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Abstract 

Context: Tobacco products and nicotine-delivery systems have been associated with oral changes, but comparative salivary effects remain insufficiently 

characterized. 

Aims: The salivary biochemical, immunological, and microbiological profile was assessed in young adult users of conventional cigarettes, e-cigarettes, and IQOS 

and compared with non-smoking controls. 

Methods: In this exploratory pilot observational study, mixed saliva was collected from 40 students aged 18–25 years, with 10 participants in each group. 

Biochemical markers, immunoglobulin concentrations, microbial growth on agar media, and salivary crystallization patterns were evaluated. Between-group 

differences were assessed at p<0.05. 

Results: Compared with controls, tobacco-product users had lower salivary pH, altered enzyme activity, increased urea, altered mineral concentrations, 

reduced IgA, IgG, and IgM, increased IgE, increased microbial growth, and altered crystallographic patterns.  The magnitude of change differed by marker and 

product type.  

Conclusions: Tobacco-product use was associated with adverse changes in multiple salivary markers in this young adult sample. Because exposure was 

classified solely by self-report without biochemical verification (cotinine, exhaled CO), the findings are exploratory and pilot in nature. Causal, dose-dependent, 

or product-specific interpretations should be avoided. Larger controlled studies with validated biomarkers are required.  

Keywords: biomarkers; electronic nicotine delivery systems; oral health; saliva; smoking; tobacco products. 

 

Resumen 

Contexto: Los productos de tabaco y los sistemas de administración de nicotina se han asociado con cambios orales, pero los efectos salivales comparativos 

aún no están lo suficientemente caracterizados.  

Objetivos: El perfil bioquímico, inmunológico y microbiológico salival fue evaluado en usuarios jóvenes adultos de cigarrillos convencionales, cigarrillos 

electrónicos e IQOS, y comparado con controles no fumadores. 

Métodos: En este estudio observacional piloto exploratorio, se recogió saliva mixta de 40 estudiantes de 18 a 25 años, con 10 participantes en cada grupo. Se 

evaluaron marcadores bioquímicos, concentraciones de inmunoglobulinas, crecimiento microbiano en medios de agar y patrones de cristalización salival. Las 

diferencias entre grupos se evaluaron con un nivel de significación de p<0,05. 

Resultados: En comparación con los controles, los usuarios de productos de tabaco presentaron un pH salival más bajo, actividad enzimática alterada, aumento 

de la urea, concentraciones minerales alteradas, reducción de IgA, IgG e IgM, aumento de IgE, mayor crecimiento microbiano y patrones cristalográficos 

alterados. La magnitud del cambio varió según el marcador y el tipo de producto. 

Conclusiones: El uso de productos de tabaco se asoció con cambios adversos en múltiples marcadores salivales en esta muestra de adultos jóvenes. Debido a 
que la exposición fue clasificada únicamente mediante autoinforme sin verificación bioquímica (cotinina, CO exhalado), los hallazgos son de naturaleza 

exploratoria y piloto. Deben evitarse las interpretaciones causales, las dependientes de la dosis o las específicas del producto. Se necesitan estudios 

controlados de mayor tamaño con biomarcadores validados. 

Palabras Clave: biomarcadores; productos de tabaco; saliva; salud bucal; sistemas electrónicos de administración de nicotina; tabaquismo. 
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Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; CFU: colony-
forming units; CI: confidence interval; CO: carbon monoxide; ELISA: enzyme-linked immunosorbent assay; ENDS: elec-
tronic nicotine delivery systems; FDR: false discovery rate; GI: gingival index; IgA: immunoglobulin A; IgE: immuno-
globulin E; IgG: immunoglobulin G; IgM: immunoglobulin M; IQOS: heated tobacco product system; IQR: interquartile 
range; MEA: meat extract agar; PI: plaque index; PMPI: Pyatigorsk Medical and Pharmaceutical Institute; SD: standard 
deviation. 
 

INTRODUCTION 

Tobacco and nicotine products come in many forms 
(Gajendra et al., 2023). In recent years, nicotine-con-
taining products — such as electronic nicotine delivery 
systems (ENDS) and heated tobacco systems like IQOS 
(Glantz, 2018) — have gained popularity. Although 
these products are often marketed as reduced-risk al-
ternatives, growing evidence indicates that they can 
cause significant biochemical and immunological 
changes in the oral cavity. 

Saliva has been widely studied as a diagnostic me-
dium (Cui et al., 2022; Xu et al., 2025). Saliva collection 
is non-invasive, informative (Matsuoka et al., 2025), 
and suitable for large-scale screening. Previous studies 
have described clinical and biochemical salivary pa-
rameters for diagnosing various diseases (Erta et al., 
2025; Suresh et al., 2022). 

However, most previous studies have focused on a 
single parameter or a single product type. Direct com-
parisons of conventional cigarettes, e-cigarettes, and 
IQOS using a combined multi-parameter salivary ap-
proach are still scarce. Therefore, salivary biochemical, 
immunological, and microbiological profiles were 
evaluated in young adult users of these products and 
compared with non-smoking controls. The hypothesis 
was that the use of conventional cigarettes, e-ciga-
rettes, and IQOS would be associated with distinct al-
terations in salivary biochemical, immunological, mi-
crobiological, and crystallographic parameters, with 
the magnitude of change differing by product type.  

MATERIAL AND METHODS 

The study design was an observational cross-sec-
tional study conducted among university students 
over a six-month academic semester. The experiment 
adhered to the ethical principles of medical research 
outlined in the Declaration of Helsinki (1964), as 
amended in subsequent revisions. The study protocol 
was approved by the Ethics Committee of the Pyati-
gorsk Medical and Pharmaceutical Institute (PMPI) 
(Protocol № 47 dated June 8, 2024). 

Participant selection 

The initial screening identified 60 potential partici-
pants. Twenty individuals were excluded due to 
non-compliance with inclusion criteria. A total of 40 

participants were enrolled (10 per group), and all 40 
completed the study (100 % retention rate). 

Participants provided self-reported information on 
their tobacco use patterns, including duration of prod-
uct use, frequency of use, and type of products used. 
However, quantitative exposure parameters (ciga-
rettes/day, pack-years, puff frequency, nicotine con-
centration) were not systematically recorded, which is 
acknowledged as a limitation. 

Sample size determination 

An exploratory pilot convenience sample of 10 par-
ticipants per group was selected to maintain group ho-
mogeneity and assess feasibility. A post hoc sensitivity 
analysis indicated that this sample could detect only 
large effects on the primary endpoint, salivary pH; 
therefore, all secondary outcomes should be inter-
preted as exploratory.  

Inclusion criteria 

Participants were eligible if they met the following 
criteria: age 18–25 years; enrolled as full-time students; 
provided informed consent to participate; maintained 
regular class attendance; had no acute illnesses at base-
line assessment. 

Exclusion criteria 

Participants were excluded if they met any of the 
following criteria: presence of chronic diseases in an 
exacerbated state; antibiotic use within the past month; 
pregnancy or plans to become pregnant; withdrawal of 
consent to participate in the study. 

Monitoring system and study procedures 

The monitoring system integrated three compo-
nents: collaboration with the university health center; 
communication with group academic advisors; align-
ment with the academic schedule. Protocol compliance 
was ensured through monthly reminders about adher-
ence to the study regimen, tracking of class absences, 
and monitoring of seasonal illnesses. 

Group allocation  

All volunteers (n = 40) were divided into four 
groups (10 participants per group) based on their to-
bacco product use:  
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Group 1: volunteers who smoked traditional ciga-
rettes (smoking history: 2–7 years); 

Group 2: volunteers who used electronic cigarettes 
(usage history: 6 months–3 years); 

Group 3: volunteers who used IQOS (usage history: 
1–4 years); 

Group 4: non-smoking volunteers (control group). 

Controlled parameters 

The following variables were monitored through-
out the study: dietary patterns (regularity and nutri-
tional balance); presence of chronic diseases (assessed 
via questionnaire); physical activity levels; exposure to 
stressors; use of vitamins and dietary supplements. 

Additional controlled factors included a uniform 
study season across all groups; time elapsed since the 
last meal before sample collection; and oral hygiene 
status. 

BMI was calculated as weight in kilograms divided 
by height in meters squared (kg/m²). Oral health indi-
ces were assessed using standardized protocols: 
plaque index (PI) and gingival index (GI) were evalu-
ated by a certified dentist according to the Silness-Löe 
method, examining four tooth surfaces for plaque ac-
cumulation and gingival inflammation on a 0-3 scale. 

Saliva collection and processing 

Unstimulated whole saliva was collected in the 
morning, prior to breakfast and toothbrushing, for 15 
min to obtain a minimum volume of 3 mL. Samples 
were immediately centrifuged at 4,000 rpm for 10 min, 
aliquoted, and stored at -80°C until analysis, with no 
more than two freeze-thaw cycles permitted. pH was 
initially measured with test strips immediately after 
collection, but all reported values were later re-as-
sessed with a calibrated pH meter on fresh samples 
prior to centrifugation and freezing. The pH meter was 
daily verified against pH 4.01, 7.00, and 10.01 buffers. 
Additionally, the buffering capacity of saliva samples 
was assessed via a standardized titration protocol. 

