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Abstract

Objectives: Previous studies on a potential association between endodontic infection (EI) and 

cardiovascular disease (CVD) produced mixed results. Endodontic treatment (ET) may also be 

linked to cardiovascular risk, as a marker for prior chronic dental infection and subclinical EI in 

other teeth. We tested the hypothesis that ET is associated with elevated risk of coronary heart 

disease (CHD), ischemic stroke (IS), heart failure (HF), or venous thromboembolism (VTE).

Methods: ARIC participants who completed the dental ancillary study exam 4 (1996–1998; 

n = 6,638) were included in the analyses. Participants were followed through 2013 for CHD, 

stroke, and HF and 2011 for VTE. Cox-proportional hazards regression models were used to 

estimate hazard ratios (HR) and 95% confidence intervals (CI) for CHD, IS, HF, and VTE 

across ET classifications adjusting for age, sex, race/center, education, income, smoking, alcohol 

consumption, BMI, statin use, family history of CHD, physical activity, diet quality, insurance 

status, last dental visit, dental visit frequency, having a current dentist, and tooth loss due to gum 

disease.

Results: Among participants, 21.0% reported a single ET, while 28.5% reported multiple ETs. 

Over a median of 15.8 years of follow-up, there were 506 incident CHD events, 311 IS events, 

739 HF events, and 219 VTE events. There were no significant associations between self-reported 

history of ET and any of our outcomes (HR (95%CI): CHD = 1.16 (0.87,1.44), IS = 0.77 

(0.55,1.09), HF = 1.00 (0.81,1.24), VTE = 0.98 (0.67,1.43)) after adjustment.
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Conclusions: Our results do not support an independent association between ET and 

development of CHD, IS, HF, or VTE.
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Introduction

Endodontic infection (EI) is a chronic inflammatory disease caused by infection of the 

dental root canal system in the pulp of the tooth and the major etiologic agent of apical 

periodontitis (AP) or infection of the apex of the tooth root.1 Previous studies on the 

association between EI/AP and cardiovascular disease (CVD) have been mixed with some 

studies not supporting an association2,3 while other studies demonstrated an association.4–7 

The primary mechanisms linking EI/AP and CVD includes systemic inflammation8 that 

leads to atherosclerotic development, platelet aggregation, and hypercoagulability.6

EI/AP is relatively common; estimates of the prevalence among adults in western countries 

have varied between 14% and 70%.9 EI/AP is treated through root canal, or endodontic 

treatment (ET). In the absence of radiographic information about EI/AP, one way to estimate 

history of EI/AP is through self-reported previous ET.

In 2006, Joshipura et al. evaluated the association between ET and CHD among males from 

the Health Professionals Follow-Up Study. They found compared to men without ET, those 

with ET had higher CHD risk but the association was limited to dentists and no association 

was observed among nondentists.10 In 2009, using data from the Atherosclerosis Risk in 

Communities study (ARIC) dental ancillary study (D-ARIC), Caplan et al. reported a cross-

sectional association between self-reported history of ET and prevalent CHD among study 

participants with 25 or more teeth but failed to find an association among those with 24 or 

fewer teeth.5 At present, few previous studies have prospectively evaluated the association 

between ET and the longitudinal development of ischemic stroke (IS), heart failure (HF), 

or venous thromboemsoblism (VTE), and evidence for CHD requires additional inquiry 

due to the mixed results of previous studies including Joshipura et al and Caplan et al.5,10 

Therefore, we used longitudinal data from the ARIC study to test the hypothesis ET is 

independently associated with risk of incident CHD, incident IS, incident HF, and incident 

VTE since it may be a marker of subclinical EI and future EI. We further hypothesized 

the association would be graded with those with multiple ETs at highest risk of incident 

cardiovascular events.

