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The potential association between antimicrobial mouthwash use and systemic health has
gained attention in recent years with reports highlighting how some common systemic
conditions are influenced by the use of different types of mouthwashes. In this context,
links between mouthwash use and cardiovascular disease, diabetes mellitus, oral cancer,
Alzheimer’s disease, and preeclampsia have been proposed, albeit with limited levels of
evidence. Chlorhexidine mouthwash in particular has been the most widely studied agent
while available data on other types of over-the-counter mouthwashes are generally scarce.
Furthermore, there is currently no evidence-based recommendations on the appropriate
use of mouthwashes during pregnancy. This article will present the current evidence on
the association between mouthwash use and the aforementioned conditions with empha-

sis on the mechanisms that may underlie such an association.
© 2023 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Antimicrobial mouthwash use represents a common oral
health care practice, as such agents are widely available. Evi-
dence on their antiplaque actions, whether used alone or as an
adjunctive treatment to mechanical oral hygiene measures, is
presented in the preceding papers using the highest level of evi-
dence available."” Alongside their potential local benefits, there
are some data emerging—albeit limited—that mouthwashes,
like many agents, also have the potential to increase the risk of,
or worsen, common systemic disorders. Here, we highlight
recent evidence on the potential association between antimi-
crobial mouthwash use and the risk of systemic conditions (or
improving them), where there is sufficient evidence to support
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these associations—for example, diabetes, cardiovascular dis-
ease (CVD), oral cancer, Alzheimer’s disease (AD), and pre-
eclampsia—focusing on areas of systemic health where
recently discovered mechanisms underpin such associations.
Most evidence at present involves chlorhexidine (CHX),
although systematic reviews or Cochrane Reviews are not forth-
coming for most health conditions or different types of over-
the-counter (OTC) mouthwashes. Surprisingly, there is also
limited evidence for appropriate OTC mouthwash use during
pregnancy or links between mouthwash use and conditions
such as rheumatoid arthritis and other cancers, where links
have been reported between oral and systemic health. Here we
outline the mechanisms that link oral health and systemic
diseases, the association of oral health and CVD, oral cancer,
AD, and preeclampsia.

Mechanisms linking oral health and systemic diseases

Regardless of the underlying cause, an accumulation of den-
tal plaque predisposes to plaque-induced caries, gingivitis,
and periodontitis. This last disorder is considered to be the
most common noncommunicable chronic inflammatory
process in humans and possibly a major contributor to early
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permanent tooth loss.? Periodontitis is known to be associ-
ated with microbial dysbiosis affecting periodontal pockets.*>

Periodontal inflammation and oral microbial dysbiosis
may be a risk factor for causing, or more likely worsening, a
wide range of systemic disorders, particularly CVD and diabe-
tes mellitus. The vascular mechanisms thought to explain
these links include (1) systemic inflammation due to cyto-
kines released into the bloodstream during bacterial dysbio-
sis, (2) bacteraemia (pathogenic oral bacteria entering the
bloodstream), (3) the oral bacterial enterosalivary pathway
(with systemic nitric oxide [NO] release), and (4) genetic sus-
ceptibility. Very limited evidence is available for this latter
mechanism, although there is recent work that indicated a
potential genetic link between periodontitis and elevated
blood pressure.® Recently, the enterosalivary nitrate-nitrite
pathway (Figure) has been demonstrated as a physiologic
pathway where inorganic nitrate from exogenous (diet) and
endogenous (NO metabolism) sources are reduced to nitrite
in the oral cavity by the action of nitrate-reducing bacteria
such as Veillonella, Actinomyces, Haemophilus, and Neisseria.”*®
Nitrite is reduced into NO in the stomach, with this reaction
driven by bacteria, as mammals lack nitrate-reductase
enzymes. Thus, oral nitrate-reducing bacteria may be critical
in maintaining NO availability in humans and essential for
both oral and cardiovascular health.’

