
RESEARCH ARTICLE

Prevalence and Associated Factors of
Subjective Halitosis in Korean Adolescents
So Young Kim1, Songyong Sim2, Sung-Gyun Kim3, Bumjung Park4, Hyo Geun Choi4*

1 Department of Otorhinolaryngology-Head & Neck Surgery and Cancer Research Institute, Seoul National
University College of Medicine, Seoul, Korea, 2 Department of Statistics, Hallym University, Chuncheon,
Korea, 3 Department of Internal Medicine, College of Medicine, Hallym University, Chuncheon, Republic of
Korea, 4 Department of Otorhinolaryngology-Head & Neck Surgery, Hallym University Sacred Heart
Hospital, Anyang, Korea

* pupen@naver.com

Abstract
This study was conducted to estimate the prevalence and associated factors of subjective hal-

itosis in adolescents. In total, 359,263 participants were selected from the Korea Youth Risk

Behavior Web-based Survey (KYRBWS) from 2009 through 2013. Demographic data includ-

ing age, sex, obesity and residency; psychosocial factors such as subjective health, stress,

and economic levels; and dietary factors such as alcohol consumption; smoking; and fruit,

soda, fast food, instant noodle, confection, and vegetable consumption were analyzed for cor-

relations with halitosis using simple and multiple logistic regression analyses with complex

sampling. In total, 23.6% of the participants reported the presence of halitosis. The following

subjectively assessed factors were related to halitosis: poor health status (adjusted odds ratio

[AOR] = 2.56), overweight or obese (AOR = 1.37), stress (AOR = 2.56), and lower economic

levels (AOR = 1.85). The high intake of fast food (AOR = 1.15), instant noodles (AOR = 1.17),

and confections (AOR = 1.17) and the low intake of fruits (AOR = 1.22) and vegetables (AOR

= 1.19) were also related to halitosis. The prevalence of subjective halitosis in the studied ado-

lescents was 23.6%. Specific psychosocial factors and dietary intake were related to halitosis.

Introduction
Halitosis is defined as the presence of unpleasant or foul smelling breath that primarily origi-
nates from the oral cavity [1, 2]. Halitosis is common worldwide. Although the prevalence of
halitosis varies according to the study population, definition and diagnostic tools, the preva-
lence of halitosis is approximately 10–30% in the general population [3–5].

Numerous origins or causes of halitosis exist. Halitosis can be classified as either primary
halitosis, which originates from the exhalation by the lungs, or secondary halitosis, which
relates with the mouth or upper airways [6]. Most secondary halitosis likely develops because
of various foul smelling substances including volatile sulfur compounds (VSCs) in the oral cav-
ity. The remainder of the extra-oral or systemic origins of halitosis encompass chronic sinusitis,
post-nasal drip, nasal foreign bodies, respiratory infections, gastrointestinal conditions such as
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gastric reflux, diabetic ketoacidosis, renal failure, hepatic failure, certain rare metabolic diseases,
such as diabetic ketoacidosis, and trimethylaminuria [7]. In addition to the above-mentioned
pathological conditions, previous studies have reported several other factors that are associated
with halitosis. Certain dietary components such as garlic, spicy food, tobacco, and alcohol may
cause halitosis [8]. Moreover, demographic factors including age, sex, and psychosocial factors
have also been reported to contribute to halitosis [9]. In pediatric populations, poor oral
hygiene, female gender and older age were reported as related factors of halitosis [10, 11].

Halitosis in adolescents has several distinct features from that observed in adults or the
elderly. Adult diseases that are known to be related to halitosis, such as diabetes, renal and
hepatic failure, are relatively rare in adolescents. Moreover, adolescents have different lifestyles
and environmental circumstances that may affect halitosis. For example, adolescents are more
prone to exposure to and ingestion of junk food than adults are. Therefore, this population
must be considered separately when identifying the factors associated with halitosis.

Thus far, a limited number of studies have examined halitosis in adolescents. Moreover,
only a few studies have reported factors associated with halitosis including dietary, stress, and
socio-economic factors, in addition to intra-oral, extra-oral, or systemic diseases. The present
study was designed for a large representative adolescent population in Korea. To our knowl-
edge, this study is the first regarding halitosis in a Korean adolescent population. We estimated
the prevalence of halitosis in this population and comprehensively investigated the correlation
of halitosis with many covariates of demographic, subjective health, stress, and economic fac-
tors, as well as of commonly encountered foods in daily life.

Materials and Methods

Study population and data collection
The Institutional Review Board of the Centers for Disease Control and Prevention of Korea
(KCDC) approved this study (2014-06EXP-02-P-A). Written informed consent was obtained
from each participant prior to the survey. Because this web based survey was performed at the
school with huge participants, the informed consent from their parents was exempted. This
consent procedure was approved by the IRB of KCDC.

