patient follow-up including oral hygiene
andsupportivemaintenance isnotprovidedat intervals
thataremorefrequentthan6months.Subjectswereini-
tially identified as cardiac patients who were asked to
participate inadental trial andwerenot initiallypatients
seekingperiodontal care, which may inpart explain the
relativelymodest response toperiodontal therapy.Fur-
thermore, many patients who were randomized to the
therapy arm apparently skipped community dental ap-
pointments, as their non-study dental use was signifi-
cantly lower (specifically, 57% of the rate) than the
group randomized to community care. This finding
points to theneed in future trials toprovide amore strin-
gent maintenance program to maintain a more stable
improvement in periodontal status in this secondary
cardiac prevention model.

Although there were not significant differences in
GCF-IL-1b as a result of periodontal therapy at 6
months, GCF-IL-1b responses to scaling and root plan-
ing are usually short term, occurring shortly after treat-
ment (i.e., 4 to 6 weeks) and are highly correlated to
clinical changes.27 Thus, the reestablishment of perio-
dontal pockets and bleeding scores at 6 months would
be expected to result in a reestablishment of GCF-IL-
1b levels. The proportion of the community care group
(48%) that received some form of preventive or peri-
odontal care and demonstrated clinical improvement
was an unexpected outcome. In our previous studies
on subjects who were in medical studies but enrolled
in secondary dental studies (e.g., the Piedmont Study28

ortheOralConditionsandPregnancyStudy29),subjects

showedmuch lowerratesofdentalcare–seekingbehav-
iorswheninformedof theirperiodontaldisease,closer to
arangeof12%to15%(unpublisheddata).Thismaybea
reflection of this particular patient population who are
more health care motivated due to their recent cardio-
vascular event or perhaps a more general appreciation
for the potential linkages between oral health and CVD
thaninthepopulationat large. It is important tonotethat
many patients had some level of infection control prior
to randomization, and this alone may have prompted
many patients to seek additional community care. Irre-
spective of the reasons, the effects of community care
are significant because they resulted in clinical im-
provements and a reduction in systemic inflammation
among those individuals who have high hs-CRP. This
finding points to an important design issue for future
studies in that the level of community care provided
to control subjects, both preventive and periodontal
therapy,needstobeconsidered. Inacommunity-based
trial, treatments provided by private practitioners can-
notbesuspended,andethically,patientswhoarenewly
diagnosed as having periodontal disease must be in-
formed and advised to seek care. Thus, the level of per-
iodontal care received by patients within the
community remains a wild-card variable that can be
monitored but not readily controlled in community-
based studies and is likely to affect all intent-to-treat
analyses.

Effects of Periodontal Therapy on Serum hs-CRP
From an intent-to-treat perspective, the pilot inter-
vention therapy did not result in a significant reduction
in mean hs-CRP or a reduction in the proportions of
individuals with high hs-CRP (>3 mg/l) compared to
the community care group. Several previous cross-
sectional studies23,25,30 indicated that periodontal
disease was associated with elevated serum levels
of hs-CRP. Although serum CRP elevation is a non-
specific marker of the acute phase response that
can be elicited by a broad range of stimuli, elevated
hs-CRP has been demonstrated to be predictive of
CVD events including myocardial infarction and
stroke.25 Furthermore, several studies13,14,31 that in-
clude periodontal treatment demonstrated a lowering
of the serum CRP level following periodontal treat-
ment, but not all studies show reductions in systemic
inflammation following periodontal care.32 This evi-
dence suggested that periodontal treatment may
reduce the levels of serum CRP in certain circum-
stances and, therefore, could potentially be evaluated
as an intermediate surrogate endpoint in a pilot inter-
vention trial that would be underpowered to demon-
strate an effect on cardiovascular events. A study
by Slade et al.24 demonstrated that both periodontal
disease and obesity were associated with increased
serum hs-CRP levels and that there was a significant
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interaction between obesity and periodontal disease
on the serum hs-CRP level. The cross-sectional
study24 could imply that treating periodontal disease
among people with obesity might have no effect on
lowering the serum hs-CRP level unless the patient
also lost weight at the same time. In the PAVE study,
obesity was associated with higher levels of hs-CRP as
reflected in the baseline differences in hs-CRP levels
comparing obese and non-obese subjects (3.81
[2.99 SD] versus 1.91 [2.07 SD] mg/l, respectively;
P <0.0001). Furthermore, in the PAVE study, the
hs-CRP was non-responsive to the effects of periodon-
tal therapy among obese individuals, confirming the
fact that obesity overwhelms the mild elevation of
hs-CRP that is elicited by periodontal disease. This
is potentially due to the well-established concept that
adipose tissue is both a fat-storage organ as well as a
source of inflammatory adipokines that serve to in-
crease serum markers of inflammation, including
hs-CRP.12 Similar concerns were possible for other
factors that could potentially modify serum hs-CRP
levels, including concomitant infections or inflamma-
tory conditions, gender, smoking, and diabetes. Ad-
justing for these confounders in our intent-to-treat
study design, we found a non-significant overall treat-
ment effect of lowering the prevalence of elevated
CRP at 6 months (>3 mg/l; OR = 0.55 [95%CI = 0.24
to 1.24]). Thus, whereas the effect of periodontal
treatment on lowering serum CRP may be demon-
strated in a well-controlled clinical trial, it was not
clear whether periodontal treatment could have an
impact on hs-CRP levels in a community setting be-
cause periodontal disease is just one of the potential
stressors that can activate the acute phase response.
We would suggest that, in clinical trials conducted in
university settings, study designs select subjects with
more severe periodontal disease and higher serum hs-
CRP values upon randomization, and the level of care
provided to controls is minimal in order to maximize
the potential difference between treated and untreated
groups. Indeed, the results from the PAVE study sug-
gest that even a single prophylaxis preventative ther-
apy visit could have an effect on lowering the
prevalence of high hs-CRP (Fig. 2) at 6 months in
non-obese individuals. Furthermore, in the PAVE
study, the proportion of non-obese individuals with
high hs-CRP was lower at 6 months, irrespective of
the treatment provided.