Oral health and CVD

In the past, interest in any links between oral disease and
CVD was principally focused upon the risk of infective endo-
carditis arising as a consequence of bacteraemia of microbes
of origin. However, over the last 3 decades, it has become evi-
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Increase in systemic inflammatory cytokines may also
cause activation of endothelial cells and assist with develop-
ment of atheroma. It has been postulated that oral host
inflammation results in mediators of inflammatory path-
ways, such as C-reactive protein, IL-6, and tumour necrosis
factor-e, effecting endothelial function.'” Other immunologic
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The oral microbiome may also be important in maintain-
ing systemic health, including the maintenance of a lower
blood pressure. NO, for example, is naturally formed either
through the NO synthase-dependent pathway or by the
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or in the systemic circulation by further enzymatic and
nonenzymatic pathways."”

NO is recognised to have several roles in the physiology
of the cardiovascular system, including maintenance of
vascular tone and control of blood pressure, endothelial
integrity, inhibition of platelet aggregation, and leukocyte
adhesion.'>'® Conversely, reduced NO bioavailability has
been associated with impairment of endothelial function and
increased risk of hypertension and cardiovascular illnesses."’
Similarly, nitrite availability within the oral cavity is impor-
tant for oral health for the inhibition of acid production and
maintenance of a pH balance to avoid dental caries and
periodontitis.”® Additionally, impairment of NO production
within diabetes mellitus may reflect the comorbidity between
hypertension and diabetes mellitus. Endothelial NO synthase
concentrations are reportedly low in patients with unstable
angina, and reduced NO levels can indirectly increase the risk
of atherosclerosis.’® Therefore, any change in NO homeosta-
sis is considered to be critical for the risk of untoward cardio-
vascular events. In this context, it should be noted that NO
bioavailability in medically compromised patients is easier to
be disturbed as compared to healthy individuals.*

CVD and mouthwashes

There is a number of reports suggesting that antimicrobial
mouthwashes may directly worsen CVD associated with the
atherosclerotic process.’”?? The underlying mechanisms for
such an association between mouthwashes and CVD have
not yet been fully elucidated; however, there is accumulating
evidence on the impact of antimicrobial mouthwashes on the
oral microbiome as a likely aetiology.?***

CHX use in particular has been found to cause a shift in
the oral microbiome leading to a possibly unfavourable
decline in salivary nitrite concentration, which in turn has
been postulated to lead to adverse effects on blood
pressure control both in healthy adults and those with
hypertension.””?* The results of a longitudinal 3-year-study
found that the daily use of OTC mouthwashes (irrespective of
its constituents) represents an independent risk factor for the
development of prediabetes/diabetes mellitus and
hypertension.””?* Interestingly, individuals who did not have
recognised risk factors for hypertension (e.g., tobacco and/or
alcohol use, high-salt diet, or old age) were more prone to the
effects of mouthwash use on increasing blood pressure than
those who did have identifiable risks. Notwithstanding, the
researchers acknowledged the need for further studies for
verification.

The risk of hospital mortality for intensive care unit
patients appears to increase with the use of CHX for oral
care, as shown in several reports, including meta-analy-
ses.””?” A reduction in the bioavailability of NO with the
use of CHX has been proposed as the reason for these
observations.™

The use of 0.12% CHX mouthwash may destroy more than
90% of oral nitrate-reducing bacteria with a resultant 85%
reduction in the proportion of reduced nitrate.** Several human
studies have confirmed the association between the frequent
use of antimicrobial mouthwashes and an increase in systolic
blood pressure ranging from 2 to 5 mm Hg accompanied by a

significant reduction in both salivary and plasma nitrite
levels.®™'? Thus, this becomes relevant when it is known that
even a sustained modest 2-mm Hg elevation in blood pressure
can significantly increase the risk of mortality from stroke or
ischaemic heart disease in middle-aged patients.”®

Tongue cleaning may be an additional risk factor contrib-
uting to the CHX-induced increase in systolic blood pressure.
Individuals who cleaned their tongue at least twice daily
were found to have a higher likelihood of an elevation in their
systolic blood pressure with the daily use of CHX for 1 week
compared with those who did not clean the tongue.”® A plau-
sible explanation is that tongue cleansing could allow pene-
tration of CHX into the tongue microbiome and therefore
increase the risk of disturbing the diversity of bacterial com-
munities.

