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Abstract

Background and Purpose—Periodontal disease is independently associated with
cardiovascular disease. Identification of periodontal disease as a risk factor for incident ischemic
stroke raises the possibility that regular dental care utilization may reduce the stroke risk.

Methods—In the Atherosclerosis Risk in Communities Study (ARIC), pattern of dental visits
were classified as regular or episodic dental care users. In the ancillary Dental ARIC study,
selected subjects from ARIC underwent full-mouth periodontal measurements collected at six sites
per tooth and classified into seven periodontal profile classes (PPC).

Results—In the ARIC study 10,362 stroke-free participants, 584 participants had incident
ischemic strokes over a 15-year period. In the Dental ARIC study, 6,736 dentate subjects were
assessed for periodontal disease status using PPC with a total of 299 incident ischemic strokes
over the 15-year period. The seven levels of PPC showed a trend towards an increased stroke risk
(X2 trend p<0.0001); the incidence rate for ischemic stroke/1,000-person years was 1.29 for PPC-
A (health), 2.82 for PPC-B, 4.80 for PPC-C, 3.81 for PPC-D, 3.50 for PPC-E, 4.78 for PPD-F and
5.03 for PPC-G (severe periodontal disease). Periodontal disease was significantly associated with
cardioembolic (HR 2.6, 95% CI 1.2-5.6) and thrombotic (HR 2.2, 95% CI 1.3-3.8) stroke
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subtypes. Regular dental care utilization was associated with lower adjusted stroke risk (HR 0.77,
95% CI 0.63-0.94).

Conclusions—We confirm an independent association between periodontal disease and incident
stroke risk, particularly cardioembolic and thrombotic stroke subtype. Further, we report that
regular dental care utilization may lower this risk for stroke.
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BACKGROUND

Periodontal disease is a chronic inflammatory disease caused by bacterial colonization that
affects the soft and hard structures that support the teeth.[] The prevalence of periodontal
disease is high, with gingivitis or periodontitis affecting up to 90% of the population
worldwide. According to recent findings from the Centers for Disease Control and
Prevention (CDC), half of Americans aged 30 or older have periodontitis, the more advanced
form of periodontal disease.[?] Periodontitis is associated with an increase in systemic
inflammation markers, through chronic low-grade exposure to Gram-negative bacterial34],
implicated in the etiology of atherosclerosis and stroke.[>] Observational studies have shown
that poor periodontal health status is associated with an increased stroke risk.[6-10] Poor oral
hygiene is a major contributor to periodontal disease and thus a potentially modifiable stroke
risk factor. An increase in tooth-brushing frequency decreases the concentrations of systemic
inflammatory markers levels in the serum.[!1] A population based Taiwanese study found
that dental prophylaxis or periodontal disease treatment could reduce the incidence of
ischemic stroke.[12-13] However, similar data are lacking in the predominantly biracial US
population.

Recent reports suggest a rise in the global burden of stroke.[14] Post hoc analyses of
prospective—longitudinal and smaller case—control studies have reported an association
between periodontal disease and incident stroke.[”] These studies suggest that stroke has a
stronger association with periodontal disease than coronary artery disease.[*®] Periodontal
disease was found to increase the risk stroke by nearly three-fold in a combined analysis of
two prospective studies.[16] A more recent meta-analysis of two cohort studies found that
periodontal disease increased the risk of incident ischemic strokes by 1.6-fold.[17] Recently,
a case—control study confirmed the independent graded association between the severity of
periodontal disease and prevalent stroke.[*8] If causal, these associations would be of great
importance due to the potential that periodontal disease treatment could reduce the stroke
risk.

Individual studies have limitations, including the use of many differing definitions of
periodontal disease, consideration of potential cofounders such as socioeconomic status, and

Stroke. Author manuscript; available in PMC 2019 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sen et al.

Page 3

low statistical power. Additionally, these studies underestimate the prevalence of periodontal
disease.[19] Recently, we applied a Latent Class Analysis (LCA\) to identify discrete classes
of individuals that are discriminated by tooth-level clinical parameters to define seven
distinct periodontal profile classes (PPC A-G) and seven distinct tooth profile classes (TPC
A-G) ranging from health to severe periodontal disease status,[2%] validated in three large
cohorts. We applied the periodontal and tooth profile classes using LCA to provide robust
periodontal clinical definitions that reflect disease patterns in the population at a subject and
tooth level. We examined the relationship between periodontal disease and stroke. as well as
the ischemic stroke subtypes.

