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Abstract
The available literature indicates that smoking causes quantitative and qualitative changes in saliva. 
However, there is a  lack of  studies summarizing the knowledge in this area, and there are no clear 
guidelines on the use of salivary biomarkers for assessing exposure to cigarette smoke (CS). The present 
work aimed to provide a systematic review of the literature regarding the influence of smoking traditional 
and electronic cigarettes, as well as heat-not-burn products, on salivary homeostasis. An electronic search 
of the literature from 1982 to 2023 was conducted according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines. Based on the inclusion criteria, 65 studies were used for 
the final review. Smoking traditional as well as electronic cigarettes negatively affects salivary biomarkers, 
including the salivary flow rate, pH, antibody titer, electrolyte concentration, microflora composition, redox 
balance, and inflammation, in terms of both quantity and quality. However, to date, only single salivary 
biomarkers have been compared in traditional and electronic cigarette smokers. It can be concluded that 
the salivary production rate, pH, microbiome, and cytokines can be used to assess exposure to CS smoke. 
There is a lack of convincing evidence to compare the toxic influence of traditional and electronic cigarettes 
on salivary homeostasis. Future experiments should include long-term randomized clinical trials on larger 
populations of smokers.
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Introduction
Despite the implementation and popularization 

of  anti-tobacco programs, addiction to smoking con-
tinues to be a global public health problem1 and is one 
of the primary causes of premature deaths, decreasing 
life expectancy by up to 8 years.2 Cigarette smoke (CS) 
contains over 5,000 harmful substances, 400 of which 
are scientifically proven carcinogens, such as formal-
dehyde, benzene and vinyl chloride,3 with the latest 
research demonstrating that the poisonous chemicals 
contained in cigarettes reach every organ in the human 
body.4 In addition to an increased risk of cancer, smok-
ing raises the probability of stroke, respiratory diseases 
and inflammation, and weakens immune functions.5,6 
Smoking also adversely affects the oral ecosystem, the 
consequences of  which are well-documented; they 
comprise relatively mild complaints (e.g., bad breath, 
tooth discoloration, and an  increased accumulation 
of plaque and tartar), but also life-threatening diseases 
(including oral cancer).7,8

The first protective barrier against the chemicals 
contained in cigarettes is saliva, which, under normal 
conditions, constantly moistens the mucous membrane 
and the teeth.9 Saliva is secreted from large and small 
salivary glands, and serves numerous functions in the 
body, including inhibiting the development of bacteria, 
and preventing the demineralization of hard tissues in 
the oral cavity and the formation of carious and non-
carious cavities.10,11 Furthermore, saliva is a  source 
of  enzymatic and non-enzymatic antioxidants, pre-
venting redox homeostasis disorders in the oral cav-
ity. It also enables the formation of a bolus, and initi-
ates sugar and fat digestion. Reduced saliva secretion 
is a  serious health problem leading to diseases within 
the oral cavity. It has been demonstrated that salivary 
homeostasis is influenced by various factors, including 
chronic diseases, such as obesity, insulin resistance, 
chronic kidney disease, congestive heart failure, psori-
asis, stroke, and neurodegenerative diseases (Alzheim-
er’s disease and dementia).12,13

Numerous studies have reported the negative impact 
of  smoking on the salivary glands.14–16 Therefore, the 
assessment of salivary biomarkers may have a diagnos-
tic value in monitoring the oral health consequences 
of  smoking. Indeed, changes in the quantitative and 
qualitative composition of  smokers’ saliva have been 
reported. However, no papers have summarized the 
knowledge in this area, and there are no clear guidelines 
on the use of salivary biomarkers for assessing exposure 
to CS smoke.

A “healthier” alternative to traditional cigarettes are 
electronic cigarettes (e-cigarettes; ECs),17 mechani-
cal devices that heat special inhalation solutions and 
provide the user with an  experience similar to tradi-
tional smoking.18,19 E-cigarette liquid mainly consists 

of propylene glycol, glycerol, aromas, and nicotine,20,21 
although more detailed tests have confirmed the pres-
ence of  formaldehyde, acrolein and heavy metals.22,23 
Although the common belief in a reduced harmfulness 
of  ECs is now becoming increasingly controversial, 
the use of ECs, or so-called “vaping”, has become ex-
tremely popular among young people.24,25 Aggressive 
marketing campaigns have also led to the “renormal-
ization” of smoking,25 with the U.S. Food and Drug Ad-
ministration (FDA) reporting a  900% increase in the 
use of ECs among high school students.26 

E-cigarettes were introduced onto the market and pat-
ented in China in 2006.27 Due to their relatively short 
presence on the consumer market as compared to tra-
ditional cigarettes, the long-term effects of  ECs are 
unknown and the knowledge about their short-term 
effects is still very limited. It is acknowledged that di-
rect exposure to the EC aerosol may impair blood vessel 
and respiratory functions, but there is still a substantial 
gap in the knowledge on the effects of  vaping on sali-
vary homeostasis.28,29 Also, there have been no reviews 
evaluating the influence of traditional cigarettes and the 
abovementioned new-era devices on various salivary pa-
rameters. Taking into consideration the harmful effects 
of  smoking on the oral ecosystem, as well as the lack 
of non-invasive biomarkers to assess exposure to smoke, 
we conducted a systematic review of the literature on the 
salivary biomarkers in the smokers of  traditional ciga-
rettes, ECs and heat-not-burn products. We are the first 
to compare the available literature regarding the effects 
of  smoking traditional and electronic cigarettes on the 
salivary secretion and composition.

Material and methods

Search strategy 

The literature search was conducted up to 
September 3, 2023, according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA 2020) guidelines,30 using the PubMed/MED-
LINE, Scopus and Web of Science databases. We only 
evaluated international publications written in English. 
The available literature was browsed based on the fol-
lowing keywords: ‘cigarette and oral health’; ‘cigarette 
and saliva’; ‘smoking and saliva’; ‘smoking and salivary 
flow rate’; ‘smoking and salivary pH’; ‘smoking and sal-
ivary oxidative stress’; ‘smoking and oral microbiome’; 
‘smoking and salivary immunoglobulins’; ‘smoking and 
oral inflammation’; ‘smoking and salivary minerals’; ‘e-
cigarette and saliva’; ‘electronic cigarette and saliva’; 
‘vaping and saliva’; ‘heated tobacco and oral health’; 
and ‘heated tobacco and saliva’. The inclusion and ex-
clusion criteria are presented in Table 1.



