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Abstract
Aim: Few studies have examined the relationship of individual periodontal
parameters with individual systemic biomarkers. This study assessed the possible
association between specific clinical parameters of periodontitis and systemic bio-
markers of coronary heart disease risk in coronary heart disease patients with
periodontitis.
Materials and Methods: Angiographically proven coronary heart disease patients
with periodontitis (n = 317), aged >30 years and without other systemic illness
were examined. Periodontal clinical parameters of bleeding on probing (BOP),
probing depth (PD), and clinical attachment level (CAL) and systemic levels of
high-sensitivity C-reactive protein (CRP), fibrinogen (FIB) and white blood cells
(WBC) were noted and analyzed to identify associations through linear and step-
wise multiple regression analyses.
Results: Unadjusted linear regression showed significant associations between
periodontal and systemic parameters; the strongest association (r = 0.629;
p < 0.001) was found between BOP and CRP levels, the periodontal and systemic
inflammation marker, respectively. Stepwise regression analysis models revealed
that BOP was a predictor of systemic CRP levels (p < 0.0001). BOP was the only
periodontal parameter significantly associated with each systemic parameter
(CRP, FIB, and WBC).
Conclusion: In coronary heart disease patients with periodontitis, BOP is strongly
associated with systemic CRP levels; this association possibly reflects the potential
significance of the local periodontal inflammatory burden for systemic inflamma-
tion.
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Periodontitis, a chronic inflamma-
tory disease of infectious nature
(Williams 1990, Tatakis & Kumar
2005), has been strongly associated
with elevation of systemic markers,
such as C-reactive protein (CRP;
Paraskevas et al. 2008, Fisher et al.
2010), fibrinogen (FIB) and white
blood cells (WBC); (Kweider et al.

1993). These three biomarkers have
been significantly associated with
coronary heart disease (CHD);
(Wang et al. 2002) and CRP is con-
sidered an independent predictor of
CHD (Wang et al. 2002).

Abundant evidence supports a
strong association between periodon-
titis and CHD (Humphrey et al.
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2008, Dietrich et al. 2013, Tonetti &
Van Dyke 2013) an association
potentially explained by diverse bio-
logical mechanisms (Meurman et al.
2004, Kebschull et al. 2010). Such
mechanisms include the inflamma-
tory burden (Noack et al. 2001,
Montebugnoli et al. 2004, Schenkein
& Loos 2013), the oral microbial
burden (Noack et al. 2001, Reyes
et al. 2013), and haemostatic factors
(Montebugnoli et al. 2004, Schenk-
ein & Loos 2013). Interventional tri-
als suggest that periodontal therapy,
in general, results in significant
reduction of systemic marker levels
(D’Aiuto et al. 2004, 2006, Seinost
et al. 2005, Hussain Bokhari et al.
2009, Offenbacher et al. 2009, Bok-
hari et al. 2012, Teeuw et al. 2014),
especially in patients with systemic
diseases such as CHD (Teeuw et al.
2014). Despite the evidence linking
periodontitis and CHD, there are
limited data on the potential associa-
tion of specific periodontal clinical
parameters with any individual sys-
temic biomarker, such as CRP (Beck
& Offenbacher 2002, Ebersole et al.
2002, Slade et al. 2003, Montebugn-
oli et al. 2004).

The purpose of the present study
was to examine the possible associa-
tions between individual clinical
parameters of periodontitis, that is,
bleeding on probing (BOP), a mar-
ker of periodontal inflammation
(Cooper et al. 1983), and probing
depth (PD) and clinical attachment
level (CAL), two markers of tissue
destruction, and biomarkers of CHD
risk (CRP, Fibrinogen, WBCs) by
performing secondary analyses of
the baseline data from a randomized
controlled periodontal intervention
trial in CHD patients with periodon-
titis (Bokhari et al. 2012).

