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Dehydration as an Etiologic Factor of Halitosis: A Case-Control Study
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Purpose: Salivation is considered to be an important factor in the control of halitosis, and
the amount of salivation has been shown to be closely related to the level of hydration. The
purpose of our study was to evaluate the relationship between dehydration and halitosis.
Methods: Twenty healthy young females with no dental problems were recruited. All participants were induced to become dehydrated and then over-hydrated. After inducing each
hydration state, the severity of hydration and halitosis factor (organoleptic scores, amounts
of resting and functional saliva, gas examinations, and tongue coatings) were measured.
Hydration statuses were graded as dehydration, normal, or over-hydration according to
urine osmolality. This was a cross sectional study with a cross over design.
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Results: The dehydrated status was associated with higher organoleptic scores than the normal or over-hydrated status (1.75±0.75 vs. 0.87±0.63, and 0.65±0.53, respectively. p<0.05).
Mean values of CH3SH, (CH3)2S in portable gas chromatography for the dehydrated, normal, and over-hydrated status were 11.70±37.00, 6.75±13.50, and 2.80±5.87 nmol/mol,
10.50±15.59, 7.25±10.87, and 1.50±2.55 nmol/mol, respectively. p>0.05). (CH3)2S (r=0.410,
p=0.009) showed a moderate positive correlation with dehydration status. The resting salivation rates were relatively lower for the dehydrated status than for the normal or overhydrated status (p>0.05), and tongue coating results were also higher for the dehydrated
status (p>0.05).
Conclusions: Dehydration status appears to be positively correlated with a low resting salivation rate and high portable gas chromatography results. This shows that dehydration
might be an etiologic factor of halitosis.
Key Words: Dehydration, Halitosis, Life style, Oral hygiene, Oral medicine, Saliva

INTRODUCTION

from the mouth and/or nose and is detectable to others,
or subjective, where the odor is not detectable to others,

Humans emit a variety of volatile and non-volatile mol-

but the patient complains of its presence. Any patient who

ecules in body fluids that are influenced by genetics, diet,

complains of halitosis, either objective or subjective, should

stress, and disease [1]. Halitosis is a general term used to

be considered as a “halitosis patient” [3].

describe an unpleasant or offensive odor emanating from
the oral cavity [2].

Females usually show greater self-perception and
feel more uncomfortable than males with halitosis [4].

A complaint of halitosis may be objective, where an un-

Additionally, as one gets older there are increasing factors

pleasant odor produced anywhere in the body is emitted

that can cause halitosis. Therefore, we decided it would be
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desirable to recruit young, female participants for this study,

oral cavity, lubricating tissue and facilitating deglutition

in order to reduce the probability of including other factors

and cleansing. Furthermore, some of the electrolytes and

that can cause halitosis besides our intended variable and

proteins present in saliva possess antibacterial properties

the focus of this study, hydration status [5,6].

[13-16].

Usually, halitosis worsens with age as the bacterial num-

Salivation is considered to be an important factor in the

ber or concentration of dimethyl sulfide ([CH3]2S) increases

control of halitosis, and the amount of salivation has been

[7]. The vast majority of causes of halitosis lie within the

shown to be closely related to the level of hydration [17].

oral cavity and the oropharynx (tongue coating, gingivitis,

Reduced antibacterial activity by saliva is thought to result

periodontitis, and tonsillitis). The formation of malodorous

in halitosis secondary to VSC production [18]. In addition,

volatile sulfur compounds (VSCs), including hydrogen sul-

decreased cleansing by saliva might result in an increased

fide (H2S) and methyl mercaptan (CH3SH), by bacteria resid-

amount of tongue coating.

ing within the oral cavity, and especially in the coating of

We suspected that dehydration could be an important

the tongue, plays a predominant role [8]. In 10% to 15% of

factor in the development of halitosis, and that the amount

patients, halitosis has an extra-oral cause; this is primar-

of salivation should be inversely related to the severity of

ily due to the presence of (CH3)2S [7,9]. However, even in a

halitosis. However, no previous studies have evaluated the

young and healthy person, halitosis can be present without

relationship between hydration status and the severity of

evidence of bacterial colonization or the formation of VSCs;

halitosis. Therefore, the purpose of the present study was to

this is called physiologic halitosis. In previous studies, the

investigate how dehydration affects the severity of halitosis.

existence of physiologic halitosis was found to vary with

MATERIALS AND METHODS

such conditions as the time of day [10]. Therefore, it is considered likely that halitosis results from the summation of
organic and physiologic factors.

