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Abstract.
Background: As infrequent social interaction is a potential risk of dementia, oral malodor may increase the risk of dementia,
including Alzheimer’s disease.
Objective: This study investigated the association between malodor and dementia.
Methods: We used the Japan Public Health Center-based Prospective Study data obtained at Yokote City. A total of 1,493
individuals aged 56 to 75 years underwent a dental examination and self-reported survey from May 2005 to January 2006.
Follow-up for the onset of dementia was conducted using long-term care insurance data from 2006 to 2016. Hazard ratios
of oral malodor on dementia were estimated by the Cox proportional hazards model. The inverse probability-weighted Cox
model was used as a sensitivity analysis.
Results: The study comprised 1493 participants (53.6% women) with a mean age of 65.6 (SD = 5.8) years old; at the
end of the follow-up, 6.4% (n = 96) developed dementia, and the percentage was 20.7 in severe malodor group. Through-
out 15274.133 person-years of follow-up, the average incidence rate for the onset of dementia per 1000 person-years was 6.29.
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The highest incidence rate was seen in participants with severe malodor (22.4 per 1000 person-years). After adjusting for
confounders, compared to those with no malodor, there was a 3.8 (95% confidence interval: 1.5 to 9.4) times greater hazard
of developing dementia in participants with severe malodor. The inverse probability weighted Cox model confirmed the same
trend with an adjusted marginal hazard ratio of 4.4 (1.2 to 16.4).
Conclusions: A significant association between oral malodor and the onset of dementia exists.

Keywords: Alzheimer’s disease, dementia, oral health, oral malodor

INTRODUCTION

Along with increasing global life expectancy, there
has been a remarkable expansion of the world’s aging
population [1]; consequently, dementia has become
a growing concern worldwide. Globally, the number
of people with dementia is estimated to triple from
57.4 (95% uncertainty interval of 50.4 to 65.1) mil-
lion cases in 2019 to 152.8 (130.8 to 175.9) million
cases in 2050 [2]. In addition, handling this complex
syndrome requires substantial economic resources; a
meta-analysis reported the annual expense of demen-
tia per person in 2015 in European countries and
the United States was D 32,506.73 and D 42,898.65,
respectively [3]. People with all types of demen-
tia, including Alzheimer’s disease (AD), required
approximately 15.3 billion hours of care from 11
million caregivers around the world in 2020 [4].
Moreover, the prevalence of dementia among older
people over 65 years old in Japan is expected to sur-
pass 25% in the next 25 years [5].

Studies have indicated that oral health contributes
to the risk of dementia. A systematic review revealed
that tooth loss was shown to raise the risk of dementia
and cognitive decline [6]. Another meta-analysis of
419 articles and 11 studies identified a link between
a greater number of remaining teeth and a lower risk
of dementia [7]. A recent meta-analysis also reported
the association of periodontal disease with AD, the
most common form of dementia [8].

The proposed mechanism, which elaborated the
relationship between oral health and dementia, was
largely based on animal experiments [9]. A previous
systematic review highlighted the triggering biomed-
ical mechanisms such as the mechanical, aggravation,
and long-term inflammatory stress pathways [9].
The reduction in mastication stimuli decreasing the
strength of neural pathway connections, tooth loss
accelerating neurodegeneration, and inflammatory
stress from periodontitis causing inflammatory cas-
cade in the central nervous system are arguments used
to explain the link between oral health and dementia.

In addition, the reduction in social contact result-
ing from poor oral health is considered a mechanism

linking oral health and dementia because a low level
of social communication is one of the 12 poten-
tially modifiable risks of dementia [10]. Other studies
reported that among older people, poor oral health
was a predictor of becoming homebound, which
reduces social interaction [11, 12]. Furthermore, one
study using mediation analysis found that social
factors were particularly effective at explaining the
relationship between tooth loss and the onset of
dementia [13]. From this perspective, oral malodor
could increase the risk of dementia because it largely
impacts social interactions [14].

