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Abstract

Background and Objectives

Periodontal disease (PD) and dental caries are prevalent chronic oral inflammatory conditions
associated with systemic health outcomes. Individually, both have been linked to an increased
risk of ischemic stroke, a leading cause of morbidity and mortality. However, few studies have
examined the combined effect of PD and dental caries on stroke, stroke subtypes, and major
adverse cardiovascular events (MACEs) within US cohorts. We aimed to evaluate the in-
dividual and joint associations of PD and dental caries with incident ischemic stroke, stroke
subtypes, and MACEs and assess the relationship between regular dental care utilization and
oral disease status.

Methods

We analyzed data from participants in the Atherosclerosis Risk in Communities study who
completed dental assessments during Visit 4 (1996-1998). Participants with previous
ischemic stroke, coronary heart disease (CHD), or dental caries without PD were excluded.
Oral health status was categorized as good oral health, PD only, or PD with(+) caries.
Incident ischemic stroke and MACEs (ischemic stroke, myocardial infarction, or fatal
CHD) were identified using adjudicated records through 2019. Cox proportional hazard
models estimated hazard ratios (HRs) for outcomes, adjusting for demographics and
vascular risk factors. The association of regular dental care with oral disease status was
analyzed using logistic regression.

Results

Among 5,986 participants (mean age 63 + 5.6 years; 52% female), 1,640 had good oral health,
3,151 had PD only, and 1,195 had PD + caries. The incidence of ischemic stroke was 4.1%,
6.9%, and 10.0% across groups, respectively. In fully adjusted models, PD + caries was asso-
ciated with increased risk of ischemic stroke (HR 1.86; 95% CI 1.32-2.61) and MACEs (HR
1.36; 95% CI 1.10-1.69). Elevated risk was observed for thrombotic (HR 2.27; 95% CI
1.22-4.24) and cardioembolic (HR 2.58; 95% CI 1.27-5.26) strokes. Regular dental care was
associated with lower odds of PD (odds ratio [OR] 0.71; 95% CI 0.58-0.86) and PD + caries
(OR 0.19; 95% CI 0.15-0.25).

Discussion
Co-occurring PD and dental caries were independently associated with increased risk of
ischemic stroke and MACEs. Regular dental care may reduce this risk by improving oral
health. Limitations include reliance on one-time dental assessment and residual
confounding.
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Glossary

AA = African American; ARIC = Atherosclerosis Risk in Community; BMI = body mass index; CHD = coronary heart disease;
DARIC = Dental ARIC; HDL = high-density lipoprotein; HR = hazard ratio; LDL = low-density lipoprotein; MACE = major
adverse cardiovascular event; MI = myocardial infarction; OR = odds ratio; PD = periodontal disease; REGARDS = REasons for

Geographic and Racial Differences in Stroke.

Introduction

Both periodontal disease (PD) and dental caries are highly
prevalent, both worldwide and in the United States. They are
independently associated with incident ischemic stroke' ™ and
represent pathologically distinct entities. PD is a chronic in-
flammatory disease caused by bacterial colonization that
affects the soft and hard structures that support the teeth.*
Dental caries, also a common chronic infectious and in-
flammatory condition, stems from cariogenic bacteria adher-
ing to teeth. These bacteria metabolize sugars, leading to acid
production that gradually demineralizes tooth structure.’
Poor oral hygiene is a contributor to both PD and caries; thus,
oral hygiene is a potential means of modifying the stroke risk.
An increase in tooth brushing frequency decreases the con-
centration of systemic inflammatory marker levels in serum.’®
It has been reported that regular dental care was associated
with 23% lower rates of incident ischemic stroke compared
with episodic dental care users.”

In the United States, stroke remains more common in the
southeastern states, referred to as the Stroke Belt.” The
REasons for Geographic and Racial Differences in Stroke
(REGARDS) study specifically investigated participants aged
45-64 years residing in the Stroke Belt.® Approximately 40%
of the excess stroke risk in the Stroke Belt was attributable to
traditional stroke risk factors while the rest was unexplained.
In the region, the study found that tooth loss (a surrogate of
PD and dental caries) was more common among African
American (AA) individuals compared with White individuals
and was associated with a higher risk of stroke and prevalence
of stroke risk factors. Given this result, REGARDS study
investigators postulated that PD and caries, both contributors
to tooth loss, may contribute to the higher risk of stroke in the
Stroke Belt.®