Dent Med Probl. 2024;61(1):129–144 131

Data extraction 

Data pre-selection was carried out independently by 
2 authors, based on the assessment of  the titles and ab-
stracts of the manuscripts, followed by a thorough review 
of the texts of the selected articles. Publications that met 
the inclusion criteria were considered for the review. In 
cases of doubt over the content of an article, the other au-
thors were consulted. The reliability level of the research-
ers was determined using Cohen’s kappa coefficient (κ), 
which amounted to 0.92. All publications were evaluated 
in terms of methodology to ensure data quality, and the 
following variables were recorded: author(s); year of pub-
lication; study design; size of the study population; inclu-
sion and exclusion criteria; duration of the study; and re-
search results.

Results and discussion
The literature search revealed 34,745 works from the 

PubMed/MEDLINE, Scopus and Web of  Science data-
bases, of which 32,462 were removed due to duplication. 
A total of 2,283 abstracts were read, with 218 meeting the 
inclusion criteria. Among the qualified articles, 153 either 
were irrelevant to the subject of our review or presented 
other type of paper than required, leaving 65 papers in-
cluded. A  PRISMA flow diagram presenting the search 
strategy is shown in Fig. 1.

According to the Oxford Center for Evidence-Based 
Medicine (CEBM) 5-level classification scale of diagnosis, 
most of  the studies presented the 3rd or 4th level of  evi-
dence (clinical control studies).31 Only 3 studies used 
a prospective cohort design.

Table S1 (the supplementary material is available 
on request from the corresponding author) shows the 

summarized quality assessment according to the Study 
Quality Assessment Tool guidelines issued by the Na-
tional Heart, Lung and Blood Institute (NHLBI) within 
the U.S. National Institutes of Health (NIH).32 The criti-
cal assessment was performed by summing the points 
for each criterion with regard to the potential risk of bias 
(1 – low; 0.5 – indeterminate; and 0 – high). The most 
commonly encountered risks of  bias were sample size 
justification, randomization and the blinding status 
of participants. Forty-seven studies (72.3%) were classi-
fied as having “good” quality (≥80% of total points), and 
18 (27.7%) were classified as having “intermediate” qual-
ity (≥60% and <80% of total points).

The vast majority of  studies included in the review 
focused on traditional cigarettes. Only 10 compared 
the toxicity of traditional vs. electronic cigarettes, us-
ing salivary biomarkers. The methodology and end-
points of all studies reviewed are presented in Tables 
S2–S7 in the supplementary material (available on re-
quest from the corresponding author).

The multi-directional effect of  smoking on various 
salivary parameters has been widely documented, and 
includes a decrease in the salivary flow rate (SFR) and 
pH, a  reduction in the mineral content, and changes 
in microflora composition, and concentrations of an-
tibodies, antioxidants and inflammatory mediators 
(Fig. 2). A summary of the results of the systematic re-
view is presented in Table 2.

Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) flow diagram presenting the search strategy

Table 1. Inclusion and exclusion criteria of the systematic review

Inclusion criteria Exclusion criteria

–	articles written in English only
–	publications on the influence 

of smoking traditional and/or 
electronic cigarettes on quantitative 
and qualitative changes in salivary 
parameters, including the rate 
of saliva secretion by the salivary 
glands, the salivary pH and buffer 
capacity, the concentrations 
of antibodies and inflammatory 
mediators, and the mineral content, 
as well as the effect on the salivary 
microbiome and antioxidant barrier

–	research with the participation of 
humans as well as experimental 
works, including in vitro tests

–	clinical trials conducted on a group 
of at least 20 people

–	meta-analyses

–	publications written in 
a language other than English

–	publications assessing 
the influence of smoking 
on the concentrations 
of cotinine, thiocyanates and 
inflammatory mediators, 
the mineral content and 
the antioxidant barrier in 
serum/urine only, excluding 
saliva

–	research methodology 
comprising only smokers with 
systemic diseases

–	clinical studies performed 
on a group of fewer than 
20 people

–	surveys
–	case descriptions
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Table 2. Summary of the studies included in the systematic review. The table shows changes in the saliva of smokers as compared to controls (non-smokers)

Saliva characteristics
Cigarette smokers Electronic cigarette smokers

unstimulated saliva stimulated saliva unstimulated saliva stimulated saliva

Flow rate, viscosity 
and buffer capacity 
of saliva

flow rate

↑ – – – –

↓ 35, 36, 37, 38, 39, 40, 41, 42, 43 41 – –

≈ 48, 49, 56 48, 56 145, 150

viscosity
↑ 36 – – –

↓ 41 41 – –

pH

↑ – – – –

↓ 36, 37, 38, 39, 154 – 150 –

≈ 41, 49 41 151 –

Salivary mineral 
content

Na+

↑ – – – –

↓ 71 – – –

≈ 72 67 – –

K+

↑ – – – –

↓ 71 – – –

≈ 72 67 – –

Ca2+

↑ 72 70 151 –

↓ 66 67, 69 – –

≈ 68, 72, 154 – – –

Mg2+

↑ 66 70 – –

↓ 71 – – –

≈ 72 67 – –

Zn2+

↑ – – – –

↓ – 67 – –

≈ – – – –

Pb2+

↑ – – – –

↓ – 67 – –

≈ – – – –

PO4
3–

↑ 154 70 – –

↓ 66, 72 67 – –

≈ – 69 151 –

Salivary inflammation 
and immune 
response

TNF-α

↑ – – – –

↓ – – – –

≈ – – – –

INF-γ

↑ 144 – – –

↓ – – – –

≈ – – – –

IL-1β

↑ 145, 146 – 153, 158 –

↓ – – – –

≈ – – 145 –

IL-2

↑ 89, 144 – – –

↓ – – – –

≈ – – – –

IL-4

↑ 89 – – –

↓ – – – –

≈ – – – –

IL-5

↑ – – – –

↓ 89 – – –

≈ – – – –
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Saliva characteristics
Cigarette smokers Electronic cigarette smokers

