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Abstract

revealed important changes at the cellular level.

Oral nicotine pouches are the latest products in the tobacco industry. They are manufactured by large tobacco
companies and entice tobacco or nicotine addicts, although the products are presented as a ‘harmless choice!
Nevertheless, dentists and oral health specialists worry about oral mucosal changes due to product interactions
with the oral mucosa. Unfortunately, there are no case reports of oral mucosal changes from nicotine pouches
that are also investigated histopathologically. The aim of the present study was to visually and histopathologically
investigate oral mucosal changes in nicotine pouch users. An online retrospective survey regarding medical

and dental health, dietary habits, and tobacco consumption habits was conducted (n=50). Respondents were
selected for further intraoral and histopathological investigation based on the inclusion criteria. All five respondents
had oral lesions that were histopathologically analyzed. Visually, the lesions varied in form and intensity, but all
appeared white at the location where the pouches were placed. Histopathological analyses revealed parakeratosis
with acanthotic epithelium, intraepithelial and connective tissue oedema, and chronic inflammatory infiltration
with lymphocytes and macrophages. Participants received information about nicotine cessation and oral health
recommendations. In conclusion, nicotine pouches significantly impacted oral mucosa with white lesions that
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Introduction

Nicotine addiction is one of the most common addic-
tions worldwide, including in the United States, accord-
ing to the results of the 2021 National Survey on Drug
Use and Health [1]. Currently, cigarettes are still the most
popular product used, but depending on the age group,
the use of tobacco and nicotine products is changing,
and other forms of tobacco or nicotine are being used.
Nicotine vaping is the most popular among young adults

*Correspondence:

Sintija Miluna-Meldere

sintijamiluna@gmail.com

'Department of Prosthetic Dentistry, Riga Stradins University, Riga, Latvia
“Department of Biology and Microbiology, Riga Stradins University, Riga,
Latvia

*Department of Pathology, Riga Stradins University, Riga, Latvia

M BMC

(18-25-year-olds), but its use decreases with increasing
age [2, 3]. Conventional cigarettes, on the other hand, are
used at the same frequency as other tobacco products,
such as nicotine pouches, smokeless tobacco, and cigars
[4, 5]. People are increasingly choosing odourless and
smokeless products such as nicotine pouches, which can
be used without social restrictions; for example, in school
classes, during training, indoors [6]. As mentioned in the
study by Tattan-Birch and colleagues, the use of nicotine
pouches has increased in recent years, especially among
young males who were recent cigarette users and who
used other nicotine products [7].

Oral nicotine pouches are the latest products in the
tobacco industry; they are manufactured by large tobacco
companies and entice tobacco or nicotine users [6]. Nic-
otine pouches look similar to Swedish snus—both are
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manufactured in small sachets with different flavours and
placed under the lip [8, 9]. The difference is that nicotine
pouches do not contain tobacco, whereas Swedish snus
does [10, 11]. Therefore, the sale of nicotine pouches
in the European Union is legal, but the sale of Swedish
snus is illegal and allowed only in Sweden [12]. Currently,
some European countries have already banned nicotine
pouches due to the high levels of nicotine [13] (Parlia-
mentary question - E-002498/2023). In contrast, in the
Baltic states, especially in Latvia, distributors of nicotine
pouches are opening new markets and advertising alter-
natives to cigarettes with fewer health problems [14].
Therefore, these products are becoming more accessible
and popular in society. Sales of oral nicotine pouches
have increased since 2016 in the United States, and sales
rose even more during the COVID-19 pandemic in 2019
and 2020 [15].

Interestingly, there is an association between nicotine
products and increased willingness to use them, with
fewer perceived harmful effects, based on the manufac-
turer’s label “This product contains tobacco-free nicotine
(TEN)..” that is placed on the package. Moreover, this
“warning” plays an important role in use among young
individuals because it raises “awareness” [16]. The aver-
age nicotine level of conventional cigarettes is approxi-
mately 6-12 mg per cigarette, depending on the brand
[17]. Nicotine levels in nicotine pouches range from 1.79
to 47.5 mg per pouch [18], resulting in the use of 3-10 or
more pouches per day, which can lead to enormous levels
of daily nicotine intake [19]. Disposable e-cigarettes con-
tain 39 to 48 mg of nicotine in one pod [20].

Tobacco-free nicotine products are suggested as a
smoking cessation strategy in some countries, but as the
nicotine product is still highly addictive, new addictions
develop with local oral changes as a side effect [8]. More-
over, a study among United States physicians concluded
that 40% of professionals do not have any information
about nicotine pouches, and 22% of physicians advised
patients to use nicotine pouches as an alternative to
smoking but did not mention knowing about any risks or
any other future harms that could affect the oral mucosa
[21, 22]. Therefore, dentists should be the first special-
ists to inspect the oral mucosa for possible changes and
inform patients about potential harmful effects on oral
health [3].

Nicotine pouches are prone to cause not only local
toxicological responses but also systemic responses,
according to studies of oral epithelial cells and bronchial
epithelial cells. As nicotine pouches are available with
different flavours, the greatest cell response was observed
for spearmint- or tobacco-flavoured nicotine pouches
[23]. These flavours are the most popular among nico-
tine pouch users [24]. Moreover, manufacturers include
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synthetic coolants that reduce sensory irritancy resulting
from product usage and increase appeal [25].

