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Abstract
Objectives To analyze the association between systemic inflammatory burden of cardiovascular disease (CVD) risk and peri-
odontitis in adolescents, including mediating pathways triggered by their common risk factors.
Materials and methods Using a population-based sample study (n = 405) of Brazilian adolescents (17–18 years old), direct and
mediation pathways triggered by “Socioeconomic Status,” “Adiposity,” Smoking, and “Blood Pressure” were modelled for the
association between the “Systemic Circulating Inflammatory Burden of CVD Risk” (IL-1β, IL-6, IL-8, TNF-α) and the “Initial
Periodontitis” (bleeding on probing (BoP), probing depth (PD) ≥ 4mm, clinical attachment loss (CAL) ≥ 4mm), both as continuous
latent variables, using structural equation modeling. Sensitivity analysis was performed for the outcomes “Gingivitis” (visible
plaque; BoP); “Moderate Periodontitis” (PD ≥ 5 mm and CAL ≥ 5 mm) and periodontitis (CDC-AAP case definition).
Results Higher “Systemic Circulating Inflammatory Burden of CVD Risk” was directly associated with higher “Initial
Periodontitis” (standardized coefficient [SC] = 0.178, P value < 0.001). Lower “Socioeconomic Status” (SC = − 0.022, P value
= 0.015) and Smoking (SC = 0.030, P value = 0.021) triggered the “Initial Periodontitis”, mediated by “Systemic Circulating
Inflammatory Burden of CVD Risk”. Sensitivity analysis showed a dose-response relationship between “Systemic Circulating
Inflammatory Burden of CVD Risk” and “Moderate Periodontitis” (SC = 0.323, P value = 0.021).
Conclusions “Systemic Circulating Inflammatory Burden of CVD Risk” appeared as an underlying mechanism of early peri-
odontal breakdown in adolescents, also triggered by social vulnerability and smoking.
Clinical relevance The association between periodontitis and CVD in adulthood seems to establish much earlier in life than had
been previously studied, giving impetus to preventive approaches focused on their common risk factors.
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Introduction

Periodontitis has been consistently associated with cardiovas-
cular diseases (CVD) in adults [1]. As periodontitis precedes

CVD by decades, the hypothesis that periodontal infections
may act as a risk factor for causing CVD seems biologically
plausible [2]. As a counterpoint to this claimed causal rela-
tionship, interventional studies investigating the effect of peri-
odontal therapy on decreasing CVD risk revealed inconsistent
findings [3]. In this context, the common causes approach
may explain the association between periodontitis and CVD,
as both periodontitis and CVD share common risk factors,
which include smoking, obesity, and arterial hypertension [3].

The mechanism underlying the association between peri-
odontitis and CVD observed in adults involves systemic in-
flammation [3], with smoking and endocrine disorders as the
most established risk factors leading to systemic inflammation
[4]. An increase in circulating inflammatory mediators in-
duces the production of reactive oxygen species, which results
in endothelial dysfunction, contributing to the pathogenesis of
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CVD [5] and periodontitis [6]. In the implicit theory, common
risk factors may trigger systemic inflammation; thus, the sys-
temic inflammatory burden linked to CVD risk can reflect
vascular damage in oral tissues, which can be observed by
an early periodontal breakdown in adolescents. Bearing that
in mind, one may hypothesize that the burden of systemic
inflammatory linked to CVD risk is underlying early clinical
signs of periodontal breakdown among adolescents, which is
presumed to reflect a continuum, considering pathways trig-
gered by their common risk factors. Nevertheless, most stud-
ies exploring this hypothesis have employed conventional re-
gression approaches to deal with mediation and multidimen-
sional variables, including periodontitis and systemic inflam-
matory burden, which might have led to methodological is-
sues, as collider bias, and over adjustment.

In such a context, structural equation modeling (SEM)
emerges as an alternative to investigate complex causal rela-
tionships between several variables taking into account medi-
ation. Moreover, SEM allows modeling multidimensional (la-
tent and factor) variables in such a complex scenario, reducing
the magnitude of the measurement error [7]. Such an SEM
property is of particular relevance to our study, owing to the
characteristics of our variables of interest, that, once
established, display chronic characteristics throughout the life
course and maintain the individual at constant risk [3, 8]. This
approach is of the utmost relevance among adolescents [9], as
these individuals are amidst the continuum of most non-
communicable diseases [10], including periodontitis and
CVD [11], and may experience a higher risk of progression
over the life course. Thus, it seems reasonable that preventive
approaches take place at this stage of their lives.

