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ABSTRACT
INTRODUCTION Smoking has a negative impact on the chemosensory function. The 
aim of the study was to evaluate the effects of smoking experience and type of 
tobacco products on gustatory and olfactory function.
METHODS This study included 30 conventional cigarette smokers, 30 heated tobacco 
products (HTPs) users, and 30 non-smokers. Olfactory function was assessed 
with a ‘Sniffin' Sticks Screening 12 Test’ while the taste function was assessed 
with ‘taste strips’ for the basic tastes of sweet, sour, salty, and bitter. The lifetime 
exposure to smoking was calculated using the Brinkman index (BI).
RESULTS Conventional cigarette smokers demonstrated decreased olfactory function 
in comparison to non-smokers (median: 10 vs 11; p=0.001) but HTPs users did 
not differ between those two groups. Overall gustatory function was lower in 
conventional cigarette smokers (median: 9.5) and HTPs users (median: 10) than 
in non-smokers (median: 14; p<0.001). A difference was detected in the sour, 
salty and bitter taste but without significant difference between HTPs users and 
conventional cigarette smokers. Negative linear correlations were found between 
the BI and olfactory function, overall gustatory function, sour, salty, and bitter 
taste (r= -0.317 – -0.585; p≤0.002). In multiple linear regression, BI was the 
only predictor of olfactory dysfunction when controlling for the effect of tobacco 
products, age, and gender accounting for 11% of variance (p=0.024, R2=0.123). 
For gustatory dysfunction, BI was the strongest predictor followed by gender and 
tobacco products accounting for 11%, 5%, and 4% (p<0.001, R2=0.259).
CONCLUSIONS Olfactory and gustatory function are adversely associated with smoking, 
more depending on BI than tobacco product.
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INTRODUCTION
The chemosensory systems enable us to perceive both odors and flavors. These 
interconnected systems oversee the perception of flavors and aromas, and also 
serve as warning signs that protect us from dangerous situations1. The prevalence 
of olfactory and gustatory dysfunction varies in a population2. There are multiple 
causes of smell and taste disorders, with the most important ones being ageing, 
respiratory infections, head trauma, vitamin deficiency, medications, neoplasia, 
or environmental factors1,2. The most common environmental factor is associated 
with smoking1. Conventional cigarettes burn tobacco and produce smoke that 
contains a mixture of potentially harmful and harmful constituents such as 
carcinogenic molecules, carbon monoxide, nicotine, heavy metals, and other 
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irritants. When the olfactory and gustatory systems 
are exposed to these harmful constituents, it can lead 
to sensory impairment2,3.

Alternative smoking devices such as the heated 
tobacco products (HTPs) have been developed. HTPs 
provide a different mechanism that produces lower 
temperatures, thus reducing the number of harmful 
and potentially harmful constituents3,4. Despite 
being relatively new, these products have gained 
popularity among young adults5. Studies have shown 
that using HTPs may lead to the initiation of smoking 
among non-smokers and cause former smokers to 
relapse6,7. The majority of research is centered on the 
relationship between conventional cigarette smoking 
and taste and smell disturbances. However, there is 
limited evidence investigating the association between 
smell and taste disturbances and the use of HTPs.  

Cigarette smoke has an impact on the respiratory 
tract, with inflammation and mutagenic effects being 
the most common outcomes. Some of its components 
also damage olfactory epithelium causing injury or 
death of cells1,8. These harmful constituents in tobacco 
smoke can cause squamous metaplasia in which 
normal columnar olfactory epithelium is replaced 
by squamous epithelium. Smokers also have an 
increased risk of reversible sinonasal inflammation 
and inflammation of the olfactory mucosa, which 
is associated with decreased olfactory function9. 
The effect of smoke can also indirectly increase 
susceptibility to other factors that can harm the 
olfactory mucosa through an inflammatory process10. 
According to several studies, smoking can also affect 
olfactory function centrally. The exposure of olfactory 
tissue to cigarette smoke leads to a reduction in the 
capacity to produce sensory cells, resulting in a loss of 
olfactory recognition11. In addition, there is evidence 
that smokers have significantly smaller olfactory bulbs 
and less grey matter volume in the olfactory gyrus in 
comparison with non-smoker10. 

Smoking has both direct and indirect negative 
effects on gustatory function. Increased exposure 
to tobacco and cigarette smoke is associated with a 
decrease in the number of taste-associated structures 
and morphological changes to them12. Furthermore, 
there is evidence that long-term smoking can lower 
salivary flow rate and cause hyposalivation, with 
downstream effects on gustatory function. Chronic 

smoking is also connected to lower levels of important 
nutrients (such as vitamin B, E, zinc, and folic acid), 
all of which play crucial roles in affecting taste 
perception3. On the central level, nicotine influences 
the taste signal by acting on the central nervous 
system. It has been shown that the application of 
nicotine on the tongue modifies the response of the 
neurons in the nucleus of the solitary tract of rats13.