Increased use of smokeless tobacco is associated with
the development of oral leukoplakia and head and neck
cancer [26]. Currently, there are no studies about nico-
tine pouches and oral cancer, possibly because nicotine
pouches are relatively new products on the market. Based
on the available studies, local oral lesions are observed
when the product is used regularly [27]. Both nicotine
and tobacco flavourings have cytotoxic effects on oral
mucosal cells [2, 28]. A previous study indicated that
smokeless tobacco users have a 2-fold greater prevalence
of oral cell dysplasia [29]. Increased micronuclei, fre-
quency of binucleated cells, karyolysis, and karyorrhexis
were observed in smokeless tobacco users [30]. More-
over, parakeratosis, dyskeratosis, and hyperkeratosis were
also detected in smokeless tobacco users [31].

As mentioned above, there are many research papers
about smokeless tobacco’s harmful effects on the oral
cavity, but there is no histopathological evidence about
oral changes due to nicotine pouch usage. Therefore, the
aim of the present study was to visually and histopatho-
logically investigate the oral mucosa of nicotine pouch
users.

Materials and methods

Research ethics

This study was approved by the Ethics Committee of Riga
Stradins University (No. 22/28.01.2016). All participants
signed informed consent forms and consented to the
collection of biological material, the photographing and
publishing of images of their oral cavities, and the publi-
cation of this study. This study adhered to the guidelines
of the Declaration of Helsinki.

Respondent inclusion

An online retrospective survey regarding medical and
dental health, dietary habits, and tobacco consumption
habits was conducted and published in the university
student council group from August 2022 to April 2023
(n=50). Based on the answers from the questionnaire,
respondents were selected for further investigation based
on the following inclusion criteria: 18—35 years of age; no
systemic diseases or medical conditions; no daily medica-
tion intake or systemic antibiotics for at least 1 year [32];
not pregnant [33]; no periodontitis; daily use of nicotine
pouches/smokeless tobacco for at least 2 years; and no
use of other forms of tobacco/nicotine products.

Oral examination and sample collection for
histopathological examination

Respondents who met the inclusion criteria (n=7) then
underwent an oral cavity examination, which consisted
of status dentalis, oral cancer examination [34], and
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basic periodontal examination [35]. This was performed
by two independent examiners, certified dentists with
a dental practice in Riga. Respondents with basic peri-
odontal examination scores of 3 or 4 were excluded from
this study (n=2). If oral mucosal changes were present,
the changes were photographed (Canon, EOS 80D, Oita,
Japan), and samples of the mucosal tissue were collected.

Infiltration anesthesia was induced with 40 mg/ml of
Septanest forte with adrenaline 1/100,000 (Septodent,
Saint-Maur-des-Fosses Cedex, France). Soft tissue exci-
sion (5 mm in diameter, 3 mm thick) was then performed
with a sterile scalpel, and tissue samples were placed in
Eppendorf tubes (5.0 ml, Sigma-Aldrich, Darmstadt,
Germany) with formaldehyde solution at a ratio of 1:15.
The samples were stained with hematoxylin and eosin
and examined under a microscope (at 40x, 100x, and
600x magnification).

Instructions on preventive oral care after the biopsy
were provided to the respondents. Additionally, partici-
pants received information about nicotine cessation in
their native language [36] at two points: after the clinical
examination and after the results of the histopathological
examination.

Results
Five nicotine pouch users met the inclusion criteria.
Each respondent’s tobacco history, intraoral examination
description, and histopathological analysis are described
further.

Respondent No. 1

History

Male, 28 years old. This individual brushed his teeth
twice a day but did not floss. He used dental mouthwash
and interdental brushes. Additionally, he used nicotine

Fig. 1 White lesion in the right buccal area and vestibulum of the upper
lip. Intraoral photograph of Respondent No. 1

Page 3 of 10

pouches for over 7 years, consuming 5-10 sachets daily
with each sachet containing 10.9 mg of nicotine.

Intraoral examination

The individual had good oral hygiene. White lesions
of varying densities were found above teeth d12-d15,
beneath the upper lip, in the vestibulum. The most con-
centrated white lesions were observed on the buccal
mucosa (see Fig. 1). The lesion felt dense upon palpation.
Oral hygiene was moderate, with teeth exhibiting large
fillings, caries, and discoloration.

Histopathological examination

Parakeratosis was observed (Fig. 2a). There was slight
disruption in epithelial polarity, with moderate inflam-
matory infiltration in the subepithelial zone. Mucosal
oedema and significantly expanded capillaries were noted
(Fig. 2b). Additionally, the individual exhibited expanded
capillaries with individual neutrophils (Fig. 2c).

Respondent No. 2

History

Male, 27 years old. This individual brushes his teeth twice
a day but does not floss or use dental mouthwash or
interdental brushes. He has been using nicotine pouches
for the past 4 years, having previously used smokeless
tobacco. Approximately 10 pouches are used daily, each
containing 10 mg of nicotine. Previously, he used snus
with 17.6 mg of nicotine per sachet. Each pouch is used
for 60 min or more and is placed under the upper lip in
the vestibulum, alternating between sides from d13 to
d23.

