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Abstract

Obijective: Periodontitis and cardiovascular disease are prevalent entities that often coexist, with a common pro-inflammatory
pathway. The objective of this study was to evaluate the association between periodontitis and cardiovascular pro-inflammatory
parameters rarely considered within risk factors. Methods: Forty-three participants aged between 38-82 years were examined. An
association between mean probing depth (MPD), mean attachment loss (MAL), bleeding on probing (BOP), and periodontal
inflamed surface area (PISA) was correlated with the following cardiovascular disease factors and inflammatory promoters:
neutrophil-to-lymphocyte ratio (NLR), 24h ambulatory blood pressure, global cardiovascular risk, daily salt intake, night-time
systolic blood pressure (nSBP), and pulse wave velocity (PWV). A two-way ANOVA and multiple comparison tests were
performed using SPSS statistics software. Results: A highly significant correlation (p<0.05) was found between BOP, MPD, and
MAL with high salt intake, global cardiovascular risk estimation, nSBP, and PISA. Also, significantly statistical correlation
(p<0.05) was found between BOP, NLR, and PWV while PISA was only associated with NLR. Logistic regression analysis
identified absolute values of nSBP, salt intake and NLR as possible independent contributors to the increase in the log odds of
developing BOP. Conclusions: Several periodontal disease parameters are linked to cardiovascular risk factors such as
hypertension, neutrophil-to-lymphocyte ratio, daily salt intake and night-time systolic blood pressure.
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1. Introduction

Periodontitis is a multifactorial chronic inflammatory dis-
ease, characterized by an inflammatory reaction at the teeth
supportive tissues (periodontal ligament, cementum and
alveolar bone) leading to bone loss [1, 2]. If untreated, peri-
odontitis can cause irreversible damage of those structures
with consequent tooth loss. It is a high prevalence disease
(45-50%) and its most severe level affects 10-15% of the adult
population [1, 2]. Periodontitis has been assumed as a possible
factor implicated in the etiopathogenesis of atherosclerosis
[3-6] with both disorders presenting some common risk
factors such as smoking, age and diabetes mellitus [3]. Within
the last decades, a potential association between periodontitis
and cardiovascular disease (CVD) has received much atten-
tion [7, 3, 8]. Several studies have supported the existence of a
relationship between periodontitis and an increased risk of
CvD[7,3,8].

Cardiovascular diseases affect the heart and the blood
vessels and comprises ischemic heart disease, cerebrovascular
diseases, peripheral vascular disease, and atherosclerotic
vascular diseases which are the main cause of worldwide
death, accounting for approximately 30% of the death of the
world population [2]. Recently, periodontitis has been asso-
ciated with CVD, as periodontal bacteria have been found in
several components of the cardiovascular system such as
human cardiac tissue, pericardial fluids, heart valves, and
atherosclerotic lesions [9-11]. Thus, the consequent entry of
periodontal bacterial products into the blood stream has been
associated with the onset and progression of CVVD on condi-
tioning the induction and maintenance of a chronic inflam-
matory state [12-15]. Inflammatory reactions are also associ-
ated with CVD and the neutrophil — lymphocyte ratio (NLR)
has been used as a marker of such disorder [16, 17]. Also,
hypertension is an inflammatory disease [18] being the
strongest indicator of CVD outcome while evaluated within
24 h monitoring mainly over night-time period [18, 19].
Additionally, high salt intake is a major factor that increases
blood pressure being, therefore, responsible for strokes and
heart attacks that involve proinflammatory mechanisms [20,
21]. Thus, cardiovascular risk estimators are used to raise
population awareness of cardiovascular diseases that cause a
significant burden of morbidity and mortality [22].

In healthy subjects, the depth of the gingival sulcus is ap-
proximately 3mm. The onset of an inflammatory condition in
the connective tissue of the gingival sulcus causes the de-
struction of the gingival fibers. In the apical area to junctional
epithelium, the collagen fibers degenerate and the area is
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filled with more inflammatory cells that migrate along the
tooth root to the apical area, while the coronal area detaches
from the root surface, causing loss of attachment [23]. In
pathological conditions, the gingival sulcus is deeper, and a
periodontal pocket is present. There are two types of perio-
dontal pockets: supracrestal/suprabony (when the inferior part
of the sulcus is coronal to the alveolar crest); and sub-
crestal/infrabony pockets (when the inferior part of the sulcus
is apical to the alveolar crest) [24, 25]. Periodontal probing
depth (PPD) is the measurement from the gingival margin to
the apical portion of the gingival sulcus and has been used as
the main indicator for the presence of periodontal inflamma-
tion. The clinical attachment loss (CAL) is a parameter which
indicates the loss of periodontal support around a tooth being
an indicator of periodontitis severity [26, 27] and concerns to
the distance from the cemento-enamel junction to the bottom
of the gingival sulcus. Bleeding on probing (BOP) refers to
the number of bleeding sites relatively to the number of
probed sites and is used as one of the key diagnostic param-
eters for periodontal disease. Thus, periodontal disease levels
are classified by the association of clinical parameters of
periodontal diagnosis such as BOP and periodontal pocket
depth, CAL and gingival recession [28] and that has a rela-
tionship with parameters of vascular health and low-grade
inflammatory systemic markers [29, 30].

The primary aim of this study was to investigate the asso-
ciation between periodontal disease indicators and cardio-
vascular pro-inflammatory parameters rarely considered
within risk factors such as ambulatory blood pressure data,
salt intake, neutrophil-lymphocyte ratio. It was hypothesized
that cardiovascular disease risk factors are linked to perio-
dontal disease markers.

