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ABSTRACT

The relationship between high blood pressure (hypertension) incidence and mouthwash use is a subject of
ongoing research. Origin of this link may lie in mouthwash-mediated destruction of oral microflora, and
consequently reduced nitric oxide (NO) bioavailability. In this study, we evaluated the association between
mouthwash use and the risk of hypertension through statistical meta-analysis of published cohort and cross-
sectional studies. The search strategy and selection of research articles was in accord with PRISMA guidelines,
and under pre-defined set of inclusion criteria. Primary research studies focused on “association among use of
mouthwash and risk of hypertension incidence” were searched on databases such as PubMed, EMBASE, MED-
LINE, and Cochrane Library. MesH keywords such as “hypertension”, “mouthwash use”, “risk of HTN”, “HTN
incidence”, “nitric oxide bioavailability”, and “cohort studies” were used. Out of 1650 studies, 9 met all the
inclusion criteria and were finally selected. RevMan 5.3 software was employed for statistical analyses of data
retrieved from these selected studies. About 6384 adults with mild hypertension symptoms were included in this
meta-analysis from different cohort, pilot and cross-sectional studies. All participants’ ages ranged between 40
and 60 years with mild symptoms of hypertension. While high statistical heterogeneity was observed, our results
indicate a significant association of antiseptic mouthwash use with the risk of developing hypertension. The
findings reveal a slightly but significantly elevated risk of development of hypertension among regular antiseptic
mouthwash users, in comparison to non-users. However, further studies are needed to confirm and establish this
relationship further.

1. Introduction

that about 45 % of cardiovascular-linked and 51 % of stroke-linked
mortalities occur due to elevated blood pressure (Williams et al.,

Hypertension, more commonly known as high blood pressure, is
reported as a highly prevalent non-communicable disease, affecting
45.5 % of the adult population and causing approximately 7.7 million
premature deaths worldwide (Forouzanfar et al., 2017). About one
billion adult individuals are affected by hypertension globally. It is a
leading risk factor for multiple conditions, including cardiovascular
disease (CVD), diabetes and stroke (Kearney et al., 2005). It is estimated

2018). Due to adverse consequences, hypertension has been increasingly
becoming a tremendous burden for the global healthcare system for the
last few decades (Wake, 2021). Incidence of high blood pressure may be
triggered by different risk factors. These may be associated with lifestyle
and poor compliance to treatment, such as high-salt diet (Lim et al.,
2012), alcohol consumption (Mills et al., 2016), smoking (Rust and
Ekmekcioglu, 2017), and lack of exercise (Chakraborty et al., 2018).
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Identifying associated risk factors and suggesting preventive measures
can play an important role in public health by managing incidence rates
of hypertension (Landsberg et al., 2013; Narkiewicz, 2006; Seravalle
and Grassi, 2017).

Optimally functioning oral microbiota aids in the transformation of
dietary nitrate into nitric oxide (NO), a signaling molecule which is
critical for vascular functions and maintenance of blood pressure levels.
Indeed, NO bioavailability is thought to be modulated systemically by
oral microbes expressing nitrate reductase which converts nitrate to
nitrite which triggers NO signaling (Woessner et al., 2016). NO released
by endothelial cells is essential for maintaining the structural integrity
and homeostasis of the vascular system (McDonagh et al., 2015).

Most commonly used mouthwashes contain bacteriocides, fluoride
and chlorhexidine (O'Brien et al., 2002). During the past few years, it has
been proposed that using antiseptic mouthwash daily eliminates the
salivary nitrate- and nitrite-metabolizing bacteria (Haraszthy and
Sreenivasan, 2017; Marya et al., 2017; Vlachojannis et al., 2016).
Frequent mouthwash may reduce oral bacteria, leading to low NO
bioavailability and absorption (Govoni et al., 2008). Decreased NO
production may result in immediate loss of a vasodilator, resulting in
elevations in blood pressure (Bondonno et al., 2015). Disruptions of NO
signaling may subsequently alter cellular mechanisms of inflammation
and oxidative stress, both of which play major pathogenic roles for
inducing hypertension-associated conditions, including CVDs (Siti et al.,
2015).

