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BACKGROUND: Patients with halitosis contact primary
care practitioners, dentists, and gastroenterologists alike.

OBJECTIVES: It is unclear whether gastroesophageal
reflux disease (GERD) is a risk factor for halitosis.

DESIGN AND PATIENTS/PARTICIPANTS: We studied
this possible relationship in the general population
using the cross-sectional Study of Health in Pomerania
(SHIP). Employing structured interviews, self-reported
halitosis was assessed among 417 edentulous (tooth-
less) subjects aged 40 to 81 years and among 2,588
dentate subjects aged 20 to 59 years. The presence of
heartburn or acid regurgitation (GERD-related symp-
toms) at 4 levels (absent, mild, moderate, severe) was
taken as exposure and used for logistic regression.
Analyses were adjusted for relevant confounders, such
as age, sex, depressive symptoms, history of chronic
gastritis, history of gastric or duodenal ulcer, smoking,
school education, and dental status.

MEASUREMENTS AND MAIN RESULTS: We found a
strong positive association between GERD-related
symptoms and halitosis (odds ratio 12.94, 95% confi-
dence interval (CI) 2.66–63.09, P = 0.002 for severe
compared to no GERD-related symptoms) in denture-
wearing subjects and a moderate, positive association
between GERD-related symptoms and halitosis (odds
ratio 2.24, 95% CI 1.27–3.92, P = 0.005) in dentate
subjects with a clear dose–effect relationship.

CONCLUSIONS: The present study provides clear evi-
dence for an association between GERD and halitosis.
As there are effective treatments for GERD, these
results suggest treatment options, such as proton
pump inhibitors, for halitosis. These should be studied
in randomized controlled trials.
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INTRODUCTION

Halitosis, or bad breath, is a complaint that often creates
personal discomfort and social embarrassment.1–3 The epide-
miology of halitosis in the general population has been
investigated in a few studies, which reported a prevalence of
approximately 25%.4,5

Oral conditions, mainly tongue coating and periodontal
diseases, 6 have been reported to be the most common causes
of halitosis.4,7 In addition, gastroesophageal reflux disease
(GERD)3,8–10 has been suggested to be a risk factor for
halitosis, but the evidence was not always convincing. This
association has typically been examined in combination with
other gastrointestinal tract disorders5,11 or as a by-product in
analyses of the relationship between oral conditions and
halitosis.11 Adjusting GERD for oral conditions, however, has
to be done cautiously because oral conditions may mediate or
confound the relationship between GERD and halitosis.
Moreover, some of these studies have not included detailed
oral examinations, which are essential to identifying oral
pathology, an acknowledged cause of halitosis. We also note
that some of these studies have been small. Large samples may
be needed to detect risk factors that are not as influential as
oral conditions. The fraction of halitosis attributable to GERD
could be relevant because GERD is common, with a prevalence
of 10–20% in Western Europe and North America.12

One way to control for the potential roles of oral health
conditions is to study edentulous (toothless) subjects. This
approach has the advantage that periodontal diseases can be
disregarded as a confounder of the relationship between GERD
andhalitosis. Another approach is to study the effect of treatment
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of GERD on the presence of halitosis. However, there is only 1
study comparing drug therapy with sucralfate or rabeprazole to
placebo. Although treatment significantly reduced halitosis, this
study was small and was performed among persons who had
postcholecystectomy alkaline gastritis rather than GERD.13

An additional challenge when studying the relationship
between GERD and halitosis is the so-called “bad breath
paradox.” That is, in studies of clinical populations, people
with objective halitosis have been unaware of the problem,
whereas others are convinced that they have halitosis when no
objective evidence can be found.1,7,14 Psychological conditions,
such as depressive disorders, are thought to contribute to
“false-positive” self-assessed halitosis in such studies.14 For-
tunately, self report appears to be substantially more accurate
in studies conducted in the general population.5,15–17

Therefore, we used data from a large population–based
study that includes data on both oral health and psychologic
symptoms to test the hypotheses that (1) an association
between GERD and self-reported halitosis exists in edentulous
subjects and (2) in dentate subjects, the strength of the
association between GERD and self-reported halitosis is not
altered by including dental variables in multivariable analyses.

