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Abstract
Aims: Over-the-counter mouthwash comprises part of routine oral care for many; however, 
potential adverse effects of the long-term daily use have not been evaluated. Most mouthwash 
contain antibacterial ingredients, which could impact oral microbes critical for nitric oxide 
formation, and in turn predispose to metabolic disorders including diabetes. Our aim was to 
evaluate longitudinally the association between baseline over-the-counter mouthwash use and 
development of pre-diabetes/diabetes over a 3-year follow-up.

Materials and methods: The San Juan Overweight Adults Longitudinal Study (SOALS) 
recruited 1206 overweight/obese individuals, aged 40 – 65, and free of diabetes and major 
cardiovascular diseases; 945 with complete follow-up data were included in the analyses. We used 
Poisson regression models adjusting for baseline age, sex, smoking, physical activity, waist 
circumference, alcohol consumption, pre-hypertension/hypertension status; time between visits 
was included in the models as an offset.

Results: Many participants (43%) used mouthwash at least once daily and 22% at least twice 
daily. Participants using mouthwash ≥ twice daily at baseline, had a significantly elevated risk of 
pre-diabetes/diabetes compared to less frequent users (multivariate IRR = 1.55, 95% CI: 1.21–
1.99), or non-users of mouthwash (multivariate IRR = 1.49; 95% CI: 1.13–1.95). The effect 
estimates were similar after adding income, education, oral hygiene, oral conditions, sleep 
breathing disorders, diet (processed meat, fruit, and vegetable intake), medications, HOMA-IR, 
fasting glucose, 2hr post load glucose or CRP to the multivariate models. Both associations were 
also significant among never-smokers and obese individuals. Mouthwash use lower than twice 
daily showed no association, suggesting a threshold effect at twice or more daily.
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Conclusions: Frequent regular use of over-the-counter mouthwash was associated with 
increased risk of developing pre-diabetes/diabetes in this population.
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1. Introduction
Bacteria present in the dental plaque are implicated in the pathogenesis of oral diseases, such 
as dental caries, periodontal diseases, and halitosis (bad breath). Effective supra-gingival 
plaque control is therefore important for preventing these conditions. Mouthwash has been 
gaining popularity as an adjunct to mechanical plaque control for reducing oral bacteria and 
improving oral health [1]. Mouthwash is commonly available in many countries, and its use 
is often promoted or prescribed by dental health care professionals to help manage specific 
oral conditions. The American Dental Association gives its seal of acceptance on some 
commonly used over-the-counter as well as prescription antibacterial mouthwash based on 
its evaluation of the postulated oral effects for gingivitis, halitosis or dental caries [2]. The 
efficacy of mouthwash use is well established for reducing gingivitis [3] and halitosis [4] 
(although halitosis may often be from systemic causes), but there is not much evidence for 
reducing periodontitis [5–7]. Despite this, around 60% of the US population use mouthwash 
one or more times weekly and a third use it daily [8].

Regardless of their indicated clinical uses, 90% of commonly used mouthwash products 
contain some antibacterial ingredient, such as chlorhexidine, triclosan, cetylpyridinium 
chloride, alcohol, essential oils, fluoride and peroxide [9–11]. Depending on the 
concentration, these ingredients can be either bacteriostatic or bactericidal. Notably, the 
antibacterial ingredients in mouthwash do not target specific oral pathogens, but act on a 
broad spectrum of targets, which may overlap with more specific antibiotic targets, leading 
to cross-resistance [12,13]. Therefore, frequent use of mouthwash may lead to the 
overgrowth of pathogenic or resistant bacteria, and may reduce the clinical efficacy of 
antibiotics. While toxicology is evaluated as part of the criteria for the seal of acceptance, 
studies to date are short-term, and the effect of chronic mouthwash use on the oral ecology 
as well as systemic impact have not been evaluated.