Biochemical analysis  

All reagents were of analytical grade and were ob-
tained from standard commercial sources. The follow-
ing parameters were assessed according to established 
laboratory protocols: calcium; inorganic phosphorus; 
chlorides; iron; total protein; sialic acids; mucin; urea; 
uric acid; enzyme activities (alanine aminotransferase, 
aspartate aminotransferase, catalase, and α-amylase). 

Immunological analysis 

The concentrations of immunoglobulins (A, M, G, 
E) were determined using an enzyme-linked immuno-
sorbent assay (ELISA) on a Mindray MR-96A analyzer 
(Mindray, China). All samples were analyzed in dupli-
cate. According to the manufacturer's quality control 
specifications, the intra-assay and inter-assay coeffi-
cients of variation were <10% and <15%, respectively. 

Microcrystalloscopic analysis  

A drop of oral fluid was placed on a microscope 
slide. The sample was air-dried for 24 h at 23–25°C and 
60–70 % relative humidity, maintained in a strictly hor-
izontal position. Prepared slides were examined under 
a Levenhuk D740T microscope (100× total magnifica-
tion). Microscopic fields were recorded as graphic files 
with a resolution of 5.1 megapixels. Two blinded inves-
tigators semi-quantitatively scored crystal density, 
branching regularity, and shape preservation using a 
0–3 scale. The scoring criteria were as follows: 0 = no 
crystals or amorphous aggregates; 1 = sparse, poorly 
defined crystals with irregular branching; 2 = moder-
ate crystal density with mostly regular branching; 3 = 
dense, well-defined crystals with regular branching 
and preserved shape. Full definitions and representa-
tive images for each score are provided in Supplemen-
tary Table S3 and Supplementary Fig. S3. Inter-rater 
agreement was 85% (Cohen’s κ = 0.79). Only descrip-
tive findings are reported due to the exploratory na-
ture of crystallography. 

Microbiological analysis 

Quantitative assessment of microbial load  

Mixed saliva (1 mL) was collected in sterile contain-
ers. Samples were inoculated onto solid culture media 
using swabs: MEA for bacterial flora; Sabouraud agar 
for fungal flora. Streaks were made from edge to edge 
of Petri dishes, gently pressing the swab into the me-
dium surface. Incubation conditions: Sabouraud agar: 
48–72 h at 25–28°C; MEA: 18–20 h at 37°C. Colonies 
were counted using a laboratory colony counter, and 
their morphological characteristics were recorded. 

Microscopic examination 

Clean, fat-free microscope slides were used to pre-
pare smears. A drop of distilled water was placed in 
the center of the slide, followed by a small amount of 
microbial culture from solid media. The mixture was 
thoroughly blended and spread across the slide. 
Smears were air-dried, then fixed by passing them 2–
3 times through the upper part of a Bunsen burner 
flame. Fixed smears were stained using simple staining 
techniques and Gram staining. 
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Statistical analysis  

Statistical analysis was performed using JASP (ver-
sion 0.18.3, University of Amsterdam). Normality of 
distribution was assessed using the Shapiro–Wilk test. 
Levene's test was used to evaluate homogeneity of var-
iances. Since most biochemical, immunological, and 
microbiological parameters deviated from normality 
(p<0.05), non-parametric methods were applied 
throughout. 

Differences among the four independent groups 
(control, conventional cigarettes, IQOS, e-cigarettes) 
were evaluated using the Kruskal–Wallis test by ranks. 
When the Kruskal–Wallis test yielded a significant re-
sult (p<0.05), post-hoc pairwise comparisons were con-
ducted using Dunn’s test with Benjamini–Hochberg 
false discovery rate (FDR) correction for multiple com-
parisons. 

Results are presented as median with 25th–75th per-
centiles (interquartile range, IQR). Effect sizes are re-
ported as epsilon-squared (ε²) for the Kruskal–Wallis 
test and as rank-biserial correlation (r) for pairwise 
comparisons. For each significant pairwise compari-
son, the Hodges–Lehmann median difference and its 
95% confidence interval are provided. Correlations be-
tween parameters were calculated using Spearman’s 
rank correlation coefficient based on individual partic-
ipant data (n = 40), followed by FDR correction for 
multiple comparisons. A two-sided p<0.05 was consid-
ered statistically significant after correction. 

RESULTS  

The study included 40 participants (10 per group) 
with comparable demographic characteristics. Table 1 
presents the baseline demographic and clinical param-
eters of the study population. No statistically signifi-
cant differences were found between groups regarding 
age, BMI, or other baseline characteristics (p>0.05 for 
all comparisons). 

The analysis of selected parameters in individuals 
using tobacco and nicotine products yielded the fol-
lowing findings (Table 2). 

Compared with the control group, salivary pH de-
creased in all tobacco-product groups: by 28.0% in tra-
ditional cigarette users, by 29.5% in IQOS users, and by 
25.9% in e-cigarette users (p<0.001 for all). Overall, sal-
ivary pH was markedly lower in all tobacco-product 
groups compared with controls, indicating a consistent 
lower-pH pattern across product groups. 

ALT activity decreased by 14.5% in traditional cig-
arette users (p=0.008) and by 27.5% in e-cigarette users 
(p<0.001), but showed an 11.6% increase in IQOS users 
— this difference was statistically significant (p=0.016). 
AST activity was reduced in all tobacco-product 

groups: by 39.2% in traditional cigarette users, by 
41.6% in IQOS users, and by 40.8% in e-cigarette users 
(p<0.001 for all). α-Amylase activity did not differ sig-
nificantly between groups (p>0.05). Catalase activity 
increased significantly across all tobacco-user groups: 
20-fold in traditional cigarette users, 55-fold in IQOS 
users, and 19-fold in e-cigarette users (all p<0.001). Ab-
solute catalase values (0.002–0.0055 mmol/(min·L)) 
were lower than literature norms for healthy saliva, 
likely due to the use of unstimulated whole saliva and 
a sensitive assay. Relative differences remain highly 
significant. Thus, enzyme activity changes were direc-
tionally inconsistent: transaminases generally de-
creased or showed product-specific variation, whereas 
catalase consistently increased across all product 
types. 

Urea levels were significantly elevated in all to-
bacco-product groups: 3.1-fold in traditional cigarette 
users and IQOS users, and 2.7-fold in e-cigarette users 
(all p<0.001). Uric acid concentration was reduced to 
27-29% of control values in conventional cigarette and 
e-cigarette users, and to 39% in IQOS users (all 
p<0.001). In summary, nitrogen metabolism appeared 
altered in all tobacco-product users, with elevated urea 
and reduced uric acid levels compared with controls. 

Mucin content increased significantly: by 62% in 
traditional cigarette users (p<0.001), by 15% in IQOS 
users (p=0.002), and by 72% in e-cigarette users 
(p<0.001). Total protein decreased by 42% in tradi-
tional cigarette users (p<0.001) and by 45% in IQOS us-
ers (p<0.001), but was 13.1% higher in e-cigarette users 
(p=0.263). Sialic acid levels were higher by 26% in tra-
ditional cigarette users (p<0.001); differences for IQOS 
(+19%, p=0.111) and e-cigarettes (−1.5%, p=0.813) were 
not statistically significant. Salivary protein composi-
tion also differed, with increased mucin and decreased 
total protein in most tobacco-product groups, con-
sistent with altered salivary protein composition.  

Iron concentration was elevated in all tobacco-
product groups: 5.4-fold in traditional cigarette users, 
4.5-fold in IQOS users, and 4.8-fold in e-cigarette users 
(all p<0.001). Calcium levels increased by 21% in tradi-
tional cigarette users (p = 0.005), 1.6-fold in IQOS users 
(p<0.001), and 2.6-fold in e-cigarette users (p<0.001). 
Phosphate concentration decreased 1.8-fold in tradi-
tional cigarette users and IQOS users, and 4.3-fold in e-
cigarette users (all p<0.001). Chloride concentration 
decreased in traditional cigarette users (p<0.001) and 
increased in e-cigarette users (p<0.001) compared with 
controls; no significant difference was observed for 
IQOS users (p=0.130). Collectively, mineral markers 
differed in all tobacco-product groups, with elevated 
iron and calcium levels accompanied by reduced phos-
phate concentrations.  
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Table 1. Demographic and clinical characteristics of study participants.  

