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Oral hygiene, mouthwash usage and cardiovascular
mortality during 18.8 years of follow-up

Sok-Ja Janket,*" Caitlyn Lee,2 Markku Surakka,? Tejasvini G. Jangam,* Thomas E. Van Dyke," Alison E. Baird® and

Key points

Good oral hygiene self-care (OHS) that
encompasses both brushing and flossing was
associated with significantly lower risk of
cardiovascular mortality compared with poor
OHS during a median follow-up of 18.8 years.

Abstract

The patients who had coronary artery disease at
baseline also experienced a marginally significant
decrease in the risk of cardiovascular mortality with
good OHS (p =0.07).

The additional use of mouthwash with OHS did
not influence the risk of cardiovascular mortality.

Aim(s) We tested the following hypotheses: would better oral hygiene self-care (OHS) influence cardiovascular (CVD)
mortality? Will using mouthwash in addition to OHS affect CVD mortality? How does mouthwash usage impact the

oral microbes?

Design and methods Among 354 dentate subjects from the Kuopio Oral Health and Heart study, the association of
OHS with CVD mortality was assessed using Cox regression analyses, adjusting for age, sex, smoking, dyslipidemia,
diabetes, hypertension and education. Additionally, whether using mouthwash would affect this relationship was

evaluated.

Results In the multivariable-adjusted models, OHS was associated with a 51% reduction in the risk of CVD mortality
(hazard ratio [HR] 0.49 [0.28-0.85]; p = 0.01). Even those who had coronary artery disease at baseline showed a
marginally significant benefit (0.50 [0.24-1.06]; p = 0.07). However, mouthwash usage did not change OHS effects
(HR=10.49[0.27-0.87]; p = 0.01), indicating no additional benefits nor detriments. All tested microbes trended to
decrease with mouthwash usage in the short term, but none were statistically significant.

Conclusion Good OHS significantly lowered the risk of CVD mortality relative to poor OHS. Mouthwash usage did not
show any long-term harm or benefit on CVD mortality beyond the benefits rendered by brushing and flossing.

Introduction

The clinical health benefits of brushing and
flossing have been controversial.! Poor oral
hygiene was reported to be associated with
significant shifts in the composition and
function of the oral microbiome.? Moreover,

several recent randomised trials have
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demonstrated that oral hygiene performance
using an interdental brush decreased
periodontal pathogens identified by the real
time polymerase chain reaction (rt-PCR).? It
is, however, not established whether good oral
hygiene will result in systemic health benefits.
Thus, we examined if oral hygiene self-care
(OHS) at baseline is associated with reduced
risk of cardiovascular (CVD) mortality.

Some commensal bacteria possess nitrate
reductase that can generate vasodilator nitric
oxide (NO) from fruits and vegetables.* This
may provide a basis for the beneficial effects
of fruit and vegetable intake in diabetes
prevention as we reported previously.>® Several
studies claimed that the use of mouthwash
can decrease NO producing bacteria and
increased blood pressure,”® while other studies
did not find any change in blood pressure.*'
Blood pressure increase induced by the
mouthwash use was small (2.3 mm Hg) but
statistically significant.>" This minute level of
systolic blood pressure (SBP) change can be
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due to diurnal variation,'” sodium intake,"
psychological stress,' coffee consumption,' or
oestrogen levels.'® The biggest flaw among the
studies linking mouthwash use and elevated
SBP is that none of the studies considered
the influence of endogenous NO production
which contributes more than 80% total NO
production in humans."”

Based on the reports that mouthwash
usage increased blood pressure'® and the
incidence of diabetes,'” we postulated that
mouthwash usage may increase the risk of
cardiovascular mortality. Thus, we investigated
whether mouthwash usage in addition to
good OHS would influence its association to
CVD mortality in a longitudinal study with
18.8 years of follow-up. Additionally, we tested
whether mouthwash usage would alter the oral
bacterial population.