Materials and Methods

Study design and study population

The present study is cross-sectional
investigation of periodontal clinical
parameters and inflammatory biomar-
kers of CHD risk performed on the
baseline data of 317 subjects recruited
for a randomized controlled trial
(Bokhari et al. 2012). Information on
study population, clinical periodontal
parameters, and systemic biomarkers
has been recently reported in detail
(Bokhari et al. 2012) and is only

summarized here. Patients with angio-
graphically defined stable CHD
(>50% stenosis of ≥1 coronary vessel)
and periodontitis (whole mouth
BOP > 20% of sites; ≥4 teeth with ≥1
site with periodontal pocket depth
(PPD) ≥4 mm and CAL ≥3 mm at
same site) were recruited and exam-
ined between July 2008 and February
2009. Amongst screened CHD
patients, 354 met the inclusion criteria
and 317 agreed to participate. The
study was approved by the Ethics
Committee of Punjab Institute of
Cardiology (Lahore, Pakistan) and
eligible patients provided written
informed consent prior to enrolment
into the study.

Eligibility criteria

General and medical eligibility crite-
ria were as follows: aged >30 years;
CHD case (according to definition
above), having coronary angiogra-
phy, or myocardial infarction, or cor-
onary artery bypass grafting, or
angioplasty >3 months prior to entry
into study, clinically stable in the
absence of any potentially confound-
ing inflammatory condition; free of
other acute or chronic systemic condi-
tions; non-smokers (never smoker) or
former smokers (did not smoke at
inclusion time and had not smoked at
all for at least the last 12 consecutive
months); able and willing (through
informed written consent) to comply
with study procedures. Patients who
had received medications (during last
3 months) known to affect systemic
inflammatory markers (systemic ste-
roids; non-steroidal anti-inflamma-
tory drugs; immunosuppressants;
hormone replacement therapy; con-
traceptives; systemic antibiotics) were
excluded (Bokhari et al. 2012). Cut-
off level for hypertension was defined
at ≥140/≥90 mm Hg for systolic/dia-
stolic blood pressure, respectively
(Sesso et al. 2007). Oral and peri-
odontal inclusion criteria were as fol-
lows: at least 14 natural teeth present
(excluding third molars) that can be
evaluated periodontally; periodontitis
diagnosis (according to definition
above); no mechanical/surgical peri-
odontal therapy in the last 6 months;
no acute oral diseases (mucosal
lesions), oral infections, or need for
immediate dental/periodontal care
(e.g., necrotizing ulcerative gingivitis,
extraction, endodontic therapy, etc.);

no oral surgical treatment (including
any non-surgical extractions) in the
last 2 months. General screening was
done by a trained staff nurse and
systemic conditions were evaluated
by two hospital cardiologists. At
inclusion, patients were using medica-
tions that included anti-platelets,
b-blockers, angiotensin receptor
blockers, calcium channel antago-
nists, lipid-lowering agents, diuretics,
and nitrates; medication use was
recorded.

Clinical periodontal measures

(Exposures)

Periodontal status was assessed
through clinical parameters of BOP,
PD and CAL (six sites per tooth,
for all teeth present, excluding 3rd
molars). Periodontal examinations
were carried out by a single examiner
(SAHB). Detailed descriptions for
recording BOP, PD and CAL have
been previously reported (Bokhari
et al. 2012). Briefly, BOP was noted
within 30 s of probing, while PD and
CAL were measured using a UNC15
probe (Hu-Friedy, Chicago, IL, USA)
and recorded to the nearest mm.

Systemic biomarkers of CHD risk

(Outcome measures)

Levels of high-sensitivity CRP, FIB
and WBC were analyzed from periph-
eral blood. Non-fasting blood sam-
ples were obtained and prepared by
the hospital phlebotomist. Manufac-
turer instructions were followed up
for blood sample storage and analy-
sis. CRP levels (mg/l) were analyzed
using a high-sensitivity assay (Cardio-
phase� CCRP Flex reagent kit; Dade
Behring Ltd, Atterbury, Milton Key-
nes MK, UK); Fibrinogen (mg/l) was
analyzed on a semi-automated ana-
lyzer (KC4 Delta; Trinity Biotech
GmbH, Lemgo, Germany) and WBC
counts (9109/l) were obtained on an
automated haematology analyzer
(KX-2; Sysmex Corp, Singapore).