This cross-sectional study used data from the Korea Youth Risk Behavior Web-based Survey
(KYRBWS). This study covered the entire nation using statistical methods based on designed
sampling and adjusted weighted value. Data from the KYRBWS conducted in 2009, 2010,
2011, 2012, and 2013 were analyzed. The data were collected by the KCDC. Korean adolescents
in 7th through 12th grade completed the self-administered questionnaire voluntarily and anon-
ymously. The validity and reliability of the KYRBWS has been documented by other studies
[12, 13]. The surveys evaluated data from South Korean adolescents using stratified, two-stage
(schools and classes) clustered sampling based on data from the Education Ministry. Sampling
was weighted by statisticians, who performed post-stratification and who considered both the
non-response rates and the extreme values.

Of 370,568 participants, we excluded the following participants from this study: participants
who did not record their height or weight (11,303 participants), participants who did not fill
out the educational level of their mothers (1 participant), and participants who did not fill out
their alcohol consumption history (1 participant). Ultimately, 359,263 participants (184,801
males and 174,462 females) ranging in age from 12 to 18 years old were included in this study.

Survey
Obesity was categorized into 4 groups according to the CDC guidelines regarding body mass
index (BMI, kg/m2) for children and teens: obese� 95th percentile; overweight� 85th
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percentile and< 95th percentile; healthy weight� 5th percentile and< 85th percentile;
underweight< 5th percentile. The region of residence was divided into 3 groups by administra-
tive district: large city, small city, and rural area. The subjective assessment of general health
status was divided into 5 groups from very good to very bad. The stress levels of the partici-
pants were divided into 5 groups: severe, moderate, mild, a little, and no stress. Economic level
was measured as 5 levels from the highest to lowest. The participants were asked to provide the
number of days that they drank alcohol except in religious ceremony during the past month.
Based on their responses, the participants were divided into 4 groups: 0 days a month, 1–5 days
a month, 6–19 days a month, and� 20 days a month. The participants were asked to provide
the number of days that they smoked during the past month. Based on their responses, the par-
ticipants were divided into 4 groups: 0 days a month, 1–5 days a month, 6–19 days a month,
and� 20 days a month. The participants were also asked the frequency of consuming fruit
(not fruit juice), soda drink, fast food (such as pizza, hamburger, or chicken), instant noodles,
confections, and vegetables during the past 7 days. Based on their responses, the participants
were divided into 4 groups:� 7 times a week, 3–6 times a week, 1–2 times a week, and 0 times
a week. If the participants felt he or she had a subjective unpleasant odor originating from the
mouth, this odor was recorded as subjective halitosis.

Statistical analysis
The differences in general characteristics according to performance at school were calculated
using a paired t-test for age, chi-square test for sex, and linear by linear association test for obe-
sity; residence region; subjective health; stress level; economic level; alcohol consumption;
smoking; and fruit, soda drink, fast food, instant noodle, confectionary, and vegetable intake
frequencies.

Odds ratios for each possible halitosis risk factor were calculated by simple logistic regres-
sion analysis with complex sampling (unadjusted) and multiple logistic regression analysis
with complex sampling. Two-tailed analyses were conducted, and P values lower than 0.05
were considered significant. Additionally, 95% confidence intervals (CIs) were calculated. After
applying the weighted values recommended by the KYRBWS, all results are presented as
weighted values. The results were analyzed statistically using SPSS ver. 21.0 (IBM, Armonk,
NY, USA).

Results
In total, 84,959 participants (23.6%) complained of halitosis. The mean age of the participants
with halitosis was 15.1 years. Despite being significantly different, no clinically meaningful dif-
ferences in age were observed between the halitosis and non-halitosis groups (15.0 vs. 15.1).
Males showed a significantly higher prevalence of halitosis than females (24.5% vs. 22.7%,
respectively, P< 0.001). Obesity, rural residence compared to city residence, poor health status,
high stress, and low economic level demonstrated positive relations with halitosis (P< 0.001).
Several dietary habits also related to halitosis. The frequent intake of alcohol, smoking, soda, fast
food, instant noodles, and confections was associated with halitosis (P< 0.001). In contrast, the
infrequent intake of fruit and vegetables was related to halitosis (P< 0.001) (Table 1).

When estimated by simple logistic regression analysis with complex sampling, older age
(OR = 1.05, 95% CI = 1.04–1.05, P< 0.001) and male gender were related to halitosis
(OR = 1.09, 95% CI = 1.06–1.11, P< 0.001) (Table 2). Compared to healthy weight, overweight
and obese subjects showed higher OR for halitosis (OR = 1.23, 95% CI = 1.19–1.26 and
OR = 1.47, 95% CI = 1.41–1.55, respectively, P< 0.001), while being underweight was not asso-
ciated with halitosis. Subjective health status was associated with halitosis, with OR ranges
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Table 1. General Characteristics of Halitosis and Normal Participants.

