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Introduction: Epidemiological studies on the association between dental caries and cardiovascular disease accounting for shared risk factors are inconclusive. This cross-sectional study aimed to determine independent associations between quantitative indices of dental caries including the decayed missing and filled surfaces/ teeth (DMFS/DMFT) and cardiovascular disease in populations from two large dental and medical datasets.



Methods: We used data from the Dental Registry and DNA Repository (DRDR) comprising 2,247 individuals and the National Health and Nutrition Examination Survey (NHANES) that included 3,202 participants. We hypothesized that there would be a significant association between dental caries with cardiovascular disease, when accounting for traditional risk factors. Using R software and STATA, we conducted multiple regression models accounting for risk factors while controlling for multiple testing to determine associations.



Results: The DRDR participants were more likely to report a history of cardiovascular disease (23.97% vs. 18.06% in the NHANES) and, in general, had higher overall DMFT scores (19.58 vs. 14.78 in the NHANES). After accounting for age, sex, smoking, and ethnicity, DMFS was associated with cardiovascular disease in the DRDR population (p < 0.006), and DMFT was significantly associated with cardiovascular disease in the NHANES dataset (p < 0.0001) accounting for age, sex, smoking, income, periodontal bone loss, and periodontal treatment.



Conclusions: Our results show that participants with higher occurrence of dental caries are more likely to have a history of cardiovascular disease independently of traditional risk factors and confounders.



Clinical relevance: The DMFT and DMFS indices could be explored for inclusion in cardiovascular disease prediction tools and future clinical use if causality is established.
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1 Introduction

Dental caries is a multifactorial disease characterized by destruction of hard tissues including dental enamel and dentin (1). In more severe cases, inflammation of dental pulp can occur by penetration of microorganisms in the root canal through deeper cavities (2). It has been suggested that these microorganisms can enter the blood stream and cause other health issues, including systemic inflammation (3). The association of microorganism infection as well as increased inflammatory responses suggest a link between dental and cardiovascular disease. Streptococcus mutans, for instance, is a major etiological agent of dental caries (4) and has been found in heart valves and atheromatous plaques (5), suggested as an indirect risk factor for the association with infective endocarditis (6) and involvement with accelerated atherosclerotic plaque growth in mice (7).

There is an abundancy of published literature on the association between periodontitis and cardiovascular disease (8–12), but less epidemiologic research has been done on dental caries and this association remains inconclusive (12–14). A cohort study showed an association between dental caries and risk of coronary heart disease (CHD) among middle-aged men and women in the Republic of Korea. Their findings demonstrate that higher outpatient visits for dental caries was significantly associated with an increase in CHD risk but the number of decayed and treated teeth was not included in the analysis (15). The authors speculate that severe dental caries may induce chronic inflammatory response in cardiovascular cells and accentuate cardiometabolic risk factors that contribute to heart disease (15). Other cardiovascular diseases have been associated with severity of dental caries including risk of stroke (14) and endocarditis (6).

Most prior studies used small sample sizes, limited populations, lacked the inclusion of the number of decayed and treated teeth and did not control for important risk factors like smoking. Thus, this present cross-sectional study assessed these associations in populations from two different large dental/medical databases with detailed and quantitative dental phenotypes while controlling for risk factors: The University of Pittsburgh, School of Dental Medicine, Dental Registry and DNA Repository (DRDR) and the National Health and Nutrition Examination Survey (NHANES). The DRDR database has about 7,000 dental school clinic participants that consented to be part of the registry and includes demographic data, dental pathologies at the time of their examination, and self-reported medical history (16). After applying the exclusion criteria, 2,247 participants data were included. The NHANES provided by the Center of Disease Control and Prevention (CDC) (17) survey data included 3,202 individuals across the US, with detailed dental information, self-reported health history, and demographic information.

In summary, epidemiologic studies allow for investigation into disease relationships on large scales by compiling data from multiple resources about several aspects of participants lives. An epidemiological analysis with both survey and clinical data was performed to verify the connection between cardiovascular disease and oral health while accounting for traditional risk factors associated with both diseases. We hypothesize that there will be a statistically significant association between quantitative indices of dental caries including the decayed missing and filled surfaces/teeth due to caries (DMFS/DMFT) and a history of cardiovascular disease, when accounting for traditional risk factors like age, sex, smoking, ethnicity, periodontal disease, and income.



