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1  | INTRODUC TION

Coronary artery diseases are the most common types of cardiovas-
cular disease (CVD) and the leading cause of death in the world.1 The 
increase in carotid intima-media thickness (cIMT) may be a sign of 
atherosclerosis and a surrogate marker of the risk of CVD.2 Systemic 

inflammation participates in endothelial dysfunction and in the es-
tablishment of the atherosclerotic plaque.3

The United Nations stated CVD as a concern, with a multidis-
ciplinary plan to detect intervenable risk factors.4 Smoking, ex-
cessive body weight, physical inactivity and hyperglycaemia are 
modifiable risk factors, which contribute to systemic inflammation.5,6 
Periodontitis has been posed to contribute to systemic inflammation.7
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Abstract
Objectives: This cross-sectional study tested the presence of collider bias in the rela-
tionship between periodontitis and the carotid intima-media thickness (cIMT).
Methods: Data from 480 members of the 1982 Pelotas Birth Cohort, Brazil, were 
used. Periodontitis at the age of 24 years was determined as the main exposure. 
cIMT at the age of 30 years was set as the outcome. High-sensitivity C-reactive pro-
tein (hsCRP) was considered the mediator (collider). Confounding variables included 
sex, income, BMI and smoking. The association between cIMT and periodontitis was 
tested in conventional logistic regression stratified on hsCRP levels, marginal struc-
tural modelling and sensitivity analysis for collider stratification bias.
Results: Conventional adjusted logistic regression analysis showed a positive associa-
tion between periodontitis and cIMT (OR 1.5; 95% CI 1.1; 2.3). Stratified analysis ac-
cording to the hsCRP levels revealed that the magnitude of the association was even 
higher among participants with hsCRP ≥ 3 mg/L (OR 2.2, 95% CI 1.1; 4.2) with 36% 
collider bias probability. No association between periodontitis and cIMT was found 
among participants with hsCRP < 3 mg/L (OR 1.3; 95% CI 0.8; 1.1). The association 
was not detected using marginal structural modelling (OR 1.3, 95% CI 0.8; 2.0).
Conclusions: The association between periodontitis and surrogate markers of cardio-
vascular disease might be induced by collider bias stratification using conventional 
regression analysis.
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It has been hypothesized that periodontopathogens can enter 
the bloodstream and initiate or increase the development rate of 
atherosclerotic plaques. Additionally, cytokines from periodontal 
lesions induce the production of pro-atherogenic molecules, such 
as C-reactive protein (CRP), which in turn affect the progression 
rate of atherosclerotic plaques.8 While a claim exists on the causal 
association between periodontitis and CVD, the effect of peri-
odontal therapy on prevention of cardiovascular disease seems 
to be, if any, very limited.9,10 However, the evidence supporting 
this causal relationship mainly originates from cross-sectional 
studies.11,12 Additionally, studies suffer from relevant method-
ological flaws, including self-reported assessment of exposure and 
outcome, lack of proper mediation analysis and presence of re-
sidual confounding, especially from smoking and socioeconomic 
condition.

Another explanation for the associations between periodonti-
tis and CVD may be selection bias.13 Collider stratification biases 
have gained attention after the publication of the obesity para-
dox. Even though obesity has been associated with an increased 
risk of death in the general population, it would confer a survival 
advantage in patients with CVD.14 Collider stratification bias has 
provided a reasonable explanation for the paradox. A collider is a 
variable influenced by at least two variables, and, in most cases, 
it is a mediator in the causal pathway between exposure and out-
come. Conditioning on a collider may happen in conventional re-
gression analysis adjustment, sample stratification or participant 
recruitment. When exploring causal relationships, conditioning on 
a collider usually induces an association where none exists, as it 
re-opens a path otherwise blocked at the collider.15 An example 
would be restricting participants’ inclusion to those who present 
CVD or systemic inflammation at baseline.

Accordingly, this study assessed the relationship between peri-
odontitis and the cIMT. Additionally, it also investigated whether this 
association could be explained by collider stratification bias.