MATERIALS AND METHODS

Participants

The Study of Health in Pomerania (SHIP) is a cross-sectional
population-based survey in West Pomerania, a northeastern
region of Germany with a total population of 212,157 inhabi-
tants.18 A two-stage cluster sampling method using population
registries was used to select German citizens residing in the
study area who were 20 to 79 years of age at the time of
invitation. Seven thousand eight personswere invited, including
292 of each gender in each of 12 5-year age strata. To minimize
losses caused by migration or death, subjects were selected in 2
waves. The net sample (without migrated or deceased persons)
comprised 6,267 eligible subjects, of whom 4,310 (68.8%)
agreed to participate. The study was approved by the local ethics
committee. All participants gave informed written consent. Data
collection was conducted from October 1997 until May 2001
and included 4 parts: a medical examination, an oral health
examination, a health-related interview, and a self administered
health- and risk-factor-related questionnaire.

Outcome and Exposure Measures

We assessed the outcome variable, halitosis, using responses
to the interview question: “Do you often suffer from a bad taste
in your mouth or from bad breath?” The trained interviewers
offered the options “yes” or “no.” “I do not know” was not
offered as an option and was registered silently in the precoded
format. We identified GERD-related symptoms using the single
item “presence of heartburn or acid regurgitation” from the
modified version of the von Zerssen’s complaints scale from the
questionnaire.19This complaints scale assesses distressing
mental and physical symptoms on 38 items. The scale was
introduced to the subject by the following sentence: “You will
find a number of complaints in the following list. Please rate
the degree (absent, mild, moderate or severe) to which you
suffer from each of the complaints.”

Design Options Used to Prevent Confounding

Because of the important relationship between dental health
and halitosis, we stratified the population by dental status –

edentulous (no teeth) versus dentate (at least 1 tooth) – and
excluded the 20 individuals who did not have an oral exam
(Fig. 1). To enhance homogeneity within these groups, we
required dentate subjects to be less than 60 years of age and
edentulous subjects to be at least 40 years old. This left 2,837
subjects (1,506 women) in the dentate sample and 498 subjects
(240 women) in the edentulous sample. We excluded subjects
who took drugs for acid-related disorders or who had missing
data on drug use because it would be impossible to separate the
effect of treatment from the opposite effect of GERD in this
cross-sectional data set.20,21 We also excluded patients who did
not respond to the question we used to define halitosis or the
complaints scale item regarding GERD symptoms. Finally, we
excluded subjects who hadmissing data for potential confound-
ers including dental history, depressive symptoms, chronic
gastritis, or periodontal pockets. Our final dentate sample
included 1,388 women and 1,200 men. Our final edentulous
sample included 206 women and 211 men.

Measurement of Confounders

Putative confounders for the association between GERD and
halitosis were selected based on the literature. From the
interview, we used the following as confounders: age (5-year
age groups), sex, chronic gastritis, history of gastric or
duodenal ulcer, cigarette smoking status (never, former, and
current smokers), total alcohol consumption (beer, wine, and
spirits) during the past weekend (continuous scale; g alcohol),
consumption of spirits during the past weekend (>/≤40 g),
coffee consumption (cups per day), living together (with or
without marriage), school education (<10, 10, >10 years),
menopause status, history of chronic esophagitis, and gingival
bleeding while tooth brushing (never, sometimes, often).

From the questionnaire, we used depressive symptoms
defined by 5 items on the von Zerssen’s complaints scale:
nervousness, poor concentration, inner tension, depression,
and rumination (sum score with a range from 0 to 15).
Difficulty in swallowing was considered as a confounder and
used as an item of its own.

Eight calibrated licensed dentists performed the entire
examination. Each half-year to year, calibration exercises 22

were performed on a subset of persons not connected with the
study, yielding an intraclass correlation of 0.82 to 0.91 per
examiner and an interrater correlation of 0.84 relative to
attachment loss. Bleeding on probing, dental plaque, and
calculus were dichotomously evaluated at a maximum of 6
teeth and were evaluated at 4 sites for each tooth (mesiobuc-
cal, midbuccal, distobuccal, and midlingual). For bleeding on
probing, dental plaque, and calculus, the percentage of
affected sites was calculated. The status of the periodontal
tissues was recorded by probing depth (distance from the
gingival margin to the pocket base) and attachment loss
(distance from the cemento-enamel junction to the pocket
base) half-mouth using the periodontal probe PCP11 (Hu-Friedy,
Chicago, IL, USA) at the 4 sites mentioned above. Increased
probing depths and attachment loss indicate periodontal dis-
eases. The number of decayed, missing, and filled tooth surfaces
was registered (DMF-S). All fully erupted teeth, except third
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molars, were assessed, resulting in a maximum of 14 teeth per
subject. The number of teeth was determined full-mouth on a
maximum of 28 teeth. The presence of removable partial or
complete dentures was ascertained.

