ELMER
PRESS

’ '.) Check for updates ‘

Original Article J Endocrinol Metab. 2025;15(1):15-23

Prevalence of Self-Reported Halitosis in Individuals
With Type 1 and Type 2 Diabetes Mellitus:
A Cross-Sectional Study

Mohammed S. Almayouf® f, Saleh S. Aloraini®, Khaled H. Aburisheh¢,
Muhammad Mujammami® 9, Hamad N. AlBagieh¢,
Hamad A. Alzoman® f

Abstract

Background: Diabetes mellitus (DM) is a well-known metabolic disor-
der that leads to multiple oral complications, including increased caries
incidence, periodontal breakdown, periapical abscesses, and delayed
wound healing. Oral malodor is influenced by local (intraoral) and sys-
temic (extraoral) factors. DM is believed to have a direct influence on
both intra and extra oral halitosis. The aim of the study was to evaluate
the prevalence of self-reported halitosis among diabetic individuals and
compare it between type 1 and type 2 diabetes.

Methods: A cross-sectional online survey consisting of 34 questions
was used. The survey collected demographic, medical and lifestyle
data, as well as halitosis-related parameters. The survey was validated
by two experts and piloted with 30 participants to ensure clarity and
reliability. The targeted sample consisted of individuals with type 1
DM (group I), type 2 DM (group II), and a control group of healthy
subjects (group III).

Results: A total of 632 surveys were analyzed, with 12 subjects ex-
cluded due to reported loss of smelling ability. Halitosis was self-
reported by 50.7%, 48.0% and 28.0% of groups I, II and III, respec-
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tively. Subjects with DM reported a higher intensity of halitosis (P
value = 0.005), with more than 65% of respondents reported smelling
ability score more than 8 out of 10, and the subjects with diabetes re-
ported significantly less smelling ability score. Only 1.7% of subjects
with DM were informed about their halitosis by a healthcare provider.

Conclusions: DM demonstrates a significant correlation with hali-
tosis prevalence and intensity, with similar outcomes observed in
individuals with type 1 and type 2 DM. The reported reduced smell-
ing ability in patients with DM may lead to an underestimation of
self-reported halitosis. Moreover, insufficient communication from
healthcare providers further exacerbates this issue.

Keywords: Oral malodor; Self-reported halitosis; Type 1 diabetes;
Type 2 diabetes; Oral health; Olfaction

Introduction

The term halitosis refers to an unpleasant odor that originates
during exhalation. The source of this offensive smell could be
either intraoral or extraoral [1]. Globally, about 50% of indi-
viduals suffer from halitosis to varying degrees [2]. In some
studies, the prevalence of halitosis has been reported to reach
60% of the population [3]. In a systematic review by Silva et
al, self-reported halitosis prevalence ranges from 24.4% to
43.4% [4].

Given the widespread prevalence of halitosis, it is impor-
tant to understand the different factors contributing to its de-
velopment. In general, the source of halitosis could be either
extraoral, such as gastrointestinal problems, respiratory tract
infection, diabetes mellitus (DM), or renal and hepatic diseas-
es [5], or intraoral. Approximately 85% of the reported cases
arise from intraoral sources associated with periodontal dis-
ease, caries, odontogenic infections, tongue coating, and faulty
restorations [6].

DM is believed to contribute to the development of ex-
traoral halitosis. The levels of volatile organic compounds, in-
cluding phenol, indole, ammonia, and acetone in the exhaled
air of diabetic subjects are elevated, leading to a noticeable
odor. These compounds are considered end products of the
metabolic processes that lead to oral malodor [7, 8].
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The altered metabolic processes in patients with DM lead
to increased circulating ketone bodies in the bloodstream [9].
Several studies have reported elevated levels of acetone, a ke-
tone body commonly associated with prolonged starvation,
ketogenic diets, or bariatric surgery [9, 10]. Furthermore, the
levels of exhaled acetone concentrations in patients with DM
were observed to be higher than those in healthy subjects [11].

