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Evaluation of the Association Between Halitosis Severity and Dental Plaque Accumulation in 
Brachycephalic and Non-Brachycephalic Domestic Cats
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ABSTRACT

Halitosis is a common clinical finding in feline practice and is often associated with 

periodontal disease; however, the role of host-related factors remains unclear. This 

study aimed to evaluate the association between halitosis severity and dental plaque 

accumulation in a routine clinical population of cats. Particular emphasis was placed 

on the influence of skull conformation (brachycephalic vs non-brachycephalic) and 

other demographic variables. A cross-sectional study was conducted on 114 client-

owned cats presented for routine examination. The median age was 24 months, and 

the population included 41 brachycephalic and 73 non-brachycephalic cats. Halitosis 

was graded using a six-point organoleptic scale (0-5), and dental plaque was assessed 

using a four-point index (1-4). Data on age, sex, neutering status, body weight, diet, and 

craniofacial morphology were recorded. Statistical analyses included Mann-Whitney 

U tests, Spearman’s correlation, and multivariable ordinal logistic regression. Clinically 

apparent halitosis was observed in 64.8% of the cats. No significant difference in halitosis 

severity was found between brachycephalic and non-brachycephalic cats (P=0.73). 

Although univariate analysis indicated higher halitosis scores in males, multivariable 

analysis identified dental plaque accumulation as the only independent predictor 

of halitosis severity (odds ratio =3.18, 95% confidence interval: 1.82-5.56, P<0.001). 

Skull conformation, age, diet, and other host-related factors were not independently 

associated with oral malodor. These findings suggest that halitosis severity in domestic 

cats is primarily determined by oral hygiene status rather than craniofacial morphology 

or demographic characteristics.
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Introduction

Halitosis, clinically defined as an unpleasant 
odor originating from the oral cavity, is one of the 
most frequent findings in feline veterinary practice 
and a significant source of concern for cat owners 
(Kulida et al., 2025). While often dismissed by owners 
as a purely aesthetic issue, oral malodor is frequently 
the first detectable clinical indicator of underlying 
dental and periodontal pathology. Because cats are 
evolutionarily adapted to mask signs of oral pain, 
significant dental disease may remain undetected until 
it reaches advanced, debilitating stages (Palmeira et 
al., 2022). Consequently, halitosis should be regarded 
as a vital diagnostic “early warning system” reflecting 
inflammatory processes that directly impact feline 
welfare and the integrity of the human–animal bond 
(Perry & Tutt, 2015).

The biological basis of feline halitosis is rooted 
in the accumulation and maturation of dental plaque, 
a complex microbial biofilm. Initially formed by the 
colonization of aerobic bacteria on the salivary pellicle, 
the biofilm rapidly develops into a diverse anaerobic 
environment as it thickens (Niemiec, 2008). Within 
these subgingival niches, a microbial shift occurs toward 
Gram-negative proteolytic species that metabolize 
sulfur-containing amino acids found in the gingival 
crevicular fluid and oral debris (Abdulkareem et al., 
2023). This metabolic activity results in the liberation of 
volatile sulfur compounds (VSCs), primarily hydrogen 
sulfide and methyl mercaptan, which are the principal 
chemical constituents of oral malodor in cats (Clarke, 
2001).

Beyond microbial load, several host-
related variables are hypothesized to influence 
oral health status. Skull conformation, particularly 
in brachycephalic breeds, is often associated with 
tooth overcrowding and malocclusion, which can 
facilitate plaque retention (Bellows et al., 2019). 
Similarly, host factors such as age, neutering status, 
and diet, specifically food consistency, have been 
implicated in the progression of periodontal disease 
(Gawor et al., 2006). However, existing research often 
fails to distinguish whether these factors directly 

exacerbate halitosis or whether their effects are 
secondary to increased plaque accumulation. Most 
feline studies focus on advanced conditions such as 
chronic gingivostomatitis, leaving the determinants of 
halitosis in routine clinical populations insufficiently 
characterized (Sánchez-Vallejo et al., 2025).

The objective of this cross-sectional study was 
to evaluate the association between halitosis severity 
and dental plaque accumulation in a population 
of domestic cats under routine clinical conditions. 
Specifically, we aimed to assess the impact of 
craniofacial morphology by comparing halitosis severity 
between brachycephalic and non-brachycephalic cats. 
Furthermore, we sought to determine the influence 
of other host-specific variables, including age, sex, 
neutering status, body weight, and feeding type. We 
hypothesized that dental plaque accumulation would 
be the primary independent predictor of halitosis 
severity, surpassing the influence of skull conformation 
and other potential confounding host factors, thereby 
validating its use as a reliable clinical marker for oral 
health status.