Normal Participants Halitosis Participants P-value

Number

N 274,304 84,959

% 76.4 23.6

Mean Age (year) 15.0 15.1 <0.001*

Sex (%) <0.001†

Male 75.5 24.5

Female 77.3 22.7

Obesity (%) <0.001‡

Underweight 76.7 23.3

Healthy 77.0 23.0

Overweight 73.0 27.0

Obese 69.6 30.4

Region (%) <0.001‡

Large City 76.6 23.4

Small City 76.3 23.7

Rural Area 75.4 24.6

Subjective Health (%) <0.001‡

Very good 83.6 16.4

Good 78.1 21.9

Normal 72.0 28.0

Bad 62.2 37.8

Very Bad 58.6 41.4

Stress (%) <0.001‡

Severe 68.6 31.4

Moderate 72.4 27.6

Mild 78.5 21.5

A little 83.8 16.2

No 86.6 13.4

Economic Level (%) <0.001‡

Highest 82.1 17.9

Middle High 79.9 20.1

Middle 77.9 22.1

Middle Low 69.1 30.9

Lowest 64.8 35.2

Alcohol (%) <0.001‡

0 day a month 76.9 23.1

1–5 days a month 74.1 25.9

6–19 days a month 74.4 25.6

� 20 days a month 74.7 25.3

Smoking (%) <0.001‡

0 day a month 76.8 23.2

1–5 days a month 73.4 26.6

6–19 days a month 73.3 26.7

� 20 days a month 72.4 27.6

Fruit (%) <0.001‡

�7 times a week 79.4 20.6

3–6 times a week 77.3 22.7

(Continued)
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from 1.45 to 3.76 compared to ‘very good’ health status (95% CI = 1.42–1.49 and 3.31–4.28,
respectively, P< 0.001). Compared with the no stress group, the severe stress group displayed
an odds ratio of 2.94 (95% CI = 2.73–3.15, P< 0.001). Lower economic level was related to hal-
itosis (OR = 2.47, 95% CI = 2.35–2.60, P< 0.001). Intake of alcohol, smoking, fast food or
instant noodles more than 1 time per week and the intake of soda or confections more than 3
times per week were associated with a higher prevalence of halitosis (P< 0.001). Conversely,
infrequent intake of fruits and vegetables was related to halitosis (P< 0.001).

All of the analyzed variables showed significant associations with halitosis. Therefore, recip-
rocally considering these covariates was prerequisite. Therefore, we performed a multiple logis-
tic regression analysis with complex sampling (Table 2).

The results showed that old age, male gender, overweight or obese, poor health status, stress,
and lower economic status were related to halitosis (P< 0.001). Compared to living in a large
city, living in a small city was related to less halitosis (adjusted OR [AOR] = 0.98, 95%
CI = 0.96–0.99, P = 0.050); however, no significant relation with living in a rural area was found.

Table 1. (Continued)

Normal Participants Halitosis Participants P-value

1–2 times a week 74.6 25.4

0 time a week 71.3 28.7

Soda drink (%) <0.001‡

�7 times a week 75.0 25.0

3–6 times a week 74.3 25.7

1–2 times a week 76.8 23.2

0 time a week 77.2 22.8

Fast food (%) <0.001‡

�7 times a week 74.0 26.0

3–6 times a week 72.8 27.2

1–2 times a week 76.4 23.6

0 time a week 77.4 22.6

Instant noodle (%) <0.001‡

�7 times a week 72.7 27.3

3–6 times a week 73.5 26.5

1–2 times a week 76.9 23.1

0 time a week 77.9 22.1

Confectionary (%) <0.001‡

�7 times a week 74.2 25.8

3–6 times a week 75.3 24.7

1–2 times a week 77.2 22.8

0 time a week 77.4 22.6

Vegetable (%) <0.001‡

�7 times a week 77.5 22.5

3–6 times a week 76.4 23.6

1–2 times a week 74.0 26.0

0 time a week 70.9 29.1

* Paired T-test, Significance at P < 0.05.
† Chi-square test, Significance at P < 0.05.
‡ Linear by linear association, Significance at P < 0.05

doi:10.1371/journal.pone.0140214.t001
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Table 2. Odd ratio of possible risk factors for halitosis using simple andmultiple logistic regression analysis with complex sampling.