Oral malodor, or bad breath, is a foul smell that
emerges from the mouth or nose [15]. This unpleas-
ant odor is primarily caused by the excessive amount
of volatile sulfur compounds in exhaled air as a con-
sequence of oral bacteria’s actions [16, 17]. Even
though there are numerous causes for bad breath, the
origin of 90% of the cases may arise from oral cavity
issues such as inadequate oral hygiene, periodontal
disease, tongue coating, and many other problems
[18]. According to epidemiological research, the
prevalence of oral malodor is thought to vary from
2.4% to 78% [17, 19], and the American Dental Asso-
ciation estimated that approximately 50% of adults in
the United States possess foul breath [20]. This dis-
ease may negatively impact relationships with other
people and create social and psychological difficul-
ties for bad breath bearers [21]. Hence, oral malodor
is increasingly acknowledged as a notable public
health concern [15, 22]. No studies have investigated
the relationship between oral malodor and demen-
tia. Therefore, this cohort study aimed to evaluate the
association between oral malodor and dementia.

METHODS

Data collection

The participants of the present study comprised
a sub-cohort of individuals in the area of Yokote
Public Health Center, which belonged to the Japan
Public Health Center-based Prospective Study (JPHC
Study) Cohort I. This Cohort I consisted of resi-
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dents aged 40 to 59 years and aimed to prospectively
monitor the morbidity and mortality of numerous dis-
eases in the Japanese population [23]. The study was
launched in 1990 and conducted in 5 public health
center areas (Iwate, Akita, Nagano, Okinawa, and
Tokyo). In this study, we used the JPHC study data
obtained at the Yokote Public Health Center area in
Akita Prefecture between 2005 and 2006 because it
was the only location where the oral health survey
was carried out. As such, the previously mentioned
time frame served as the baseline for our analysis.

This oral health survey targeted 15,782 residents
aged 56 to 75. The recruitment of participants for
the survey was completed by sending out letters of
invitation addressing the study’s protocol. In May
2005, self-reported oral health questionnaires were
collected. From July 2005 to January 2006, 1518
adults who completed the previous questionnaires
participated in the dental examination performed by
clinical dentists. Participants were followed up from
January 2006 to December 2016. Individuals with
missing follow-up information were excluded from
our analysis. Overall, data from 1,493 participants
were included in the study. The flowchart of the par-
ticipants is shown in Fig. 1.

In this 11-year follow-up cohort study utilizing
the data from the JPHC Study, all the procedures
involving human subjects conformed with the Dec-
laration of Helsinki in 1975. For the secondary data
analysis, approval was obtained from the Ethics Com-
mittee of the National Cancer Center Japan (Approval
No. 2015-085) and the Tokyo Medical and Den-
tal University Ethical Committee, Japan (Approval
No. D2019-070). Hence, participant consent was not
required for this study. Prior to use, the data were
anonymized.

Outcome variable

The outcome variable of this study was the onset
of disabling dementia. The certified records from the
national Long-term Care Insurance system were used
to determine participants with disabling dementia.

The Long-term Care Insurance system is a
government-mandated insurance program initiated
by the Japanese Ministry of Health, Labor, and Wel-
fare in 2000. Residents who are 65 years and older and
people with disability between 40 and 64 years could
request for “functionally disabled status” to obtain
long-term care at the municipality level. The munic-
ipal government evaluated the application using two
documents: a thorough evaluation of the applicant’s

Fig. 1. Flowchart of the study participants.

state of functional health and a written report from a
primary care doctor providing that individual’s level
of cognitive disability [24].

The cognitive disability severity scales were cat-
egorized into eight levels: level 0, I, IIa, IIb, IIIa,
IIIb, IV, and Medical (M), ranging from no demen-
tia to severe dementia with specialized medical care
[24, 25]. Level 0 denoted no dementia, while level
I indicated individuals exhibiting specific symptoms
of dementia yet maintaining a high level of indepen-
dence in both domestic and social aspects of daily life.
Level IIa and IIb characterized dementia with mild
communication difficulties but maintaining indepen-
dence in daily living with minimal supervision. At
levels IIIa and IIIb, individuals faced greater chal-
lenges in communication and required partial care.
Level IV demonstrated severe dementia with sig-
nificant communication difficulties and a need for
complete care. Finally, level M specified those with
additional psychiatric symptoms, behavioral issues,
or serious medical conditions demanding specialized
medical attention.

From that assessment process, disabling dementia
was determined with the certification of any degree
which required long-term care, and the physician’s
written judgement in the following levels of cognitive
disability severity (level IIa, IIb, IIIa, IIIb, IV, or M)
[24, 25].