2 Methods


2.1 Datasets and data preparation


2.1.1 Dental registry and DNA repository (DRDR)

At the University of Pittsburgh, School of Dental Medicine, we have a database of about 7,000 dental school clinic participants that consented to be part of the registry. The DRDR project has the approval of the University of Pittsburgh Institutional Review Board (IRB # STUDY19050020) and all participants signed a written informed consent. The registry includes deidentified demographic data, dental pathologies at the time of their examination, and self-reported ethnicity and medical history (18). The recruitment for the included participant data occurred between 2006 and 2022. For the purposes of this analysis, patients under 45 years of age were excluded since cardiovascular disease usually affects older adults (19). Therefore, only data from 2,247 DRDR participants older than 45 years were included.

Patients in the DRDR were considered to have a history of cardiovascular disease if they answered, ‘Yes’ to the following questions: ‘Heart Surgery?’, ‘Artificial Heart Valves?’, ‘Irregular Heartbeat?’, ‘Congenital Heart Lesions?’, ‘Heart Murmur?’, or ‘Mitral Valve Prolapse?’ Those who answered ‘No’ to all these questions also had the Comments and Summary of Medical Risk Assessment categories checked for the key words ‘clot’, ’stroke’, ‘cardiac’, ‘coronary’, ‘carotid’, ‘carditis’, or ‘heart’, with those only mentioning ‘heart burn’ being excluded from our experimental group. With a database query, a list of patients who met any of the former or latter conditions was created. Then, excel was used to cross-check these lists and create a column of binary (yes/no) cardiovascular disease data. Subjects were classified according to their smoking habits as ever using tobacco or being a current tobacco user or not. Non-smoking was used as the baseline for analysis. Detailed DRDR participant demographics is provided in Table 1.



TABLE 1 Participant demographics.



	DRDR cohort (n = 2,247)



	Variable
	n/mean
	%/range





	Age in years (mean, range)
	60.3
	(45–97)



	Sex (n, %)



	Female
	1,155
	51.4%



	Male
	1,092
	48.6%



	Oral disease indices



	DMFT (mean, range)
	19.8
	(0–28)



	DMFS (mean, range)
	76.2
	(0–128)



	Smoking (n, %)



	Smoker
	597
	26.6%



	Non-smoker
	1,641
	73%



	Missing
	9
	0.4%



	Cardiovascular disease (n, %)



	No CVD
	1,707
	76%



	CVD
	540
	24%



	NHANES Cohort (n = 3,202)



	Variable



	Age in years (mean, range)
	62.3
	(45–80)



	Sex (n, %)



	Female
	1,777
	55.5%



	Male
	1,425
	44.5%



	Oral disease indices



	DMFT (mean, range)
	14.8
	(0–28)



	Periodontitis (n, %)
	644
	20.1%



	Smoking (n, %)



	Non-smoker
	2,082
	65%



	Some days
	221
	6.9%



	Every day
	899
	28.1%



	Cardiovascular disease (n, %)



	No CVD
	2,601
	81.2%



	CVD
	601
	18.8%









2.1.2 National health and nutrition examination survey (NHANES)

We explored the data provided by the CDC through the NHANES, a publicly accessible database. Each year, the NHANES survey is conducted on approximately 5,000 individuals across the US who consented to be part of the survey. The data from this survey provides detailed dental information, health history, and demographic information. This data is open for public use as provided by the CDC National Center for Health Statistics and ethical approval is not required. This survey included an oversampling of minority and older adult populations (20). We used NHANES data from 2015 to early of 2020, which includes two surveys (21, 22).

The NHANES data needed to be cross-linked between surveys using each participant’s Respondent Sequence Number (SEQN) to connect each person's age, found in Demographics Data, to their corresponding Medical Conditions questionnaire and Oral Health-Dentition report.

Python was used to select columns of variables from each dataset and combine them into one CSV file containing data from all three questionnaires from 2015 to 2020. We selected: 1) sequence number, gender, age, and income from the demographic data; 2) sequence number and answers to the heart disease-related questions from the medical questionnaire; and 3) sequence number and coronal caries codes for each tooth from the dental examination dataset. Participants missing dental examination information or health questionnaire data or those with invalid data were excluded from the study. We then combined datasets into one file based on sequence number. A total of 6,878 participants were identified, however, participants missing smoking data were also removed from analysis and a total of 3,202 individuals were included in the logistic regression.