In addition, long-term diabetes leads to impaired immuni-
ty, delayed healing, and soft tissue infections [12, 13]. Conse-
quently, DM is linked to an increased risk of oral diseases such
as periodontal disease and dental caries [14]. Many oral bac-
teria, especially gram-negative anaerobic species, are found in
greater numbers in the subgingival biofilm of deep periodontal
pockets and on the dorsum of the tongue in individuals with
diabetes. These bacteria produce volatile sulfur compounds
(VSCs), such as methanethiol, hydrogen sulfide, and dimethyl
sulfide, which are responsible for intraoral halitosis [15, 16].

Given the strong connection between oral bacteria, diabetes,
and halitosis, it is essential to assess the prevalence of halitosis
and its related factors in patients with DM. However, there are
limited studies in the literature evaluating the relationship be-
tween DM and self-reported halitosis. To our knowledge, no ex-
isting study specifically assesses self-reported halitosis in both
subjects with type 1 and type 2 DM. It has been hypothesized
that the prevalence and intensity of halitosis will be significantly
higher in subjects with DM compared to non-diabetic subjects.
Thus, the aim of this study is to evaluate the prevalence of self-
reported halitosis among diabetic individuals and compare this
prevalence between individuals with type 1 and type 2 diabetes.

Materials and Methods

Ethical consideration

Ethical approval was obtained from both the Institutional Re-
view Board (IRB) (E-19-4253) and the College of Dentistry
Research Center (CDRC), at King Saud University, Riyadh,
Saudi Arabia. In accordance with ethical guidelines following
the Helsinki Declaration, informed consent was obtained from
all participants, and participation in the study was entirely vol-
untary.

Study sample and survey design

This cross-sectional study targeted both subjects with type 1
and type 2 DM. A comprehensive survey questionnaire was
developed to assess the prevalence, knowledge, and awareness
of halitosis among participants with DM.

For the survey construction, the literature was scanned,
and the initial survey consisted of 63 questions. The survey
was designed to cover seven domains, including demographic
data, medical and lifestyle information, dental condition, hali-
tosis, oral hygiene, smell ability, and coronavirus disease 2019
(COVID-19)-related complications. The questionnaire under-
went validation using established methods, including content
validity by two experts, face validity through pilot testing, and

test-retest reliability.

Content validity was performed by two experts who evalu-
ated the survey using a validation form to judge the relevance
and clarity of each item. Following expert discussions, the ques-
tions were shortlisted to 34, with 29 redundant or irrelevant
questions being merged or removed. Subsequently, the content
validity index (CVI) was calculated (scale-level content valid-
ity index (average) (S-CVI avg) = 1, scale-level content valid-
ity index (universal agreement, average) (S-CVI UA avg) = 1)
[17]. Face validity was conducted to evaluate the clarity of the
questions by interviewing 30 volunteers who participated in
pilot testing and provided feedback. Based on their feedback,
six questions were revised. The final questionnaire, comprising
34 questions, was tested for reliability. Thirty participants com-
pleted the survey and were re-invited to answer the question-
naire again after 14 days. The answers from the first and second
rounds were recorded, and test-retest reliability was assessed us-
ing the intraclass correlation coefficient (ICC). The ICC score
was 0.85, which is considered good agreement [18].

A final validated questionnaire comprising 34 questions
was distributed. An online template was designed to ensure
that participants answered all 34 questions. Participants were
invited to participate voluntarily in our study through email
and social media. The survey was conducted between Novem-
ber 2022 and October 2023. Inclusion criteria included indi-
viduals aged 18 and above with type 1 or type 2 diabetes, along
with a control group of non-diabetic individuals.

The study subjects were grouped into three categories as
follows: group I (type 1 diabetes), group II (type 2 diabetes),
and group III (non-diabetic).

Outcome measures

The survey was structured to assess the relationship between
diabetes (type 1 and type 2) and related factors on self-reported
knowledge and awareness of halitosis.

Statistical analysis

Recorded data were analyzed using the Statistical Package for
Social Sciences program for Windows (IBM SPSS Statistics
Version 26, Chicago, IL, USA). Descriptive data, including per-
centages and frequencies, were calculated. The difference be-
tween the mean of the groups was evaluated using analysis of
variance (ANOVA). If the difference between the groups was
significant, a post hoc test was performed. Additionally, the cor-
relation between different variables was assessed using Pear-
son’s correlation coefficient to determine relationships between
variables, such as hemoglobin Alc (HbAlc) levels and halitosis
scores, and the duration of diabetes and awareness of halitosis. A
P value of less than 0.05 was considered statistically significant.