METHODS
Study Population

The cohort of the ARIC study recruited in 1987-1989 with an aim of studying the causes of
atherosclerosis and clinical sequelae.[?1] The study enrolled 15,792 participants within the
age group of 45-64 identified by probability sampling in a biracial cohort from four US
communities. In addition to follow-up visits every three years, participants have been
contacted annually by telephone and queried about hospitalizations. The institutional review
boards of all participating institutions approved the study and all participants provided
written informed consent. All participants, White or African-Americans, who completed the
fourth clinic visit (1996-1998) in ARIC (N=11,656), were included in the current study. We
excluded those participants (N=1,294) with prevalent stroke or a first ischemic stroke event
that occurred before fourth clinical visit. Thus, 10,362 remaining participants were included
for dental care utilization analysis.

Dental ARIC, an ancillary study of the ARIC, was conducted at the fourth clinic visit. Data
collection included a comprehensive dental examination, questionnaire, and sample
collection. Study participants who were edentulous or those requiring antibiotic prophylaxis
for periodontal probing were excluded from the Dental ARIC study. Of the 6,793 Dental
ARIC participants that underwent periodontal examination at the fourth visit, a total of 6,736
participants without prior stroke were included for distinct periodontal profile class analysis.
[20] The ARIC Investigators are willing to share the data used in this manuscript with a
researcher for the purposes of reproducing the results, subject to completion of a data use
agreement ensuring appropriate protection of the confidentiality of ARIC participants’ data.

Assessment of Dental Care Utilization

The pattern of dental care utilization or dental visits was classified by patient-reported
responses to the Dental History Form questionnaire administered at the fourth clinical ARIC
study by trained personnel (1996-1998). Participant dental care utilization was classified as
regular use (those who sought routine dental care =1 time(s) a year) or episodic (only when
in discomfort, something needed to be fixed, never, or did not receive regular dental care).

Assessment of Periodontal Profile Class

The analytical approach implemented person-level LCA to identify discrete classes of
individuals was based upon 7 tooth-level clinical parameters, including: =1 site with
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interproximal attachment level (IAL) =3mm, =1 site with probing depth (PD) =4mm, extent
of bleeding on probing (BOP, dichotomized at 50% or =3 sites per tooth), gingival
inflammation index14 (Gl, dichotomized as G1=0 vs. Gl=1), plaque index15 (PI,
dichotomized as PI1=0 vs. PI=1), the presence/absence of full prosthetic crowns for each
tooth, and tooth status presence (present vs. absent).[20] Details of LCA is included in the
online supplemental-data.

Adjudication of Stroke Subtypes

Physicians reviewed hospitalization records and stroke diagnoses was made based on a
computer algorithm, with any differences adjudicated by a second physician reviewer. All
events occurring between the fourth visit (1996-1998) and December 2012 were included as
verified ischemic strokes. The study considered incident ischemic strokes and the subjects
were censored at the time of the event (recurrent strokes not considered in the analysis).
According to criteria adopted from the National Survey of Stroke subtype classification,
ischemic strokes were then further classified according to pathogenic subtype as thrombotic
brain infarction, lacunar infarction, or cardioembolic stroke.[21-22] |nfarct distribution
patterns on neuroimaging were not considered per the algorithm.

Other Variables of Interest

Age, sex, race, and additional vascular risk factors such as body mass index (BMI), waist-to-
hip ratio, and lipid profile were assessed according to published methods during the fourth
ARIC visit (1996-1998).[23] Hypertension was defined as the average of two blood pressure
readings at the visit (systolic blood pressure 140 mm HG or higher and diastolic blood
pressure 90 mm Hg or higher) or on hypertension medication. Diabetes was measured by a
visit-based definition and an interview-based definition. Visit-based diabetes was defined
according to serum glucose measurements (fasting blood glucose > 126 mg/dL or > 200
mg/dL if not fasting), a self-reported physician diagnosis of diabetes, or on medication.
Participants reported their 3-level education status (basic < 11 years, intermediate 12-16
years, or advanced 17+ years), smoking status, and alcohol use.[24]

Statistical Analysis

RESULTS

Cox proportional hazards models were used to assess crude and adjusted hazard ratio (HR)
and 95% confidence interval to analyze the association among subjects with periodontal
disease and incidence of ischemic stroke, in comparison with those with periodontal health.
Similar comparisons were made between regular and episodic dental care users. In both
analyses, HR was adjusted for race/center, age, gender, BMI, hypertension, diabetes, LDL
level, smoking (3-levels), pack years, and educational level (3-levels). Kaplan Meier survival
curve and HR analysis were used to evaluate the incidence of each ischemic stroke subtypes
in periodontal disease when compared to periodontal health. All data were analyzed using
SAS version 9.4 (SAS institute Inc., Cary, NC).