Furthermore, the dementia rating scale was shown
to have a strong correlation (r = 0.74) with the results
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of the Mini-Mental State Examination, according to a
clinically-based study in 2009 [26]. Besides the JPHC
study, other studies, such as the Japan Gerontological
Evaluation Study (JAGES) and other previous studies
in Japan, also used the same standards to determine
participants with disabling dementia [25, 27–30].

From January 1, 2006, the follow-up of partici-
pants continued until December 31, 2016. The end of
the follow-up date was whichever came first of the
following: the date the participant left the study, the
date of death, the date at which dementia onset was
determined, or the final day of the follow-up.

Main exposure: Oral malodor

We used the variables of oral malodor and oral
health confounders from the 2005–2006 oral health
survey. In this survey, 43 participating dentists
performed standardized clinical oral examinations.
Before the survey, a guidebook was distributed and
verbal explanations were provided to the dentists as
part of the training and calibration process [31]. The
guidebook included the essential oral examination
criteria based on the WHO’s handbook [32] and other
examination criteria for oral malodor and gingival
redness.

The main exposure variable of this study was oral
malodor. Genuine oral malodor [33–35] was assessed
through the organoleptic method by a dentist and
classified as no, mild, or severe malodor. The fol-
lowing criteria were used to determine the condition
during the oral examination with the mask removed.
Mild oral malodor was described as an odor that can
be eventually detected by bringing the nose close to
the patient. Severe oral malodor was defined as an
odor that can be clearly diagnosed at the face-to-face
position when conducting the examination.

Confounders

Based on previous studies [10, 13], confounders
in this study included demographic factors (age
and sex), socioeconomic status (highest educational
level), body mass index (BMI), health behaviors (fre-
quency of alcohol consumption and smoking status),
and comorbidities. We also used oral health con-
founders: gingival redness, the number of remaining
teeth, and the frequency of tooth brushing. Gingival
redness was used as a proxy for periodontal disease.

Information on these confounders was gathered
from the self-reported survey carried out in 1990
for Cohort I of the JPHC Study [36]. The age of

the participants in 2006 was used in this paper. The
highest educational level was divided into three cate-
gories: above high school, high school, and junior
high school. BMI was calculated using the for-
mula weight (kg)/height (m)2 and categorized as
either < 25 or ≥ 25 kg/m2. The frequency of alcohol
consumption was classified as rarely, a few times a
week, and daily. Smoking status, extracted from the
self-reported oral health questionnaire, was recorded
as one of three categories: never, past, or current. We
used a dichotomous variable for comorbidities that
indicated the presence of a history of diabetes, stroke,
hypertension, or myocardial infarction.

Gingival redness and the number of remaining
teeth were obtained from the dental examinations
conducted in dental clinics. The frequency of tooth
brushing was obtained from the self-reported oral
health questionnaire. Gingival redness was recorded
as yes or no. The number of remaining teeth was cate-
gorized as ≥ 28, 20–27, 10–19, or 0–9. The frequency
of tooth brushing was split into three groups: ≥3
times a day, 2 times a day, and ≤ 1 time a day.

Statistical analysis

At first, we calculated the incidence rates of
dementia per 1000 person-years by subgroups
defined by oral malodor and the aforementioned con-
founders. Then, we calculated the hazard ratios (HRs)
of oral malodor on dementia using the Cox propor-
tional hazards model. We fitted both the univariable
model and multivariable model with all previously
listed confounders. From the multivariable model,
we drew the adjusted survival curves predicted by
the mean values of each confounder.

As a sensitivity analysis, we applied the inverse
probability weighted (IPW) Cox model as an alter-
native to the multivariable Cox model [37, 38]. In
this approach, the IPW Cox Model created a pseudo-
population in which exposed or unexposed groups
have similar baseline confounder distributions [39].
This method enabled the estimation of the marginal
HR for the entire population without conditioning on
the confounders [40]. In this method, the propen-
sity scores of each malodor group were estimated
through the multinomial logistic model with a gen-
eral logit link function by a formula that depends on
all the confounders. The estimated propensity scores
were converted into inverse probability weights using
the R package “WeightIt” with selected estimand of
average treatment effect among the whole study pop-
ulation [41, 42]. The average treatment effect can be
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explained as the disparity if all the population mem-
bers were exposed, as opposed to if they were all
not exposed [43]. After that, we fitted the IPW Cox
model using the weights to estimate the marginal HR
[44] with the robust variance estimator for calculating
confidence intervals (CIs) [38, 45].