Alternative Variable Definitions in Sensitivity
Analyses

In alternative models, instead of depressive symptoms, we
used factor scores of subscales for anxiety/depression (ner-
vousness, depression, anxiety, rumination, inner tension,
irritability, sleeplessness) and exhaustion (fatigue, excessive
need of sleep, loss of energy, faintness, poor concentration,
weakness) that had been used in a previous SHIP report.23

Similarly, we substituted a 3-item subscale for digestive

complaints (heartburn or acid regurgitation, abdominal feeling
of fullness, stomach ache) instead of the single-item heartburn
or acid regurgitation.

Statistical Analysis

Data on quantitative characteristics are expressed as a mean
and standard deviation. Data on qualitative characteristics are
expressed as percent values or absolute numbers as indicated.
For continuous data, comparisons between groups were done
using the Mann–Whitney U-Test for nominal data with the chi-
squared test. Logistic regression analyses were performed to
test the relationship between GERD-related symptoms and
halitosis, controlling for potential confounders. To reduce the
effect of misclassification in halitosis, we additionally analyzed

4310 Participants aged 20 - 81 years at the time of examination 

4290 Participants underwent oral examination 

20 Without oral examination 
      15 Refused the oral examination 
        5 For different reasons 

3791 Dentate participants 499 Edentulous participants 

2837 Aged 59 years or younger  

954 Aged 60 years or 
 older 

1 Aged 39 years or 
 younger 

498 Aged 40 years or older 

61 Were excluded 
 57 Took drugs  
  for acid   
  related   
  disorders 
 4 With no drug data  

37 Were excluded 
 32 Took drugs  
  for acid   
  related   
  disorders 

5 With no drug data 

2776 Without antireflux 
treatment 

461 Without antireflux 
treatment 

188 Were excluded for 
 missing data  
 81 Answered the  
  question on  
  halitosis with:  
  “I do not know” 
 1 Refused dental  
  interview 
 15 With missing  
  exposure data  
  (heartburn or  
  acid  
  regurgitation) 
 91 With missing   
  confounder data 

44 Were excluded for 
 missing data  
 12 Answered the  
  question on  
  halitosis with:  
  “I do not know” 
 17 With missing  
  exposure data  
  (heartburn or  
  acid  
  regurgitation) 
 15 With missing   
  confounder data 
 

2588 Were included in analysis 417 Were included in analysis 

Figure 1. Description of the study population.
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the relationship between GERD and halitosis using only
persons in the lower tertile of depressive symptoms. We used
the criterion of the change in the coefficient of interest to
estimate the effect of a confounder or, in the case of dental
variables, to estimate the masking effect on the relationship
between GERD and halitosis. A substantial change was
considered present if inclusion in the model led to ≥10%
change in the coefficient of the GERD-related symptoms. A
value of P<0.05 was considered statistically significant. Anal-
yses were conducted with SPSS software for Windows, version
13.0 (SPSS, Chicago, IL, USA).

RESULTS

Participant Characteristics

In dentate subjects, 565 subjects (21.8%) responded affirma-
tively to the question on halitosis. The frequency of GERD-
related symptoms of moderate or greater severity was 15.3%.
Subjects complaining of halitosis were older, more often
female, and had GERD-related symptoms and esophagitis
more often than subjects without complaints of halitosis
(Table 1). Subjects complaining of halitosis had higher scores
for depressive symptoms. They exhibited a higher percentage
of chronic gastritis, as well as of history of gastric or duodenal
ulcers, and were more often found to have difficulty in
swallowing. They were more often former smokers and spirits-
drinkers. Subjects complaining of halitosis more often had
gingival bleeding while tooth brushing, more commonly had
bleeding on probing, had a higher number of periodontal
pockets ≥4 mm, had more attachment loss ≥3 mm, had a
higher DMF-S, and had a lower number of teeth.

Among the edentulous subjects, 38 subjects (9.1%) reported
having halitosis. The frequency of GERD-related symptoms of
moderate or greater severity was 17.5%. Subjects complaining
of halitosis were more likely to have GERD-related symptoms
and had more depressive symptoms than subjects without
halitosis (Table 2).