1. Participants

The severity of halitosis is usually determined subjective-

A total of 20 healthy, young females were recruited for

ly. Several methods have been proposed to measure the se-

the study between December 1, 2014 and December 31,

verity of halitosis objectively; these include measuring the

2015. The participants with dental disease (gingival in-

concentrations of oral gases possibly responsible for halito-

dex>0, plaque index>0), those currently taking medication,

sis. Portable gas chromatography such as OralChroma (Abilit

those who smoked, and those who displayed evidence of

Corp., Osaka, Japan) judges the severity of halitosis by mea-

systemic illness were excluded.

suring the concentrations of VSCs present in the expiratory
gas [11].

2. Ethical Considerations

Rates of resting and stimulated saliva flow can affect the

This study was reviewed and approved by the

severity of halitosis [1]. In addition, the severity of halito-

Institutional Review Board of Pusan National University

sis can be estimated by noting the amount of tongue coat-

Yangsan Hospital (IRB no. 05-2014-080). Written informed

ing, which contains germs and organic waste products [8].

consent was obtained from each participant after providing

In general, pathologic conditions causing halitosis have

complete information about the purpose and procedures of

been localized to the mouth, ear, nose, throat, stomach,

the study.

and lungs. The ingestion of certain medications and foods
has also been implicated. Any condition that favors bac-

3. Hydration and Dehydration of the Participants

terial colonization can cause halitosis [12]. In addition,

This study was conducted using a cross-over study meth-

systemic illness might result in the formation of malodor-

od. Half of the subjects were induced to become dehydrat-

ous metabolic by-products. Saliva is believed to reduce the

ed on the first day of the study and rehydrated on the fol-

number of bacteria present in the oral cavity, and thus, the

lowing day. To induce relative dehydration, these subjects

severity of halitosis. Saliva plays an important role in the

were instructed not to drink any fluids after dinner on the
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first day. On the second day, the subjects were limited to

assessments were performed by a single physician indepen-

no more than 400 mL of water intake, including the water

dent of this study.

contained in food. After a one-day break for rehydration,
all participants were instructed to overhydrate. Participants

7. Portable Gas Chromatography-Based Measurements

were instructed to drink 1 L of water on the evening of the

To determine the concentrations of VSCs present within

third day. On the fourth day, participants were instructed

expiratory gas, a licensed dentist used a gas chromatograph

to drink 3,400 mL of water to induce relative overhydra-

(OralChroma). Exhaled gas samples were collected with a

tion. On the afternoon of the second and fourth day, hydra-

1-mL plastic, disposable syringe that had been inserted into

tion status and severity of halitosis were assessed by an in-

the oral cavity. The participants were instructed to close

dependent examiner. During the study period, participants

their mouths for 30 seconds before sample collection; 0.5

were instructed to consume only foods and liquids from a

mL of expired air was then collected by the measuring de-

provided list. The use of hair products containing perfume

vice. After 8 minutes, the process was completed and the

was prohibited on the days of evaluation, as was tooth

concentrations of the three gases were measured in units of

brushing, mouth rinsing, eating, and drinking for 1 hour

ng/10 mL or nmol/mol.

before assessment. The other half of the participants were
hydrated on the first day of the study and dehydrated the
following day. All participants were given the same type
and amount of food on the day of evaluation.

8. BB Checker Measurements
A thin-coated tin dioxide semiconductor gas sensor was
used to detect reductive gases. This machine is sensitive

The rationale for implementing a study with a crossover

to such gases as VSCs, hydrogen, ethanol, acetone, bu-

design was that this would provide a more efficient com-

tylate, and ammonia. The BB Checker (Taiyo Instrument

parison of dehydrated, euhydrated, and overhydrated con-

Inc., Osaka, Japan) expresses gas levels (BB values) based

ditions. That is, fewer participants would be required with

on olfactory intensity in humans according to the Weber–

a crossover design because each patient would function as

Fechner law. Olfactory intensity was quantified using a 0 to

her own control.