In the Dental ARIC study, during the fourth ARIC visit (1996-1998), a subset of 6,736
dentate subjects (mean age £SD=62.3+5.6, 55% female, 81% white and 19% African-
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American) were assessed for periodontal disease. The subjects excluded from this cohort
had a higher rate of incident stroke (Prior stroke 18.5%, edentulous 7.6%, those with other
exclusions 9.0%) compared to those included and completed the dental assessment (4.4%).
Baseline characteristics of the dental cohort of the ARIC study population, stratified by
PPC-A-G on Visit 4, are shown in Table 1. Participants with higher PPC classes (B through
G) were similar in age compared with PPC-A (Health). They included a higher proportion of
subjects who were of the male gender and the African-American race. Participants with
higher PPC classes (B through G) also had a slightly higher BMI, waist-to hip ratio, and
higher proportions of hypertension and diabetes, compared with PPC-A. They also had
fewer years of education and were less likely to be current or former alcohol users. The PPC
classes (C through G) were more likely to be former and current smokers compared with
PPC class A and B. The fasting lipid profiles were similar across the groups. Baseline
characteristics of the ARIC study population, divided by dental care utilization, are shown in
Table 2. The regular dental care users included a higher proportion of female and White
subjects compared to the episodic dental care users. They also had a slightly lower BMI,
waist-to hip ratio, and lower proportions of hypertension and diabetes. Additionally, they
had more years of education and were more likely to be current or former alcohol users. The
regular dental care users were less likely to be former and current smokers compared with
the episodic dental care users. The fasting lipid profiles were similar across the groups (not
shown). The regular dental care users had a higher proportion of low PPC grades compared
to the episodic dental care users suggesting that regular dental care utilization was associated
with lower burden of periodontal disease.

In the Dental ARIC study, during the fourth ARIC visit (1996-1998), a subset of 6,736
dentate subjects (mean age + SD=62.3+5.6, 55% female, 81% white and 19% African-
American) were assessed for periodontal disease. A total of 299 incident ischemic strokes
occurred over a median of 15-year follow-up period. The retention of ARIC participants
during the follow-up period was high (>90%). Compared with the reference healthy group
without periodontal disease (PPC-A), mild periodontal disease or PPC-B (Crude HR 2.19
95% CI 1.39-3.46), high Gl score or PPC-C (Crude HR 3.75 95% CI 2.40-5.85), tooth loss
or PPC-D (Crude HR 2.97 95% CI 1.89-4.68), posterior disease or PPC-E (Crude HR 2.74
95% CI 1.76-4.25), severe tooth loss or PPC-F (Crude HR 3.74 95% CI 2.45-5.73) and
severe periodontal disease or PPC-G (Crude HR 3.93 95% CI 2.44-6.35), had a higher risk
for incident ischemic stroke depicted in Figure 1. After adjustment for race/center, age,
gender, BMI, hypertension, diabetes, LDL Level, smoking (3-levels), pack years, and
education (3-levels), mild periodontal disease or PPC-B (adjusted HR 1.86 95% CI 1.16-
2.97), high GI score or PPC-C(Adjusted HR 2.06 95% CI 1.21-3.51), tooth loss or PPC-D
(Adjusted HR 2.03 95% CI 1.26-3.26), posterior disease or PPC-E (Adjusted HR 2.22 95%
Cl 1.41-3.50), severe tooth loss or PPC-F (Adjusted HR 2.08 95% CI 1.29-3.35) and severe
periodontal disease or PPC-G (Adjusted HR 2.20 95% CI 1.27-3.81), had a higher risk for
incident ischemic stroke. The incidence rate for ischemic stroke/1,000-person years was 1.29
(95% CI 0.92-1.81) for PPC-A, 2.82 (95% CI 2.08-3.83) for PPC-B, 4.80 (95% CI 3.59—
6.43) for PPC-C, 3.81 (95% CI 2.80-5.17) for PPC-D, 3.50 (95% CI 2.64-4.65) for PPC-E,
4.78 (95% CI 3.69-6.20) for PPD-F and 5.03 (3.57-7.07) for PPC-G. The PPC- incident
stroke association is depicted in a Kaplan-Meier plot in the online data-supplement. The
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seven levels of PPC showed a trend towards graded association with incident ischemic
stroke (2 trend p value<0.0001).