Main Analyses

The results of the logistic regression in dentate subjects are
given in Table 3. A dose–response relationship between GERD-
related symptoms and halitosis was observed (Table 3). De-
pressive symptoms, but no other single variable, met our
criterion for a confounder of this relationship (Table 3). In
particular, the inclusion of dental variables did not reduce the
coefficient of interest.

The results of the logistic regression in edentulous subjects
are given in Table 4. A similar dose-dependent relationship was
found between increasing severity of GERD-related symptoms
and halitosis after controlling for putative confounders. Based
on the age- and gender-adjusted model, disorders of the
gastrointestinal tract, but not oral health, met our statistical
criterion for a confounder.

Ancillary Analyses

Although oral conditions were not identified as confounders for
the association between GERD-related symptoms and halito-
sis, they were major determinants of halitosis in dentate

subjects. Compared to subjects without bleeding while tooth
brushing, the odds ratio for subjects who experienced bleeding
often was 3.42 (95% confidence interval: 2.35–4.98) in the final
model. The results were similar when the sample was restrict-
ed to participants who had at least 6 teeth (n = 2,502).

The relationship between GERD-related symptoms and
halitosis was not weakened when the analysis was restricted
to dentate subjects in the lower tertile of depressive symptoms
(i.e., with a maximum of 2 mild depressive symptoms or 1
moderate depressive symptom, n=878; data not shown). Our
results were similar when we used the anxiety/depression and
exhaustion subscales instead of depressive symptoms. When
we used the expanded set of digestive complaints instead of the
single heartburn or acid regurgitation question, we still found

Table 1. Baseline Characteristics of Dentate (n=2588)

Variable Halitosis: no Halitosis: yes

Number of participants 2023 (78.2) 565 (21.8)
Age, years* 40.3±11.2 41.6±10.7
Sex, female‡ 1046 (51.7) 342 (60.5)
Symptoms of gastroesophageal
reflux disease‡

Absent 1116 (55.2) 239 (42.3)
Mild 635 (31.4) 203 (35.9)
Moderate 234 (11.6) 96 (17.0)
Severe 38 (1.9) 27 (4.8)
Chronic esophagitis† 6 (0.3) 9 (1.6)
Depressive symptoms, sum score‡ 3.8±2.9 4.9±3.1
Chronic gastritis* 89 (4.4) 40 (7.1)
History of gastric or duodenal ulce‡ 16 (0.8) 16 (2.8)
Difficulty in swallowing ‡

Absent 1712 (84.6) 422 (74.7)
Mild 271 (13.4) 113 (20.0)
Moderate 38 (1.9) 25 (4.4)
Severe 2 (0.1) 5 (0.9)
Cigarette smoking status*
Never smoker 684 (33.8) 173 (30.6)
Former smoker 552 (27.3) 185 (32.7)
Current smoker 787 (38.9) 207 (36.6)

Alcohol consumption during
the past weekend, g

48.8±61.5 53.0±72.7

>40 g spirits consumption during
the past weekend, g†

76 (3.8) 37 (6.5)

Coffee consumption, cups per day 2.9±2.4 3.1±2.5
Living together
(with or without marriage)†

1547 (76.5) 565 (81.9)

School education
<10 years 412 (20.4) 127 (22.5)
10 years 1191 (58.9) 339 (60.0)
>10 years 420 (20.8) 99 (17.5)

Gingival bleeding while tooth
brushing ‡

Never 1215 (60.1) 246 (43.5)
Sometimes 724 (35.8) 250 (44.2)
Often 84 (4.2) 89 (12.2)

Bleeding on probing, % (n=2584)† 33.8±26.2 37.8±27.7
Dental plaque, % (n=2579) 48.4±30.2 50.6±29.8
Calculus, % (n=2579) 13.8±18.9 14.9±19.8
Number of periodontal pockets ≥4 mm‡ 3.8±5.5 4.7±5.9
Attachment loss ≥3 mm, % (n=2523)‡ 35.4±32.2 40.6±32.5
Number of teeth† 22.5±5.9 21.9±5.9
DMF-S (n=2586)† 28.5±15.7 30.6±15.4
Partial denture, upper jaw 330 (16.3) 106 (18.8)
Partial denture, lower jaw 246 (12.2) 62 (11.0)

Values are number (percentage), or mean ± standard deviation
*P<0.05
†P<0.01
‡P<0.001
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a positive association between these symptoms and halitosis.
However, unlike the single heartburn and acid regurgitation
item, there was no dose–response relationship between halito-
sis and these additional digestive symptoms (abdominal feeling
of fullness, stomach ache).