The PAVE findings on the effects of treatment on hs-
CRP need to be interpreted with caution because they
arebasedonsecondaryanalyses.Nonetheless, several
important trendsseemtobeemerging regarding the ef-
fects of periodontal therapy on hs-CRP that may be im-
portant for future study design.

First, control subjects must be truly untreated indi-
viduals, because even minimal care such as prophy-

laxis alone appears to have an impact on reducing
high hs-CRP. Secondly, the effects of treatment are
not uniform across the spectrum of hs-CRP values.
Typically, hs-CRP values within the population are
not normally distributed and are often categorized into
three levels: hs-CRP values between 0 and <1 mg/l are
categorized as normal; values from 1 to 3 mg/l are in-
termediate; and values >3 mg/l are high. Hs-CRP
values above 10 mg/l are suggestive of acute infection
or stress that would be transient and not reflective of
the chronic level. Therefore, patients with levels >10
mg/l are advised to have repeat values within a week
to allow the transient peak to subside to chronic ho-
meostatic levels.33 In some ways, periodontal disease
appears to operate within the range of 1 to 10 mg/l and
can contribute to drift in hs-CRP within this range de-
pending upon biofilm load, periodontal status, and
periodontal disease activity. Close examination of
the data on the effects of treatment suggest that there
is little change in the chronic steady-state level of hs-
CRP following care. The effect of periodontal therapy
appears to prevent any increase in hs-CRP to levels >3
mg/l, a trend that is common among patients with per-
iodontal disease. Non-obese patients without peri-
odontal disease or other infectious or inflammatory
challenges will typically have hs-CRP levels <1 mg/l
and remain in the normal range. Patients with peri-
odontal disease have hs-CRP values that are higher
(with values, on average, of 2.3 mg/l per 10% increase
in extent PD ‡4 measurements23) and, upon repeat
measurements, show time-dependent variations.
Thus, preventive and periodontal treatments appear
to lower hs-CRP levels below 3 mg/l and also prevent
the upward drift of hs-CRP above 3 mg/l that occurs
among subjects with untreated periodontal disease.
It appears likely that the upward shifts in hs-CRP levels
seen among untreated periodontitis patients may be
mediated by infectious or inflammatory events occur-
ring within the periodontium, but that remains to be
proven. It is interesting to note that, at 1 year, the
OR for high hs-CRP is 0.54 (95% CI = 0.10 to 2.78)
for any treatment compared to the community no
treatment group, adjusting for BMI. This is not statis-
tically significant, but the trend suggests that the
effects of treatment on hs-CRP may potentially per-
sist >6 months.

CONCLUSIONS

Collectively, these data suggest that periodontal ther-
apy may lower hs-CRP levels among non-obese cardi-
ovascular patients if the levels are >3 mg/l initially, and
it may prevent a drift to levels >3 mg/l for those that are
in the intermediate range of 1 to 3 mg/l. It does not ap-
pear that periodontal therapy diminishes hs-CRP levels
among individuals with hs-CRP levels <3 mg/l in this
patient population. The chronic burden of CVD as an
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inflammatory process may alone serve to keep a mild
elevation of hs-CRP present, irrespective of the added
burden of periodontal disease. Obesity acts to increase
hs-CRP levels and to possibly nullify any periodontal
treatment effects on hs-CRP levels. These data indicate
that, overall, there were significant improvements in
periodontal clinical health at 6 months following the
periodontal intervention compared to community
care. In our previous publications of this study,19,34

we demonstrated that cardiovascular patients can be
successfully recruited through cardiology practices
and successfully randomized and that cardiovascular
events can be monitored for 1 year post-therapy and
endpoints adjudicated. Thus, this pilot study estab-
lishes feasibility and important insight for designing fu-
ture interventional trials.
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