unstimulated saliva stimulated saliva unstimulated saliva stimulated saliva

Salivary inflammation 
and immune 
response

IL-6

↑ 145 – 153 –

↓ – – – –

≈ – – 145 –

IL-7

↑ 89 – – –

↓ – – – –

≈ – – – –

IL-8

↑ – – – –

↓ 146 – – –

≈ – – – –

IL-10

↑ – – – –

↓ 89 – – –

≈ – – – –

IgA

↑ 101, 110 110 – –

↓ 104, 105, 106, 107, 110 111 – –

≈ 102, 103, 108 103, 109 154 –

IgG

↑ – – – –

↓ 101 – – –

≈ – – – –

IgM

↑ – – – –

↓ 101 – – –

≈ – – – –

Salivary antioxidant 
barrier

TAC

↑ – – – –

↓ 130, 131, 133 132 155 –

≈ 129, 137 – – –

CAT

↑ – – – –

↓ 123, 124 – – –

≈ – – – –

SOD

↑ 122, 137 – – –

↓ 120, 121, 127 – – –

≈ – – – –

Px

↑ 120, 121 – – –

↓ 125, 126, 137 – – –

≈ – – – –

UA

↑ – – 155 –

↓ 130 – – –

≈ 121, 129 – – –

GSH

↑ 129 – – –

↓ – – – –

≈ – – – –

vitamin C

↑ – – – –

↓ 124 – – –

≈ – – – –

Na+ – sodium ion; K+ – potassium ion; Ca2+ – calcium ion; Mg2+ – magnesium ion, Zn2+ – zinc ion; Pb2+ – lead ion, PO4
3– – phosphate ion; TNF-α – tumor 

necrosis factor alpha; INF-γ – interferon gamma; IL – interleukin; Ig – immunoglobulin; TAC – total antioxidant capacity; CAT – catalase; SOD – superoxide 
dismutase; Px – peroxidase; UA – uric acid; GSH – glutathione; ↑ statistically significant increase; ↓ statistically significant decrease; ≈ no statistical difference. 
The numbers indicate specific literature items from the reference list.
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Effect of cigarette smoking on the flow 
rate, viscosity and buffer capacity of saliva 

The constant moistening of  the oral cavity by saliva 
determines dental and periodontal health, with a proper 
SFR being a prerequisite for the continued remineraliza-
tion of teeth, soft tissue protection and regeneration, an-
timicrobial effect of saliva, and the initial digestion of sug-
ars contained in food.33,34 Interestingly, smoking has been 
proven to reduce SFR. Confirming the previous observa-
tions,35–43 Singh et al. demonstrated a significant decrease 
in SFR in cigarette smokers.38 One of  the mechanisms 
leading to a reduced SFR may be alterations in the tissue 
architecture of the salivary glands.44 In rats exposed to to-
bacco smoke, atrophic changes and inflammatory infiltra-
tion within acinar cells were observed in the parotid and 
submandibular glands.44 In secretory cells, the extracel-
lular matrix is enlarged and fibrotic due to an increase in 
type III and type I collagen fibers. Meanwhile, structural 
alterations in glandular cells disturb the microenviron-
ment of the salivary gland stroma and may be responsible 
for reduced salivary secretion. Increased type I collagen 
density can also be observed in the stroma of malignant 
neoplasms.45 A reduced SFR induces symptoms such as 
dry mouth (including difficulty in swallowing and speak-
ing), impaired taste perception, and sore tongue and lips 
(which become dry and cracked), contributing to in-
creased thirst and discomfort, and may also explain an in-
creased incidence of  dental caries, periodontal disease 
and fungal infections in smokers.46,47

Several authors also reported increased saliva secretion 
after the exposure of  the oral mucosa to CS.48,49 An  in-
creased SFR in smokers may be caused by the presence 
of  nicotinic receptor agonists (nicotine and cytosine) in 
cigarettes, triggering the chemical stimulation of  taste 
receptors and stimulating the salivary glands.50,51 In ad-
dition, nicotinic agonists lead to an  increased release 
of  norepinephrine and acetylcholine from autonomic 
nerve endings via the activation of the nicotinic receptor 
subtype α3β4.51 Those who have started smoking recently 

may experience a  temporary increase in salivary gland 
activity in response to the stimulation of the nerve end-
ings of taste receptors by alkaloids contained in tobacco 
smoke, followed by a gradual quieting of the receptors.52 
Another explanation for increased salivation in smokers 
could be found in the “irritation” theory.53 Smoking can 
significantly increase salivation by the parotid glands as 
compared to the state before smoking due to the expo-
sure of the oral mucosa to the toxic components of CS (ir-
respective of the smell), inducing the secretion of stimu-
lated saliva.54 Responding to irritation by increasing saliva 
production is consistent with its protective function. To 
protect the oral mucosa, toxic and damaging factors are 
diluted with an  increased amount of  saliva, and rinsed. 
Although smoking is considered pleasant for smokers 
and unpleasant for non-smokers, the response to irritant 
stimuli should be greater in non-smokers.54,55

In contrast, Petrušić et  al. found no significant differ-
ence in the amount of  unstimulated and stimulated sa-
liva between smokers and non-smokers (though SFR 
was lower in smokers).56 The authors concluded that 
SFR in smokers decreased with smoking duration, and 
the amount of the secreted saliva did not depend on the 
number of cigarettes smoked per day. They also observed 
a change in the quality of salivary gland secretion.56

In the majority of  nicotine addicts, saliva is reported 
to be thick and viscous, while in non-smokers, it is thin-
ner.36,41 In a study by Kusumaningrum et al., 57% of smok-
ers demonstrated moderate saliva viscosity, 43% were 
included in the poor saliva viscosity category, and no 
participants demonstrated normal saliva viscosity.36 In 
the group of non-smokers, 75% of participants had nor-
mal saliva viscosity, and 25% had moderate saliva viscos-
ity, indicating that no subjects had poor saliva viscosity.36 
An  increase in saliva viscosity due to smoking may be 
connected with a high sensitivity of the parotid glands to 
tobacco smoke toxins.57,58 The parotid glands are respon-
sible for producing watery, serous saliva, and its absence 
is compensated by the submandibular and sublingual sali-
vary glands, which secrete thicker saliva with a high mu-
cin content.59,60 Thick saliva does not effectively moisten 
the oral cavity, which can cause symptoms similar to those 
of decreased saliva secretion, and lead to a subjective feel-
ing of  dryness in the mouth and intensified symptoms 
of  dental caries.61 Furthermore, people with abnormal 
saliva density often complain about impaired swallowing 
and difficulty in forming a food bolus.

