
Relation between periodontal
disease and arterial stiffness

Nicolosi L.N, Lewin PG, Rudzinski JJ, Pompeo M, Guanca F, Rodr�ıguez P,

Gelpi RJ, Rubio MC. Relation between periodontal disease and arterial stiffness.

J Periodont Res 2016; doi:10.1111/jre.12376. © 2016 John Wiley & Sons A/S.

Published by John Wiley & Sons Ltd

Background and Objective: Periodontal disease has been described as playing a

role in the atherosclerosis process, and its relation with intimal thickness and vas-

cular endothelial function (EF) has been investigated. The present study sought

to determine whether there are differences in parameters of arterial stiffness and

EF between patients with and without severe periodontal disease (SPD).

Material and Methods: Patients referred to the School of Dentistry University of

Buenos Aires, were assessed. Demographic characteristics, atherogenic risk fac-

tors and concomitant pathologies were recorded. Patients with known cardio-

vascular pathology were excluded. Using carotid Doppler ultrasound an

operator assessed arterial stiffness parameters: compliance, elastic modulus

(EM), b stiffness index (bSI) and vascular EF by brachial artery flow-mediated

dilatation. The patients were divided into two groups: with and without SPD.

Results: Forty patients were included; 60% were women; 15 were in the SPD

group and 25 in the group without SPD. Respective results of the studied

variables were: age 56.53 � 17.58 vs. 51.12 � 12.97 years (NS); probing depth

2.53 � 1.30 (95% CI 1.81–3.25) vs. 1.25 � 0.51 (95% CI 1.31–1.73) p = 0.02;

clinical attachment level 4.80 � 2.00 (95% CI 3.69–5.91) vs. 1.72 � 0.93 (95%

CI 1.33–2.11) p = 0.001; intimal thickness 0.10 � 0.17 (95% CI 0.095–0.11) vs.
0.82 � 0.18 (95% CI 0.074–0.98) (NS); EM 48.33 � 12.53 vs. 38.86 � 7.69

(p = 0.005); bSI 4.21 � 1.03 vs. 3.64 � 1.02 (p = 0.004); EF 16.13 � 5.02 vs.

22.76 � 4.50 (p = 0.0003). Correlation between: EM and clinical attachment

level r = 0.58 (p < 0.001), bSI and clinical attachment level r = 0.66 (p < 0.001),

EF and clinical attachment level 0.59 (p < 0.001).

Conclusions: Parameters of arterial stiffness and EF were worse in patients with

SPD and correlated moderately with clinical attachment level. Correlation with

compliance and EF was negative.
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Endothelial cells play a fundamental

role in vascular homeostasis. Inflam-

mation has a negative impact on

endothelial function (EF) as it causes

an increase in vascular permeability,

generating alterations in the cytoskele-

ton. Inflammatory injury has been

shown to cause an imbalance in the

synthesis/secretion of vasodilating

substances, such as nitric oxide,

prostacyclin and endothelial hyperpo-

larizing factor, and vasoconstrictors

such as endothelin 1, thromboxane

and angiotensin II (1,2).

Vascular endothelial dysfunction

has been associated with a variety of

pathologies and risk factors for

atherosclerosis, including age, arterial

hypertension, dislipemias, diabetes,

smoking, specific cardiovascular

pathologies such as coronary, cerebral

and peripheral arteriopathy, and

infectious and inflammatory processes

such as periodontal disease (3–12).
Studies in cohorts of cases and

controls have demonstrated that peri-

odontitis is associated with endothe-

lial dysfunction, atherosclerosis and

with a higher risk of myocardial

infarction and stroke (13–19).
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Endothelial dysfunction results in a

predominance of the vasoconstrictor

effect, which can be quantified by

measuring the flow-mediated dilation

of the brachial artery. In addition, EF

has been found to improve with peri-

odontal disease treatment. There are

reports demonstrating a relation

between periodontal disease, intima-

media thickness of the carotid artery

and aorta stiffness, using the cardio-

ankle index. However, the usefulness

of b index stiffness (bSI), compliance

and elastic modulus (EM) of the caro-

tid artery to assess arterial stiffness in

patients with severe periodontal dis-

ease (SPD) remains to be clarified

(20–24).
A number of studies have used

pulse wave velocity as a measure of

arterial stiffness. It must be pointed

out, however, that this parameter is

influenced by arterial blood pressure

at the time of measurement. In the

present study, arterial stiffness was

evaluated using the arterial stiffness

index, which is a highly reproducible

method and is theoretically indepen-

dent of blood pressure (25,26).