In this study, we aim to evaluate and compare 
the effects of HTPs and conventional cigarettes on 
olfactory and gustatory function.

METHODS
Study design and population
This stratified cross-sectional study was conducted 
at the Clinic of Dental Medicine, Clinical Hospital 
Center, Rijeka, Croatia, and the Faculty of Dental 
Medicine University of Rijeka, Croatia. Participants 
(n=90) were recruited from December 2021 to 
December 2023, categorized into three groups: HTPs 
users (n=30), conventional cigarette smokers (n=30), 
and non-smokers (n=30).

The inclusion criteria for the smokers’ group were: 
aged ≥18 years, a positive smoking history, and an 
absence of systemic and local diseases that can affect 
chemosensory function (listed below). Participants 
were classified as conventional cigarette smokers if 
they had smoked at least 100 cigarettes after starting 
smoking. HTPs users were identified if they had 
used at least 100 HEETs and had not smoked any 
other types of cigarettes in the past six months. The 
lifetime exposure to smoking was calculated using 
the Brinkman index (BI), which is calculated by 
multiplying daily consumption by years of smoking14. 
The inclusion criteria for the non-smokers’ group 
were the same as for the smokers’ group, except for a 
history of not smoking. 

The exclusion criteria included the use of other 
forms of tobacco, dual users (current, simultaneous 
use of conventional cigarettes and HTPs products), 
history of alcohol consumption, participants with a 
history of upper respiratory infections within the 
past three weeks, sinonasal disorders (nasal polyps, 
chronic rhinosinusitis, allergic rhinitis, severe septum 
deviation), a history of exposure to respiratory toxins 
other than cigarettes, malignancy, head trauma, 
neurologic, endocrine, and psychiatric disorders.
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Questionnaire
All participants were required to fill in a questionnaire 
regarding their overall health and smoking habits. 
The questions covered general information, details 
about smoking (such as average number of cigarettes 
smoked per day and duration of smoking in years), 
information about any systemic or local diseases, and 
prescribed medications.

Olfactory testing
Olfactory function testing was performed with a 
validated ‘Sniffin’ Sticks Screening 12 Test’ (Burghart 
GmbH, Wedel, Germany). All ‘Sniffin’ Sticks’ tests 
were performed by oral medicine resident (ES). 
During the test, participants were asked to identify 
the odors using pen-like odor dispensing devices. For 
each of the 12 sticks, the pen’s cap was removed and 
the tip of the pen was placed approximately 1–2 cm 
in front of the nose for approximately three seconds. 
The participant had to choose the correct odor from 
a list of four words indicating different odors. The 
test performance was based on the number of correct 
answers with scores ranging 0 to 12; scores 0–6 
indicated anosmia, 7–10 indicated hyposmia, and 
11–12 indicated normosmia15.

Gustatory testing
The gustatory testing was conducted using a validated 
‘taste strips’ test, which is used for the detection and 
quantification of taste disorders. In addition, all 
‘taste strips’ tests were performed by oral medicine 
resident (ES). Taste function was assessed for four 
basic tastes: sweet, sour, salty, and bitter. One hour 
before testing, subjects were asked not to eat or 
drink anything except water. The 16 taste strips were 
presented in a pseudo-randomized sequence, using a 
whole-mouth procedure in the middle of the anterior 
portion of the tongue. Additionally, two blank strips 
were presented. Participants were asked to identify 
the taste quality choosing one of five possible answers 
on a form (sweet, sour, salty, bitter, no taste). Before 
the assessment of each taste strip, the mouth was 
rinsed with water. Test performance was based on 
the number of correct answers, whereby the overall 
taste performance and the performance of each taste 
quality were evaluated separately. For the overall taste 
performance scores ranged 0–16. Scores below the 

threshold value of 9 were considered hypogeusia, and 
failure to detect the highest concentrations of all four 
taste qualities was considered complete ageusia16.