The human oral cavity includes more than 700 bacterial species [14]. An increasing number 
of metagenomic studies are beginning to shed light on possible associations of the oral 
microbiome with systemic conditions, such as, blood pressure regulation and diabetes 
[15,16]. Small short-term clinical trials suggest that twice daily use of chlorhexidine 
decreases systemic nitrate/nitrite concentrations, likely through destruction of oral microbes 
responsible for catalyzing nitrate reduction to nitrite [17]. Loss of this pathway may lead to 
decreased NO-bioavailability and increased blood pressure [18–21]. Kapil et al. found that 
chlorhexidine mouthwash reduced oral nitrite production and plasma nitrite levels and 
increased blood pressure in healthy volunteers [19]. An alcohol-free mouthwash containing 
cetylpyridinium chloride significantly reduced oral bacteria for up to 12 hours [22], and 
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reduced plasma and salivary nitrite, while increasing systolic blood pressure among males 
[23]. Another antibacterial mouthwash also showed detrimental effects on NO 
bioavailability and blood pressure after a treadmill test challenge [21]. Hence, over-the-
counter antibacterial mouthwash may have a detrimental impact on NO bioavailability and 
blood pressure regulation. These observations are raising important new concerns regarding 
the need to evaluate the impact of long-term use of mouthwash on the systemic health.

Recent metagenomic studies have shown oral bacteria, particularly of the phylum 
Actinobacteria, to be inversely associated with type 2 diabetes risk [15]. Mouthwash use 
abolished the beneficial impact of nitrate rich foods on insulin resistance in obese adults in a 
recent small clinical trial, suggesting that nitrate reduction by oral bacteria may have a 
protective role in diabetes risk [24]. Inhibition of endothelial nitric oxide synthases (eNOS) 
and subsequent decreased NO bioavailability is a central feature of metabolic syndrome and 
diabetes. Moreover, nitrate or nitrite protect against diabetes or hypercholesterolemia 
associated vascular dysfunction and inflammation in both human and animal models 
[25,26].

Based on this information, we hypothesized that regular long-term use of antibacterial 
mouthwash could increase the risk for pre-diabetes/diabetes. Although clinical trials show a 
detrimental impact of short-term prescription antibacterial mouthwash use on systemic nitric 
oxide bioavailability [18,20,21], long-term use of over-the-counter mouthwash has not been 
evaluated in relation to diabetes risk. Therefore, our objective was to evaluate longitudinally 
the hypothesis that regular over-the-counter mouthwash use was associated with increased 
risk of pre-diabetes/diabetes over a three-year period.

2. Materials and methods
Adults aged 40 – 65 years were recruited for the San Juan Overweight Adults Longitudinal 
Study (SOALS) by advertising (e.g flyers, word of mouth). The study was approved by the 
University of Puerto Rico Human Research Subjects Protection Office Institutional Review 
Board and is reported following STROBE guidelines. Recruitment and baseline data 
collection started in 2011 and the 3- year follow-up exam was completed by 2016 [27].

The baseline exclusion criteria were: 1) physician-diagnosed type 1 or type 2 diabetes or 
taking either insulin or oral anti-hyperglycemic agents; 2) pregnancy; 3) physician-
diagnosed hypoglycemia, congenital heart murmurs, heart valve disease, congenital heart 
disease, endocarditis, rheumatic fever, and hemophilia or bleeding disorders; 4) active 
dialysis treatment; 5) having undergone procedures related to cardiovascular disease; 6) 
severe health conditions or psychological or physical disabilities that would interfere with 
participation in the study; or 7) plans on moving away in the next three-year period. The 
cohort consists of individuals who reported their race as White (25%), Black (14%), and 
Mixed race (61%). Retention efforts included phone calls, letters and small tokens. Seventy-
nine percent (951/1206) completed the three-year follow-up examination (Fig. 1); of the 
remaining 255, six were deceased, 68 refused to participate in the follow-up exam, 87 were 
not reached, 41 moved out of Puerto Rico, and 53 were unable to come. Six participants 
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with missing data on covariates were excluded from these analyses and the remaining 945 
participants with complete data were included.