2  | METHODS

This report was elaborated according to the STROBE guidelines. All 
waves of this study were approved by the Ethics Committee of the 
Federal University of Pelotas, Brazil.

2.1 | The 1982 Pelotas Birth Cohort

In 1982, all live-born infants of the maternity hospitals of Pelotas, 
Southern Brazil, were identified.16 Mothers were interviewed, 
and different information and measures of the infants obtained 
(n = 5914). Regular interviews, blood sampling and physical examina-
tions were performed since then. Interviews encompassed socioec-
onomic data, dietary and smoking habits, health-related conditions 
and others. Physical examinations included height, weight and 
blood pressure. Cholesterol, CRP and glycated haemoglobin were 

analysed. Figure 1 illustrates the flow chart of participation along 
the years.

At 15 years of age in 1997, a representative sample of the co-
hort members was invited to participate in the oral health study 
(OHS)-97 (n = 888).17,18 At 24 years of age (OHS-06), full-mouth 
examination was carried out and the periodontal condition was as-
sessed using the Community Periodontal Index in six sites per tooth 
in 720 participants of the OHS-97. The information was recorded 
at the tooth level, with the worst condition of the six sites being 
registered. All teeth were examined for the presence of bleeding 
on probing, calculus and periodontal pocket depth (PPD) ≥ 4 mm. 
At 31 years of age (OHS-13), the periodontal condition was evalu-
ated in 539 participants of the OHS-97 using full-mouth examina-
tion, and the information was recorded for the six sites individually. 
Data on PPD, gingival margin level, bleeding on probing and calcu-
lus were collected.18 Attachment level was obtained by the sum of 
the values from PPD and gingival margin level. Oral examination 
was performed by six trained and calibrated dentists. Calibration 
was executed by an experienced periodontist as the standard ex-
aminer.18 Practical exercises were performed on 20 participants 
approximately the same age as enrolled individuals. The lowest in-
traclass correlation coefficient for PPD and gingival margin level 
was 0.85.

F I G U R E  1   Flow chart comprising enrolment and participation in 
the 1982 cohort until 2013
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2.2 | Exposure – periodontitis at 24 years of age

The case definition for periodontitis recommended by the Center 
for Disease Control and Prevention and the American Academy of 
Periodontology (CDC/AAP) was chosen.19 Periodontitis at age 24 
was estimated based on data from age 31 using regression models as 
previously described and consisted of cases of mild, moderate and 
severe periodontitis.18 The models were based on a combination of 
oral, systemic and socioeconomic data using decision tree analysis. 
Variables in the first two levels were maintained in multivariable lo-
gistic regression models. Values for sensitivity, specificity and area 
under the receiver operating characteristic curve were determined. 
A sum of sensitivity and specificity above 120% was considered sat-
isfactory in view of the epidemiologic characteristic of our study.20

2.3 | Outcome – carotid intima-media thickness at 
30 years of age

cIMT was determined in longitudinal planes at the left posterior 
wall of the left carotid artery. A B-mode imaging ultrasound (Xario, 
Premium Compact, Toshiba) equipped with 7.5 MHz linear array 
transducer and 4 cm depth and gain settings optimized to image 
quality was used (Medical Imaging Applications, MIA-LLC).21 A sec-
tion of the carotid artery was imaged proximal to the carotidal bulb 
in a moving scan for eight seconds. The mean value of 90 frames in 
a 10-mm-long section was calculated by the software. For analytical 
purposes, cIMT was dichotomized using the 75th percentile as the 
cut-off point.22 Further information can be found elsewhere.16,23

2.4 | Mediator (Collider) – high-sensitivity 
C-reactive protein at 30 years of age

Nonfasting venous blood was collected at the age of 30. High-
sensitivity C-reactive protein (hsCRP) was measured using an immu-
noassay (Immulite, DPC/Siemens). hsCRP variable was dichotomized 
<3 or ≥3 mg/L to discriminate between individuals at risk of CVD.24