Statistical analysis
Statistical analysis was performed using the Statistical 
Package for the Social Sciences (SPSS), version 
13.0 (SPSS, Inc., Chicago, IL, US). The normality 
of distribution of variables was tested with the 
Kolmogorov-Smirnov test. Variables that did not 
have normal distribution were expressed as median 
and interquartile range. Categorical variables were 
expressed as frequencies and percentages. The 
comparison of the general differences between the 
evaluated groups were made by Kruskal-Wallis test 
for continuous variables and chi-squared test for the 
qualitative variables. Mann-Whitney test was used 
as a post hoc test after Kruskal-Wallis, while z-test 
for proportions as post hoc after chi-squared with 
Bonferroni correction for multiple comparisons in 
both situations. Spearman correlation was used to 
assess the relation between BI and the indices of 
olfactory, gustatory function, and each of the four 
basic tastes. To identify factors of importance for 
olfactory and gustatory dysfunction, a multiple linear 
regression was used. Multivariate model was built 
on biological plausibility. The following explanatory 
variables were selected in the model: age, gender, 
tobacco products, and BI. The essential assumptions 
for regression were tested: normality of residuals 
(probability-to-probability plot), linearity (scatter 
plot of relationship between BI and chemosensory 
function), homoscedasticity (scatter plot of residuals), 
and the absence of multicollinearity (correlation 
coefficients between predictors and variance inflation 
factor). Unstandardized (B) and standardized 
coefficients (β) were calculated. The unstandardized 
coefficient represents the change in the dependent 
variable associated with a one-unit change in the 
corresponding independent variable, while holding 
other variables constant. The standardized coefficient 
expresses the average change in standard deviations 
of a dependent variable associated with a one standard 
deviation change in an independent variable. Zero 
order, partial and part correlations are also presented. 
Zero order defines correlation between dependent 
and independent variable without controlling the 
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influence of other variables. Partial correlation is 
the association after controlling for the influence 
of other variables on both the independent and 
dependent variable. Interaction of predictors was 
also tested in multivariate regression models. For the 
part correlation only of the control variables on the 
independent is taken into account and it presents the 
unique contribution of the independent variable. All 
tests were two-tailed and statistical significance was 
accepted at the p<0.05 level.

RESULTS
Demographic characteristics of study population
The participants’ age ranged from 20 to 55 years 
(median: 32 years, IQR: 25–43), with 67% being 
female (Table 1). The study comprised three groups, 
each with 30 participants, and no statistically 
significant differences were observed between the 
groups in terms of age and sex. In the group of HTPs 
users, the median number used per day was 12, with 
a median duration of 6 years. For the conventional 
cigarette smokers, the median number of cigarettes 

smoked per day was 12, with a median smoking 
duration of 10 years. BI was lower for the HTPs users 
compared to the conventional cigarette smokers (73.5 
vs 112.5), but the difference did not reach statistical 
significance (Table 1).

Olfactory and gustatory dysfunction
Prevalence of hyposmia differed between groups 
(p=0.005). It was found in 20% of HTPs users, 37% 
of conventional cigarette smokers, and 3% of non-
smokers, with significant differences between cigarette 
smokers and non-smokers, but HTPs users did not 
differ from the other groups. No subjects had anosmia. 
Olfactory function significantly differed between the 
three groups (p<0.001). The conventional cigarette 
smokers demonstrated decreased olfactory function 
in comparison to non-smokers (median: 10, IQR: 
8–11 vs median: 11, IQR: 10–12; p=0.001) while 
HTPs users did not differ from conventional cigarette 
smokers and non-smokers (median: 10, IQR: 10–12) 
(Figure 1).

The prevalence of hypogeusia differed between 

Table 1. Sociodemographic, smoking data and chemosensory prevalence of the participants among non-
smokers, HTPs users and conventional cigarette smokers, cross-sectional study conducted at the Clinic of 
Dental Medicine, Clinical Hospital Center, Rijeka, Croatia, and Faculty of Dental Medicine, University of 
Rijeka, Croatia, December 2021 to December 2023 (N=90)

Characteristics Non-smokers
(N=30)
n (%)

HTPs users
(N=30)
n (%)

Conventional cigarette smokers
(N=30)
n (%)

p

Age (years)

Median (IQR) 31 (24.75–40.75) 32.5 (25–42) 32.5 (25.25–43.75) 0.973§

Range  20–55  21–55  20–55

Gender

Male 10 (33) 10 (33) 10 (33) 1.000†

Female 20 (67) 20 (67) 20 (67)

Brinkman index

Median (IQR)  0 73.5 (31.25–100) 112.5 (50–240) 0.061§

Range  0  5–280  20–600

Olfactory dysfunction

Yes 1 (3)a 6 (20)a,b 11 (37)b 0.005†

No 29 (97) 24 (80) 19 (63)

Gustatory dysfunction

Yes 3 (10)b 14 (47)a 15 (50)a 0.002†

No 27 (90) 16 (53) 15 (50)