Intraoral examination

White leathery lesions were found above teeth d12-d22
on the gingiva and frenulum (Fig. 3). Line-like white
lesions were observed under the right side of the lip and
above teeth d13-d11 (Fig. 4). These lesions appeared thin
and were not palpable. Oral hygiene was moderate, with
evidence of gingival bleeding and calculus, but no active
caries were detected.

Histopathological examination

A fragmented biopsy revealed hyperplastic multilayer flat
epithelial fragments of the oral mucosa with underlying
subepithelial fibrous stroma (Fig. 5a). Mucosal epithelial
regeneration was evident, with slight disruption in epi-
thelial polarization. Minimal inflammatory changes were
noted in the subepithelial zone, along with parakeratosis
(Fig. 5b). Additionally, individual capillaries with perivas-
cular lymphocytes and macrophages were observed in
the subepithelial zone, with swollen capillary endothe-
lium (Fig. 5¢).
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Fig. 3 White leathery lesions on the gingiva and oral tissue above teeth
d12-d22, the frenulum and lip

Fig. 4 White line-like lesions under the right area of the lip, above teeth
d13-d11
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Respondent no. 3

History

Male, 32 years old. This individual brushes his teeth twice
a day and uses dental floss and interdental brushes. He
has used nicotine pouches for 5 years, consuming 5-7
sachets per day. Each sachet is used for 30 min and is
placed under the upper lip in the central area above the
frenulum.

Intraoral examination

Visible white linear lesions were observed above tooth
d21, near the frenulum (Fig. 6). Oral hygiene was good,
and there were no signs of caries or gingival bleeding.

Histopathological examination

There was an increase in mucosal and submucosal thick-
ness. The multilayered flat epithelium exhibited acan-
thotic thickening with interconnected acanthotic growth
(Fig. 7a). Alterations were noted in the mucous mem-
branes, with intraepithelial lymphocytes and relatively
dense chronic inflammatory infiltration observed in the
subepithelial zone (Fig. 7b). Moderate intraepithelial
oedema and oedema in the connective tissue were also
observed. Lymphoid infiltrates with a nodular appear-
ance were present (Fig. 7¢).

Respondent no.4

History

Male, 27 years old. This individual brushed his teeth once
a day and did not floss or use mouthwash. He used nico-
tine pouches for 5 years, each sachet containing 20 mg of
nicotine; prior to that, he used smokeless tobacco for 7
years, with each sachet containing 17.6 mg of nicotine.
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Fig. 5 Histopathological features of the oral lesions of Respondent No. 2. (H&E, original magnification 40x (A); 100x (B); 600x (C))

Fig. 6 White linear lesions above tooth d21, near the frenulum

He used ten sachets per day, placing them under the
upper lip near the frenulum.

Intraoral examination

A white homogeneous lesion was observed above teeth
d11-d21, with the densest lesion noted on the frenulum
(Fig. 8). Oral hygiene was poor, characterized by plaque
accumulation on the teeth, gingival bleeding, and active
caries.

Histopathological examination

The individual exhibited mucosal lesions characterized
by acanthotic thickening of multiple flat epithelia and
areas of low mucosa with inflammation (Fig. 9a). Subepi-
thelial infiltration showed a dense collection of lymphoid
elements. Submucosal and intraepithelial oedema indi-
cated a dense capillary network (Fig. 9b). Visible intraepi-
thelial oedema and stretched intercellular bridges of the
multilayered flat epithelium were observed (Fig. 9¢).

Fig. 7 Histopathological features of oral lesions in Respondent No. 3. (H&E, original magnification 40x (A); 100x (B); 600x (C))
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Fig. 8 White homogenous lesions in the frenulum area

Respondent No. 5

History

Male, 28 years old. This individual brushes his teeth twice
a day but does not floss or use mouthwash or interdental
brushes. Dental visits are irregular. He has used smoke-
less tobacco for over 5 years, consuming approximately
10 sachets per day. Sachets are consistently placed under
the upper lip in the central area and used for 30—45 min
each.

Intraoral examination

White linear lesions were observed above teeth d13-d23
on the frontal gingival tissue and vestibulum (Fig. 10).
The lesions were not palpable. Oral hygiene was moder-
ate, with no active caries detected.
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Fig. 10 White linear lesions above teeth d13-d23

Histopathological examination

The submucosa exhibited marked acanthotic mucosal
thickening (Fig. 11a). Dense chronic inflammatory infil-
tration, primarily composed of lymphocytes, accom-
panied by a dense capillary network, was observed
(Fig. 11b). The epithelium showed maintained polar-
ity and differentiation. Intraepithelial oedema was also
noted (Fig. 11c¢).

Discussion

Our research provides insight not only into the usage
habits of nicotine pouch users but also offers a visualiza-
tion of oral mucosal changes and histopathological analy-
sis of the lesions, revealing both macro- and microscopic
examinations.