Interestingly, a recent long-term study conducted in Finland
over almost 19 years showed a profound reduction of risk of
cardiovascular mortality of 51% with good oral health self-care,
and this effect did not differ with additional mouthwash use.”
Although further research is required to determine the role of
long-term use of CHX-containing mouthwash on hypertension,
it might be prudent to consider avoidance of CHX-containing
mouthwashes on a long-term basis in patients at risk for or
having hypertension. There appear to be no reported data of
the impact of long-term use of CHX-containing agents on
hypertension and indeed CVD in general.

Even if systemic availability of NO is altered by antimicro-
bial mouthwashes, there remain limited data that demon-
strate the precise pathogenic mechanisms of any link
between mouthwashes and subsequent changes in the oral
microbiome and systemic levels of NO which may lead to
altered blood pressure or risk of CVD. There is a need to con-
sider the balance between the known benefits of CHX on oral
disease and the limited evidence that mouthwashes do
impact systemic health adversely. In all probability, the
avoidance of such mouthwashes possibly has a small mar-
ginal gain on risk of hypertension, arteriosclerosis, and sub-
sequent clinically apparent morbidity and mortality.

Oral health and cancer

There were approximately 145,000 deaths and 300,000 new
cases of oral cancer reported in 2021, making this one of the
most common malignancies worldwide.*® Accounting for
92% to 95% of all oral cancers, oral squamous cell carcinoma
(OSCC) is the most common oral malignancy.*! The overall 5-
year survival of OSCC has not improved significantly beyond
50% and fewer than 1 in 5 patients who present with meta-
static disease at the time of diagnosis will survive 5 years.*
Many cancers are detected at an advanced stage, when treat-
ment options can be minimal and outcomes poor. Therefore,
prevention and early detection will minimise the associated
morbidity and mortality of oral cancers.

Oral cancer and mouthwashes
Alcohol consumption is a known risk factor for potentially

malignant and malignant disease of the oral mucosa and pos-
sibly the gingivae. The risk of oral cancer has been shown to
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increase by 6.4-fold in nonsmokers who drink alcohol
heavily, compared with a risk of 2.1-fold for those smokers
who do not drink alcohol.* There have been suggestions that
the alcohol within many commercially available antimicro-
bial mouthwashes may increase the risk of oral cancer, but at
present the evidence is limited and conflicting. However, the
exact direct role that the alcohol present in mouthwash (with
amounts up to 26%) has upon the development of oral cancer
is not easily evident, with only tenuous epidemiologic data to
support such a link.

Several systematic reviews and meta-analyses of multiple
case-control studies do not consistently demonstrate a link
between alcohol- (or indeed non-alcohol-) containing mouth-
washes. However, it is recognised that the original data that
such reviews have drawn from has not been notably uniform.
One such study, an extensive pooled analysis of 8981 patients
with head and neck cancer and 10,090 control patients from
12 case-control studies concluded that there was no overall
increased risk of head and neck cancer in individuals who
ever used mouthwash, but there was an association in long-
term frequent users.**

The study, like others, was limited by significant methodo-
logic issues of the available original investigations, but the
trend that long-term, rather than short-term, use of mouth-
washes does at least have some logic for the assocation of
alcohol-containing mouthwash and oral cancer. Similarly, a
recent meta-analysis demonstrated a statistically significant
correlation between frequent mouthwash usage (more than
once per day) and increased risk of upper aerodigestive tract
cancer, with a risk increase for oral cancer more than laryn-
geal cancer—again suggesting logic to a link between mouth-
washes and risk of epithelial dysregulation.®* Nevertheless,
the lack of a consistent epidemiologic link between antimi-
crobial mouthwashes of any type and oral malignancy makes
it challenging to suggest a mechanistic basis for any such
association.