Methods

The ARIC study is a multicenter population-based prospective cohort study designed to 

investigate the etiology and natural history of atherosclerosis in middle-aged Americans.11 

At baseline in 1987–1989 (visit 1), 15,792 mostly white and black men and women ages 

45–64 were enrolled from 4 U.-S. communities: Forsyth County, North Carolina; Jackson, 

Mississippi; suburbs of Minneapolis, Minnesota; and Washington County, Maryland.11 
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Subsequent clinic exams took place during 1990 to 1992 (visit 2), 1993 to 1995 (visit 

3), 1996 to 1998 (visit 4), 2011 to 2013 (visit 5), and 2016-2017(visit 6) with continuous 

surveillance for CVD events. A dental ancillary study (D-ARIC) took place among ARIC 

participants at all 4 study sites during visit 4 (1996–1998) to determine the prevalence, 

extent, and severity of periodontal conditions in the dentate ARIC population.12 All ARIC 

participants who had natural teeth, no contraindications, and did not require antibiotic 

prophylaxis for periodontal probing were eligible to participate in D-ARIC. Details 

of the D-ARIC study objectives and methodology have been described in a previous 

publication.13 Institutional review board approval for ARIC and D-ARIC was obtained at 

each participating site, and informed consent was obtained from each participant.

We used a prospective cohort study design in which visit 4 (1996–1998) served as the 

baseline for these analyses. All ARIC participants who completed the dental history 

questionnaire and D-ARIC exam (n = 6,638) were included in the analysis. Those of 

races other than black and white (n = 25), African-Americans from the Minnesota or 

Maryland field centers (n = 24) where small numbers were recruited, and those taking 

anticoagulants at baseline (visit 4) (n = 61) who may be less susceptible to infection-induced 

hypercoagulability were excluded from the analysis. Only prevalent cases of each outcome 

as determined by self-report at study entry or incident CVD events occurring prior to the 

dental exam were excluded. Our final sample sizes after exclusions were n = 6,274 for CHD, 

n = 6,397 for IS, n = 6,196 for HF, and n = 6,400 for VTE.

Endodontic therapy ascertainment

The exposure of interest was self-reported history of root canal treatment, which was 

assessed as part of the D-ARIC study during visit 4 (1996–1998). Exposure was classified 

according to responses to the questions, “Have you ever had root canal therapy?” and 

“(If you have had root canal therapy), Have you had more than one?” Exposure was 

trichotomized as multiple root canals, one root canal, and no root canals. Participants whose 

ET status was unknown were excluded.

Covariate ascertainment

Covariate information from the time of the dental exam (visit 4) was used, unless otherwise 

noted. Demographic factors included age, race, education (visit 1; some high school or 

less, high school diploma, college degree or higher), and income (<$25,000/year, $25,000 

– <$50,000/year, $50,000 – <$75,000/year, >$75,000/year). Traditional CVD risk factors 

included smoking (current, former, never), diabetes (yes/no), hypertension (yes/no), LDL 

(mg/dL), HDL (mg/dL), triglycerides (mg/dL), statin use (yes/no), BMI (Kg/M2), and 

alcohol consumption (yes/no and grams/week). Family history of premature CHD (yes/no) 

was defined at visit 1 by participant self-report of a heart attack occurring in a father before 

age 55 or in a mother before age 60.14 Physical activity and diet quality (ideal, intermediate, 

and poor) were categorized according to the American Heart Association (AHA) definitions 

for cardiovascular health, as has been done previously in ARIC.15 Finally, access to care 

and dental care use data were collected during the D-ARIC dental history questionnaire. 

These included medical insurance status (private insurance, medicare/medicaid only, none), 

last dental visit (<6 months ago, 6 months – <2 years ago, 2 – <5 years ago, >5 years 
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ago), dental visit frequency (regularly, only for discomfort or repair, do not regularly visit 

the dentist), and having a current dentist (yes/no). Periodontal disease was assessed using 

self-reported history of tooth loss due to gum disease (yes/no).

Outcome ascertainment

The outcomes of interest were incident CHD, incident IS, incident HF, and incident VTE. 