Accordingly, this study aimed to investigate the association
between the systemic inflammatory burden linked to CVD
and periodontitis among adolescents, analyzing mediating
pathways triggered by common risk factors via systemic in-
flammatory burden to periodontitis.

Methods

Study design

A cross-sectional observational study of a population-based
sample was conducted in São Luís, Brazil, between January
2014 and July 2016. A three-stage complex random sampling
was used to obtain a representative sample of 17–18-year-old
students enrolled in public high schools in that city (n = 405)
[12]. In the first stage, all public high schools in the urban zone
(n = 52) were randomized for sample selection (n = 13
schools). In the second stage, we isolated three class levels
of students (10th, 11th, and 12th grades from the selected
schools (n = 39 classes). In the third stage, all 17–18-year-
old students in these classes (n = 2,030) were considered

eligible for enrollment to this study, and randomization was
performed, yielding 638 students. Subjects who used ortho-
dontic appliances (n = 52) and adolescents who were pregnant
(n = 3) were excluded. No adolescent had diabetes (fasting
glycemia > 110 mg/dl) or reported cardiovascular disease or
even used medications to control such diseases. It was esti-
mated that a sample of 400 adolescents would provide a pow-
er of 80% to detect significant prevalence ratios for the out-
comes of interest to achieve a minimum effect size of 0.3 with
a level of significance of 0.05 and assuming 30% refusals and
losses (EpiInfo software version 6.0). The final sample
consisted of 405 adolescents (Fig. 1).

The Federal University of Maranhão Ethics Committee
(CAAE 12498713.8.0000.5087, process number 441.226) ap-
proved the study, and written informed consent was obtained
from all subjects and their legal representatives. The study was
conducted in accordance with the Helsinki Declaration of
1975, as revised in 2013, and conformed to the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines.

Data collection

A structured questionnaire was applied for the collection of
sociodemographic and smoking data of adolescents. Smoking
was recorded if participants had smoked at least one cigarette
in the last 30 days preceding the interview.

Height and weight were collected using standardized tech-
niques according to a previous protocol [12] and were used to
calculate the body mass index (BMI kg/m2). The waist cir-
cumference was measured, and the waist-to-height ratio (cm2)
was calculated [13]. Total body fat was obtained by electrical
bioimpedance (Biodynamics M450®, EUA) [14].

Blood samples were collected from the participants after
10–12-h fasting. Serum samples were stored in a freezer at –
80 °C for analysis of serum levels of inflammatory markers:
interleukin (IL)-1β (pg/mL), IL-6 (pg/mL), IL-8 (pg/mL), ul-
trasensitive C-reactive protein (us-CRP, ng/mL), and TNF-α
(tumor necrosis factor alpha, pg/mL). Analyses were carried
out with the MILLIPLEX MAP Human Cytokine Kit
(HADK2MAG-61K and HCVD3MAG-67K, Millipore,
Sigma) using Luminex™ technology (EMD Millipore
Corporation, Germany).

Blood pressure measurement was obtained in duplicate at
resting seated position, with an interval of 5 min between
measurements (Microlife digital monitor, MedLevensohn/
Lot: 121400001, Ministry of Health Registration:
10222460055) before the blood samples were drawn.

Three periodontal clinical parameters, including bleeding
on probing (BoP), clinical attachment level (CAL), and prob-
ing depth (PD) [15], were examined on six sites of all teeth,
excluding third molars, using a Williams periodontal probe
(Hu-Friedy, Chicago, IL, USA), by two calibrated dentists.
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The interexaminer reliability kappa of 0.79 for PD and 0.85
for BoP was obtained in a previous pilot study performed on
17–18-year-old subjects (n = 20) [12]. Full-mouth plaque in-
dex (FMPI) [16] was estimated by examining four surfaces of
all teeth, excluding third molars, by the same calibrated
dentists.

Latent variables

Latent variables are constructs (unobserved variables) pre-
sumed to reflect a continuum of a multiple dimension phe-
nomenon estimated by the intercorrelation of observed vari-
ables (effect indicators). In other words, the effect indicators
are intercorrelated because they share a common variance.
The variance not explained by the factor that the correspond-
ing indicators are supposed to measure is estimated by a re-
sidual term, resulting in an effect estimation free of measure-
ment errors and greater power to detect differences [7, 17].
Variables presumed to measure the same construct show

convergent validity if their intercorrelations are appreciable
in magnitude (factor loading > 0.4), further decreasing sys-
tematic measurement error [7] . For this study, we used the
following as latent variables: “Socioeconomic Status”,
“Adiposity”, “Blood Pressure”, “Systemic Circulating
Inflammatory Burden of CVD Risk” , and “Initial
Periodontitis”.