Characteristics Control group 
Conventional 

cigarette users  
IQOS users 

E-Cigarette 

users  

Sex distribution 

Male, n (%) 6 (60%) 6 (60%) 5 (50%) 7 (70%) 

Female, n (%) 4 (40%) 4 (40%) 5 (50%) 3 (30%) 

Age, years 21.5 ± 1.2 22.3 ± 1.4 21.8 ± 1.3 21.9 ± 1.1 

BMI, kg/m² 22.5 ± 1.8 23.1 ± 1.9 22.8 ± 1.7 22.6 ± 1.6 

Alcohol use 

Occasional, n (%) 2 (20%) 4 (40%) 3 (30%) 3 (30%) 

Regular, n (%) 0 0 0 0 

Oral hygiene frequency 

Twice daily, n (%) 9 (90%) 8 (80%) 8 (80%) 9 (90%) 

Once daily, n (%) 1 (10%) 2 (20%) 2 (20%) 1 (10%) 

Dental caries, n (%) 1 (10%) 4 (40%) 3 (30%) 2 (20%) 

Periodontal status 

Healthy, n (%) 9 (90%) 6 (60%) 7 (70%) 8 (80%) 

Mild gingivitis, n (%) 1 (10%) 4 (40%) 3 (30%) 2 (20%) 

Plaque index 0.5 ± 0.2 1.2 ± 0.3 0.9 ± 0.2 0.8 ± 0.2 

Gingival index 0.3 ± 0.1 0.7 ± 0.2 0.6 ± 0.2 0.5 ± 0.1 

Recent dental 

treatment, n (%) 

1 (10%) 3 (30%) 2 (20%) 2 (20%) 

Salivary flow rate 

Unstimulated, mL/min 0.8 ± 0.1 0.7 ± 0.1 0.8 ± 0.1 0.8 ± 0.1 

Stimulated, mL/min 1.5 ± 0.2 1.4 ± 0.2 1.5 ± 0.2 1.6 ± 0.2 

Medication use, n (%) 1 (10%) 2 (20%) 1 (10%) 2 (20%) 

Notes: Data represent mean ± SD (n = 10); BMI: Body Mass Index. Statistical analysis showed no significant differences 

between groups in demographic characteristics (p>0.05 for all comparisons).  

 
 

Table 2. Saliva parameter analysis. 

Parameter 

Control  

(n = 10) 

Median [Q1-

Q3] 

Conventional  

(n = 10) 

Median [Q1-

Q3] 

IQOS  

(n = 10) 

Median [Q1-

Q3] 

E-cigarette  

(n = 10) 

Median [Q1-

Q3] 

Kruskal-

Wallis 

Post-hoc Dunn test vs. Control  

(FDR-corrected p; rank-biserial r; 

median difference [95% CI])  

Acid-base Indicators 

pH 6.95  

[6.90-7.00] 

5.00  

[4.98-5.10] 

4.90  

[4.80-5.10] 

5.15  

[5.00-5.30] 

H(3)=32.25, 

p<0.001*, 

ε²=0.84 

Conv: p<0.001; r=-1.00; median diff -1.91 

[95% CI: -1.96 to -1.87] 

IQOS: p<0.001; r=-1.00; median diff -2.01 

[95% CI: -2.07 to -1.86] 

E-cig: p<0.001; r=-1.00; median diff -1.77 

[95% CI: -1.83 to -1.72] 
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Table 2. Saliva parameter analysis (continued...) 

Parameter 

Control  

(n = 10) 
Median [Q1-

Q3] 

Conventional  

(n = 10) 
Median [Q1-

Q3] 

IQOS  

(n = 10) 
Median [Q1-

Q3] 

E-cigarette  

(n = 10) 
Median [Q1-

Q3] 

Kruskal-

Wallis 

Post-hoc Dunn test vs. Control  

(FDR-corrected p; rank-biserial r; 

median difference [95% CI])  

Enzyme activity 

ALT (U/L) 0.69  

[0.66-0.70] 

0.59  

[0.58-0.62] 

0.77  

[0.69-0.89] 

0.50  

[0.48-0.51] 

H(3)=26.52, 

p<0.001*, 

ε²=0.69 

Conv: p=0.008; r=-0.84; median diff -0.10 

[95% CI: -0.13 to -0.07] 

IQOS: p=0.016; r=0.41; median diff 0.08 

[95% CI:  

0.02 to 0.14] 

E-cig: p<0.001; r=-0.92; median diff -0.19 

[95% CI: -0.22 to -0.16] 

AST (U/L) 1.25  

[1.23-1.27] 

0.76  

[0.71-0.79] 

0.73  

[0.62-0.81] 

0.74  

[0.67-0.83] 

H(3)=32.00, 

p<0.001*, 

ε²=0.83 

Conv: p<0.001; r=-1.00; median diff -0.49 

[95% CI: -0.52 to -0.47] 

IQOS: p<0.001; r=-0.99; median diff -0.49 

[95% CI: -0.54 to -0.44] 

E-cig: p<0.001; r=-0.99; median diff -0.47 

[95% CI: -0.52 to -0.42] 

α-Amylase 

(mg/(s·L)) 

62.96  

[62.00-63.00] 

62.98  

[61.19-63.61] 

62.30  

[58.40-64.21] 

62.78  

[61.40-64.19] 

H(3)=2.18, 

p=0.536, 

ε²=0.06 

Conv: p=0.985; r=0.01; median diff 0.02 

[95% CI: -1.50 to 1.54] 

IQOS: p=0.511; r=-0.21; median diff -0.66 

[95% CI: -3.20 to 1.88] 

E-cig: p=0.451; r=0.24; median diff 0.24 

[95% CI: -1.92 to 1.56] 

Catalase 

(mmol/(min.L)) 

0.00010  

[0.00009-

0.00013] 

0.00200  

[0.00183-

0.00222] 

0.00550  

[0.00400-

0.00750] 

0.00190  

[0.00155-

0.00221] 

H(3)=33.28, 

p<0.001*, 

ε²=0.87 

Conv: p<0.001; r=1.00; median diff 0.0019 

[95% CI: 0.0017 to 0.0020] 

IQOS: p<0.001; r=1.00; median diff 0.0054 

[95% CI: 0.0039 to 0.0069] 

E-cig: p<0.001; r=1.00; median diff 0.0017 

[95% CI: 0.0014 to 0.0019] 

Metabolic indicators 

Urea (mmol/L) 5.68  

[5.53-5.78] 

17.49  

[17.41-17.63] 

17.74  

[17.05-18.27] 

15.49  

[14.56-16.42] 

H(3)=33.18, 

p<0.001*, 

ε²=0.86 

Conv: p<0.001; r=1.00; median diff 11.83 

[95% CI: 11.71 to 11.96] 

IQOS: p<0.001; r=1.00; median diff 11.82 

[95% CI: 11.28 to 12.35] 

E-cig: p<0.001; r=1.00; median diff 9.74 

[95% CI: 8.91 to 10.58] 

Uric acid 

(mmol/L) 

1.59  

[1.55-1.64] 

0.46  

[0.44-0.49] 

0.62  

[0.48-0.71] 

0.43  

[0.41-0.45] 

H(3)=32.81, 

p<0.001*, 

ε²=0.85 

Conv: p<0.001; r=-1.00; median diff -1.12 

[95% CI: -1.17 to -1.08] 

IQOS: p<0.001; r=-0.99; median diff -0.95 

[95% CI: -1.06 to -0.84] 

E-cig: p<0.001; r=-1.00; median diff -1.16 

[95% CI: -1.20 to -1.13] 
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Table 2. Saliva parameter analysis (continued...) 

Parameter 

Control  

(n = 10) 
Median [Q1-

Q3] 

Conventional  

(n = 10) 
Median [Q1-

Q3] 

IQOS  

(n = 10) 
Median [Q1-

Q3] 

E-cigarette  

(n = 10) 
Median [Q1-

Q3] 

Kruskal-

Wallis 

Post-hoc Dunn test vs. Control  

(FDR-corrected p; rank-biserial r; 

median difference [95% CI])  

Protein metabolism 

Mucin (g/L) 2.99  

[2.90-3.11] 

4.84  

[4.58-5.00] 

3.44  

[3.16-3.88] 

5.15  

[4.78-5.60] 

H(3)=31.13, 

p<0.001*, 

ε²=0.81 

Conv: p<0.001; r=0.99; median diff 1.86 

[95% CI: 1.71 to 2.02] 

IQOS: p=0.002; r=0.79; median diff 0.51 

[95% CI: 0.24 to 0.78] 

E-cig: p<0.001; r=1.00; median diff 2.11 

[95% CI: 1.85 to 2.38] 

Total 

protein (%) 

0.137  

[0.133-0.141] 

0.080  

[0.074-0.095] 

0.075  

[0.065-0.085] 

0.155  

[0.135-0.170] 

H(3)=24.07, 

p<0.001*, 

ε²=0.63 

Conv: p<0.001; r=-0.95; median diff -0.05 

[95% CI: -0.063 to -0.039] 

IQOS: p<0.001; r=-0.96; median diff -0.056 

[95% CI: -0.066 to -0.047] 

E-cig: p=0.263; r=0.31; median diff 0.012 

[95% CI: -0.014 to 0.038] 

Sialic acid 

(mmol/L) 

0.274  

[0.263-0.282] 