The objective of the present study

was to determine whether there are

differences in parameters of arterial

stiffness and EF between patients with

and without SPD.

Material and methods

Ethics statement

This study was approved by the

Ethics Committee of the School of

Dentistry of the University of Buenos

Aires-University Dental Hospital,

Argentina. Written informed consent

was also obtained from all partici-

pants before their health examination.

Study design and population

A prospective study was conducted

using data on arterial stiffness and

endothelial stiffness parameters

obtained from patients with and with-

out periodontal disease.

The study was conducted in

patients referred from the Dental

Hospital at the School of Dentistry,

University of Buenos Aires,

Argentina, to the Dental Care Clinic

for High Risk Patients: CLAPAR II.

All enrolled patients underwent

clinical and radiographic dental exam-

ination. The radiographic study

included a digital panoramic X-ray

using a CS 9000 3D–extraoral imag-

ing system (Carestream Health, Inc.,

Rochester, NY, USA) digitally ana-

lyzed using Kodak Dental Imaging

Software, version 6.12.10.0. All per-

manent teeth, except for the third

molars, were evaluated. Patients with

fewer than 10 teeth were excluded

from the study to ensure that peri-

odontal diagnosis was representative

of the clinical dental status of the

patient and avoid overestimation of

diagnosis of periodontal disease.

Decayed, Missing and Filled Teeth

(DMFT) scores were recorded.

Clinical periodontal examination

was performed by a single calibrated

operator. Periodontal measurements

were performed at six sites per tooth

(mesio-buccal, mid-buccal, disto-buc-

cal, mesio-lingual/palatal, mid-lingual/

palatal and disto-lingual/palatal) on

all present teeth, using a manual

Marquis type periodontal probe (Hu-

Friedy Co., Chicago, IL, USA).

The studied periodontal parameters

included probing depth and clinical

attachment level, which were assessed

using standardized protocol (27).

The values of the periodontal

parameters were averaged by calculat-

ing the arithmetic mean of the six

determinations performed on each

tooth. This method prevents overdiag-

nosis of periodontal disease, as a

number of patients have very high

clinical attachment level values at one

periodontal site because of trauma

(associated with tooth brushing or

with the structure of their removable

prosthesis, harmful oral habits,

among others).

Intra-examiner reproducibility of

probing depth and clinical attachment

level measurements was assessed

before the study. The weighted K

coefficient for probing depth and clin-

ical attachment level was 0.96 and

0.91 respectively.

Probing depth was used as a tool

to assess periodontal disease activity

and guide patient treatment, but it

was not used to establish the severity

of periodontal disease, as this

parameter varies greatly throughout

the course of the disease.

Alveolar bone loss, determined on

the radiographic images, was assessed

as an adjuvant parameter to confirm

diagnosis of SPD, as explained below.

Hence, the radiographic studies were

only examined in such cases.

Diagnosis of periodontal disease

was performed based on clinical

attachment level values, in keeping

with the 1999 International Workshop

for a Classification of Periodontal

Disease accepted by the American

Academy of Periodontology (28).

SPD was established when:

1 Average clinical attachment level

values were ≥ 5 mm, according to

the calculation described above.

2 Average clinical attachment level

values were < 5 mm but with values

≥ 5 mm in > 30% of studied sites,

in addition to horizontal alveolar

bone loss > 1/3 of the root length in

at least 30% of teeth, as measured on

the radiographic images.

The patients were divided into two

groups, with and without SPD.