Participants were asked to fast for 10 h prior to their appointment, and through the last blood 
draw. Blood samples were drawn at fasting, and at 30-mins, 1-h and 2-h after the 
consumption of a glucose drink containing 75 g dextrose, using a standard protocol and 
silicone coated sterile blood collection tubes (Becton Dickinson Vacutainer Systems, NJ). 
Blood was centrifuged to separate RBC and serum/plasma, and EDTA tubes for plasma 
samples and serum were stored at −80°C. Fasting blood was processed for glucose, insulin, 
HbA1c and C-reactive protein (hs-CRP). Glucose was assessed using a SIRRUS analyzer 
(intra-assay coefficient of variation 1.21%; inter-assay 3.06%). Insulin was determined using 
Chemiluminescence assays with TOSOH analyzer (intra-assay coefficient of variation 
1.49%; inter-assay 4.42%). HOMA-IR was calculated as (Fasting glucose × Fasting insulin)/
405. HbA1c was assessed using a latex immunoagglutination inhibition method (intra-assay 
coefficient of variation 2.89% and inter-assay 1.88%). Hs-CRP values were measured by 
high sensitive latex turbidimetric method (intra-assay coefficient of variation 1.63% and 
inter-assay 1.75%) by Beckman Coulter AU5421 K-assay (Beckman Coulter, Inc., 250 S. 
Kraemer Blvd. Brea, CA 92821, USA). We classified people as having diabetes detected 
from the baseline or follow-up examination tests based on fasting plasma glucose ≥ 7 
mmol/l (126 mg/dl), 2-h oral glucose tolerance ≥ 11.1 mmol/l (200 mg/dl), or HbA1c > 
6.5% (48 mmol/mol). People were classified as having pre-diabetes if they had fasting 
glucose 100 – 126 mg/dl, 2-h post load glucose of 140 – 200 mg/dl or HbA1c 5.7% – 6.5% 
(39 – 48 mmol/mol), or as having normal glycemia if all these values were below the 
mentioned thresholds for pre-diabetes. Participants were excluded if they had glucose levels 
above the threshold for diabetes at the baseline exam. Progression to pre-diabetes/diabetes 
was defined as progression from normal glycemia to pre-diabetes or diabetes, or from pre-
diabetes to diabetes based on study assessments, or reported physician diagnosed diabetes 
during the follow-up period.

Interviewer administered questionnaires were used to assess frequency of oral hygiene aids 
including mouthwash use. We were interested in the overall risk of over-the-counter 
mouthwash use, rather than any specific type or brand. Hence, we did not distinguish 
different types of mouthwash. We evaluated baseline mouthwash use two or more times a 
day as the primary exposure, as this was consistent with most published literature from 
clinical trials [19 – 21]. The questionnaire collected information on important covariates 
including age, gender, smoking, alcohol intake, physician diagnosed hypertension, high 
blood pressure medication use, and sleep breathing disorders, and time and frequency of 
physical activity during a typical week. Each activity was assigned a metabolic equivalent 
(MET) score based on the intensity, and the total MET score was computed for each 
individual as MET hours/week. The questionnaire also inquired about how often they ate 
specific food items pertinent to diabetes risk. The categories provided for responses were: 
never, <1 time per month, 1 time per month, 2 – 3 times per month, 1 time per week, 2 times 
per week, 3 – 4 times per week, 5 – 6 times per week and 1 time per day, and 2 times per 
week or more; and we converted these into times per week. Anthropometric measurements 
were taken according to the NHANES III procedures, and replicate measures were averaged. 
Blood pressure was measured following the gold standard Korotkoff auscultatory method 
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after 5 min of rest [28], with intervals of 1 min in between 3 measures, and averaged. 
Participants were classified as hypertensive if they had physician diagnosis of hypertension, 
and/or if they reported taking high blood pressure medication, and/or had baseline systolic 
blood pressure (SBP) ≥140 or diastolic blood pressure (DBP) ≥90 mmHg; they were 
classified as pre-hypertensive if they were not classified as hypertensive and SBP was 120–
139 and/or DBP was 80–89 mmHg. High sensitivity C-reactive protein (hs-CRP) values 
were measured by the high sensitive latex turbidimetric method AU5421 K-assay. Full-
mouth oral exams including periodontal disease [29], dental plaque scores [30], gingivitis 
evaluated as bleeding on probing (BOP) [31], and caries were assessed using a modified 
version of the NHANES procedures, with examiners trained and calibrated by the NHANES 
Chief Dental Examiner.