A recent investigation demonstrated that exposure to 20%
alcohol causes marked cytotoxicity to oral mucosal cells even
after 20 hours’ recovery.’® However, cytotoxicity is unlikely
the be a driver of altered cellular function, regulation of cell
turnover, and eventual OSCC. Alcohol alone is not thought to
be the carcinogen, but rather its metabolic product acetalde-
hyde. Acetaldehyde is produced from the metabolism of alco-
hol by several enzymes, alcohol dehydrogenase and
cytochrome P450 2E1. Subsequently, acetaldehyde is metab-
olised to acetate by aldehyde dehydrogenase (ALDH).*” Alco-
hol metabolism predominantly occurs in the liver; however,
up to 30% of alcohol metabolism is extrahepatic.”” Some indi-
viduals, particularly those from East Asia, have mutations in
the ALDH enzyme that result in diminished ability to metabo-
lise acetaldehyde, with the resultant accumulation causing
potential toxic effects, including skin-flushing responses,
nausea, and drowsiness.*® Recently, it has been shown that
acetaldehyde is produced in the oral cavity after rinsing with
alcohol (not ingestion), and this occurs locally within the oral
cavity and is dependent on an individual’s ALDH alleles and
alcohol sensitivity.’® Interestingly, in this small study of
healthy young individuals, 20% of individuals “sensitive” to
alcohol had measurable oral acetaldehyde levels at muta-
genic levels.*® This metabolism could be occurring in both the

oral mucosa as well as the oral microbiome, with many oral
microbes able to metabolise acetaldehyde.** There may, how-
ever, be a variety of factors that modulate alcohol-derived
acetaldehyde exposure and its effects in the oral cavity.’’
Nevertheless, it has been proposed that there is currently suf-
ficient evidence to support the hypothesis that alcohol
metabolism within the oral cavity is an independent cancer
risk factor.”” Furthermore, it has been suggested that alcohol
present in “nonalcoholic” beverages and food forms an epide-
miologic bias in studies on alcohol-related upper digestive
tract cancer.*”

There are several clinical benefits for the use of mouth-
wash, as discussed elsewhere in this supplement. However,
these benefits need to be balanced against potential risk of
oral cancer. This has previously raised the question “is alco-
hol-containing mouthwash a justifiable course of clinical
treatment to encourage patients to take?”*' Therefore, as
stated previously, “While these are not definitive findings,
they cannot be ignored and they further support our profes-
sional opinion and advice that high frequency and prolonged
use of mouthwash is not a routine component of the mainte-
nance of good oral health.”*” However, if required for long-
term use, non-alcohol-containing mouthwashes should be
recommended, with an obvious need for research required to
assess the most ideal non-alcohol-containing mouthwashes
or new alternatives. Ideally, a prospective large study that
accurately assessed oral cavity exposure to all forms of alco-
hol could determine the associated risk of oral cancer devel-
opment. A questionnaire that would aid in this assessment
had been developed and validated*’; however, any prospec-
tive study would require significant funding, and given the
pressures upon publicly funded research it is likely that the
costs for this would have to come from industrial sources.

Oral health and AD

AD is neurodegenerative disorder that arises in individuals
older than 65 years and is characterised by a spectrum of
signs and symptoms that include those of dementia. It
accounts for up to 75% of all dementias, with the disease dou-
bling in prevalence every 5 years beyond the age of 65 years.**
Estimates vary, but possibly 40 million people are living with
AD and by 2050 it is possible that 65 million individuals will
be alive with this disorder.**** The 2 major pathologic fea-
tures of AD are the presence of amyloid plaques and neurofi-
brillary tangles within the central nervous system, with risk
factors of AD being wide-ranging and including hypertension,
diabetes, and CVD.