The numbers and percentages of missing variables
were demonstrated in Supplementary Table 1. To
handle missing data, we assumed the “missing at
random” mechanism and conducted multiple impu-
tation to minimize bias [46]. Multiple imputation by
chained equations was applied to create 20 imputed
datasets. The variables used in the imputation were
exposure, confounders, and outcome variables [47],
including: oral malodor, age, sex, the number of
remaining teeth, the frequency of tooth brushing, gin-
gival redness, BMI, comorbidities, smoking status,
the frequency of alcohol consumption, the high-
est educational level, and the onset of dementia.
The average estimates were obtained using Rubin’s
rule [48]. For another sensitivity analysis, we made
analyses for those without any missing responses -
complete case analysis.

Besides, in order to evaluate the robustness of the
causal relationship against unmeasured confounders,
the E-values were computed for the estimated HRs
[49, 50]. These values indicate the magnitude of the
associations of an unmeasured confounder required
to fully explain the relationship with oral malodor
(i.e., prevalence ratios of the unmeasured confounder
between oral malodor groups) and dementia (i.e., rel-
ative dementia risk between the presence and absence
of the unmeasured confounder) [49, 50]:

E-value = HR +
√

HR × (HR - 1).

The data were analyzed by the software Stata (ver-
sion 17.0; Stata Corp LLC, College Station, TX,
USA) for multiple imputation and unweighted Cox
models, and R (version 4.2.0; R Foundation for Statis-
tical Computing, Vienna, Austria) for the IPW Cox
model. Two-sided P < 0.05 was considered statisti-
cally significant.

RESULTS

In total, 1,493 participants were included in
the analyzed population. The mean age was 65.6
(SD = 5.8) years old, and 53.6% of the participants
were women. Overall, 6.4% of participants expe-
rienced the onset of dementia during follow-up.
During the 15274.133 person-years of follow-up

(mean 7.54, median 8.23, maximum 10.99 years), the
total incidence rate for the onset of dementia per 1000
person-years was 6.29.

The baseline characteristics of participants, strat-
ified by oral malodor after multiple imputation, are
shown in Table 1. Those with severe malodor tended
to be older, men, and had poorer oral health condi-
tions except for the number of remaining teeth. The
percentages of the participants who experienced the
onset of dementia among participants with no, mild,
and severe malodor were 6.8%, 5.2%, and 20.7%,
respectively.

The incidence rates of dementia per 1000
person-years stratified by the characteristics of the
participants after multiple imputation are presented in
Table 2. On average, the incidence rate of dementia
was 6.29 per 1000 person-years. The highest inci-
dence rate was observed among those with severe
malodor (22.4 per 1000 person-years), and the rates
among those with mild and no malodor were 5.1 and
6.6, respectively.

The HRs of oral malodor on dementia using
Cox models after multiple imputation are shown in
Table 3. After adjusting for all confounders, com-
pared to those with no malodor, those with severe
malodor had a 3.8 (95% CI: 1.5 to 9.4) times signifi-
cantly higher hazard for developing dementia.

Figure 2 shows the adjusted survival curves for
the probability of not developing dementia during 11
years of follow-up by oral malodor condition. Par-
ticipants with severe malodor showed lower survival
rates.

The marginal HRs of oral malodor on dementia
obtained from IPW Cox model after multiple impu-
tation are shown in Table 3. Compared to no malodor,
the marginal HR for developing dementia was esti-
mated to be 4.4 (95% CI: 1.2 to 16.4) in severe
malodor.

Additionally, the E-values for the point estimate of
the HR obtained from the multivariable Cox model
and the HR obtained from the IPW Cox model were
7.1 (95% CI: 4.6 to 9.5) and 8.4 (95% CI: 6.7 to
10.0), respectively. These values suggested that the
observed HR in the multivariable or IPW Cox model
(HR is around 4) could be explained by an uncon-
trolled confounder that was 7–8 times more prevalent
among severe oral malodor and associated with the
onset of dementia by the relative risk of 7–8. How-
ever, less powerful confounders could not explain
that.