In addition to the proper flow rate and viscosity of sa-
liva, an  important factor in maintaining healthy teeth 
and periodontium is its buffer capacity.62 The stimulated 
saliva secreted by the parotid glands contains significant 
amounts of  bicarbonate buffers that maintain a  normal 
pH, and neutralize acids from food and those produced 
by cariogenic bacteria.63,64 Factors that reduce SFR also 
decrease the buffer capacity of saliva and increase the risk 
of caries. Indeed, patients with a low SFR had lower bicar-

Fig. 2. Influence of smoking on various properties of saliva
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bonate concentrations, and this relationship correlated 
with an increased prevalence of caries and cavities of non-
carious origin.36,41 In a study by Singh et al., the mean sali-
vary pH reached 6.30 ±0.36 in smokers and 7.10 ±0.24 in 
non-smokers.38 After measuring the salivary pH of smok-
ers, Saputri et al. found that 67.5% of them had pH < 6.7, 
for 32.5%, it ranged from 6.7 to 7.4, while pH > 7.4 was not 
recorded in any participant.37 Voelker et al. showed no as-
sociation between the nicotine levels in cigarettes and the 
pH of saliva.41 In both studies, a decrease was observed 
in the pH values along with lower values of SFR.37,41 Fur-
thermore, it was proven that the saliva buffering response 
as a consequence of drinking acidic carbonated beverages 
was 20% lower in smokers than in non-smokers42 (Tables 
S2–S4, available on request from the corresponding au-
thor).

Effect of smoking on the salivary mineral 
content 

Saliva contains a number of electrolytes, the final con-
tent of which is determined through a process that takes 
places at the level of  the striated ducts of  the salivary 
glands.65 Although there is little data on the relationship 
between oral health and ions present in saliva, the salivary 
electrolyte levels are determined by general health.66–72 
Calcium (Ca) and phosphorus (P) ions, in addition to par-
ticipating in the remineralization of  dental hard tissues 
(along with sodium (Na) and magnesium (Mg) ions), con-
tribute to plaque mineralization and tartar formation.73–76 
A  similar function is performed by fluorine (F), which 
binds to the amino groups in hydroxyapatite and replaces 
hydroxide ions to form fluorapatite, which is more re-
sistant to acids produced by bacteria and contained in 
food.77 A few authors attempted to determine the salivary 
electrolyte profile of smokers, with most studies indicat-
ing no effect or an insignificant decrease in the electrolyte 
content. Kolte et al. investigated the relationship between 
smoking and the salivary levels of Ca, Mg and P, and found 
decreased concentrations in the smoking group as com-
pared to non-smoking controls.66 Similarly, Sewón et al. 
revealed a  significantly decreased Ca content in the sa-
liva collected from 90 smokers.69 Changes in the salivary 
concentrations of Ca, Mg and phosphate ions, along with 
decreased plaque pH, may be responsible for impaired 
enamel mineralization, which facilitates tartar accumula-
tion in smokers. Other studies reported a decreased sali-
vary concentration of zinc (Zn), serving as a cofactor for 
superoxide dismutase (SOD).67,78 Superoxide dismutase is 
a vital component of the body’s antioxidant mechanisms 
responsible for catalyzing the dismutation reaction of su-
peroxide radicals to hydrogen peroxide and oxygen. Thus, 
a decrease in the salivary Zn concentration may partially 
explain reduced SOD activity and increased oxidative 
stress in smokers (Table S5, available on request from the 
corresponding author).

Effect of smoking on oral microflora 
composition 

Several studies demonstrated that smokers were less dil-
igent in their oral hygiene regime than non-smokers.79–81 
The level of  oral hygiene is determined by the number 
of caries-related bacteria, including variable streptococci 
and lactic acid bacteria, the levels of which can be mea-
sured in saliva.82–85

In a  study by Heintze, smokers had a  significantly 
higher number of  lactobacilli and Streptococcus mutans, 
considered major cariogenic bacteria.86 The count of lac-
tobacilli in saliva correlated positively with the number 
of cigarettes smoked per day, and about 40% of smokers 
had the count of S. mutans more than doubled as com-
pared to non-smokers.86 Saliva plays a critical role in pre-
venting bacteria from adhering to tissues. Low pH and 
flow rate of saliva, as well as its low buffer capacity, may 
additionally favor the development of  lactic acid bacilli. 
In addition, it was observed that smoking correlated with 
the number of commensal Candida albicans.87 The study 
indicated that smoking traditional cigarettes inhibited the 
growth of  Gram-positive cocci, which delay the coloni-
zation of carious bacteria, including the pioneer species 
of  Neisseria, and CS promoted the growth of  Gram-
negative microorganisms.88–90 On the other hand, Na-
konieczna-Rudnicka and Bachanek reported no signifi-
cant relationship between the number of S. mutans and 
lactobacilli in saliva and smoking duration or the number 
of cigarettes smoked per day.91

In the past, it was believed that the sugar content in 
cigarettes was the main contributor to the growth of car-
ies-related bacteria, and that the chemical compounds 
contained in cigarettes did not play a  substantial role. 
However, the current prevailing assumption is that nic-
otine stimulates the development of  cariogenic micro-
flora.82 Nicotine is responsible for an increased adhesion 
of planktonic bacteria to the tooth biofilm and its thick-
ening due to an  increase in the synthesis of  extracellu-
lar polysaccharides (EPS), glucosyltransferase (Gtf ) and 
glucan-binding protein (Gbp) at the mRNA and protein 
levels.92,93 The influence of nicotine on the activity of lac-
tate dehydrogenase (LDH) was also assessed.94 Lactate 
dehydrogenase is an enzyme that catalyzes the last step 
in the bacterial glycolytic pathway, converting pyruvate to 
lactate.95 Although nicotine does not directly affect LDH, 
it indirectly enhances its activity by increasing the total 
amount of bacteria.93 As such, more lactic acid may con-
tribute to the risk of caries (Table S6, available on request 
from the corresponding author).