100 scale. The sensor probe was covered with a disposable
adaptor and was then inserted directly into the participants’

4. Measurement of Hydration Status

mouths to prevent loss of sample gas. The adaptor prevent-

Urine osmolality was measured to determine the level of

ed the sensor probe from directly contacting the oral mu-

hydration. Participants were graded as dehydrated, euhy-

cosa. Before analysis, participants were instructed to keep

drated, or overhydrated based on urine osmolalities of

their mouths closed and breathe through their noses only,

≤500, 501 to 800, and ≥801 mOsm/kg, respectively [19].

for 180 seconds. The sensor was then placed in the center
of the oral cavity. Oral air was measured for 15 seconds.

5. Measurement of Halitosis Severity
All assessments were performed by a single physician not
otherwise involved in this study.

For analysis of exhaled breath, participants were instructed
to expel oral air, then inspire deeply, hold their breath for
15 seconds, and finally to exhale completely through the
adapter over a 15-second period.

6. Organoleptic Assessment
The severity of halitosis was determined by organoleptic

9. Assessment of Tongue Coating

assessment. This is a commonly used subjective method of

Tongue coating was assessed using a method previously

measurement that involves the assessment of oral odor by

described [21]. It was scored using a scale of 0 to 3, consid-

others. Organoleptic scores were assigned using a previous-

ering the thickness of the tongue plaque and the surface area

ly described scale (0=no appreciable odor; 1=barely notice-

covered (0=no visible coating; 1=thin coating on less than

able odor; 2=slight but clearly noticeable odor; 3=moder-

one-third of the back of the tongue; 2=thick coating on more

ate odor; 4=strong odor; 5=foul odor) [20,21]. Organoleptic

than one-third of the back of the tongue; 3=thick coating).

www.journalomp.org
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10. Assessment of Salivation

without fluid restriction. The above study reported a mod-

Whole saliva samples were collected over a 5-minute pe-

est correlation between dehydration and salivary mucosal

riod in polypropylene tubes. Volumes of both resting or un-

immunity. Thus, our proposed sample size of 20 was more

stimulated saliva and stimulated saliva were measured in

than adequate to meet the main study objective and allow

the afternoon of the second and fourth day, respectively.

for expected attrition.

Saliva volumes were estimated by weighing the Salivette

The Shapiro–Wilk test was used to evaluate the normality

tubes (Sarstedt, Nümbrecht, Germany) immediately after

of the distribution of the data. In this study, none of the mea-

collection and then subtracting the weight of the tube alone

surements satisfied the normality condition. Therefore, we

from this value. Weights were rounded to the nearest mg

used the Kruskal–Wallis test to assess differences among more

and a density of 1.00 g/mL was assumed for the saliva [22].

than two groups and the Mann–Whitney U test to assess dif-

Finally, saliva flow rate was calculated by dividing the sa-

ferences between two groups. The correlation coefficient R

liva volume by the time required for collection.

was computed using Pearson’s correlation coefficient analysis. p-values <0.05 were considered statistically significant.

11. Statistical Analysis
PASW (ver. 18.0 for Windows; SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. Statistical pow-

12. Participant Characteristics According to Hydration
Status

er analysis using GPower 3.1 (University of Düesseldorf,

The demographic data for the 20 female participants are

Düsseldorf, Germany) for sample size estimation was per-

shown in Table 1. The mean ages of participants in the

formed previously [23]. It was reported that 13 was the

dehydrated, euhydrated, and overhydrated groups were

fewest number of participants required to detect a signifi-

29.30±3.30, 33.00±6.06, and 31.10±4.46 years, respectively.

cant difference in the number of salivary antimicrobial pro-

The compositions of the three groups were similar with re-

teins between individuals with exercise-induced dehydra-

spect to age and body weight. One possible explanation for

tion with subsequent overnight fluid restriction and those

why some participants were classified as euhydrated was

Table 1. Participant characteristics according to hydration statusa
Variable
Number
Age (y)
Body weight (kg)
Hydration status: urine osmolality (mOsm/kg)

Dehydration

Normal hydration

Over-hydration

p-value

17
29.30±3.30
50.50±1.72
913.94±64.98

6
33.00±6.06
51.50±2.38
749.50±40.00

17
31.10±4.46
51.10±1.73
148.12±85.43

0.883
0.867
<0.001

Values are presented as mean±standard deviation.
a
Kruskal–Wallis test.