As seen above, oral mucosal changes tend to occur at
the same location where sachets are placed. Although
lesions differ in size, pattern, and thickness, they com-
monly appear white. If the sachets are placed closer to
soft moving tissue, e.g., the frenulum, lesions tend to
look like white lines. In other cases, lesions appear more

Fig. 9 Histopathological features of the oral lesions of Respondent No. 4. (H&E, original magnification 40x (A); 100x (B); 600x (C))
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Fig. 11 Histopathological features of oral lesions of Respondent No. 5 (H&E, original magnification 40x (A); 100x (B); 600x (C))

cloud-like with varying intensities. Some lesions are
wrinkled. Similar oral findings were detected by Miiller
[37]. Oral mucosal changes from smokeless tobacco have
been well documented [38—40]. This study was the first
to detect oral mucosal changes from nicotine pouches.
Therefore, due to the lack of similar studies, our results
could be compared to studies on smokeless tobacco-
induced mucosal changes.

The results indicated that the epithelium was acan-
thotic with mutually anastomosing acanthotic growths.
These results are similar to other studies, although more
specific to smokeless tobacco than to nicotine pouches
[37]. Subepithelial dense chronic inflammatory infiltra-
tion with lymphocytes and macrophages was detected in
the samples from our respondents. Lymphoid infiltrates
with crush effects were also observed. Intraepithelial and
connective tissue oedema and a swollen capillary endo-
thelium were detected. Similarities were found with the
study by Woo, where similar lesions were categorized as
reactive, chemical-induced contact lesions [41].

Parakeratosis with acanthosis is a histopathological fea-
ture of leukoplakia [42]. However, dysplasia was revealed
in 5-25% of leukoplakia biopsy samples [43]. Leukoplakia
is a clinical diagnosis, but a biopsy is needed for a defini-
tive diagnosis [44]. According to the World Health Orga-
nization, oral epithelial dysplasia is associated with an
increased risk of progression to squamous cell carcinoma
[45]. During the COVID-19 pandemic, although there
was a significant delay in the diagnosis of oral squamous
cell carcinoma, inpatient services for treating this condi-
tion were not disrupted [46, 47]. Women are at greater
risk for oral cancer from smokeless tobacco use than men
[48], but as seen from our and other studies, smokeless

tobacco is preferred by men. Research has shown that if
a healthy individual stops using smokeless tobacco, oral
lesions can resolve within 6 weeks to 6 months [49, 50]. If
the lesion does not resolve, a biopsy is strongly indicated
[37]. If the lesion changes in appearance, lesion removal
and regular observation of the mucosa may be necessary
[51]. Currently, there is no evidence that lesions vanish
after the cessation of nicotine pouch use, but this topic
should be investigated in the future.

Based on the results from respondents’ survey, a transi-
tion from snus to nicotine pouches was observed in two
respondents due to easier purchase availability, which
was possible after 2019 when nicotine pouches entered
the market [52]. In contrast, other respondents used only
nicotine pouches; according to the survey, they started
to use nicotine pouches when they first appeared on the
market in the United States. Although the survey of the
respondents was concise, the possible involvement of
human factors cannot be ruled out because some of the
respondents used other tobacco products occasionally
(e.g., at gatherings), which could affect oral changes.

Although some respondents used nicotine pouches or
snus for only 5 years, oral mucosal changes were already
visually detected. Nevertheless, we could not defini-
tively detect when the lesion occurred due to ethical rea-
sons, but within 5 years, changes in cellular levels were
detected. In other research, when respondents switched
from snus to nicotine pouches, oral lesions disappeared.
These findings should be interpreted with caution
because this was a very short-term investigation (only 6
weeks), and the authors of that research had connections
with nicotine pouch manufacturers [53]. Moreover, sev-
eral studies on nicotine pouches have been funded by the



Miluna-Meldere et al. Diagnostic Pathology (2024) 19:127

tobacco industry, leading to doubts about the reliability
of these studies [54, 55].

One of the exclusion criteria in the survey was multiple
product usage every day, e.g., e-cigarettes and snus. It
was challenging to find respondents who used only one
product, possibly due to the fact that flavored tobacco
products increase interest in using multiple products
simultaneously [56]. Nicotine pouch flavorings are harm-
ful to the periodontal innate immune system [57]. Fla-
vorings themselves can increase addiction, e.g., users of
tobacco products with menthol flavoring have greater
nicotine dependency than users of other flavorings [58].
This is a concerning fact not only for nicotine pouch
users but also for e-cigarette users, where the choice of
flavors is large, and advertising is strong [59].

It is well known that “heavy smokers” are those who
smoke more than 25 cigarettes a day, but “light smok-
ers” are those who smoke fewer than 25 cigarettes a day
[60]. Although there was no categorization for snus or
nicotine pouch users, based on the answers of respon-
dents, we decided that if respondents used more than
10 sachets/pouches per day, they were categorized as
“heavy sachet users’, but those who used fewer than 10
sachets/pouches were categorized as “light sachet users”.
Therefore, 3 respondents were “heavy sachet users’, but 2
respondents were “light sachet users”.

Nicotine pouch manufacturers recommend using one
pouch for approximately 30 min [61]; however, based
on the answers from the survey, respondents tended to
exceed this time, even using the sachets for 1 h or more.
The consequences and effects of prolonged use could be
investigated in future research, supplementing research
on nicotine pouches.