Statistical analysis

Statistical analysis (SPSS v.15; IBM,
Chicago, IL, USA) was performed
and significance level was set at 95%
(p ≤ 0.05). All parameters (overall
patient mean) were analyzed for
each individual. Continuous vari-
ables were described in mean � SD
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and categorical characteristics in fre-
quency. Subjects were categorized
into tertiles of mean BOP%, PD and
CAL and mean CRP, FIB and
WBCs for comparison purposes.
Percent (%) sites of PD (≥4 mm,
≥5 mm, ≥6 mm) and CAL (≥3 mm,
≥4 mm, ≥5 mm) for subjects were
calculated to report corresponding
associations.

On the basis of tertiles for each
of the three periodontal parameters,
subjects were grouped into (i) high
periodontitis (n = 37): defined as any
patient having BOP ≥ 45.37% and
PD ≥ 3.58 mm and CAL ≥ 3.91 mm;
(ii) moderate periodontitis (n = 19):
defined as any patient having BOP =
32.80–45.36% and PD = 2.95–3.57
mm and CAL = 2.67–3.90 mm; and
(iii) low periodontitis (n = 20):
defined as any patient having BOP ≤
32.79% and PD ≤ 2.94 mm and
CAL ≤ 2.66 mm.

Forward selection procedure
regression analyses (cutoff level:
p = 0.01) were performed using sys-
temic biomarkers (CRP, FIB and
WBC) as dependent variables, each
analyzed under 13 independent vari-
ables, that is, BOP, PD, CAL, age,
gender, body mass index (BMI),
smoking, hypertension, socioeco-
nomic status, cardiac medications in
four groups (anti-platelets, beta
blockers, lipid-lowering agents, cal-
cium channel antagonists). Skewed-
ness of all variables was assessed,
and skewed variables (CRP, PD)
were log-transformed prior to regres-
sion analysis.

Results

Three hundred and seventeen (n =
317) eligible CHD patients with peri-
odontitis were included in the study.
The demographical, medical and
periodontal and systemic parameters
of the study participants are pre-
sented in Table 1.

Unadjusted linear associations
between periodontal and systemic
parameters are presented in Fig. 1.
A significant positive relationship
between mean BOP% and serum
levels of CRP (r = 0.629; p < 0.001),
FIB (r = 0.424; p < 0.001) and WBC
(r = 0.493; p < 0.001) was noted.
The associations between PD or
CAL and the systemic parameters
were also significant (p < 0.001), but
less strong than BOP (Fig. 1).

A linear regression model was fit
with BOP%, PD and CAL as inde-
pendent and CRP as dependent vari-
ables. There was a significant
(p = 0.001) relationship between these
variables. BOP showed a significant
effect (or prediction) on CRP levels,
with lowest standard error (SE =
0.011). When PD and CAL remain
constant, 1 unit change (1% increase)
in BOP corresponds to a 0.136 mg/l
increase in CRP levels. PD also had
an effect on CRP level prediction
(SE = 0.165); when BOP and CAL

remain constant, 1 unit change
(1 mm increase) in PD corresponds to
0.572 mg/l increase in CRP levels.