Table 2. Halitosis severity according to hydration status
Hydration status
Halitosis severity* (organoleptic score)
Halitosis factor
Salivation rate (mL/min)
Gas chromatography
(nmol/mol)
Tongue coating
BB checker (nmol/mol)

Dehydrated
Resting
Functional
H2S
CH3SH
(CH3)2S
Oral gas
Exhalation gas

Values are presented as median (interquartile range).
*p<0.05, by Kruskal–Wallis test; ***p<0.001 by Mann–Whitney U test.

www.journalomp.org

1.50 (1.25)***
0.30 (0.46)
1.50 (1.05)
6.00 (7.00)
0.00 (0.00)
0.00 (17.00)***
2.00 (1.00)
20.00 (26.50)
32.00 (48.50)

Normal
1.00 (1.13)
0.25 (0.50)
1.14 (0.68)
11.00 (16.00)
3.50 (38.25)
3.00 (18.75)
2.00 (0.00)
11.50 (8.75)
32.00 (24.25)

Over-hydrated
1.00 (1.25)***
0.50 (0.57)
1.30 (0.95)
8.00 (12.00)
0.00 (3.00)
0.00 (4.50)***
2.00 (1.00)
14.00 (19.50)
43.00 (39.00)
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that these individuals did not follow the experimental pro-

group were lower than those in the other two groups,

tocol. The number of participants in each group ranged

but they were not significant (Table 2). However, (CH3)2S

from 6 to 17.

(r=0.410, p=0.009) showed positive, but only moderate, correlations with the degree of dehydration (Fig. 2).

RESULTS

3. Association between Dehydration, Salivation, and

1. Association between Dehydration and Halitosis

Tongue Coating

The Kruskal–Wallis test revealed that hydration had a sig-

Mean resting salivation rates in the dehydrated, euhydrat-

nificant effect on organoleptic score (Table 2). That is, the

ed, and overhydrated groups didn’t have a significant effect

scores in the overhydrated group were significantly lower
than those in the other two groups. A significant difference

3.5

and overhydrated groups (Mann–Whitney U=41, Z=–3.636,

3.0

p<0.001, r=–0.624 with a Bonferroni correction). Although
the difference between the dehydrated and euhydrated
groups was insignificant, a large effect size was reported
(r=–0.476). As shown in Fig. 1, our results demonstrated a

Organoleptic score

in organoleptic score was found between the dehydrated

2.5
2.0
1.5
1.0

moderate relationship between the degree of dehydration

0.5

and organoleptic score (r=0.540, p<0.001).

0.0
0

200

400

600

800

1,000

1,200

Osmorality (mOsm/kg)

2. Portable Gas Chromatography Analysis
The values for CH3SH and (CH3)2S in the overhydrated
A

Fig. 1. Organoleptic scores according to the hydration status
(r=0.540, p<0.001*). *Pearson’s correlation coefficient.

B
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Fig. 2. The portable gas chromatography analysis of the participants
according to the dehydration status. Concentrations of H2S
(A), CH3SH (B), and (CH3)2S (C) according to osmorality. (CH3)2S
(r=0.410, p=0.009*) showed a positive correlation according to
the dehydration status of the participants. *Pearson’s correlation
coefficient.

www.journalomp.org

Resting saliva (mL/min)

122

J Oral Med Pain Vol. 46 No. 4, December 2021

1.2

foods and caffeinated drinks. In these cases, relative dehy-

1.0

dration occurs, which might be a cause of halitosis. To date,

0.8

no guideline has been issued with respect to water intake
for the reduction of halitosis.

0.6

We studied the relationship between hydration status and

0.4

halitosis by inducing relative dehydration. In this study,

0.2

all participants were young and healthy female volunteers
without any evidence of oral or systemic illness. In such

0.0
0

200

400

600

800

1,000

1,200

Osmorality (mOsm/kg)

Fig. 3. Resting salivation measurements according to the
dehydration status. There was a weak negative correlation
between dehydration and resting salivation rate (r=– 0.267,
p=0.096*). *Pearson’s correlation coefficient.

subjects, even if relative dehydration is achieved, systemic
compensation may occur, and thus, assessment of the severity of dehydration might not be sufficient to evaluate the
relationship between hydration and halitosis. Nevertheless,
we explored the idea that if the participants were dehydrated, then resting salivation would be decreased, and thus the

on mean stimulated salivation rates (H[2]=2.865, p>0.05;
Table 2).