2. Materials and Methods

A cross-sectional observational study was conducted in the
Cardiovascular Disease Unit at Hospital Pedro Hispano,
Matosinhos, Portugal, which is classified as an Excellence
Center of the European Society of Hypertension. The research
work plan was previously reviewed and approved by an
institutional review board from the Hospital Pedro Hispano,
Portugal, with the Ethics protocol reference namely
082/CE/JAS. The Hospital Ethics Committee approved the
study protocol, which was carried out in accordance with the
1964 Helsinki declaration its later amendments on
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comparable Ethics Standards. Routine clinical procedures
were followed and written informed consent was gathered
from the participants.

Between 2016 and 2022, a convenience sample of for-
ty-three participants without previous history of cardiovascular
or cerebrovascular events were included in this study, aged
between 38 and 82 years. Demographic data were collected
either by questionnaire at the first appointment or from existent
clinical files: age, gender, height and weight, family history of
cardiovascular risk and adverse outcomes, and calculated body
mass index (BMI). Clinical aspects were recorded at baseline
including the following data: glycated hemoglobin (HbALC);
fasting plasma glucose (FPG); serum creatinine (estimated
glomerular function (eGFR) according to MDRD equation);
cholesterol (Total, HDL and LDL); triglycerides, ionogram;
uric acid; and 24h urinary sodium and potassium excretion
controlled for creatinuria for evaluation of daily salt intake [31,
32]. Participants were also examined regarding chronic thera-
pies and habitual dietary and daily physical habits. Diabetes
mellitus was defined by two fasting plasma glucose (126mg/dl),
2h post-load plasma glucose (200mg/dl), HbA1C (6.5%), use
of antidiabetic agents or personal history of diabetes. Partici-
pants exclusion criteria were the following: significant in-
flammatory disease; severe brain pathology (dementia by
clinical criteria, brain tumor, traumatic brain injury, previous
cerebral infection or neurodegenerative disease); previous
cardiovascular events; changes in their ongoing therapy within
the last 3 months; pregnancy; critical illness or a life expec-
tancy lesser than 3 months; contraindication for magnetic
resonance imaging (MRI); and inability to collaborate or to
provide the informed consent.

2.1. Periodontal Assessment

Information on periodontal condition was acquired by a
single calibrated operator, blinded and well-trained on peri-
odontal assessment at six locations per tooth: mesial, central
and distal from vestibular and palatal/lingual regions. A re-
productible and precise periodontal assessment was carried
out wusing a hand-held pressure-controlled probe
(Click-Probe™, Kerr, USA) with a unique click-system
occurring at a pression of 20-25 g (0.2-0.25 N). A first as-
sessment was obtained and two hours later a new one was
registered. If differences between these two evaluations were
found, a third measurement was performed and the mean
between the three was considered. The following parameters
were assessed for each participant: mean probing depth
(MPD), mean attachment level (MAL), bleeding on probing
(BOP), periodontal epithelial surface area (PESA), and peri-
odontal inflamed surface area (PISA) [28]. Clinical meas-
urements were then placed on a platform
(www.perio-tools.com, Dept. of Periodontology, School of
Dental Medicine, University of Bern, Switzerland).

MPD data was considered following the Community Per-
iodontal Index for Treatment Needs (CPITN) criteria to clas-
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sify the periodontal disease regarding its severity: no/mild
periodontitis (PPD 0-3mm); moderate periodontitis (at least
one pocket >4mm and <6mm) and severe periodontitis (at
least one pocket >6mm) [33].

Also, BOP sites were assessed regarding the American
Academy of Periodontology/European Federation of Perio-
dontology (AAP/EFP) on the updated classification for peri-
odontal diseases [34]. Two situations were considered for
periodontal disease: no/mild periodontal disease (without
bleeding sites or below 10% bleeding sites) and on perio-
dontal disease (10% bleeding sites). In this study, BOP was
categorized as a dichotomous variable [35].

PESA precisely quantifies the total surface area of pocket
epithelium. On the other hand, PISA refers to the area of
PESA that is affected by BOP, and its value, in square milli-
meters (mm?), represents the degree of periodontal inflam-
mation and as such quantifies the systemic inflammatory
burden which can be used to distinguish subjects regarding its
periodontal inflammatory condition. At last, both PESA and
PISA were estimated using the average surface area of each
tooth using a freely available Excel spreadsheet as previously
described [28].

2.2. Cardiovascular Disease (CVD) Factors

The information on the participants was evaluated to esti-
mate the owverall atherosclerotic cardiovascular disease
(ASCVD) risk over a period of ten years. Participants data
included age, gender, race, total cholesterol, HDL cholesterol,
systolic blood pressure, use of blood pressure lowering med-
ication, diabetes status, and smoking status. The purpose of
the 10-year ASCVD risk assessment was to establish a base-
line set point. Estimates of 10-year risk for ASCVD are based
on data from multiple community-based populations and are
applicable to African, American, and non-Hispanic white men
and women from 40 to 79 years of age.