Effect of smoking on the salivary immune 
response 

Saliva has a defensive function, since it contains several 
immunoglobulins (Ig) – IgA, IgG, IgM – and antioxidant 
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factors (lysozymes).96,97 Secretory IgA (SIgA) is the pre-
dominant immunoglobulin in salivary gland secretions,98 
and is the first line of the host defense against pathogens 
that colonize or attack the surfaces covered by external 
secretions.97,99,100 The primary function of SIgA is to limit 
microbial adherence and the penetration of foreign anti-
gens into the mucosa. Naturally occurring SIgA antibodies 
have been detected in saliva. Although the role of SIgA in 
the colonization and regulation of the native bacterial flo-
ra is still questionable, less abundant salivary IgG and IgM 
limit bacterial adherence to enamel and cheeks.97 The ef-
fect of smoking on the levels of salivary immunoglobulins 
has been widely documented,101–112 with most studies re-
porting a significant reduction in the SIgA content under 
the influence of smoking. In the work of Giuca et al., the 
concentrations of IgA, IgG and IgM antibodies decreased 
in smokers by 91%, 99% and 83%, respectively, as com-
pared to the non-smoking control group.104 On the other 
hand, Tarbiah et al.101 and Engström and Engström110 ob-
served an increased IgA antibody concentration in the sa-
liva of smokers.101,110 In contrast, Olayanju et al. revealed 
a decreased IgM content, with no effect on the amount 
of  IgA and IgG.108 Abnormal salivary immunoglobu-
lin levels may partially explain an  increased incidence 
of periodontal disease in smokers. Both the local irritant 
effects of tobacco smoke and exposure to nicotine and its 
metabolites can disrupt humoral immune mechanisms 
in the oral cavity. In smokers, there are abnormalities in 
the response to the antigens of  plaque bacteria, involv-
ing impaired chemotaxis, phagocytosis and neutraliza-
tion of bacterial enzymes and toxins.100,113 Of particular 
importance is a decrease in salivary IgG, involved in the 
activation of  the complement system and the removal 
of  Aggregatibacter actinomycetemcomitans, responsible 
for periodontitis progression.110

Nagler determined the salivary immunological profile 
in compulsive smokers and its potential correlation with 
the development of oral cancer.3 Biochemical and immu-
nological analyses showed a significant reduction in the 
IgG antibody level, as well as increased albumin content 
and activity of amylase, LDH, matrix metalloproteinase 2 
(MMP-2), and MMP-9 by 61%, 86%, 65%, 35%, and 55%, 
respectively. Matrix metalloproteinases are matrix-de-
grading enzymes secreted during the migration of epithe-
lial cells to the underlying connective tissue, with MMP-2 
and MMP-3 shown to play a  central role in oral cancer 
invasion and metastasis.3 Therefore, there is an  imbal-
ance between oral protective and procarcinogenic factors 
in smokers. Studies suggest an increased rate of epithelial 
cell exfoliation into the oral cavity, causing many com-
pounds to pass from serum into saliva through the com-
promised oral and gingival mucosa.111

Although the exact mechanisms of the influence of CS 
on the body are still unknown, adverse reactions to the 
cellular immune response are associated with exposure to 
aromatic compounds, heavy metals, nicotine, and other 

toxins.53,114 Indeed, long-term exposure to nicotine has 
been shown to suppress the cellular response through re-
duced antibody production, disrupted antigenic signaling 
in T lymphocytes and T cell anergy115 (Table S6, available 
on request from the corresponding author).

Effect of smoking on the salivary redox 
balance 

Cigarette smoke is a mixture of thousands of substances 
responsible for generating reactive oxygen species (ROS) 
and reactive nitrogen species (RNS), such as benzene, 
2-napthylamine, cadmium (Cd), and benzopyrene. Free 
radicals are highly reactive species that readily oxidize 
cellular biomolecules (i.e., lipids, proteins and nucleic ac-
ids).116,117 Situations in which antioxidant mechanisms are 
unable to cope with the neutralization of ROS/RNS lead 
to oxidative stress,118 which disrupts cell metabolism, and 
ultimately leads to cell death by apoptosis or necrosis.119 
Saliva is the first biological fluid whose antioxidant sys-
tems oppose the free radicals produced while smoking. 
Several studies have indicated that smoking affects the 
antioxidant barrier of saliva.44 Fujinami et al. showed that 
passive exposure to tobacco smoke resulted in a signifi-
cant reduction in the activity of salivary peroxidase (Px), 
catalase (CAT) and α-amylase.44 Interestingly, changes in 
salivary antioxidant enzymes were accompanied by histo-
logical changes within the salivary glands. After 30 days 
of  the experiment, the researchers observed an  increase 
in the interlobular duct area, part of the striated duct, and 
vacuolar degeneration in the entire CS-exposed parotid 
gland, as well as in the central part of the submandibular 
gland. The salivary glands are highly sensitive to oxidative 
cellular damage, and since oxidative stress is a key factor 
responsible for impaired secretory function of the salivary 
glands, hyposalivation in smokers may be caused by dis-
turbances in redox homeostasis.44 Nevertheless, this hy-
pothesis requires further investigation.

Depletion of  antioxidant enzymes has also been ob-
served in clinical trials, with many studies clearly show-
ing that cigarette smoking is accompanied by a decrease 
in the activity of SOD, CAT and Px (the latter by up to 
76%).44,120–126 Enzymatic antioxidants are the first line 
of  defense, preventing the reaction of  free radicals and 
their derivatives with salivary biomolecules. When the 
activity of  Px and CAT is reduced, intoxication with 
hydrogen peroxide in the oral cavity is significantly re-
duced.123–128 In the presence of transition metal ions, hy-
drogen peroxide initiates the Fenton and Haber–Weiss 
reactions, leading to the formation of a highly reactive hy-
droxyl radical (•OH).119 The reactive oxygen species gen-
erated during smoking are also responsible for a decrease 
in the concentrations of  reduced glutathione (GSH) 
(probably as a result of combining cysteine contained in 
GSH with aldehydes, which are components of  CS), as 
well as uric acid (UA) and LDH.129,130 Uric acid is the major 
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antioxidant of saliva, determining up to 70–80% of its an-
tioxidant capacity. Some other low-molecular-weight hy-
drophilic antioxidants, such as vitamin C, also play a key 
role in counteracting salivary oxidative stress. Smokers 
have significantly lower levels of  salivary vitamin  C.131 
The reason for the abovementioned phenomenon is mul-
tifactorial. Firstly, smokers consume less dietary antioxi-
dants and absorb them less efficiently than non-smokers. 
Secondly, the protective effect of  antioxidants is more 
rapidly worn down in smokers by continuous exposure 
to ROS.131 Therefore, it is not surprising that in people 
exposed to CS, a significant decrease in salivary total anti-
oxidant capacity (TAC) is observed.129,131–134

