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Association between subclinical coronary artery atherosclerosis
and oral health—a study on a Swedish population
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INTRODUCTION: Oral health has been linked to cardiovascular disease (CVD), but its relationship to subclinical coronary artery
atherosclerosis (SCAA) remains unclear. Using coronary computed tomography angiography (CCTA), we explored this association in
an asymptomatic population.
MATERIAL AND METHOD: A total of 410 non-smokers (193 women, mean age: 64.6 years), comprising 204 individuals with SCAA
and 206 without (non-SCAA), were assessed through clinical and radiographic oral evaluations. Self-reported oral symptoms were
scored by questionnaire. We used sex-stratified regression analysis and compared model performance with and without the
addition of data on oral health through area under the curve (AUC). The reference model included age and history of smoking.
RESULTS: Individuals with SCAA had more missing teeth, higher Decayed and Filled Teeth scores and greater prevalence of peri-
apical lesions and marginal bone loss >33%. Missing teeth was an independent risk indicator for SCAA (OR 1.15 95%CI 1.04–1.27).
Model performance improved with the addition of oral status and self-reported oral symptoms, most prominently in women (AUC
0.67 vs. 0.78, p= 0.010). Decision curve analyses confirmed a consistent net benefit when data on oral health were considered.
CONCLUSIONS: The findings suggest that subclinical coronary artery atherosclerosis is associated with oral health. Oral health-
related data may improve screening for risk of coronary events, especially in women.
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INTRODUCTION
Cardiovascular disease (CVD) is the most common cause of death
on a global perspective, accounting for 9 million deaths annually
[1]. Myocardial infarction (MI) is a frequent and fatal CVD event [2]
and results from ruptures of atherosclerotic plaque in the coronary
arteries [3]. Chronic inflammation contributes to atherosclerosis
and CVD [4], where oral conditions, such as periodontitis and
endodontic inflammatory disease, represent potential contributors
[5, 6].
The association between CVD and oral health has been studied

through two general approaches. Firstly, studies have targeted the
occurrence of severe CVD-events (e.g., MI), demonstrating a link
with tooth loss [5, 7, 8], periodontal disease [9, 10], and
endodontic inflammatory disease [11, 12]. Furthermore, untreated
caries, peri-apical lesions and high Decayed, Missing and Filled
Teeth scores have been linked to an increased risk for MI [7]. In a
second strategy, studies addressed CVD-risk profiles in asympto-
matic populations, for which the majority utilized assessments of
carotid intima-media thickness (c-IMT). It was demonstrated that
periodontitis and tooth loss were overrepresented among patient
groups at elevated, c-IMT-assessed risk for CVD [13–17]. The
relevance of c-IMT in the prediction of future MI events, however,
has been questioned due to poor accuracy [18–20]. Novel imaging
techniques, such as coronary artery calcium (CAC) imaging and
coronary computed tomography angiography (CCTA) detect
subclinical coronary artery atherosclerosis (SCAA) with high

precision, thereby improving prediction of cardiac events in
population studies [21–25]. Recently, a large, cross-sectional
evaluation performed CCTA in an asymptomatic, representative
middle-aged Swedish population sample. SCAA was a common
finding (42%) and overrepresented in men [25].
In light of the limited evidence on the association between oral

health and subclinical CVD, it is evident that more research is
required. To fill this gap, we evaluated an asymptomatic
population sample, aiming to disclose the relationship between
oral health and CCTA-based risk for cardiac events.

MATERIAL AND METHODS
Data source and study population
The protocol of the present case-control study was approved by the
Swedish Ethical Review Authority (Registration number 2021-03428).
Reporting follows STROBE [26] and SAGER guidelines [27].
Study participants were selected from a pool of 6500 individuals from

the Swedish CArdio and Pulmonary BioImage Study (SCAPIS) center in
Gothenburg [25, 28]. Eligible subjects had completed the SCAPIS
examination procedures during the period 2014–2018, including extensive
questionnaires on self-reported medical data (i.e., medical health, smoking
habits, medications), anthropometric assessments (i.e., waist circumfer-
ence, body mass index (BMI)), and physiological and radiographic
examinations. Presence of subclinical coronary artery atherosclerosis
(SCAA) was evaluated through coronary computed tomography angio-
graphy (CCTA). The segment involvement score (SIS) [29]; was applied to
categorize individuals as either negative (SIS= 0; non-SCAA) or positive
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(SIS ≥ 3; SCAA). Additional inclusion criteria for the present analyses, were
no history of myocardial infarction (MI), no previous coronary intervention
(i.e., percutaneous coronary intervention or coronary artery bypass graft)
prior to the participation in SCAPIS. Due to possible confounding effect
[30] and sample size constraints, individuals with a known diagnosis of
diabetes and current tobacco smokers were excluded (former smokers
allowed).
Invitations were sent by mail, and subjects were subsequently contacted

