
Beyond smoking: Risk assessment of nicotine in pouches

Hauke Reimann a,*, Matthias Berger b, Elisabeth Eckert a, Katja Merches a, Frederik Börnke a

a Bavarian Health and Food Safety Authority, Eggenreuther Weg 43, Erlangen 91058, Germany
b Bavarian Health and Food Safety Authority, Veterinärstraße 2, Oberschleißheim 85764, Germany

A R T I C L E  I N F O

Keywords:
Nicotine
Pouches
Risk assessment
Heart rate
Health damage

A B S T R A C T

Orally consumed nicotine pouches that contain no tobacco are marketed as a less harmful alternative to tobacco 
products. This study aims to assess nicotine in pouches and potential risks for health damage. 31 samples of 
nicotine pouches were collected and analyzed. The median nicotine uptake from single pouches was calculated to 
be 65 µg/kg bw. Consumption of more than one pouch per day would lead to a strikingly higher nicotine dose 
over the day. Health effects after nicotine exposure are, among others, cardiovascular effects. An acute reference 
dose (ARfD) of 0.8 µg/kg bw was proposed for risk assessment purposes based on an observed increased heart 
rate in a human study after acute nicotine uptake. The ARfD was exceeded by at least 20-fold, even when 
considering the consumption of a single pouch with the lowest detected nicotine level. With higher nicotine 
contents in pouches or with an increasing number of pouches per day, vast ARfD exceedances are possible. 
Therefore, a clinically relevant elevation of heart rate is very likely to occur in consumers after acute con
sumption of nicotine pouches.

1. Introduction

Smoking tobacco products is a leading threat to public health due to 
addictive properties and associations with various diseases like cancer 
and cardiovascular dysfunction [1]. Tobacco-free nicotine-containing 
cessation products may have the potential to help people stop or reduce 
smoking.

Nicotine pouches are flavored sachets containing crystalline nico
tine, various salts, and cellulose. For application, these pouches are 
usually placed between lips and gum [2]. With respect to the application 
method and the containing nicotine doses, pouches are similar to 
Swedish snus products, which are also pouches but contain tobacco 
leaves. By using pouches, nicotine is released after contact with saliva in 
the oral cavity. As nicotine pouches are tobacco-free and are not com
busted, they are often considered to pose a lower health risk compared 
to traditional tobacco-products [3-5]. Regarding the users of nicotine 
pouches several surveys investigated consumer behavior revealing that 
only a minority of users (20–30 % of total participants) indicate the 
lower health risk of these products as primary motivation for their use 
[6]. Additionally, several current users were indeed non-smokers or 
even never-smokers [7]. Hence, while nicotine pouches may hold 
promise as harm reduction tools, they might instead pose an extra health 
risk at least for some consumers.

While snus products are prohibited within the European Union (EU) 
except in Sweden, the legal status of nicotine pouches varies signifi
cantly ranging from a complete ban to their unrestricted availability for 
adult consumers in some countries [8]. In Germany, there is no dedi
cated legislation governing the regulation of nicotine pouches at pre
sent. Since the ingredients of nicotine pouches (nicotine, flavorings, and 
sweetener) are ultimately orally ingested by humans, these products are 
currently classified as food by the federal state authorities in Germany. 
Food, however, must not cause any sort of detrimental effects on human 
health according to the general food law (Regulation (EC) No. 
178/2002). Therefore, in contrast to other products for 
smoking-cessation often regulated as medicinal products, a risk-benefit 
assessment is not considered for nicotine pouches.

Hence, the question arises regarding the potential health risks asso
ciated with the consumption of nicotine pouches. Thus, in the present 
study a risk assessment of nicotine pouches with respect to the general 
food law is presented based on an appropriate health-based guidance 
value after evaluation of its relevance. For this purpose, various 
commercially available nicotine pouches in Germany were analyzed for 
their nicotine content as a basis for a reliable estimation of the nicotine 
exposure of consumers using different consumption scenarios.
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2. Materials and methods

2.1. Nicotine pouches

From 2019–2023, 31 different nicotine pouches were commercially 
purchased in various parts of Bavaria as part of the official food control 
procedure. These samples were then analyzed at the Bavarian Health 
and Food Safety Authority for their nicotine levels. Although these 
samples reflect available products for consumers in Bavaria, analyzed 
samples may not necessarily be considered as representative for the 
whole marked of nicotine pouches in Germany. Product labeling was 
checked for information on nicotine content, GHS pictograms, or spe
cific warnings for certain demographic groups, like children or pregnant 
women.