Complete case analysis in Supplementary Table 2
showed results similar to those described in Table 3.
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Table 1
Baseline characteristics of participants, stratified by oral malodor after multiple imputation (n = 1,493)

Characteristics Oral malodor
None Mild Severe Total
(%) (%) (%) (%)

Total 886 (100%) 578 (100%) 29 (100%) 1493 (100%)
Age

55–59 174 (19.6%) 112 (19.4%) 6 (20.7%) 292 (19.6%)
60–64 229 (25.8%) 134 (23.2%) 4 (13.8%) 367 (24.6%)
65–69 214 (24.2%) 144 (24.9%) 6 (20.7%) 364 (24.4%)
70–75 269 (30.4%) 188 (32.5%) 13 (44.8%) 470 (31.4%)

Sex
Men 370 (41.8%) 307 (53.1%) 16 (55.2%) 693 (46.4%)
Women 516 (58.2%) 271 (46.9%) 13 (44.8%) 800 (53.6%)

Frequency of tooth brushing
≥3 times a day 276 (31.2%) 160 (27.7%) 6 (1.0%) 442 (29.6%)
2 times a day 413 (46.6%) 244 (42.2%) 12 (2.1%) 669 (44.8%)
≤1 time a day 197 (22.2%) 174 (30.1%) 11 (1.9%) 382 (25.6%)

Gingival redness
No 489 (55.2%) 190 (32.9%) 3 (10.3%) 682 (45.7%)
Yes 397 (44.8%) 388 (67.1%) 26 (89.7%) 811 (54.3%)

Number of remaining teeth
≥28 130 (14.7%) 89 (15.4%) 8 (27.6%) 227 (15.2%)
20–27 409 (46.2%) 252 (43.6%) 11 (37.9%) 672 (45.0%)
10–19 175 (19.8%) 137 (23.7%) 9 (31.0%) 321 (21.5%)
0–9 172 (19.3%) 100 (17.3%) 1 (3.5%) 273 (18.3%)

BMI
<25 683 (77.1%) 455 (78.7%) 23 (79.3%) 1161 (77.8%)
≥25 203 (22.9%) 123 (21.3%) 6 (20.7%) 332 (22.2%)

Comorbidities†
No 745 (84.1%) 473 (81.8%) 24 (4.2%) 1242 (83.2%)
Yes 141 (15.9%) 105 (18.2%) 5 (0.8%) 251 (16.8%)

Smoking status
Never 639 (72.1%) 366 (63.3%) 20 (69.0%) 1025 (68.7%)
Past 163 (18.4%) 118 (20.4%) 4 (13.8%) 284 (19.0%)
Current 84 (9.5%) 94 (16.3%) 5 (17.2%) 184 (12.3%)

Frequency of alcohol consumption
Rarely 407 (45.9%) 226 (39.1%) 10 (1.7%) 643 (43.1%)
A few times a week 264 (29.8%) 157 (27.2%) 8 (1.4%) 429 (28.7%)
Daily 215 (24.3%) 195 (33.7%) 11 (1.9%) 421 (28.2%)

Highest educational level
Above high school 157 (17.7%) 94 (16.3%) 4 (0.7%) 254 (17.0%)
High school 453 (51.1%) 279 (48.3%) 13 (2.2%) 746 (50.0%)
Junior high school 276 (31.2%) 205 (35.4%) 12 (2.1%) 493 (33.0%)

Onset of dementia
No 826 (93.2%) 548 (94.8%) 23 (79.3%) 1397 (93.6%)
Yes 60 (6.8%) 30 (5.2%) 6 (20.7%) 96 (6.4%)

†Comorbidities variable indicated the presence of a history of diabetes, stroke, hypertension, or myocardial infarction.

DISCUSSION

To the best of our knowledge, this is the first study
to evaluate the association between oral malodor and
dementia. Within 11 years of the study, after adjusting
for all confounders, those with severe malodor had a
3.8 (95% CI: 1.5 to 9.4) times substantially higher
hazard of developing dementia than those with no
malodor. The same trends were confirmed when we
examined the association using a different analysis.

In the confounder-adjusted IPW Cox Model, when all
participants had severe malodor, these people might
have 4.4 (95% CI: 1.2 to 16.4) times significantly
higher hazard for developing dementia compared to
when all the participants had no malodor. From the
E-value, this association was considered to be robust.