by telephone. The stratified inclusion process was overseen by one study
coordinator (ACE) and concluded once 200 cases with SCAA and 200
without SCAA were enrolled. Out of 647 invited subjects, 425 accepted and
were subsequently examined (response rate: 65.7%). All examinations were
carried out during the same day. Fifteen subjects were excluded after
examination (Supplementary material Fig. S1, Table S1).

Self-reported oral symptoms
Following an initial interview addressing general and oral health status and
oral hygiene habits, the participants completed a seven-item questionnaire
on oral symptoms [31] (Table 1). Responses to the unweighted
questionnaire items were dichotomized: yes or no (the response “don’t
know” was treated as missing data). Oral symptoms were summarized by
number of positive answers: yes (0, 1, 2 or ≥3).

Clinical examinations
Examinations were performed at the Specialist Clinic of Periodontics in
Gothenburg (Public Dental Services, Region Västra Götaland, Sweden) by
three calibrated dentists (JBG, SH, ES), blinded to grouping. The clinical
examination included assessments of number of missing teeth (disregard-
ing aplasia and orthodontic extractions), caries lesions, dental implants and
restorations. Probing depth (PD), bleeding on probing (BoP) and gingival
recession (GR) were registered at mesial, buccal, distal and lingual aspects
of each tooth/implant by means of a periodontal probe (Hu-Friedy Inc.,
Leimen, Germany). Clinical attachment levels were calculated (PD + GR).
Furcation involvement and tooth mobility were also scored. Periodontitis
was classified according to the 2017 World Workshop on the Classification
of Periodontal and Peri-Implant Diseases and Conditions [32, 33]. Third
molars were not considered.

Radiographic analysis
Digital panoramic radiographs of each participant were obtained at the
Specialist Clinic of Oral Radiology (Public Dental Services, Region Västra
Götaland, Sweden) using ProMax 3D (Planmeca, Helsinki, Finland).
Assessments were performed (PACS; Sectra IDS7 (Sectra AB, Linköping,
Sweden)) by three calibrated observers (JBG, LA, DS), blinded to grouping.
We scored number of remaining teeth and noted presence of caries, root
fillings and restorations. Peri-apical radiolucencies were categorized
according to Sebring et al. [12].
The distance between the cementoenamel junction and tooth apex

(root length), and the distance between the marginal bone crest and tooth
apex (bone height) were measured at mesial and distal sites at each tooth
(Fig. 1). Marginal bone level (MBL) was expressed as percentage of root
length. The distal sites of second molars were excluded from this part of
the analyses. Double measurement of MBL on 20 radiographic images
revealed an inter-examiner agreement (intra-class correlation) of 0.90 (95%
CI 0.89–0.92).

Statistical analysis
Based on a priori calculations, a sample size of 400 participants was found
to be sufficient to detect a 15% difference in periodontitis prevalence
between groups (alpha= 0.05, power 80%).
Continuous parameters were described as mean values (± standard

deviation) and categorical variables were expressed as proportions.
Standardized mean differences between SCAA and non-SCAA individuals
were calculated for continuous and categorical characteristics using the
stddiff command [34].
To evaluate the association between oral health and SCAA, we used

logistic regression analyses (dependent parameter: SCAA). A first model
was limited to the independent parameters age and history of smoking
(model 1). In a second step, parameters on oral status were added (model
2; i.e., number of missing teeth, number of Decayed and Filled Teeth (DFT),
number of teeth with marginal bone loss (MBL ≥ 33%), and number of
teeth with peri-apical radiolucencies). Thirdly, the model was extended to
also include information on self-reported oral symptoms (model 3). Model

performance was described by Area under the Receiver Operating
Characteristic curve (AUC) and compared using the rocgold command
(Chi2-testing with Bonferroni correction). All analyses were repeated within
strata of sex. An extended model 1 was built as reference including
additional personal/medical information. We also evaluated the impact of
individual symptoms (questionnaire data) in sensitivity analyses.
Decision curve analysis (DCA) was performed to assess the clinical utility

of the models [35]. For the DCA, overall prevalence of SCAA was set to 42%
and adapted by sex [25]. Predicted probabilities were internally validated
using bootstrap resampling (1,000 repetitions). Model coefficients were
globally shrunk using the optimism-corrected calibration slope, followed
by intercept recalibration.
All estimates were accompanied by 95% confidence intervals (CI).