Although we have assessed the OHS only
once at baseline, the brushing and flossing
habits have been proven to be stable for
three years,” or as long as for 40 years,?' with
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remarkable reproducibility.”** The aims of the

current study are:

o Primary aim - to determine if brushing and
flossing affect the risk of CVD mortality in
multivariable adjusted models

o Secondary aims - a) to determine if
mouthwash usage has independent impact
on CVD mortality; b) to determine if
mouthwash usage affects some periodontal
pathogens and cariogenic bacteria
proportions.

Materials and methods

Human subjects’ protection

The details of the methods section have
been published previously.?* This study was
approved by the Ethics (institutional review)
Board of Kuopio University Hospital and the
University of Kuopio in 1995. Written informed
consent was obtained from all participants. The
longitudinal portion of the study was approved
by the Boston University Institutional Review
Board in 2005. This project adhered to the
guidelines set forth by the Declaration of
Helsinki and the Belmont Accord to assure the
protection of human research subjects.

Study population

The description of the study population
and the endpoint have been published
previously® but are briefly reiterated here.
The Kuopio Oral Health and Heart (KOHH)
study was started in 1995-1996 to explore the
association between oral health and coronary
artery disease (CAD). For the longitudinal
part of the study, the mortality data (median
follow-up of 18.8 years) were added to the
baseline data to create a prospective follow-up
study assessing oral infection impacts on
CVD mortality. At baseline, 256 consecutive
patients attending the Kuopio University
Hospital coronary angiography unit and
with a confirmed diagnosis of CAD were
recruited to participate in the KOHH study.
Also, 250 age- and sex-matched controls
were recruited from the general surgery or
otorhinolaryngology departments at the
same hospital. The controls were determined
by ‘not having heart disease’ based on their
medical history and the pre-admission
tests. The controls resided in the same
geographic area where the cases arose. The
same exclusion and inclusion criteria were
applied to the control subjects. For further
details regarding this cohort, please refer to
the previous publications.***

Endpoint determination

The CVD mortality data were obtained from the
Finnish Death Registry in every year from 2009-
2015. The current study used the mortality report
of 2015. Using the World Health Organisation’s
International Classification of Diseases-10
codes, 100 through 199 were considered CVD
mortality due to atherosclerotic heart disease
and stroke. The reliability of these data was very
high, with 99% after comparing the 2009 and
2011 records in a random sample of 100 records.

Predictor assessment

At the initiation of this study (1995-1996), a single
examiner (MS) conducted dental examinations.
For the current study, the edentulous subjects
who cannot floss were excluded. The exposure,
that is, OHS, was assessed by questionnaire.
Toothbrushing was assessed in four categories:
1) brush once or less frequently a week; 2) brush
several times a week; 3) brush once a day; and
4) brush more than once daily. We created
a dichotomy of brushing by combining the
lower two and upper two groups. Similarly, a
dichotomy of flossing was created from the four
categories by collapsing the first two and the
last two categories: 1) never; 2) once a week; 3)
several times per week; and 4) daily.

Although large amounts of plaque
accumulation on teeth surfaces are a risk
factor for periodontitis,®® host factors, such as
genetics, and lifestyle factors, such as smoking,
obesity, diabetes and OHS, also contribute to
periodontitis development.” To assess how
mouthwash changes oral microbe proportions,
we collected plaque samples from the worst-
affected periodontal sites and analysed by rapid
multiplex rt-PCR tests using species-specific
16S rRNA gene primers.?® The periodontal
pathogens assessed were Porphyromonas
gingivalis, Prevotella intermedia, Actinobacillus
actinomycetemcomitans and Tannerella
forsythia.®® Similarly, gram-positive microbes
were tested from the same plaque samples. The
samples were cultured and Streptococcus mutans
and Lactobacilli spp. were identified using the
analytical profile index kits (Biomerieux, Espoo,
Finland)® at the Kuopio University Hospital
laboratory.

Mouthwash usage was assessed by
questionnaire. If the patient used mouthwash
daily or several times a week, it was considered
exposed, and never used or used less frequently
than several times weekly were considered as
controls. We do not know which patients
used what brand, but the brand names of the
mouthwashes include chlorhexidine, Listerine

(essential oils), products containing 0.05%
cetylpyridinium chloride and Meridol (amine
fluoride).