Socioeconomic status

The latent variable “Socioeconomic Status”was validated in a
previous study [12] and based on the categorical variables: (a)
household income in minimal monthly wage (minimum
monthly salary equal to $ 389.38 — in August 2014); (b)
maternal education level (years of schooling); and (c) family
economic class according to Brazil ian Economic
Classification Criteria [18], ranging from E (lowest economic
class) to A (highest economic class).

Fig. 1 Flowchart showing sample
selection of adolescents enrolled
in public high schools in São
Luís, Brazil (2014 to 2016)
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Adiposity

“Adiposity”was a latent variable deduced from the correlation
among (a) BMI (kg/m2), (b) total body fat (kg), and (c) waist-
to-height ratio, all as continuous variables.

Systemic circulating inflammatory burden of CVD risk

This latent variable was deduced from the intercorrelation of
the observed variables IL-8, IL-6, IL-1β, and TNF-α levels,
which in turns means that these indicators share a common
variance that is explained by the construct “Systemic
Circulating Inflammatory Burden of CVD Risk”. All indica-
tors were continuous variables since no defined cutoff values
exist for these serum inflammatory markers [19].

Initially, us-CRP was tested as one of the indicators of the
latent, but it was excluded due to its low factor loading in the
confirmatory factor analysis (data not shown). Thus, us-CRP
was analyzed separately as an observed variable in the struc-
tural model. However, we assumed its correlation with the
“Systemic Circulating Inflammatory Burden of CVD Risk”.

Blood pressure

“Blood Pressure” was a latent variable inferred from the cor-
relation between diastolic blood pressure (mmHg) and systol-
ic blood pressure (mmHg), both as continuous variables.

Initial periodontitis

We carried out an exploratory factor analysis (EFA) for peri-
odontitis based on the percent of surfaces with visible plaque
(FMPI), the number of teeth with BoP, the number of teeth
affected by PD ≥ 3 mm, the number of teeth affected by PD ≥
4mm, the number of teeth affected by PD ≥ 5mm, the number
of teeth affected by CAL ≥ 3 mm, the number of teeth affected
by CAL ≥ 4 mm, and the number of teeth affected by CAL ≥
5 mm (Supplementary Table 2). We observed three factors:
one factor included FMPI and BoP and was dubbed
“Gingivitis” after confirmatory factor analysis (CFA)
(Supplementary Table 3). The second periodontal factor in-
cluded BoP, the number of teeth affected by PD ≥ 3 mm, the
number of teeth affected by PD ≥ 4 mm, the number of teeth
affected by CAL ≥ 3 mm, and the number of teeth affected by
CAL ≥ 4 mm, dubbed “Initial Periodontitis”. In order to in-
crease specificity, the specific thresholds of ≥ 4 mm were
considered for PD and CAL in confirmatory factor analysis.
Thus, the latent variable “Initial Periodontitis” was generated
on the basis of three variables identified in the EFA (BoP, the
number of teeth affected by PD ≥ 4 mm, and the number of
teeth affected by CAL ≥ 4 mm) and showed satisfactory fit
(Table 2). The third factor was indicated by EFA on the basis
of two observed variables: the number of teeth affected by PD

≥ 5 mm and the number of teeth affected by CAL ≥ 5 mm.
However, the model could not be specified for these two var-
iables due to the under identification of the confirmatory and
structural models. To account for satisfactory fit, buccal and
interproximal sites were included separately in CFA, which
resulted in a latent variable dubbed “Moderate Periodontitis”
based on four observed variables: the number of teeth affected
by PD ≥ 5 mm in interproximal sites, the number of teeth
affected by PD ≥ 5 mm in buccal sites, the number of teeth
affected by CAL ≥ 5 mm in interproximal sites, and the num-
ber of teeth affected by CAL ≥ 5 mm in buccal sites
(Supplementary Table 4).

Theoretical model

The proposed theoretical model was built to analyze the asso-
ciation between the “Systemic Circulating Inflammatory
Burden of CVD Risk” and the “Initial Periodontitis”.
“Socioeconomic Status”, “Adiposity”, Smoking, and “Blood
Pressure”were assumed as common risk factors. Sex was also
considered in model adjustment (Fig. 2). Sensitivity analysis
was also carried out for the association between the “Systemic
Circulating Inflammatory Burden of CVD Risk” and the out-
comes: (1) “Moderate Periodontitis”; (2) periodontitis accord-
ing to the Center for Disease Control and Prevention (CDC)
and the American Academy of Periodontology (AAP) case
definition [20]; (3) “Gingivitis”.