0.345  

[0.325-0.395] 

0.325  

[0.275-0.355] 

0.270  

[0.260-0.280] 

H(3)=18.33, 

p<0.001*, 

ε²=0.48 

Conv: p<0.001; r=0.94; median diff 0.076 

[95% CI: 0.046 to 0.107] 

IQOS: p=0.111; r=0.52; median diff 0.035 

[95% CI: -0.016 to 0.086] 

E-cig: p=0.813; r=-0.11; median diff -0.005 

[95% CI: -0.028 to 0.018] 

Iron 

(µmol/L) 

0.92  

[0.88-0.95] 

4.96  

[4.34-5.58] 

4.15  

[3.74-4.62] 

4.44  

[4.24-4.66] 

H(3)=33.23, 

p<0.001*, 

ε²=0.87 

Conv: p<0.001; r=1.00; median diff 4.04 

[95% CI: 3.43 to 4.65] 

IQOS: p<0.001; r=1.00; median diff 3.27 

[95% CI: 2.88 to 3.67] 

E-cig: p<0.001; r=1.00; median diff 3.53 

[95% CI: 3.31 to 3.75] 

Calcium 

(mmol/L) 

1.60  

[1.51-1.69] 

1.93  

[1.85-2.07] 

2.58  

[2.08-3.41] 

4.15  

[3.71-4.68] 

H(3)=30.08, 

p<0.001*, 

ε²=0.78 

Conv: p=0.005; r=0.89; median diff 0.33 

[95% CI: 0.21 to 0.46] 

IQOS: p<0.001; r=0.95; median diff 1.14 

[95% CI: 0.61 to 1.68] 

E-cig: p<0.001; r=1.00; median diff 2.65 

[95% CI: 2.25 to 3.06] 

Phosphates 

(mmol/L) 

4.38  

[4.35-4.40] 

2.37  

[1.94-2.65] 

2.41  

[1.87-3.03] 

1.01  

[0.91-1.18] 

H(3)=33.25, 

p<0.001*, 

ε²=0.87 

Conv: p<0.001; r=-1.00; median diff -2.05 

[95% CI: -2.33 to -1.77] 

IQOS: p<0.001; r=-0.99; median diff -1.85 

[95% CI: -2.41 to -1.29] 

E-cig: p<0.001; r=-1.00; median diff -3.32 

[95% CI: -3.43 to -3.22] 

Chlorides 

(mmol/L) 

15.50  

[15.41-15.78] 

12.30 

[11.39-13.05] 

16.21 

[15.00-17.47] 

19.19  

[18.80-20.56] 

H(3)=31.20, 

p<0.001*, 

ε²=0.81 

Conv: p<0.001; r=-0.99; median diff -3.16 

[95% CI: -4.13 to -2.20] 

IQOS: p=0.130; r=0.32; median diff 0.78 

[95% CI: -0.29 to 1.86] 

E-cig: p<0.001; r=1.00; median diff 4.09 

[95% CI: 3.41 to 4.78] 
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Table 2. Saliva parameter analysis (continued...) 

Parameter 

Control  

(n = 10) 
Median [Q1-

Q3] 

Conventional  

(n = 10) 
Median [Q1-

Q3] 

IQOS  

(n = 10) 
Median [Q1-

Q3] 

E-cigarette  

(n = 10) 
Median [Q1-

Q3] 

Kruskal-

Wallis 

Post-hoc Dunn test vs. Control  

(FDR-corrected p; rank-biserial r; 

median difference [95% CI])  

Immunological parameters 

IgM (mg/L) 1.10  

[0.99-1.18] 

0.58 

[0.52-0.64] 

0.55  

[0.49-0.61] 

0.60  

[0.54-0.66] 

H(3)=27.4, 

p<0.001*, 

ε²=0.71 

Conv: p<0.001; r=-0.98; median diff -0.50 

[95% CI: -0.56 to -0.44] 

IQOS: p<0.001; r=-0.98; median diff -0.53 

[95% CI: -0.59 to -0.47] 

E-cig: p<0.001; r=-0.97; median diff -0.48 

[95% CI: -0.54 to -0.42] 

IgG (mg/L) 0.326  

[0.320-0.335] 

0.162  

[0.152-0.172] 

0.158  

[0.148-0.168] 

0.170  

[0.160-0.180] 

H(3)=28.0, 

p<0.001*, 

ε²=0.73 

Conv: p<0.001; r=-0.99; median diff -0.164 

[95% CI: -0.172 to -0.156] 

IQOS: p<0.001; r=-0.99; median diff -0.168 

[95% CI: -0.176 to -0.160] 

E-cig: p<0.001; r=-0.98; median diff -0.156 

[95% CI: -0.164 to -0.148] 

IgE (mg/L) 0.0061  

[0.0058-

0.0062] 

0.0098  

[0.0094-

0.0103] 

0.0101  

[0.0096-

0.0106] 

0.0105  

[0.0100- 

0.0110] 

H(3)=26.1, 

p<0.001*, 

ε²=0.68 

Conv: p<0.001; r=0.95; median diff 0.0038 

[95% CI: 0.0032 to 0.0044] 

IQOS: p<0.001; r=0.96; median diff 0.0041 

[95% CI: 0.0035 to 0.0047] 

E-cig: p<0.001; r=0.97; median diff 0.0044 

[95% CI: 0.0038 to 0.0050] 

IgA (mg/L) 9.29  

[9.21-9.34] 

4.85 

[4.75–4.95] 

4.70  

[4.60–4.80] 

4.95 

[4.85–5.05] 

H(3)=28.9, 

p<0.001*, 

ε²=0.75 

Conv: p<0.001; r=-0.99; median diff -4.45 

[95% CI: -4.52 to -4.38] 

IQOS: p<0.001; r=-0.99; median diff -4.59 

[95% CI: -4.66 to -4.52] 

E-cig: p<0.001; r=-0.99; median diff -4.35 

[95% CI: -4.42 to -4.28] 

Microorganism detection 

MEA colony 

count (per 

plate, from 

1 mL saliva) 

14.0  

[12.0-17.0] 

1050.0 

 [548.5-1540.0] 

47.0  

[30.2-64.0] 

119.0  

[80–161] 

H(3)=28.18, 

p<0.001*, 

ε²=0.73 

Conv: p<0.001; r=1.00; median diff 1031.0 

[95% CI: 535.5 to 1527.0] 

IQOS: p<0.001; r=0.97; median diff 32.7 

[95% CI: 19.4 to 46.0] 

 E-cig: p<0.001; r=0.99; median diff 107.6 

[95% CI: 67.3 to 148.0] 

Sabouraud 

colony 

count (per 
plate, from 

1 mL saliva) 

9.0  

[6.0-12.0] 

55.0  

[30.0-80.0] 

27.0  

[15.0-39.0] 

16.0  

[10.0-23.0] 

H(3)=26.10, 

p<0.001*, 

ε²=0.68 

Conv: p<0.001; r=0.92; median diff 45.0 

[95% CI: 21.0 to 69.0] 

IQOS: p<0.001; r=0.77; median diff 18.0 

[95% CI: 7.0 to 29.0] 

E-cig: p=0.112; r=0.54; median diff 6.5 

[95% CI: -1.0 to 14.0] 

Note: Q1 — 25th percentile, Q3 — 75th percentile, ε²: epsilon-squared (effect size for Kruskal-Wallis), r: rank-biserial correlation (effect size for Dunn test). The 95% 

confidence intervals (CI) shown in the post-hoc column are for the Hodges–Lehmann median difference, not for the rank-biserial correlation coefficient r. FDR: false 

discovery rate (Benjamini-Hochberg correction). *p<0.05 indicating statistical significance. 

 

In all tobacco product groups, IgM, IgG, and IgA 
levels were significantly reduced compared with con-
trols — by approximately 47–50% (p<0.001 for all). In 
contrast, IgE levels showed an increase of 60–70% 
(p<0.001 for all). Immunological markers showed a 
consistent pattern of reduced IgA, IgG, and IgM levels 
alongside elevated IgE in all tobacco‑product groups, 
consistent with lower local humoral immune markers 
and higher IgE.  

Spearman correlation analysis based on individual-
level data (n = 40) with FDR correction revealed mod-
erate to strong correlations among salivary parame-
ters. The complete correlation matrix is provided in 
Supplementary Table S1. Direct pairwise comparisons 
among the three tobacco-product groups are presented 
in Supplementary Table S2. 
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Saliva microcrystallographic pattern analysis 

Distinct alterations in saliva crystallographic pat-
terns were observed in all tobacco-using groups com-
pared to controls. Common deviations included viola-
tions of crystal structure symmetry, changes in crystal 
density distribution, appearance of organic inclusions, 
and formation of convex clusters (Figs. 1-4). Semi-
quantitative scores for crystal density, branching regu-
larity, and shape preservation are presented in Supple-
mentary Table S4. 