Several studies have examined the relationship between PD
and cardiovascular outcomes, including major adverse car-
diovascular events (MACEs). Meta-analyses of prospective
cohort studies have found that individuals with PD have
a 20%-35% increased risk of cardiovascular events, including
myocardial infarction (MI) and stroke, even after adjusting for
traditional risk factors.” More recent imaging studies using
Fluorodeoxyglucose Positron Emission Tomography/Com-
puted Tomography (FDG-PET/CT) have shown that peri-
odontal inflammation is associated with increased arterial
inflammation and predicts future cardiovascular events in-
dependent of other risk factors.'® While fewer studies have
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focused on dental caries, emerging evidence suggests that
untreated or severe caries may also be associated with stroke
and all-cause mortality, although the associations with
MACEs are less consistent.! To date, few studies have
evaluated the combined impact of PD and caries on cardio-
vascular risk. Given their high co-prevalence and shared
contributions to chronic inflammation and systemic infection,
understanding their joint role in vascular outcomes is in-
creasingly important.

While PD and caries have each been individually linked to
cardiovascular outcomes, few studies have evaluated their
combined effect on MACE or stroke. To date, no large pro-
spective analyses have examined whether co-occurrence of
PD and caries confers additional cardiovascular risk beyond
each condition alone. Furthermore, these conditions often co-
occur, and their interplay may contribute additional cardio-
vascular risk beyond their individual effects. Previous studies
have not consistently accounted for PD severity, which may
confound observed associations. Given that stroke is a het-
erogeneous condition with distinct subtypes, examining is-
chemic stroke subtypes may offer insight into differential
vascular mechanisms. In this study, we evaluate the joint and
individual associations of PD and dental caries with MACEs as
well as ischemic stroke subtypes. We hypothesize that the co-
occurrence of PD and dental caries is associated with a greater
risk of MACEs and ischemic stroke compared with either
condition alone, independent of PD severity or traditional
vascular risk factors.

Methods

Study Population

The Atherosclerosis Risk in Communities (ARIC) study,
launched in 1987, aimed to investigate atherosclerosis and its
outcomes. Participants were recruited from 4 US regions: For-
syth County, NC; Jackson, MS; Minneapolis, MN; and Wash-
ington County, MD."? The baseline dental examination occurred
during Visit 4 (1996-1998), with follow-up data censored on
December 31, 2019. However, for Jackson participants, follow-
up ended in 2017 because of delays in accessing hospital records.
Vascular risk factors were assessed at Visit 4, and hospital records
were collected for any hospitalizations during the median 21-year
follow-up. Annual contact with participants was used to assess
stroke and related events. Informed consent was obtained from
all participants, and ethical approval was granted by the study’s

field centers and coordinating center.
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At Visit 4, 11,656 participants were assessed. Of these, 6,744
were offered and accepted a dental examination as part of the
Dental ARIC (DARIC) study. Exclusions included 1,317 who
refused, 1,895 with medical contraindications, 1,619 who
were edentulous, S5 of other races, and 26 with dental
implants.13 Ultimately, 6,066 participants without previous
coronary heart disease (CHD) or ischemic stroke completed
a full- mouth periodontal assessment and dental examination.
Excluded individuals were older, had a higher proportion of
women, were more likely to be AA, and had higher body mass
index (BMI) and waist-to-hip ratios.” The final analysis in-
cluded 5,986 participants, excluding 80 with caries but no PD.
The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) diagram is illustrated in Figure 1.

Standard Protocol Approvals, Registrations,
and Patient Consents

The ethical (institutional) review boards of all ARIC study
field centers’ participating institutions:the Universities of
Mississippi, Minnesota, and North Carolina; Wake Forest
University; and Johns Hopkins Universityas well as the co-
ordinating center at University of North Carolina approved
the study. All participants provided written informed consent.
The research was conducted in accordance with the principles
described in the Declaration of Helsinki.

Assessment of Dental Caries and PD

Participants underwent full- mouth oral assessments at Visit 4
using modified Radike'* criteria. Modifications included using
a tongue blade for a more visual examination. Coronal and
root carious lesions were recorded separately. Tooth status
was classified as sound, decayed, filled, missing, restored with
a crown, a decayed or sound root fragment, or implant.
Decayed or filled teeth were coded as caries, and root caries
were identified by well-defined cavitation and discoloration.
Tooth fractures, erosion, and abrasions were not recorded as

caries. Participants with lesions but no frank caries were fur-
ther examined for pit, fissure, and smooth surface lesions. The
presence of PD was also assessed, with periodontal profile
classes ranging from PPC-A (health) to PPC-G (severe
PD)." The primary exposures of interest were coronal caries
and PD, classified into binary groups (oral health, PD with/
without caries) to test the hypothesis that no grading systems
combine both.