Patients with known cardiovascular

disease, under treatment with

vasodilator agents, calcium blockers

or angiotensin-converting enzyme

inhibitors were excluded from the

study. All enrolled patients were stud-

ied using a Philips CX 30 ultrasound

system (Philips Healthcare, Andover,

MA, USA) with a 7.5 MHz linear

transducer. Arterial blood pressure

was determined three times, and mean

systolic arterial pressure (SAP) and

mean diastolic arterial pressure

(DAP) were calculated. Assuming

equivalence of mean and diastolic

pressures at carotid and brachial sites,

the following equations were used to

calculate the five parameters of arte-

rial elasticity (29):

1 Arterial compliance (AC) (mm2/

kPa) = p (Ds(2) � Dd2)/4(SAP �
DAP).

2 EM (Ep) (kPa) = (SAP � DAP)

Dd/(Ds � Dd).

3 bSI = ln (SAP � DAP)/[(Ds �
Dd)/Dd].
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Carotid intima-media thickness was

measured at the posterior wall of the

common carotid artery, according to

the Mannheim carotid intimal-media

thickness consensus. The images were

stored on a digital system, and deter-

minations were performed again man-

ually (30). The average of the three

determinations was calculated and the

maximum value was determined.

EF was estimated using flow-

mediated dilation of the brachial

artery, in keeping with the Guidelines

of the International Brachial Artery

Reactivity Task Force (31).

The following covariables of

atherogenic risk were evaluated: age,

arterial hypertension, diabetes, hyper-

cholesterolemia, obesity and smoking.

Statistical analysis

Continuous variables are reported as

mean �1 SD. The data were statisti-

cally analyzed using IBM SPSS Statis-

tics for Windows, Version 20 software

(IBM Corp., Armonk, NY, USA).

The mean and SD of continuous vari-

ables were calculated, and variables

were compared using ANOVA, t-test

and Pearson’s coefficient correlation.

The level of significance was set at a

p < 0.05 and 95% CIs were calcu-

lated.

Results

Forty patients, 24 (60%) of whom

were women, were enrolled between

March and August 2014; 15 patients

were in the group with SPD, and 25

patients were in the group without

SPD (no-SPD).

The following population and peri-

odontal parameters were observed in

the SPD and no-SPD groups respec-

tively: age 56.53 � 17.58 vs.

51.12 � 12.97 years (NS); probing

depth 2.53 � 1.30 (95% CI 1.81–3.25)
vs. 1.25 � 0.51 (95% CI 1.31–1.73)
p = 0.02; clinical attachment level

4.80 � 2.00 (95% CI 3.69–5.91) vs.

1.72 � 0.93 (95% CI 1.33–2.11)
p = 0.001. Arterial parameters of SPD

and no-SPD groups were as follows:

intima-media thickness: 0.10 � 0.17

(95% CI 0.095–0.11) vs. 0.082 � 0.18

(95% CI 0.074–0.98) (NS); and stiff-

ness parameters were: AC (mm2/kPa)

2.41 � 1.32 vs. 3.08 � 1.02 (p = 0.

004); EM (kPa) 48.33 � 12.53 vs.

38.86 � 7.69 (p = 0.005); bSI 4.21

� 1.03 vs. 3.64 � 1.02 (p = 0.004)

(Fig. 1). EF parameters of SPD and

no-SPD groups were as follows: EF

16.13 � 5.02% vs. 22.76 � 4.50%

(p = 0.0003). Correlation was obse

rved between AC and clinical attach-

ment level r = �0.60 (p < 0.001), EM

and clinical attachment level r = 0.64

(p < 0.001), bSI and clinical attach-

ment level r = 0.66 (p < 0.001), and

between EF and clinical attachment

level r = � 0.59 (p < 0.001) (Fig. 2).

No significant differences in arterial

hypertension, diabetes, hypercholes-

terolemia, obesity or smoking were

observed between groups.

Discussion

Epidemiological studies have shown

an increase in intima-media wall

thickness in patients with SPD, link-

ing the latter with atherosclerosis (14).

In addition, subjects with substantial

tooth loss, probably because of long-

term SPD, showed an increase in

intima-media wall thickness (32).

