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OBJECTIVES: Although chronic periodontitis has been
associated with Alzheimer’s disease, the effect of chronic
periodontitis on vascular dementia as well as the role of life-
style behaviors such as smoking, alcohol consumption, and
physical activity in this association are still unclear.
DESIGN: Retrospective cohort study.
SETTING: Population based.
PARTICIPANTS: The study population was derived from
the Korean National Health Insurance Service-Health
Screening Cohort. Among 262 349 participants, diagnosis
of chronic periodontitis was determined during 2003-2004.
MEASUREMENTS:
Starting from 2005, participants were followed up for over-
all dementia, Alzheimer’s disease, and vascular dementia
until 2015. Cox proportional hazards regression was used
to determine the adjusted hazard ratios (aHRs) and 95%
confidence intervals (CIs) of dementia according to chronic
periodontitis.
RESULTS: Compared with nonchronic periodontitis partic-
ipants, chronic periodontitis patients had elevated risk for
overall dementia (aHR = 1.06; 95% CI = 1.01-1.11) and
Alzheimer’s disease (aHR = 1.05; 95% CI = 1.00-1.11).
There was a tendency toward increased vascular dementia
risk among chronic periodontitis patients (aHR = 1.10;
95% CI = 0.98-1.22). The risk-increasing effect of chronic
periodontitis on dementia tended to be stronger among

participants with healthy lifestyle behaviors including never-
smokers and those who exercised and did not consume
alcohol.
CONCLUSION: Chronic periodontitis may be associated
with a higher risk of developing dementia. Future studies
that investigate whether preventing chronic periodontitis
may lead to reduced risk of dementia are needed. J Am
Geriatr Soc 67:1234–1239, 2019.
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Dementia is considered one of the leading causes for
increased disability-adjusted life years among older

adults.1 It was estimated that approximately 36 million
people had dementia in 2010.2 Furthermore, the prevalence
of dementia is expected to increase globally due to the rising
life expectancy worldwide. According to one report using
the United Nations worldwide population forecasts, it was
estimated that 1 in 85 individuals will be diagnosed with
Alzheimer’s disease (AD) by 2050.3 Interestingly, a 2014
study suggested that a 20% reduction of key exposures
could lead to a 15.3% decrease in dementia prevalence by
2050, highlighting the importance of determining risk fac-
tors that could lead to dementia.4 Therefore, the need is
increasing to identify and manage risk factors associated
with dementia. One such risk factor is chronic periodonti-
tis (CP).

Multiple animal5 and human6–9 studies previously
showed an association between CP and dementia. Most
recently, a retrospective cohort study demonstrated that CP
patients had a significantly higher risk of AD compared
with those without CP.10 However, previous studies had
limitations in the relatively small sample size, no consideration
of dementia outside of AD, and by the lack of consideration
of important confounders such as lifestyle behaviors. Because
one of the suggested mechanisms of the risk-increasing effect
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of CP on dementia is by inducing vascular damage,11,12 other
types of dementia such as vascular dementia (VD) may be
at elevated risk among CP patients. Furthermore, lifestyle
behaviors such as smoking, alcohol consumption, and phys-
ical activity are all considered risk factors for both CP and
dementia, and they are thus potentially important con-
founders that must be considered.

Therefore, further studies on the association between
CP and dementia are needed using a large study population,
with consideration of an extensive number of covariates,
and determining the risk of other types of dementia such as
VD. In this longitudinal population-based study, we deter-
mined the association of CP on AD and VD using the
Korean National Health Insurance Service (NHIS) database
using a wide range of covariates including smoking, alcohol
consumption, and physical activity.