2.1. Statistical analyses
Development of pre-diabetes/diabetes during the three-year follow-up was modeled as the 
outcome using Stata 13.1. We evaluated Poisson regression models to evaluate the 
association between baseline mouthwash use and development of pre-diabetes/diabetes. 
Time between baseline and the follow-up visits was included in the models as an offset. 
Since we analyzed a binary outcome using Poisson models, we obtained 95% confidence 
intervals for the Incidence Rate Ratios using robust standard errors for the parameter 
estimates [32]. Major risk factors for diabetes from the literature including age, sex, 
smoking, physical activity, waist circumference, alcohol consumption, and pre-hypertension/
hypertension status were adjusted for in the analyses. Additional factors including oral 
conditions, and dietary factors (processed meat, fruit, and vegetable intake, coffee, whole-
grain, whole grain bread and sugar sweetened beverages) were considered as potential 
confounders and evaluated using change in estimate procedures, with a threshold of >10% 
change as the criteria for inclusion of the confounder in the final model.

3. Results
The median follow-up time for this cohort was 2.96 years (interquartile range 2.88 – 3.01). 
Table 1 shows that baseline characteristics of participants retained and included in these 
analyses are similar to the overall study sample at baseline. Table 2 shows baseline 
descriptive statistics by diabetes status and by mouthwash use. Compared to individuals with 
normal glycemia, people with pre-diabetes at baseline seem on average older (49 vs. 52 
years), and less likely to smoke (22 vs. 16%), but more likely to be obese (59 vs. 68%) and 
hypertensive (41 vs. 52%). Individuals with pre- diabetes showed higher insulin resistance, 
higher hs-CRP levels, moderate or severe periodontal disease, and more sites with BOP. 
Individuals who used mouthwash ≥ twice a day (Table 2) were more likely to be female, to 
not have completed high school, to have sleep breathing disorders and had higher dental 
plaque scores and drank less alcohol than individuals who used mouthwash less than twice a 
day. Baseline pre-diabetes, HOMA-IR, hs-CRP, BOP and periodontal disease did not differ 
across the mouthwash groups. At baseline, six percent used mouthwash more than twice a 
day, 16% used twice daily, 21% used mouthwash once daily, 10% used less frequently, and 
47% did not use mouthwash; mouthwash use was higher at follow-up (Fig. 2a and b). Two 
hundred and twelve participants developed pre-diabetes/diabetes over the follow-up. Among 
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normo-glycemic individuals at baseline, 37% progressed to pre-diabetes/diabetes, among 
people with pre-diabetes at baseline 11.4% developed diabetes. Among people using 
mouthwash twice or more daily, 30% progressed to pre-diabetes/diabetes, and among people 
using mouthwash less frequently, 20% progressed.

Table 3 shows results from Poisson regression models. Mouthwash use ≥ twice daily was 
associated with a significantly elevated risk of pre-diabetes/diabetes progression (age, sex 
and smoking adjusted IRR = 1.54, 95% CI: 1.20 – 1.97; multivariate (b) IRR 1.55, 95% CI: 
1.21–1.99), compared to less frequent users; the crude incidence rate ratio (not shown in 
tables) was 1.52 (95% CI: 1.18 – 1.95). People who used mouthwash twice a day or more 
had a significantly increased risk (IRR 1.49; 95% CI: 1.13–1.95) compared to people who 
did not use mouthwash in the multivariate model. Models controlled for age, sex, smoking, 
physical activity (METs), waist circumference, alcohol consumption, and pre-hypertension/
hypertension status. Additional adjustment for oral hygiene, and oral conditions including 
plaque, gingivitis (BOP), periodontal disease, caries, visits to a dentist/hygienist and reasons 
for the visits, and reported periodontal treatments at baseline and follow-up did not change 
the effect estimates. Similarly, addition of income, education, HOMA-IR, fasting glucose, 
any medication use, hs-CRP, sleep breathing disorders, processed meat, fruit intake and/or 
vegetable intake, coffee, whole-grain, whole grain bread and sugar sweetened beverages to 
the model also did not change the estimates. Hence these variables were not included in the 
final model. Results were similar when adjusted for alternative physical activity definitions 
to meeting WHO recommendations instead.