2.2. Nicotine analytics

The analysis of nicotine in pouches was done using gas chromatog
raphy analysis with flame-ionization detection (GC-FID, Agilent 6890 N; 
liquid injection). Briefly, 0.38–1.27 g of the content of each pouch 
sample was mixed with 20 ml of water, 40 ml of n-hexane (containing 
0.5 mg/ml heptadecane as an internal standard), and 10 ml of an 
aqueous sodium hydroxide solution (32 %). Following continuous stir
ring of the alkaline solution for 1 hour, the organic phase was separated. 
Each sample was extracted in duplicate. After filtration of the organic 
phase with a 0.45 µm membrane filter, an aliquot of 1 µl (each extraction 
two-fold) was injected into the GC-FID system (carrier gas: helium 5.0, 
inlet: split: 1:20, 250 ◦C, oven temperature program: 140 ◦C for 5 min, 
then with 20 ◦C/minutes to 210 ◦C, hold till 33.5 min, constant pressure: 
0.53 bar, detector: gases hydrogen (40 ml/min) and air (450 ml/min) 
with make-up gas nitrogen (45 ml/min), 280 ◦C) for analysis. For gas 
chromatographic separation and quantification purposes, a GC column 
with a nonpolar phenyl-methyl-polysiloxane stationary phase (HP 5, 
30 m x 0.32 mm x 0.25 µm, Agilent, Waldbronn, Germany) was used, 
and for confirmation purposes, a second GC-FID with another GC col
umn (DB Wax, 30 m x 0.32 mm x 1 µm) was performed using the 
following parameters: carrier gas: helium, 5.0, inlet: split 1:40, 240 ◦C, 
oven temperature program: 150 ◦C for 2 min, then with 4.375 ◦C/mi
nutes to 220 ◦C, hold till 36.0 min, constant pressure: 0.56 bar, detector: 
gases hydrogen (40 ml/min) and air (450 ml/min) with make-up gas 
nitrogen (45 ml/min), 240 ◦C. For calibration, six calibration standards 
in the range of 0.026 mg nicotine/ml to 1.056 mg nicotine/ml were 
prepared in n-hexane, each containing 0.5 mg heptadecane/ml. Quality 
control material was prepared by spiking tobaccos (naturally containing 
0.48 g nicotine/100 g or 0.65 g nicotine/100 g) with nicotine at con
centration levels of 2.6–2.8 g/100 g. The recovery rates were 
95.6–103.7 %. At least one quality control sample was analyzed during 

each analytical series. The coefficient of correlation of the linear cali
bration curve was found to be ≥ 0.999. The limit of detection and limit 
of quantification were determined to be 0.0056 g nicotine/100 g and 
0.0184 g nicotine/100 g, respectively.

2.3. Statistical analysis

All data evaluation, calculation of metrics and confidence intervals 
were conducted using Microsoft Excel 2016. Results of nicotine analytics 
were presented as means of duplicates.

3. Results and discussion

3.1. Toxicology of nicotine

3.1.1. Hazard identification and dose description for nicotine
Nicotine is a major alkaloid of tobacco (Nicotiana tabacum) that 

contains nicotine levels of 2–8 % of the plant. It has formerly also been 
used as an insecticide in the EU until 2010 as nicotine acts as an agonist 
on acetylcholine receptors of insects leading to neurotoxicity. A similar 
mechanism in humans and other mammals is considered responsible for 
many of the observed toxic effects like the symptoms occurring after 
severe poisonings: convulsions, tremors and disturbances of coordina
tion and autonomic functions [9,10].

The European Chemicals Agency’s Committee for Risk Assessment 
derived an acute toxicity estimate (ATE) for the classification of 
nicotine-containing mixtures of 5 mg/kg bw as a point estimate that was 
also used in a report of the European Commission to explain health risks 
caused by accidental ingestion of nicotine-containing cartridges by 
children [9,11].