METHODS

Study Population

The study population was derived from the National
Health Insurance Service-Health Screening Cohort (NHIS-
HEALS). In South Korea, the NHIS provides mandatory
health insurance covering nearly all forms of healthcare for
all Korean citizens.13 Records from inpatient and outpatient
department visits including diagnosis, drug prescriptions,
treatment, and surgical procedures are collected. Further-
more, the NHIS provides biannual mandatory health
screening examinations for all enrollees 40 years or older.14

The health screening examination consists of a self-reported
questionnaire on health behavior, body measurements includ-
ing height, weight, and blood pressure, and blood and urine
tests. From this claims database, the NHIS provides a part of
its data for research purposes that include information on
inpatient and outpatient hospital use, drug prescriptions,
death dates, and results from health screening examinations.
The NHIS database was previously used for multiple epide-
miological studies, and its validity is described in detail
elsewhere.14,15

Among 313 537 participants aged 50 or older, we
excluded 31 293 participants who were diagnosed with CP
during 2002. Furthermore, we excluded 16 173 participants
with missing values on covariates. Finally, 1942 and 1780
participants who were diagnosed with dementia or died
before the index date were excluded, respectively. The final
study population consisted of 262 349 participants. All par-
ticipants were grouped as healthy (no CP) or diagnosed
with CP during 2003-2004. Starting from January 1, 2005,
the participants were followed up until date of dementia
diagnosis, date of death, or December 31, 2015, whichever
came first.

This study was approved by the institutional review
board of Seoul National University Hospital (IRB number
E-1801-019-912). The requirement for informed consent
was waived because the NHIS-HEALS database is anon-
ymized with strict confidentiality guidelines.

Key Variables

CP was defined as being diagnosed with CP according to
the International Classification of Diseases, Tenth Revision

(ICD-10 code K05.3), and having undergone at least one of
the CP-related treatments.16 The considered CP-related treat-
ments were subgingival curettage, periodontal flap operation,
gingivectomy, and odontectomy.16 Participants who were
not diagnosed with CP and did not undergo CP-related treat-
ment were considered healthy. Dementia was defined as
being prescribed with dementia-related drugs under a diag-
nosis for AD (ICD-10 codes F00, G30) or VD (ICD-10 code
F01).17 The considered dementia-related drugs were donepe-
zil, galantamine, rivastigmine, and memantine.17

The considered covariates included age (years, continu-
ous), sex (categorical, men and women), household income
(categorical, first, second, third, and fourth quartiles), smok-
ing status (categorical, never, past, and current smoker),
alcohol consumption (categorical, none, 0-1, 1-2, 3-4,
and ≥5 times per week), physical activity (categorical, none,
1-2, 3-4, 5-6, and 7 times per week), body mass index (con-
tinuous, kg/m2), systolic blood pressure (continuous, mm
Hg), fasting serum glucose (continuous, mg/dL), total choles-
terol (continuous, mg/dL), and Charlson Comorbidity Index
(categorical, 0, 1, 2, ≥3). Household income was derived
from the insurance premium, and body mass index was cal-
culated by dividing height in meters by weight in kilograms
squared.

Statistical Analysis

Cox proportional hazard regression was used to determine
the adjusted hazard ratios (aHRs) and 95% confidence
intervals (CIs) of overall dementia, AD, and VD according
to CP. Furthermore, we conducted a stratified analysis for
the association of CP on dementia according to subgroups
of smoking, physical activity, and alcohol consumption.
Finally, a sensitivity analysis on the effect of CP on demen-
tia after excluding participants diagnosed with dementia up
to 5 years after the index date was conducted.

Statistical significance was considered at P < .05 in a
two-sided manner. All data analyses were conducted using
SAS software v.9.4 (SAS Institute Inc, Cary, NC).

RESULTS

Table 1 shows the descriptive characteristics of the study
population. Among 262 349 participants, 216 005 did not
have CP and 46 344 were diagnosed with CP. The mean
age for healthy and CP patients were 60.4 years (standard
deviation [SD] = 7.7) and 60.2 years (SD = 7.3), respec-
tively. The percentages of male healthy and CP patients
were 49.4% and 56.8%, respectively. Compared with
healthy participants, CP patients tended to have higher pro-
portions of men, have higher household income, smoke,
consume more alcohol, and exercise more.