According to survey reports in 2017, about 203 million Americans
used dental rinses (containing fluoride) once a day, while 17 million
used it twice a day (Statista Research Department, 2022a). In the United
States, 36 % of the population used mouthwash daily, and over two-
thirds used it to treat oral problems or diseases (Statista Research
Department, 2022b). The statistics of hypertension incidence showed
that two out of three hypertensive patients had been involved in mouth
rinsing with mouthwash. It indirectly affects their medication, which is
used to manage hypertension (Centers for Disease Control and Preven-
tion, 2023). Moreover, various epidemiological studies found a strong
association between antiseptic mouthwash and cardiovascular disease
(risk linked directly with long-term hypertension) (Centers for Disease
Control and Prevention, 2023). Individuals who use mouthwash with
antiseptics daily may have an elevated chance of acquiring hypertension
and pre-diabetes/diabetes than those who use mouthwash less
frequently or never (Joshipura et al., 2020, 2017). The findings of
various such studies have indicated that mouthwash usage have short-
term effects on the incidence of hypertension (Govoni et al., 2008;
Hezel and Weitzberg, 2015). In this systematic review and meta-anal-
ysis, we statistically evaluate the evidences for the association between
mouthwash use and hypertension incidence risk using data retrieved
from previously published cohort and pilot studies.

2. Materials & methods

Our study was conducted following the guidelines of preferred
reporting items for systematic review and meta-analyses (PRISMA)
statement (Page et al., 2021).

2.1. Search strategy & study selection

The research papers related to “association among use of mouthwash
and risk of hypertension incidence” were searched on scholarly data-
bases such as PubMed, EMBASE, MEDLINE, and Cochrane library.
Searches were conducted using MesH keywords such as “hypertension”,
“mouthwash use”, “risk of HTN”, “HTN incidence” “nitric oxide
bioavailability” and “cohort studies”. Only those research articles were
extracted which were based on cohort and pilot studies of HTN popu-
lation through above mentioned electronic databases. We extracted the
studies published up to 2023 for authentic data selection.

Journal of King Saud University - Science 36 (2024) 103183

2.2. Data extraction

The information collected from the systematically retrieved articles
included first author names, study aims and sample, year of publication,
type of methodology, and primary outcomes and findings. We designed
the PICO model for characterization of the above mentioned research
aims for further selection of the retrieved articles. The PICO question
comprised of four parts, including population (P), intervention (I),
comparison (C) among experimental and control groups and outcome
(O) (Cumpston et al., 2021).

The PICO question for our study were as follows:

P—Adult population (40 to 60 years).

I—Use of mouthwash (risk factor).

C—Mouthwash users versus non mouthwash users.

O—Outcomes (hypertension incidence).

2.3. Inclusion criteria

Predefined inclusion criteria were used for screening of research
articles after search and extraction (Field and Gillett, 2010). We
included only those studies in our meta-analysis which met following
criteria:

1. The studies involving adult population with mild hypertension and
used medication for management at least once in their lifetime.

2. The studies were cohort, epidemiological, pilot and short clinical
trial-based studies.

3. Only those studies were included in which only use of mouthwash
was discussed as risk of hypertension rather than toothpaste.

4. The outcomes of included studies were hypertension and linked
diseases such as cardiovascular issues as well as stroke.

5. Only primary studies which were published in English between 2010
till 2023 were included.

2.4. Outcomes assessed

Our primary outcome was the short-term risk of hypertension due to
mouth rinsing with fluoride-containing mouthwash among adults.
Among included cohort studies, most adults already had hypertensive
symptoms. Hypertension is defined as a condition in which systolic
blood pressure (SBP) prevails > 140 mm of Hg, and diastolic blood
pressure (DBP) > 90 mm of Hg, and patients have been using medication
to control or manage this issue (Williams et al., 2018). In this meta-
analysis, we aimed to appraise the short-term effects of mouthwash use
on the risk of hypertension incidence and management by medication
among adult population.

2.5. Quality assessment

Two reviewers evaluated the quality of included studies indepen-
dently by using the risk bias tool of Cochrane Collaboration of RevMan
software version 5.3. In events of any disagreements, a third arbitrator
was called upon for reconcilement with discussion.