§ Kruskal Wallis test. † Chi-squared test with post hoc z-test with Bonferroni correction for multiple comparisons. Groups that share the same superscript letters do not differ 
significantly. IQR: interquartile range.
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groups (p=0.002). It was observed in 47% of HTPs 
users, 50% of conventional cigarette smokers, and 
10% of non-smokers, with non-smokers significantly 
differing from the other two groups, while no 
differences were found between the smokers and 
the HTPs users. No subjects were found to have 
ageusia. Overall gustatory function significantly 
differed between the three groups (p<0.001), being 
lower in conventional cigarette smokers (median: 
9.5) and HTPs users (median: 10) than non-smokers 

(median:14; p<0.001) (Figure 2). The salty taste 
was significantly higher in non-smokers (median: 4) 
than both HTPs users (median: 2) and conventional 
cigarette smokers (median: 1; p<0.001) (Figure 3). 
Smoker and HTPs users did not differ significantly. 
Similar results were found for bitter (median: 4 vs 2 
vs 2; p<0.001) (Figure 4) and sour (median: 4 vs 2 
vs 2; p<0001) (Supplementary file Figure 1). Sweet 
taste was the same in all three groups (median: 4) 

Figure  4. Comparison of bitter taste between 
conventional cigarette smokers, non-smokers and 
HTPs users, cross-sectional study conducted at the 
Clinic of Dental Medicine, Clinical Hospital Center, 
Rijeka, Croatia, and Faculty of Dental Medicine, 
University of Rijeka, Croatia, from December 2021 to 
December 2023 (N=90)

a CC-S: conventional cigarette smokers. N-S: non-smokers, HTPs: heated tobacco 
products users.

Figure  1. Comparison of olfactory function between 
conventional cigarette smokers, non-smokers and 
HTPs users, cross-sectional study conducted at the 
Clinic of Dental Medicine, Clinical Hospital Center, 
Rijeka, Croatia, and Faculty of Dental Medicine, 
University of Rijeka, Croatia, from December 2021 to 
December 2023 (N=90)

a CC-S: conventional cigarette smokers. N-S: non-smokers, HTPs: heated tobacco 
products users.

Figure  2. Comparison of overall gustatory function 
between conventional cigarette smokers, non-smokers 
and HTPs users, cross-sectional study conducted 
at the Clinic of Dental Medicine, Clinical Hospital 
Center, Rijeka, Croatia, and Faculty of Dental 
Medicine, University of Rijeka, Croatia, from 
December 2021 to December 2023 (N=90)

a CC-S: conventional cigarette smokers. N-S: non-smokers, HTPs: heated tobacco 
products users.

Figure  3. Comparison of salty taste between 
conventional cigarette smokers, non-smokers and 
HTPs users, cross-sectional study conducted at the 
Clinic of Dental Medicine, Clinical Hospital Center, 
Rijeka, Croatia, and Faculty of Dental Medicine, 
University of Rijeka, Croatia, from December 2021 to 
December 2023 (N=90)

a CC-S: conventional cigarette smokers. N-S: non-smokers, HTPs: heated tobacco 
products users.
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(Supplementary file Figure 2).
In the whole sample, the BI was significantly 

linearly negatively correlated with gustatory (r= 
-0.548; p<0.001) and olfactory function (r= -0.317; 
p=0.002), and the correlation was weak for smell 
and moderate for taste. As the smoking index 
increases, the chemosensory function decreases. The 
smoking index was most closely related to the taste 
of salty (r = -0.585; p<0.001), followed by bitter (r= 
-0.448; p<0.001), and sour (r=0.482; p<0.001). The 
correlation coefficient for sweet did not exceed 0.25, 
which was considered a significant association. Age 
did not correlate with chemosensory function nor with 
the BI.

Gender influenced gustatory but not olfactory 
function. Hypogeusia was more prevalent in males 
(19/29; 66%) than females (13/61; 21%; p<0.001). 
Males had lower gustatory function score than females 
(median: 8 vs 12; p=0.010), which was seen in sweet 
(3 vs 4; p<0.001) and bitter taste (2 vs 3; p=0.025). 
BI was not related to gender.

Multiple linear regression models were used to 
explore predictors of chemosensory dysfunction. The 
independent variables considered in the analysis were 
gender, age, type of tobacco product, and smoking 

index. The only predictor of olfactory dysfunction 
was the smoking index (p=0.001) when the influence 
of the type of tobacco product, age, and gender was 
controlled, and accounted for 11% of the variance 
(p=0.024, R2=0.123; Table 2). Increase in BI for 1 
scalar point decreased the olfactory function score 
by 0.004 scalar points (95% CI: -0.007 – -0.002). 
No interaction of predictors was detected. For 
taste dysfunction, the smoking index was the most 
significant predictor (p=0.001), followed by gender 
(p=0.016) and type of tobacco product (HTPs) 
(p=0.039), whose unique contribution accounted 
for 11%, 5%, and 4% variance, respectively (p<0.001, 
R2=0.259) (Table 2). Increase in BI for 1 scalar point 
decreased the taste function score by 0.009 scalar 
points (95% CI: -0.015 – -0.005), female gender 
increased the taste function by 1.8 scalar points (95% 
CI: 0.3–3.2) while HTPs decrease it by 1.5 (95% CI: 
-2.8–0.1). No interaction of predictors was detected.