Each outcome was analyzed separately. The methods used for outcome ascertainment 

included: (1) participants were contacted annually by phone and interviewed about interim 

hospitalizations; (2) local hospitals provided lists of hospital discharges with cardiovascular 

diagnoses, and these were reviewed to identify cohort hospitalizations; and (3) participant 

names were linked to state and national death registries. CVD events were classified by 

a combination of computer algorithm and adjudicated physician review; disagreements 

were adjudicated by the ARIC Mortality and Morbidity Classification Committee using 

standardized ARIC criteria.16

Incident CHD was defined as confirmed CHD death, and fatal and nonfatal myocardial 

infarction (MI).17 Incident IS was identified and classified as thrombotic or cardioembolic 

stroke based on discharge codes, signs, symptoms, neuroimaging (computerized 

tomography/magnetic resonance imaging), and other diagnostic reports.18 Both CHD and 

stroke events were validated by study physician review.

Incident HF was defined as the first occurrence of either (1) a hospitalization, which 

included an international classification of diseases, 9th revision, discharge code of 428 

(428.0 to 428.9) in any position, or (2) a death certificate with a 428 (HF) or ICD-10 code 

I50 (HF) in any position and was only adjudicated by physician review after 2005.19

Incident VTE was defined as pulmonary embolisms (PE) or deep vein thromboses (DVT) 

occurring in the leg and was identified using diagnosis codes, hospital records, physician 

and consultant reports, and discharge summaries and was validated by LITE study physician 

review according to LITE study protocol.20

Statistical analysis

Participant characteristics at the time of the D-ARIC ancillary study (visit 4) were calculated 

stratified by ET status. Each CVD outcome of interest was analyzed separately using 

cox-proportional hazards regression models to estimate hazard ratios and 95% confidence 

intervals between ET categories. No prior root canal treatment was the referent group. The 

proportional hazards assumption was assessed by visual inspection of the Kaplan–Meier 

(KM) survival curves and by testing the interaction between root canal treatment status and 

follow-up time.

Crude (unadjusted) models and those adjusting for potential confounding variables were 

conducted. Confounders were selected based on being independent predictors of CVD and 

ET and not on the potential causal pathway between ET and CVD. Further, covariates 

considered in the analyses were sociodemographic, dental, and medical variables that were 

identified as confounders in previous ARIC dental studies addressing associations between 

oral infections and CVD5,13,21 and variables reflective of dental care use or caries history 
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based on the approach used by Caplan et al.5 Adjusted models were constructed with 

increasing level of confounder adjustment based on confounding categories outlined below. 

Model 1 included adjustment for demographic and SES variables including age, sex, race/

center, education, and income. Model 2 added adjustment for relevant CVD risk factors that 

may also be association with oral infection risk including smoking, alcohol consumption, 

BMI, statin use, diabetes, hypertension, LDL, HDL, and triglycerides. Hypertension, 

diabetes, LDL, HDL, and triglycerides were not included as covariates in the VTE analysis 

due to the lack of an independent association between these factors and VTE.22 Finally, 

model 3 additionally included adjustment for family history of premature CHD, physical 

activity, diet quality, and variables related to access to care and dental care use including 

medical insurance status, last dentist visit, dental visit frequency, having a current dentist, 

and reported tooth loss due to gum disease.

We conducted analyses stratified by the median number of teeth23 similar to the approach 

used by Caplan et al.5 This allowed us to evaluate the potential impact of ET among those 

with 25 or more teeth who may have had access to care and received root canal treatment 

when needed. We further conducted stratified analyses by gender and median age at event 

to see if the ET-CVD relationship differed between genders or different age groups. For 

all analyses, follow-up time began at entry into the study (visit 4) when ET status was 

assessed and outcomes accrued continually from baseline until the first incident event, loss 

to follow-up, death, or else, December 31, 2013 for CHD, IS, and HF and December 31, 

2011 for VTE.

Results

Baseline (ARIC visit 4) characteristics of the 6,528 participants in the study sample are 

provided in Table 1, stratified by self-reported ET status. Of the sample, 50.5% reported 

no ET, 21.0% 1 ET, and 28.5% ≥2 treatments. In general, ET was more common among 

whites compared to blacks and among those of high SES status compared to those of low 

SES. Those with past ET were less likely to be smokers and have diabetes compared to 

those without a history of ET. Finally, those with past ET were more likely to have medical 

insurance, a current dentist, and visit the dentist regularly.