The association of CP on overall dementia, AD, and
VD is shown in Figure 1. Compared with healthy partici-
pants, CP patients had a higher risk for overall dementia
(aHR = 1.06; 95% CI = 1.01-1.11; P = .015) and AD
(aHR = 1.05; 95% CI = 1.00-1.11; P = .042). Similarly, CP
patients tended to have increased risk for VD (aHR = 1.10;
95% CI = 0.98-1.22; P = .088), although it was not statisti-
cally significant. Table 2 depicts the results from a stratified
analysis on the association of CP on dementia according
to subgroups of smoking, physical activity, and alcohol
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consumption. Compared with healthy participants, CP patients
who were never-smokers (aHR = 1.06; 95% CI =
1.01-1.12), exercised (aHR = 1.09; 95% CI = 1.01-1.18),
and did not consume alcohol (aHR = 1.06; 95% CI =
1.00-1.12) had a higher risk for overall dementia in their
respective subgroups. Similarly, never-smokers (aHR = 1.08;
95% CI = 1.02-1.14), participants who exercised (aHR =
1.11; 95% CI = 1.02-1.21), and did not consume alcohol
(aHR = 1.08; 95% CI = 1.02-1.14) had an elevated risk for
AD compared with healthy participants in their respective
subgroups.

Finally, Table 3 depicts the association of CP on
dementia after excluding participants diagnosed with
dementia up to 5 years after the index date. The risk of
overall dementia after excluding participants with dementia
up to 5 years after the index date tended to be preserved
(aHR = 1.04; 95% CI = 0.98-1.10). Similarly, CP patients
after a 5-year washout for dementia tended to have an

increased risk for AD (aHR = 1.04; 95% CI = 0.98-1.10)
and VD (aHR = 1.06; 95% CI = 0.92-1.21).

DISCUSSION

In this population-based longitudinal study, we showed that
compared with participants without CP, those with CP had
a 6% higher risk for dementia. This association held true
after adjustments for lifestyle behaviors including smoking,
alcohol consumption, and physical activity. To our knowl-
edge, this is the first study to demonstrate that CP was asso-
ciated with higher dementia risk even after adjustments for
lifestyle behaviors.

A number of previous studies that have investigated the
association between CP and dementia are in line with our
findings. In 2009, Grabe and colleagues determined the
association between number of teeth, a surrogate marker
for CP, and the Mini-Mental State Examination (MMSE)
scores.6 They found a significant positive relationship
between number of teeth and MMSE scores for women (β
coefficient = .045; 95% CI = .011-.079).6 Moreover, Mar-
tande and colleagues showed that clinical parameters for
CP such as plaque index, gingival index, probing pocket
depth, clinical attachment level, and percentage of bleeding
on probing were all significantly worse among AD patients
compared with those without AD.18 In 2016, Ide and col-
leagues demonstrated that CP patients had significantly
lower Alzheimer’s Disease Assessment Scale (mean differ-
ence = 5.2; 95% CI = 1.7-8.8) and MMSE (mean differ-
ence = −1.8, 95% CI = −3.6 to −.03) scores compared
with healthy participants.19 Finally, using a claims data
from Taiwan in 2017, Chen and colleagues showed that CP
was associated with increased risk for AD (aHR = 1.71;
95% CI = 1.15-2.53).10 The results from our study further
add to those from previous studies by showing that CP was
significantly associated with dementia even after adjust-
ments for smoking, alcohol consumption, and physical
activity.