Confounding factors

Age in years and smoking in three categories
(never, past and current smokers) were
assessed. Total cholesterol, triglyceride and
high-density lipoprotein cholesterol (HDL)
were measured by the automated enzymatic
technique. We assessed dyslipidemia by total/
HDL cholesterol ratio which was proven the
best predictor of future atherosclerosis.®
Diabetes was ascertained by medical record
review. Subjects were considered to have
diabetes if documented diagnoses were in
the medical records or if they were being
treated for diabetes. To avoid confounding by
affluence and high socioeconomic status, we
adjusted educational levels, income and private
insurance status.

Inflammatory markers

C-reactive protein (CRP) was measured by
immunoturbidimetry utilising the Hitachi
717 analyser (Boehringer Mannheim,
Mannheim, Germany). All blood samples were
collected after fasting if required and analysed
immediately in the hospital laboratory.

Salivarylysozyme (SLZ) is a proteolytic enzyme
in the oral innate immune system expressed
by neutrophil leucocytes and macrophages in
response to exposure to bacteria.* SLZ is capable
of cleaving peptidoglycan of the bacterial cell wall,
resulting in bactericidal action and activates the
nucleotide-binding oligomerisation domain-like
receptors. Thus, SLZ is a marker for oral innate
immune activation, which can rupture both
gram-positive and gram-negative bacterial cell
walls. SLZ was quantified utilising Micrococcus
lysodeikticus (Sigma Chemical Co., St. Louis,
MO, USA), human milk lysozyme (Sigma
Chemical Co.) and bovine serum albumin
(Sigma Chemical Co.) as standards according to
the methods described previously.*

Dental plaque scores were created,
assigning: 0 = if no visible plaque was present;
1 = if plaque covered gingival 1/3 of the tooth
surface; 2 = if plaque covered gingival 2/3;
and 3 = if plaque covered the whole surface
evaluated. Then, mean dental plaque indices
were calculated by summing all plaque indices
and dividing by the sum of the surfaces
evaluated. Mean gingival bleeding indices were
created similarly by summing all surfaces with
gingival bleeding and dividing by the sum of
the surfaces evaluated.
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Fig. 1 Cohort evolvement flow chart
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Statistical analyses

Of the 506 subjects in the original cohort, 127
edentulous subjects who could not perform
flossing (the predictor) were excluded, yielding
a sample size of 379. Due to missing values in
brushing and flossing data, an additional 25
subjects were excluded and a final sample of 354
was included in the analyses. Using Statistical
Analysis System version 9.4, we combined the
binary variable of brushing daily 1/0 and flossing
daily 1/0, and categorised the cohort into four
mutually exclusive groups: group 0 consisted
of those who never brushed or flossed; group 1
consisted of those who flossed but not brushed;
group 2 consisted of those who brushed but
not flossed; and group 3 consisted of those
who brushed daily and flossed. There were only
four people in group 1 and we merged them
into group 0. Thus, OHS group 0, 1 and 2 were
created: 0 being the poorest oral hygiene group
(poor OHS and reference); 1 being those who
brushed daily but not flossed (good OHS); and
2 being those who brushed and flossed (better
OHS). Because the sample size in Cox regression
is event rate (that is, CVD mortality), the sample
size in this study is very small between 40-50.
Thus, to save the degree of freedom (statistical
power), we used linear trend models whenever
possible. Combining people who never brushed
and brushed seldom led to the reference group
(n = 41). Next, we generated two levels of OHS,
namely, who only brushed daily (n = 261) (OHS
level 1) and the 57 people who brushed and flossed
became OHS level 2. The baseline characteristics
were stratified by OHS categories and compared
by non-parametric three-group comparison by
Kruskal-Wallis test or chi-squared test.