A linear model was fit with BOP
%, PD and CAL as independent
and FIB as dependent variable.
There was a significant (p < 0.0001)
relationship between these variables,
with 1 unit change in BOP resulting
in 0.522 mg/l increase in FIB levels.
When a linear model was fit with
BOP%, PD and CAL as indepen-
dent and WBC as dependent vari-
ables, their relationship was also

Table 1. Characteristics of study population

Age (years) 49.3 � 9.3a (31–79)
Age-groups (%):
30–39 42 (13)
40–49 122 (38)
50–59 97 (31)
≥60 56 (18)

Gender (%)
Male 273 (86)
Female 44 (14)

Education (%)
No education 63 (20)
Secondary 217 (68)
University 37 (12)

Income (per month) (%)
Rs. <10,000 (<US$ 101) 274 (86)
Rs. 10–20,000 (US$ 101–202) 34 (11)
Rs. >20,000.00 (>US$ 202) 9 (3)

Occupation (%)
Unskilled 165 (52)
Skilled 75 (24)
Professional 77 (24)

Body mass index 28.3 � 6.8a (18–58)
≤Desirable (≤25 Kg/m2; %) 115 (36)
≥Overweight (>25 Kg/m2; %) 202 (64)

Smoking (%):
Non-smoker 191 (60)
Former smoker 126 (40)

Coronary heart disease extent (%):
1 vessel 89 (28)
2 vessels 137 (43)
≥3 vessels 91 (29)

Hypertension:
Systolic blood pressure 123.6 � 10.9a (90–170)
Diastolic blood pressure 84.1 � 7.6a (60–110)
Hypertensive (%) 168 (53)
Non-hypertensive (%) 149 (47)

Periodontal and systemic parameters
BOP% 42.3 � 15.5a (20.8–100.0)
PPD mm 3.4 � 0.9a (1.3–7.3)
PPD ≥ 4 mm% 39.4 � 16.9a (6.4–89.4)
PPD ≥ 5 mm% 21.8 � 14.5a (0.0–80.4)
PPD ≥ 6 mm% 9.8 � 9.3a (0.0–70.2)
CAL mm 3.5 � 1.6a (0.09–11.2)
CAL ≥ 3 mm% 55.9 � 19.7a (9.00–100.0)
CAL ≥ 4 mm% 40.8 � 20.8a (3.0–99.0)
CAL ≥ 5 mm% 27.7 � 19.4a (0.6–97.0)
C-reactive protein (mg/l) 4.6 � 3.6a (0.1–24.2)
Fibrinogen (mg/l) 382.6 � 146.5a (94.0–1093.0)
White blood cells (9109/l) 8.1 � 2.0a (3.5–15.3)

Data presented in n (%) or aMean � SD (Range).
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significant (p < 0.0001). One unit
change in BOP resulted in 0.064
units increase in WBC levels.

Stepwise regression analysis mod-
els revealed significant association of
CRP with BOP, PD, and income.
FIB showed a significant association
with BOP, PD, and age, while WBC
was significantly associated only with
BOP (Table 2).

When patients were distributed
separately into tertiles of mean BOP
(High: ≥45.37%; Moderate: 32.80–
45.36%; Low: ≤32.79%), PD (High:
≥3.58 mm; Moderate: 2.95–3.57 mm;
Low: ≤2.94 mm), and CAL (High:
≥3.91 mm; Moderate: 2.67–3.90 mm;
Low: ≤2.66 mm), the distribution of
tertiles of CRP levels (High: ≥4.69
mg/l; Moderate: 3.01–4.68 mg/l;
Low: ≤3.00 mg/l) was significantly
different within each periodontal
parameter distribution (BOP: p <
0.001; PD: p = 0.002; CAL:
p = 0.011; Fig. 2).

When patients were distributed
into tertiles of mean CRP levels, the
distribution of tertiles of periodonti-
tis (High: n = 37; Moderate: n = 19;
Low: n = 20; see Methods for defini-
tion) were significantly different, as

High-Periodontitis subjects were
most frequently found in the High-
CRP tertile (p = 0.015).

Discussion

The purpose of this study was to
examine the possible associations
between individual clinical parame-
ters of periodontitis (BOP, PD, and
CAL) and systemic biomarkers of
CHD risk (CRP, fibrinogen, WBC)
in a population of CHD patients
with periodontitis. The results indi-
cate that BOP, the clinical parameter
that provides a measure of periodon-
tal tissue inflammation (Greenstein
et al. 1981, Engelberger et al. 1983),
is strongly associated with CRP, a
systemic inflammatory biomarker
and CHD risk factor (Wang et al.
2002).