Salivary TAC characterizes the resultant ability of saliva 
to scavenge oxygen free radicals. It is well known that the 
evaluation of salivary TAC provides much more informa-
tion than the assessment of individual antioxidants sepa-
rately, as the synergistic effects of ROS scavengers are of-
ten observed.62 Bakhtiari et al. demonstrated a 29% drop 
in TAC in smokers as compared to the control group.131 
In another study, Nagler et al. showed that salivary TAC 
(the ImAnOx® assay) and SOD activity were decreased in 
smokers by 32% and 12%, respectively.3 A  consequence 
of a diminished antioxidant barrier is enhanced oxidation 
of  salivary lipids, proteins and nucleic acids. In a  study 
by Demirtaş et al., the concentration of malondialdehyde 
(MDA) in the saliva of smokers was significantly higher as 
compared to the control group and the group of passive 
smokers,135 which partially agreed with the results of oth-
er research groups. Evidence showed that salivary MDA 
has a  pathological role in multi-step oral carcinogen-
esis and cancer progression. Metgud and Bajaj observed 
a significant elevation in the salivary MDA levels, which 
progressed from a healthy control group, through a pre-
cancerous state, to individuals with squamous cell carci-
noma (SCC),136 while Nagler et al. showed higher salivary 
total protein carbonyls (by 126%) in the smoking group 
as compared to non-smokers.3 Reznick et al. also noted 
significantly increased carbonylation of salivary proteins 
in heavy smokers and non-smokers exposed to cigarette 
smoking one time.126

On the other hand, Kanehira  et  al.137 and Baharvar-
nd et al.122 reported increased SOD activity in the saliva 
of  cigarette smokers. It can be speculated that the en-
hancement of the salivary antioxidant barrier is an initial 
adaptive response to CS-induced ROS overproduction in 
novice smokers. With an increasing duration of smoking, 
the antioxidant reserves of  saliva may become depleted 
and the oxidative injury to saliva biomolecules increases. 
Further research is needed on the relationship between 
smoking duration, the number and type of  cigarettes 
smoked and salivary redox homeostasis.

Interestingly, CS-induced oxidative stress does not de-
crease after the oral administration of antioxidant com-
pounds, including a strong ROS-scavenger vitamin C.138 
Even after 4 weeks of vitamin C supplementation, smok-

ers did not achieve an increase in salivary TAC to the lev-
els observed in the control group.138 Azimi  et  al. inves-
tigated the effect of a 3-week consumption of green tea 
on the salivary antioxidant barrier in heavy smokers, oc-
casional smokers and non-smokers.139 At the beginning 
of the experiment, the antioxidant capacity of saliva dif-
fered between the 3 groups, reaching the highest values 
in the control group and the lowest in the heavy smokers 
group. After 7 days of green tea consumption, there was 
no significant difference between occasional smokers and 
non-smokers. Heavy smokers were characterized by a sig-
nificantly higher TAC as compared to the other 2 groups, 
with the same relationship occurring after 14 and 21 days 
of the study. The TAC level showed an upward trend dur-
ing the experiment, and the antioxidant capacity on the 
21st day of green tea drinking was significantly higher as 
compared to the measurement made at baseline. Nev-
ertheless, the TAC values in the smoking group did not 
come close to those in the control group. The beneficial 
effect of  green tea may be explained by a  high content 
of catechins, monomeric polyphenols that have a strong 
antioxidant effect, supporting ROS sweeping. Interest-
ingly, early studies showed that green tea catechins could 
be detected in saliva even after a vigorous rinsing of the 
mouth139 (Table S7, available on request from the corre-
sponding author).

Effect of smoking on the salivary 
inflammation 

Salivary redox homeostasis is inextricably linked to oral 
inflammation, with smoking shown to interfere with the 
synthesis and secretion of inflammatory mediators in sa-
liva. Cigarette smoke increases the release of  tumor ne-
crosis factor alpha (TNF-α), interleukins (IL) IL-1, IL-6 
and IL-8, and granulocyte–macrophage colony-stimu-
lating factor (GM-CSF).140,141 The main source of inflam-
mation in the mouth comes from activated macrophages, 
which contribute to the elimination of  bacteria and vi-
ruses through phagocytic and cytotoxic activity. Their 
activation results in increased production of proteolytic 
enzymes, cytokines, chemokines, growth factors, and 
oxygen free radicals.140 However, macrophages also show 
high reactivity to CS. In smokers, macrophages produce 
more TNF-α, IL-1 and IL-6 than in non-smokers.142 In 
addition to changes in macrophage morphology (e.g., cy-
toplasm thickening and its higher density), these cells also 
show higher CD14 expression, stronger inhibition of lym-
phocyte and NK (natural killer) proliferation, and less 
ability to phagocytose microorganisms. Cigarette smoke 
also changes the T helper (Th)1/Th2 cell ratio.143

Exposure to CS generally reduces the ability of the cir-
culating dendritic cells to present antigens to lympho-
cytes. Rahimi  et  al. found a  significant increase in the 
levels of interferon gamma (IFN-γ) and IL-2 in the saliva 
of  smokers as compared to non-smokers.144 Thus, CS 
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mainly affects the balance of cytokines produced by Th 
cells. Importantly, the concentrations of  these cytokines 
increased with smoking duration.144 Mokeem et al. dem-
onstrated significantly higher levels of pro-inflammatory 
IL-1β and IL-6 in the saliva of cigarette smokers.145 It is 
worth mentioning that IL-1β in saliva is associated with 
active smoking, regardless of  the number of  cigarettes 
smoked, in contrast to the level of  TNF-α, the concen-
tration of  which positively correlates with the number 
of  cigarettes smoked daily. In a  study by Nishida  et  al., 
the analysis of salivary cytokines in workers aged 18–62 
years showed that the mean level of  IL-1β in saliva was 
significantly higher in passive smokers (190 pg/mL) than 
in non-smokers (164 pg/mL); however, there was no dif-
ference between passive and active smokers (167 pg/
mL).146 Moreover, the levels of other biomarkers, such as 
prostaglandin E2 (PGE2), MMP-9, lactoferrin, albumin, 
and aspartate aminotransferase (AST), were significantly 
lower in active smokers.146