Results

A total of 644 surveys were received, of which 12 subjects
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Table 1. Demographic Characteristics of Participant

Group I Group II Group III

(type 1 DM) (type 2 DM) (non-diabetic) Total P value
N (%) N (%) N (%) N
Gender
Male, n (%) 61 (22.34%) 80 (29.30%) 132 (48.35%) 273 0.004*
Female, n (%) 77 (21.45%) 64 (17.83%) 218 (60.72%) 359
Age
Mean + SD 36.62 £ 14.77 51.45+£9.7 442 +£12.5 0.000%*
Smoking
Nonsmoker, n (%) 121 (22.06%) 119 (21.88%) 305 (56.07%) 544 0.003%*
Electric cigarettes, n (%) 9 (27.27%) 4 (12.12%) 20 (60.61%) 33
Regular cigarettes, n (%) 5(10.87%) 21 (45.65%) 20 (43.48%) 46
Both (electric and regular cigarettes), n (%) 3 (37.50%) 0 (0.00%) 5 (62.50%) 8
*Significant difference (P < 0.05). SD: standard deviation; DM: diabetes mellitus.
were excluded from the analysis due to reported loss of smell- 1 diabetes, 138 participants), group II (type 2 diabetes, 144
ing ability as this condition would interfere with the accurate participants), and group III (non-diabetic, 350 participants).
self-reporting of halitosis. Therefore, 632 responses were ana- Detailed demographic information is provided in Table 1.
lyzed and included in the study. The mean age of the entire The overall halitosis prevalence among the respondents

sample was 39.8 (+ 14.01) years. Among these participants, was 37.5%, while subjects with DM showed a higher rate of
there were 273 (43.1%) males and 359 (56.9%) females, with 49.3%. The prevalence of halitosis varied significantly among
282 (44.6%) identified as subjects with DM and 350 (55.4%) the different groups, with rates of 50.7%, 48.0%, and 28.0%
as healthy subjects. The analysis revealed that the participants observed in group I, group II, and group III, respectively (P <
were distributed into three groups as follows: group I (type 0.001), as illustrated in Figure 1.

80.00%
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70.00%
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50.70% 50.70% 52%
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I I I 28%

overall subject with diabetic group 1 group 2 group 3
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Figure 1. Halitosis prevalence in type 1, type 2, and non-diabetic groups (group 1 = subjects with type 1 DM, group 2 = subjects
with type 2 DM, group 3 = non-diabetic subjects). DM: diabetes mellitus.
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Table 2. Diet Regimen of Participants Among the Three Groups

Group 1 Group 2 I1

Group 3

(type 1 DM) (type 2 DM) (non-diabetic) Total P value
N (%) N (%) N (%) N (%)

Low carbs, n (%) 48 (34.78%) 61 (42.36%) 73 (20.86%) 182 (28.8%)

Keto diet, n (%) 3(2.17%) 2 (1.39%) 5(1.43%) 10 (1.58%) 0.048*

Vegetarian, n (%) 2 (1.45%) 3 (2.08%) 5 (1.43%) 10 (1.58%)

No diet, n (%) 82 (59.42%) 75 (52.08%) 258 (73.71%) 415 (65.66%)

Multiple, n (%) 3(2.17%) 3 (2.08%) 9 (2.57%) 15 (2.37%)

Total 138 144 350 632

*Significant difference (P < 0.05). DM: diabetes mellitus.

Generally, 65.66% of the respondents reported that they
follow no specific type of diet. Among the groups, 59.42% of
group I, 52.08% of group II, and 73.71% of group III followed
no specific diet. Additionally, 34.78%, 42.36%, and 20.86% of
groups I, 11, and III respectively reported following a low-carb
diet (P < 0.001). When comparing patients with type 1 and 2
DM, no significant difference was observed in their diet regi-
mens (low carbs, keto diet, or vegetarian) (P =0.711) (Table 2).