Statistical analysis

SEM was used to analyze the association between the
“Systemic Circulating Inflammatory Burden of CVD Risk”
and the “Initial Periodontitis”, evaluating direct pathways
and indirect (mediated) pathways triggered by their common
risk factors, such as “Socioeconomic Status”, “Adiposity”,
Smoking, and “Blood Pressure”. This epidemiological tool
enables the use of latent variables and estimation of multiple
regression equations simultaneously, which is useful for
multiple-variable analyses associated with complex phenom-
ena, thus minimizing bias originated frommeasurement errors
[7].

The latent variables “Socioeconomic Status”, “Adiposity”,
“Blood Pressure”, “Systemic Circulating Inflammatory
Burden of CVD Risk”, and “Initial Periodontitis” were con-
structed using exploratory factor analysis to extract factors
that are effect indicators of the latent variables (data not
shown). Next, all latent variables were submitted to a confir-
matory factor analysis, and a factor loading > 0.40 was
adopted as the minimum value to consider the indicator
reflected the latent variable [21].

In the SEM, weighted least squares means and variance ad-
justed (WLSMV) estimation and theta parameterization were
used for control of residual variances [21]. The goodness of fit
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of the model was evaluated by (a) P value > 0.05 and upper limit
of the 90% confidence interval < 0.08 for root mean square error
of approximation (RMSEA) and (b) comparative fit index (CFI)
and Tucker-Lewis index (TLI) > 0.90 [7].

Direct and indirect pathways between the explanatory var-
iables (observed or latent variables) and the multiple outcomes
of interest, including the main outcome, “Initial Periodontitis,”
were estimated considering the effect to be significant when P
value < 0.05. Full estimationmaximum likelihoodwas used to
impute missing data assuming data are missing at random [7].
All analyses were performed with Mplus® 7.0 software [21].

Results

The study included 405 adolescents aged 17–18 years (180
male and 225 female). All participants provided complete data
and were included in the analysis. We observed 40.2% (n =
163) of the sample whose mother completed 9 to 11 years of
formal education, 47.4% (n = 192) whose household income
was 1 to <3 times the monthly minimum wage, and 64.4% (n
=261) who were classified as class C. Only 11.8% (n = 48) of
the participants had smoked in the last 30 days preceding the
interview (Table 1). Clinical periodontal data are presented for
the whole sample (Table 1) and non-periodontitis and the

entire periodontitis group (mild and moderate periodontitis)
according to the CDC-AAP case defini t ion [20]
(Supplementary Table 1). Mild and moderate periodontitis
case accounted for 33% of the sample (n = 134). No severe
periodontitis case was observed.

The latent variables “Socioeconomic Status”, “Adiposity”,
“Blood Pressure”, and “Initial Periodontitis” had factor load-
ing > 0.4 and P value < 0.001 indicating convergent validity,
which shows good validity of these constructs [21]. The latent
variable “Systemic Circulating Inflammatory Burden of CVD
Risk” showed good convergent validity for all indicators (fac-
tor loading ≥ 0.4; P value < 0.001), except for TNFα (factor
loading = 0.320; P value < 0.001). However, as a fact of
biological plausibility, we decided to keep this variable in
the latent [22] (Table 2).

The significant effects for the association between the
“Systemic Circulating Inflammatory Burden of CVD Risk”
and the “Initial Periodontitis” are shown in Table 3. A higher
“Systemic Circulating Inflammatory Burden of CVD Risk”
was associated with higher values of the “Initial
Periodontitis” (P value < 0.001). A higher “Socioeconomic
Status” reduced the “Initial Periodontitis”, mediated by the
reduced “Systemic Circulating Inflammatory Burden of
CVD Risk” (P value = 0.015). Smoking increased the
“Initial Periodontitis”, mediated by the increased “Systemic

Fig. 2 Theoretical model proposed for the association among common
risk factors, the “Systemic Circulating Inflammatory Burden of
Cardiovascular Disease Risk” and the “Initial Periodontitis” in
adolescents (n = 405), São Luís, Brazil (2014 to 2016). Latent variable
drawn as an ellipse. Observed variable drawn as a rectangular box. Only

main direct and mediating pathways are shown in the figure for the ease
of the interpretation. aBody mass index. bWaist-to-height ratio.
cUltrasensitive C-reactive protein. dInterleukin 1β. eInterleukin 8.
fTumor necrosis factor alpha. gInterleukin 6
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Table 1 Sociodemographic characteristics, Smoking and indicators of
“Adiposity”, “Systemic Circulating Inflammatory Burden of
Cardiovascular Disease Risk”, “Blood Pressure”, and periodontitis in
adolescents (São Luís, Brazil (2014–2016))