Patients in the NHANES dataset were considered to have a history of cardiovascular disease if they answered, ‘Yes’ to the following questions: ‘Ever told had congestive heart failure?’, ‘Ever told you had coronary heart disease?’, ‘Ever told you had angina/angina pectoris?’, ‘Ever told you had heart attack?’, or ‘Ever told you had a stroke?’ Python was used to loop through these rows, checking for a positive response, and create a column of binary (yes/no) heart disease data.

The DRDR reports dental caries through Decayed, Missing, or Filled Teeth (DMFT) and Decayed, Missing, or Filled Surfaces (DMFS) scores, while the NHANES dataset reports on the condition of each tooth. We calculated a DMFT score from this NHANES individualized data by tallying all coronal caries condition codes not recorded as Code S: Sound Permanent Tooth. These other codes include pathologies under the umbrella of decayed, missing, or filled teeth. The most common among these is Code F: Permanent tooth with a restored surface condition. Excel was used to tally the DMFT for each patient so that the data is comparable to the DMFT scores provided in the DRDR.

The NHANES included smoking habits information from the questionnaire. Smoking was divided into several categories. For the purposes of this analysis, smoking habits were divided into three categories; non-smoker, smokes some days a week, and smokes every day. Non-smoking was used as the baseline for analysis. Detailed NHANES participant demographics is provided in Table 1.

Both databases contain age and smoking habits information, but income data was only provided by the NHANES. This was presented as ratio of income over the calculated poverty line for the time and location of the participant. Participants with income below the poverty line would have an income ratio less than 1, while those above the poverty line have an income ratio greater than 1.




2.2 Software and statistical analysis


2.2.1 Relationship of risk factors with cardiovascular disease and dental caries

Using R, we ran an analysis of variance of cardiovascular disease with risk factors for both NHANES and DRDR datasets. Additional analysis of variance of DMFT and DMFS with risk factors for NHANES and DRDR were conducted. With the NHANES dataset, we ran an analysis of variance of cardiovascular disease with income ratio and a Pearson's correlation test of DMFT with income ratio. Since two phenotypes (DMFT and DMFS) were tested, Bonferroni correction was used to correct for multiple comparisons and p-values below 0.025 (0.05/2) were considered significant.



2.2.2 Dental caries association with cardiovascular disease

To analyze the relationship between dental caries and cardiovascular disease, a logistic regression model was used in Stata SE. The model was created using cardiovascular disease as the outcome and age, sex, income ratio, DMFT, periodontal bone loss, gingivitis treatment, and smoking status as covariates in the NHANES population. In the DRDR, the model was created using cardiovascular disease as the outcome and DMFS, age, sex, smoking, and ethnicity as covariates. Figure 1 illustrates the proposed and classic cardiovascular disease risk factors included in the analysis. Bonferroni correction was also conducted and only p-values below 0.025 were considered significant. The model accounted for each covariate individually as well as overall in the model. The fitness of the model was also calculated using the goodness of fit function in Stata SE as well as tests to verify the association of covariates with each other.
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FIGURE 1
Illustration of classic and proposed cardiovascular disease risk factors included in the analyses. Created in BioRender. Bezamat Chappel, M. (2025) https://BioRender.com/6yoe3a2.






3 Results


3.1 Relationship of risk factors with cardiovascular disease and dental caries

The analysis of variance of cardiovascular disease with age was statistically significant in both the NHANES (p < 2 × 10−16) and DRDR (p = 3.87 × 10−16) datasets after multiple testing correction was performed. DMFT and age were also significantly correlated in both NHANES (p < 2 × 10−16) and DRDR (p = 2.44 × 10−14). This shows that even though patients under 45 were excluded from both datasets before analysis, the effect of age on disease in older adults remains in all cases.

In the NHANES dataset, the analysis of variance of cardiovascular disease with income ratio showed a significant association (p < 2 × 10−16, Figure 2), and a Pearson's correlation test of DMFT with income ratio (p < 2 × 10−16) was also significantly associated (Figure 3). Both cardiovascular disease and DMFT were very strongly correlated with income ratio. The violin/jitter plot (Figure 2) and a scatterplot with a best fit line (Figure 3) illustrate these relationships. Figure 2 shows that participants with cardiovascular disease are more likely to live near the poverty line, while those without are more evenly distributed among higher income brackets. Additionally, in Figure 3, as income ratio increases a participant's number of decayed, missing, or filled teeth decreases, indicating better oral health. Smoking was significantly associated with cardiovascular disease in both the DRDR (p = 0.01) and NHANES (p < 2 × 10−16). Smoking was also associated with DMFT in the DRDR (p = 0.001) and in the NHANES dataset (p < 2 × 10−16). To further explore smoking data in relation to DMFT and cardiovascular disease, we analyzed the DMFT of CVD participants who smoke “some days” and smoke “every day” (Figure 4). Participants with a history of cardiovascular disease have higher DMFT if they reported to be everyday smokers (DMFT means = 19) than if they only smoke some days (DMFT mean = 16.5) in the NHANES population (Figure 4).