2.5 | Confounders

Confounders were determined as variables influencing exposure, 
outcome and mediator. Sex information was obtained at birth. The 
following variables were set as time-varying confounders: house-
hold income at birth and at age 30 (categorized into tertiles and 
converted to a dichotomous variable in which the second and third 
tertiles were grouped), body mass index at ages 23 and 30, and 
smoking status (current or former smoker; never smoker) at ages 23 
and 30. The prevalence of participants at age 30 with fasting plasma 
glucose levels ≥ 126 mg/dL or glycated haemoglobin ≥ 6.5% was 
around 2.0%; therefore, diabetes was not included as a confounder. 
High blood pressure defined as systolic blood pressure of ≥140 mm 

Hg and/or diastolic blood pressure of ≥90 mm Hg was set as con-
founder but later removed from the analytical models due to col-
linearity with the body mass index.

2.6 | Theoretical framework

A directed acyclic graph (Figure 2) was elaborated to illustrate the 
direct and indirect causal pathways between periodontitis and in-
crease in cIMT.25

2.7 | Statistical analysis

Despite data being originated from a birth cohort study, the study 
may be considered cross-sectional. Initially, we have investigated 
the association between periodontitis and cIMT conditional on the 
levels of hsCRP (mediator/collider) using conventional logistic re-
gression. Analyses were adjusted for sex (1982), household income 
(1982, 2013), body mass index (2006, 2013) and smoking behaviour 
(2006, 2013). Following the approach of Banack and Kaufman15 to 
test for collider stratification bias, we performed conventional logis-
tic regression models stratified on hsCRP levels. Similarly, we used 
the episens macro (STATA 14.2, StataCorp) to carry out bias analysis 
to understand the magnitude of bias induced by studying a highly 
selected population drawn from the total population.

Finally, we have estimated the controlled direct effect of peri-
odontitis at age 24 (exposure) on cIMT at the age of 30 (outcome) 
using marginal structural modelling. Such an approach prevents col-
lider stratification bias, as it estimates the causal effect of time-de-
pendent exposures while handling time-dependent covariates at the 
population level and differentiates confounders from mediators in 
the analytical modelling.15 To test the hypothesis that hsCRP did not 
mediate the relationship between periodontitis and cIMT, the medi-
ator (hsCRP) was set as 1. The stabilized inverse probability weights 
(SW) for the exposure and the mediator were estimated accounting 
for sex (time-unvarying variable), and the time-varying covariates 
household income, body mass index and smoking behaviour.26,27 
Instead of inverse-probability-to-treatment weights, stabilized 

F I G U R E  2   Directed acyclic graph representing causal relations 
between periodontitis and cIMT increase mediated by CRP 
(mediator/collider). Unmeasured common causes of C-reactive 
protein (CRP) and carotid intima-media thickness (cIMT) are 
assumed to play a role in the association (eg genetics, physiology, 
and behaviours). BMI, body mass index; SES, socioeconomic status
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weights were chosen because they preserve the original sample size 
in the weighted dataset while determining robust confidence inter-
vals. Predicted probabilities for both numerator and denominator 
were given and then divided to find the stabilized weight.27 Final 
stabilized weights were determined by multiplying the weight of the 
exposure by the weight of the mediator. The model specification was 
verified by checking the distribution of the final stabilized weight, 
which required a mean value close to 1 to indicate a proper fit of the 
marginal structural model.

3  | RESULTS

Complete data were obtained from 480 participants, who provided 
data for all the assessment, and therefore comprised the final sample 
for this study. Socioeconomic and demographic characteristics of 
the sample of this study were similar to the original cohort (Table 1). 
The prevalence of periodontitis in this population was 36.5% and in-
cluded mild, moderate and severe cases. The sample characteristics 
according to the periodontitis status are summarized in Table 2. A 
comprehensive description of the clinical periodontal data at ages of 
24 and 31 is shown in Table A1.