Previous studies have also reported that people
with poor oral health conditions may be at a higher
risk of dementia. Another systematic review and
meta-analysis of 21 observational studies concluded
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Table 2
Incidence rates of dementia per 1000 person-years stratified by the characteristics of the participants after multiple imputation (n = 1,493)

Characteristics Total No. of subjects Onset of Dementia Incidence rate per 1000 person-years

Total 1493 (100%) 96 (100%) 6.29
Age

55–59 292 (19.6%) 4 (4.2%) 1.28
60–64 367 (24.6%) 5 (5.2%) 1.29
65–69 364 (24.4%) 25 (26.0%) 6.62
70–75 470 (31.4%) 62 (64.6%) 13.76

Sex
Men 693 (46.4%) 37 (38.5%) 5.33
Women 800 (53.6%) 59 (61.5%) 7.08

Frequency of tooth brushing
≥3 times a day 442 (29.6%) 32 (33.3%) 6.95
2 times a day 669 (44.8%) 43 (44.8%) 6.24
≤1 time a day 382 (25.6%) 21 (21.9%) 5.56

Gingival redness
No 682 (45.7%) 44 (45.8%) 6.29
Yes 811 (54.3%) 52 (54.2%) 6.28

Number of remaining teeth
≥28 227 (15.2%) 10 (10.4%) 4.29
20–27 672 (45.0%) 29 (30.2%) 4.16
10–19 321 (21.5%) 28 (29.2%) 8.62
0–9 273 (18.3%) 29 (30.2%) 10.63

BMI
<25 1161 (77.8%) 76 (79.2%) 6.36
≥25 332 (22.2%) 20 (20.8%) 6.02

Comorbidities†
No 1242 (83.2%) 68 (70.8%) 5.33
Yes 251 (16.8%) 28 (29.2%) 11.36

Smoking status
Never 1025 (68.7%) 74 (77.1%) 6.98
Past 285 (19.1%) 15 (15.6%) 5.32
Current 183 (12.2%) 7 (7.3%) 3.77

Frequency of alcohol consumption
Rarely 643 (43.1%) 56 (58.3%) 8.38
A few times a week 429 (28.7%) 20 (20.8%) 4.52
Daily 421 (28.2%) 20 (20.9%) 4.83

Highest educational level
Above high school 254 (17.0%) 17 (17.7%) 6.68
High school 746 (50.0%) 42 (43.8%) 5.38
Junior high school 493 (33.0%) 37 (38.5%) 7.46

Oral malodor
None 886 (59.3%) 60 (62.5%) 6.59
Mild 578 (38.8%) 30 (31.2%) 5.08
Severe 29 (1.9%) 6 (6.3%) 22.41

†Comorbidities variable indicated the presence of a history of diabetes, stroke, hypertension, or myocardial infarction.

Table 3
The hazard ratios of oral malodor on dementia using the univariable, multivariable-adjusted, and inverse probability weighted Cox proportional

hazards models after multiple imputation (n = 1,493)

Univariable model Multivariable model† Inverse probability weighted‡
Hazard (95% Confidence Hazard (95% Confidence Hazard (95% Confidence
Ratio Interval) Ratio Interval) Ratio Interval)

None 1 Reference 1 Reference 1 Reference
Mild 0.77 0.5; 1.19 0.78 0.5; 1.23 0.78 0.50; 1.24
Severe 3.53 1.53; 8.18 3.80 1.54; 9.37 4.44 1.20; 16.44

†Multivariable Cox proportional hazards model and ‡the inverse probability weighted Cox proportional hazards model were estimated
using all previously listed potential confounders: sex, age, number of remaining teeth, frequency of tooth brushing, gingival redness, BMI,
comorbidities, smoking status, frequency of alcohol consumption, and highest educational level.
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Fig. 2. Adjusted survival curves showing the probability of not
developing dementia by oral malodor condition during 11 years
of follow-up, estimated by the multivariable-adjusted Cox model
fitted after multiple imputation (n = 1,493).

that tooth loss was a risk factor for dementia [51].
The findings from a recent meta-analysis showed that
periodontitis was linked to cognitive impairment, and
subjects with severe periodontitis had higher chances
of developing dementia [52]. Our study provided
additional knowledge about oral malodor and demen-
tia. Even after considering the number of remaining
teeth and gingival health, oral malodor was signifi-
cantly and independently associated with the onset
of dementia.