We also explored the association within subgroups defined by baseline smoking, metabolic 
syndrome, physical activity, BMI categories, HOMA-IR, pre-diabetes and periodontitis, and 
there was no major effect modification (Table 4). Associations in all subgroups evaluated 
ranged from 1.35 to 2.11, with no significant effect modification or interactions. The 
association between mouthwash use and development of pre-diabetes/diabetes remained 
significant when limited to never smokers (IRR 1.68; 95% CI: 1.21–2.33). Association 
between mouthwash use and pre-diabetes/diabetes progression are similar among baseline 
non-diabetic individuals with IRR = 1.54 (95% CI: 1.19–1.98, n = 409), and baseline pre-
diabetic individuals with IRR =1.36 (95% CI: 0.79–2.35, n = 536).

To explore dose response, mouthwash users were evaluated by different frequency of use in 
similar multivariate models (data not shown in tables). Compared to no use, mouthwash use 
less than once a week (N = 466) showed IRR = 1.03 (95% CI: 0.44 – 2.41); 1–3 times a 
week (N = 502) had IRR = 0.58 (95% CI: 0.30 – 1.13); 4 – 6 times a week (N = 458) had 
IRR = 1.21 (95% CI: 0.47 – 3.11); once a day (N = 647) had IRR = 0.97 (95% CI: 0.70–
1.34); twice a day (N = 594) had IRR = 1.55 (95% CI: 1.15–2.07); and > twice a day (N = 
503) had IRR = 1.30 (95% CI: 0.82–2.05). In additional analyses, participants who use 
mouthwash ≥ once a day showed a small but significant association with HR = 1.27 (95% 
CI: 1.00–1.61) compared to less frequent users.
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4. Discussion
Oral bacteria are implicated in the pathogenesis of oral diseases including dental caries and 
periodontal disease, as well as systemic diseases, such as bacterial endocarditis, and 
hemorrhagic stroke. However, several studies also highlight the possible beneficial impact of 
the oral microbiome on systemic health, including the potential to play a role in controlling 
NO-bioavailability and, consequently, in key physiological processes pertinent to the 
cardiometabolic health. These include blood pressure lowering, limiting coagulation and 
protecting against inflammatory tissue injury [33]. To our knowledge, this study evaluates, 
for the first time, whether mouthwash use is a risk factor for pre-diabetes/diabetes.

Participants who used mouthwash ≥ twice daily had 55% significantly increased risk of 
developing pre-diabetes or diabetes over a 3-year follow-up compared to less frequent users, 
and 49% higher risk compared to non-users of mouthwash. These associations controlled for 
major established risk factors for diabetes (baseline age, sex, smoking, physical activity, 
waist circumference, alcohol consumption, and hypertension), and were independent of 
these and several additional potential confounders that were evaluated. Socioeconomic and 
lifestyle factors were not related with baseline diabetes or mouthwash use. Mouthwash users 
were more likely to have sleep breathing disorders; however, it was not a confounder in this 
study, despite it being associated with diabetes [34]. Adding HOMA-IR to the model did not 
change the effect estimate; therefore, it is unlikely to be a confounder or mediator in this 
study. The associations persist within several subgroups suggesting robustness of the 
findings and independence from confounding by factors such as smoking and physical 
activity. We cannot exclude the possibility of potential confounding by other unmeasured 
factors. Importantly, participants were free of major cardiovascular disease and diabetes at 
baseline and the associations seem independent of major risk factor for diabetes.