In Table 3 (Model 1), conventional adjusted logistic regression, 
including the levels of hsCRP, analysis showed a positive association 

between periodontitis at 24 years of age and cIMT at the age of 
30 years (OR 1.5; 95% CI 1.1; 2.3). In Models 2 and 3, respectively, 
stratified analysis according to the dichotomous hsCRP levels re-
vealed that the magnitude of the association was even higher among 
participants with hsCRP ≥ 3 mg/L (OR 2.2, 95% CI 1.1; 4.2), whereas 
among participants with hsCRP < 3 mg/L the association vanished 
(OR 1.3; 95% CI 0.8; 1.1). Sensitivity analysis revealed 36% bias 
probability induced by high levels of hsCRP (Model 4, Table 3). Using 
marginal structural modelling, which considered the levels of hsCRP 

TA B L E  1   Demographic and socioeconomic characteristics of the 
original sample at birth in 1982 and of the final sample included in 
this study. 1982 Pelotas Birth Cohort study, Brazil

 

Total sample (1982 at 
birth) (N = 5914)

Current study 
(N = 480)

N (%) N (%)

Sex

Male 3037 (51.4) 240 (50.0)

Family income at birth per month

≤1 BMW 1288 (21.9) 90 (18.8)

1.1-3 BMW 2789 (47.4) 252 (52.5)

>3 BMW 1808 (30.7) 138 (28.8)

Maternal education at birth (in years)

0-4 1960 (33.2) 155 (32.4)

5-8 2454 (41.5) 215 (44.8)

9+ 1493 (25.3) 110 (22.8)

Smoking status

Nonsmoker — 372 (77.5)

Smoker — 108 (22.5)

cIMT

<75% percentile — 355 (73.8)

≥75% percentile — 125 (26.2)

hsCRP

Low (≤ 3 mg/L) — 297 (62.8)

High (>3 mg/L) — 176 (37.2)

Abbreviation: BMW Brazilian Minimum wage.

TA B L E  2   Comparison of the sample characteristics regarding 
the participants with and without periodontitis at age 24 (n = 480). 
1982 Pelotas Birth Cohort study, Brazil

 
No periodontitis 
(N = 305)

Any 
periodontitis 
(N = 175) P-value

Sex [N (%)]

Males 140 (45.9) 100 (57.1) .03

Females 165 (54.1) 75 (42.9)

Family income at birth in BMW [N (%)]

≤1 54 (17.5) 38 (21.3) .865

1.1-3 160 (52.0) 95 (53.4)

>3 94 (30.5) 45 (25.3)

Smoking status

Current/
former at 
age 23 [N 
(%)]

95 (31.2) 58 (33.1) .682

Cigarettes/
day at age 
23 [mean 
(95% CI)]

14.3 (11.3, 17.3) 13.4 (9.6, 17.1) .710

Current/
former at 
age 30 [N 
(%)]

114 (37.5) 73 (42.2) .416

Cigarettes/
day at age 
30 [mean 
(95% CI)]

12.4 (10.3, 14.5) 12.4 (8.7, 16.0) .743

cIMT [N (%)]

<75% 
percentile

227 (75.7) 130 (70.6) .224

≥75% 
percentile

73 (24.3) 54 (29.4)

hsCRP in mg/L 
[mean (95% 
CI)]

3.7 (3.2, 4.2) 3.6 (2.9, 4.2) .552

BMI [mean (95% CI)]

At age 23 in 
kg/m2

23.5 (23.0, 24.0) 23.9 (23.3, 
24.5)

.381

At age 30 in 
kg/m2

26.6 (15.1, 44.1) 27.4 (17.2, 43.8) .250

Abbreviations: BMI, Body mass index; BMW, Brazilian minimum wage; 
hsCRP, High-sensitivity C-reactive protein.
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as a mediator (collider) in the analysis, the association between peri-
odontitis and cIMT was not detected and reached similar values to 
those observed among participants with low levels of hsCRP (OR 
1.3, 95% CI 0.8; 2.0) (Model 5, Table 3).