[image: Violin plot showing income ratio of patients with and without heart disease. Red represents no heart disease; blue represents heart disease. Y-axis indicates ratio of income to poverty line.]
FIGURE 2
Participants with cardiovascular disease have high frequency of income near the poverty line in NHANES 2015–2020 surveys.



[image: Scatter plot showing the relationship between the ratio of income to poverty line and DMFT (Decayed, Missing, and Filled Teeth). A blue trend line indicates a negative correlation as the ratio increases from zero to five.]
FIGURE 3
Decayed, missing, or filled teeth (DMFT) vs. income ratio in NHANES 2015–2020 survey. As income ratio increases, DMFT decreases (oral health improves).



[image: Bar chart comparing the number of people based on smoking frequency. \"Smokes Some Days\" has approximately 30 people with a mean DMFT of 16.5, while \"Smokes Every Day\" has around 200 people with a mean DMFT of 19.0.]
FIGURE 4
Participants with a history of cardiovascular disease have higher DMFT if they reported to be everyday smokers than if they only smoke some days in the NHANES population.




3.2 Dental caries association with cardiovascular disease

Model fitness was assessed using a goodness-of-fit test (p = 0.74), indicating an acceptable fit to the data. In this test, the null hypothesis is that the model fits the data well, a p-value above 0.05 indicates insufficient evidence to reject the null hypothesis, supporting the adequacy of the model fit (23, 24). The logistic regression between cardiovascular disease and DMFT in the DRDR dataset detected borderline but no significant association when accounting for risk factors and multiple testing (p = 0.044, Table 2). This p-value is just outside of a standard 95% confidence interval. However, the DRDR database also includes DMFS scores for each participant, which were significantly associated with cardiovascular disease after accounting for all other covariates (p = 0.006, Table 3). This value is significant within a 99% confidence interval.



TABLE 2 Logistic regression results on DRDR population.



	Covariates
	Odds ratio
	Std. error
	z
	P>|z|
	Lower 95% C.I.
	Upper 95% C.I.





	Age
	1.04103
	0.0055737
	7.51
	0
	1.030162
	1.052011



	DMFT
	1.013086
	0.0065399
	2.01
	0.044
	1.000349
	1.025986



	Sex (Female)
	0.8724736
	0.0882612
	−1.35
	0.177
	0.715555
	1.063804



	Smoking
	1.133496
	0.1398227
	1.02
	0.31
	0.8900609
	1.443511



	Ethnicity
	1.106856
	0.128882
	0.87
	0.383
	0.8810032
	1.390608



	Constant
	0.0178691
	0.0066171
	−10.87
	0
	0.0086476
	0.0369242




	Cardiovascular disease is the outcome and DMFT is included as a covariate along with age, sex, smoking, and ethnicity.









TABLE 3 Logistic regression results on DRDR population.



	Covariates
	Odds ratio
	Std. error
	z
	P>|z|
	Lower 95% C.I.
	Upper 95% C.I.





	Age
	1.038951
	0.0056711
	7
	0
	1.027895
	1.050126



	DMFS
	1.003978
	0.0014516
	2.75
	0.006
	1.001137
	1.006828



	Sex (Female)
	0.8728459
	0.0883821
	−1.34
	0.179
	0.7157265
	1.064457



	Smoking
	1.175136
	0.1469562
	1.29
	0.197
	0.9196897
	1.501533



	Ethnicity
	1.108174
	0.1291209
	0.88
	0.378
	0.8819191
	1.392475



	Constant
	0.0186873
	0.0067767
	−10.97
	0
	0.0091806
	0.0380384




	Cardiovascular disease is the outcome and DMFS is included as a covariate along with age, sex, smoking, and ethnicity.







The association between cardiovascular disease and DMFT, accounting for all risk factors, in the NHANES dataset was also significant (p < 0.0005, Table 4). The significance of the relationship between DMFT and cardiovascular disease was much greater in the NHANES dataset than in the DRDR population. R was used to create a box and whisker plot of DMFT of participants with and without cardiovascular disease for each database. Figure 5 shows that the average DMFT value is higher among participants with cardiovascular disease in both datasets, but that this difference in means is greater in the NHANES dataset.