In the multivariable proportional hazard
analyses, OHS was tested in relation to CVD
mortality adjusting for age, sex, smoking (never,
current and past smoking in linear trend),
diabetes, hypertension and education. Although
this study was initiated as a matched case-
control study, we used unmatched analyses,
which were proven to be more precise and
appropriate.*

We then evaluated whether good OHS can
decrease CVD mortality among those who had
CAD at baseline. Because systemic inflammation
from multiple sources, such as autoimmune
diseases, psychological stresses and metabolic
inflammation, may influence total inflammatory
output, we adjusted the serum CRP levels along
with established confounding factors. Next,
we tested whether mouthwash usage would
enhance or attenuate OHS impact on CVD
mortality. Additionally, we evaluated whether
the mouthwash usage would influence microbes
positively or negatively.

Results

The cohort evolvement is illustrated in Figure 1.
In this cohort of 354 dentate subjects, only 57
subjects had good OHS. There were 96 all-cause
mortalities accrued in 18.8 years of follow-up
and 56 of these were CVD-related, while 40
were non-CVD-related deaths. Of the CVD
mortalities, 73% occurred in those who had
CAD at baseline and thus safely presumed that
CAD is on the causal pathway to CVD mortality.
Brushing was highly prevalent, showing 88.2%
of the cohort brushed daily while flossing had
opposite distribution, showing only 17% flossed
daily and 83% did not.
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The baseline characteristics are presented in
Table 1. Age, BMI, education and income were
not statistically different between the groups.
The proportions of women and the number of
teeth were higher in the better OHS groups.
(Table 1). CRP, a metabolic inflammation
marker, was marginally significant between
the OHS groups, while oral innate immunity
marker SLZ was significantly and inversely
correlated with OHS.

The CVD survival curves stratified by the
OHS are presented in Figure 2. Better OHS
portended a longer survival (green line)
compared with shorter survival associated with
poor OHS (red line). The CVD mortality risk
was the lowest in the best OHS group (both
brushing and flossing) (hazard ratio = 0.25
[confidence interval: 0.07-0.89]; p = 0.03) and
in the brushing only group (HR = 0.72 [CIL:
0.37-1.41]; p = 0.34). This suggests that flossing
presented significantly greater benefits in CVD
mortality reduction than brushing alone. These
are presented in Table 2; model 1 and 2. We next
tested if this beneficial impact of oral hygiene
performance is persistent among those who
already had CAD at baseline. In a stratified
analysis, the CAD group had a sufficient
number of CVD mortality and we observed
beneficial effects of OHS remained (HR = 0.50
[0.24-1.06]; p = 0.07) (Table 2; model 3).

When we adjusted serum CRP levels in the
multivariable model, it showed more salient
oral hygiene benefit with a tight confidence
interval (HR = 0.44 [0.25-0.78]; p = 0.004)
(Table 2; model 4). When we adjusted
mouthwash usage in the model, the HR
remained the same (Table 2; model 5). The
effect of independent mouthwash usage on
CVD mortality was not meaningful (HR 0.95
[0.45-2.01]; p = 0.89). Hypertensive patients
appear to use mouthwash more frequently,
especially those who are taking diuretics (34%)
versus those not taking diuretics (11%). This
may be due to xerostomic effects of diuretics.**
The relationship of mouthwash usage and
tested oral microbes are presented in Table 3.

Discussion

Better oral hygiene performance demonstrated
significant survival benefits against CVD
mortality. Moreover, there was a trend of
reduced CVD with OHS in patients who
already had heart disease, but it was marginally
significant (p = 0.07). This is consistent
with a previous report which indicated that
interdental brush or floss use were associated

© The Author(s) under exclusive licence to the British Dental Association 2023.
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Table 1 Baseline characteristics stratified by oral self-care practice