2.6. Statistical analysis

RevMan 5.3 software was employed for statistical analyses of data
extracted from the retrieved primary studies. While there are other
comparable softwares (Wang and Leeflang, 2019), RevMan 5.3 is user
friendly and simplifies the processes of study selection, data extraction,
risk of bias assessment, and calculations involved in meta-analyses.
Further, the output is also detailed and easy to comprehend. A p-value <
0.05 was considered statistically significant, results were presented as
odds ratio (ORs) with a 95 % confidence interval (CI). Moreover, het-
erogeneity assessment was done via the Q test and I? statistics. A fixed-
effects model and a random-effects model were applied in case no
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significant difference was detected from the heterogeneity test.
3. Results
3.1. Included studies

The research articles were selected and screened for recent meta-
analysis according to research aims and PRISMA guidelines. About 1650
research articles were searched from the above-mentioned electronic
databases. Only 100 research articles were found eligible for screening
after quality assessment. Of those, 9 studies met the preset inclusion
criteria and were analyzed for final results, as mentioned in Fig. 1 and
Table 1.

3.2. Study characteristics

About 6384 adults with mild hypertension symptoms were included
in recent meta-analysis from different cohort, pilot and cross-sectional
studies. All participants’ ages ranged from 40 to 60 years.
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3.3. Risk bias

The risk bias plot of the included studies was obtained from Cochrane
library of Review manager. Figs. 2 and 3 depict the risk bias summary
and graph, respectively.

3.4. Risk of hypertension with mouthwash use

6 out of 9 studies were included in the pooled analysis, while the
other 3 studies could not get the statistical significance to be included in
recent meta-analysis. Overall, the pooled estimate showed that mouth-
wash use significantly triggered the risk of hypertension (Fig. 4) with a
relative risk ratio of 1.41 (95 % CI 1.13-6.72; p-value < 0.001), and
statistical heterogeneity was observed (Z = 10.14; 2 =97 %).

3.5. Mean difference of SBP

The mean difference in SBP among mouthwash users and non-users
was evaluated from the mean difference (Fig. 5). A pooled analysis of 8

Research articles
identified from
Databases (n=1651)

Research articles

[ Identification |
|

Aricles removed before
screening:

Duplicate studies removed
(n=124)

Research articles marked as
ineligible by automation tools
(n=789)

Records removed for other
reasons (n=498)

Studies included in
review (n=9)

i ?ﬂ;ig?d " | Research articles not retrieved
for not fuffilling inclusion criteria
l 1and 2 (n=56)
g Research articles sought | — | Research articles excluded
< for retrieval for not fuffilling inclusion criteria
g (n=184) Jand 4 (n=95)
w
Reports assessed for — | Research articles excluded
__J | eligibility for not fuffilling inclusion criteria
(n=89) 5 (n=80)