TABLE 4 Logistic regression results on NHANES population.



	Covariates
	Odds ratio
	Std. error
	z
	P>|z|
	Lower 95% C.I.
	Upper 95% C.I.





	Sex (Female)
	0.7144839
	0.0658632
	−3.65
	0
	0.5963843
	0.8559702



	Age
	1.052795
	0.0053913
	10.05
	0
	1.042281
	1.063415



	Income ratio
	0.8635316
	0.026032
	−4.87
	0
	0.8139879
	0.9160909



	DMFT
	1.031841
	0.0066762
	4.84
	0
	1.018839
	1.045009



	Smoking_1
	0.9353264
	0.1808368
	−0.35
	0.729
	0.6403113
	1.366266



	Smoking_2
	1.211267
	0.1289954
	1.8
	0.072
	0.9830829
	1.492415



	Gingivitis treatment
	1.045143
	0.0545962
	0.85
	0.398
	0.9434318
	1.157819



	Periodontal bone loss
	0.9899718
	0.0466305
	−0.21
	0.831
	0.9026695
	1.085718



	Constant
	0.0095493
	0.0032504
	−13.66
	0
	0.0049005
	0.0186083




	Cardiovascular disease is the outcome and DMFT is included as a covariate along with age, income ratio, gingivitis treatment, and periodontal bone loss.


	Smoking_1 = Smokes some days, Smoking_2 = Smokes every day.








[image: Box plots comparing decayed, missing, or filled teeth (DMFT) of patients with and without cardiovascular disease. The left plot shows data from the DRDR database, and the right plot shows data from the NHANES 2015-2020 survey. Both plots display DMFT on the y-axis and heart disease presence on the x-axis, with categories \"No\" and \"Yes.\"]
FIGURE 5
Participants with a history of cardiovascular disease have higher DMFT than those without. This difference is greater in the NHANES population.


In the total population of each dataset, the mean value of DMFT is 14.78 (or rounded up to 15 decayed, missing, or filled teeth) in the NHANES participants, a lower value than the mean DMFT of the DRDR participants: 19.62 (or rounded up to 20 decayed, missing, or filled teeth, Table 1). Excluding the high count of answers at the maximum in both datasets, the widest part of the NHANES plot is around 10–15 DMFT while the DRDR contains few values this low, widening from 15 to 25 (Figure 5).

DRDR participants also were more likely to report a history of cardiovascular disease. In total, 24% of participants in the DRDR database indicated a history of cardiovascular disease, while 18.8% reported cardiovascular disease in their NHANES survey questionnaire (Table 1). Despite being on average older, with a mean age of 62.3, the NHANES participants have better reported overall oral and cardiovascular health than the DRDR population, with a mean age of 60.3 (Table 1).

In summary, the logistic regression model shows that cardiovascular disease is associated with DMFT when accounting for traditional risk factors (listed covariates) with p < 0.0001 in the NHANES population and p-values were also significant for sex, age, and income ratio (Table 4). Odds ratio results were also above 1 for age, DMFT, and daily smoking (Table 4).




4 Discussion

In the analysis of variance, age, smoking, and income are strongly associated with dental caries and cardiovascular disease, even after applying Bonferroni correction for multiple testing, as previously reported (25–27). In the logistic regression, the association between higher DMFT scores and cardiovascular disease in NHANES remained significant after accounting for all risk factors. Higher DMFS scores were also associated with cardiovascular disease in the DRDR when controlling for age, sex, smoking, and ethnicity but this relationship was stronger in the NHANES dataset. This is particularly notable as the NHANES data includes individuals not presently in need of clinical dental care. As shown, this dataset contains individuals with better reported oral (lower DMFT) and cardiovascular health. The DRDR participants have more indicators of poor health despite being slightly younger on average. Additional research is needed to understand the cause of this contrast, but a plausible explanation is that the DRDR is a registry of individuals who actively seek dental care in a clinical setting, where the data was collected. Further, some of these differences may be caused by differences in demographics (geographic location, literacy, income, etc.) between the two datasets.