Assessment of Dental Care Utilization

Dental care utilization was categorized based on participants’
responses to the dental history questionnaire they completed.
Participants were divided into 2 groups: regular users, who
sought routine dental care, and episodic users, who sought
dental care only when experiencing symptoms.

Assessment of Incident Ischemic Stroke

and Subtypes

Stroke cases were identified through annual (before 2012)
and semiannual (after 2012) phone visits, along with hospital
discharge records. Definite or probable strokes were con-
firmed using ICD-9 codes (430-437), hospital records, and
neuroimaging. Ischemic strokes and stroke subtypes were
classified by a computer algorithm and physician review, with
discrepancies resolved by a second physician. Follow-up data
extended to 2019. All strokes were categorized as definite,
probable, or suspected, with incident ischemic strokes and
subtypes after Visit 4 included in the analysis."®

Other Variables of Interest

Age, sex, race, and vascular risk factors (BMI, waist-to-hip
ratio, education, diabetes, smoking, alcohol use, hypertension,
lipid profile) were assessed during the fourth ARIC study visit
(1996-1998)."> A race/ethnicity variable (Black or White)
and ARIC field center accounted for ethnic, regional, and
examiner differences.'> BMI was calculated from weight and

Figure 1 STROBE Diagram
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height. Hypertension was defined as systolic blood pressure
(BP) > 140 mm Hg or diastolic BP > 90 mm Hg, or medi-
cation use. Diabetes was defined by fasting glucose >126 mg/
dL or nonfasting >200 mg/dL, or self-reported diagnosis/
medication. Participants also reported education, smoking
status, and alcohol use.

Statistical Analysis

The cohort consisted of 5,986 participants assessed for oral
health and PD £ caries at Visit 4. Demographics and cova-
riates, including age, sex, race, BMI, hypertension, diabetes,
waist-to-hip ratio, education, smoking status, alcohol use, and
lipid panel, were assessed using analysis of variance for con-
tinuous variables and a x” test for categorical variables. Tri-
glycerides and serum C-reactive protein (CRP) are not
normally distributed and were assessed using a nonparametric
Kruskal-Wallis test. The Gray test was run to determine dif-
ferences in the time-to-event distribution of incident ischemic
stroke as well as MACEs between the oral health, PD only,
and PD + caries groups, with all-cause mortality being the
competing risk of interest. The proportional hazard assump-
tion was assessed using interaction terms between time
measures and covariates in the model. Cox proportional
hazard models were then used to assess crude ratios, followed
by adjusted hazard ratios (adj. HR), and 95% Cls for incident
ischemic stroke, MACEs, and stroke subtypes from the initial
dental assessment. Four models were used in this analysis:
Model 1 assessed crude HR; Model 2 assessed adj. HR for age,
sex, and race; Model 3 assessed adj. HR for age, sex, race, and
PD severity; and Model 4 assessed adj. HR for age, race, sex,
BMI, hypertension, diabetes, education, smoking status, cur-
rent alcohol use, and low-density lipoprotein (LDL). The
cross-sectional association between regular dental care use
and rate of PD with and without caries was tested using binary
logistic regression and presented as odds ratio (OR) (95%
CI). IBM SPSS Statistics for Windows, Version 29.0
(Armonk, NY), was used for all statistical analyses.

Data Availability

The ARIC investigators are willing to share the data used in
this article with a researcher for the purpose of reproducing
the results, subject to completion of a data use agreement
ensuring appropriate protection of the confidentiality of
ARIC participants” data.