DISCUSSION

We found a positive association between GERD-related symp-
toms and self-reported halitosis in both dentate and edentu-
lous subjects. This association was lower in magnitude among
dentate subjects but still quite clear. The dose–response
relationship we observed suggests that the risk of halitosis
rises with the severity of the GERD-related symptoms. Thus,
the present study suggests a relationship between GERD and
halitosis in the general population.

An association between GERD and halitosis is biologically
plausible for 3 reasons. First, it has been proposed that odor
from the posterior tongue dorsum derives mainly from post-
nasal drip accumulating there.24 In GERD, acidic contents of
the stomach can reach the nasopharynx and cause irritation of
its walls, resulting in postnasal drip. Thus, postnasal drip and
tongue coating may be mediators of the pathway between
GERD and halitosis. Second, impaired lower esophageal
sphincter function in subjects with GERD allows intestinal gas
and stomach contents to reflux into the esophagus,10 which
might produce malodor. Third, halitosis may be produced by
direct acid-peptic injury to susceptible supraesophageal tissue.

A relationship between GERD and halitosis has previously
been suggested,10,11 but a dose–response relationship could
not be demonstrated. In addition, the link was not always
convincing or corrected for confounding factors such as
medication or dental status. Most studies investigating halito-
sis have focused on the relationship with oral conditions and
hygiene.4,25 For oral conditions, we assessed periodontal

Table 3. Association Between Gastroesophageal Reflux Related
Symptoms and Halitosis in Dentate Subjects (n=2588)

Model Symptom: heartburn or acid regurgitation; referent: absent

Mild (n=838)
OR (95%-CI)

Moderate (n=330)
OR (95%-CI)

Severe (n=65)
OR (95%-CI)

1 1.49 (1.21–1.84) 1.92 (1.45–2.52) 3.32 (1.99–5.54)
2 1.53 (1.24–1.90) 1.94 (1.47–2.57) 3.33 (1.98–5.59)
3 1.40 (1.12–1.74) 1.75 (1.32–2.32) 2.71 (1.60–4.60)
4 1.37 (1.10–1.70) 1.70 (1.27–2.26) 2.67 (1.57–4.55)
5 1.31 (1.05–1.64) 1.62 (1.21–2.17) 2.47 (1.44–4.23)
6 1.31 (1.05–1.63) 1.60 (1.19–2.14) 2.49 (1.44–4.31)
7 1.29 (1.03–1.61) 1.56 (1.16–2.09) 2.45 (1.42–4.25)
8 1.28 (1.02–1.60) 1.48 (1.09–1.99) 2.24 (1.27–3.92)

Logistic regression analysis (dependent variable halitosis). Model 1: unadjusted.
Model 2: adjusted for age and sex. Model 3: adjusted for variables in model 2 and
depressive symptoms. Model 4: adjusted for variables in model 3, chronic gastritis,
and history of gastric or duodenal ulcer. Model 5: adjusted for variables in model 4
and difficulty in swallowing. Model 6: adjusted for variables in model 5, spirits
consumption during the past weekend, coffee consumption, and smoking status.
Model 7: adjusted for variables in model 6, living together, and school education.
Model 8: adjusted for variables in model 7, number of periodontal pockets, and
gingival bleeding while tooth brushing
OR = odds ratio, CI = confidence interval

Table 4. Association Between Gastroesophageal Reflux Related
Symptoms and Self-reported Halitosis in Edentulous Subjects

(n = 417)

Model Symptom: heartburn or acid regurgitation referent: absent

Mild (n=101)
OR (95%-CI)

Moderate (n=61)
OR (95%-CI)

Severe (n=12)
OR (95%-CI)

1 1.86 (0.82–4.20) 2.29 (0.92–5.69) 7.60 (2.05–28.14)
2 2.09 (0.89–4.90) 2.87 (1.10–7.48) 11.22 (2.71–46.49)
3 1.79 (0.75–4.29) 2.45 (0.92–6.54) 10.44 (2.48–43.96)
4 2.02 (0.84–4.87) 2.71 (1.01–7.32) 14.19 (3.09–65.13)
5 2.08 (0.86–5.02) 2.73 (1.01–7.39) 15.03 (3.26–69.38)
6 2.01 (0.83–4.90) 2.68 (0.98–7.31) 13.75 (2.93–64.55)
7 2.04 (0.83–5.01) 2.78 (1.00–7.65) 13.58 (2.84–64.91)
8 2.06 (0.84–5.08) 2.74 (0.99–7.62) 12.94 (2.66–63.09)