4  | DISCUSSION

It is biologically plausible to assume a potential relationship between 
periodontitis and surrogate markers of CVD mediated by systemic 
inflammation. CRP has been proposed as one of the potential mol-
ecules in the causal pathway.28 We hypothesized that periodontitis 
leads to an increase in the levels of CRP and that this marker is a pre-
dictor of atherosclerosis development. According to the European 
Federation of Periodontology,29 there is moderate evidence that 
periodontal treatment reduces CRP and oxidative stress, and leads 
to improvements of clinical and biochemical measures of vascular 
endothelial function. However, the effect of periodontal therapy on 
clinical endpoints of CVD and biomarkers such as CRP remains in-
conclusive,30 as some studies show lack of effect whereas others 
report positive results.31-33 Since the majority of the studies present 
high risk of bias, the findings should be interpreted judiciously. We 
demonstrated that the association between periodontitis and in-
creased cIMT may result from a statistical phenomenon, known as 
collider stratification bias.

Collider stratification bias occurs as the result of conditioning 
the analysis on a common effect of exposure and outcome, that is a 
mediator. It can lead to spurious associations and even reverse the 
direction of the association. The directed acyclic graph (Figure 2) 
explains collider bias in the association between periodontitis and 
cIMT, given hsCRP as both mediator and collider. As an example, 
we will consider the genetic variant rs4420638 in the APOE-CI-CII 
that is associated with both high hsCRP and CVD as the unmeasured 
confounder.34 In periodontitis individuals, those with high hsCRP 
level might have achieved such high levels because they have either 
periodontitis or the genetic variant. However, among periodon-
tally healthy individuals, more individuals with high hsCRP levels 

must have high hsCRP because of genetic factors, as periodontitis 
is not present. Consequently, since high hsCRP is exacerbated by 
periodontitis, when the effect is estimated within levels of hsCRP, 
having periodontitis with high hsCRP makes it less likely a participant 
has a genetic factor, whereas among those with low levels of hsCRP, 
being periodontally healthy makes it more likely the person has the 
genetic variant. Therefore, stratification on or adjustment for hsCRP 
induces an association between periodontitis and the genetic variant 
that distorts the causal relationship between periodontitis and CVD, 
because hsCRP is a mediator and conditioning on a mediator may 
lead to collider bias. In the future, if one can identify a gene variant 
associated with risk factor for periodontitis, one may use Mendelian 
randomization in a large sample size to evaluate whether periodonti-
tis may contribute for cIMT increase.

When the association between periodontitis and cIMT was ex-
amined using conventional regression conditioned on hsCRP levels, 
the magnitude of the association was overestimated in 36% among 
those with high hsCRP levels. As conventional regression modelling 
does not differentiate between confounders and mediators (or col-
liders), this analysis risks to distort the association. However, these 
results differ from those using marginal structural modelling, which, 
by properly modelling mediators/colliders (hsCRP, in this case), 
has revealed a null association between periodontitis and CVD. 
In addition, marginal structural modelling allows the modelling of 
time-varying exposures and confounders, and can be used to esti-
mate unbiased total and direct effects of periodontitis on cIMT.35

It is possible that periodontitis is only a small component of the 
multiple causes of cIMT increase. Ultimately, periodontitis might 
not be involved in the causal pathways of cIMT increase. One may 
speculate that the lack of association was due to a low prevalence of 
periodontitis cases or low values of cIMT considering the age of par-
ticipants. However, the prevalence of periodontitis among our cohort 
members was slightly higher compared to other cohorts in the US and 
New Zealand,36,37 and cIMT values were similar to those observed in 
other studies.38,39 In order to broaden the implications of our find-
ings, future studies might investigate this relationship in older pop-
ulations with higher prevalence of periodontitis and values of cIMT.