Results

Of the 5,986 patients assessed at Visit 4, 1,640 were found to
have good oral health, 3,151 were found to have PD only, and
1,195 were found to have PD + caries. The different oral
health statuses were compared with each other and analyzed
(Table 1). Several baseline characteristics and laboratory
values were found to be significant. Participants in the oral
health group were more likely to be female. The proportion of
women in the oral health, PD only, and PD + caries groups
was 68%, 52%, and 49%, respectively, while the proportion of
men was 32%, 48%, and 51%, respectively (p < 0.001). The
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oral health data revealed that the White race comprised 97%,
86%, and 50% of the PD only, PD + caries, and oral health
groups, respectively, while the African American (AA) group
accounted for 3%, 14%, and 50% in those same groups, re-
spectively (p < 0.001). The oral health group was more likely
to have advanced education, with 5%, 42%, and 53% of par-
ticipants having basic, intermediate, and advanced education,
respectively (p < 0.001). Conversely, compared with the PD +
caries group, the percentages of participants with basic, in-
termediate, and advanced education were 28%, 40%, and 32%,
respectively (p < 0.001). The oral health group was more
likely to be current alcohol consumers, with 15%, 21%, and
64% of participants classified as never, former, and current
alcohol consumers, respectively (p < 0.001). Conversely,
compared with the PD + caries group, the percentages of
never, former, and current alcohol consumers were 29%, 33%,
and 39%, respectively (p < 0.001). The oral health group was
found to have higher high-density lipoprotein (HDL) cho-
lesterol levels, with mean + SD values of 55 £ 17, 50 £+ 16, and
S0 £ 16 mg/dL for oral health, PD only, and PD + caries
groups, respectively (p < 0.001). The PD only group was
found to be older, with mean ages of 62 + 5.4, 63 £ 5.6, and
62 % 5.6 years in oral health, PD only, and PD + caries groups,
respectively (p < 0.001). The PD + caries group was more
likely to be current smokers, with the percentages of never,
former, and current smokers being 46%, 37%, and 17%, re-
spectively (p < 0.001). Conversely, compared with the oral
health group, the percentages of never, former, and current
smokers were 55%, 39%, and 6%, respectively (p < 0.001).
The PD + caries group was found to have a higher BMI, with
mean + SD values of 27.3 + 4.8,28.7 £ 5.3, and 29.9 * 6.0 for
oral health, PD only, and PD + caries groups, respectively (p <
0.001). LDL cholesterol values tended to be lower in the oral
health and PD only groups compared with the PD + caries
group, with mean values of 121 # 32, 122 # 33, and 124 + 36,
respectively (p = 0.061). The PD + caries group was found to
have a higher waist-to-hip ratio, with mean + SD values of
0.92 £ 0.8, 0.95 *+ 0.07, and 0.96 £ 0.07 for oral health, PD
only, and PD + caries groups, respectively (p < 0.001). The
PD + caries group was also found to have higher rates of
hypertension and diabetes. For hypertension, the percentages
were 25%, 33%, and 42% for oral health, PD only, and PD +
caries groups, respectively (p < 0.001), and for diabetes, the
percentages were 8%, 13%, and 18%, respectively (p < 0.001).
Finally, the PD + caries group was found to have higher levels
of high-sensitivity CRP, with the values of 2.4 (0.9-6.1), 2.7
(0.9-7.1), and 3.3 (1.3-7.9) for oral health, PD only, and PD
+ caries groups, respectively (p < 0.001).

During a median of a 21-year follow-up period, 67 of the
1,640 patients (4.1%) in oral health had incident stroke
events, 216 of the 3,151 patients with PD only (6.9%) had
incident stroke events, and 119 of the 1,195 with PD +
caries (10%) had incident stroke events. Cumulative in-
cidence curves for ischemic stroke revealed a clear gradient
by oral health status, with the highest cuamulative incidence
observed in participants with PD + caries, followed by
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Table 1 Baseline Characteristics and Laboratory Values

Oral health status

Oral health (n = 1,640) PD only (n = 3,151) PD + caries (n = 1,195) p Value

Age, y® 62+54 63+5.6 62+5.6 <0.001

Sex, %

Female 1,114 (68) 1,633 (52) 585 (49) <0.001

Male 526 (32) 1,518 (48) 610 (51)

Race, %

African American 50 (3) 452 (14) 592 (50) <0.001

White 1,590 (97) 2,699 (86) 603 (50)

Body mass index® 273+48 28.7+53 29.9+6.0 <0.001

Waist-to-hip ratio® 0.92 +0.08 0.95 + 0.07 0.96 + 0.07 <0.001

Hypertension, % 418 (25) 1,026 (33) 497 (42) <0.001

Diabetes, % 132(8) 415 (13) 221(18) <0.001

Education, %

Basic 76 (5) 327 (11) 335 (28) <0.001
Intermediate 686 (42) 1,421 (45) 477 (40)
Advanced 876 (53) 1,400 (44) 382 (32)