A strong association between
periodontitis and CHD has been
established from epidemiological
studies (Humphrey et al. 2008, Die-
trich et al. 2013, Tonetti & Van
Dyke 2013). This association is indi-
rectly supported by intervention tri-
als that examined the effects of
periodontal therapy on CHD risk
markers (D’Aiuto et al. 2004, 2006,
Seinost et al. 2005, Hussain Bokhari
et al. 2009, Offenbacher et al. 2009,
Bokhari et al. 2012, Teeuw et al.
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Fig. 1. Unadjusted linear associations between periodontal and systemic parameters (A. Bleeding on Probing (BOP) and C-Reactive
Protein; B. Bleeding on Probing (BOP) and Fibrinogen; C. Bleeding on Probing (BOP) and WBCs; D. Probing Depth (PD) and
C-Reactive protein; E. Probing Depth and Fibrinogen; F. Probing Depth and WBCs; G. Clinical Attachment Loss (CAL) and
C-Reactive Protein; H. Clinical Attachment Loss (CAL) and Fibrinogen; I. Clinical Attachment Loss (CAL) and WBCs

Table 2. Stepwise regression analysis.
Dependent variables: CRP, fibrinogen and
WBC

Variable b p Adj R2

CRPa

BOP 0.129 <0.001 0.358
PD 0.129 0.006 0.372
Income 0.118 0.008 0.384

Fibrinogenb

BOP 0.366 <0.001 0.177
PD 0.153 0.004 0.193
Age 0.105 0.038 0.202

WBCc

BOP 0.491 <0.001 0.238

aAge, gender, education, work type, BMI,
hypertension, and CAL are not indepen-
dently associated with CRP.
bGender, education, income, work type,
BMI, hypertension, and CAL are not inde-
pendently associated with Fibrinogen.
cAge, gender, education, income, work
type, BMI, hypertension, PD and CAL
are not independently associated with
WBCs.
BMI, body mass index; BOP, bleeding on
probing; CAL, clinical attachment level;
CRP, serum C-reactive protein levels; PD,
probing depth; WBC, white blood cells.

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

CHD biomarkers and periodontal parameters 1051



2014). Periodontitis has been
strongly associated with systemic
CRP levels (Paraskevas et al. 2008,
Fisher et al. 2010) and other sys-
temic CHD risk indicators (Kweider
et al. 1993, Danesh et al. 1998). The
results of this study, where partici-
pants with high periodontitis were
much more likely to belong to the
high-CRP subgroup, are congruent
with reports of a dose–response rela-
tionship between periodontitis and
CHD (Joshipura et al. 1996, Arbes
et al. 1999) and provide further
support for the association between
periodontitis and systemic CRP
levels.

In this study, BOP was the peri-
odontal parameter most strongly
associated with CRP levels in 317
CHD patients with periodontitis;
this result is consistent with the
reported statistically significant posi-
tive association between high
percentage of BOP+ sites and CRP
levels in 159 systemically healthy ado-
lescents (Lopez et al. 2011), as well as
the positive association between
extent of BOP and CRP levels in 5063
community-dwelling adults from the
Atherosclerosis Risk in Communities
(ARIC) study (Beck & Offenbacher
2002). In periodontitis patients, sites
with BOP are histologically charac-
terized by a threefold increase in the
volumetric density of inflammatory
cells (lymphocytes, macrophages and
monocytes), compared to sites with-
out BOP (Cooper et al. 1983). The

significant association between BOP,
a clinical marker of localized tissue
inflammation, and a marker of sys-
temic inflammation (CRP) is consis-
tent with the recently reported strong
association between periodontal tis-
sue metabolic activities, a possible
surrogate for periodontal inflamma-
tion, and histologically assessed ath-
erosclerotic plaque inflammation in
patients who underwent carotid end-
arterectomy (Fifer et al. 2011). The
results of this study have potential
implications for future studies (inclu-
sion criteria, periodontal therapy end-
points) investigating the association
between periodontal and cardiovas-
cular disease.