Characteristic Seldom or no brushing/ Daily brushing only Daily brushing and flossing | p-value
flossing (n = 41) (n=261) (n=57)
Age (mean =+ SD) 56.3 (+ 8.6) 58.0 (= 9.6) 58.9 (+8.0) 0.35
Female sex (N %) 1(2.4%) 81(31.0%) 31 (54.3%) 0.0001"
Body Mass Index (mean + SD) 25.8(+3.1) 251(=3.7) 24.8(+3.1) 0.20
Number of teeth, mean (+ SD) 15.3(x7.7) 171 (£ 8.9) 204 (+75) 0.0001*
Mean plaque score (+ SD) 4.7 (+2.6) 3.8+2.07) 3= 1.7) 0.01"
Mean gingival bleeding index, mean (+ SD) 3.33(+2.00) 2.21(x1.25) 1.69 (= 1.05) 0.0001"
Frequency of mouthwash usage (N %) 5(12.2%) 51(20.2%) 16 (28.6%) 0.14
Education (years), mean (+ SD) M(x22) 12(x3.2) 12(x3.) 0.06
Annual income, mean (+ SD) 31.0(x77) 34.6 (£ 12.5) 32.9(%10.9) 0.12
Periodontitis (N %) 7(19.4%) 56 (21.6%) 13 (22.0%) 0.97
Ever smoking (N %) 21(58.3%) 81(31.3%) 14(23.7%) 0.002
Baseline CAD (N %) 26 (63.4%) 116 (44.4%) 14 (24.6%) 0.0004"
CVD mortality (N %) 13 (36.1%) 39 (15.1%) 4(6.8%) 0.0006
Diabetes (N %) 5(12.8%) 19(7.5%) 2(3.6%) 0.25
Hypertension 15 (38.5%) 82(32.8%) 14(25.5%) 0.38
Creactive protein, mg/L median, (interquartile range) | 8.5(3.0-10.5) 5(3-10) 5(3-6) 0.05"
Salivary lysozyme, mg/L (median, interquartile range) | 36.9 (13.1-75.2) 21.0(7.3-38.3) 11.4 (6.0-38.5) 0.009"
Dyslipidemia (median, interquartile range) 5.3(4.2-6.4) 4.8(3.9-5.8) 4.2 (3.6-5.2) 0.002

Key:

* = denotes significance.

Continuous variables were tested by Kruskal-Wallis test.
Categorical variables were tested by chi-squared test.

Unit of income is 1,000 euros.

This analysis does not include 40% of diabetes cases which occurred in edentulous group.

Dyslipidemia is measured by total/HDL cholesterol ratio.
Due to missing values, some variables have n <379.

Fig. 2 Survival curves from CVD mortality stratified by oral self-care
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with lower secondary CVD incidences among
coronary heart disease patients.*

The study that reported mouthwash use
increasing the risk of diabetes appear to have
some methodological flaws.!”” As the average
duration for developing overt diabetes from
obesity is approximately ten years,** it is
highly likely that the obese subjects in that
cohort had undiagnosed diabetic pathologies
already. Noticeably, twice or more daily use
of mouthwash'® further suggests that these
individuals already experience polydipsia,
a cardinal sign of diabetes.*® Thus, reverse
causation is quite possible, which is common
in diseases with long latency, such as diabetes,
cardiovascular diseases and cancer.”

A short-term antimicrobial action by
mouthwash was reported and it suppressed
SARS-CoV-2 virus.* However, ascribing
the microbial changes and subsequent NO
production to mouthwash use appears to be
highly speculative. Moreover, the endogenous
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Table 2 Multivariable adjusted hazard ratio for CVD mortality according to the oral hygiene self-care

. Hazard ratio

REEE el e (95% confidence interval) falue
Model 1 Oral hygiene self-care (linear trend) 0.49(0.28-0.85) 0.01"

Brushing only 0.72(0.37-1.41) 0.34
Model 2

Brushing and flossing 0.25(0.07-0.89) 0.03"
Model 3: restricted to CAD group Oral hygiene self-care (linear trend) 0.50(0.24-1.06) 0.07
Model 4: median CRP levels adjusted Oral hygiene self-care (linear trend) 0.48 (0.26-0.86) 0.01"
Model 5: mouthwash adjusted Oral hygiene self-care (linear trend) 0.49 (0.27-0.87) 0.01°

Key:
* =significant p-values.
Model 3 —restricted to CAD patients and age, sex, smoking, hypertension, and dyslipidemia. Sample size is decreased by ~50%.
Model 4 - adjusted for median CRP in addition to age, sex, smoking, diabetes, dyslipidemia, and education.