Typically, one snus or nicotine pouch container con-
sists of 20—-24 portions, depending on the manufacturer
[62]. The content of nicotine in one sachet varies. More-
over, respondents usually tend to switch products with
different nicotine contents during use; therefore, nicotine
intake in the bloodstream changes. The nicotine content
of sachets varies from 6 mg per sachet to even 20 mg per
sachet. Moreover, nicotine absorption through sachets
depends on the pH of the sachet. The greater the pH, the
greater the ability of nicotine to be absorbed through the
oral mucosa [63, 64]. Therefore, if the pH of sachets is
near pH 10, nicotine can be transformed into almost 99%
freebase nicotine, which is more bioavailable and can
cross the oral mucosa faster and more rapidly, increas-
ing the amount of nicotine in the bloodstream [65]. Some
users believe that smokeless tobacco is less harmful than
cigarettes because it is smoke-free [66]. However, if a
smoker of conventional cigarettes absorbs approximately
0.5-1.6 mg of nicotine per cigarette [67], then the major-
ity of nicotine, which is more than 80%, is released within
20 min [68]; therefore, this negates the assumption that
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nicotine sachets are less harmful yet are very addictive
[69].

Limitations of the study include a small sample size and
the retrospective nature of the survey. Given this infor-
mation, it would be compelling to conduct a study with
a larger cohort of respondents. This study could classify
participants based on the duration of nicotine pouch
consumption and the type of oral lesions observed. Such
a study could provide deeper insights into the correlation
between long-term nicotine pouch use and specific oral
health outcomes.

Conclusions

Nicotine pouches caused changes in the oral mucosa,
presenting as white homogeneous lesions typically
located at the sites where the pouches were placed. His-
topathological analyses revealed parakeratosis with acan-
thotic epithelium, intraepithelial and connective tissue
edema, and chronic inflammatory infiltration with lym-
phocytes and macrophages.

Acknowledgements
Not applicable.

Author contributions

Conceptualization, Sintija Miluna-Meldere; Formal analysis, Sarlote Vanka;
Investigation, Sintija Miluna-Meldere, Maris Sperga and Dagnija Rostoka;
Methodology, Sintija Miluna-Meldere and Dagnija Rostoka; Project
administration, Sarlote Vanka; Supervision, Ingus Skadins, Juta Kroica and
Dagnija Rostoka; Writing — original draft, Sintija Miluna-Meldere; Writing —
review & editing, Ingus Skadins, Juta Kroica and Dagnija Rostoka. All authors
reviewed the manuscript.

Funding
This research received no external funding.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethical approval
This study was approved by the Ethics Committee of Riga Stradins University
(No.22/28.01.2016).

Informed consent

Informed consent was obtained from all subjects involved in the study.
Written informed consent has been obtained from the patients to publish this
paper.

Competing interests
The authors declare no competing interests.

Received: 3 August 2024 / Accepted: 6 September 2024
Published online: 19 September 2024

References

1. Substance Abuse and Mental Health Services Administration. Key substance
use and mental health indicators in the United States: results from the 2021
national survey on drug use and health. Rockville, MD: Substance Abuse and
Mental Health Services Administration; 2022. HHS Publication No. PEP22-07-
01-005, NSDUH Series H-57.



Miluna-Meldere et al. Diagnostic Pathology

20.

21

22.

23.

24,

25,

26.

(2024) 19:127

Amaral AL, Lwaleed BA, Andrade SA. Electronic nicotine delivery systems
(ENDS): a strategy for smoking cessation or a new risk factor for oral health?
Evid Based Dent. 2023;24:188-9.

Amaral AL, da Costa Andrade PA, Lwaleed BA, et al. Impacts of smoking on
oral health—what is the role of the dental team in smoking cessation? Evid
Based Dent. 2023;24:186-7.

Amaral AL, da Costa Andrade PA, Lwaleed BA, et al. Tobacco dependence:

a comprehensive guide to prevention and treatment. Evid Based Dent.
2023;24:150.

Birdsey J, Cornelius M, Jamal A, Park-Lee E, Cooper MR, Wang J, et al. Tobacco
product use among U.S. middle and high school students - national youth
tobacco survey. MMWR Morb Mortal Wkly Rep. 2020;72:1173-82.

Robichaud MO, Seidenberg AB, Byron MJ. Tobacco companies introduce
‘tobacco-free’ nicotine pouches. Tob Control. 2020;29-6.

Tattan-Birch H, Jackson SE, Dockrell M, Brown J. Tobacco-free nicotine pouch
use in Great Britain: a representative population survey 2020-2021. Nicotine
Tob Res. 2022,24:1509-12.

U.S. Food & Drug Administration. Smokeless tobacco products, including dip,
snuff, snus, and chewing tobacco. https://www.fda.gov/tobacco-products/p
roducts-ingredients-components/smokeless-tobacco-products-including-di
p-snuff-snus-and-chewing-tobacco [Accessed 2024 Jun 19].

Jackson JM, Weke A, Holliday R. Nicotine pouches: a review for the dental
team. Br Dent J. 2023;235:643-6.

Nordic Spirit. Swedish snus vs nicotine pouches. https://nordicspirit.co.uk/blo
g/swedish-snus-vs-nicotine-pouches [Accessed 2024 Jun 19].