Variable na %b Meanc Standard
deviationd

Maternal education level (years of schooling)

0 to 4 75 18.5 - -

5 to 8 92 22.7 - -

9 to 11 163 40.2 - -

≥ 12 22 5.4 - -

Household income (minimum wage)e

< 1 14 3.5 - -

1 to < 3 192 47.4 - -

3 to < 5 42 10.4 - -

≥ 5 18 4.4 - -

Missing 139 34.3 - -

Family economic class (ABEP)f

A and B 81 20 - -

C 261 64.4 - -

D and E 63 15.6 - -

Sex

Male 180 44.4 - -

Female 225 55.6 - -

Smokingg

Yes 48 11.8 - -

No 357 88.2 - -

BMI (kg/m2)h - - 21.64 3.88

Waist-to-height ratio - - 45.61 5.70

Fat mass (kg) - - 12.15 6.18

Blood pressure (mmHg)

Diastolic pressure - - 66.94 8.64

Systolic pressure - - 109.88 11.82

IL-6 (pg/ml)i - - 1.71 1.53

IL-8 (pg/ml)j - - 51.41 64.32

IL-1β (pg/ml)k - - 0.94 0.51

TNF-α (pg/ml)l - - 3.20 2.24

us-CRP (ng/ml)m

> 0.3 277 68.40 - -

0.3 to < 1.0 59 14.60 - -

≥ 1 20 4.94 - -

Missing 49 12.0 - -

FMPI n (%) 20.94 22.82

BoP o (%) - - 16.97 14.14

< 10% of sites 136 33.58 - -

≥ 10% of sites 233 57.53 - -

Missing 36 8.89 - -

# Teeth affected with BOP 12.98 7.80

PD p (mm) 2.55 0.37

# Teeth affected by PD ≥ 4mm 190 46.91 1.70 2.70

# Teeth affected by PD ≥ 5 mm 22 5.43 0.09 0.43

Table 1 (continued)

Variable na %b Meanc Standard
deviationd

CAL q (mm) 2.18 0.23

Teeth affected by CAL ≥ 4mm 85 20.99 0.60 1.39

Teeth affected by CAL ≥ 5 mm 24 5.93 0.09 0.36

a Number of participants presenting the clinical parameter; b Percent of
participants presenting the clinical parameter; cMean and d standard de-
viation of the parameter; eMonthly minimum wage was determined by
considering a US dollar exchange value of $2.26 for the Brazilian real
(August 2014), with theminimummonthly salary being equal to $389.38;
f Family economic class was determined according to the Brazilian
Economic Classification Criteria (ABEP); g Current smoking; h body
mass index; i interleukin 6; j interleukin 8; k interleukin 1β; l tumor necro-
sis factor alpha; m ultrasensitive C-reactive protein; nmean full-mouth
plaque index per patient; omean percent of sites with bleeding on prob-
ing; pmean probing depth; qmean clinical attachment level

Table 2 Factor loading, standard error and P value for the effect
indicators of the latent variables “Socioeconomic Status,” “Adiposity,”
“Systemic Circulating Inflammatory Burden of Cardiovascular Disease
(CVD) Risk,” “Blood Pressure,” and “Initial Periodontitis” (São Luís,
Brazil (2014–2016))

Latent variable Factor loading Standard error P Value

Socioeconomic Status

Maternal education level 0.501 0.082 < 0.001*

Household income 0.444 0.101 < 0.001*

Economic class 0.829 0.130 < 0.001*

Adiposity

Body Mass Index 0.827 0.019 < 0.001*

Fat mass 0.997 0.021 < 0.001*

Waist-to-height ratio 0.906 0.013 < 0.001*

Systemic Circulating Inflammatory Burden of CVD Risk

Interleukin 6 0.964 0.030 < 0.001*

Interleukin 8 0.705 0.021 < 0.001*

Interleukin 1β 0.487 0.016 < 0.001*

TNF αa 0.320 0.018 < 0.001*

Blood Pressure

Systolic pressure 0.911 0.088 < 0.001*

Diastolic pressure 0.513 0.059 < 0.001*

“Initial Periodontitis”