Logistic regression analysis (dependent variable: self-reported halitosis). Model 1:
unadjusted. Model 2: adjusted for age and sex. Model 3: adjusted for variables in
model 2 and depressive symptoms. Model 4: adjusted for variables in model 3,
chronic gastritis, and history of gastric or duodenal ulcer. Model 5: adjusted for
variables in model 4 and difficulty in swallowing. Model 6: adjusted for variables in
model 5, spirits consumption during the past weekend, coffee consumption, and
smoking status. Model 7: adjusted for variables in model 6, living together, and
school education. Model 8: adjusted for variables in model 7, complete denture upper
jaw, and complete denture lower jaw
OR = odds ratio, CI = confidence interval

Table 2. Baseline Characteristics of Edentulous Subjects (n=417)

Variable Halitosis: no Halitosis: yes

Number of participants 379 (90.9) 38 (9.1)
Age, years 69.7±7.3 67.1±9.3
Sex, female 189 (49.9) 17 (44.7)
Symptoms of gastroesophageal
reflux disease†

Absent 228 (60.2) 15 (39.5)
Mild 90 (23.7) 11 (28.9)
Moderate 53 (14.0) 8 (21.1)
Severe 8 (2.1) 4 (10.5)

Chronic esophagitis 5 (1.3) 0 (0)
Depressive symptoms, sum score† 3.4±3.1 4.6±2.8
Chronic gastritis 28 (7.4) 1 (2.6)
History of gastric or duodenal ulcer 9 (2.4) 0 (0)
Difficulty in swallowing
Absent 319 (84.2) 30 (78.9)
Mild 45 (11.9) 6 (15.8)
Moderate 15 (4.0) 2 (5.3)
Severe 0 (0) 0 (0)

Cigarette smoking status
Never smoker 129 (34.0) 12 (31.6)
Former smoker 174 (45.9) 16 (42.1)
Current smoker 76 (20.1) 10 (26.3)

Total alcohol consumption during
the past weekend, g

25.0±41.6 31.2±57.9

>40 g spirits consumption during
the past weekend, g

11 (2.9) 3 (7.9)

Coffee consumption, cups per day 2.4±1.7 2.3±1.8
Living together
(with or without marriage)

244 (64.4) 29 (76.3)

School education
<10 years 317 (83.6) 29 (76.3)
10 years 42 (11.1) 7 (18.4)
>10 years 20 (5.3) 2 (5.3)

Complete denture, upper jaw 366 (96.6) 36 (94.7)
Complete denture, lower jaw 342 (90.2) 33 (86.8)

Values are number (percentage), or mean ± standard deviation
*P<0.05
†P<0.01
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diseases but not tongue coating, which we consider as a
mediator in the relationship between GERD and halitosis (see
above). In concordance with other reports,4,7,26 we found a
strong relationship between periodontal diseases and halitosis
in dentate subjects. However, controlling for periodontal dis-
eases did not weaken the relationship between GERD-related
symptoms and halitosis.

In line with other studies, the proportion of dentate subjects
with halitosis was close to 25%.4,5 In contrast, the proportion
of edentulous subjects with halitosis was clearly lower than
25%. There are at least 3 explanations for this finding: First,
periodontal diseases cannot contribute to halitosis. Second,
several studies have found impairments in taste and smell
acuity in older persons.27 Third, older persons may be more
concerned with conditions other than halitosis.

A limitation of our study is the self-assessment of halitosis.
Contradicting results have been reported regarding the agree-
ment between objective evaluation and self-perceived halitosis.
Previous studies in clinical populations suggest poor agree-
ment,1,4 leading to the concept that there is a “bad breath
paradox—people suffering from breath odor being completely
unaware of their problem, whereas others are convinced that
they have a problem where nothing was found”7 Conversely,
self-assessment of halitosis appears to be both more reliable
and more valid in a general population than in highly selected
patients.4,5,14 A recent study 15 suggested that self-estimated
halitosis is a fair to good predictor of the presence of objective
halitosis, which was considered present if the average level of
volatile sulfur compounds was ≥125 ppb and the organoleptic
measurement using a 0–5-point scale was ≥2 (sensitivity=
89.0%; specificity=61.4%). Moreover, “objective measurement
[sulphide monitoring or gas chromatography] of breath com-
ponents is rarely used in routine clinical practice, as it is
expensive and time consuming.”28 Indeed, from a public
health point of view, the subjective perception of a health
problem might be more relevant than an objective measure
because awareness is one of the key processes that have to be
activated before people reach a sufficient motivational stage to
change behavior and accept treatment.29