Fig. 1. PRISMA flow chart of screening and selection of studies.
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Table 1
Characteristics and information from included studies.
First Author Year of Sample size Study Aims Type of Primary outcomes Findings Citation
publication methodology
Munoz 2021 250 with To investigate Nested Case Mean difference in Periodontitis (decreased oral (Munoz
Aguilera, periodontitis & association among Control study systolic blood micro flora) is linked to higher Aguilera
Eva 250 control periodontitis pressure = 3.36 mm systolic blood pressure et al., 2021)
individuals of Hg & diastolic
pressure = 2.16 mm
of Hg
Janket, 2023 256 patients with To investigate Longitudinal Hazard ratio of The advantages that result from (Janket
Kaumudi CVD and 250 association among study mouthwash use on mouthwash use did not et al., 2023)
control mouth rinsing and CVD mortality HR = demonstrate any long-term
hypertension which 0.49 [0.27-0.87] negative or positive impact on
causes CVD CVD mortality.
Joshipura, 2019 540 participants in ~ To investigate Longitudinal About 66 out of 540 Utilization of over-the-counter (Joshipura
Kaumudi experimental relationship among Study developed mouthwash frequently was linked et al., 2020)
group; 241 in mouthwash use and hypertension after to a higher probability of
control hypertension twice use of hypertension
mouthwash in a day
Bondonno, 2015 11 patients with To evaluate effect of Short clinical Mean difference in Use of mouthwash is associated (Bondonno
Catherine hypertension, antibacterial trial systolic blood with high blood pressure through et al., 2015)
P. others 4 in control mouthwash use on NO pressure = 2.3 mm of  disruption of NO pathway
metabolism and blood Hg
pressure
Del Pinto, 2022 4506 participants To assess the Cross sectional Mean difference in Manual tooth brushing and other (Del Pinto
Rita association oral Survey systolic pressure is means of oral hygiene means (such et al.,, 2022)
hygiene habits 6.80 mm of Hgand in  as tooth brushing) lead to
(flossing, mouthwash diastolic pressure is hypertension rather than electric
use and toothbrush) 2.98 mm of Hg tooth brushing
with hypertension
Kapil, Vikas 2013 19 healthy To evaluate Cross sectional Mean difference in The 7 day follow up of mouthwash  (Kapil et al.,
individuals in suppression of oral study systolic and diastolic use increased systolic and diastolic ~ 2013)
experimental microflora by among experimental blood pressure due to low
group & control mouthwash use which and control group = circulating NO concentration
group lead to hypertension 2-3.5 mm of Hg
Petersson, 2009 20 individuals in To investigate the Cross sectional Mean difference in The biological activity of (Petersson
Joel experimental effect of microflora study systolic and diastolic nutritional nitrate may be et al., 2009)
group & 15 in and dietary nitrites on among experimental decreased by frequent use of
control group blood pressure and control group = antiseptic mouthwashes, raising
through use of 5-7.5 mm of Hg blood pressure
mouthwash
McDonagh, 2015 12 healthy To investigate the Cross sectional Mean difference in High blood pressure results from (McDonagh
S.T.J. volunteers effect of strong and study systolic blood the suppression of the rise in et al., 2015)
weak antiseptic agents pressure = 3.45 mm plasma [NO,] by both potent and
on plasma nitrate of Hg & diastolic ineffective antibacterial drugs.
levels pressure = 2.65 mm
of Hg
Shaw, Karrol 2019 10 healthy To assess the effects of =~ Randomized Mean difference in Use of mouth wash and sodium (Shaw,
Anne volunteers sodium intake and controlled & systolic blood intake are strongly associated with ~ 2019)

antiseptic mouthwash
use on blood pressure

cross over trial

pressure = 4.87 mm
of Hg & diastolic
pressure = 3.34 mm
of Hg

hypertension

included studies among experimental and control groups showed
increased SBP with a hazard ratio of 1.53 [95 % CI 1.52-1.54] among
mouthwash users.

4. Discussion

Mouthwash is recommended for benefits against gum disease, hali-
tosis, or dental cavities; nevertheless, medications are only good for a
limited time. Contrarily, mouthwash is often utilized over a lengthy
period of time and promoted as a component of daily dental hygiene.
Based on evidence of positive benefits and limited toxicity, the American
Dental Association (ADA) has approved certain mouthwash for regular
use. Nevertheless, most analyses of advantages and safety have focused
on short-term outcomes. Joshipura et al. (2020) reported that the use of
non-recommended mouthwash among physician-diagnosed hyperten-
sion patients two times a day increased risk by 85 % more than non-
users, over a 3 year follow-up study. The association of hypertension
incidence and use of mouthwash in this study were reported indepen-
dent of other risk factors such as lifestyle, dietary patterns and smoking

habits. Mouthwash use is for maintaining oral hygiene and improving
breath; however, almost all mouthwash brands contain antibacterial
components which have detrimental effects on NO bioavailability and
nitrate reduction, possibly leading to hypertension incidence. Interest-
ingly, meta-analysis conducted by Farook et al. (2024) indicated that
mouthwash usage may not be linked to significant increases in SBP and
DBP. However, the authors acknowledged that this conclusion may be
affected by high inconsistencies of contributing studies (Farook et al.,
2024).

The findings of our meta-analysis reveal a strong association between
the use of antiseptic mouthwash and elevated blood pressure among
adults with mild hypertension symptoms. This may support a patho-
genic role of mouthwash usage in increasing the likelihood of devel-
oping high blood pressure, particularly when our assessment derives
from primary studies with different study designs and population fea-
tures. The increase in SBP was found to be predominant through all
randomized controlled trials, cohort studies, and cross-sectional studies
after daily mouthwash use. Of note, significant heterogeneity was
observed between studies (IZ2 = 97 %), indicating variability in effects
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Other bias

Aguilera et al., 2021

Bondonno et al., 2015

Del Pinto R et al., 2022

Janket et al., 2023

Joshipura et al., 2019

Kapil et al., 2013

. . . . . . . Selective reporting (reporting bias)