Table 1. Descriptive characteristics of the study
population

Healthy
Chronic

periodontitis

No. of people 216 005 46 344
Age, y, mean (SD) 60.4 (7.7) 60.2 (7.3)
Sex, N (%)

Men 106 684 (49.4) 26 342 (56.8)
Women 109 321 (50.6) 20 002 (43.2)

Household income, N (%)
First quartile (highest) 64 213 (29.7) 15 294 (33.0)
Second quartile 61 545 (28.5) 13 421 (29.0)
Third quartile 50 088 (23.2) 9934 (21.4)
Fourth quartile (lowest) 40 159 (18.6) 7695 (16.6)

Smoking status, N (%)
Never-smoker 158 337 (73.3) 31 261 (67.5)
Past smoker 16 795 (7.8) 4184 (9.0)
Current smoker 40 873 (18.9) 10 899 (23.5)

Alcohol consumption, times per week, N (%)
None 139 091 (64.4) 28 144 (60.7)
0-1 25 659 (11.9) 5861 (12.7)
1-2 27 095 (12.5) 6622 (14.3)
3-4 13 008 (6.0) 3239 (7.0)
≥5 11 152 (5.2) 2478 (5.4)

Physical activity, times per week, N (%)
None 129 145 (59.8) 25 795 (55.7)
1-2 43 470 (20.1) 10 369 (22.4)
3-4 19 060 (8.8) 4448 (9.6)
5-6 5403 (2.5) 1334 (2.9)
7 18 927 (8.8) 4398 (9.5)

Body mass index, kg/m2,
mean (SD)

24.0 (3.0) 24.2 (2.9)

Systolic blood pressure, mm
Hg, mean (SD)

130.2 (18.8) 129.9 (18.3)

Fasting serum glucose,
mg/dL, mean (SD)

100.0 (34.2) 102.0 (37.3)

Total cholesterol, mg/dL,
mean (SD)

202.7 (38.8) 202.4 (38.9)

Charlson Comorbidity Index, N (%)
0 68 625 (31.8) 14 342 (31.0)
1 60 534 (28.0) 12 967 (28.0)
2 41 136 (19.0) 9025 (19.5)
≥3 45 710 (21.2) 10 010 (21.6)

Abbreviation: SD = standard deviation.

Figure 1. Hazard ratios for dementia according to chronic
periodontitis Adjusted hazard ratio calculated by Cox propor-
tional hazards regression analysis after adjustments for age,
sex, household income, smoking status, alcohol consumption,
physical activity, body mass index, systolic blood pressure, fast-
ing serum glucose, total cholesterol, and Charlson Comorbidity
Index.
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Three main mechanisms may explain the association
between CP and vascular or neurodegenerative disease:
direct invasion of periodontopathogens, increased inflam-
matory markers, and induction of atherosclerotic plaques.
First, upon CP, periodontopathogens may enter the sys-
temic circulation and cross the blood-brain barrier (BBB) to
invade the brain.20 Once inside the brain, the pathogens’
lipopolysaccharides may stimulate cytokine production, caus-
ing an increased inflammatory state.12 Furthermore, certain
pathogen products may induce the formation of beta amy-
loid and tau protein, both of which are observed in AD.21

Second, CP may contribute to the development of dementia
by inducing a systemic inflammatory state.22 CP leads to the
release of proinflammatory cytokines such as interleukin
(IL)-1, IL-6, and tumor necrosis factor-α.23 Such inflamma-
tory mediators can be transported through the BBB into the
brain, thus causing inflammation within the brain tissue.
Upon prolonged inflammation, beta amyloid products build
up, which in turn induces even more cytokine production,
thus creating a feedback cycle of increasing inflammation
and tissue destruction.24 Third, CP may lead to increased

atherosclerotic plaques by causing endothelial cell damage.11

Increased atherosclerosis and damage of vascular tissue was
previously shown to be associated with a heavier burden of
neuritic plaques and neurofibrillary tangles, thus leading to
an increased risk for dementia.25