BoPb 0.407 0.051 < 0.001*

PD ≥ 4 mmc 0.818 0.043 < 0.001*

CAL ≥ 4 mmd 0.770 0.039 < 0.001*

Chi-square (P value: < 0.001); RMSEA (0.049), 90% CI (0.040–0.058);
CFI, 0.946; TLI, 0.927. RMSEA, root mean square error of approxima-
tion; CFI, comparative fit index; TLI, Tucker-Lewis index
* Significant P value
a Tumor necrosis factor alpha; b BoP: number of teeth with bleeding on
probing; c PD: number of teeth with probing depth ≥ 4 mm; d CAL:
number of teeth with clinical attachment level ≥ 4 mm
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Circulating Inflammatory Burden of CVD Risk” (P value =
0.021). “Adiposity” and “Blood Pressure” had no effect on the
“Initial Periodontitis” (P value > 0.05). Sensitivity analysis
showed a consistent association between “Systemic
Circulating Inflammatory Burden of CVD Risk” and the
“Moderate Periodontitis”. However, no significant effects
were observed when the outcome was either the CDC-AAP
periodontitis definition or “Gingivitis” (Supplementary
Table 5).

As secondary findings, we observed that higher
“Socioeconomic Status” increased the “Adiposity” values
(SC = 0.191; SE = 0.071, P value = 0.008) and decreased
the “Systemic Circulating Inflammatory Burden of CVD
Risk” (SC = − 0.122; SE = 0.056, P value = 0.029);
“Adiposity” increased the “Blood Pressure” (SC = 0.587, SE
= 0.089, P value < 0.001) and increased the us-CRP (SC =
0.280, SE = 0.062, P value < 0.001). Smoking increased the
“Systemic Circulating Inflammatory Burden of CVD Risk”
(SC = 0.169, SE = 0.069, P value = 0.014) and us-CRP (SC
= 0.332, SE = 0.093, P value < 0.001). Girls had higher values
of “Adiposity” (SC = 0.506, SE = 0.038, P value < 0.001) and
lower values of “Blood Pressure” (SC = − 0.797, SE = 0.093,
P value < 0.001) (data not shown in table).

All proposed model had excellent fit (Supplementary
Table 6).

Discussion

Our findings revealed that higher levels of “Systemic
Circulating Inflammatory Burden of CVD Risk” were as-
sociated with “Initial Periodontitis”. As mediating path-
ways, a higher “Socioeconomic Status” was associated

with lower “Initial Periodontitis” by reducing the
Circulating Inflammatory Burden of CVD Risk, while
Smoking was associa ted with increased “ Ini t ia l
Periodontitis” by increasing the Circulating Inflammatory
Burden of CVD Risk. “Adiposity” and “Blood Pressure”
did not affect the “Initial Periodontitis”. Together, these
findings confirm our hypothesis that systemic inflammato-
ry burden is associated with early clinical signs of peri-
odontal breakdown already in adolescents. Besides, social
vulnerability and smoking were shown as common causes
to trigger this pathway, irrespective of “Adiposity” and
“Blood Pressure” in this young population.

Prior to the discussion of our findings, one should carefully
examine the limitations and strengths of this study. The main
limitation of our study relied on its cross-sectional design,
which precluded the establishment of a causal relationship
between the “Systemic Circulating Inflammatory Burden of
CVD Risk” and “Initial Periodontitis”, as both were collected
at the same visit. However, our original plan was to identify
incipient periodontal parameters reflecting initial signs of peri-
odontal breakdown and its association with indicators of sys-
temic inflammation, a goal achieved with the current study
design. Moreover, determining temporality between these
conditions would have remained challenging even with a lon-
gitudinal study design, as one might not rule out a potential
bidirectional relationship between periodontal and systemic
conditions [23], although the reverse causality in which peri-
odontitis can lead to increased levels of systemic inflammato-
ry mediators may be unlikely because our sample is charac-
terized by young individuals with periodontal an incipient
destruction.

Among the strengths, our methodological approach should
be highlighted. The use of SEM allows to study outcomes that

Table 3 Standardized coefficient, standard error, and P value for the total, direct, and main indirect effects of the explanatory variables on the outcome
“Initial Periodontitis” in adolescents (São Luís, Brazil (2014–2016))

Explanatory variable Outcome Total effects Direct effects Main indirect effects

Standardized
coefficient

Standard
error

P
value

Standardized
coefficient

Standard
error

P-
value

Standardized
coefficient

Standard
error

P
Value

“Socioeconomic status” “Initial
Periodonti-
tis”

− 0.128 0.077 0.097 − 0.137 0.080 0.086 − 0.022 0.009 0.015*a

“Systemic Circulating
Inflammatory Burden of
Cardiovascular Disease
Risk”