 

Carotid intima-media thickness

Conventional regression Bias analysis MSM

Model 1 Model 2 Model 3 Model 4 Model 5

All hsCRP values hsCRP > 3 hsCRP ≤ 3 hsCRP > 3  

Periodontitis
OR (95% CI)

1.5
(1.1; 2.3)

2.2
(1.1; 4.2)

1.3
(0.8; 1.1)

1.6
36% bias

1.3
(0.8; 2.0)

Note: Results are given as odds ratio (OR) with respective 95% confidence intervals (95% CI) 1982 
Pelotas Birth Cohort study, Brazil. All analyses adjusted for sex (1982), household income (1982, 
2013), body mass index (2006, 2013) and smoking behaviour (2006, 2013). In Model 1, levels of 
hsCRP were also included in the analytical model.
Abbreviations: cIMT, Carotid intima-media thickness; hsCRP, High-sensitivity C-reactive protein; 
MSM, Marginal structural model.

TA B L E  3   Association between 
periodontitis at 24 years of age and 
cIMT at age 30 comparing results using 
conventional regression and marginal 
structural model analyses
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People at risk of developing periodontitis and CVD are more 
likely to share risk factors, for example smoking, low physical ac-
tivity, inadequate diet, low access to health treatment and others. 
Although these conditions are accounted for in the analysis, statis-
tical adjustment does not rule out residual confounding. The most 
discussed residual confounder is smoking.40,41 Usually, studies 
attempt to capture all dimensions of smoking using self-reported 
questions on current and past smoking habit, or, on a lower scale, 
frequency and duration of smoking. This information is converted 
into a variable with two or three categories: smoker, nonsmoker 
and/or never smoker. Nevertheless, the detrimental effect of smok-
ing depends on several aspects, which include amount and duration 
of exposure, chemical composition and more. Moreover, one should 
consider the social undesirability in reporting smoking. Therefore, 
despite statistical adjustment, it is challenging to eliminate the re-
sidual effect of smoking in the association between periodontitis 
and systemic diseases. Additionally, if the above-mentioned risk 
factors have a stronger effect on CVD than periodontitis, they may 
induce a spurious association where none exists. Finally, collider 
bias may be observed concomitantly with other sources of bias, 
such as hawthorn, misclassification, sample size and others, further 
distorting the existence or magnitude of the association.

Our sample remains representative of the original popula-
tion,42,43 and no significant changes in findings could be observed 
in performing multiple imputations of data.43 One may speculate 
whether the absence of the new periodontitis classification44 should 
be considered a limitation. However, at data collection, the system 
had not been released and information needed was not assessed. 
Instead, our decision to use the classification recommended by the 
CDC/AAP for epidemiological studies should be instead faced as a 
strength, given the study design.19 Among the limitations, we cannot 
rule out residual confounding, especially due to the low specificity of 
hsCRP as a marker of systemic inflammation. Future studies should 
use other relevant biomarkers such as interleukin-6 and VCAMs 
to investigate the relationship between periodontitis and cIMT. 
Another drawback relates to the cross-sectional nature of the cur-
rent study and the lack of longitudinal measures of cIMT and hsCRP, 
which has precluded an investigation of the baseline status of the 
participants. However, data from this cohort45 and population-based 
studies46 indicate that the number of risk factors and cardiovascu-
lar events is very low among 20-24-year-old adults and considerably 
greater among 30- to 34-year-old ones.

5  | CONCLUSIONS

The association between periodontitis and surrogate markers of 
CVD might be induced by collider bias stratification, after condi-
tioning on levels of hsCRP using conventional regression analysis. 
However, marginal structural modelling revealed a null association 
between periodontitis and cIMT. Whether the inflammatory peri-
odontal burden requires more time to influence the systemic in-
flammation to promote cIMT increase remains to be tested. Future 

studies may consider relevant methodological issues, which include 
the presence of residual confounding due to smoking and socioeco-
nomic condition, and the use of analytical approaches that account 
for the particularities of this relationship.
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