A major limitation of previous studies investigating the
association between CP and dementia is the lack of consid-
eration of lifestyle behaviors such as smoking, alcohol con-
sumption, and physical activity. For example, the Finnish
Geriatric Intervention Study to Prevent Cognitive Impair-
ment and Disability (FINGER) study depicted that a multi-
domain approach including healthier lifestyle behaviors is
beneficial in preventing cognitive decline, and therefore life-
style behaviors could act as important confounders in the
association between CP and dementia.26 Although the risk-
increasing effect of CP on dementia was preserved regard-
less of smoking, alcohol consumption, and physical activity,
there was a tendency toward a stronger association between
CP and dementia among participants with healthy behav-
iors (eg, never-smokers and participants who exercise and
do not consume alcohol). These findings do not necessarily

Table 2. Stratified analysis on the association of chronic periodontitis with dementia according to subgroups

Adjusted hazard ratio (95% confidence interval)

Overall dementia Alzheimer’s disease Vascular dementia

Smoking
Never-smoker 1.06 (1.01-1.12) 1.08 (1.02-1.14) 1.06 (0.93-1.20)
Past or current smoker 1.03 (0.93-1.13) 0.98 (0.87-1.09) 1.21 (0.98-1.49)

Physical activity
No 1.03 (0.97-1.09) 1.02 (0.96-1.09) 1.10 (0.97-1.26)
Yes 1.09 (1.01-1.18) 1.11 (1.02-1.21) 1.07 (0.89-1.29)

Alcohol consumption
No 1.06 (1.00-1.12) 1.08 (1.02-1.14) 1.06 (0.93-1.21)
Yes 1.04 (0.95-1.14) 0.98 (0.89-1.09) 1.19 (0.98-1.45)

Note: Adjusted hazard ratio calculated by Cox proportional hazards regression analysis after adjustments for age, sex, household income, smoking status,
alcohol consumption, physical activity, body mass index, systolic blood pressure, fasting serum glucose, total cholesterol, and Charlson Comorbidity Index.

Table 3. Sensitivity analysis on the association of chronic periodontitis on dementiaa

Chronic periodontitis
Washout period, y

Healthy 1 2 3 4 5

Overall dementia
Events 10 299 2023 1950 1848 1706 1493
Person-years 2 208 610 477 303 477 122 476 764 476 126 474 946
aHR (95% CI) 1.00 (Ref.) 1.06 (1.01-1.11) 1.06 (1.01-1.11) 1.06 (1.00-1.11) 1.06 (1.00-1.12) 1.04 (0.98-1.10)

Alzheimer’s disease
Events 8989 1770 1708 1617 1503 1337
Person-years 2 212 950 478 254 478 101 477 782 477 270 476 349
aHR (95% CI) 1.00 (Ref.) 1.06 (1.01-1.12) 1.06 (1.01-1.12) 1.05 (1.00-1.11) 1.06 (1.00-1.12) 1.04 (0.98-1.10)

Vascular dementia
Events 1850 388 373 360 328 288
Person-years 2 234 077 482 503 482 466 482 420 482 276 482 055
aHR (95% CI) 1.00 (Ref.) 1.09 (0.97-1.22) 1.09 (0.97-1.22) 1.10 (0.98-1.24) 1.11 (0.98-1.25) 1.06 (0.92-1.21)

Note: The aHR was calculated by Cox proportional hazards regression analysis after adjustments for age, sex, household income, smoking status, alcohol
consumption, physical activity, body mass index, systolic blood pressure, fasting serum glucose, total cholesterol, and Charlson Comorbidity Index.
Abbreviations: aHR = adjusted hazard ratio; CI = confidence interval.
aAfter excluding participants diagnosed with dementia within the first 1 to 5 years after the index date.
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contradict but are rather parallel reports from previous
studies because our findings do not compare dementia risk
across different health behaviors, but rather the risk of
dementia according to CP in participants with similar
health behaviors. Due to the lack of detrimental effects of
unhealthy behaviors on dementia, the risk-increasing effect
of CP on dementia may have been simply more pronounced
among participants with healthy behaviors. Nonetheless,
the exact roles of lifestyle behaviors on the relationship
between CP and dementia are unclear and merit further
investigation.