Colony counts on MEA and Sabouraud media were 
higher in tobacco-product users than in controls (Table 
2). MEA colony counts increased substantially: 75-fold 
in traditional cigarette users (p<0.001), 3.4-fold in IQOS 
users (p<0.001), and 8.5-fold in e-cigarette users 
(p<0.001). Sabouraud colony counts showed a six-fold 
increase in traditional cigarette users (p<0.001), a 
three-fold increase in IQOS users (p<0.001), and a 78% 
increase in e-cigarette users — the latter difference was 
not statistically significant (p=0.112). 

 

 

Figure 1. Saliva crystallography of the control sample.  

Magnification: 100×. Scale bar: 100 μm. Staining method: unstained.  

 

A B 

  

Figure 2. Saliva crystallography of IQOS users.  

(A) Crystals in high-viscosity saliva; (B) Crystals in low-viscosity saliva. Magnification: 100×. Scale bar: 100 μm. Staining: unstained.  

 

 

Figure 3.  Saliva crystallography of traditional cigarette users.  

Magnification: 100×. Scale bar: 100 μm. Staining method: unstained. 
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Figure 4. Saliva crystallography of e-cigarette users.  

(A) High viscosity crystals; (B) Low viscosity amorphous structures; (C) Cross-like crystal formations. Magnification: 100×. Scale bar: 100 μm. Staining: 

unstained. 

 
 

A B C 

 
  

Figure 5.  Microbial colonies from IQOS users.  

(A) Sample № 1 on MEA; (B) Sample № 4 on MEA; (C) Sample № 1 on Sabouraud medium.  

 

Colony morphology on MEA and Sabouraud me-
dia differed by tobacco product type (Figs. 5-7). On 
MEA, colonies were round with scalloped or smooth 
margins, 1–4 mm in size, with smooth or folded sur-
faces, and were opaque or semi-transparent, white or 
yellow, with uniform structure and mucous con-
sistency. On Sabouraud medium, colonies were round 
with wavy or smooth margins, 1–4 mm in size, with 
smooth surfaces and flat or droplet-shaped profiles, 
and were semi-transparent, shiny, colorless, with uni-
form structure and mucous consistency. Microbial 
growth on both MEA and Sabouraud media was gen-
erally higher in tobacco-product users, particularly in 
conventional cigarette smokers, indicating an altered 
oral microbial load. 

Saliva microscopic examination 

On Gram-stained smears (Figs. 8-9), Gram-positive 
cocci arranged in chains (morphology suggestive of 
Streptococcus-like bacteria) and Gram-positive round 
or oval cells forming chains of elongated cells 

(morphology suggestive of yeast-like fungi, possibly 
Candida-related) were observed. 

DISCUSSION 

This study should be considered exploratory pilot 
research. The findings are intended to generate hy-
potheses and identify promising effect sizes for future 
confirmatory studies, rather than to provide definitive 
evidence. 

Self-report remains widely accepted in observa-
tional studies, and meta-analyses confirm its reasona-
ble accuracy for assessing tobacco use in non-interven-
tion settings (Patrick et al., 1994; Zettergren et al., 2023). 
Moreover, the large, consistent, and statistically signif-
icant differences between groups across multiple ob-
jective parameters (pH, enzyme activities, immuno-
globulins, minerals, microbial counts) make substan-
tial misclassification of smokers versus non-smokers 
very unlikely. The consistency of several biomarker 
differences supports the plausibility of an association 
with product use, although exposure misclassification 
and residual confounding cannot be excluded. 

https://jppres.com/


Remezova et al. Salivary markers of tobacco exposure 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(4): 11 

 

 

A B C 

   

Figure 6. Microorganism colonies from traditional cigarette users. 

(A) Sample № 5 on MEA; (B) Sample № 6 on MEA; (C) Sample № 5 on Sabouraud medium. 
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Figure 7. Microbial colonies from       

e-cigarette users.  

(A) Sample № 10 on MEA; (B) Sample 

№ 10 on Sabouraud medium. 
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Figure 8. Saliva microscopy showing Gram-positive, round or oval yeast-like cells forming chains of elongated cells 

(morphology consistent with Candida-like fungi). 

Magnification: 1000×. Staining method: Gram staining. Representative images from combined tobacco-user groups (conventional 

cigarettes, IQOS, and e-cigarettes). 
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Figure 9. Saliva microscopy showing Gram-positive cocci arranged in chains (morphology consistent with 

Streptococcus-like bacteria) (A, B, C).  

Magnification: 1000×. Staining: Gram staining. Representative images from combined tobacco-user groups (conventional 

cigarettes, IQOS, and e-cigarettes). 
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Salivary glands demonstrate high sensitivity to any 

fluctuations in the condition of internal organs and 
body systems, regardless of whether they are a conse-
quence of pathology or physiological processes (Babu 
et al., 2021). This study revealed significant differences 
in salivary biochemical parameters between individu-
als using various forms of tobacco products compared 
to the control group. 

All groups of smokers had a lower pH (from 6.95 to 
5.00-5.12). This decrease aligns with literature data on 
the acid-forming effect of tobacco products (Gajendra 
et al., 2023; Golmohamadi et al., 2018). The most pro-
nounced changes were noted in traditional cigarette 
users. These changes may contribute to the develop-
ment of caries and other dental diseases. 

Enzyme activity demonstrates multidirectional 
changes. ALT and AST activity were lower in tradi-
tional cigarette and e-cigarette users. This decrease cor-
relates with data on the toxic effect of tobacco products 
on enzyme systems (Aslam et al., 2025; Erta et al., 2025; 
Zevin & Benowitz, 1999). Salivary transaminases do 
not penetrate the hemosalivary barrier and may be 
produced in oral tissues or microorganisms.  

The decrease in transaminase activity was observed 
alongside pathological processes not only in the oral 
cavity but also in the lungs. Notably, catalase activity 
increased in all groups of smokers, which may be asso-
ciated with oxidative stress. Changes in α-amylase ac-
tivity were not statistically significant. The observed 
fold-changes in catalase are unusually large. This may 
be explained by the use of unstimulated whole saliva 
(low baseline values), reduced salivary flow in smok-
ers (concentration effect), and the sensitivity of the cat-
alase assay. Additionally, small sample size increases 
the influence of extreme values. 

Metabolic parameters also differed between 
groups. Urea levels were higher in all groups of smok-
ers, which is consistent with impaired nitrogen metab-
olism (Aslam et al., 2025). Uric acid concentrations, in 
contrast, were substantially lower (Zhong et al., 2024). 

Mucin content increased while total protein de-
creased. E-cigarette users had total protein levels close 
to the control group. Mucin, together with immuno-
globulins, forms a major component of the salivary in-
nate and acquired immune defence network (Fábián et 
al., 2012). The observed imbalance between increased 
mucin and decreased total protein may reflect a stress 
response of the salivary glands to chronic irritation.  

Higher iron and calcium levels accompanied lower 
phosphate levels, suggesting altered mineral homeo-
stasis. The substantial increase in salivary iron concen-
tration is particularly noteworthy, as iron solubility in 

saliva is known to be influenced by pH and the pres-
ence of chelating agents (Hong & Kim, 2011). The 
changes were particularly pronounced in e-cigarette 
users. Calcium and phosphorus content affects the 
mineralizing potential of saliva. Because calcium levels 
were elevated in all three groups while phosphorus 
was decreased, mineralization and demineralization 
processes in the oral cavity were not in equilibrium. 

All smoking groups had lower levels of IgM, IgG, 
and IgA, which is consistent with an immunosuppres-
sive effect of tobacco use (Yamaguchi, 2019). Higher 
IgE levels were also noted, which may reflect allergic 
sensitization. 

Spearman correlations showed a complex system of 
relationships between the biochemical parameters of 
the studied samples. A strong inverse correlation was 
observed between pH and both urea and iron levels. 
No significant correlation was found between AST and 
ALT. Immunoglobulins IgG, IgM, and IgA were tightly 
intercorrelated, while IgE demonstrated opposite dy-
namics. Phosphates showed a strong positive correla-
tion with pH and a strong inverse correlation with cal-
cium (Supplementary Table S1). These results are con-
sistent with previous reports on acid-base regulation, 
mineral metabolism, and coordinated immune re-
sponses (Chen et al., 2021; Hamm et al., 2015; Onifade 
et al., 2017; Razzaque & Wimalawansa, 2025). The ob-
served changes suggest a multifactorial pathogenesis 
involving oxidative stress (elevated catalase), local im-
munosuppression (reduced immunoglobulins), al-
tered salivary gland function, and ecological shifts in 
oral microbiota towards opportunistic species. 

Qualitative differences in saliva crystallographic 
patterns were detected between tobacco users and 
non-smokers. The following general changes appeared 
across all smoking groups: violations of crystal struc-
ture symmetry, changes in crystal density distribution, 
presence of organic inclusions, and formation of con-
vex clusters. Although blinded semi-quantitative scor-
ing improved the reproducibility of the crystallo-
graphic assessment, fully quantitative image analysis 
of branching angles, crystal density, and length-to-
width ratios was not performed. 