Smoking, %

Never 894 (55) 1,413 (45) 545 (46) <0.001
Former 638 (39) 1,325 (42) 440 (37)
Current 107 (6) 406 (13) 199 (17)

Alcohol, %

Never 254 (15) 553 (18) 343 (29) <0.001
Former 335 (21) 828 (26) 395 (33)
Current 1,051 (64) 1770 (56) 457 (39)

Cholesterol, mg/dL? 204 + 35 201 £ 35 201 +£39 0.002
LDL, mg/dL? 121 +£32 122 +33 124 +36 0.061
HDL, mg/dL? 55+17 50+ 16 50+ 16 <0.001

Triglycerides, mg/dL® 125 (89-172) 124 (89-172) 111 (82-163) <0.001

High-sensitivity CRP® 2.4(0.9-6.1) 2.7 (0.9-7.1) 3.3(1.3-7.9) <0.001

Remaining characteristics, number (proportion %), x? test.
2 MeanzSD, analysis of variance (ANOVA).
® Median (25%ile-75%ile range), Kruskal-Wallis test.

those with PD only, and the lowest incidence among
individuals with good oral health (Gray test p < 0.0001)
(Figure 2). Similarly, cumulative incidence curves dem-
onstrated a graded association between oral health status
and risk of MACEs, with individuals with both PD + caries
experiencing the highest cumulative incidence over time,
followed by those with PD only, and the lowest incidence
observed among individuals with good oral health (Gray
test p < 0.0001) (Figure 3).
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Individuals with poor oral health, particularly those in the PD
+ caries group, had significantly higher risks of MACEs and
ischemic stroke when compared with individuals with good
oral health (Table 2). In crude analyses (Model 1), PD only
was associated with a 47% increased risk of MACEs (HR 1.47;
95% CI 1.25-1.73) while PD + caries showed a nearly two-
fold elevated risk (HR 1.88; 95% CI 1.56-2.26). These
associations remained statistically significant in partially ad-
justed models but were attenuated after full adjustment for
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Figure 2 Cumulative Incidence Functions for 3 Measures of Oral Health Associated With Ischemic Stroke

Cumulative incidence functions

—— PD + Caries
0.1254 — PD only
—— Oral health
Y 0.100 Gray test p <0.0001
o]
o
o
£ 0.075-
9]
=
=)
0
> 0.0504
£
S
]
0.025+
0.0004=~ ;
0 5 10

15 20 25

confounders including age, sex, race, diabetes, hypertension,
smoking status, LDL levels, alcohol use, and BML In the fully
adjusted model (Model 4), PD + caries remained in-
dependently associated with MACEs (HR 1.36; 95% CI
1.10-1.69) whereas PD only was not statistically significant
(HR 1.17; 95% CI 0.99-1.39).

For ischemic stroke, the associations were stronger. In fully
adjusted models, PD only was associated with a 44% increased
risk of ischemic stroke (HR 1.44; 95% CI 1.09-1.91), and the
combination of PD + caries yielded an even higher risk (HR
1.86; 95% CI 1.32-2.61) (Table 2). Subtype analysis revealed
particularly elevated risks of thrombotic stroke, with an HR of
1.81 (95% CI 1.05-3.10) for PD only and 2.27 (95% CI
1.22-4.24) for PD with caries. Similarly, for cardioembolic

stroke, adjusted HRs were 1.82 (95% CI 1.00-3.33) and 2.58
(95% CI 1.27-5.26), respectively. No statistically significant
associations were observed between oral health status and
lacunar or “other” ischemic stroke subtypes in fully adjusted
models.

Upon these results, we found that regular dental care utili-
zation lowered the chance of PD (OR 0.71 [95% CI
0.58-0.86]; p < 0.001) and PD + caries (OR 0.19 [95% CI
0.15-0.25]; p < 0.001), thus lowering the risk of incident
ischemic strokes.

Additional data provided in eTable 1 show that PD and PD +
caries did not significantly interact with the vascular risk fac-
tors listed, suggesting lack of effect modification.