Related Factors Simple Multiple

OR 95% CI P-value AOR 95% CI P-value

Personal Factors

Mean Age (year) 1.05 1.04–1.05 <0.001* 1.05 1.04–1.05 <0.001*

Sex <0.001* <0.001*

Male 1.09 1.06–1.11 1.21 1.19–1.24

Female 1 1

Obesity <0.001* <0.001*

Underweight 1.02 0.98–1.05 0.91 0.88–0.95

Healthy 1 1

Overweight 1.23 1.19–1.26 1.2 1.17–1.24

Obese 1.47 1.41–1.55 1.37 1.31–1.44

Subjective Health <0.001* <0.001*

Very good 1 1

Good 1.45 1.42–1.49 1.37 1.34–1.41

Normal 2 1.95–2.05 1.72 1.68–1.77

Bad 3.15 3.04–3.27 2.44 2.35–2.53

Very Bad 3.76 3.31–4.28 2.56 2.24–2.92

Stress <0.001* <0.001*

Severe 2.94 2.73–3.15 2.05 1.91–2.20

Moderate 2.46 2.29–2.63 1.9 1.77–2.04

Mild 1.76 1.64–1.89 1.49 1.38–1.59

A little 1.24 1.15–1.33 1.14 1.06–1.23

No 1 1

Socioeconomic Factors

Region <0.001* 0.05

Large City 1 1

Small City 0.99 0.97–1.01 0.98 0.96–0.99

Rural Area 1.07 1.03–1.11 1.01 0.98–1.04

Economic Level <0.001* <0.001*

Highest 1 1

Middle High 1.15 1.10–1.20 1.09 1.05–1.14

Middle 1.29 1.24–1.34 1.15 1.11–1.20

Middle Low 2.04 1.96–2.13 1.67 1.60–1.74

Lowest 2.47 2.35–2.60 1.85 1.75–1.94

Dietary Habits

Alcohol <0.001* 0.024*

0 day a month 1 1

1–5 days a month 1.16 1.13–1.19 1.02 0.99–1.05

6–19 days a month 1.16 1.11–1.21 0.96 0.91–1.00

� 20 days a month 1.11 1.02–1.21 0.93 0.86–1.02

Smoking (%) <0.001* 0.501

0 day a month 1 1

1–5 days a month 1.17 1.12–1.23 1.02 0.97–1.07

6–19 days a month 1.22 1.15–1.30 1.05 0.98–1.12

� 20 days a month 1.24 1.20–1.29 1 0.97–1.04

Fruit <0.001* <0.001*

�7 times a week 1 1

(Continued)
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Alcohol and smoking did not show significant associations with halitosis. The relation
between soda consumption and halitosis was inconsistent. Compared to the no soda group, the
OR of soda consumption� 7 times per week was 0.91 (95% CI = 0.87–0.96, P< 0.001); how-
ever, the OR of soda intake 3–6 times per week was 1.01 (95% CI = 0.94–0.98, P< 0.001). Fre-
quent intake of fast food was associated with halitosis (AOR = 1.15, 95% CI = 1.12–1.19,
P< 0.001); however, fast food intake more than 7 times per week did not a show significant
correlation with halitosis. Instant noodle and confection consumption showed a positive corre-
lation with halitosis (AOR = 1.17, 95% CI = 1.10–1.25, P< 0.001). In contrast, fruit intake
showed a negative correlation with halitosis (AOR = 1.22, 95% CI = 1.18–1.26, P< 0.001 for 0
times per week compared to� 7 times per week). Vegetable intake also showed a negative cor-
relation with halitosis (AOR = 1.19, 95% CI = 1.14–1.25, P< 0.001 for 0 times per week com-
pared to� 7 times per week) but lost significant correlation when eaten more than 3 times per
week.

Table 2. (Continued)

Related Factors Simple Multiple

OR 95% CI P-value AOR 95% CI P-value

3–6 times a week 1.15 1.13–1.18 1.07 1.04–1.10

1–2 times a week 1.32 1.29–1.36 1.12 1.09–1.15

0 time a week 1.58 1.53–1.63 1.22 1.18–1.26

Soda drink <0.001* <0.001*

�7 times a week 1.1 1.05–1.15 0.91 0.87–0.96

3–6 times a week 1.17 1.14–1.20 1.01 0.98–1.03

1–2 times a week 1.01 0.99–1.03 0.96 0.94–0.98

0 time a week 1 1

Fast food <0.001* <0.001*

�7 times a week 1.18 1.20–1.26 1.01 0.94–1.09

3–6 times a week 1.3 1.26–1.33 1.15 1.12–1.19

1–2 times a week 1.07 1.05–1.09 1.05 1.03–1.07

0 time a week 1 1

Instant noodle <0.001* <0.001*

�7 times a week 1.34 1.26–1.42 1.17 1.10–1.25

3–6 times a week 1.26 1.23–1.29 1.12 1.09–1.15

1–2 times a week 1.06 1.04–1.08 1.04 1.02–1.06

0 time a week 1 1

Confectionary <0.001* <0.001*

�7 times a week 1.19 1.14–1.24 1.17 1.10–1.19

3–6 times a week 1.12 1.09–1.15 1.1 1.08–1.13

1–2 times a week 1.02 0.99–1.04 1.03 1.00–1.06

0 time a week 1 1

Vegetable <0.001* <0.001*

�7 times a week 1 1

3–6 times a week 1.07 1.05–1.09 1 0.98–1.02

1–2 times a week 1.22 1.19–1.25 1.08 1.05–1.11

0 time a week 1.43 1.37–1.49 1.19 1.14–1.25

* Significance at P < 0.05

doi:10.1371/journal.pone.0140214.t002
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Discussion
The prevalence of halitosis in Korean adolescents was 23.6% in the current study. We also iden-
tified various factors associated with halitosis. These associated factors included not only die-
tary factors but also demographic factors such as old age, sex, overweight or obese and
psychosocial factors including subjective health status, stress and economic levels. In particular,
we investigated whether the intake of various types of food affected halitosis. The data showed
that fast food, instant noodle and confection intake was positively related to halitosis, while
fruit and vegetable intake showed negative correlations with halitosis. Thus far, to our knowl-
edge, no other study has examined the effects of each type of food on halitosis.