“Initial
Periodonti-
tis”

0.173 0.038 <
0.0-
01*

0.178 0.039 <
0.0-
01*

- - -

Smoking “Initial
Periodonti-
tis”

0.097 0.099 0.329 0.080 0.118 0.498 0.030 0.013 0.021*b

* Significant P value
a “Socioeconomic status” to “Initial Periodontitis” by “Systemic Circulating Inflammatory Burden of Cardiovascular Risk”
b Smoking to “Initial Periodontitis” by “Systemic Circulating Inflammatory Burden of Cardiovascular Risk”
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are not a result of one or two variables but are complex con-
ditions resulting from the effect of a set of variables. As in this
study, periodontitis was the target outcome, and we investi-
gated direct and indirect paths connecting sociodemographic,
behavioral, and systemic conditions to periodontitis.
Additionally, this approach supported the use of latent vari-
ables, i.e., constructs deduced from a shared variance of a set
of indicators, which reduces measurement error of phenomena
that are difficult to measure by a single indicator, especially
among adolescents [7, 9]. Such a concept suits well our idea of
a “Initial Periodontitis”, as periodontal disease is believed to
entail ongoing inflammatory changes, measured by probing
depth and bleeding on probing, culminating in periodontal
breakdown expressed by clinical attachment loss [24]. Thus,
it is not possible to identify the moment when gingivitis pro-
gresses to periodontitis since both periodontal diseases are a
continuum of the same chronic inflammatory disease [25].
Furthermore, as no single parameter can be used alone to
define the periodontitis, this condition ought to be better un-
derstood as a multidimensional condition, so ought the sys-
temic inflammatory burden that may regulate the CVD-
periodontitis association. Whenever one seeks to quantify
multidimensional variables, as periodontitis, challenges re-
garding the operationalization of these variables are faced.
The use of categorical unidimensional variables to quantify
this condition may deselect important potential features prior
to the analysis, as the case definition of periodontitis may be
based on arbitrary cutoff values [17]. It would also apply for
CVD risk, justifying, then, our claim for a “continuum” CVD
and periodontitis risk. Corroborating this assumption, sensi-
tivity analysis showed no significant effects between
“Systemic Circulating Inflammatory Burden of CVD Risk”
and the outcome periodontitis classified according to the
CDC-AAP case definition. We believe that the use of categor-
ical unidimensional variable does not properly measure all
aspects related to the extent and severity of periodontal dis-
ease, as well as it is not possible to estimate an effect free of
measurements errors. Previous study evidenced no significant
association when metabolic syndrome and periodontitis were
set as observed variables in the structural equation models,
irrespective of the criteria used for periodontitis classification
[17]. To overcome this methodological issue, periodontitis has
been previously addressed as a latent variable [17], even in
adolescents [26], reinforcing the advantages of using multidi-
mensional latent variables, which results in more realistic
quality analysis for estimating the association between sys-
temic inflammation and periodontal disease.

In terms of periodontal health, this study sample comprises
adolescents that experience a mild periodontal breakdown.
Instead of a periodontitis case definition, we estimated as a pri-
mary outcome a latent variable, dubbed “Initial Periodontitis”, by
the shared variance of periodontal disease indicators, which
reflected a clinical condition of bleeding on probing, shallow

pocket depth, and mild attachment loss. We cannot rule out the
possibility that the “Initial Periodontitis” may not reflect an
established periodontitis case in these adolescents; however, the
systemic inflammatory burden was already linked to this incipi-
ent periodontal breakdown, indicating a potential impact on the
pathogenesis of periodontal disease, which could, in turn, drive
the shift to chronic tissue destruction [24, 27]. A previous study
showed that uncontrolled systemic inflammation expressed by
higher levels of white blood cell counts were associated with an
increased number of siteswith periodontal pocket, clinical attach-
ment loss, and periodontitis progression after an 11-year follow-
up in adults [28]. The impact of systemic inflammation on the
periodontal pathogenesis may be more evident when observing
the effect of the “Systemic Circulating Inflammatory Burden of
CVD Risk” on the “Moderate Periodontitis”, a latent variable
that reflects a chronic periodontal breakdown explicitly. The
greater coefficient found on the association between systemic
inflammation and an established periodontitis, “Moderate
Periodontitis”, reveals a clear dose-response relationship, rein-
forces the robustness of our findings, and sheds light on the
current understanding of the CVD-periodontitis relationship.
Thus, the clinical evidence of periodontal disease in this study
could be taken as both an early clinical sign of periodontal break-
down and a predictor of progressive clinical attachment loss [29],
representing a risk phenotype indeed.