Figure 3 Cumulative Incidence Functions for 3 Measures of Oral Health Associated With MACE
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MACE = major adverse cardiovascular event.
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Table 2 Crude and Adjusted Hazard Ratios for Oral Health, PD, and PD + Caries Groups

Model 1 Model 2 Model 3 Model 4
MACE (M, fatal CHD, and ischemic stroke)
Oral health Reference Reference Reference Reference
PD 1.47 (1.25-1.73) 1.28 (1.08-1.51) 1.18 (0.83-1.48) 1.17 (0.99-1.39)
PD + caries 1.88 (1.56-2.26) 1.63(1.33-2.01) 1.39(1.03-1.88) 1.36 (1.10-1.69)
Ischemic stroke
Oral health Reference Reference Reference Reference
PD 1.86 (1.41-2.44) 1.56 (1.18-2.06) 1.45 (0.92-2.28) 1.44 (1.09-1.91)
PD + caries 2.96 (2.19-3.99) 2.28 (1.64-3.16) 2.10(1.31-3.36) 1.86(1.32-2.61)
Ischemic stroke subtype: thrombotic
Oral health Reference Reference Reference Reference
PD 2.46 (1.45-4.18) 2.00(1.17-3.42) 2.33(1.07-5.06) 1.81 (1.05-3.10)
PD + caries 4.27 (2.44-7.46) 2.85 (1.55-5.25) 3.13 (1.40-7.00) 2.27 (1.22-4.24)
Ischemic stroke subtype: cardioembolic
Oral health Reference Reference Reference Reference
PD 2.25(1.25-4.04) 1.88 (1.04-3.41) 1.33(0.48-3.68) 1.82(1.00-3.33)
PD + caries 3.29(1.72-6.28) 2.68 (1.34-5.37) 1.98 (0.70-5.63) 2.58 (1.27-5.26)
Ischemic stroke subtype: lacunar
Oral health Reference Reference Reference Reference
PD 1.06 (0.64-1.74) 0.94 (0.57-1.56) 1.22(0.51-2.92) 0.87 (0.52-1.46)
PD + caries 1.64 (0.92-2.93) 1.52 (0.81-2.85) 1.87 (0.75-4.62) 1.26 (0.65-2.43)
Ischemic stroke subtype: Others
Oral health Reference Reference Reference Reference
PD 1.54 (0.99-2.41) 1.45 (0.92-2.28) 1.25(0.52-3.01) 1.30 (0.82-2.07)
PD + caries 1.74 (1.00-3.02) 1.62 (0.90-2.94) 1.35(0.53-3.44) 1.63(0.88-3.01)

Model 1 = crude hazard ratio (95% Cl).
Model 2 = adjusted for age, race, and sex (95% Cl).
Model 3 = adjusted for age, race, sex, and PD severity (95% Cl).

Model 4 = adjusted for age, race, sex, diabetes, hypertension, current smoking status, alcohol use, LDL levels, education, and BMI (95% ClI).

Discussion

This study examined the relationships among PD, dental
caries, MACEs, ischemic stroke and its stroke subtypes, and
regular dental care in a US cohort. While PD and caries have
each been individually linked to cardiovascular outcomes, few
studies have evaluated their combined effect on MACE or
stroke. Baseline characteristics showed that participants
without PD or caries were more likely to be female, be White,
have higher education, consume alcohol, and have higher
HDL cholesterol. By contrast, the PD + caries group was
more likely to be male, be AA, and have higher BMI, higher
waist-to-hip ratio, hypertension, diabetes, and lower educa-
tion, as well as higher CRP levels. The PD only and PD +
caries groups had a significantly higher cumulative incidence
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of ischemic stroke and MACEs compared with the oral health
group (Gray test p < 0.0001). After adjusting for key cova-
riates, the risk of ischemic stroke was nearly doubled in the PD
+ caries group, further supported by eTable 1.

A previous analysis of the DARIC study found comparable
results regarding the association between PD and stroke.”
Participants were classified by PD grade into groups described
in the Methods section. The study also showed that regular
dental care utilization was associated with lower adjusted stroke
risk (HR of 0.77; 95% CI 0.63-0.94).> Our study supports this
notion as we also found that regular dental care utilization
lowered the chance of PD (OR 0.71 [95% CI 0.58-0.86]; p <
0.001) and PD + caries (OR 0.19 [95% CI 0.15-0.25]; p <
0.001), thus lowering the risk of incident ischemic strokes.
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Using the same DARIC population, the association between
dental caries and increased risk of stroke was investigated and
reported previously.® Participants with >1 dental caries had an
increased risk of stroke (adj. HR 1.40 [95% CI 1.10-1.79])
and death (adj. HR 1.13 [95% CI 1.01-1.26]), but not of
CHD events (adj. HR 1.13 [95% CI 0.93-1.37]). The asso-
ciation of dental caries with ischemic incident stroke was
significantly higher in the AA subgroup when compared with
the White subgroup (interaction term p = 0.0001). Our study
found supporting results as the PD + caries group was more
likely to be of AA race (50%, p < 0.001).