Recently, several studies have attempted to evaluate a
potential correlation between periodontal disease and AD. It
was reported that the bacteria involved in periodontal dis-
ease, particularly Gram-negative anaerobic species, produce
inflammatory mediators and toxins that can contribute to the
development, maintenance, and worsening of systemic dis-
eases in AD.**%

Some of the key bacterial species present in the biofilm of
periodontal disease, such as Porphyromonas gingivalis, Prevo-
tella intermedia, Treponema denticola, and Fusobacterium nuclea-
tum, have been shown to be present in the brain tissue of
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patients with AD.*® Furthermore, the production of inflam-
matory mediators by these bacteria can induce neuroinflam-
mation and neurodegeneration,*®*%*°
research using a murine model suggests that bacteria from
distant sites (eg, the gastrointestinal tract) may play a role in
neurodegeneration of AD.>°

A systematic review by Borsa et al°’ found that in addi-
tion to the existence of a correlation between periodontal
disease and AD, the treatment of periodontal disease may
help prevent the progression of AD. Kamer et al’? also
highlighted this likely association and recommended that
dental surgeons should be a part of the multidisciplinary
team treating patients with AD, particularly as there is some
evidence that the presence of periodontal inflammation/dis-
ease may contribute to cognitive decline in AD. However,
this limited evidence also suggests that the oral bacteria of
patients with periodontal disease and AD are not notably
different to those without AD, and overall there remains lit-
tle robust evidence to support the notion that periodontal
disease is a key causative factor for AD.***3*° Clearly, well-
designed, randomised, and controlled studies are warranted
to determine the exact role, if any, of plaque-induced peri-
odontal inflammation on the risk or progression of AD. Bear-
ing in mind that dementia can be linked to vascular disease
(and diabetes mellitus amongst others), an association
between periodontal disease and AD would perhaps not be
unexpected, but whether there is a direct link amongst the
oral microbiome, the consequent local periodontal disease
and eventual neurodegeneration seems unlikely as AD does
not have as strong links with socioeconomic status as does
periodontal disease. Salivary estimation of amyloid beta and
tubulin-associated unit (TAU) proteins may be a noninvasive
means of monitoring the progression of AD,”® but impor-
tantly, regardless of whether oral disease drives neurodegen-
eration, oral health is essential for people with AD and allied
disorders. In particular, strategies must be in place to lessen
the risk of plaque-induced disease; caries (and hence pain)
and periodontal disease (and hence dysgeusia, oral mal-
odour, dysarthria, compromised eating, and social embar-
rassment) as well as the need for potentially stressful
invasive oral health care.

and recent novel

Mouthwashes and AD

As cognition and motor function are key to individuals
being able to physically clean the mouth, mouthwashes
may become the only simple means of patients with AD, or
indeed their carers, to reduce the oral bacterial (and fungal)
load and hence lessen the risk of plaque-induced disease of
the teeth and periodontal tissues. As noted in earlier sec-
tions, it may be that mouthwashes have a marginal deleteri-
ous effect on vascular function and oral mucosal biology,
but this is not significant enough to suggest that individuals
at risk for or having neurodegenerative disorders such as
AD not use or receive therapy with commercially available
mouthwashes.

Several methods can help to control the periodontal bio-
film, with special emphasis on the chemical-mechanical con-
trol.? Appropriate hygiene measures with mechanical

cleaning and toothpaste are certainly the best method of pre-
venting periodontal disease; however, the use of mouth-
washes can also be extremely important, especially in
patients with motor difficulties and those who have risk fac-
tors such as diabetes or smoking.”