Statistical analyses were performed using Stata 19 (StataCorp, College
Station, TX, US).

Ethics approval
This study involves human participants and was approved by the Swedish
Ethical Review Authority (Registration number 2021-03428). Participants
gave informed consent to participate in the study before taking part.

RESULTS
Study sample
In total, 410 subjects (SCAA: n= 204; non-SCAA: n= 206) were
included in the analysis. The mean age at the time of dental
examination was 64.6 ± 4.6 years. The mean time between SCAPIS
participation and dental examination was 6.6 ± 1.2 years. In
subjects with SCAA, the mean SIS was 4.8 ± 1.8, with values
ranging from 3 to 10. Men were overrepresented in the SCAA-
group, as was a history of smoking (Table 2 and S2).

Oral health and SCAA
An overview of our findings is provided in Tables 1, S3, S4, S5, S6
and Figs. 2, S2. All participants were dentate. Individuals with
SCAA presented higher mean values than non-SCAA in terms of
number of missing teeth, DFT, number of teeth with peri-apical
radiolucencies and number of teeth with marginal bone loss
( ≥ 33%). Out of the 410 participants, 290 reported ≥1 oral
symptom, and a total of 19 suffered from ≥3 symptoms. Non-
SCAA individuals reported more symptoms than SCAA.
Group-related differences in clinical and radiographic para-

meters were primarily evident among women, favoring non-SCAA.
Women with SCAA presented with higher DFT scores as well as
higher numbers of missing teeth and teeth affected by severe
bone loss than men and women without SCAA (Fig. 2).
Number of missing teeth was an independent risk indicator for

SCAA (OR 1.15 95%CI 1.04–1.27). Overall, model performance was
mildly improved by the addition of items describing oral health
(Table 3 and Figs. 3A, S3). While the addition of clinical and
radiographic findings alone did not enhance the model
(p= 0.242), the additional consideration of self-reported symp-
toms was beneficial (p= 0.039). The sex-stratified analysis
revealed that information on oral health did not improve accuracy
over the reference model in men. For women, oral health status
did substantially improve discrimination, illustrated by an increase
in AUC from 0.67 to 0.78 (p= 0.010). Self-reported data did not
result in further improvement beyond model 2. DCA illustrated the
net benefit of the inclusion of oral health information (model 3)
over a wide range of probability thresholds (Fig. 3B). Model-based
screening provided clearer separation in net benefit among men,
whereas benefits were more modest and overlapping in women.

DISCUSSION
This study is unique as it uses CCTA-verified subclinical coronary
atherosclerosis (SCAA) in its analysis of the relationship between
oral status and risk for cardiac events. The findings revealed that
individuals with SCAA (assessed 6.6 years earlier) exhibited more
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missing teeth, higher DFT scores, and greater prevalence of peri-
apical lesions and severe bone loss. The addition of information on
oral status and self-reported oral symptoms improved discrimina-
tion substantially, particularly in women. Decision curve analysis
further demonstrated that the incorporation of oral health data
yielded consistent net benefit.
One novelty of this study lies in its focus on linking oral health

to CVD risk profiles assessed in an asymptomatic population.
Thereby, our strategy differed from the bulk of the existing
evidence, considering patient groups already affected by serious
cardiac events [9]. Despite the fundamentally different approach,
the findings of higher proportions of tooth loss and periodontitis
in patients with a first MI (myocardial infarction) shown by Rydén
et al. [9] corroborate the data presented in this study.
A further novelty was the use of CCTA-verified SCAA to inform