Halitosis originates from oral sources in most cases [1]. The most common intraoral causes
of halitosis are chronic bacterial infection coating the tongue or associated periodontal diseases,
including gingivitis, periodontitis, stomatitis and xerostomia [5]. The wide range of oral anaer-
obic bacteria may produce odorous materials, VSCs, diamines, and phenyl compounds [14]. In
addition to infectious causes, mucosal ulceration, impacted food or debris and tongue coating
are related to halitosis [14]. Dietary habits can influence halitosis by both infectious and non-
infectious mechanisms.

Several studies have reported that diet, smoking and drinking are associated with halitosis
[8, 14, 15]. Frequent ingestion of sugar snacks may result in dental caries, a well-known cause
of halitosis [15, 16]. Fast foods, instant noodles, and confections are associated with obesity,
and gastrointestinal diseases including gastric reflux raise the gastric contents of gastric acid
and digestive enzymes to the upper digestive tract and oral cavity [17]. Therefore, dental caries
and gastric reflux related to fast foods, instant noodles and snacks might provoke halitosis.
Although fast food intake more than 7 times a week did not show a significant correlation with
halitosis, this result may be because fast food intake was overwhelmed by other covariates that
plague this group. In contrast, vegetable and fruits with high fiber contents promote gastric
emptying. Moreover, certain vegetable extracts such as green tea extract and vegetable acetone
powder have been reported to effectively remove VSCs and to reduce gingivitis, subsequently
reducing halitosis [18, 19]. Smoking did not show a significant correlation with halitosis in the
present study by multiple regression analysis. Statistical significance was most likely difficult to
achieve due to the relatively small portion of smokers in our study population.

We identified several psychosocial factors including subjective health status, stress, and eco-
nomic level that were associated with halitosis. Previous studies have reported cultural or eth-
nic differences in the perception and incidence of halitosis [20]. Moreover, several studies have
suggested that socio-economic inequalities in oral health exist among adolescents [21–23].
Self-reported oral symptoms may reflect social gradients, and these gradients can be partially
explained by psychosocial factors [24]. In particular, halitosis could be more easily perceived
by stressed or nervous subjects than by stress-free subjects, even if halitosis has not reached a
threshold level to be objectively detected. When halitosis is objectively measured, this halitosis
with a low threshold value can be obscured by pseudo-halitosis.

Alternatively, stress may have implications for halitosis through increasing the VSCs via
mouth breathing [25]. This stressful situation diminishes salivary flow, which leads to the deg-
radation of retained proteins in the mouth, and consequently VSCs could increase. However,
during stressful situations such as premenstrual syndrome, VSCs increase without a decrease
in salivary flow [25]. Hormonal changes that affect oral bacterial number and mucous desqua-
mation and weaken the host immune system through salivary IgA concentration may contrib-
ute to the increase the oral VSCs, even in the presence of normal salivary flow [26, 27].

This study had specific limitations. Few verified studies on halitosis exist due to the subjec-
tive characteristics of halitosis. First, halitosis is a subjective symptom and is therefore hard to
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objectively measure [5]. We used self-reported halitosis, which is often unreliable. Discriminat-
ing halitosis from halitophobia, which is a delusional disorder that is considered a type of olfac-
tory reference syndrome (ORS), and from pseudo-halitosis, which refers conditions that are
characterized with a subjective sensation of malodor with an inability to provide objective evi-
dence, was difficult [28, 29]. However, objective measurements using a portable VSC detector,
halimeter, or gas chromatography to assess halitosis quantitatively are generally insensitive and
often unavailable under clinical circumstances [30–32]. Moreover, several previous studies
have suggested that a strong correlation exists between self-assessed halitosis and objectively
measured halitosis [33–35]. Although some conflicts in the diagnostic values exist, approxi-
mately 72.1 to 93.9% of patients with subjective halitosis were able to demonstrate their halito-
sis by objective measures [33, 34]. The converse is also true; the majority of subjects with
detectable halitosis by halimeter or organoleptic assessments also subjectively recognized their
halitosis [35]. Notably, our study population was conducted on middle and high school stu-
dents, who generally have good perception abilities. Therefore, the diagnostic accuracy of sub-
jective halitosis was predicted to be higher than for the general population.