Different tobacco smoking types were associated 
with changes in oral microbial load and broad mor-
phological groups of microorganisms. Quantitative in-
dicators of microbial growth on culture media showed 
clear dependence on the type of consumed tobacco 
products. The observed increases in MEA colony 
counts are substantial. This may reflect concentration 
effects due to reduced salivary flow, altered nutrient 
availability in smokers' saliva, and culture-based over-
growth bias. These methodological factors should be 
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considered when interpreting the magnitude of differ-
ences. Although traditional cigarette users showed the 
highest absolute increase in MEA colony counts 
(75-fold), IQOS users also had a marked increase 
(3.4-fold), challenging the assumption that heated to-
bacco products are significantly less harmful to oral 
microbiota. However, the exact composition of the oral 
microbiota was not determined due to the limitations 
of culture-based methods. 

The qualitative composition of microflora, revealed 
by morphological examination and Gram staining, is 
characterized by predominance of Gram-positive cocci 
and yeast-like fungi. Microorganisms were identified 
based on their morphological characteristics and stain-
ing properties. This aligns with literature data indicat-
ing that smokers experience a shift in the oral microbial 
composition towards opportunistic flora (Cicchinelli et 
al., 2023). 

Traditional smokers had a six-fold increase in fun-
gal growth on Sabouraud medium, consistent with the 
known link between smoking and oral candidiasis (El-
Sakhawy et al., 2023). Experimental evidence shows 
that smoking intensity contributes to the development 
of acute candidiasis and increases fungal growth. 

In this case, IQOS users showed 3-fold higher fun-
gal growth than controls, indicating a potentially 
milder yet still significant impact on the fungal flora 
compared to traditional cigarettes. 

Morphological features of colonies on different cul-
ture media suggested adaptation of microorganisms to 
altered environmental conditions. Observed differ-
ences in colony shape, size, and structure were con-
sistent with stress reactions of microbiota to tobacco 
smoke exposure. 

Literature notes that smoking can alter morpholog-
ical characteristics of microorganisms (Cicchinelli et 
al., 2023). In this study, IQOS users showed large colo-
nies with scalloped edges, which may reflect specific 
conditions created by IQOS aerosol. 

Comparative analysis of the literature indicates that 
the detected increase in yeast-like fungi (morphologi-
cally consistent with Candida) aligns with studies on 
the growth of yeast microorganisms in smokers 
(Mokeem et al., 2019). The predominance of Gram-pos-
itive cocci corresponds to data on reduced beneficial 
bacteria in smokers. Changes in morphological charac-
teristics of colonies confirm information about dis-
turbed oral microbial composition in tobacco users 
(Beghini et al., 2019). 

Literature associates smoking with increased risk of 
periodontitis, caries, leukoplakia, and other oral dis-
eases (Beklen et al., 2022; Zhang et al., 2021). This study 
did not directly assess clinical diseases, but the 

identified changes in microbiota may contribute to 
these pathologies.  

A direct comparison was performed of the effects of 
IQOS, e-cigarettes, and traditional cigarettes on oral 
microbiota in a single study. Differences in colony 
morphology depending on smoking type were identi-
fied, and data on fungal flora impact with IQOS use 
were provided.  

The microbiological findings are based on prelimi-
nary culture-dependent methods, which may not fully 
reflect the complexity of oral microbiota composition. 
Further research employing advanced molecular iden-
tification techniques is warranted to confirm these ob-
servations and provide species-level resolution. The 
microbiological findings should be interpreted as pre-
liminary culture-dependent indicators of microbial 
growth, not as a complete characterization of the oral 
microbiome. 

The observed changes suggest a multifactorial 
pathogenesis involving oxidative stress (elevated cata-
lase), local immunosuppression (reduced immuno-
globulins), altered salivary gland function, and ecolog-
ical shifts in oral microbiota towards opportunistic 
species. 

Clinical significance 

The pattern of negative impact varied by parame-
ter. Traditional cigarettes generally induced the most 
pronounced changes in acid-base status, immunoglob-
ulins, and microbial growth. However, IQOS users 
showed the highest catalase activity, and e-cigarette 
users exhibited the greatest calcium elevation (see Sup-
plementary Table S2 for direct pairwise comparisons), 
indicating that alternative products are not uniformly 
safer than conventional cigarettes. 

The identified correlation links can serve as a basis 
for developing new diagnostic markers and under-
standing pathogenetic mechanisms of the studied con-
ditions. The discovery of multiple connections be-
tween acid-base state indicators and other biochemical 
parameters is particularly important, emphasizing the 
central role of homeostasis in maintaining normal me-
tabolism. 

The obtained results require further study with ad-
ditional clinical data to clarify cause-and-effect rela-
tionships between identified correlations. A compre-
hensive approach to assessing oral health in smokers 
and developing individual prevention and treatment 
programs is warranted. All studied tobacco-product 
groups showed salivary alterations that may warrant 
further clinical monitoring in larger confirmatory stud-
ies. 
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The findings suggest that salivary markers may 
have potential value for early detection of oral micro-
bial alterations in tobacco-product users, pending val-
idation in larger studies. 

Potential clinical implications include the use of sal-
ivary markers to support oral-health monitoring in to-
bacco-product users, pending validation in larger 
studies. Based on these exploratory findings, the fol-
lowing areas may merit attention in future research: 
regular monitoring of salivary biochemical parame-
ters, preventive measures tailored to product type, and 
early detection of dysbiotic changes.  

The findings may help identify candidate markers 
for future studies of chronic oral-disease risk. Future 
studies should evaluate whether the following mark-
ers are useful for monitoring: salivary pH, mineral me-
tabolism, enzyme activity, immunoglobulin levels, and 
microbial growth. The impact of IQOS, which was pre-
viously studied less frequently than traditional ciga-
rettes or vapes, is particularly noteworthy. 

Because this study was conducted in a single insti-
tution with young adult university students (18–25 
years), the findings may not be generalizable to older 
populations, clinical settings, or other geographic re-
gions. 

Study limitations 

The most important limitation is the absence of ob-
jective exposure verification. Participants were as-
signed to groups based solely on self-report, without 
measurement of salivary/urinary/serum cotinine, ex-
haled СО, or quantitative exposure parameters (ciga-
rettes/day, pack-years, puff frequency, nicotine con-
centration). Consequently, actual nicotine and toxicant 
exposure remains unknown, and differences among 
conventional cigarettes, IQOS, and e-cigarettes cannot 
be definitively attributed to product-specific effects. 
Additional unrecorded factors that may influence sali-
vary composition include dietary sugar intake, caffeine 
consumption, hydration status, nicotine concentration 
in e-liquids, and vaping flavour composition. There-
fore, all between-group comparisons should be inter-
preted as exploratory, and comparisons across product 
categories require particular caution. 

Although no statistically significant differences 
were found between groups for age, BMI, and most 
baseline characteristics (Table 1), some clinically rele-
vant differences were observed, particularly in dental 
caries prevalence and plaque/gingival indices. These 
may represent residual confounding factors, and the 
small group sizes (n = 10) limit the ability to detect true 
differences in baseline characteristics; therefore, the 
lack of statistical significance should not be interpreted 
as evidence of complete group comparability. 

Future studies should include larger cohorts, vali-
dated exposure biomarkers, standardised saliva collec-
tion, objective oral-health indices, and species-level mi-
crobiological analysis to confirm and extend these 
findings. 

CONCLUSION 

Use of conventional cigarettes, e-cigarettes, and 
IQOS was associated with differences in salivary bio-
chemical, immunological, microbiological, and crystal-
lographic profiles compared with non-smoking con-
trols. Direct pairwise comparisons among to-
bacco-product groups revealed that conventional ciga-
rettes showed significantly greater alterations for sev-
eral parameters (pH, immunoglobulins, microbial 
counts), whereas IQOS and e-cigarettes exhibited dis-
tinct profiles for others (catalase, calcium). However, 
the pattern of differences was parameter-specific, and 
no single product was consistently the most or least 
harmful across all markers. The present findings sup-
port the potential utility of saliva as a non-invasive 
source of biomarkers for monitoring tobacco-related 
oral alterations; however, validation in larger longitu-
dinal studies incorporating objective exposure assess-
ment remains necessary. 
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Supplementary data 

 
Supplementary Table S1. Spearman correlation matrix (ρ) of salivary parameters based on individual participant data (n = 40) with FDR correction for multiple comparisons. 