risk profiles. The use of CCTA distinguishes itself from previous
evaluations in the field, which were typically limited to carotid
assessments [13–17]. As carotid intima wall thickness (c-IMT) has
been questioned as to its accuracy in predicting future cardiac
events [18–20], the use of CCTA in the present dataset probably
represents a strength. Nevertheless, earlier findings based on
c-IMT are in line with our results, suggesting an overrepresenta-
tion of tooth loss and periodontitis in risk individuals [13–17].
Among the different discriminatory strategies tested for

identifying individuals with SCAA, the model including informa-
tion on both oral status and symptoms (Model 3) consistently
showed the best discrimination and clinical utility. The net benefit
illustrated by the decision curve analysis should be interpreted
considering threshold probability in the given context. Our
reference test (CCTA) is demanding in terms of resources and
entails limitations in terms of access. This would correspond to
higher threshold probabilities, the area in which the oral data-
based models demonstrated benefits. This is particularly relevant
as screening of oral status is easy, not time-consuming and
minimally invasive. This is also reflected in our choice of covariates
included in the models (i.e., age, history of smoking). The simplistic
approach was to mimic routine care in a dental setting. It is
important to note that the model including covariatesTa
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corresponding to medical information, still outperformed the oral
health-based model.
Model performance was better in women than in men. This

finding is probably explained by the fact that the subgroup of

women with SCAA showed the highest scores related to tooth
loss, caries and periodontitis. Another study performed in a
Swedish population evaluated the risk of a first MI by oral status
and found a relevant association only in women [36], indirectly

Fig. 2 Oral status in SCAA and non-SCAA groups, stratified by gender. Categories assessed include number of missing teeth, number of
decayed and filled teeth (DFT), number of teeth with marginal bone loss ( > 33%) and number of teeth with peri-apical radiolucencies.
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confirming our data. It is important to note that our dataset was
strongly imbalanced in terms of sex distribution across groups, as
men were highly over-represented in the SCAA-group. This may
explain the difference in net-benefit between sexes and may have
limited the validity of our sex-specific estimates.
The addition of self-reported oral symptoms improved the risk

model performance in our dataset. Poor self-related oral health
has been linked to cardiovascular risk derived from a SCORE 2
questionnaire [37]. Somewhat in line with our findings, the

association could be demonstrated for women, only. It is
important to note, that self-reported oral health may not
necessarily reflect oral disease burden but rather illustrates
disease awareness [38].
It must be noted that our findings of a stronger association

between SCAA and oral health in women is not in agreement with
several previous investigations. Multiple c-IMT-based studies
reported contrary findings, i.e., the link was most prominent
among men [15, 39, 40]. The reason for this inconsistency is not

Fig. 3 Comparison of the three prognostic models (green =model 1, red =model 2, blue =model 3) in the overall study sample, in men,
and in women. See Table 3 for details on the regression analyses. A Area under the receiver operating curve. Model 3 achieved the highest
discrimination. The inclusion of oral health parameters improved model performance in women. B Decision curve analysis (internally
validated). Net benefit of each model is shown across threshold probabilities at which a patient/clinician would opt for screening/intervention.
The “screen all” strategy assumes that all individuals undergo screening, whereas “screen none” assumes the opposite. A model is considered
to provide clinical benefit (curves are positioned to the right of the “screen all” line), if the number of true positives (correctly diagnosed) is
increased while decreasing false positives over a meaningful range of thresholds. Across the examined thresholds, Models 2 and 3
demonstrate higher net benefit than Model 1, particularly in women. – Model 1: SCAA explained by age, history of smoking. – Model 2: SCAA
explained by Model 1 + number of missing teeth, DFT, number of teeth with peri-apical radiolucencies, number of teeth with marginal bone
loss ( > 33%). – Model 3: SCAA explained by Model 2 + self-reported oral symptoms.
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understood but may be related to the methodology of CVD risk
assessments.
A limitation of this study is the fact that our dental assessment

was performed approximately 6 years after the CCTA evaluation. It
is unlikely, however, that pronounced changes in oral status in the
present age category occurred during this time frame [41]. The
SCAA-categorization was based on SIS= 0 versus SIS ≥ 3. By
applying these distinct and separated thresholds, minor shifts in
SIS during the 6-year period would not have affected the overall
risk profile.

CONCLUSION
The findings suggest that subclinical coronary artery athero-
sclerosis is associated with oral health. Oral health-related data
may improve screening for risk of coronary events, especially
in women.
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