In our study, this possible limitation was diminished by 2
strategies. First, we controlled for depressive symptoms using
a 5-item scale derived from the von Zerssen’s complaints scale.
Second, we examined the relationship between GERD and
halitosis in nondepressive subjects. The relationship between
halitosis and GERD-related symptoms persisted in this homo-
geneous group, which further supports the relationship be-
tween GERD and halitosis.

A second potential source of bias is our definition of halitosis.
Subjects may experience GERD as bad taste, which might
generate a positive response to the question we used to define
halitosis—“Do you often suffer from a bad taste in your mouth
or from bad breath?” According to recent reviews regarding the
neurocognitive aspects of oral sensation, taste and smell
interact like a synesthesia rather than in isolation.30,31 Percep-
tual confusion between the senses of smell and taste was
reported.32 Additionally, certain odors may be described in
terms of taste.31 Thus, it is appropriate that a halitosis question
also covers bad taste to avoid missing halitosis. Conversely,
subjects with GERD may answer our question on halitosis
affirmativelymore frequently than subjects without GERD. This
so-called differential measurement error in halitosis with
respect to GERD may lead to an over- or underestimation of

the association of interest.33 Provided there exists an odor–taste
synesthesia,31 GERD would be assumed to be a risk factor for
halitosis, even if the association between halitosis and the
exposure was based only on bad taste as a symptom of GERD.
Bad taste’s characteristic as a symptom for a disease (GERD)
does not exclude its relationship to another disease (halitosis).

A further limitation of our study was the use of a nonspecific
questionnaire to assess GERD rather than a specific question-
naire, endoscopy, or direct-function test with pHmeasurements.
Thus, from the von Zerssen’s complaints scale, we chose a priori
heartburn and acid regurgitation as the main symptom of GERD
to increase specificity. Several studies have demonstrated that
questions covering heartburn and acid regurgitation exhibit good
validity and reliability in identifying subjects with GERD.34,35

More recently, it was recognized that additional upper gastroin-
testinal symptoms such as abdominal pain and distension could
also be indicative of GERD12 and we therefore used those
symptoms in ancillary analysis. Their associationswith halitosis,
however, were less conclusive than that for the better defined
GERD-related symptoms heartburn and acid regurgitation. As
abdominal pain and distension could also indicate non-GERD
abdominal disorders, such as ulcer disease, irritable bowel
syndrome, or functional dyspepsia, we believe that GERD, rather
than non-GERD diseases represents a risk factor for halitosis.
Residual confounding from other disorders of the gastrointesti-
nal tract cannot completely be excluded. However, our results
were not changed by adjusting for several such putative con-
founders, including chronic gastritis, history of gastric or
duodenal ulcer, and difficulty in swallowing.34

Finally, we did not use a validated depression scale to
measure depression. In the main analyses, we used a pre-
specified depression scale that we derived using complaints
that we considered likely to be depressive symptoms. We
believe this scale is a reasonable proxy for depressed mood.
The limitations of a proxy remain, but we note that our results
did not change when we included the scores of 2 statistically
derived factors (anxiety and depression; exhaustion) from the
von Zerssen’s complaints scale in sensitivity analyses.

Notwithstanding these limitations, several strengths of our
study merit consideration. We used a large population-based
sample, allowing for a high degree of generalizability of the
present findings. We confirmed the relationship between
GERD-related symptoms and halitosis in both edentulous
and dentate subjects. By excluding subjects with antireflux
treatment, we investigated the association between GERD-
related symptoms and halitosis on a subclinical level of GERD
rather than for a clinically manifest disease. We believe that
the association of interest would be stronger for the latter.

In summary, our findings suggest that GERD increases the
risk of halitosis in both edentulous and dentate subjects.
Because of the increasing prevalence of overweightness and
obesity, which are associated with GERD,36 this may be of
increasing public health relevance. Moreover, GERD is a
treatable condition, suggesting that antireflux therapy for
halitosis should be studied.
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