Twenty-four-hour ambulatory blood pressure monitoring
(ABPM) was carried out using Spacelabs 90207 and 90217
software (Spacelabs™, Redmond, USA) and automatic
sphygmomanometer (OMRON 705-IT and M4-1™, Omron
Healthcare, The Netherlands). Participants were categorized
within four circadian patterns according to night systolic
blood pressure (nSBP) fall, continuous night-to-day ratio
(NDR). That was converted into percent reduction of daytime
values: normal dippers (NDR [0.8; 0.9]); extreme dippers
(NDR < 0.8); reduced dippers (NDR [0.9; 1.0]); and reverse
dippers (NDR>1.0). ABPM measurements were carried out
following standard parameters as previously reported in
literature [36, 37]. Pulse wave velocity (PWV) was consid-
ered as an indicator of target organ injury (atherosclerosis). A
non-invasive device (Complior™, Colson, France) was used
to evaluate the PWV which was based in two pulse flow
waves recorded simultaneously at the level of the right
common carotid and right femoral arteries, as previously
reported [36].
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2.3. Statistical Analysis

Normality tests were applied on the assumption that there
was no relationship or difference between the elements and
the variables. Most of the continuous variables assumed a
non-normal distribution. After preliminary analyses and the
Kolmogorov-Smirnov test, the following factors showed a
normal distribution: age, 24h urinary sodium, day-
time/night-time/24h pulse rate, in office SD diastolic blood

pressure (DBP), night-time SD DBP, daytime DBP, and eGFR.

Lilliefors was used to correct the Kolmogorov-Smirnov test
when the distribution was normal, thus increasing the power
of the test. A significance level (o) at 0.05 was considered and
Pearson’s chi-square and Mann-Whitney rank sum tests were
applied to analyse the association between periodontal disease
and clinical variables. A linear regression analysis was per-
formed for significant clinical variables in univariate analysis
and respective BP mean. Spearman’s correlation coefficients
(Rs) were calculated for the relationship between all variables
after adjustment. Multivariate logistic regression was used to
establish a predictive model for the periodontal disease
markers by the cardiovascular risk markers. Backward step-
wise elimination was used as an exploratory approach. The
statistical treatment of the data was carried out with the Sta-
tistical Package for Social Sciences (SPSSTM) Version 25
program, from the manufacturer International Business Ma-
chines (IBM, Armonk, NY, USA).

3. Results

The present study included 18 (42%) female and 21 (50%)
diabetic patients aged between 38 and 82 years (mean 63 +9
years old). The descriptive analysis of the participants is
shown in Table 1.

Table 1. Descriptive analysis of the sample.

N= Mean SD
Age (years) 43 63.0 94
BMI (Kg/m2) 43 29.0 5.2
MMSE 41 27.9 2.0
MoCA 41 21.7 4.1
HbALC (%) 42 6.4 1.2
Salt intake (g/day) 43 12.1 3.9
Creatinine (mg/dl) 42 1.0 0.4
GFR (ml/min/1.73) 42 78.0 22.9
Uric acid (mg/dl) 42 6.6 1.9
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N= Mean SD
Total Cholesterol (mg/dl) 42 183.4 43.2
HDL- Cholesterol (mg/dl) 41 45.8 11.8
LDL- Cholesterol (mg/dl) 41 103.9 37.1
Triglycerides (mg/dl) 42 166.0 934
Albuminuria (mg/24h) 37 57.1 775
SBP 24 h (mm Hg) 39 132.8 12.2
DBP 24 h (mm Hg) 39 78.0 8.2
SBP daytime (mm Hg) 39 138.3 13.6
DBP daytime (mm Hg) 39 82.0 9.4
SBP night-time (mm Hg) 39 120.4 12.0
DBP night-time (mm Hg) 39 68.9 6.9
Night-time SBP fall (%) 39 12.7 7.2
Neutrophil / leucocytes ratio 39 0.5 0.2
Neutrophil / lymphocytes ratio 39 2.63 1.12
PESA (mm?) 39 11637  551.4
PISA (mm?) 39 82.7 106.9
MPD (mm) 39 25 0.6
MAL (mm) 39 2.8 0.8
BOP 39 6.4 8.4
Number of teeth 39 17.0 10.1
Global CV Risk calculator 42 315 15.9
Pulse Wave velocity (m/s) 42 11.3 2.6

In general, biochemical parameters were only slightly
above the upper limits of normality. Concerning hypertension
control, average data from 24 h ambulatory blood pressure
were slightly above upper limits of normality either during
daytime or night-time. Mean pulse wave velocity value (PWV)
was above normal limits meaning an increase of aortic stiff-
ness. All participants were under anti-hypertensive drugs of
which 52% participants were taking statins. In average, the
assessment of global cardiovascular risk was determined at
32% probability of a fatal or non-fatal CVD event within the
next 10 years.

As shown in Table 2, obese participants with BMI equal or
above 30 Kg/m? showed significantly detrimental periodontal
disease parameters regarding MPD and MAL when compared
with non-obese participants.
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Table 2. Comparison (with statistical significance) of PD values between subgroups of subjects according to BMI, gender and values above and
below medians of neutrophil/ lymphocytes ratio (NLR), salt intake and night-time systolic BP.