DISCUSSION 
This study demonstrated that olfactory and gustatory 
function is altered in consumers of conventional 
cigarettes and HTPs products, and influenced by 
lifetime exposure to smoking. According to the 

Table 2. Multiple linear regression models for the prediction of olfactory and gustatory dysfunction, cross-
sectional study conducted at the Clinic of Dental Medicine, Clinical Hospital Center, Rijeka, Croatia, and 
Faculty of Dental Medicine, University of Rijeka, Croatia, from December 2021 to December 2023 (N=60)

Variables Unstandardized
coefficients

Standardized
coefficients

p Correlations

B SE 95% CI β Zero-order Partial Part

Olfactory dysfunction*

Constant 10.4 0.9

Age (years) 0 0 -0.0–0.1 0.2 0.101 0.061 0.177 0.169

Brinkman index 0 0 -0.0 – -0.0 -0.4 0.001 -0.273 -0.338 -0.336

Gender (1=Male; 2=Female) -0.4 0.4 -1.1–0.3 -0.1 0.253 -0.068 -0.124 -0.117

HTPs (0=no; 1=yes) 0.2 0.4 -0.5–0.9 0.1 0.547 0.048 0.066 0.061

Gustatory dysfunction**

Constant 9 1.7

Age (years) 0 0 -0.1–0.1 0 0.877 -0.155 0.017 0.014

Brinkman index 0 0 0.0 – -0.0 -0.4 0.001 -0.413 -0.361 -0.333

Gender (1=Male; 2=Female) 1.8 0.7 0.3–3.2 0.2 0.016 0.304 0.259 0.23

HTPs (0=yes; 1=no) -1.4 0.7 -2.8–0.1 -0.2 0.038 -0.197 -0.223 -0.197

*R=0.350; R2=0.123; adjusted R2=0.082; p=0.024. **R=0.509; R2=0.259; adjusted R2=0.224; p<0.001.
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literature, current smokers – whether they smoked 
conventional cigarettes or use other forms of tobacco 
– were at increased risk for olfactory and gustatory 
dysfunction. To date, there are no clinical studies 
corresponding to the chemosensory dysfunction 
effects of this new tobacco product.

Conventional cigarette smoking has detrimental 
effects on olfactory function. A large systemic 
review and meta-analysis demonstrated that current 
smokers have approximately 60% increased risk of 
olfactory dysfunction compared to non-smokers10. 
Our findings are generally consistent with previous 
research that supports the association between 
conventional cigarette smoking and decreased smell 
function. According to our model, the main predictor 
of olfactory dysfunction is smoking experience, and 
it was not influenced by gender, age, and HTPs use. 
Several studies that have assessed smell function 
by measuring odor threshold, odor discrimination, 
and odor identification via the ‘Sniffin’ Sticks’ test 
found that conventional cigarette smokers had 
lower thresholds, identification, discrimination, and 
overall scores compared to non-smokers17,18. The 
present study contributes to the existing literature 
by confirming that smoking conventional cigarettes 
is a potential risk factor for olfactory dysfunction. 
Additionally, it suggests that new HTPs products might 
have fewer deleterious effects on olfactory function, 
which can be explained by the reduction of harmful 
and potentially harmful constituents in the tobacco 
aerosol. On the contrary, two studies that applied only 
an identification test failed to find the relationship 
between smoking and smell impairment19,20. In our 
study, we also used a screening identification test, 
which may explain why our HTPs users did not show 
a difference compared to non-smokers. Several studies 
have also reported a negative correlation between the 
intensity of smoking and reduced olfactory function. 
The greater the number of cigarettes or packs 
smoked per day, the more diminished the olfactory 
perception becomes2,18. A large population-based 
study in Germany evaluated 1277 individuals using 
the same ‘Sniffin’ Sticks Screening 12’ identification 
test and found the highest prevalence of hyposmia 
in smokers and a positive dose-response relationship 
between the daily consumption of cigarettes and 
hyposmia2. According to the research, olfactory 

dysfunction is more pronounced in current smokers, 
men, and older people2,11,20. To our knowledge, the 
presence of smell disturbance in HTPs users has 
not been previously studied. However, the results of 
the 2021 National Health Interview Survey (NHIS) 
indicate that e-cigarette users exhibited the highest 
prevalence of a smell disorder among non-tobacco 
users, conventional cigarette users, e-cigarette users, 
and poly-tobacco product users12. In comparison, 
Larsen et al.20 measured odor identification ability in 
chronic smokers (n=135) using 16 odor items and 
reported that smell function in smokers did not vary 
significantly by age, race, or gender.