We showed that Smoking in adolescence was associated with
increased systemic inflammation by increasing both the
“Systemic Circulating Inflammatory Burden of CVD Risk”
and the us-CRP levels; and that the association between
Smoking and the “Initial Periodontitis” was mediated by higher
values of the “Systemic Circulating Inflammatory Burden of
CVD Risk”. As an explanation, it is plausible that smoking pre-
cedes systemic inflammatory burden [4], which plays an essen-
tial role in the development of chronic inflammatory diseases
such as periodontitis [24] and cardiovascular disease [3].
Smoking activates the NF-κβ pathway, which induces transcrip-
tion of genes involved in immune regulation [30] and may result
in a systemic inflammatory response expressed by a higher num-
ber of circulating leukocytes [30, 31], lymphocytes [31], and
release of proinflammatory mediators such as TNF-α [31], IL-
1β [32], IL-6 [33], IL-8 [31], and CRP [33], even with low dose
of exposure [33]. In addition, despite the vast evidence about the
impact of smoking on the risk of onset and progression of peri-
odontitis [34], our study adds to the existing knowledge as it
demonstrates that the systemic commitment of smoking under-
lies this relationship already in adolescence.

Increased levels of proinflammatory cytokines, primarily
TNF-α, an early inflammatory marker, causes uncontrolled
reactive oxygen species production and contributes to endo-
thelial cell damage, resulting in endothelial dysfunction [35].
Vascular dysfunction, known to be induced by a range of risk
factors such as inflammation and smoking, may influence the
pathogenesis of periodontitis and the long-term process of
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atherogenesis [36]. In this context, periodontitis and athero-
sclerosis may share a pathogenic background expressed by
systemic inflammation [3], oxidative stress [36], and vascular
dysfunction [37], which can be reflected by vascular damage
in oral tissues, as observed in our study with adolescents pre-
senting periodontal breakdown already associated with sys-
temic inflammatory burden of CVD risk. Accordingly, we
observed no significant association between “Systemic
Circulating Inflammatory Burden of CVD Risk” and the out-
come “Gingivitis”, a local inflammatory response that results
from plaque accumulation due to neglected oral hygiene and
tooth-related factors.

Our findings also revealed that higher “Adiposity” was not
associated with the “Initial Periodontitis” values, despite the
evidence that obesity is associated with periodontitis in ado-
lescents and young adults [38]. This lack of association be-
tween “Adiposity” and periodontitis might have been influ-
enced by the low prevalence of obesity among adolescents in
this population-based study. Another factor could be related to
the method used to determine obesity, which considered BMI,
an extensively used measure of obesity [39], but also total fat
mass and waist-to-height ratio, which is usually recommended
as a measure of central obesity [13]. However, “Adiposity”
was associated with higher levels of us-CRP, indicating that
the adipose tissue is involved in the regulation of systemic
inflammatory markers [24, 40].

The higher “Socioeconomic Status” was associated with a
lower “Initial Periodontitis”, as it reduced the “Systemic
Circulating Inflammatory Burden of CVD Risk”, which con-
firms previous studies showing an association between social
vulnerability and systemic inflammation [41] and periodontal
disease [42]. Our findings increase the existing knowledge of
this field by showing that systemic inflammation could play a
role as a mediator of this relationship in the early stages of life.

There is enormous evidence that chronically increased levels
of inflammatory biomarkers can predict CVD [22]. In our study,
systemic inflammatory burdenwas triggered by “Socioeconomic
Status”, Obesity and Smoking and associated with the “Initial
Periodontitis,” which can expose the individual to continuous
risk for both periodontal disease progression [28] and CVD
[22]. Any approach to reduce disease burden in adulthood should
be focused on intercepting disease at early stages, such as con-
trolling early clinical signs of periodontal breakdown and modi-
fiable risk factors such as smoking [25, 43]. This approach im-
proves the cost-effectiveness of the treatment, thus facilitating the
inclusion of dental care as part of the health coverage in popula-
tions with low socioeconomic status [43].

Conclusion

To our knowledge, this was the first population-based study
showing that serum levels of inflammatory markers are

associated with early clinical signs of periodontal breakdown
in adolescents throughmediating pathways triggered by social
vulnerability and smoking, placing the individual at sustained
risk of CVD and progression of periodontal breakdown. These
results may explain the association between periodontitis and
CVD in the future and give impetus to an early intervention
approach focused on common risk factors.
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