The results of stepwise regression
analyses indicated that BOP was also
strongly associated with fibrinogen
and the only clinical periodontal
parameter associated with WBC
(Table 2). This finding is consistent
with earlier reports of a positive asso-
ciation between periodontitis and
increased fibrinogen or WBC levels
(Loos et al. 2000, Sahingur et al.
2003, Joshipura et al. 2004, Bizzarro
et al. 2007, Amabile et al. 2008, Buh-
lin et al. 2009). Fibrinogen, the main
coagulation protein and important
determinant of blood viscosity, inter-
acts with bacteria and bacterial sur-
face components that may promote
colonization and adhesion (Sahingur
et al. 2003), and is significantly asso-
ciated with CHD (Danesh et al.
1998). Although WBC elevations in

periodontitis are rather modest, with
leukocytosis (>10 9 109/l) being spo-
radic amongst periodontitis patients
(Loos 2005), it is notable that
modestly elevated WBC counts are
associated with an increased risk
for cardiovascular diseases (Danesh
et al. 1998, Loos et al. 2000, Dave &
Van Dyke 2008). With respect to the
systemic biomarkers examined in this
study, the use of non-fasting blood
samples represents a potential limita-
tion.

Established risk factors for athero-
sclerotic diseases include diabetes
mellitus, smoking, hypercholesterola-
emia, dyslipidemia, obesity, and
hypertension (Wood 2001). In the
present study population, diabetes
mellitus and current smoking were
excluded; however, hypertension and
obesity (noted through BMI) were
recorded and accounted for in the sta-
tistical analyses performed. The study
population was selected to be free
from acute or chronic inflammatory
conditions; however, subclinical or
unknown inflammatory conditions
might have had an effect on the
observed systemic inflammatory bio-
marker levels. Although this study
population was receiving lipid-lower-
ing medications, the lack of informa-
tion on the subjects’ lipid profile
represents a limitation of the study;
however, periodontal intervention
studies have failed to indicate an
effect of periodontal therapy on lipid
profiles (Tonetti & Van Dyke 2013).

Despite this study finding that
PD and CAL were also significantly
associated with the systemic biomar-
kers, these associations were weaker
compared to BOP. In addition, the
stepwise regression analyses indi-
cated that only PD had modest
impact on the BOP associations with
CRP and fibrinogen, while CAL did
not reach statistical significance for
any systemic parameter. The associa-
tion of PD with CRP reported
herein is consistent with the findings
of the ARIC study (Beck & Offenb-
acher 2002, Slade et al. 2003) and of
a small-scale study (47 patients, 18
with periodontitis) on Greek acute
myocardial infarction patients
(Kodovazenitis et al. 2011). The lat-
ter study did not identify an associa-
tion between BOP and CRP
(Kodovazenitis et al. 2011).

In conclusion, in CHD patients
with periodontitis, BOP is strongly
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associated with systemic CRP levels;
this association possibly reflects the
potential significance of the local
periodontal inflammatory burden for
systemic inflammation.
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Clinical Relevance

Scientific rationale for the study:
There is limited data on the possi-
ble association between specific
periodontal clinical parameters
and systemic biomarkers of coro-
nary heart disease, despite the
strong association between peri-

odontitis and coronary heart dis-
ease.
Principal findings: Bleeding on prob-
ing, a clinical measure of periodontal
tissue inflammation is most strongly
associated with CRP, a systemic
inflammatory biomarker and coro-
nary disease risk factor.

Practical implications: In coronary
disease patients with periodontitis,
increased signs of periodontal
inflammation may indicate raised
levels of systemic coronary disease
risk biomarkers.
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