PISA
Obese - BMI v=30 Kg/m? (n=23)
Non-Obese - BMI v=30 Kg/m?* (n=15)
p=
Female - (n=17) 128 +111
Male - (n=20) 45 171
p= 0.025
NLRatio - above median - 3.0 (n=18) 162 +131
NLRatio - below median - 3.0 (n=18) 314754
p= 0.006

Salt intake - above median - 11g/d (n=18)

Salt intake - below median - 11g/d (n=18)

p=

SBP nighttime - above median — 118 mmHg (n=18)
SBP nighttime - below median — 118 mmHg (n=18)

p:

MDP MAL BOP
2.69 +0.53 3.02 £0.83
2.16 £0.62 2.30 +0.68
0.046 0.015
11.3 £10.9
32444
0.035
3.76 £0.913
2.270 +£0.73
0.048
2.70 £0.65 3.10 +0.68
2.11+0.51 2.32+0.71
0.047 0.011

The numeric values of significant linear correlations between periodontal disease parameters and CVD risk markers are shown

in Table 3.
Table 3. Linear correlations statistically significant between periodontal and CVD risk markers.
_ Saltintake  Night-time Neutrophil/ lym- Overall CVD
N=39 BMI (9/d) SBP phocytes ratio RiskK PWV
r2 385" 5117 443"
PISA
p= 0,022 0,003 0,021
r2 468" 403" 441" 409" 502"
MDP
p= 0,005 0,016 0,013 0,023 0,008
r2 349" 375" 4617 495"
MAL
p= 0,040 0,027 0,009 0,005
r2 4417 344" 435" 5717 ;389" 470
BOP
p= 0,008 0,031 0,014 0,002 0,021 0,013

Female participants showed lower values of PISA com-
pared with male participants (p < 0.05). NLRatio values above
median and values below median were associated with sig-
nificant compromised values of PISA and BOP. Night-time
systolic BP values above median and values below median

39

were associated with unfavourable values of MPD and MAL
(p < 0.05). Daily salt intake values above median and values
below median were associated with lower values of MAL (p <
0.05). No significant differences of periodontal disease pa-
rameters were found between diabetics when compared with
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non-diabetics, neither between age values or educational
levels. The influence of smoking habits was not analysed

vious smokers (n=3). Scatter plots on the correlation between
some of the variables described in Table 2 are shown in Fig-

since only 4 participants were actual smokers (n=1) or pre- ures 1 and 2.
A= . B- C= .
. N " . . . . A .
o . —te o0 a - =} PR
s s . W s > . e
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Salt intake (g/day) Night time SBP (mm Hg) Overall CVD risk calculation
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< . . < . < ' s
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Salt intake (g/day) Night time SBP (mm Hg) Overall CVD risk calculation

Figure 1. Scatter plots on the correlation between MDP or MAL and salt intake, nighttime systolic blood pressure (SBP), and overall CVD risk.
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Figure 2. Scatter plots on the correlation between BOP or PISA and PWV or NL ratio.

40


http://www.sciencepg.com/journal/ccr

Cardiology and Cardiovascular Research

http://www.sciencepg.com/journal/ccr

As shown in Table 3, body mass index significantly corre-
lated linearly with all four periodontal disease markers.
Night-time systolic BP, daily salt intake, and overall CVD risk
correlated significantly with MPD, MAL and BOP. Neutro-
phil-lymphocyte ratio (NLR) correlated with PISA and BOP
while PWV correlated with PISA, MAL, and BOP. As seen in
Table 4, multivariate logistic regression analysis revealed that

BMI, salt intake, NLR, and night-time systolic BP were in-
dependently and significantly (at level of 5%) correlated with
BOP. All other variables were eliminated from the final model
according to Wald’s criteria. The logistic coefficients for the
values of BMI, salt intake, NLR and nighttime systolic blood
pressure (SBP) are positive indicating an increase in the log
odds of developing BOP values.

Table 4. Variables (cardiovascular risk markers) considered as significant predictors of BOP (multiple logistic regression analysis.

BOP Coefficient
t
Beta
(Constant) -4.480
BMI 0.324 2.154
SBP nighttime 0.329 2.270
Neutr/Lymph 0.326 2.317
Salt intake 0.339 2.483
4. Discussion

The present study enrolled a population of hypertensive
participants without previous CVD events. Periodontal dis-
ease level was significantly associated with the severity of
overall CVD risk within 10-years regarding fatal and
non-fatal events. Also, periodontal disease was associated
with CVD risk factors such as ambulatory blood pressure
particularly on night-time values and target organ damage
markers such as aortic stiffness (pulse wave velocity). Peri-
odontal disease was also correlated with inflammatory pro-
moters such as high salt intake and abnormal immune system
homeostasis determined by neutrophil-to-lymphocyte ratio
(NLR). Moreover, multivariate regression analysis empha-
sized an independent direct relationship between CVD risk
variables and periodontal bleed on probing severity. Thus, the
findings validate the hypothesis of the present study consid-
ering the association of periodontal disease and CVD risk
pro-inflammatory parameters rarely studied in this context,
such as salt intake, NLRatio, and ABPM.

Periodontal disease has been classified as an inflammatory
disease [14, 15]. Recently, inflammatory reactions have been
considered an important contributing factor for both perio-
dontal disease and CVD events. Considering correlation
appraisals, the present study intended to evaluate the rela-
tionship between periodontal disease and CVD risk markers
in which the input of the inflammatory factors is well estab-
lished, regarding both pathophysiology and its consequences.
This study revealed a significant and independent association

Cl 95% for B

Sig.

Low High
0.000 -129.08 -46.661
0.045 0.013 1.033
0.036 0.021 0.555
0.032 1.202 24.533
0.023 19.468 233.624

between severity of periodontal disease and the neutro-
phil-lymphocyte ratio (NLR). NLR is a simple index for
assessing inflammatory reactions and it can be measured by
dividing absolute neutrophil count to absolute lymphocyte
count. In this study, NLR values above median were linked to
critical values of PISA and BOP. Indeed, the data confirmed a
noticeable association between periodontal disease and
NLR-indicated inflammatory reactions. Emerging evidence
suggests that increased NLR is a potential marker for poor
prognosis in multiple tumors, being associated with a high
risk of CVD events and mortality rate [17, 38, 39].