When comparing the respondents’ self-reported smelling
ability scores, more than 65% reported a score of 8 out of 10
or higher (on a scale from 0 to 10, where 0 indicates anosmia
and 10 represents good smelling ability) [19]. A significant
difference in self-reported smelling ability was noted between
individuals with DM and healthy subjects (P < 0.001) (Fig. 2).
However, no significant difference in self-reported smelling

8.2

7.8

7.6

7.4

7.2

group 1

group 2

ability scores was observed considering diabetes type (group
I and group II). Additionally, diabetic subjects in both group I
and group II were divided into three subgroups based on the
duration of their DM diagnosis (less than 2 years, 2 - 5 years,
and more than 5 years). No correlation was found between the
duration of DM and self-reported smelling ability (P = 0.858,
0.648 for group I and group 11, respectively).

Both groups I and II responded similarly when asked if
they felt their oral breath smell had changed after being diag-
nosed with DM (P = 0.899) (Table 3). A significant difference
was observed between all groups in terms of the mean reported
intensity of halitosis (on a scale from 0 - 10 with 0 indicating
no presence of halitosis and 10 as extreme breath malodor)
[20] (P = 0.005). However, when specifically comparing type
1 with type 2 diabetes, no statistically significant difference in

821 %

group 3

Figure 2. Self-reported smelling ability score among the three groups (group 1 = subjects with type 1 DM, group 2 = subjects with
type 2 DM, group 3 = non-diabetic subjects). *Significant difference (P < 0.001). DM: diabetes mellitus.
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Table 3. Prevalence of Halitosis in Patients After Being Diagnosed With DM

Do you suffer from halitosis after being diagnosed with DM? Type 1, n (%) Type 2, n (%) Total, n (%)
Yes 47 (49.5%) 48 (50.5%) 95 (100.0%)
No 86 (48.0%) 93 (52.0%) 179 (100.0%)

DM: diabetes mellitus.

halitosis intensity was found (P = 0.851) (Fig. 3).

The relationship between diabetes parameters (HbAlc,
random blood glucose (RBG)) and self-reported halitosis
showed that in group I, 31% reported an increase in oral malo-
dor when RBG levels were elevated, while 19.8% of group II
reported the same. However, this difference was not statisti-
cally significant. The increase in RBG levels showed no sig-
nificant effect on halitosis status between groups. (P =0.151).
Similarly, there was no significant correlation between HbAlc
levels and the presence (P = 0.983) or intensity (P = 0.654)
of the halitosis condition in subjects with DM (Table 4). The
mean self-reported halitosis values were 3.71 for type 1 and
3.64 for type 2 diabetes. Additionally, no significant correla-
tion was found between the duration of diabetes and halitosis
awareness in patients with type 1 DM (Pearson’s R = 0.162,
P = 0.056; Spearman’s correlation = 0.097, P = 0.252) (Table
5). In contrast, a significant time-dependent relationship was
observed in the type 2 diabetes group, with a positive correla-
tion, indicating a slight increase in halitosis awareness as the
duration of diabetes increased (Pearson’s R =0.245, P=0.003;
Spearman’s correlation = 0.187, P = 0.023). Out of the 187

4 3.74

3.5

w

2.5

N

15

=

0.5

group 1

group 2

subjects with DM who reported presence of halitosis, it is sur-
prising that only 1.7% (11 subjects) were informed about the
presence of halitosis by a healthcare provider. In contrast, the
majority of subjects (67.4%) recognized the presence of hali-
tosis by themselves.

The study investigated smelling ability, which was be-
lieved to be a primary factor influencing halitosis recognition.
A statistically significant correlation was observed between
smelling ability and the ability to identify halitosis in both
group I and group II (P < 0.05). Additionally, the history of
COVID-19 infection was recognized as a critical factor af-
fecting olfactory function. Among the participants, 51.3% had
contracted COVID-19, and 40.7% reported changes in their
smelling ability post-infection. These findings underscore the
impact of COVID-19 on olfactory function and its potential
influence on halitosis recognition.

Discussion

The overall prevalence of halitosis in the study population was

3u65

2.88 *

group 3

Figure 3. Mean self-reported intensity of halitosis among the three groups (group 1 = subjects with type 1 DM, group 2 = subjects
with type 2 DM, group 3 = non-diabetic subjects). *Significant difference (P < 0.005). DM: diabetes mellitus.
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Table 4. Correlation Between HbA1c and Halitosis Score
Among Subjects With DM

Table 5. Correlation Between the Duration of DM and Aware-
ness of Halitosis in Group | and Group Il

Variable HbAlc Halitosis score
Correlation coefficient 1.00 0.027
Significance (two-tailed) - 0.654

N 281 281

HbA1c: hemoglobin A1c; DM: diabetes mellitus.