Concerning possible mechanisms, the associa-
tion between oral malodor and dementia might be
explained by the mediation of social isolation. Social
isolation is a conceivable risk factor for demen-
tia [10]. A meta-analysis of 19 longitudinal cohort
studies demonstrated that people with less social par-
ticipation had a higher risk of developing dementia
[53]. Oral malodor affects social engagement. Self-
perceived oral malodor is a potential obstacle to social
interaction [54]. There is a correlation between self-
perceived bad breath and objective malodor detection
by organoleptic assessment [55]. Besides, people are
less likely to communicate with individuals who have
severe malodor. Bad breath is regarded as one of the
least attractive features of social connections and may
possess negative impacts on relations and psycho-
logical communications [56]. Patients with halitosis
experienced a moderate level of social distancing
[57]. Moreover, young people experiencing oral mal-
odor reported worse depression, lower self-esteem,
and isolation from society [58]. Hence, the asso-
ciation between oral malodor and dementia can be
explained by the mediation of social isolation.

Aside from social isolation, arguably alternative
pathways could be derived from periodontal disease
or periodontal bacteria. A previous systematic review

and meta-analysis reported an association between
periodontitis and oral malodor [59]. Nonetheless, as
this finding was drawn from cross-sectional studies,
the temporality of the events was not clearly iden-
tified. Since periodontitis was recognized as a risk
factor for dementia [60, 61], there is a possibility that
oral malodor might eventually be associated with the
onset of dementia. Besides, the presence of the peri-
odontopathic bacterium Porphyromonas gingivalis
could also be a potential threat. This type of pathogen
could be detected on the upper surface of the tongue
[62], contributing to the production of the offensive
odor. The quantity of these bacteria found on the
dorsal surface of the tongue in patients with periodon-
titis was substantially correlated with oral malodor
[63]. Moreover, prior research has demonstrated the
attention to the connection between Porphyromonas
gingivalis and AD [64, 65]. This bacterium, along
with its toxins, could cause persistent inflammation
in the brain and destruction of neurons, thus wors-
ening the pathology of AD [64]. Further studies are
needed to verify these potential directions.

This study possesses several strengths. First, this
is a longitudinal cohort study with a relatively long
follow-up period of 11 years. Therefore, the studied
period is sufficiently long to determine the tempo-
ral relationship between oral malodor and dementia.
Second, our study focused on oral malodor as a new
factor in relation to oral health and dementia. Oral
malodor is associated with communication and social
interactions. Social isolation is considered a potential
risk factor for dementia [10]. The present result sug-
gested the potential of oral health interventions as
a means of mitigating the increased risk of dementia
due to social isolation. Third, the oral malodor param-
eter in this study was measured in oral examinations
conducted by dentists. Thus, it has better validity than
self-reported indices.

Nevertheless, there are some limitations in this
study. First, objective instruments such as Halime-
ter or OralChroma [66] were not used to determine
oral malodor. However, organoleptic assessment by
a qualified expert is regarded as the gold standard for
identifying oral malodor [67]. The reliability of other
detection methods is compared with this organoleptic
assessment to confirm the disease. [67]. This method
was proven to be more reliable than bad breath testing
instruments [68]. For the quality assurance proce-
dure, the dentists received the guidebooks and verbal
explanations. However, clinical calibration was not
conducted. This could cause measurement errors of
oral malodor. If dentists tended to underestimate oral
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malodor status in people who were less likely to
have dementia or overestimate oral malodor status in
people who were more likely to have dementia, this
measurement error might lead to an overestimation
of results. However, there was no evidence that this
had happened. If the direction of the measurement
error were random, it would be expected to widen
the confidence intervals of the estimates. Hence, the
observed association in this study is considered to be
robust. Second, we could not record the number of
participants examined by each dentist. Third, some
confounders, such as BMI, frequency of alcohol con-
sumption, and comorbidities, were collected before
the baseline time point of our analysis. Therefore,
there might be some possible changes in these vari-
ables at the baseline. Fourth, considering the length
of the follow-up period, we were not able to eliminate
the possibility of reversal of causality. Fifth, we could
not account for confounders or exposure status chang-
ing over time. Seventh, the number of incident cases
of dementia was relatively small due to the relatively
younger target population. However, reasonable asso-
ciations were observed in our sample. For example,
concerning age and incidence rate of dementia, there
was a stable, increasing trend of incidence with age
(Table 1). Finally, the number of people with severe
malodor was relatively small. Thus, chance variation
(random error) is possible in the association between
malodor and dementia. We found a robust associa-
tion between malodor and dementia with a relatively
large E-value. However, further studies with a large
sample of those with severe malodor are required. In
conclusion, there is a significant association between
oral malodor and the onset of dementia.
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