Material and Method

Study Design and Animals
This cross-sectional study included 114 client-

owned cats presented to the Atatürk University 
Animal Hospital for routine health evaluations. To 
ensure a representative clinical population, cats of 
various breeds, ages, and craniofacial morphologies 
(brachycephalic and non-brachycephalic) were 
enrolled. Exclusion criteria included incomplete 
questionnaire data, missing oral examination records, 
or a history of professional dental cleaning or antibiotic 
treatment within the preceding three months, as 
these interventions could interfere with baseline 
plaque accumulation and halitosis assessment. Ethical 
approval was obtained from the Atatürk University 
Animal Experiments Local Ethics Committee (HADYEK) 
(approval date: 24 June 2025; meeting no: 2025/08; 
decision no: 148), and written informed consent was 
obtained from all owners before study enrollment.
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Data Collection and Host Factors
To minimize inter-observer variability, all clinical 

examinations and data collection procedures were 
performed by a single investigator. At the presentation, 
owners completed a structured questionnaire. The 
following host-related variables were recorded: age 
(months), sex, neutering status, body weight (kg), skull 
conformation, and feeding type. Skull conformation 
was classified as brachycephalic or non-brachycephalic 
based on established breed standards and direct 
craniofacial inspection. Feeding type was categorized 
by primary diet (dry, wet, or mixed) and consumption 
frequency.

Assessment of Halitosis and Dental Plaque
Halitosis was evaluated during routine oral 

examination under standardized clinical conditions. 
Severity was graded using a six-point organoleptic 
ordinal scale: 0 = absence of odor, 1 = questionable 
odor, 2 = mild malodor, 3 = moderate malodor, 4 = 
strong malodor, and 5 = severe malodor.
Dental plaque accumulation was assessed by visual 
inspection of the teeth and gingiva and graded using a 
four-point ordinal scale: 1 = no visible plaque, 2 = thin 
plaque accumulation at the gingival margin, 3 = plaque 
accumulation within the gingival sulcus, and 4 = heavy 
plaque accumulation within the gingival sulcus. The 
same examiner consistently performed both halitosis 
and plaque scoring throughout the study period to 
ensure uniformity.

Statistical Analysis
Statistical analyses were conducted using 

SPSS software (version 20.0; IBM Corp., Armonk, NY, 
USA). Data distribution was assessed using descriptive 

statistics and visual inspection. As most continuous 
variables were not normally distributed, age and body 
weight were reported as medians and interquartile 
ranges (IQRs). Halitosis and dental plaque scores were 
treated as ordinal variables. Comparisons between two 
independent groups were performed using the Mann-
Whitney U test, while comparisons among three or 
more groups were conducted using the Kruskal-Wallis 
test, with Bonferroni correction applied for post hoc 
analyses when appropriate. The association between 
halitosis severity and plaque score was evaluated 
using Spearman’s rank correlation coefficient (ρ). To 
identify independent predictors of halitosis severity, 
a multivariable ordinal logistic regression model was 
constructed that included skull conformation, age, 
sex, neutering status, body weight, feeding type, and 
plaque score. Results were reported as odds ratios 
(ORs) with 95% confidence intervals (CIs). Statistical 
significance was set at P<0.05.

Results

Study Population Characteristics
A total of 114 client-owned cats were included 

in the study. The median age of the population was 24 
months (IQR: 10-48), and the median body weight was 
4.0 kg (IQR: 3.0-5.0). The sex distribution was nearly 
equal, with 58 females (50.9%) and 56 males (49.1%). 
Neutered cats accounted for 54.4% (n=62) of the study 
population.

Regarding craniofacial morphology, 41 cats 
(36.0%) were classified as brachycephalic, while 73 cats 
(64.0%) were non-brachycephalic. A detailed summary 
of the descriptive characteristics is presented in Table 1.

Variable Total (n=114)

Age (months), median (IQR) 24 (10-48)

Body weight (kg), median (IQR) 4.0 (3.0-5.0)

Sex, n (%)
Male 56 (49.1)

Female 58 (50.9)

Table 1. Descriptive characteristics of the study population.
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Neutering status, n (%)
Neutered 62 (54.4)

Intact 52 (45.6)

Skull conformation, n (%)

Brachycephalic 41 (36.0)

Non-brachycephalic 73 (64.0)

Halitosis score, n (%) 19 (16.7)

1 (Questionable) 21 (18.4)

2 (Mild) 26 (22.8)

3 (Moderate) 25 (21.9)

4 (Strong) 16 (14.0)

5 (Severe) 7 (6.1)

Dental plaque score, n (%)

Dental plaque score, n (%) 24 (21.1)

2 (Thin plaque at gingival margin) 33 (28.9)

3 (Plaque in gingival sulcus) 31 (27.2)

4 (Heavy plaque accumulation) 26 (22.8)

Table 1. Continued

Distribution of Halitosis and Dental Plaque Scores
Halitosis severity varied across the study 

population. No detectable odor (score 0) was 
recorded in 16.7% (n=19) of cats, whereas 18.4% 
(n=21) exhibited questionable odor (score 1). Clinically 
apparent halitosis (scores 2-5) was observed in 64.8% 
of the cats.