37.5%, which appears higher compared to other studies. Set-
tineri et al reported a lower prevalence of 19.39% among 1,052
patients who reported the presence of halitosis, a difference that
can be linked to the younger mean age of the participants [21].
In contrast, Milanesi et al in a self-reported questionnaire of
257 participants, reported a prevalence of 73.5%. This higher
prevalence can be attributed to the questionnaire design, where
even a single instance of halitosis was considered a positive
response, including transient cases like morning breath, which
are not often recorded in other surveys [22].

Self-reported halitosis seems to affect a large portion of
the diabetic population, with the prevalence reaching 49.3%
in this study. In 2011, Al-Zahrani et al conducted a study in
Saudi Arabia on 38 patients with type 2 diabetes, similar find-
ing was concluded that 42.1% of the participants have reported
presence of halitosis [1]. Shahbaz et al in 2023 examined 214
patients among Pakistani population following up in tertiary
hospital, all of whom showed at least three classical signs of
DM (polyphagia, polyuria, polydipsia, and general weakness).
They reported that 97.6% of the patients with DM were suf-
fering from halitosis. This high prevalence could be linked to
the high incidence of generalized periodontitis in their sample,
which affected 85.9% of the participants. When comparing di-
abetic subgroups, a minor difference was noted with halitosis
prevalence rates of 50.7% and 48.0% in type 1 and type 2 DM,
respectively [23].

A clinical study assessing the presence of VSC in type 1
diabetic patients found that 18% had halitosis, compared to
12% in healthy individuals [24]. The discrepancy with our
findings may be due to differences in halitosis assessment
methods, age, and diabetes duration. The authors suggested
that lower halitosis rates in their study could be attributed to
good oral hygiene, controlled diets, and the exclusion of ex-
traoral causes.

The prevalence and intensity of halitosis were higher in
both diabetic groups compared to healthy subjects. The high
prevalence and intensity among diabetic subjects can be linked
to both extraoral and intraoral causes. One prominent extraoral
cause in diabetic patients is the increased presence of acetone
in the breath due to elevated ketone levels resulting from al-
tered metabolism. Reyes-Reyes et al conducted a study on type
1 diabetic patients, dividing them into three groups: type 1 DM
minors (under 15 years), type 1 DM adults (over 15 years) and
healthy controls. They measured acetone concentrations in
the breath by using quantum cascade laser spectroscopy and
found that type 1 diabetic adults showed significantly higher
acetone levels compared to healthy subjects, a result that was
not observed in minors. The authors suggested that age and the

Pearson’s R Spearman’s cor-  Valid cases,

Group (P value) relation (P value) n
Group I 0.162 (0.056) 0.097 (0.252) 140
Group IT 0.245 (0.003) 0.187 (0.023) 149

DM: diabetes mellitus.

duration of diabetes may play a role in this difference [25]. Li
et al evaluated the level of acetone in the breath of 113 type
2 diabetic patients and compared it with 56 healthy controls.
Their results showed a significant difference in acetone con-
centrations, with healthy individuals having an average of 0.72
parts per million by volume (ppmv) compared to 1.75 ppmv in
diabetic patients [26].

Another factor contributing to the higher prevalence and
intensity of halitosis in subjects with DM is the alteration in the
microbiological profile, which increases volatile compounds-
producing bacteria. Matsha et al, in a case-control study of 128
subjects comparing subjects with DM, prediabetes and healthy
subjects with periodontitis using 16S ribosomal DNA (rDNA)
sequencing, found that there is an increase of Fusobacteria
and Actinobacteria in individuals with DM and prediabetes
compared to non-diabetic subjects [27]. Similarly, Bachtiar
et al quantified red complex bacteria in periodontitis patients
with or without diabetes and reported that Porphyromonas,
Tannerella, and Treponema were significantly more prevalent
in the diabetic periodontitis group [28].