In the present research, a significant and strong independ-
ent association of high blood pressure values was linked to
periodontal disease. That was particularly relevant for
night-time systolic blood pressure values which are those with
a better performance for diagnosis of hypertension among the
different ways of measuring blood pressure, among the dif-
ferent ways of measurement. For instance, night-time systolic
blood pressure values show the highest predictive value for
CVD outcome and events when compared with blood pres-
sure which was recorded in office, at home, or over daytime
periods [18, 19, 36]. Night-time blood pressure values were
significantly correlated with periodontal disease parameters
(i.e., MPD, MAL and BOP) and independently associated
with BOP in multivariate analysis. Also, night-time blood
pressure values above median were associated with critical
levels of MAL.

In the present study, it should also be emphasized a striking
finding on the association of periodontal disease with 24h
ambulatory blood pressure, as well as among the ABPM data
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and night-time blood pressure i.e., the blood pressure values
that have the optimum indicators for CVD events [18, 19, 36].
Those results were reinforced by the relationship found be-
tween the various markers of periodontal disease and the
aortic stiffness evaluated by the PWV. Since PWV is a marker
of target organ damage and an integrated indicator of CVD
and atherosclerosis, the relationship found between PWV and
periodontal disease is in accordance with the results of other
authors.

Moreover, high salt intake was significantly associated with
periodontal disease (MPD, MAL and BOP) and independently
associated with BOP within the present study. Salt intake
values above median were associated with unwarranted levels
of MAL. High salt intake is particularly common in our
country being around 10.8 g/day [32], almost twice the op-
timal recommended intake level [37]. As in previous studies
[31, 32, 40], daily salt intake was measured in this study by
the most accurate method namely, by determining the sodium
excretion in at least two valid 24-h urinary samples. In the
present study, average salt intake was even higher than the
mean daily salt intake of the Portuguese population [32]. High
salt intake has been implicated not only on the blood pressure
rise but also by promoting CVD and cerebral damage through
some well stablished pro-inflammatory pathways [21, 31, 41].
Interestingly, a relationship between high salt intake and
periodontitis was found in the present study.
Pro-inflammatory markers appear to link periodontal disease
and high salt intake, thereby being possible, although still
speculative. A high salt intake may importantly contribute to
the inflammatory reaction within the spectrum of periodontal
disease.

This study revealed a clear association between periodontal
disease markers and overall CVD risks. The present data
confirm a pronounced evidence that patients with severe
periodontal disease revealed susceptibility to CVD events
[3-6, 8, 14, 42]. Beyond the oral careless habits, factors con-
tributing to periodontal disease include socioeconomic status,
gender, education, diet, and smoking [43]. In the present study,
female participants showed low-grade indices of some peri-
odontal disease markers (PISA and BOP) when compared to
those recorded or male participants. However, no statistical
differences were found on periodontal disease status between
diabetics and non-diabetics or even between high and low
educational level. That may be due to the small numerical size
of the test population.

Thus, several previous studies have reviewed the availa-
ble data on the correlation between periodontal disease and
hypertension [7, 13, 44]. Both periodontal disease and hy-
pertension share a common inflammatory pattern [14, 15,
45]. Hypertension is a major risk factor for CVD [37] being
associated with increased systemic or local vascular in-
flammation and oxidative stress [45]. Severe periodontitis is
strongly associated with hypertension [44] and some studies
have claimed to notice a decline of blood pressure after
periodontal disease therapy [46]. Multiple studies have
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proven the existence of a close association between perio-
dontal disease and CVD [3-7, 9]. On the other hand, the
question of causality is still unclear particularly because
most of studies have used only stand-in markers/biomarkers
as endpoints. The possible practical solution to this issue has
ethical constraints that limit the accomplishment of studies
involving untreated groups. Hence, it remains unclear in this
study whether the relationship found between the inflam-
matory parameters and periodontal disease is purely cir-
cumstantial because of the simple coexistence of high
prevalent phenomena. This study has some limitations such
as enrolling a small population within a narrow age limit. All
the patients studied were hypertensive with high cardio-
vascular risk and submitted to several medications, so the
overview of the results to other populations is obviously
limited. Since it is a cross-sectional observational study, the
causality between periodontal disease, the studied CVD risk,
and pro-inflammatory markers is not entirely determined.
Thus, the question of a possible causal relationship between
periodontal disease and cardiovascular disease remains
clearly unsolved.

5. Conclusions

Within the limitations of the present cross-sectional ob-
servational study, the results indicate an association between
periodontal disease and cardiovascular risk factors consider-
ing the evaluation of pro-inflammatory parameters rarely
studied in this context, such as salt intake, neutro-
phil-to-lymphocyte ratio, and abnormal immune system
homeostasis. Also, periodontal disease was associated with
cardiovascular risk factors such as ambulatory blood pressure
particularly on night-time values and target organ damage
markers. Nevertheless, future studies are therefore needed to
enhance the current state of evidence regarding periodontal
disease and CVD risk markers.