As shown in Figure 1B, all forms of periodontal disease which are characterized by
inflammatory changes are at significantly greater risk than health using this 7-level
classification. The inflammatory characteristics differ among the 6 disease classes, but are
listed in order of increased mean interproximal attachment loss. In supplemental Figure the
incident events are stratified by PPC and the highest rate of events was seen among PPC-C
(gingival inflammation) and PPC-G (severe disease) which are the most inflamed classes.[?1]
Thus, inflammation plays a critical role in defining the risk for incident events as compared
to PPC-A (health). What emerges from this investigation is that high gingival inflammation
in the absence of severe periodontal disease (PPC-C) and the highly inflamed severe
periodontitis class (PPC-G) are at higher risk than those with mild, moderate or posterior
disease patterns (all have less inflamed periodontal tissues). These data emphasize the
importance of inflammation rather than just the level of attachment as being the main
determinant of risk.

In the main ARIC cohort during the fourth ARIC visit (1996-1998), a total of 11,656
participants (mean age + SD=62.8+5.6, 56% female, 78% White and 22% African-
American) were assessed for dental care utilization. Over a 15-year follow-up period, a total
of 584 participants had incident ischemic stroke events. Compared with a reference group of
episodic dental care users, regular dental care users had a lower risk for ischemic stroke
(Crude HR 0.52 95% CI 0.44-0.61). After adjustment for race/center, age, gender, BMI,
hypertension, diabetes, LDL level, smoking, and education, regular dental care use
continued to be associated with lower rates of ischemic stroke (adjusted HR 0.77, 95% CI
0.63— 0.94), as seen in Figure 2.

Among the 299 incident ischemic strokes in the dental cohort, 79 were cardioembolic, 140
thrombotic, 61 lacunar, and 19 others. Among the three major stroke subtypes, there was a
significant increased hazard of cardioembolic (HR 2.6, 95% CI 1.2-5.6) and thrombotic (HR
2.2, 95% CI 1.3-3.8), but not of lacunar strokes (HR 1.3, 95% CI 0.6-2.8) among study
participants with periodontal disease (PPC B-G) compared with those with periodontal
health (PPC-A). The association of overall ischemic stroke as well as thrombotic,
cardioembolic, or lacunar subtype of stroke and periodontal disease is demonstrated in
Figure 3.

DISCUSSION

Periodontal disease is highly prevalent among adults worldwide and is an important public
health problem. Assessment of risk profiles for periodontal disease in adults in the United
States show male gender, current cigarette smoking, and diabetes are important risk factors
for periodontal disease.[25] These findings could enhance recognizable target populations for
viable interventions to enhance periodontal health of adults, who may likewise be at an
increased risk of ischemic stroke. Our findings show that periodontal disease is an
independent risk factor for incident ischemic stroke. It is significant that the high gingival
inflammation group, including gingivitis and mild periodontitis but also highly inflamed,

Stroke. Author manuscript; available in PMC 2019 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sen et al.

Page 7

likewise had an increased risk of ischemic stroke. Moreover, we report a trend towards a
graded association between periodontal disease and incident ischemic stroke. Individual
studies, including post-hoc analyses of prospective-longitudinal studies and case—control
studies, have reported an association between periodontal disease and incident stroke.[7] It is
possible that an increased risk of thrombotic stroke may be secondary to athero-thrombosis
in the cervico-cerebral vasculature. The periodontal disease-cardioembolic stroke
association may be due to coronary artery disease or atrial fibrillation related to periodontal
disease induced inflammation. Contrary to findings noted in prior case-control studies,
periodontal disease was not independently associated with lacunar strokes.[26. 271 possible
factors attributable to this difference may be risk factors for lacunar stroke such as age,
hypertension, diabetes and low socioeconomic status, were adjusted for in our final hazards
ratio model. The periodontal disease-stroke association, if causal, would be of great
importance because of the potential that periodontal treatment could reduce the stroke risk.

Dental care is essential for maintaining good oral health, preventing periodontal disease, and
identifying symptoms of systemic conditions that might first manifest in the mouth.[28]
During 2013, approximately 42% of the US population reported having a dental visit[29]
with socioeconomic factors serving as a major determinant for not using regular dental care.
[30] A population-based, nationwide study in Taiwan identified periodontal disease as an
important risk factor for incident ischemic stroke and showed that periodontal treatment
lowered risk of stroke, significantly among young adults.[3] To our knowledge, this would
be the first US study to report the independent role of regular dental care in prevention of
incident ischemic stroke in a relatively elderly population. This is further validated by the
fact that dental care was associated with lower burden of periodontal disease.