Significant taste impairment and gustatory 
dysfunction in conventional cigarette smokers have 
been previously observed and explained in several 
studies3,21-23. Our findings indicate that conventional 
cigarette smokers and HTPs users have decreased 
gustatory function, without significant difference 
between these two groups. Several studies suggest 
that smokers have a lower sensitivity for certain 
tastes in comparison to non-smokers9,21,23. According 
to the nationally representative data in the US, 
chronic smokers with higher nicotine dependence 
experience decreased intensity of bitter and salty 
tastes12. However, other studies did not report 
significant differences between certain tastants, even 
though some reported elevated taste perception in 
smokers24,25. Our findings support the conclusion that 
smokers, in general, have depressed sensitivity for 
sour, bitter, and salty taste. Interestingly, HTPs users 
demonstrated better taste ability than conventional 
cigarette smokers, particularly in detecting salty 
tastes. This improved salty taste sensitivity in the 
HTPs group may also be explained by the reduction 
of harmful chemicals. Another possible explanation is 
that our study included mostly younger participants 
with shorter smoking histories. Similar to the olfactory 
function, a negative dose-response relationship was 
found between the number of cigarettes or packs 
smoked per day and gustatory function2,22. In a study 
by Khan et al.22, a negative linear correlation was 
found between intensity of smoking and threshold 
sensitivity. A similar relationship was found in our 
research, where an increase in the duration and 
intensity of smoking led to a lower sensitivity for 
overall taste sensitivity and certain tastes (sour, salty, 
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bitter). This relationship could be explained by the 
harmful effects of tobacco smoke and consequently a 
decrease in the number and changes in the structure of 
fungiform papillae on the tongue’s surface3. According 
to the 2021 National Health Interview Survey (NHIS), 
taste disorders were more prevalent in women, the 
elderly, and users of poly-tobacco products12. This 
study showed that gustatory perception depends 
on the smoking experience, gender, and type of 
tobacco product. Although the prevalence of taste 
impairment is higher in older people, age was not 
found to be an important predictor in our study. Also, 
contrary to NHIS, taste was better in females in our 
study. The type of tobacco products is an important 
factor that suggests HTPs can also cause decrease 
gustatory perception12. This is a first study evaluating 
effects of HTPs on gustatory function. Despite the 
findings in the literature that suggest that these new 
tobacco products are less harmful than conventional 
cigarettes, our research suggests otherwise, indicating 
similar effects to those seen in conventional cigarette 
smokers.

Limitations 
The main limitation of the study is a relatively small 
sample size and the fact that the study included mainly 
younger participants with a shorter smoking history. 
Although we looked for other potential causes of taste 
and smell impairment, we could not be certain that 
we did not overlook other reasons. Additionally, we 
assessed individual health and systemic comorbidities 
using a questionnaire, which could lead to false 
results. Another limitation arises from the cross-
sectional study design, which does not allow for 
establishing a time sequence between smoking and 
smell and taste impairment. Assessment of olfactory 
function was performed with the screening ‘Sniffin’ 
Sticks’ test, therefore it might have been less precise 
than gustatory testing. We only looked at current 
smoking habits and did not take into account past 
usage history in both heated tobacco product (HTP) 
users and non-smokers, which could also impact the 
sense of smell and taste. Furthermore, smoking status 
was evaluated with a questionnaire and the Brinkman 
index was used to assess the relationship between 
smoking intensity and its effects on chemosensory 
function. Having more detailed and objective smoking 

data, such as cotinine levels, would allow for a more 
comprehensive analysis. Further research with larger 
sample sizes is needed to understand the potential 
side effects and risks of smoking on the sense of taste 
and smell.

CONCLUSIONS
Olfactory and gustatory function are adversely 
associated with smoking, more depending on BI than 
tobacco product.