Nicotine, hydroquinone and carbon monoxide are the 
main toxins responsible for the immunosuppressive and 
pro-inflammatory effects of  CS. Nevertheless, nicotine 
can also reduce IL-6 production. Rodríguez-Rabassa et al. 
observed significant differences in the expression of sali-
vary interleukins (↑  IL-2, ↑  IL-4, ↓  IL-5, ↓  IL-10), adre-
nocorticotropic hormone (ACTH) (↑), insulin (↓), and 
leptin (↓) in smokers as compared to non-smokers.89 The 
effects of smoking on salivary cytokines and chemokines 
are extensively studied in relation to periodontitis. There 
are a few reports on the concentrations of salivary cyto-
kines in the context of smoking and the immune response 
of healthy participants. For example, in a study by Rath-
nayake et al., a group of healthy smokers showed a signifi-
cantly reduced salivary IL-8 concentration as compared 
to non-smoking controls.147 Based on these data, it can 
be concluded that smoking has the potential to suppress 
the host defense system and promote the progression 
of periodontal disease. The effect of smoking on salivary 
cytokines is likely to vary with regard to age, the charac-
teristics of the host defense system and periodontitis pro-
gression.147 Ageing is characterized by quantitative and 
qualitative changes in the immune system (i.e., increased 
levels of pro-inflammatory cytokines and decreased levels 
of anti-inflammatory cytokines). Unfortunately, the exact 
mechanisms through which tobacco smoke affects oral 
homeostasis have not yet been thoroughly investigated 
(Table S6, available on request from the corresponding 
author).

Effect of smoking electronic cigarettes on 
the salivary secretion and composition 

The effect of EC smoking on saliva remains unclear.148 
The first smokeless cigarette was patented by Herbert A. 
Gilbert in the state of Pennsylvania, USA, in 1967. How-
ever, the peak of EC popularity was in 2004, when Hon 

Lik, a Chinese pharmacist, modernized the original ver-
sion of ECs and started distributing them in his local mar-
ket.149 Undoubtedly, due to the short presence of ECs on 
the consumer market as compared to tobacco cigarettes, 
their long-term effects on human health cannot be deter-
mined. There are also scarce literature sources available 
on the effects of vaping on the secretion of saliva. There-
fore, further research is necessary to assess the impact 
of EC use.

Several publications have evaluated the salivary pH 
and flow rate in EC smokers. Lestari et al. investigated 
the direct effect of smoking ECs on SFR and the salivary 
pH, and their results clearly indicated a  significantly 
lower pH in EC smokers as compared to non-smokers, 
but no significant difference in the SFR levels between 
the 2 groups.150 However, the methodology of their ex-
periment did not include the collection of  saliva from 
traditional cigarette smokers and the comparison of the 
traditional smokers with the vaping group.150 This rela-
tionship was taken into account by Mokeem et al., whose 
results did not reveal any changes in the SFR values be-
tween the 3 study groups (EC smokers vs. traditional 
smokers vs. non-smokers).145

In research performed by Cichońska  et  al., pH was 
lower, and total protein, Ca and phosphate concentra-
tions were higher in EC users in than non-smokers.151 The 
saliva of EC users showed changes in its physicochemi-
cal composition as compared to traditional smokers and 
non-smokers, but significant differences were only ob-
served for the Ca concentration.151

An imbalance in oral microbiota was suggested in EC 
smokers.152,153 To measure the effect of  vaping on oral 
microbiota, a  team of researchers assigned around 100 
volunteers into one of the 3 groups – traditional smok-
ers (an average of half a pack a day), EC smokers (half 
an EC a day) and non-smokers.153 The first finding was 
that the rates of periodontal disease severity (periodon-
tal pocket depth (PPD) and bleeding on probing (BOP)) 
among EC smokers were significantly lower (42.5%) 
than in traditional smokers (72.5%), but were consider-
ably higher as compared to non-smokers (28.2%). The 
second conclusion was that EC smokers showed a dys-
biosis of oral microbiota comparable to that caused by 
traditional smoking. Their saliva was generally richer in 
bacteria as compared to non-smokers and showed the 
proliferation of  various species harmful to oral health. 
Furthermore, human cells exposed to the EC aerosol 
showed increased susceptibility to bacterial infections 
as compared to cells exposed to clean air. The results 
of  this study (conducted on humans (in vivo) and cells 
(in vitro)) confirm that vaporization disturbs the balance 
of oral microbiota and increases susceptibility to infec-
tions.153 Cichońska  et  al. investigated changes in the 
antibacterial properties of  the saliva of  EC smokers.154 
A  total of  120 subjects (40 EC smokers, 40 traditional 
smokers and 40 non-smokers) where recruited to the 
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experiment which included the assessment of the lyso-
zyme, lactoferrin and IgA content in saliva. The study 
revealed that EC users had lower salivary lysozyme and 
lactoferrin levels as compared to non-smokers, although 
no difference in the IgA antibody concentration was ob-
served between the 2 groups. The results clearly dem-
onstrated that ECs decrease the antimicrobial capacity 
of saliva. Nevertheless, in the group of tobacco cigarette 
smokers, all the studied parameters had lower values as 
compared to the EC group.154

The latest study by Cichońska et al. indicates that EC 
smokers exhibit a  salivary redox imbalance to the same 
extent as traditional cigarette smokers, expressed in 
a  lower TAC value in the saliva of EC smokers as com-
pared to non-smokers.155 Although the results indicated 
only a  slight effect on the salivary UA concentration in 
traditional cigarette smokers as compared to non-smok-
ers, the UA concentration in EC users was higher than 
in traditional cigarette smokers and non-smokers. Dis-
turbances in the salivary antioxidant potential may be 
closely related to an increased incidence of oral cancer in 
EC smokers, since oxygen free radicals can induce DNA 
damage, which can lead to neoplastic transformation.155