Based on these results, and on recent metagenomic studies linking common oral bacteria to 
reduced risk for type 2 diabetes [15], we hypothesize that the increased risk for diabetes 
among mouthwash users in our study is due to direct effects on the oral microbiome. 
Commensal oral bacteria are central to reducing nitrate to nitrite and its important 
physiological role in systemic NO-signaling and cardiometabolic health inferred from 
multiple preclinical and human studies. The role of NO in diabetes is complex, with both 
promoting and preventing disease mechanisms described, dependent in part, to the 
concentration and setting of NO formation. In general, NO generated from eNOS prevents 
diabetes associated cardiovascular morbidities. Similarly, emerging data indicate that nitrate 
also prevents diabetes, with the proposed mechanisms being reduction to nitrite, mediated at 
least in part by oral microbes. A recent clinical trial demonstrated that nitrate ingestion could 
lead to short-term improvement in glucose tolerance in obese adults, and that this beneficial 
effect could be abolished by disruption of oral nitrate metabolism by mouthwash use [24]; 
also, nitrate supplementation prevented development of metabolic syndrome in eNOS-
deficient mice [25]. Our data demonstrate for the first time a significant long-term impact of 
mouthwash on diabetes risk. However, our study was limited in not evaluating measures of 
NO bioavailability, such as nitrate/nitrite levels, nitrate reducing oral bacteria. Hence, we 
cannot establish that the increased risk for the development of diabetes or pre-diabetes in the 
mouthwash users was due to the impact on the oral NO production pathways, and we cannot 
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exclude the possibility that other mechanisms could be involved. Further studies are needed 
to directly evaluate the mechanisms by which routine mouthwash use may impact diabetes 
development.

Many mouthwash products are recommended for twice daily rinsing, consistent with oral 
hygiene recommendations of brushing twice daily. Our findings suggest a threshold effect 
with at least twice daily mouthwash increasing risk, rather than dose response. This is not 
surprising given the small quantity and short time (usually under 1 min) that mouthwash 
generally remains in the mouth, and that several mouthwash products are advertised to be 
effective for up to 12 h. Our study did not collect data on duration of use at baseline. 
However, this is unlikely to be an important limitation as the majority of participants in our 
study were long-term mouthwash users; of those who used mouthwash twice or more daily 
at baseline, 85% used mouthwash at least once a day at follow-up, and 62% were continuing 
to use mouthwash twice daily at follow-up. We also, did not collect data on type of 
mouthwash and reasons for use. This information was collected only among a small 
subsample consisting of 132 mouthwash users as part of an ancillary study to SOALS. The 
majority of mouthwash use reported in this subgroup was for freshening the breath, or for 
cleaning the teeth. It was hard to decipher the specific mouthwash used from the reported 
mouthwash type, since brand names were generally reported; each brand includes a variety 
of mouthwash types for different indications with different formulations, which may impact 
the ecological balance of the oral microbiome in a variety of ways. Importantly, majority of 
mouthwash include antibacterial ingredients; hence we observe significant associations 
without restricting analyses to antibacterial mouthwash, which would likely have shown 
stronger associations.

An important strength of our study was the high retention rate (78%), which minimizes bias 
from loss to follow-up. Moreover, the baseline characteristics for the 945 participants 
included in these analyses were similar to the initial 1206 subjects (Table 1), suggesting 
minimal bias from loss to follow-up. Our study population comprised overweight/obese 
mostly Hispanic individuals, which may limit generalizability. However, our findings show 
that the associations between mouthwash use and pre-diabetes/diabetes are similar for 
overweight and obese individuals. In addition, previous clinical trials including normal 
weight individuals among non-Hispanic populations showed a detrimental impact of 
mouthwash use on NO bioavailability and/or blood pressure. Hence, it seems likely that the 
associations found in our study would also be similar among normal weight and non-
Hispanic individuals.