Model 5 - adjusted for mouthwash usage in addition to age, sex, smoking, diabetes, dyslipidemia, and education.
Reference group consists of subjects who brushed never’ or 'seldom’ (n = 41).

Oral hygiene self-care in linear trend: no brushing or flossing’ - ‘brushing only’ - ‘brushing and flossing’ in ordinal trend.
Full models are adjusted for age, sex, smoking, diabetes, dyslipidemia, hypertension and education as confounders.

NO production which generates 80% of total
NO s intricately controlled through the renin-
angiotensin-aldosterone system,* kallikrein-
kinin pathway,* or neuronal mechanisms.*

In another study, the summary score that
combined all the nitrate-reducing microbes
was associated with lower blood pressure.* If
the humans ate more fruits and vegetables, the
nitrate-reducing microbes would proliferate
and produce more NO, which will lower the
blood pressure. Thus, the nitrate-reducing
microbes are the markers for the higher fruits
and vegetable intake.

Good oral self-care may decrease innate
immune activation involving both gram-
positive and gram-negative microorganisms.*>*
This theorem was corroborated by a small
randomised controlled trial, among post-
stroke nursing home patients, where the
experimental group received intense oral care
twice daily including toothbrushing, tongue
brushing, flossing, mouth rinse and lip care
while control patients received usual oral care.”
The results demonstrated that Staphylococcus
aureus colonisation almost doubled (from
4.8% to 9.5%) in the control group, while
colonisation of the same microorganism in
the intervention group decreased (from 20.8%
to 16.7%). A recent large cohort (n = 247,696)
study showed that oral hygiene was associated
with reduced major CVD incidences.*

Although it is possible that residual
confounding from smoking or a generally
healthy lifestyle might have influenced
our results, confounding by smoking or
socioeconomic factors are unlikely because
the prevalence of current smoking at the
time of data collection was only 11%,* and
socioeconomic factors did not influence the

Table 3 Microbiota detection rates stratified by mouthwash usage

Microbiota detection rate N (%) Non-users of mouthwash Users of mouthwash | P-value
P. gingivalis 109 (51.4%) 26 (47.3%) 0.58

P. intermedia 202 (96.19%) 50 (90.9%) 0.11

A. actinomycetemcomitans 34(16.04%) 6(10.91%) 0.34

T. forsythia 182 (86.3%) 45 (81.8%) 0.41
Lactobacilli spp. 85 (29.9%) 26 (34.7%) 0.43

S. mutans 95 (33.6%) 26 (34.7%) 0.85

outcomes in affluent Scandinavian countries
where healthcare is largely state-provided.*
Additionally, when we adjusted income or
private health insurance as markers for healthy
lifestyle, the results did not change.

Limitations

Some limitations of our study need to be
discussed. Our current study is an extension
of an original case-control study and potential
risk amplification is possible.”® We have,
however, proven that the semi-non-parametric
‘time to event’ proportional hazard analyses
used in the current study are impervious from
this concern.?* The second limitation is that we
made an assumption that increased frequency
of oral hygiene practice equates to improved
cleansing efficacy. This may require validation.

Conclusions

We conclude that brushing and flossing, that
is, better OHS, is associated with reduced risk
of CVD mortality. However, the additional
use of mouthwash did not provide any further
advantages or disadvantages to OHS alone.
Our results have high public health importance

BRITISH DENTAL JOURNAL | ONLINE PUBLICATION | FEBRUARY 3 2023

because brushing and flossing are relatively
inexpensive and have low risk of adverse
effects. Moreover, even those who already
have heart disease can lower the risk of CVD
mortality by maintaining good oral hygiene.
Further large-scale studies are warranted.
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