McDonagh et al., 2015

Petersson et al., 2009

O OO O ® O ® ® @ | Randomsequence generation (selection bias)

® OO0 DO O ®| @ ~ocaton concealment (selection bias)

O 0O OO ® ® O ® @ Bsindingof participants and personnel (performance bias)
® O 0O OO ® | O O B.inding of outcome assessment (detection bias)

® OO0 0 0O 0 O® O nometkoutcome data (attrition bias)

Shaw K et al., 2019

Fig. 2. Risk bias summary of included studies.

across populations and designs. This uncertainty may influence effect
estimates. Subgroup analyses were not reported to explore potential
sources of heterogeneity. Other limitations include a) inclusion of short-
term clinical trials of the effect of mouthwash use, b) limited number of
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published cohort studies for pooled analysis, c) ineligibility of studies
published in languages other than English, d) possibility of study-level
meta-analysis rather than a patient-level meta-analysis, that would
have allowed us to account for a variety of characteristics because we
were unable to collect raw data. Another potential limitation is we
cannot rule out the possibility of reverse causation, i.e. individuals with
pre-existing hypertension and on mediation may be more likely to use
mouthwash. This may indeed result in different interpretation of our
results.

5. Conclusion

In conclusion, the findings revealed a slightly higher risk of hyper-
tension among antiseptic mouthwash users who rinse their mouth daily
as compared to non-users. The relationship between the use of antiseptic
mouthwash and the risk of hypertension is significantly independent of
other factors and potential cofounders, but more clinical trials are
required to prove the recent study’s hypothesis. According to our study’s
findings, those who used mouthwash twice or more per day had a much-
increased chance of developing hypertension than those who used it less
frequently or never. Significant risk factors for high blood pressure and a
number of other potential variables are not associated with this link;
nonetheless, further extensive long-term randomized, and blinded
clinical trials are required to determine the causative relationship.
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kapil et al., 2013 19 19 19 19 2.5% 1.00 [0.91, 1.10]
Aguilera et al., 2021 250 500 250 500 32.1% 1.00[0.88, 1.13]
Janket et al., 2023 256 506 250 506 32.1% 1.02[0.91, 1.16]
Petersson et al., 2009 20 35 15 35 1.9% 1.33[0.83, 2.15] T
Joshipura et al., 2019 541 781 240 781 30.8% 2.25[2.01, 2.53] L
Bondonno et al., 2015 11 15 4 15 0.5% 2.75[1.13,6.72]
Total (95% CI) 1856 1856 100.0% 1.41[1.32,1.51] ‘
Total events 1097 778
. . 3 - - .12 - 0, L 1 1 ]
_Il-_|et<terfogene|ty|.| C]:l N 12633(1]1(2‘ F’5<(I; ;0%82)001), 2=97% |0.01 051 3 1.0 100.
est for overall effect: Z = 10.14 ( : ) Mouthwash Users  Non Users
Fig. 4. Risk ratio of hypertension among mouthwash users or non-users.
Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Janket et al., 2023 0 0 0 0 0 0 Not estimable
Bondonno et al., 2015 233 04 11 1.8 06 4 0.0% 0.53[-0.10, 1.16]
McDonagh et al., 2015 345 08 8 265 04 4  00% 0.80[0.12,1.48]
Aguilera et al., 2021 336 0.05 250 216 0.05 250 80.0% 1.20[1.19,1.21] .
Kapil et al., 2013 35 06 19 2 05 19 0.0% 1.50[1.15, 1.85] "
Shaw K et al., 2019 487 0.05 8 334 08 2 0.0% 1.53[0.42, 2.64] I
Petersson et al., 2009 75 0.01 20 5 0.04 15 14.3% 2.50[2.48,2.52] -
Del Pinto R et al., 2022 6.8 0.3 205 298 0.7 2000 55% 3.82[3.79, 3.85] "
Total (95% Cl) 2372 2294 100.0% 1.53[1.52, 1.54]

ity Chi2 = - .12 = 1009 } t t {
Heterogeneity: Chi? = 32044.70, df = 6 (P < 0.00001); 100% 7100 50 0 50 100

Test for overall effect: Z = 382.81 (P < 0.00001)
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Fig. 5. Mean difference of systolic blood pressure in experimental and control group.
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