Abbreviations

CVD: Cardiovascular Disease

NLR: Neutrophil-Lymphocyte Ratio
PPD: Periodontal Probing Depth
CAL: Clinical Attachment Loss

BOP: Bleeding on Probing

BMI: Body Mass Index

HbA1C: Glycated Hemoglobina

FPG: Fasting Plasma Glucose

eGFR: Estimated Glomerular Function
MDRD: Modification of Diet in Renal Disease
HDL: High Density Lipoprotein

LDL: Low Density Lipoprotein

MRI: Magnetic Resonance Imaging
MPD: Mean Probing Depth

MAL: Mean Attachment Level


http://www.sciencepg.com/journal/ccr

Cardiology and Cardiovascular Research

http://www.sciencepg.com/journal/ccr

PESA: Periodontal Epithelial Surface Area

PISA: Periodontal Inflamed Surface Area

CPITN: Community Periodontal Index for Treatment Needs

AAP/EFP:  American Academy of Periodontolo-
gy/European Federation of Periodontology

ASCVD: Atherosclerotic Cardiovascular Disease

ABPM: Ambulatory Blood Pressure Monitoring

nSBP: Night Systolic Blood Pressure

NDR: Night-to-Day Ratio

PWV: Pulse Wave Velocity

DBP: Diastolic Blood Pressure

SPSS: Statistical Package for Social Sciences

SBP: Systolic Blood Pressure

Declarations

Ethics Approval and Consent to Participate

All procedures performed involving human participants
followed the ethics standards of the research committee of the
Cardiovascular Disease Unit at Hospital Pedro Hispano,
Matosinhos, Portugal, Portugal, and therefore with the 1964
Helsinki declaration and its later amendments or comparable
ethics standards. The project for the present study was pre-
viously reviewed and approved by the IUCS Ethics committee
with the following Ethics Protocols Reference number:
082/CE/JAS. The Hospital Ethics Committee approved the
study protocol, which was carried in accordance with the 1964
Helsinki declaration its later amendments on comparable
Ethics Standards.

Consent for Publication

Written informed consent was gathered from the partici-
pants.

Funding

This work was supported by the Cardiovascular Disease
Unit at Hospital Pedro Hispano, Matosinhos and by the Fac-
ulty of Dental Medicine at the University of Porto (FMDUP).
Also, financial support was provided by the following pro-
jects: CAPES-PRINT/88881.310728/2018-01.

Author Contributions

Conceptualization, T. P.-R, R. F.-A.; A. F.,, J. P, Methodol-
ogy, T. P-R, A. M., J. C. M. S,, J. P.; Writing - original draft
preparation, T. P.-R, A. M., R. F.-A.; Writing - review and
editing, J. C. M. S, R. F.-A., J. P.;; Supervision, A. F, R. F-A,,
J. P. All authors have read and agreed to the published version
of the manuscript.

43

Data Availability Statement

All data generated or analyzed during this study are in-
cluded in this published article. The datasets used and/or
analyzed during the current study available from the corre-
sponding author on reasonable request.

Conflicts of Interests

The authors declare no conflicts of interests.

References
[1] Petersen PE, Ogawa H. The global burden of periodontal
disease: towards integration with chronic disease prevention
and control. Periodontol 2000. 2012; 60(1): 15-39.
https://doi.org/10.1111/j.1600-0757.2011.00425.x

[2] Vaduganathan M, Mensah GA, Turco JV, Fuster V, Roth GA.
The Global Burden of Cardiovascular Diseases and Risk: A
Compass for Future Health. J Am Coll Cardiol. 2022; 80(25):

2361-2371. https://doi.org/10.1016/j.jacc.2022.11.005

[3] Lockhart PB, Bolger AF, Papapanou PN, et al. Periodontal
disease and atherosclerotic vascular disease: does the evidence
support an independent association?: a scientific statement
from the American Heart Association. Circulation. 2012;
125(20): 2520-2544.

https:/doi.org/10.1161/CIR.0b013e31825719f3
[4]

Andriankaja OM, Genco RJ, Dorn J, et al. Periodontal disease
and risk of myocardial infarction: the role of gender and
smoking. Eur J Epidemiol. 2007; 22(10): 699-705.

https://doi.org/10.1007/s10654-007-9166-6

[5] Bahekar AA, Singh S, Saha S, Molnar J, Arora R. The
prevalence and incidence of coronary heart disease is
significantly increased in periodontitis: a meta-analysis. Am
Heart J. 2007; 154(5): 830-837.

https://doi.org/10.1016/j.ahj.2007.06.037
(6]

Cairo F, Castellani S, Gori AM, et al. Severe periodontitis in
young adults is associated with sub-clinical atherosclerosis. J
Clin Periodontol. 2008; 35(6): 465-472.

https://doi.org/10.1111/j.1600-051X.2008.01228.x

Friedewald VE, Kornman KS, Beck JD, et al. The American
Journal of Cardiology and Journal of Periodontology editors'
consensus: periodontitis and atherosclerotic cardiovascular
disease. J Periodontol. 2009; 80(7): 1021-1032.
https://doi.org/10.1902/jop.2009.097001

(7]

[8] Sanz M, Marco Del Castillo A, Jepsen S, et al. Periodontitis
and cardiovascular diseases: Consensus report. J Clin
Periodontol. 2020; 47(3): 268-288.

https://doi.org/10.1111/jcpe.13189

[9]1 Kozarov E, Sweier D, Shelburne C, Progulske-Fox A, Lopatin
D. Detection of bacterial DNA in atheromatous plaques by
quantitative PCR. Microbes Infect. 2006; 8(3): 687-693.