Alterations in EF and arterial dis-

tensibility have been associated with

atherosclerosis, and have been sug-

gested as an important predictor of

cardiovascular disease (33–37).
When EF is healthy, the endothe-

lium is able to respond to physical

and chemical signals by production of

a wide range of factors that regulate

vascular tone, cellular adhesion,

thromboresistance, smooth muscle cell

proliferation and vessel wall inflam-

mation (38).

Arterial distensibility is evaluated

measuring compliance, EM and bSI.
Compliance is the ability of a vessel

to distend and increase volume with

increasing transmural pressure. It is

the reciprocal of “elastance,” hence

EM is a measure of the tendency of a

vessel to recoil toward its original

dimensions upon removal of a dis-

tending or compressing force. AC is

the absolute change in area for a

given pressure step at a fixed vessel

length. The EM is the stress/strain

ratio. In most biologic materials, this

A B

C

Fig. 1. Differences in arterial stiffness parameters between patients with and without severe

periodontal disease. (A) 95% CI stiffness index b between patients with and without severe

periodontal disease. (B) 95% CI elastic modulus (kPa) between patients with and without

severe periodontal disease. (C) 95% CI compliance (mm2/kPa) between patients with and

without severe periodontal disease.
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relation is nonlinear, and the slope

defines the intrinsic elastic properties

of the wall material. The bSI is the

relationship between blood pressure

and vascular diameter. There is an

exponential relation between intravas-

cular pressure and diameter (39).

Factors of atherogenic risk known

to affect EF, arterial stiffness and inti-

mal thickness were evaluated in the

present study. The studied parameters

were similar in both groups, suggest-

ing that the differences in arterial stiff-

ness observed between groups were

associated with periodontal disease.

Studies reported in the literature

showed an increase in arterial rigidity

in patients with SPD, using different

parameters including the augmenta-

tion index, pulse wave velocity and/or

cardio-ankle vascular index (24,40).

Other parameters used to evaluate

arterial stiffness, such as compliance

and distensibility, assessed the artery

as a hollow structure. EM can be con-

sidered a measure of intrinsic stiffness

of the arterial wall material, and is

inversely associated with elasticity and

bSI; it measures the elastic properties

of the arterial wall irrespective of the

arterial distending pressure (29).

Apart from the present study, there

are few reports using these parameters

of arterial stiffness in patients with

SPD.

The results of the present study

showed that patients with SPD exhib-

ited alterations in arterial wall disten-

sibility and EF. Conversely to

findings reported by Hayashida et al.

(24), there was no correlation between

the observed alterations and the

increase in intimal wall thickness. The

discrepancy between our results and

reports in the literature may be asso-

ciated with early changes in arterial

distensibility that precede the changes

observed in arterial intimal thickness.

Our results establish a relationship

between SPD and subclinical markers

of atherosclerosis, as are arterial dis-

tensibility and EF. These findings are

interesting as they precede the

observed increase in intima-media

thickness. To our knowledge, there

are no clinical studies reported in the

literature showing vascular changes

without morphological alterations in

the vessel wall. However, the cross-

sectional nature of the study limits

inferences regarding causality (24).

In addition, our results showed an

endothelium-dependent deterioration

of endothelial vasodilatation, likely

due to a decrease in the availability of

vasodilating substances, because of

intrinsic production and/or increase in

the degradation of nitric oxide, which

results from elevated production of

free radicals (OH-) secondary to the

inflammatory process generated by

the periodontal disease. Lending sup-

port to this hypothesis is the finding

that EF improves after periodontal

treatment, as shown by a number of

authors (20–23,41).
Further studies in patient cohorts

must be conducted to determine the

causal relation between periodontal

disease and atherosclerosis, as well as

the impact of the aforementioned

markers of early arterial dysfunction

on the prevention of atherosclerosis

and its cardiovascular consequences.

Conclusions

Parameters of arterial stiffness and

EF were worse in patients with SPD,

and correlated moderately with clini-

cal attachment level. Compliance and

EF correlated negatively with the clin-

ical attachment level.
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