Dental plaque scores ranged from 1 to 4. No 
visible plaque (score 1) was detected in 21.1% of the 
cats, while 50.0% exhibited moderate to severe plaque 
accumulation (scores 3-4), characterized by plaque 
extending into or deep within the gingival sulcus. 
The distributions of halitosis and plaque scores are 
summarized in Table 1 and visually represented in 
Figure 1. 

Univariate Associations with Halitosis Severity
Univariate analyses revealed no significant 

differences in halitosis severity between brachycephalic 
and non-brachycephalic cats (P=0.73). Similarly, 
halitosis scores did not differ significantly according to 
neutering status (P=0.41) or age group (P=0.65).

A statistically significant difference was 
observed between sexes, with female cats exhibiting 
lower halitosis scores compared to males (P=0.018). 
Additionally, a significant moderate positive correlation 
was found between dental plaque score and halitosis 
severity. Detailed results of the univariate analyses are 
provided in Table 2.
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Figure 1. Frequency distribution of halitosis and dental plaque scores in the study population of domestic cats (n=114). Halitosis severity was 

graded on a six-point scale from 0 (no odor) to 5 (severe oral malodor), and dental plaque accumulation was graded on a four-point scale 

from 1 (no visible plaque) to 4 (heavy plaque accumulation).

Variable Comparison / test Halitosis score, median 
(IQR)

p-value

Skull conformation Brachycephalic vs non-brachycephalic (Mann-Whitney U) 2 (1-3) vs 2 (1-3) 0.73

Sex Male vs female (Mann-Whitney U) 2 (1-3) vs 1 (1-2) 0.018

Neutering status Neutered vs intact (Mann-Whitney U) 2 (1-3) vs 2 (1-3) 0.41

Age group (months) <12 vs 12-36 vs >36 (Kruskal-Wallis) 1 (0-2) vs 2 (1-3) vs 2 (1-3) 0.65

Dental plaque score Spearman correlation P=0.37 <0.001

Table 2. Univariate associations between clinical variables and halitosis score.

Halitosis score was treated as an ordinal variable. Non-parametric tests were used due to non-normal data distribution. The correlation 
between halitosis and dental plaque score was assessed using Spearman’s rank correlation coefficient. A p-value <0.05 was considered 

statistically significant.

Multivariable Analysis
A multivariable ordinal logistic regression 

model was constructed to identify independent 
predictors of halitosis severity. After adjustment 
for age, sex, neutering status, body weight, skull 
conformation, and feeding type, dental plaque score 
emerged as the only independent factor significantly 
associated with increasing halitosis severity.

Each one-point increase in the plaque score 
was associated with a 3.18-fold increase in the odds 
of belonging to a higher halitosis category (P<0.001). 
In contrast, skull conformation was not independently 
associated with halitosis severity in the adjusted 
model (P=0.71), indicating that its apparent effect was 
mediated by plaque accumulation. The results of the 
multivariable analysis are presented in Table 3.
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Variable Odds ratio (OR) 95% confidence interval p-value

Dental plaque score (per 1-point increase) 3.18 1.82-5.56 <0.001

Skull conformation (brachycephalic vs non-brachycephalic) 1.12 0.61-2.07 0.71

Age (months) 1.01 0.99-1.02 0.18

Sex (female vs male) 0.74 0.41-1.33 0.31

Neutering status (neutered vs intact) 1.19 0.65-2.18 0.58

Body weight (kg) 0.99 0.96-1.02 0.44

Feeding type* 1.08 0.89-1.31 0.42

Table 3. Multivariable ordinal logistic regression analysis for factors associated with halitosis severity.

An ordinal logistic regression model was used to identify independent factors associated with increasing halitosis severity. Variables with 
clinical relevance were entered simultaneously into the model. Odds ratios (ORs) represent the change in odds of being in a higher halitosis 

category per unit increase (continuous variables) or relative to the reference category (categorical variables). A p-value <0.05 was considered 
statistically significant.

* Feeding type was treated as a binary variable (primarily wet vs. primarily dry/mixed).