REFRENCES
1.	 Da Ré AF, Gurgel LG, Buffon G, Moura WER, Marques Vidor 

DCG, Maahs MAP. Tobacco influence on taste and smell: 
systematic review of the literature. Int Arch Otorhinolaryngol. 
2018;22(1):81-87. doi:10.1055/s-0036-1597921

2.	 Vennemann MM, Hummel T, Berger K. The association 
between smoking and smell and taste impairment in the 
general population. J Neurol. 2008;255(8):1121-1126. 
doi:10.1007/s00415-008-0807-9

3.	 Chéruel F, Jarlier M, Sancho-Garnier H. Effect of cigarette 
smoke on gustatory sensitivity, evaluation of the deficit and 
of the recovery time-course after smoking cessation. Tob 
Induc Dis. 2017;15(February):15. doi:10.1186/s12971-017-
0120-4

4.	 Sever E, Božac E, Saltović E, Simonić-Kocijan S, Brumini M, 
Glažar I. Impact of the tobacco heating system and cigarette 
smoking on the oral cavity: a pilot study. Dent J (Basel). 
2023;11(11):251. doi:10.3390/dj11110251

5.	 Kreslake JM, O’Connor KM, Liu M, Vallone DM, Hair E. 
A resurgence of e-cigarette use among adolescents and 
young adults late in the COVID-19 pandemic. PLoS One. 
2023;18(3):e0282894. doi:10.1371/journal.pone.0282894

6.	 Sohal SS, Eapen MS, Naidu VGM, Sharma P. IQOS exposure 
impairs human airway cell homeostasis: direct comparison 
with traditional cigarette and e-cigarette. ERJ Open Res. 
2019;5(1):00159-2018. doi:10.1183/23120541.00159-
2018

7.	 Gallus S, Lugo A, Liu X, et al. Use and awareness of heated 
tobacco products in Europe. J Epidemiol. 2022;32(3):139-
144. doi:10.2188/jea.JE20200248

8.	 Kern RC, Conley DB, Haines GK 3rd, Robinson AM. 
Pathology of the olfactory mucosa: implications for 
the treatment of olfactory dysfunction. Laryngoscope. 
2004;114(2):279-285. doi:10.1097/00005537-200402000-
00018

9.	 Berube L, Duffy VB, Hayes JE, Hoffman HJ, Rawal S. 
Associations between chronic cigarette smoking and 
taste function: results from the 2013-2014 national 
health and nutrition examination survey. Physiol Behav. 
2021;240:113554. doi:10.1016/j.physbeh.2021.113554

10.	 Ajmani GS, Suh HH, Wroblewski KE, Pinto JM. Smoking 
and olfactory dysfunction: a systematic literature review 

https://doi.org/10.18332/tid/192524
http://doi.org/10.1055/s-0036-1597921
http://doi.org/10.1007/s00415-008-0807-9
http://doi.org/10.1186/s12971-017-0120-4
http://doi.org/10.1186/s12971-017-0120-4
http://doi.org/10.3390/dj11110251
http://doi.org/10.1371/journal.pone.0282894
http://doi.org/10.1183/23120541.00159-2018
http://doi.org/10.1183/23120541.00159-2018
http://doi.org/10.2188/jea.JE20200248
http://doi.org/10.1097/00005537-200402000-00018
http://doi.org/10.1097/00005537-200402000-00018
http://doi.org/10.1016/j.physbeh.2021.113554


Tobacco Induced Diseases 
Research Paper

Tob. Induc. Dis. 2024;22(September):156
https://doi.org/10.18332/tid/192524

9

and meta-analysis. Laryngoscope. 2017;127(8):1753-1761. 
doi:10.1002/lary.26558

11.	 Ahlström R, Berglund B, Berglund U, Engen T, Lindvall T. 
A comparison of odor perception in smokers, nonsmokers, 
and passive smokers. Am J Otolaryngol. 1987;8(1):1-6. 
doi:10.1016/s0196-0709(87)80011-x

12.	 Bin Hamdan RH, AlAmri WR, Aldosari MA. Tobacco 
products and sensory health: an assessment of taste and 
smell disorders using 2021 NHIS data. Tob Induc Dis. 
2024;22(February):34. doi:10.18332/tid/181289

13.	 Simons CT, Boucher Y, Carstens MI, Carstens E. Nicotine 
suppression of gustatory responses of neurons in the nucleus 
of the solitary tract. J Neurophysiol. 2006;96(4):1877-1886. 
doi:10.1152/jn.00345.2006

14.	 Hanioka T, Ojima M, Tanaka K, Aoyama H. Relationship 
between smoking status and tooth loss: findings from 
national databases in Japan. J Epidemiol. 2007;17(4):125-
132. doi:10.2188/jea.17.125

15.	 Stuck BA, Beule A, Damm M, et al. Chemosensory 
testing for expert opinion in smell disorders. Article in 
German. Laryngorhinootologie. 2014;93(5):327-329. 
doi:10.1055/s-0033-1364034

16.	 Mueller C, Kallert S, Renner B, et al. Quantitative assessment 
of gustatory function in a clinical context using impregnated 
“taste strips”. Rhinology. 2003;41(1):2-6.