The use of antimicrobial mouthwashes in the prevention
or control of periodontal disease may help to attenuate the
progression of AD; however, there is currently insufficient
evidence to support or refute this notion, with further studies
needed. Although the presence of similar bacteria in peri-
odontal disease and AD is observed in several studies, there
is no robust scientific evidence in the literature that supports
a cause-and-effect relationship between periodontal disease
and AD.*¢*%% Therefore, it would not be sensible to indicate
the constant use of mouthwashes for the prevention of AD.
Well-designed, randomised, and controlled studies should be
carried out in order to determine the exact association
between periodontal disease and AD and to better define
whether the control of periodontal disease is effective in the
onset and/or control of AD.

Preeclampsia and oral health

Preeclampsia is a potentially life-threatening, multisyste-
mic disorder clinically characterised by sudden-onset
hypertension beyond 20 weeks’ gestation and at least 1
other associated complication, including proteinuria,
maternal organ dysfunction, or uteroplacental dysfunc-
tion. Preeclampsia affects about 4 million women globally
each year and may account for about 70,000 maternal
deaths and 500,000 child deaths.”* It is thus one of the
most significant complications of pregnancy. A key patho-
physiologic feature is the development of an abnormal
placenta in which the spiral arteries in utero become
fibrous and narrow, preventing blood flow to the placenta.
Due to hypoperfusion of the placenta, pro-inflammatory
protein release is stimulated into the mother’s circulation,
leading to endothelial cell dysfunction and essentially
resulting in vasoconstriction and thus hypertension and
kidney damage due to the retention of salt.”*>*

Several causative mechanisms have been described link-
ing periodontitis and preeclampsia, particularly in lower-
middle-income countries. Future studies will determine
whether maternal amelioration of periodontitis prevents pre-
eclampsia; however, further investigation is required to con-
firm causation.”® Nevertheless, it is yet to be shown whether
treatment of periodontitis can prevent preeclampsia.

Preeclampsia and mouthwashes

There is very little information on mouthwash use during
“normal” pregnancy, as controlled studies have not been done;
most toxicity studies relate to animals where teratogenic
effects have not been observed. Across the globe, CHX use is
not contraindicated during pregnancy, and it is postulated that
its use is appropriate when the benefits outweighs the risk.
Considering the aforementioned link, It may be desirable to
improve oral health in women at risk for preeclampsia.



SYSTEMIC DISEASE AND MOUTHWASHES 587

Currently, however, there is conflicting evidence as to the use
of antimicrobial mouthwashes and its effect within foetal ges-
tation and periodontitis associated with preeclampsia.

There is limited evidence of the concurrent use of CHX
mouthwash with periodontal therapy in pregnancy. A
recent systematic review and meta-analysis has reported
that for pregnant women with periodontal disease, using
CHX with conventional periodontal treatment, such as
scaling, diminished adverse birth outcomes, with lower
risks of preterm birth and low birth weight.”” There were
significant biases in the studies incorporated into
this meta-analysis, and there is a need for further well-
conducted randomised controlled trials to ascertain
this potential benefit of additional use of mouthwash
after periodontal therapy for pregnant women with
periodontitis.

Conclusion

Key questions remain regarding definitive proof of the role
of mouthwash use and its beneficial or detrimental effects
on systemic health. A number of different key research
questions are warranted, focused more on epidemiology
than establishing pathologic mechanisms: (1) What is the
definitive evidence that prolonged use of CHX increases
the number of cardiac events and/or lessens the quality of
life of those living with CVD? (2) Are non-alcohol-contain-
ing antimicrobial mouthwashes as effective as those with
alcohol in lessening plaque-induced oral disease? (3) Does
regular use of mouthwashes definitively increase or lessen
the progression of dementias such as that of AD? How-
ever, mouthwashes that lessen plaque-induced oral dis-
ease may, in some instances, be the sole mechanism to
diminish intraoral plaque load. There is some evidence
that antimicrobial mouthwashes may cause harm to the
systemic health of an individual, with most evidence relat-
ing to CVD; however, currently there is no consistent
objective information to definitively suggest that any
mouthwash-linked harm outweighs benefit.
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