Over a median of 15.8 years of follow-up, 506 incident CHD events, 311 IS events, and 739 

HF events were identified in the ARIC cohort at risk. A median of 14.0 years of follow-up 

yielded 219 VTE events. Overall incidence rates for CHD, IS, HF, and VTE were 5.6, 3.3, 

8.3, and 2.6 per 1,000 person-years of follow-up, respectively. Incidence rates by ET status 

are found for each outcome of interest in Figure 1.

The proportional hazards assumption was assessed by visual inspection of the Kaplan–Meier 

(KM) plots and by testing the interaction between ET status and follow-up time. The 

KM curves revealed no significant departures from proportionality. Further, no significant 

interactions between ET status and follow-up time were observed (all p-values >0.05).

Table 2 contains the results of the cox proportional hazards regression models for ET and 

CHD. Both crude and adjusted models with all study participants showed no statistically 
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significant associations between ET and CHD risk. Similarly, among those with more than 

24 teeth, no statistically significant associations were observed between those with a single 

ET (HR = 1.15 (0.77, 1.74)) or multiple ETs (HR = 0.95 (0.64, 1.42)) and CHD risk after 

adjustment for confounding (Model 3).

IS results are found in Table 3. Crude models from the combined analysis showed lower 

stroke risk among both those with a single ET and those with multiple ETs that was 

attenuated with adjustment for confounders and was no longer significant. In the stratified 

analysis, among those with 25 teeth or more, no significant associations between single ET 

(HR = 1.12 (0.64, 1.98)) and multiple ETs (HR = 0.92 (0.53, 1.60)) and IS were observed in 

the fully adjusted model (Model 3).

Table 4 contains the results of the Cox proportional hazards regression models for ET and 

HF. The crude models from the unstratified analysis showed ET was associated with lower 

HF risk that was attenuated with adjustment for confounders and was no longer statistically 

significant. Among those with 25 teeth or more, Model 3 showed no significant associations 

between ET and HF for both single ET (HR = 0.87 (0.61, 1.24)) and multiple ETs (HR = 

0.75 (0.53, 1.07)).

Table 5 contains the Cox proportional hazards regression model results for ET and 

VTE. Both crude and adjusted models with all study participants showed no statistically 

significant associations between ET and risk. The stratified analysis showed no significant 

increase in VTE risk among those with >25 teeth for both single ET (HR = 0.87 (0.48, 

1.58)) or multiple ETs (HR = 1.09 (0.64, 1.85)) after adjustment for confounding (Model 3).

No significant interactions between ET status and gender were observed for any of the 

outcomes of interest (data not shown). Results stratified by median age at event (77) are 

presented in Tables 2–5 for each outcome of interest. No age interactions reached statistical 

significance (all p-values >0.05).

Discussion

In this prospective cohort study on ET and incidence of CHD, IS, HF, and VTE, there 

was no evidence that self-reported history of ET was associated with any of our outcomes 

of interest, after adjustment for confounding. This was true in the overall analyses and in 

analyses restricted to those with 25 or more teeth.

Previous studies of a potential association between EI/ET and CVD have found mixed 

results. In 2006, Joshipura et al. evaluated the association between ET and CHD among 

males from the health professionals follow-up study.10 Among dentists, those with ET had 

higher CHD risk compared to those without ET. However, they found no association among 

nondentists. Other previous studies have found EI/ET to be associated with greater CVD 

risk.6,7 Our results were similar to previous studies that failed to find an association between 

EI/ET and CHD.2,3

In 2009, Caplan et al. conducted a cross-sectional study using ARIC data and found that 

among participants with 25 or more teeth, those reporting having had ET two or more 
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times had 1.62 times higher odds of prevalent CHD compared with those reporting never 

having had ET.5 There are a number of differences between their study and ours that may 

explain the discrepancy in the results. Our study examined the association between ET with 

incident CVD events longitudinally while the study by Caplan et al examined the association 

between ET and prevalent CVD at a single point in time. This cross-sectional study may be 

more prone to bias including temporal bias since it is unable to establish that ET preceded 

CHD. The difference in study design also required slight variation in confounding control, 

which may also explain the differences between the studies. It is however possible that the 

relationship between infection and CVD could vary based on age and background CVD 

risk. Caplan et al’s cross-sectional study identified ARIC participants who developed CHD 

at a younger age compared to our longitudinal study in which visit 4 served as baseline at 

which point participants had a mean age of 63 years and did not have a history of CVD. 