Our results are in line with published literature. A prior study demonstrated an association between severity of dental caries and risk of stroke in a large Asian population (14). However, smoking habits were not controlled for in their analysis which is a major risk factor for both oral and cardiovascular diseases. In our study, we had available data on smoking habits which was a strength, and we demonstrated that dental caries is associated with cardiovascular disease independently from traditional risk factors, including smoking. In line with previous studies, we found that in the NHANES population, participants with a history of cardiovascular disease have higher mean DMFT if they reported to be everyday smokers than if they only smoke some days (19 vs. 16.5, respectively). Another recent cohort study showed an association between dental caries and risk of coronary heart disease (CHD) among middle-aged men and women in the Republic of Korea. Their findings demonstrate that higher outpatient visits for dental caries was significantly associated with an increase in CHD risk but they did not take the number of decayed and treated teeth into account (15). Recently, additional research using NHANES data found a moderate association between dental caries and hypertension (28). Similarly to our present study, the authors underscore the importance of oral conditions serving as indicators of broader general health issues. The authors discussed that their limitations included not considering participant age as a confounder (28), which we were able to address in this present study. Additional prior limitation that we accounted for was the use of quantitative dental caries measures (DMFT and DMFS) rather than binary classification of caries presence (yes/no). This is important because as we discussed in prior research (29), having one tooth affected by caries (DMFT = 1) involves different factors from having 10 teeth affected by the disease (DMFT = 10). Using DMFT and DMFS indexes account for severity of disease.

Our data supports that more quantitative markers of oral health such as the DMFT and DMFS might be a powerful way of identifying risk if a causal relationship is determined with further research. Participants with more severe dental caries scores are more likely than the average participant to have a history of cardiovascular disease. Though the Odds Ratio can be considered small (1% per tooth affected), when considering a full mouth, even small increases per tooth could lead to a meaningful impact in clinical outcome.

As suggested before, a plausible mechanism involved in this association includes genetics that may play a role in increasing susceptibility to both dental and cardiovascular disease (30). As such, since the DRDR is also a DNA repository, we hope to identify single nucleotide variants (SNVs) related to higher disease susceptibility in the future. However, these associations may also be a result of disparities in access to health and oral care that increase susceptibility to both oral and systemic health conditions (31). Machine learning models to predict risk of cardiovascular disease through dental analysis may also be considered as the field evolves and these associations are established, and potential causality is confirmed with additional research. Diseases such as dental caries and periodontal disease, easily identifiable by a dentist, may be indicative of underlying, systemic conditions. Thus, quantitative markers of oral health combined with all other traditional risk factors such as income and access to care could help impact cardiovascular disease outcomes (32). Although it is difficult to predict whether clinicians will accept and routinely use these oral health markers for cardiovascular disease risk assessment, their adoptions will likely depend on how readily healthcare systems are willing to integrate such metrics. Recently, mobile applications for caries risk assessment have been developed (33) and could eventually be expanded and tested for cardiovascular diseases. This is a cost-effective preventive strategy that could have impactful outcomes especially for high-risk populations.

Limitations of the study include the survey nature of some dental and medical data. Survey data can at times be unreliable because patients do not always recall each condition they have or are sometimes not honest about all conditions or disease state severity. The DRDR also lacks the specifics of income data that NHANES provides, but it does have more specific dental data. Additional limitations were the lack of inclusion of other confounders that may be involved with cardiovascular disease etiology such as BMI, sugar and salt intake, physical activity, and oral hygiene habits. The cross-sectional design of this study does not account for temporality of outcome and causality. Lack of inclusion of former smokers also likely had an impact on the findings. Tobacco use has lifelong physiological implications in the body, particularly for oral and cardiovascular health, however; former smoking status is a widely varied category that could potentially skew meaningful results. Someone who only smoked for a short time then quit would not see as great of a permanent physiological impact compared to someone who smoked for most of their life and has only quit for a short time. Furthermore, cardiovascular disease is a wide category of diseases and the combination of different definitions on cardiovascular disease and dependence on questionnaire responses, although positively impacted the power of analyses, were limitations of the study. Thus, these results should be taken cautiously and need validation with different populations.

Although there were limitations of our study, there were also strengths in the results generated; our sample size was powerful to detect the associations with the inclusion of covariates. In addition, both datasets generated results that are in line with literature reports of associations between dental and systemic health, and more importantly, we demonstrate for the first time that quantitative indices of dental caries (DMFT and DMFS) are associated with cardiovascular disease independently of traditional risk factors.

For future validation of these results, an integration between dental and medical databases are recommended, the creation of an integrated electronic health record system would be impactful in allowing for an expansion of research focusing on the bidirectionality of oral-systemic health relationships (34). In conclusion, our results show that participants with higher dental caries scores including DMFT and DMFS are more likely to have a history of cardiovascular disease independently of risk factors for these conditions.
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