Discussion 

The primary finding of this study is that dental 
plaque accumulation is the most significant and the 
sole independent clinical predictor of halitosis severity 
in domestic cats. Our multivariable ordinal logistic 
regression model demonstrated that each one-point 
increase in the dental plaque score was associated 
with a 3.18-fold increase in the odds of being 
classified into a higher halitosis category (P<0.001). 
This moderate association confirms that halitosis is a 
reliable clinical marker of oral biofilm burden. These 
results are consistent with previous reports (Perry 
& Tutt, 2015), which emphasized that oral malodor 
is often the earliest and most consistent clinical sign 
of active periodontal inflammation and subgingival 
microbial proliferation in feline patients, even before 
other structural changes become evident to owners.
The biological link between plaque accumulation and 
oral malodor is rooted in the metabolic activity of the 
subgingival microflora. As dental plaque matures, it 
undergoes a successional shift toward a predominantly 
Gram-negative anaerobic population, which is essential 
for the production of oral malodorous compounds 

(Loesche & Kazor, 2002; Niemiec, 2008; Quirynen et 
al., 2009). These proteolytic bacteria degrade sulfur-
containing substrates in the feline oral cavity, liberating 
VSCs such as hydrogen sulfide and methyl mercaptan 
(Stephen, 2016). The moderate positive correlation 
observed in the present study supports the hypothesis 
that VSC production is not static but scales with the 
volume and maturity of the subgingival biofilm, as 
previously suggested in feline-specific microbiological 
models (Clarke, 2001).

With respect to host-related factors, the 
absence of an independent association between skull 
conformation and halitosis represents an important 
finding. Brachycephalic cats are anatomically 
predisposed to dental overcrowding and malocclusion, 
which are features traditionally thought to facilitate 
plaque retention (Bellows et al., 2019; Gorrel, 2015). 
However, our multivariable model indicates that, when 
plaque burden is accounted for, craniofacial morphology 
itself does not confer additional risk of odor severity. 
This suggests that while brachycephalic conformation 
may create a favorable environment for biofilm 
accumulation, the resulting oral malodor is primarily 
due to microbial load rather than a breed-specific 

Baykal et al. Halitosis and Dental Plaque in Cats

Journal of Veterinary Medicine Harran University 2026; Volume: 15, Issue: 1 44



5

physiological trait. Accordingly, clinical emphasis 
should be placed on managing the consequence of 
anatomical variation (plaque accumulation) rather 
than the anatomy itself.

Similarly, the initial association between sex 
and halitosis severity observed in the univariate analysis 
disappeared after multivariable adjustment. This finding 
implies that sex-related differences in halitosis are 
more likely mediated by behavioral or environmental 
factors that influence plaque accumulation, rather 
than by intrinsic differences in VSC production (Logan, 
2006). Furthermore, the lack of independent effects 
of age and feeding type underscores the dominant 
role of oral biofilm in determining the severity of oral 
malodor. Although older cats are more likely to exhibit 
advanced periodontal disease, our data suggest that 
halitosis reflects the current oral hygiene status rather 
than chronological age. This is in line with previous 
observations indicating that gingival health can be 
preserved across the lifespan when plaque control is 
effective (Clarke, 2001; Ingham et al., 2001). Likewise, 
while dietary consistency is frequently promoted 
as a preventive measure, our results indicate that 
feeding type does not independently predict oral 
malodor severity once plaque burden is accounted 
for, highlighting that diet is only one of multiple 
contributors to biofilm dynamics (Gawor et al., 2006). 
Future longitudinal studies with strictly controlled 
dietary groups are warranted to fully elucidate the 
specific effects of wet versus dry diets on feline oral 
health.

Several limitations of this study should be 
acknowledged. First, halitosis was assessed using 
an organoleptic scale. Although standardized and 
highly practical for routine clinical settings, this 
method remains inherently more subjective due to its 
reliance on the examiner's olfactory sensitivity. Future 
studies would benefit from incorporating objective, 
instrumental techniques such as gas chromatography 
or portable VSC analyzers to precisely quantify oral 
malodor alongside clinical scoring (Tangerman, 
2002). Second, the cross-sectional design precludes 
establishing causal relationships and evaluating 
temporal changes in oral malodor as plaque matures 

and mineralizes into calculus. Third, the relatively small 
sample size of the brachycephalic group (n=41) may 
limit the statistical power to detect minor differences 
between skull conformations.

Conclusion

In conclusion, this study demonstrates that 
dental plaque accumulation is the primary determinant 
of halitosis severity in domestic cats, irrespective of 
skull conformation, age, or sex. These findings support 
the use of halitosis as a practical and accessible clinical 
indicator of oral biofilm burden. Consequently, clinicians 
should prioritize plaque control and early periodontal 
intervention for all feline patients presenting with oral 
malodor to promote long-term oral health and overall 
welfare.
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