Second, selection bias often occurs because affected subjects are often reluctant to partici-
pate in a survey because they feel shame for their breath odor. This problem is significant
because it make it hard to survey for halitosis. We minimized this selection bias using a repre-
sentative population-based study group. Finally, several types of confounding factors exist that
we did not consider, such as dental caries, dental treatment history, and other oral conditions.
To minimize confounding effects, these oral factors were indirectly considered by the survey as
part of the subjective health status.

Conclusion
In the current study, we identified a considerable number of adolescents with halitosis. Various
demographic, psychosocial and dietary factors contribute to halitosis. Based on these results,
when a clinical practitioner evaluates patients with halitosis, they should consider the demo-
graphic and psychosocial status of the patients, as well as the comprehensive physical examina-
tion and history, focusing on intra-oral, extra-oral, and systemic diseases that are associated
with halitosis. Interviewing a patient regarding lifestyle factors such as diet, smoking, stress and
social economic status (SES) will be helpful for elucidating a patient’s hidden causes of
halitosis.

Acknowledgments
We gratefully acknowledge the survey participants and examiners of the Division of Chronic
Disease Surveillance in the Korea Centers for Disease Control & Prevention for participating in
this survey and the dedicated work they provided.

The English in this document has been checked by at least two professional editors, both
native speakers of English. For a certificate, please see: http://www.aje.com/certificate (Certifi-
cate Verification Key: 4270-73B1-417A-4F22-7461)

Author Contributions
Conceived and designed the experiments: HGC SGK BJP. Performed the experiments: HGC.
Analyzed the data: HGC SYS. Contributed reagents/materials/analysis tools: HGC SYS. Wrote
the paper: HGC SYK.

Halitosis in Korean Adolescent

PLOS ONE | DOI:10.1371/journal.pone.0140214 October 13, 2015 9 / 11

http://www.aje.com/certificate


References
1. Delanghe G, Ghyselen J, van Steenberghe D, Feenstra L. Multidisciplinary breath-odour clinic. Lancet.

1997; 350(9072):187.

2. Seemann R, Conceicao MD, Filippi A, Greenman J, Lenton P, Nachnani S, et al. Halitosis management
by the general dental practitioner—results of an international consensus workshop. J Breath Res.
2014; 8(1):017101. doi: 10.1088/1752-7155/8/1/017101 PMID: 24566222

3. Nadanovsky P, Carvalho LB, Ponce de Leon A. Oral malodour and its association with age and sex in a
general population in Brazil. Oral Dis. 2007; 13(1):105–109. PMID: 17241439

4. Miyazaki H, Sakao S, Katoh Y, Takehara T. Correlation between volatile sulphur compounds and cer-
tain oral health measurements in the general population. J Periodontol. 1995; 66(8):679–684. PMID:
7473010

5. Hughes FJ, McNab R. Oral malodour—a review. Arch Oral Biol. 2008; 53 Suppl 1:S1–7. doi: 10.1016/
S0003-9969(08)70002-5 PMID: 18460398

6. Motta LJ, Bachiega JC, Guedes CC, Laranja LT, Bussadori SK. Association between halitosis and
mouth breathing in children. Clinics. 2011; 66(6):939–942. PMID: 21808855

7. Porter SR, Scully C. Oral malodour (halitosis). BMJ. 2006; 333(7569):632–635. PMID: 16990322

8. Scully C, Greenman J. Halitology (breath odour: aetiopathogenesis and management). Oral Dis. 2012;
18(4):333–345. doi: 10.1111/j.1601-0825.2011.01890.x PMID: 22277019

9. Calil CM, Lima PO, Bernardes CF, Groppo FC, Bado F, Marcondes FK. Influence of gender and men-
strual cycle on volatile sulphur compounds production. Arch Oral Biol. 2008; 53(12):1107–1112. doi:
10.1016/j.archoralbio.2008.06.008 PMID: 18691697

10. Villa A, Zollanvari A, Alterovitz G, Cagetti MG, Strohmenger L, Abati S. Prevalence of halitosis in chil-
dren considering oral hygiene, gender and age. Int J Dent Hyg. 2014; 12(3):208–212. doi: 10.1111/idh.
12077 PMID: 24674694

11. Lima PO, Calil CM, Marcondes FK. Influence of gender and stress on the volatile sulfur compounds
and stress biomarkers production. Oral Dis. 2013; 19(4):366–373. doi: 10.1111/odi.12011 PMID:
22957830

12. Bae J, Joung H, Kim JY, Kwon KN, Kim YT, Park SW. Test-retest reliability of a questionnaire for the
Korea Youth Risk Behavior Web-based Survey. J Prev Med Public Health. 2010; 43(5):403–410. doi:
10.3961/jpmph.2010.43.5.403 PMID: 20959711

13. Bae J, Joung H, Kim JY, Kwon KN, Kim Y, Park SW. Validity of self-reported height, weight, and body
mass index of the Korea Youth Risk Behavior Web-based Survey questionnaire. J Prev Med Public
Health. 2010; 43(5):396–402. doi: 10.3961/jpmph.2010.43.5.396 PMID: 20959710