volume of saliva would be reduced.
We observed that the degree of dehydration was positive-

Resting and stimulated salivation rates in the overhydrat-

ly correlated with the severity of halitosis. In fact, when the

ed group were higher than those in the other two groups,

participants were dehydrated, noticeable halitosis was ob-

and the amount of tongue coating was less. A negative cor-

served in most of them (an organoleptic score of more than

relation was found between the degree of dehydration and

1). Under such circumstances, water is believed to be redis-

resting salivation rate (r=–0.267, p=0.096; Fig. 3), but no

tributed to more central organs, such as the kidneys and

significant intergroup difference was found.

urinary tract, and thus, salivation is decreased. The relative
decrease in salivation might be one of the factors causing

DISCUSSION

halitosis due to the decreased clearance of metabolic byproducts [25].

There is no single ideal test to objectively assess the se-

In this study, the mean values for salivation in the dehydrat-

verity of halitosis because there are many possible etiolo-

ed group were not significantly lower than those in the euhy-

gies [24]. Any condition that favors the retention of an-

drated or overhydrated groups. This might be due to the redis-

aerobic bacteria will predispose one to bad breath. Besides

tribution of water possible in a young, healthy person [26].

periodontal pockets, the most common site for the reten-

The fact that the amount of tongue coating in the de-

tion of bacteria is the dorsum of the tongue. Overnight and

hydrated group was greater than that of the other groups

between meals, conditions in the oral cavity are optimal

implies that the function of the saliva was decreased even

for odor production. In addition, systemic diseases, such as

if the amount was not decreased significantly [27]. This

diabetes mellitus, uremia, and various hepatopathies, in-

means that relative dehydration could cause halitosis even

duce the formation of metabolic by-products that are de-

in young, healthy females.

tectable as halitosis. Usually, oral and oropharyngeal fac-

VSC formation by bacteria in the oral cavity or orophar-

tors (tongue coating, gingivitis, periodontitis, and tonsillitis)

ynx can be objectively measured by portable gas chroma-

and the bacterial formation of odorous VSCs, such as H2S

tography, and currently, VSCs are considered an important

and CH3SH, within the oral cavity are considered the major

causative factor for halitosis. These sulfur compounds could

causes of halitosis [8]. In this sense, clearance of metabolic

also be manifestations of systemic disease, such as hepatic

by-products by saliva appears to be an important factor in

failure, or isolated persistent hypermethioninemia [7,28-31].

the reduction of halitosis. In our daily lives, dehydration

Treatment with cysteamine [24,32-34] or dimethyl sulfoxide

is caused by insufficient water intake or by ingesting salty

medications [12] has also been implicated in the formation
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volatile foodstuffs [36]. Judging by the fact that (CH3)2S is a
factor in blood-borne halitosis, (CH3)2S can be diluted with
water-related hemodilution, which may explain our results.
In this study, the degree of dehydration appeared to be
positively correlated with the severity of halitosis and the
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formation of VSCs ([CH3]2S) which are mediated by salivary
action directly and indirectly. According to our results, water intake appears to be a crucial factor in causing halitosis,
even in young female participants. Thus it is appropriate to
encourage adequate water intake to remain hydrated and to
reduce some of the physiologic causes of halitosis [25,37].
This study had several limitations. First, we attempted to
control for causes of halitosis other than water intake, but
unpredictable factors might be involved. Second, since this
study enrolled only 20 young female volunteers, the sample
size may not be sufficient to allow a generalization of our
findings. Third, as an objective clinical indicator for dehydration status, serum osmolality is currently mainly used as
a diagnostic criterion, whereas urine osmolality was used
in our study due to the advantage of a non-invasive test.
However, it cannot be regarded as a very high-accuracy test
method, so caution is required in interpreting the results [38].
Based on the results of this study, we suggest that further studies be conducted to study the mechanism of physiological halitosis reduction according to hydration status
through analysis of changes in protein, immunoglobulin or
enzymes in saliva as water intake is increased. Additionally,
it would be helpful to increase the number of participants,
including males and participants of various ages.
In this study, hydration status was moderately correlated with halitosis and VSC formation in young, healthy
females. The degree of dehydration could be a contributing factor to physiological halitosis. Dehydration should be
considered a possible etiology of halitosis.
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