17.	 Gudziol H, Graul J, Bitter T, Guntinas-Lichius O. Ability 
of smelling is reduced reversibly by acute smoking 
and permanently by chronic smoking. Article in 
German. Laryngorhinootologie. 2013;92(10):663-666. 
doi:10.1055/s-0033-1349082

18.	 Katotomichelakis M, Balatsouras D, Tripsianis G, et al. The 
effect of smoking on the olfactory function. Rhinology. 
2007;45(4):273-280.

19.	 Brämerson A, Johansson L, Ek L, Nordin S, Bende M. 
Prevalence of olfactory dysfunction: the skövde population-
based study. Laryngoscope. 2004;114(4):733-737. 
doi:10.1097/00005537-200404000-00026

20.	 Larsen BA, Litt MD, Huedo-Medina TB, Duffy VB. 
Modeling associations between chemosensation, liking for 
fats and sweets, dietary behaviors and body mass index in 
chronic smokers. Nutrients. 2019;11(2):271. doi:10.3390/
nu11020271

21.	 Pavlidis P, Gouveris C, Kekes G, Maurer J. Changes in 
electrogustometry thresholds, tongue tip vascularization, 
density and form of the fungiform papillae in smokers. 
Eur Arch Otorhinolaryngol. 2014;271(8):2325-2331. 
doi:10.1007/s00405-014-3003-9

22.	 Khan AM, Narayanan VS, Puttabuddi JH, et al. Comparison 
of taste threshold in smokers and non-smokers using 
electrogustometry and fungiform papillae count: a case 
control study. J Clin Diagn Res. 2016;10(5):ZC101-ZC105. 
doi:10.7860/JCDR/2016/14478.7835

23.	 Krut LH, Perrin MJ, Bronte-Stewart B. Taste perception in 
smokers and non-smokers. Br Med J. 1961;1(5223):384-
387. doi:10.1136/bmj.1.5223.384

24.	 Oncken C, Feinn R, Covault J, et al. Genetic vulnerability to 
menthol cigarette preference in women. Nicotine Tob Res. 
2015;17(12):1416-1420. doi:10.1093/ntr/ntv042

25.	 Duffy VB, Glennon SG, Larsen BA, Rawal S, Oncken C, Litt 
MD. Heightened olfactory dysfunction and oral irritation 
among chronic smokers and heightened propylthiouracil 
(PROP) bitterness among menthol smokers. Physiol Behav. 
2019;201:111-122. doi:10.1016/j.physbeh.2018.12.017

ACKNOWLEDGEMENTS
The preliminary results of this research were presented and received first 
prize at Virtual World Congress of Dental Students - School of Dental 
Medicine, University of Zagreb.

CONFLICTS OF INTEREST
The authors have completed and submitted the ICMJE form for 
Disclosure of Potential Conflicts of Interest. The authors declare that 
they have no competing interests, financial or otherwise, related to the 
current work. S. Špalj reports that since the initial planning of the work, 
he has been the project manager of the Croatian Science Foundation, 
which provided funding for the materials of the study.

FUNDING
This research was funded by the Croatia Science Foundation, grant 
number IP-2020-02-4027.

ETHICAL APPROVAL AND INFORMED CONSENT
Ethical approval was obtained from the Ethical Committee of the 
Clinical Hospital Center Rijeka (Approval number: 003-05/22-1/32; 
Date: 29 March 2022) and the Ethical Committee of the Faculty of 
Dental Medicine, University of Rijeka (Approval number: 602-03/22-
1/75; Date: 1 July 2022). Participants provided informed consent. 

DATA AVAILABILITY
The data supporting this research are available from the authors on 
reasonable request.

PROVENANCE AND PEER REVIEW
Not commissioned; externally peer reviewed.

https://doi.org/10.18332/tid/192524
http://doi.org/10.1002/lary.26558
http://doi.org/10.1016/s0196-0709(87)80011-x
http://doi.org/10.18332/tid/181289
http://doi.org/10.1152/jn.00345.2006
http://doi.org/10.2188/jea.17.125
http://doi.org/10.1055/s-0033-1364034
http://doi.org/10.1055/s-0033-1349082
http://doi.org/10.1097/00005537-200404000-00026
http://doi.org/10.3390/nu11020271
http://doi.org/10.3390/nu11020271
http://doi.org/10.1007/s00405-014-3003-9
http://doi.org/10.7860/JCDR/2016/14478.7835
http://doi.org/10.1136/bmj.1.5223.384
http://doi.org/10.1093/ntr/ntv042
http://doi.org/10.1016/j.physbeh.2018.12.017