A study by Mokeem et al. suggested less harmful effects 
of  smoking ECs, with the whole saliva concentrations 
of the pro-inflammatory cytokines IL-1β and IL-6 being 
significantly higher in traditional smokers than in EC us-
ers and non-smokers.145 Interestingly, the interleukin lev-
els in EC smokers reached similar values to those of non-
smokers.145 On the other hand, Ye  et  al. found elevated 
levels of  the inflammatory marker PGE2 in traditional 
smokers as compared to EC users and the non-smoking 
group.156 In contrast, Singh et al.157 and Faridoun et al.158 
showed a significant increase in IL-1β in EC users. In ad-
dition, a  higher concentration of  transforming growth 
factor beta (TGF-β) was found in EC smokers.158 In can-
cers, TGF-β expression significantly increases with the in-
creasing tumor grade, suggesting a close relationship be-
tween this cytokine and malignant tumor changes. On the 
other hand, TGF-β is a cytokine released in inflammation 
and its level is increased in vitro by exposure to tobacco 
smoke. Notably, tumor development may be promoted 
by the altered TGF-β signaling pathway. Some previous 
studies reported increased levels of  TGF-β in growing 
tumors and highlighted the prognostic properties of this 
cytokine.159

In addition to ECs, there are also heat-not-burn prod-
ucts on the market, which are attracting interest, especial-
ly from young smokers. According to the manufacturers, 
heating rather than burning tobacco is supposed to ensure 
less bodily exposure (including the mouth) to the harmful 
components of CS. Unfortunately, only one study evalu-
ated salivary biomarkers in the smokers of heat-not-burn 
products. Mori  et  al. showed that using heat-not-burn 
products leads to a reduction in the secretion of unstimu-
lated saliva.160 They also found reduced concentrations 

of anti-inflammatory lactoferrin and lysozymes in smok-
ers’ saliva. These results suggest an adverse effect of heat-
ing tobacco on oral immune defense.160

Despite studies reporting decreased concentrations 
of serum antioxidants in EC users (↓ UA, ↓ carotenoids 
(including lutein), and ↓ α- and β-carotene) or increased 
levels of lipid peroxidation biomarkers in blood (↑ MDA), 
there is no similar data available in the context of saliva.161 
Therefore, it is difficult to determine whether traditional 
smoking has different effects on the oral cavity than ECs 
or heat-not-burn products, making further research in 
this area necessary (Tables S2, S4–S7, available on request 
from the corresponding author).

Limitations and the next steps 

To our knowledge, this study is the first systematic lit-
erature review comparing the effects of traditional ciga-
rettes, ECs and heat-not-burn products on selected sa-
liva biomarkers. Unfortunately, the study protocol was 
not registered, and due to the high heterogeneity of  the 
studies, we could not use advanced statistical methods to 
analyze the data, which would have increased the qual-
ity of the conclusions drawn. The inclusion and exclusion 
criteria were not precisely specified in all studies, and the 
sample size was not set a priori. Also, standardized saliva 
sample collection and processing procedures were not 
used in the analyzed studies. In addition, a variety of bio-
chemical methods were used to assess the salivary analyte 
concentrations, making an objective data comparison dif-
ficult. It should also be noted that individual quantitative/
qualitative changes in the saliva of  smokers, in addition 
to the effect of tobacco smoke, may be due to other fac-
tors, such as concurrent alcohol dependence, concurrent 
periodontal disease, the use of  prosthetic restorations, 
and poor oral hygiene, which may contribute to the de-
velopment of  the pathologies discussed. Similarly, the 
innate/hereditary predispositions of  smokers may influ-
ence the occurrence of pathologies in saliva in response 
to the aforementioned stimuli. Therefore, future experi-
ments should include randomized clinical trials on larger 
populations of smokers. With regard to oral and general 
health, long-term observations are essential. To date, the 
diagnostic usefulness of  saliva for assessing exposure to 
CS has only been assessed for selected biomarkers, which 
also indicates the need for further research.

Conclusions
Smoking has been a substantial public health problem 

for years, and numerous studies have demonstrated that 
smoking tobacco causes damage to almost every organ 
of the body, including significant impairment of the func-
tions of the oral cavity. The exposure of the oral cavity to 
tobacco smoke may result in reduced saliva secretion and 
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pH, as well as decreased immune and antioxidant salivary 
defense. Smoking impairs the antimicrobial properties 
of saliva, and increases susceptibility to caries and oxida-
tive damage caused by the overproduction of oxygen free 
radicals, which is reflected in the quantitative and qualita-
tive composition of saliva.

Some salivary biomarkers can be used to assess expo-
sure to tobacco, including SFR, salivary pH, microbiome, 
and cytokines. In addition, salivary biomarkers can help 
assess the development of caries, the progression of peri-
odontal disease, oral candidiasis, and oral cancer. Howev-
er, the standardization of saliva sampling and processing 
procedures is required, as well as the development of the 
reference values for all salivary biomarkers.

E-cigarettes, supposedly less harmful than tobacco 
ones, were intended to replace the latter, and their popu-
larity is still growing. Unfortunately, since they have only 
been available for a relatively short period, most of their 
short- and long-term effects are still unknown. Several 
publications report that, similar to traditional cigarettes, 
ECs may reduce the salivary pH or increase the levels 
of pro-inflammatory markers in saliva. This paper is the 
first systematic literature review comparing the effects 
of traditional cigarettes, ECs and heat-not-burn products 
on selected salivary biomarkers. However, there is a lack 
of  convincing evidence to compare the toxic influence 
of traditional and electronic cigarettes on salivary homeo-
stasis, with only individual salivary biomarkers in tradi-
tional and EC smokers assessed so far. Further research is 
necessary to fill the knowledge gap on the effects of ECs 
on the oral cavity. Future experiments should include ran-
domized clinical trials on larger populations of smokers. 
With regard to oral health, long-term observations are es-
sential. Furthermore, it is necessary to inform the public 
about the potential adverse effects of smoking in order to 
raise awareness of possible oral health consequences.
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