14. Cortelli JR, Barbosa MD, Westphal MA. Halitosis: a review of associated factors and therapeutic
approach. Braz Oral Res. 2008; 22 Suppl 1:44–54. PMID: 19838550

15. Han J, Bao-Jun T, Du MQ, Wei H, Bin P. Study of dental caries and the influence of social-behavioral
risk factors on dental caries of 1,080 15-year-old adolescents. Hua Xi Kou Qiang Yi Xue Za Zhi. 2010;
28(6):626–628. PMID: 21365839

16. Harris R, Nicoll AD, Adair PM, Pine CM. Risk factors for dental caries in young children: a systematic
review of the literature. Community Dent Health. 2004; 21(1 Suppl):71–85. PMID: 15072476

17. v Schonfeld J, Evans DF. Fat, spices and gastro-oesophageal reflux. Z Gastroenterol. 2007; 45
(2):171–175. PMID: 17304402

18. Zeng QC, Wu AZ, Pika J. The effect of green tea extract on the removal of sulfur-containing oral mal-
odor volatiles in vitro and its potential application in chewing gum. J Breath Res. 2010; 4(3):036005.
doi: 10.1088/1752-7155/4/3/036005 PMID: 21383482

19. Clarke DE, Kelman M, Perkins N. Effectiveness of a vegetable dental chew on periodontal disease
parameters in toy breed dogs. J Vet Dent. 2011; 28(4):230–235. PMID: 22416622

20. Rayman S, Almas K. Halitosis among racially diverse populations: an update. Int J Dent Hyg. 2008; 6
(1):2–7. doi: 10.1111/j.1601-5037.2007.00274.x PMID: 18205647

21. Mathur MR, Tsakos G, Millett C, Arora M, Watt R. Socioeconomic inequalities in dental caries and their
determinants in adolescents in New Delhi, India. BMJ open. 2014; 4(12):e006391. doi: 10.1136/
bmjopen-2014-006391 PMID: 25500618

22. Pitts N, Amaechi B, Niederman R, Acevedo AM, Vianna R, Ganss C, et al. Global oral health inequali-
ties: dental caries task group—research agenda. Adv Dent Res. 2011; 23(2):211–220. doi: 10.1177/
0022034511402016 PMID: 21490233

23. Piko B, Fitzpatrick KM. Does class matter? SES and psychosocial health among Hungarian adoles-
cents. Soc Sci Med. 2001; 53(6):817–830. PMID: 11511056

Halitosis in Korean Adolescent

PLOS ONE | DOI:10.1371/journal.pone.0140214 October 13, 2015 10 / 11

http://dx.doi.org/10.1088/1752-7155/8/1/017101
http://www.ncbi.nlm.nih.gov/pubmed/24566222
http://www.ncbi.nlm.nih.gov/pubmed/17241439
http://www.ncbi.nlm.nih.gov/pubmed/7473010
http://dx.doi.org/10.1016/S0003-9969(08)70002-5
http://dx.doi.org/10.1016/S0003-9969(08)70002-5
http://www.ncbi.nlm.nih.gov/pubmed/18460398
http://www.ncbi.nlm.nih.gov/pubmed/21808855
http://www.ncbi.nlm.nih.gov/pubmed/16990322
http://dx.doi.org/10.1111/j.1601-0825.2011.01890.x
http://www.ncbi.nlm.nih.gov/pubmed/22277019
http://dx.doi.org/10.1016/j.archoralbio.2008.06.008
http://www.ncbi.nlm.nih.gov/pubmed/18691697
http://dx.doi.org/10.1111/idh.12077
http://dx.doi.org/10.1111/idh.12077
http://www.ncbi.nlm.nih.gov/pubmed/24674694
http://dx.doi.org/10.1111/odi.12011
http://www.ncbi.nlm.nih.gov/pubmed/22957830
http://dx.doi.org/10.3961/jpmph.2010.43.5.403
http://www.ncbi.nlm.nih.gov/pubmed/20959711
http://dx.doi.org/10.3961/jpmph.2010.43.5.396
http://www.ncbi.nlm.nih.gov/pubmed/20959710
http://www.ncbi.nlm.nih.gov/pubmed/19838550
http://www.ncbi.nlm.nih.gov/pubmed/21365839
http://www.ncbi.nlm.nih.gov/pubmed/15072476
http://www.ncbi.nlm.nih.gov/pubmed/17304402
http://dx.doi.org/10.1088/1752-7155/4/3/036005
http://www.ncbi.nlm.nih.gov/pubmed/21383482
http://www.ncbi.nlm.nih.gov/pubmed/22416622
http://dx.doi.org/10.1111/j.1601-5037.2007.00274.x
http://www.ncbi.nlm.nih.gov/pubmed/18205647
http://dx.doi.org/10.1136/bmjopen-2014-006391
http://dx.doi.org/10.1136/bmjopen-2014-006391
http://www.ncbi.nlm.nih.gov/pubmed/25500618
http://dx.doi.org/10.1177/0022034511402016
http://dx.doi.org/10.1177/0022034511402016
http://www.ncbi.nlm.nih.gov/pubmed/21490233
http://www.ncbi.nlm.nih.gov/pubmed/11511056