https://doi.org/10.1016/j.micinf.2005.09.004


http://www.sciencepg.com/journal/ccr
https://doi.org/10.1016/j.jacc.2022.11.005

Cardiology and Cardiovascular Research

http://www.sciencepg.com/journal/ccr

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Moreno S, Parra B, Botero JE, et al. [Periodontal microbiota
and microorganisms isolated from heart valves in patients
undergoing valve replacement surgery in a clinic in Cali,
Colombia]. Biomedica. 2017; 37(4): 516-525.
https://doi.org/10.7705/biomedica.v37i4.3232

Nakano K, Inaba H, Nomura R, et al. Detection of cariogenic
Streptococcus mutans in extirpated heart valve and

atheromatous plaque specimens. J Clin Microbiol. 2006; 44(9):

3313-3317. https://doi.org/10.1128/JCM.00377-06

de Araujo Nobre M, Malo P. Prevalence of periodontitis, dental
caries, and peri-implant pathology and their relation with systemic
status and smoking habits: Results of an open-cohort study with
22009 patients in a private rehabilitation center. J Dent. 2017; 67:
36-42. https://doi.org/10.1016/j.jdent.2017.07.013

Hwang SY, Oh H, Rhee MY, Kang S, Kim HY. Association of
periodontitis, missing teeth, and oral hygiene behaviors with
the incidence of hypertension in middle-aged and older adults
in Korea: A 10-year follow-up study. J Periodontol. 2022;
93(9): 1283-1293. https://doi.org/10.1002/JPER.21-0706

Carrizales-Sepulveda EF, Ordaz-Farias A, Vera-Pineda R,
Flores-Ramirez ~ R.  Periodontal  Disease,  Systemic
Inflammation and the Risk of Cardiovascular Disease. Heart
Lung Circ. 2018; 27(11): 1327-1334.
https://doi.org/10.1016/j.hlc.2018.05.102

Genco RJ, Grossi SG, Ho A, Nishimura F, Murayama Y. A
proposed model linking inflammation to obesity, diabetes, and
periodontal infections. J Periodontol. 2005; 76(11 Suppl):
2075-2084. https://doi.org/10.1902/jop.2005.76.11-S.2075

Kim J, Chun BJ, Moon JM, Cho Y. Prognostic value of
neutrophil to lymphocyte ratio in the diagnosis of neurotoxicity
after glufosinate ammonium poisoning. J Toxicol Environ
Health A. 2022; 85(12): 511-519.
https://doi.org/10.1080/15287394.2022.2040670

Lee MJ, Park SD, Kwon SW, et al. Relation Between
Neutrophil-to-Lymphocyte Ratio and Index of Microcirculatory
Resistance in Patients With ST-Segment Elevation Myocardial
Infarction Undergoing Primary Percutaneous Coronary
Intervention. Am J Cardiol. 2016; 118(9): 1323-1328.
https://doi.org/10.1016/j.amjcard.2016.07.072

Salles GF, Reboldi G, Fagard RH, et al. Prognostic Effect of
the Nocturnal Blood Pressure Fall in Hypertensive Patients:
The Ambulatory Blood Pressure Collaboration in Patients
With Hypertension (ABC-H) Meta-Analysis. Hypertension.
2016; 67(4): 693-700.
https://doi.org/10.1161/HYPERTENSIONAHA.115.06981

Sega R, Facchetti R, Bombelli M, et al. Prognostic value of
ambulatory and home blood pressures compared with office
blood pressure in the general population: follow-up results
from the Pressioni Arteriose Monitorate e Loro Associazioni
(PAMELA) study. Circulation. 2005; 111(14): 1777-1783.
https://doi.org/10.1161/01.CIR.0000160923.04524.5B

He FJ, Tan M, Ma Y, MacGregor GA. Salt Reduction to
Prevent Hypertension and Cardiovascular Disease: JACC
State-of-the-Art Review. J Am Coll Cardiol. 2020; 75(6):

44

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

632-647. https://doi.org/10.1016/j.jacc.2019.11.055

Wilck N, Matus MG, Kearney SM, et al. Salt-responsive gut
commensal modulates T(H)17 axis and disease. Nature. 2017;
551(7682): 585-589. https://doi.org/10.1038/nature24628

American Heart Association Rheumatic Fever E. Prevention
Guidelines Tool CV Risk Calculator. 2018;
https://static.heart.org/riskcalc/app/index.html#!/baseline-risk.
Accessed 25.05.2023, 2023.

Carranza FA. Carranza'S Clinical Periodontology (10Th
Edition). Elsevier (A Divisionof Reed Elsevier India Pvt.
Limited); 2006.

Grant D. Sl, Listgarten M. Periodontics. Vol 6th ed. 1988.

Goldman, H. M., and Cohen, W. D.: Periodontal Therapy, 4th
ed, St. Louis, C. V. Mosby Co., 1968, p 245

Baelum V, Manji F, Wanzala P, Fejerskov O. Relationship
between CPITN and periodontal attachment loss findings in an
adult population. J Clin Periodontol. 1995; 22(2): 146-152.
https://doi.org/10.1111/j.1600-051x.1995.tb00126.x

Dye BA, Selwitz RH. The relationship between selected
measures of periodontal status and demographic and
behavioural risk factors. J Clin Periodontol. 2005; 32(7):
798-808. https://doi.org/10.1111/j.1600-051X.2005.00742.x

Nesse W, Abbas F, van der Ploeg I, Spijkervet FK, Dijkstra PU,
Vissink A. Periodontal inflamed surface area: quantifying
inflammatory burden. J Clin Periodontol. 2008; 35(8): 668-673.
https://doi.org/10.1111/j.1600-051X.2008.01249.x