The pros and cons of mouthwash use need to be considered. Cosmetic mouthwash may 
temporarily control bad breath and leave behind a pleasant taste, but have no chemical or 
biological application beyond their temporary benefit. Antibacterial mouthwash has been 
shown to be clinically effective in reducing dental plaque and gingivitis [3]. However, its 
clinical effectiveness against the more serious forms of periodontal disease and dental caries 
is questionable, probably because the bacteria responsible for peridontal disease and dental 
caries are organized in a thick, multispecies biofilm (‘dental plaque”) [5], which is much 
more resistant to antibacterial agents than planktonic bacteria [35,36]. At the same time, 
potentially beneficial bacteria, such as those responsible for nitrate reduction are mostly 
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concentrated on the posterior tongue, soft tissues and saliva [37] and they could be much 
more severely affected by mouthwash use. Furthermore, dental caries and periodontal 
disease are not typical “infectious” diseases because they are not caused by specific bacteria; 
they are induced by ecological shifts in the dental biofilm that promote the development of 
pathogenic bacterial consortia (“dysbiosis”) [38]. Consistent with this concept, it is 
becoming widely recognized that effective management of dental caries and periodontal 
disease should not be focused on the complete elimination of the dental biofilm, but rather 
on approaches that aim to manipulate this biofilm towards an ecological and metabolic 
balance that is more compatible with oral health [1]. Despite these limitations, over-the-
counter mouthwash is advertised and used daily as part of routine oral hygiene procedures, 
sometimes for purely cosmetic reasons, unlike prescription mouthwash that is used short-
term and is evidence based for addressing specific conditions.

The indiscriminate routine use of antibacterial mouthwash products may cause more harm 
than good, in light of recent studies, and further supported by findings from this study, 
suggesting potential detrimental impact of mouthwash use on NO bioavailability, blood 
pressure, and development of diabetes. Mouthwash use may also have a detrimental impact 
on diabetes control and possible complications, as these share some common NO-mediated 
pathways with blood pressure and diabetes. These observations highlight the important need 
for additional studies to advance our understanding of how commonly used oral hygiene 
practices might influence the progression of diabetes. Additional randomized and 
prospective studies will be required to corroborate our findings, to generalize to other 
populations, and to better understand the relevant metabolic pathways and mechanisms.

Until more studies establish the pros and cons of mouthwash use, we recommend evaluating 
the possible impact of their antibacterial ingredients on the oral microbial ecology and 
possible consequences for the systemic health before giving a Seal of Acceptance, endorsing 
or recommending routine chronic use of mouthwash products. The delicate balance between 
controlling pathogenic oral bacteria without eliminating the potentially beneficial systemic 
effects of the commensal oral flora must be considered before these products are prescribed 
or recommended for routine use [39]. The decision to use or recommend/endorse 
mouthwash should be based on weighing the potential beneficial and detrimental impact on 
both oral and systemic conditions.
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Fig. 1. 
Flow chart of the San Juan adults longitudinal study (SOALS) participants’ tracking.
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Fig. 2. 
Distribution of Mouthwash Use*: Baseline (a) and follow-up (b).
*Limited to participants who reported mouthwash use frequency at both time points.
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Table 3

Incidence Rate Ratios relating mouthwash use and diabetes status progression.

Diabetes status progression

Mouthwash use ≥ twice a day vs less frequent use IRRa 95% CI

Adjusted for age, sex, and smoking 1.54* 1.20–1.97

Multivariateb 1.55* 1.21–1.99

Mouthwash use ≥ twice a day vs no use IRRa 95% CI

Adjusted for age, sex, and smoking 1.47 1.12–1.93

Multivariateb 1.49* 1.13–1.95

*
Statistically significant at p < 0.05.

a
Time between visit was included in the models as an offset.

b
Adjusted for age (years), sex, smoking (never, former, current), physical activity (meeting WHO guidelines), waist circumference (cm), grams of 

alcohol per day and hypertension status: hypertension if reported physician diagnosis of hypertension, and/or high blood pressure medication, 
and/or high blood pressure at the baseline exam with systolic blood pressure ≥ 140 or diastolic blood pressure ≥ 90 (mmHg); and pre-hypertension 
if no hypertension, and SBP between 80 and 140 and/or DBP between 80 and 90 (mmHg).
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