Several limitations must be considered when interpret-
ing the results from our study. First, we had limited infor-
mation on a CP-related clinical index such as probing
pocket depth. Additional clinical information such as prob-
ing pocket depth would have been useful in determining
more accurately which participants had CP. Nonetheless,
we attempted to take this into account by using a combina-
tion of diagnosis and CP-related treatment codes, an
operational definition that was used in previous reports.16

Second, we did not have access to medical chart records
related to dementia but rather had to rely on diagnosis
codes and drug prescription records. Nonetheless, to claim
reimbursement for anti-dementia drugs from the NHIS, the
following two criteria must be met: first, an MMSE score of
26 or lower and second, either a Clinical Dementia Rating
of 1 or higher or a Global Deterioration Scale of 3 or
higher.17 Although this appears to enhance the reliability of
the diagnosis of dementia, future studies that use chart
records for a more accurate definition of dementia are
needed to validate the findings of our study.

Third, we could not adjust for level of education or
apolipoprotein E (APOE) e4 containing genotype, both of
which may be important confounders for the relationship
between CP and dementia. Nonetheless, we attempted to
compensate for this by adjusting for household income that
may act as a surrogate marker for education. Studies that
additionally take into consideration APOE e4 containing
genotype are needed. Fourth, because dementia is a slowly
developing chronic neurodegenerative disorder, the entire
effect of CP on dementia may not have been accurately por-
trayed in the 11 years of follow-up in our study. This could
in part explain the small observed effect sizes in our study,
which may increase upon longer follow-up durations.
Therefore, future studies with longer follow-up durations
are needed to validate our findings. Similarly, although the
statistical significance may be in part due to the large study
population, we have shown that statistical significance was
maintained even after excluding dementia patients diag-
nosed within the first 4 years of follow-up.

Despite these limitations, a number of strengths exist.
First, we considered lifestyle behavior including smoking,
alcohol consumption, and physical activity, a group of cov-
ariates that were not considered in previous studies, thus
enhancing the reliability of our results. Second, we also
determined the association of CP on VD as well as AD.
Although not significant, the tendency toward increased VD
risk for CP patients was not previously shown. Third, the
relatively large study population further enhances the gener-
alizability of our results. Finally, the extensive number of
covariates considered gives further weight to the reliability
of the findings from our study.

In conclusion, CP appeared to be associated with
increased risk for dementia even after taking into consider-
ation lifestyle behaviors including smoking, alcohol intake,
and physical activity. Future prospective studies investigat-
ing whether CP prevention and management actually lead
to reduced risk of dementia are needed to validate the find-
ings of this study.
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Editor’s Note

This study is interesting and timely. Consistent with a few previous reports in the literature, the authors found a modest,
statistically significant association between chronic periodontitis and incident dementia in general, and with incident Alz-
heimer’s disease (AD) in particular. There was also an association, although not statistically significant, with vascular
dementia. The authors propose three main potential mechanisms for this association: direct invasion of the brain by peri-
odontopathogens, increased inflammatory markers, and induction of atherosclerotic plaques. Shortly after this manu-
script was accepted in JAGS, a new study was published in Science Advances (the American Association for the
Advancement of Science’s open-access multidisciplinary journal), suggesting a link between periodontal bacteria (Por-
phyromonas gingivalis) and AD. Although periodontal bacteria were previously implicated in the development and pro-
gression of AD, this new study implies that inhibitors of gingipain (a toxic protease released by the bacteria) may be
useful in treating both P. gingivalis and neurodegeneration in AD. As the authors of the current study acknowledge, their
data have several limitations including using coded diagnoses for dementia, lacking detail on the degree of periodontitis,
and lacking data on some important potential confounders such as educational level and ApoE4 genotype. Nevertheless,
this study, in combination with the recently published report on P. gingivalis, should make us all think more seriously
about optimizing our own and our patients’ oral hygiene practices and dental care, with the added potential of perhaps
protecting our brain health as well.
-Joseph G. Ouslander, MD, and Mary Ganguli, MD, MPH
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