Jockel-Schneider Y, Bechtold M, Haubitz I, et al. Impact of
anti-infective periodontal therapy on parameters of vascular
health. J Clin Periodontol. 2018; 45(3): 354-363.
https://doi.org/10.1111/jcpe.12849

Susanto H, Nesse W, Dijkstra PU, et al. Periodontal inflamed
surface area and C-reactive protein as predictors of HbAlc: a
study in Indonesia. Clin Oral Investig. 2012; 16(4): 1237-1242.
https://doi.org/10.1007/s00784-011-0621-0

Monteiro A, Castro P, Pereira G, et al. Could salt intake
directly affect the cerebral microvasculature in hypertension? J
Stroke Cerebrovasc Dis. 2022; 31(9): 106632.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106632

Polonia J, Martins L, Pinto F, Nazare J. Prevalence, awareness,
treatment and control of hypertension and salt intake in
Portugal: changes over a decade. The PHYSA study. J
Hypertens. 2014 32(6): 1211-1221.
https://doi.org/10.1097/HJH.0000000000000162

Cutress TW, Ainamo J, Sardo-Infirri J. The community
periodontal index of treatment needs (CPITN) procedure for
population groups and individuals. Int Dent J. 1987; 37(4):
222-233.

Caton JG, Armitage G, Berglundh T, et al. A new classification
scheme for periodontal and peri-implant diseases and
conditions - Introduction and key changes from the 1999
classification. J Clin Periodontol. 2018; 45 Suppl 20: S1-S8.
https://doi.org/10.1111/jcpe.12935


http://www.sciencepg.com/journal/ccr

Cardiology and Cardiovascular Research

http://www.sciencepg.com/journal/ccr

[35]

[36]

[37]

(38]

[39]

[40]

Ainamo J, Bay I|. Problems and proposals for recording
gingivitis and plaque. Int Dent J. 1975; 25(4): 229-235.

Rouxinol-Dias A, Araujo S, Silva JA, Barbosa L, Polonia J.
Association between ambulatory blood pressure values and
central aortic pressure in a large population of normotensive
and hypertensive patients. Blood Press Monit. 2018; 23(1):
24-32. https://doi.org/10.1097/MBP.0000000000000287

Williams B, Mancia G, Spiering W, et al. 2018 Practice
Guidelines for the management of arterial hypertension of the
European Society of Hypertension and the European Society of
Cardiology: ESH/ESC Task Force for the Management of
Acrterial Hypertension. J Hypertens. 2018; 36(12): 2284-2309.
https://doi.org/10.1097/HJH.0000000000001961

Li LH, Chen CT, Chang YC, Chen YJ, Lee IH, How CK.

Prognostic ~ role  of  neutrophil-to-lymphocyte  ratio,
platelet-to-lymphocyte  ratio, and systemic immune
inflammation index in acute ischemic stroke: A

STROBE-compliant retrospective study. Medicine (Baltimore).

2021; 100(25): £26354.
https://doi.org/10.1097/MD.0000000000026354

Li W, Hou M, Ding Z, Liu X, Shao Y, Li X. Prognostic Value of
Neutrophil-to-Lymphocyte Ratio in Stroke: A Systematic
Review and Meta-Analysis. Front Neurol. 2021; 12: 686983.
https://doi.org/10.3389/fneur.2021.686983

Polonia JJ, Magalhaes MT, Senra D, Barbosa L, Silva JA,
Ribeiro SM. Association of 24-h urinary salt excretion with
central haemodynamics and assessment of food categories
contributing to salt consumption in Portuguese patients with

45

[41]

[42]

[43]

[44]

[49]

[46]

hypertension. Blood Press Monit. 2013; 18(6): 303-310.
https://doi.org/10.1097/MBP.0000000000000005

Jayedi A, Ghomashi F, Zargar MS, Shab-Bidar S. Dietary
sodium, sodium-to-potassium ratio, and risk of stroke: A
systematic review and nonlinear dose-response meta-analysis.
Clin Nutr. 2019; 38(3): 1092-1100.
https://doi.org/10.1016/j.clnu.2018.05.017

Beck JD, Eke P, Heiss G, et al. Periodontal disease and
coronary heart disease: a reappraisal of the exposure.
Circulation. 2005; 112(1): 19-24.
https://doi.org/10.1161/CIRCULATIONAHA.104.511998

Eke PI, Borgnakke WS, Genco RJ. Recent epidemiologic
trends in periodontitis in the USA. Periodontol 2000. 2020;
82(1): 257-267. https://doi.org/10.1111/prd.12323

Munoz Aguilera E, Suvan J, Buti J, et al. Periodontitis is
associated with hypertension: a systematic review and
meta-analysis. Cardiovasc Res. 2020; 116(1): 28-39.
https://doi.org/10.1093/cvr/cvz201

Krzeminska J, Wronka M, Mlynarska E, Franczyk B, Rysz J.
Arterial Hypertension-Oxidative Stress and Inflammation.
Antioxidants (Basel). 2022; 11(1).
https://doi.org/10.3390/antiox11010172

Lanau N, Mareque-Bueno J, Zabalza M. Does Periodontal
Treatment Help in Arterial Hypertension Control? A
Systematic Review of Literature. Eur J Dent. 2021; 15(1):
168-173. https://doi.org/10.1055/s-0040-1718244


http://www.sciencepg.com/journal/ccr