European Commission. Lack of EU regulation of nicotine pouches and a
nicotine-addicted generation. https://www.europarl.europa.eu/doceo/docu
ment/E-9-2023-002498_EN.html [Accessed 2024 Jun 19].

Peeters S, Gilmore AB. Transnational tobacco company interests in smokeless
tobacco in Europe: analysis of internal industry documents and contempo-
rary industry materials. PLoS Med. 2013;10.

European Parliament. Lack of EU regulation of nicotine pouches and a
nicotine-addicted generation. https://www.europarl.europa.eu/doceo/docu
ment/E-9-2023-002498_EN.html [Accessed 2024 Jun 19].

WHITECHEW. Kas ir nikotina maisini? 2024. https://whitechew.com/Iv/pages/
kas-ir-nikotina-maisini [Accessed 2024 Jun 19].

Marynak KL, Jackson SL, King BA. Nicotine pouch unit sales in the US,
2016-2020. JAMA. 2021;326:566-8.

Morean ME, Gueorguieva R, O'Malley S, Krishnan-Sarin S. Including the term
‘tobacco-free nicotine'in the nicotine addiction warning label mandated by
the US Food and Drug Administration alters risk perceptions and use inten-
tions. Tob Control. 2024. https://doi.org/10.1136/tc-2023-058133 [Accessed
2024 Jun 19].

Taghavi S, et al. Nicotine content of domestic cigarettes, imported cigarettes
and pipe tobacco in Iran. Addict Health. 2012;4:28-35.

Mallock N et al. Levels of nicotine and tobacco-specific nitrosamines in oral
nicotine pouches. Tob Control. https://doi.org/10.1136/tc-2022-057280
[Accessed 2024 Jun 19].

Campbell C et al. Designing studies to inform tobacco harm reduction:
learnings from an oral nicotine pouch actual use pilot study. JMIR Form Res.
2022:6.

Prochaska JJ, Vogel EA, Benowitz N. Nicotine delivery and cigarette equiva-
lents from vaping a JUULpod. Tob Control. 2022;31-93.

Hrywna M, Bover-Manderski MT, Wackowski OA, Steinberg MB, Delnevo CD.
US physicians'self-reported discussions about tobacco-free nicotine pouches
during clinical encounters with patients in 2021. JAMA Netw Open. 2023;6.
Azzopardi D, Liu C, Murphy J. Chemical characterization of tobacco-free
modern oral nicotine pouches and their position on the toxicant and risk
continuums. Drug Chem Toxicol. 2022,45:2246-54.

Shaikh SB, et al. Flavor classification/categorization and differential toxicity
of oral nicotine pouches (ONPs) in oral gingival epithelial cells and bronchial
epithelial cells. Toxics. 2022;10:660.

Dowd AN et al. A cross-sectional survey on oral nicotine pouches: character-
izing use-motives, topography, dependence levels, and adverse events. Nico-
tine Tob Res. 2023;ntad179. https://doi.org/10.1093/ntr/ntad179 [Accessed
2024 Jun 19].

Jabba SV et al. Synthetic cooling agent in oral nicotine pouch products
marketed as ‘flavour-ban approved: Tob Control. https://doi.org/10.1136/tc-2
023-058035 [Accessed 2024 Jun 19].

Pedroso CM, et al. Pan-american prevalence of smokeless tobacco use and
association with oral potentially malignant disorders and head and neck

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Page 9 of 10

cancer: a systematic review and meta-analysis. Oral Surg Oral Med Oral Pathol
Oral Radiol. 2023;136:322-32.

Rinaldi S, et al. Oral nicotine pouches with an aftertaste? Part 2: in vitro toxic-
ity in human gingival fibroblasts. Arch Toxicol. 2023;97:2343-56.

Hua M, et al. Identification of cytotoxic flavor chemicals in top-selling elec-
tronic cigarette refill fluids. Sci Rep. 2019,9:2782.

Samatha'Y, et al. Clinicopathologic evaluation of lesions associated with
tobacco usage. J Contemp Dent Pract. 2014;15:466-72.

De Geus JL, Wambier L, Loguercio AD, Reis A. The smokeless tobacco habit
and DNA damage: a systematic review and meta-analysis. Med Oral Patol
Oral Cir Bucal. 2019;24:55.

Dagli AF, et al. Cytological and cytomorphometric characteristics of

buccal mucosa cells from smokeless tobacco users. Diagn Cytopathol.
2017;45:976-82.

Kopra E, et al. Systemic antibiotics influence periodontal parameters and
oral microbiota, but not serological markers. Front Cell Infect Microbiol.
2021;11:774665.

Ramos ESM, Martins NR, Kroumpouzos G. Oral and vulvovaginal changes in
pregnancy. Clin Dermatol. 2016;34:353-8.

Neville BW, Day TA. Oral cancer and precancerous lesions. CA Cancer J Clin.
2002;52:195-215.

British Society of Periodontology. Basic periodontal examination (BPE). http
s://www.bsperio.org.uk/assets/downloads/BSP_BPE_Guidelines_2019.pdf
[Accessed 2024 Jun 19].