Important limitations of this study include the reliance on single periodontal disease
assessment, a limited number of incident stroke subtypes, and owing to the observational
nature of our investigation, the possibility of residual confounding cannot be eliminated.
Socioeconomic factors such as access to care, income, and healthcare behaviors may be
potential confounders. However, we adjusted for education levels that in these data serve as
a surrogate for the socioeconomic status. Despite these potential limitations, this effort is
one of the largest, US-based community studies of periodontal disease, dental care
utilization, and ischemic stroke. Subjects excluded raise the possibility of selection bias.
However as noted these subjects had a higher rate of incident ischemic stroke compared to
those included, suggesting that they are unlikely to negatively influence the study results.
Major strengths of this ARIC ancillary study were the use of comprehensive periodontal
assessment classified into validated class, adjudication of incident ischemic stroke, stroke
subtypes, and rigorous measurement of confounders.

Treatment of periodontitis in pregnant women improved periodontal disease and was safe,
but did not significantly alter rates of pregnancy or fetal outcomes.[31] Evidence from
randomized controlled trials have established that intensive periodontal treatment improves
systemic inflammation, high blood pressure, improves lipid profile[32], and endothelial
dysfunction.[33] Therefore, the treatment of PD could plausibly reduce stroke incidence. To
the best of our knowledge this hypothesis has not been tested in a randomized clinical trial.
The effect of PD treatment on recurrent vascular events in stroke/T1A patients is currently
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being investigated in PREMIERS trial (NCT02541032). Results may further help verify if
periodontal treatment may reduce stroke risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Risk for incident ischemic stroke in the Dental ARIC cohort depicted as crude (A) and

adjusted (B) Hazard Ratios for the various classes of periodontal disease: PPC-A or
reference healthy group without periodontal disease, PPC-B, or mild periodontal disease,
PPC-C or high GI score, PPC-D or tooth loss, PPC-E or posterior disease, PPC-F or severe
tooth loss and PPC-G or severe periodontal disease. In panel B Hazard Ratios are adjusted
for Race/Center, Age, Gender, BMI, Hypertension, Diabetes, LDL Level, Smoking (3-
levels), Pack Years, Education (3-levels).
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Figure 2.
Risk reduction in incident ischemic stroke in the main ARIC cohort depicted as crude (A)

and adjusted (B) Hazards Ratio for episodic and regular (reference group for comparison)
dental care users, determined at visit 4. In panel B Hazards Ratio is adjusted for Race/
Center, Age, Gender, BMI, Hypertension, Diabetes, LDL Level, Smoking (3-levels), Pack
Years, Education (3-levels).
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Lacunar stroke subtype

Crude HR 2.07 (95% Cl 1.05-4.07)
Adjustedt HR 1.34 (95% Cl 0.64-2.79)

Years

D Thrombotic stroke subtype

Crude HR 3.10 (95% CI 1.84-5.22)
Adjustedt HR 2.18 (95% Cl 1.26-3.78)

Kaplan Meier curves depicting 15 years’ outcome of (A) incident ischemic stroke (overall),
(B) lacunar, (C) cardioembolic and (D) thrombotic stroke subtypes. Inset: Crude Hazard
Ratios for ischemic stroke (overall) and stroke subtypes. Hazards Ratio adjusted for Race/
Center, Age, Gender, BMI, Hypertension, Diabetes, LDL Level, Smoking (3-levels), Pack

Years, Education (3-levels)
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Selected Characteristics of the Study Participants, According to Frequency of Dental Care Utilization

Table 2

Value | Dental Care Utilization
| Regular DDS User (n = 6670) | Episodic DDS User (n=3692)
Age (yr) | 62.7+5.6 | 63.0%5.7
Sex (%) | |
Female | 57.8 | 52.9
Male | 42.2 | 47.1
Race (%) | |
African-American | 8.5 | 39.3
White | 91.5 | 60.7
Body Mass Index | 28.1+5.1 | 29.9+6.2
Waistto-hip Ratio | 0942007 | 096007
Hypertension (%) | 33.0 | 44.3
Diabetes (%) | 119 | 233
Education (%) | |
Basic | 8.5 | 34.4
Intermediate | 435 | 41.7
Advanced | 48.0 | 239
Smoking (%) | |
Never | 41.7 | 40.8
Former | 41.3 | 39.4
Current | 11.0 | 19.8
Alcohol (%) | |
Never | 171 | 26.5
Former | 24.7 | 375
Current | 58.2 | 350
Periodontal status
PPC-A | 344 7.8
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Value | Dental Care Utilization
| Regular DDS User (n = 6670) | Episodic DDS User (n=3692)
PPC-B | 17.7 | 9.1
PPC-C | 6.7 | 19.8
PPC-D | 11.6 | 12.3
PPC-E | 17.7 | 6.8
PPC-F | 7.4 | 28.9
PPC-G | 45 | 15.4

*
Plus—minus values are means +standard deviation

fThe body-mass index =weight (kilogram)/height (meter)2
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