Parameter pH ALT AST α-Amylase Catalase Urea 
Uric 

acid 
Mucin 

Total 

protein 

Sialic 

acid 
Iron Calcium Phosphates Chlorides IgM IgG IgE IgA 

pH 1.00                  

ALT (U/L) 0.18 1.00                 

AST (U/L) 0.72† 0.22 1.00                

α-Amylase 
(mg/(s·L)) 

0.09 −0.68† 0.10 1.00               

Catalase 
(mmol/(min·L)) 

−0.65† 0.34 −0.69† −0.57† 1.00              

Urea (mmol/L) −0.78† −0.11 −0.74† −0.15 0.64† 1.00             

Uric acid 

(mmol/L) 

0.69† 0.28 0.71† −0.04 −0.46 −0.68† 1.00            

Mucin (g/L) −0.55† −0.62† −0.52† 0.41 −0.08 0.48 −0.59† 1.00           

Total protein 
(%) 

0.38 −0.44 0.35 0.53† −0.55† −0.45 0.25 0.09 1.00          

Sialic acid 
(mmol/L) 

−0.35 0.18 −0.31 −0.27 0.28 0.42 −0.29 0.12 −0.62† 1.00         

Iron (µmol/L) −0.76† −0.27 −0.73† −0.03 0.48 0.75† −0.74† 0.58† −0.36 0.39 1.00        

Calcium 
(mmol/L) 

−0.42 −0.43 −0.46 0.22 0.21 0.35 −0.48 0.49 0.29 −0.37 0.42 1.00       

Phosphates 
(mmol/L) 

0.68† 0.45 0.69† −0.14 −0.35 −0.61† 0.72† −0.64† 0.05 −0.04 −0.66† −0.63† 1.00      

Chlorides 
(mmol/L) 

−0.04 −0.19 −0.09 0.11 0.10 −0.04 −0.08 0.10 0.46 −0.61† −0.04 0.59† −0.32 1.00     

IgM (mg/L) 0.74† 0.24 0.73† 0.08 −0.52† −0.72† 0.75† −0.58† 0.34 −0.33 −0.73† −0.40 0.71† −0.07 1.00    

IgG (mg/L) 0.73† 0.23 0.72† 0.09 −0.51† −0.71† 0.74† −0.57† 0.33 −0.31 −0.72† −0.38 0.70† −0.08 0.96† 1.00   

IgE (mg/L) −0.71† −0.29 −0.71† −0.02 0.48 0.69† −0.73† 0.58† −0.26 0.25 0.72† 0.52† −0.69† 0.14 −0.74† −0.73† 1.00  

IgA (mg/L) 0.73† 0.24 0.72† 0.08 −0.52† −0.72† 0.75† −0.58† 0.34 −0.33 −0.73† −0.39 0.71† −0.07 0.97† 0.96† −0.73† 1.00 

Notes: n = 40 (individual participants, all groups combined). ρ = Spearman's rank correlation coefficient. † = Statistically significant after Benjamini–Hochberg false discovery rate (FDR) correction for multiple comparisons (FDR-adjusted 
*p<0.05). Interpretation: |ρ| 0.0–0.3 = weak, 0.3–0.6 = moderate, 0.6–0.8 = strong, 0.8–1.0 = very strong. Important note on interpretation: Because the sample includes four distinct exposure groups (control, conventional cigarettes, IQOS, 

e-cigarettes), the pooled correlations reflect both within-group and between-group variability. Subgroup-specific correlations were not calculated due to small subgroup sizes (n = 10 each) and consequent low statistical power; therefore, the 
presented associations should be considered exploratory and hypothesis-generating. 
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Supplementary Table S2. Pairwise comparisons among tobacco-product groups. 

Parameter Conventional vs IQOS Conventional vs E-cigarette IQOS vs E-cigarette 

pH p=0.312; r=0.16; med.diff=–0.10 [–0.30, 0.15] 

(padj=0.936) 

p=0.739; r=0.05; med.diff=0.05 [–0.20, 0.30] 

(padj=1.000) 

p=0.218; r=0.20; med.diff=0.15 [–0.10, 0.40] 

(padj=0.654) 

ALT p=0.043; r=0.32; med.diff=+0.12 [0.01, 0.25] 

(padj=0.129) 

p=0.002; r=0.48; med.diff=–0.14 [–0.23, –

0.05] (padj=0.006)* 

p<0.001; r=0.58; med.diff=–0.26 [–0.38, –

0.14] (padj<0.001)* 

AST p=0.073; r=0.28; med.diff=–0.05 [–0.15, 0.02] 

(padj=0.219) 

p=0.315; r=0.16; med.diff=+0.03 [–0.08, 

0.14] (padj=0.945) 

p=0.041; r=0.33; med.diff=+0.08 [0.01, 0.18] 

(padj=0.123) 

α-Amylase p=0.087; r=0.27; med.diff=–1.20 [–3.10, 0.50] 

(padj=0.261) 

p=0.584; r=0.09; med.diff=+0.90 [–1.80, 

3.40] (padj=1.000) 

p=0.038; r=0.34; med.diff=+2.10 [0.10, 4.50] 

(padj=0.114) 

Catalase p<0.001; r=0.61; med.diff=+0.0035 [0.0020, 

0.0055] (padj<0.001)* 

p=0.482; r=0.11; med.diff=–0.0003 [–

0.0012, 0.0006] (padj=1.000) 

p<0.001; r=0.59; med.diff=–0.0038 [–0.0055, 

–0.0022] (padj<0.001)* 

Urea p=0.041; r=0.33; med.diff=+0.60 [0.02, 1.20] 

(padj=0.123) 

p<0.001; r=0.52; med.diff=–1.80 [–2.50, –

1.05] (padj<0.001)* 

p<0.001; r=0.56; med.diff=–2.40 [–3.20, –

1.60] (padj<0.001)* 

Uric acid p=0.228; r=0.19; med.diff=–0.06 [–0.18, 0.04] 

(padj=0.684) 

p=0.002; r=0.48; med.diff=–0.20 [–0.32, –

0.08] (padj=0.006)* 

p=0.009; r=0.42; med.diff=–0.14 [–0.25, –

0.04] (padj=0.027) 

Mucin p=0.003; r=0.46; med.diff=–1.10 [–1.80, –

0.40] (padj=0.009)* 

p=0.361; r=0.14; med.diff=+0.20 [–0.30, 

0.70] (padj=1.000) 

p=0.001; r=0.50; med.diff=+1.30 [0.60, 2.10] 

(padj=0.003)* 

Total protein p=0.008; r=0.43; med.diff=–0.03 [–0.06, –

0.01] (padj=0.024) 

p=0.073; r=0.28; med.diff=+0.05 [–0.01, 

0.09] (padj=0.219) 

p<0.001; r=0.54; med.diff=+0.08 [0.04, 0.12] 

(padj<0.001)* 

Sialic acid p=0.218; r=0.20; med.diff=–0.02 [–0.07, 0.02] 

(padj=0.654) 

p=0.652; r=0.07; med.diff=–0.01 [–0.05, 

0.03] (padj=1.000) 

p=0.393; r=0.14; med.diff=+0.01 [–0.03, 0.05] 

(padj=1.000) 

Iron p<0.001; r=0.56; med.diff=–1.35 [–2.00, –

0.70] (padj<0.001)* 

p=0.078; r=0.28; med.diff=–0.30 [–0.65, 

0.05] (padj=0.234) 

p<0.001; r=0.53; med.diff=+1.05 [0.50, 1.60] 

(padj<0.001)* 

Calcium p=0.043; r=0.32; med.diff=+0.45 [0.02, 0.95] 

(padj=0.129) 

p<0.001; r=0.55; med.diff=+1.70 [1.10, 

2.40] (padj<0.001)* 

p=0.002; r=0.48; med.diff=+1.25 [0.50, 2.00] 

(padj=0.006)* 

Phosphates p=0.002; r=0.48; med.diff=–1.10 [–1.80, –

0.40] (padj=0.006)* 

p<0.001; r=0.62; med.diff=–1.85 [–2.50, –

1.20] (padj<0.001)* 

p=0.317; r=0.16; med.diff=–0.75 [–1.80, 0.30] 

(padj=0.951) 

Chlorides p=0.002; r=0.48; med.diff=+2.10 [0.80, 3.50] 

(padj=0.006)* 

p<0.001; r=0.59; med.diff=+3.80 [2.40, 

5.20] (padj<0.001)* 

p=0.084; r=0.27; med.diff=+1.70 [–0.20, 3.60] 

(padj=0.252) 

IgM p=0.065; r=0.29; med.diff=–0.002 [–0.005, 

0.001] (padj=0.195) 

p=0.684; r=0.06; med.diff=–0.003 [–0.010, 

0.004] (padj=1.000) 

p=0.042; r=0.33; med.diff=–0.001 [–0.003, 

0.000] (padj=0.126) 

IgG p=0.035; r=0.34; med.diff=–0.004 [–0.008, 

0.001] (padj=0.105) 

p<0.001; r=0.55; med.diff=–0.012 [–0.018, –

0.006] (padj<0.001)* 

p<0.001; r=0.52; med.diff=–0.008 [–0.013, –

0.003] (padj<0.001)* 

IgE p=0.521; r=0.10; med.diff=–0.001 [–0.003, 

0.001] (padj=1.000) 

p=0.912; r=0.02; med.diff=0.000 [–0.002, 

0.002] (padj=1.000) 

p=0.481; r=0.11; med.diff=0.001 [–0.001, 

0.003] (padj=1.000) 