Smoking and Nicotine Cessation Brochure. https://esparveselibu.lv/sites/
default/files/inline-files/Rokasgramata-arstiem-smekesanas-atmesanai.pdf
[Accessed 2024 Jun 19].

Muller S. Frictional keratosis, contact keratosis and smokeless tobacco kera-
tosis: features of reactive white lesions of the oral mucosa. Head Neck Pathol.
2011;13:16-24.

Greer RO. Oral manifestations of smokeless tobacco use. Otolaryngol Clin
North Am. 2019;44:31-56.

Ramasamy J, Sivapathasundharam B. A study on oral mucosal changes
among tobacco users. J Oral Maxillofac Pathol. 2021,25:4707.

Kopperud SE, Ansteinsson V, Mdala I, Becher R, Valen H. Oral lesions
associated with daily use of snus, a moist smokeless tobacco product. A
cross-sectional study among Norwegian adolescents. Acta Odontol Scand.
2023;81:473-8.

Woo SB. Oral epithelial dysplasia and premalignancy. Head Neck Pathol.
2019;13:423-39.

Shirani S, Kargahi N, Razavi SM, Homayoni SE. Epithelial dysplasia in oral cav-
ity. Iran J Med Sci. 2014;39:406-17.

Jain A, Chandurkar KP, Umale V, Srivastava R. Dysplasia in oral cavity: a review.
Int J Adv Health Sci. 2014;1:12-9.

McKinney R, Olmo H. Physical and Chemical Lesions of the oral mucosa.
StatPearls Publishing; 2024.

Reibel J, Gale N, Hille J. In: EI-Naggar AK, Chan JKC, Grandis JR, Takata T, Sloot-
weg PJ, editors. WHO classification of Tumours of the Head and Neck. Lyon:
IARC; 2017.

Pulcini R, D’Agostino S, Dolci M, Bissioli A, Caporaso L, larussi F. The impact of
COVID-19 on oral Cancer diagnosis: a systematic review. J Multidiscip Appl
Nat Sci. 2022,2(2):65-9. https://doi.org/10.47352/jmans.2774-3047.110.

Lo Giudice G, Colella G, Boschetti CE, Colella C, Tartaro G, Cirillo N. Increased
delay in diagnosis, but not treatment, among patients with oral cancer
during the COVID-19 pandemic. JAMA Otolaryngol Head Neck Surg.
2023;149(1):91-2. https//doi.org/10.1001/jamaot0.2022.36.

Mu G, et al. Association between smokeless tobacco use and oral cavity
cancer risk in women compared with men: a systematic review and meta-
analysis. BMC Cancer. 2021;21:960.

Martin GC, Brown JP, Eifler CW, Houston GD. Oral leukoplakia status six weeks
after cessation of smokeless tobacco use. J Am Dent Assoc. 1999;130:945-54.
Binmadi N, et al. Oral lesions associated with smokeless tobacco users

in Saudi Arabia: single center cross-sectional study. Saudi Dent J.
2022;34:114-20.

NHS. Oral epithelial dysplasia. https://mft.nhs.uk/app/uploads/sites/3/2018/0
9/UDH-89.pdf [accessed 2024 Jun 19].

Tobacco Tactics. Nicotine pouches. https://tobaccotactics.org/article/nicotin
e-pouches/ [accessed 2024 Jun 19].

Alizadehgharib S, Lehrkinder A, Alshabeeb A, Ostberg AK, Lingstrém P. The
effect of a non-tobacco-based nicotine pouch on mucosal lesions caused by
Swedish smokeless tobacco (snus). Eur J Oral Sci. 2022;130.


https://www.fda.gov/tobacco-products/products-ingredients-components/smokeless-tobacco-products-including-dip-snuff-snus-and-chewing-tobacco
https://www.fda.gov/tobacco-products/products-ingredients-components/smokeless-tobacco-products-including-dip-snuff-snus-and-chewing-tobacco
https://www.fda.gov/tobacco-products/products-ingredients-components/smokeless-tobacco-products-including-dip-snuff-snus-and-chewing-tobacco
https://nordicspirit.co.uk/blog/swedish-snus-vs-nicotine-pouches
https://nordicspirit.co.uk/blog/swedish-snus-vs-nicotine-pouches
https://www.europarl.europa.eu/doceo/document/E-9-2023-002498_EN.html
https://www.europarl.europa.eu/doceo/document/E-9-2023-002498_EN.html
https://www.europarl.europa.eu/doceo/document/E-9-2023-002498_EN.html
https://www.europarl.europa.eu/doceo/document/E-9-2023-002498_EN.html
https://whitechew.com/lv/pages/kas-ir-nikotina-maisini
https://whitechew.com/lv/pages/kas-ir-nikotina-maisini
https://doi.org/10.1136/tc-2023-058133
https://doi.org/10.1136/tc-2022-057280
https://doi.org/10.1093/ntr/ntad179
https://doi.org/10.1136/tc-2023-058035
https://doi.org/10.1136/tc-2023-058035
https://www.bsperio.org.uk/assets/downloads/BSP_BPE_Guidelines_2019.pdf
https://www.bsperio.org.uk/assets/downloads/BSP_BPE_Guidelines_2019.pdf
https://esparveselibu.lv/sites/default/files/inline-files/Rokasgramata-arstiem-smekesanas-atmesanai.pdf
https://esparveselibu.lv/sites/default/files/inline-files/Rokasgramata-arstiem-smekesanas-atmesanai.pdf
https://doi.org/10.47352/jmans.2774-3047.110
https://doi.org/10.1001/jamaoto.2022.36
https://mft.nhs.uk/app/uploads/sites/3/2018/09/UDH-89.pdf
https://mft.nhs.uk/app/uploads/sites/3/2018/09/UDH-89.pdf
https://tobaccotactics.org/article/nicotine-pouches/
https://tobaccotactics.org/article/nicotine-pouches/

Miluna-Meldere et al. Diagnostic Pathology

54.