The mechanism linking PD and caries to increased stroke risk
is still being studied. PD is associated with higher systemic
inflammation due to chronic exposure to Gram-negative
718 Periodontitis may increase risk of ischemic
stroke and MACEs through inflammatory pathways.® Dental
caries, on the contrary, involves bacteria metabolizing sugars
to produce acids that demineralize teeth, leading to infection
1920 These inflammatory mediators trigger
a chronic systemic inflammatory response, contributing to
atherosclerosis.”' PD pathogens have been found in athero-
matous plaques in the carotid and coronary arteries while
Streptococcus mutans, the main dental caries pathogen, has
been detected in heart valve and atheromatous plaques.””**
Together, these factors likely explain the higher ischemic
stroke risk in the PD + caries group.

bacteria.

and inflammation.

These findings demonstrate that poor oral health, particularly
the presence of both periodontitis and dental caries, is sig-
nificantly associated with elevated risks of MACEs and is-
chemic stroke, with especially strong associations observed for
thrombotic and cardioembolic stroke subtypes. Even after
accounting for a wide range of demographic and clinical
covariates, the presence of both PD and caries remained an
independent predictor of adverse vascular outcomes. This
supports the growing body of evidence linking oral-systemic
inflammation to atherosclerotic disease and cerebrovascular

pathology.

The stronger associations observed for thrombotic and car-
dioembolic subtypes suggest potential pathophysiologic
mechanisms through which chronic oral infection and in-
flammation may promote prothrombotic states, endothelial
dysfunction, or embolic phenomena. While lacunar stroke did
not demonstrate significant associations, likely because of
differing etiologies and smaller sample sizes, the consistent
trends across multiple models lend support to a systemic link
between oral health and vascular disease.

These results highlight the importance of integrating oral
health assessments into cardiovascular risk profiling, particu-
larly in populations with a high burden of PD. Future pro-
spective studies and randomized trials of periodontal
interventions may further clarify whether improving oral
health can directly reduce cardiovascular and cerebrovascular
events.
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The observed association between regular dental care and
reduced stroke risk may reflect not only a potential biological
effect—through the reduction of periodontal inflammation
and systemic immune activation—but also broader behavioral
and sociodemographic factors. Individuals who engage in
routine dental visits may also adhere to healthier lifestyles,
have better access to medical care, and demonstrate greater
health-seeking behaviors overall. While we adjusted for
arange of cardiovascular and socioeconomic confounders, the
possibility of residual confounding by general health behavior
cannot be excluded. Thus, dental care may function both as
a proxy for preventive health engagement and as a modifiable
exposure with potential biological relevance. Further studies
using causal inference frameworks or randomized trials of
periodontal treatment will be needed to more definitively
determine the etiologic role of dental care in stroke
prevention.

Our study had a few limitations. Participants were younger,
with lower BMI, lower rates of hypertension and diabetes, and
higher education than those excluded, likely because of the
exclusion of older individuals in poor health or with tooth loss.
Residual and unmeasured confounding may persist despite
statistical controls. In addition, the study relied on a single
dental assessment and used education level as a proxy for
socioeconomic status. However, the study benefits from
a large, community-based cohort; long follow-up; rigorous
outcome adjudication; and thorough assessment of con-
founding factors.

A previous case-control study found poorer dental health
among patients with acute MI compared with controls,
without separately analyzing caries and PD, but considering
them collectively.24 This association remained significant after
adjusting for factors such as age, social class, smoking, lipid
levels, and diabetes. Beyond this study, research on the
combined effect of PD and caries on cardiovascular health is
limited.

Our findings suggest that the co-occurrence of PD and dental
caries is independently associated with an increased risk of
MACEs and ischemic stroke, particularly thrombotic and
cardioembolic subtypes. These results underscore the im-
portance of comprehensive oral health as a modifiable factor
in cardiovascular and cerebrovascular disease prevention. In-
tegrating dental care into routine medical risk assessment and
promoting preventive oral hygiene practices may offer a novel
strategy to reduce vascular risk at the population level.
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