Many oral bacteria, especially gram-negative anaerobic
species, are found in subgingival biofilm and on the dorsum
of the tongue. These gram-negative microorganisms, such as
Treponema denticola, Fusobacterium nucleatum, Porphy-
romonas gingivalis (P. gingivalis), Tannerella forsythensis,
Prevotella intermedia, are known to produce oral malodor
[29]. Many bacteria, including P. gingivalis, Prevotella inter-
media, Fusobacterium nucleatum, Peptostreptococcus micros,
Bacteroides forsythus, Campylobacter rectus, Eikenella cor-
rodens and Desulfovibrio species can be located in the peri-
odontal pockets. These are also known to produce VSCs [15,
16]. Further, a previous study reported elevated incidences of
Treponema denticola, Prevotella nigrescens, Streptococcus
sanguinis, Streptococcus oralis, and Streptococcus intermedi-
us in the supragingival plaque of patients with DM compared
to healthy individuals [30]. Collectively, these studies indicat-
ed that oral bacteria located in the dorsum of the tongue and in
the periodontal pockets are associated with halitosis, and their
abundance was significantly correlated with diabetes.

Unlike group I, the duration of diabetes in group II was
positively correlated with the length of time individuals were
aware of having halitosis. This can be linked to poorer oral
hygiene practices due to age differences between the groups
and the possibility that group II suffers from more severe peri-
odontal conditions.

To our knowledge, this is the first self-reported survey
that assesses halitosis and excludes participants based on their
smelling ability. Excluding those with olfactory loss strength-
ens the study’s reliability by ensuring accurate self-reporting

20 Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™ | https://jem.elmerpub.com



Almayouf et al

J Endocrinol Metab. 2025;15(1):15-23

of halitosis.

This study demonstrates a deficiency in the smelling
ability of diabetic subjects compared with non-diabetic in-
dividuals. Weinstock et al assessed the olfactory accuracy
in 111 diabetic subjects using the odorant confusion matrix
(OCM); the result showed significantly lower accuracy of ol-
factory ability among diabetic subjects compared to healthy
individuals (67.8% vs. > 80%). This olfactory alteration is
likely linked to alterations caused by the diabetic condition
[31]. It is important to note that this olfactory impairment
may lead to an underestimation of self-reported halitosis
prevalence among diabetic patients.

Healthcare providers play a crucial role in diagnosing
and informing patients about health conditions, including oral
malodor, which can indicate underlying health issues. How-
ever, only 4.5% of all individuals reporting oral malodor were
informed of their condition by a healthcare provider. Even
more surprising, only 1.7% of diabetic subjects were informed
about their condition. Bin Mubayrik et al also reported that
only 2.3% of 306 female university students suffering from
halitosis were informed by their oral health providers [32]. In a
broader population, Yu et al reported that only 1.6% of patients
were informed by their dentist regarding the presence of hali-
tosis [33]. This low percentage could be attributed to the nature
of the disease and the social embarrassment of discussing oral
malodor. Additionally, the low reporting rates could be due
to a lack of knowledge among dental professionals regarding
treatment options. These findings should highlight the need for
greater awareness among the dentists’ community to include
oral malodor assessment as part of routine examination, espe-
cially among diabetic patients. The study has some limitations,
including an imbalance in the average age between the groups,
which is inherent to the nature of the disease, as type 1 diabe-
tes predominantly affects younger populations. Additionally,
the high female-to-male ratio may be attributed to the greater
interest and motivation of female participants in the research
topic. Another limitation of the study was a recall bias, which
can be developed when participants fill out the survey. HbAlc
was self-reported by the subjects due to the unavailability of
the medical record databases for the participants, which could
lead to inaccurate HbAlc values. Thus, the generalization of
this study’s conclusion should be taken with caution.

Future clinical research should use more precise meth-
ods to assess halitosis in diabetic populations and investigate
potential confounding factors, such as periodontal health and
lifestyle influences, which may affect the results.

Conclusions

Within the limitations of this study, individuals with DM
showed a significant increase in both the prevalence and inten-
sity of halitosis. Both type 1 and type 2 DM demonstrated simi-
lar halitosis prevalence, halitosis intensity and smelling ability.
HbAlc did not show a direct effect on the halitosis condition
in either group. Subjects with DM reported reduced smelling
ability compared to healthy individuals, which may contribute
to underestimating self-reported halitosis. The combination of

reduced smelling ability and insufficient communication from
healthcare providers about their condition aggravates the issue
for patients with DM.
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