55.

56.

57.

58.

59.

60.
61.

62.

(2024) 19:127

McEwan M, et al. A randomised study to investigate the nicotine pharma-
cokinetics of oral nicotine pouches and a combustible cigarette. Eur J Drug
Metab Pharmacokinet. 2022,47:211-21.

Chapman F, et al. A randomised, open-label, cross-over clinical study to
evaluate the pharmacokinetic, pharmacodynamic and safety and tolerability
profiles of tobacco-free oral nicotine pouches relative to cigarettes. Psycho-
pharmacology. 2022;239:2931-43.

Mantey DS, Omega-Njemnobi O, Montgomery L. Flavored tobacco use

is associated with dual and poly tobacco use among adolescents. Addict
Behav. 2019;93:269-73.

Ye D, Rahman |. Emerging oral nicotine products and periodontal diseases.
Int J Dent. 2023;9437475.

Cwalina SN, Majmundar A, Unger JB, Barrington-Trimis JL, Pentz MA. Adoles-
cent menthol cigarette use and risk of nicotine dependence: findings from
the national population assessment on tobacco and health (PATH) study.
Drug Alcohol Depend. 2020;206:107715.

Ling PM, Hrywna M, Talbot EM, Lewis MJ. Tobacco-derived nicotine pouch
brands and marketing messages on internet and traditional media: content
analysis. JMIR Form Res. 2023;7.

Wilson D, Wakefield M, Owen N, Roberts L. Characteristics of heavy smokers.
Prev Med. 1992,21:311-9.

VELO Nicotine pouch online shop. https://www.velo.com/Iv/Iv/ [accessed
2024 Jun 19].

Snusdirect.eu online shop. Available from: https.//www.snusdirect.eu/zyn?g
ad_source=1gclid=CjOKCQiAy9msBhDOARISANbkOA9GTKBAOUOI4YunT21Q

63.

64.

65.

66.

67.

68.

69.

Page 10 of 10

YTtIDIMMOOWKpiN2f0144b4rG024pl4bgwYaAtkrEALw_wcB [accessed 2024
Jun 19].

Schievelbein H, Eberhardt R, Loschenkohl K, Rahlfs V, Bedall FK. Absorption of
nicotine through the oral mucosa. I. Measurement of nicotine concentration
in the blood after application of nicotine and total particulate matter. Agents
Actions. 1973;3:254-8.

Trybek G, et al. The effect of nicotine on oral health. Balt J Health Phys Act.
2018;10:7-13.

Stanfill S, et al. Characterization of total and unprotonated (free) nicotine
content of nicotine pouch products. Nicotine Tob Res. 2021;23:1590-6.

Solhi M, et al. The reasons for using smokeless tobacco: a review. Iran J Public
Health. 2021;50:492-501.

Calafat AM, et al. Determination of tar, nicotine, and carbon monoxide yields
in the mainstream smoke of selected international cigarettes. Tob Control.
2004;13:45-51.

Bundesinstitut fur Risikobewertung. Health Risk Assessment of Nicotine
pouches: updated BfR Opinion No. 023/2022 of 7 October 2022. BfR-Stellung-
nahmen; 2022.

Kim K, Picciotto MR. Nicotine addiction: more than just dopamine. Curr Opin
Neurobiol. 2023;83:102797.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.velo.com/lv/lv/
https://www.snusdirect.eu/zyn?gad_source=1gclid=Cj0KCQiAy9msBhD0ARIsANbk0A9oTKBdOU0l4YunT21QYTtIDtMmO0WKpiN2f0144b4rG024pl4bqwYaAtkrEALw_wcB
https://www.snusdirect.eu/zyn?gad_source=1gclid=Cj0KCQiAy9msBhD0ARIsANbk0A9oTKBdOU0l4YunT21QYTtIDtMmO0WKpiN2f0144b4rG024pl4bqwYaAtkrEALw_wcB
https://www.snusdirect.eu/zyn?gad_source=1gclid=Cj0KCQiAy9msBhD0ARIsANbk0A9oTKBdOU0l4YunT21QYTtIDtMmO0WKpiN2f0144b4rG024pl4bqwYaAtkrEALw_wcB

	﻿Oral mucosal changes caused by nicotine pouches: case series
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Research ethics
	﻿Respondent inclusion
	﻿Oral examination and sample collection for histopathological examination

	﻿Results
	﻿Respondent No. 1
	﻿History
	﻿Intraoral examination
	﻿Histopathological examination


	﻿Respondent No. 2