IgA p=0.004; r=0.45; med.diff=–0.008 [–0.014, –

0.003] (padj=0.012)* 

p=0.143; r=0.23; med.diff=–0.002 [–0.006, 

0.002] (padj=0.429) 

p<0.001; r=0.53; med.diff=+0.006 [0.003, 

0.010] (padj<0.001)* 

MEA colony count p=0.008; r=0.42; med.diff=+1000 [500, 1500] 

(padj=0.024) 

p<0.001; r=0.61; med.diff=+930 [450, 1400] 

(padj<0.001)* 

p=0.012; r=0.39; med.diff=–70 [–150, +10] 

(padj=0.036) 

Sabouraud colony 

count 

p=0.035; r=0.34; med.diff=+28 [5, 50] 

(padj=0.105) 

p=0.002; r=0.49; med.diff=+39 [12, 66] 

(padj=0.006)* 

p=0.087; r=0.27; med.diff=+11 [–5, 27] 

(padj=0.261) 

Note: Pairwise comparisons among the three tobacco-product groups were performed using Dunn's post-hoc test following a significant Kruskal–Wallis result. p-values were adjusted for 

multiple comparisons using the Bonferroni correction (padj<0.05 was considered statistically significant). Effect sizes are reported as rank-biserial correlation (r). Median differences and their 95% 

confidence intervals were estimated using the Hodges–Lehmann method. Positive median difference values indicate that the parameter is higher in the second group of the comparison (e.g., 

IQOS > Conventional cigarettes). 

 

 

Supplementary Table S3. Scoring criteria for saliva crystallography 

Score Definition Representative example 

0 No crystals or amorphous aggregates Fig. S3A 

1 Sparse, poorly defined crystals with irregular branching Fig. S3B 

2 Moderate crystal density with mostly regular branching Fig. S3C 

3 Dense, well-defined crystals with regular branching and preserved shape Fig. S3D 
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Figure S3. Representative images of saliva crystallography for each score of the semi-quantitative assessment scale.  
(A) score 0 — no crystals or amorphous aggregates; (B) score 1 — sparse, poorly defined crystals with irregular branching; (C) score 2 — moderate crystal density with 

mostly regular branching; (D) score 3 — dense, well-defined crystals with regular branching and preserved shape. Magnification: 100×. Scale bar: 100 μm. Staining 

method: unstained. These images are selected from the same dataset as Figs. 1–4 and are reorganised to illustrate the scoring criteria 

 

 

Supplementary Table S4. Semi-quantitative crystallographic scores by group. 

Parameter 
Control (n=10) 

Median [IQR] 

Conventional 

cigarettes (n=10) 

Median [IQR] 

IQOS (n=10) Median 

[IQR] 

E-cigarettes (n=10) 

Median [IQR] 
p-value* 

Crystal density (0–3) 2.8 [2.5–3.0] 1.2 [0.8–1.5] 1.5 [1.0–2.0] 1.0 [0.5–1.5] <0.001 

Branching regularity (0–3) 2.7 [2.3–3.0] 1.0 [0.5–1.5] 1.3 [0.8–1.8] 0.8 [0.5–1.2] <0.001 

Shape preservation (0–3) 2.9 [2.5–3.0] 1.1 [0.7–1.5] 1.4 [1.0–1.8] 0.9 [0.5–1.3] <0.001 

Note: Data are presented as median with interquartile range [IQR]. Scores range from 0 to 3: 0 = no crystals or amorphous aggregates; 1 = sparse, poorly defined 

crystals with irregular branching; 2 = moderate crystal density with mostly regular branching; 3 = dense, well-defined crystals with regular branching and 

preserved shape. Kruskal-Wallis test. Inter-rater agreement: 85% (Cohen's κ = 0.79). 
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STROBE Statement — Checklist for cross-sectional studies 

 

Section/Topic Item Recommendation Reported in manuscript (page / section) 

Title and 

abstract 

1 (a) Indicate the study's design with a 

commonly used term in the title or abstract 

Title: page 1; Abstract: page 1, "exploratory pilot observational study" 

  

(b) Provide a structured abstract including 

background, objectives, methods, results, 

conclusions 

Abstract: page 1 (Context, Aims, Methods, Results, Conclusions) 

Introduction 2 Explain scientific background and rationale 

for investigation 

Introduction: pages 2, first two paragraphs 

 

3 State specific objectives, including any 

prespecified hypotheses 
Introduction: page 2, final paragraph 

Methods 4 Present key elements of study design early 

in the paper 

Methods: page 2, "observational cross-sectional study" 

 

5 Describe the setting, locations, and relevant 

dates 

Methods: page 2, PMPI, semester timeframe, Ethics approval date 

(June 8, 2024) 
 

6 (a) Give eligibility criteria 

(inclusion/exclusion) 

Methods: page 2, Inclusion/Exclusion criteria 

  

(b) Describe method of participant selection 

(e.g., volunteers) 

Methods: page 2, Participant selection (60 screened → 20 excluded → 

40 enrolled) 
 

7 Clearly define all outcomes, exposures, 

predictors, potential confounders 

Methods: pages 2–3, Table 1 (confounders); Outcomes: Table 2 (pH, 

enzymes, immunoglobulins, etc.) 
 

8 For each variable of interest, give sources of 

data and details of measurement 

Methods: pages 3–4, subsections: Saliva collection, Biochemical 

analysis, Immunological analysis, Microbiological analysis, 

Crystallography 
 

9 Describe any efforts to address potential 

sources of bias 

Limitations: page 14 (self-report, lack of cotinine, small sample size); 

Methods: page 4, controlled parameters 
 

10 Explain how the study size was arrived at Methods: page 2, Sample size determination (exploratory pilot, 

post-hoc sensitivity analysis) 
 

11 Explain how quantitative variables were 

handled in analyses (e.g., grouping) 

Methods: page 3-4, Statistical analysis (non-parametric tests, median 

[IQR]) 
 

12 (a) Describe all statistical methods, 

including methods for subgroup analyses 

and for handling missing data 

Methods: pages 4, Statistical analysis (Kruskal-Wallis, Dunn's 

post-hoc, FDR, Spearman correlations); no missing data (100% 

retention) 
  

(b) Describe any methods used to examine 

subgroups and interactions 
Methods: page 2-3, subgroup analysis by product type (4 groups) 

  

(c) Explain how missing data were 

addressed 

Methods: page 2, all 40 completed (100% retention) 

  

(d) Describe any sensitivity analyses Methods: page 2, post-hoc sensitivity analysis for sample size 

Results 13 (a) Report numbers of individuals at each 

stage of study (screening, inclusion, final 

sample) 

Methods: page 2, Participant selection (60 screened → 20 excluded → 

40 enrolled → 40 completed) 

  

(b) Give reasons for non-participation at 

each stage 

Methods: page 2, 20 excluded due to non-compliance 

  

(c) Consider use of a flow diagram Not provided (small sample, straightforward) 
 

14 (a) Give characteristics of study participants 

(demographics, clinical, confounders) 

Results: page 5, Table 1 

  

(b) Indicate number of participants with 

missing data for each variable 

Methods: page 2, no missing data (100% retention) 

 

15 Report numbers of outcome events or 

summary measures 

Results: pages 5–8, Table 2 

https://jppres.com/


Remezova et al. Salivary markers of tobacco exposure 

 

https://jppres.com  J Pharm Pharmacogn Res (2026) 14(4): 21 

 

 

16 (a) Give unadjusted estimates and, if 

applicable, confounder-adjusted estimates 

Confounder-adjusted models were not performed because of the 

exploratory pilot design and small group sizes; residual confounding 

is acknowledged in the Discussion (page 14) 
  

(b) Report category boundaries when 

continuous variables were categorized 

Not applicable (all continuous variables reported as median [IQR]) 

  

(c) If relevant, consider translating 

estimates of relative risk into absolute risk 
Not applicable (no relative risk) 

 

17 Report other analyses performed (e.g., 

correlations) 

Results: page 8; Supplementary Table S1 (Spearman correlations) 

and Supplementary Table S2 (pairwise comparisons among tobacco-

product groups) 

Discussion 18 Summarise key results with reference to 

study objectives 

Conclusion: page 14 

 

19 Discuss limitations of the study, addressing 

sources of potential bias or imprecision 

Limitations: page 14 (self-report, lack of cotinine/CO, small sample 

size, no dose quantification, limited microbiology/crystallography) 
 

20 Give a cautious overall interpretation 

considering objectives, limitations, 

multiplicity 

Discussion: pages 10–14; Conclusion: page 14 

 

21 Discuss the generalisability (external 

validity) of the study results 

Discussion: page 14 (single institution, young adults 18–25 years, 

limited generalisability) 

Other 

information 

22 Give the source of funding and the role of 

the funders 

Conflict of Interest: page 14 (no funding from commercial sources; 

conducted independently) 
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