An earlier study by Caplan et al. in a different study population found that among those ≤40 

years old, endodontic lesions were significantly associated with incident CHD (p < 0.05) 

but found no association among those >40 years old.6 Other research on infection and CVD 

has found that infection is a stronger CVD risk factor among those with low background 

CVD risk compared to those with elevated background CVD risk.24 It is possible EI was 

a risk factor for CVD among ARIC participants when they were young with an otherwise 

low background CVD risk when they were studied by Caplan et al., but not among ARIC 

participants when they are older with an elevated background CVD risk profile, as in the 

present study. However, our analyses stratified by median age at CVD event (i.e., 77 years) 

failed to reach statistical significance. Further research among diverse populations is needed 

to explain how the EI-CVD relationship varies across ages and CVD risk levels.

Our study has a number of other strengths including a large sample size from a community-

based cohort with assessment of many potential confounding factors, a large number of 

CVD events, and rigorous methodology to adjudicate CVD events. Our study also has a 

number of potential limitations that could result in failing to detect a potential association 

between ET and CVD. Our study could be susceptible to measurement error since self-

reported ET at a single point in time (visit 4) was used as a proxy for EI/AP. Successful 

ET may resolve the EI and resulting inflammation related to CVD risk and may explain 

the absence of significant findings. ET may resolve the chronic inflammatory burden 

associated with active EI/AP and therefore potentially mitigate elevations in CVD risk that 

may occur during active EI/AP. Further, ET could be performed for restorative reasons, or 

secondary to dental trauma, rather than for reasons related to EI/AP. Also, a lack of ET 

does not necessarily imply the absence of EI/AP since teeth could be extracted or remain 

asymptomatic. Since exposure was only assessed at a single point in time, ET that occurred 

during follow-up was not accounted for and could create misclassification of our exposure 

groups. A potential time lag between exposure and our outcomes of interest may result 

in non-differential misclassification, which would likely bias our results towards to null. 

Recall bias could also take place since historical ET may be forgotten or mistaken for other 

procedures.

Two studies have evaluated the validity of self-reported history of ET compared to 

radiographic verified ET. Pitiphat et al. found that self-reported history of root canal 

treatment had 90% sensitivity, 94% specificity, a positive predictive value of 86%, and a 
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negative predictive value of 95% compared to clinical and radiograph examinations.23 A 

more recent study conducted by Gomes et al. found that self-reported history of ET had 

92% sensitivity, 89% specificity, 82% positive predictive value, and 95% negative predictive 

value compared to panoramic radiographs.25 Both studies concluded that self-reported ET is 

a highly accurate method to predict historic ET.23,25

Those who reported never having had ET consist of two highly disparate subgroups: those 

who had good oral health and never needed a root canal and those who had poor oral health 

and needed root canals but never received them. Individuals who do not have access to 

dental care may not have received ET when it would be otherwise warranted. We attempted 

to isolate those with access to dental care by stratifying by the median number of teeth 

since number of teeth may serve as proxy for historical access to dental care.5 We also 

included predictors of dental care in our adjusted models but measurement error could 

persist. Residual confounding may also be present, for instance related to medication use. 

Likewise, factors such as sugar consumption, which is associated with both dental infections 

and cardiovascular disease, were not considered in the present analysis.

Conclusion

ET was not independently associated with risk of CHD, IS, HF, or VTE in this community-

based study.
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Figure 1. 
Incidence rates of cardiovascular outcomes per 1,000 person-years of follow-up by 

endodontic treatment status: the ARIC study, 1996–98 to 2013. *Coronary Heart Disease. 
†Ischemic Stroke. ‡Heart Failure. §Venous Thromboembolism.
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