24. Jung SH, Watt RG, Sheiham A, Ryu JI, Tsakos G. Exploring pathways for socio-economic inequalities
in self-reported oral symptoms among Korean adolescents. Community Dent Oral Epidemiol. 2011; 39
(3):221–229. doi: 10.1111/j.1600-0528.2010.00595.x PMID: 21114516

25. Queiroz CS, Hayacibara MF, Tabchoury CP, Marcondes FK, Cury JA. Relationship between stressful
situations, salivary flow rate and oral volatile sulfur-containing compounds. Eur J Oral Sci. 2002; 110
(5):337–340. PMID: 12664462

26. Johannsen A, Bjurshammar N, Gustafsson A. The influence of academic stress on gingival inflamma-
tion. Int J Dent Hyg. 2010; 8(1):22–27. doi: 10.1111/j.1601-5037.2009.00397.x PMID: 20096078

27. Deinzer R, Kleineidam C, Stiller-Winkler R, Idel H, Bachg D. Prolonged reduction of salivary immuno-
globulin A (sIgA) after a major academic exam. Intl J Psychophysiol. 2000; 37(3):219–232.

28. Yaegaki K, Coil JM. Genuine halitosis, pseudo-halitosis, and halitophobia: classification, diagnosis,
and treatment. Compend Contin Edu Dent. 2000; 21(10A):880–886, 888–889; quiz 890.

29. Seemann R, Bizhang M, Djamchidi C, Kage A, Nachnani S. The proportion of pseudo-halitosis patients
in a multidisciplinary breath malodour consultation. Int Dent J. 2006; 56(2):77–81. PMID: 16620035

30. van den Broek AM, Feenstra L, de Baat C. A review of the current literature on aetiology and measure-
ment methods of halitosis. J Dent. 2007; 35(8):627–635. PMID: 17555859

31. Chen X, YeW, Feng XP. The relationship between two halitosis diagnostic methods: organoleptic test
and VSCs measurement by a portable sulfide detector. Shanghai Kou Qiang Yi Xue. 2006; 15(6):575–
577. PMID: 17533705

32. Newby EE, Hickling JM, Hughes FJ, Proskin HM, BosmaMP. Control of oral malodour by dentifrices
measured by gas chromatography. Arch Oral Biol. 2008; 53 Suppl 1:S19–25. doi: 10.1016/S0003-9969
(08)70005-0 PMID: 18460400

33. Romano F, Pigella E, Guzzi N, Aimetti M. Patients' self-assessment of oral malodour and its relation-
ship with organoleptic scores and oral conditions. Int J Dent Hyg. 2010; 8(1):41–46. doi: 10.1111/j.
1601-5037.2009.00368.x PMID: 20096081

34. Quirynen M, Dadamio J, Van den Velde S, De Smit M, Dekeyser C, Van Tornout M, et al. Characteris-
tics of 2000 patients who visited a halitosis clinic. J Clin Periodontol. 2009; 36(11):970–975. doi: 10.
1111/j.1600-051X.2009.01478.x PMID: 19811581

35. Ehizele AO, Ojehanon PI. Relationship between self- perception of malodour and actual estimation of
malodour in a group of dental patients. Niger Postgrad Med J. 2013; 20(4):311–314. PMID: 24633274

Halitosis in Korean Adolescent

PLOS ONE | DOI:10.1371/journal.pone.0140214 October 13, 2015 11 / 11

http://dx.doi.org/10.1111/j.1600-0528.2010.00595.x
http://www.ncbi.nlm.nih.gov/pubmed/21114516
http://www.ncbi.nlm.nih.gov/pubmed/12664462
http://dx.doi.org/10.1111/j.1601-5037.2009.00397.x
http://www.ncbi.nlm.nih.gov/pubmed/20096078
http://www.ncbi.nlm.nih.gov/pubmed/16620035
http://www.ncbi.nlm.nih.gov/pubmed/17555859
http://www.ncbi.nlm.nih.gov/pubmed/17533705
http://dx.doi.org/10.1016/S0003-9969(08)70005-0
http://dx.doi.org/10.1016/S0003-9969(08)70005-0
http://www.ncbi.nlm.nih.gov/pubmed/18460400
http://dx.doi.org/10.1111/j.1601-5037.2009.00368.x
http://dx.doi.org/10.1111/j.1601-5037.2009.00368.x
http://www.ncbi.nlm.nih.gov/pubmed/20096081
http://dx.doi.org/10.1111/j.1600-051X.2009.01478.x
http://dx.doi.org/10.1111/j.1600-051X.2009.01478.x
http://www.ncbi.nlm.nih.gov/pubmed/19811581
http://www.ncbi.nlm.nih.gov/pubmed/24633274