Based on this ATE, the Bundesinstitut für Risikobewertung (BfR, 
German Federal Institute for Risk Assessment) derived a maximal 
amount for nicotine pouches of 16.7 mg/g, at which the product was still 
classifiable as acute toxicity hazard category 3 (highly toxic with a 
median lethal dose (LD50) in animals of 50–300 mg/kg bw) when the 
Classification, Labelling and Packaging of substances and mixtures 
(CLP) scheme is applied [2]. Thus, a correct labeling would require a 
pictogram with an exclamation mark instead of a skull in cases of 
nicotine levels above 16.7 mg/g pouch. However, this approach of the 
German BfR is not equivalent to an informed toxicological assessment 
with respect to consumer health and should not be misinterpreted as 
such, as the CLP regulation is not suitable for food or products for oral 
use like nicotine pouches.

A toxicological risk assessment of nicotine-containing products for 
oral use classified as food requires the derivation of a health-based 
guidance value for nicotine. This was already done by the European 
Food Safety Authority (EFSA), who used a human intervention study: 16 
healthy volunteers, who were regular smokers, received single intrave
nous infusions of nicotine in doses ranging from 3.5 to 28 µg/kg bw [12]. 
The lowest dose of 3.5 µg/kg bw was identified as the lowest observed 
adverse effect level (LOAEL) based on a slight transient increase in the 
heart rate of approximately 4 beats per minute for 20 minutes [13]. 
Considering the oral human bioavailability of nicotine of 44 % of the 
applied dose and by application of an toxicological assessment factor of 
10 for intraspecies variability, an acute reference dose (ARfD) of 
0.8 µg/kg bw was derived by the EFSA in 2009 [10,13]. It was noted that 
in the critical study a 4–8-fold higher dose than the identified LOAEL 
already led to an elevation of the mean heart rate by approximately 
10–14 beats per minute [12].

A more recent study investigating effects after use of nicotine 
pouches by healthy snus-experienced adults for 60 minutes (supposedly 
resulting in similar systemic nicotine levels as in the study by Lindgren 
et al. [12]) observed an increase in the heart rate of some volunteers up 
to 22 beats per minute, while other volunteers in this study experienced 
only minor changes in heart rates, demonstrating a distinct interindi
vidual variability, while only minor dose-dependent differences were 

Nomenclatures

ARfD Acute reference dose
ATE Acute toxicity estimate
BfR Federal Institute for Risk Assessment (Bundesinstitut für 

Risikobewertung)
CLP Classification, Labelling and Packaging of substances 

and mixtures
EFSA European Food Safety Authority
EU European Union
GC-FID Gas chromatography analysis with flame-ionization 

detection
GHS Globally Harmonized System
LD50 Median lethal dose
LOAEL Lowest observed adverse effect level
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observed, suggesting a saturation of the receptor mediated nicotine ef
fect [14]. For another study with active smokers, nicotine pouches at 
concentrations of (measured) 4.8, 16.3 and 27.1 mg nicotine were used 
for 20 min. Although a time- and dose-dependent increase in heart rate 
was monitored, no significance was reached except for one time point at 
the highest dose while significance could not be observed either after 
consumption of additionally investigated tobacco cigarettes [15]. In 
another study with young, occasional smokers receiving 
tobacco-containing chewing bags containing 8.8 mg nicotine, an in
crease in heart rate and blood pressure was observed that was similar to 
the observed effects after consumption of traditional cigarettes [16]. 
Similar effects were also observed after snus consumption or cessation 
products like nicotine gums with 4 mg nicotine [17-20].

Altogether, the available data demonstrate a strong association be
tween nicotine uptake and an increased heart rate – regardless of the 
application form. As an appropriate health based guidance value for this 
effect, the ARfD value for nicotine intake set by the EFSA can be used.

3.1.2. Relevance of an increased heart rate for human health
While there is strong evidence for the association between nicotine 

exposure and cardiovascular effects, the question of the clinical rele
vance of these effects is not yet fully answered. Based on the observed 
maximum increase in heart rate of 22.5 beats per minute after con
sumption of a pouch containing 6 mg nicotine, a transient tachycardia 
(heart rate > 100 beats per minute) may manifest in some individuals 
[14,21]. As a heart rate elevation was observed even in healthy adults 
with a history of snus consumption, even more prominent elevation 
rates may result for sensitive and unexperienced persons following 
nicotine uptake. This in in line with known side effects of oral nicotine 
cessation products like palpitations or arrhythmia (beside various 
gastro-intestinal side effects or headache and dizziness) observed in a 
randomized control trial [22]. An analysis of 12 randomized controlled 
trials found an increased risk for heart palpitations and chest pains 
(Odds ratio: 2.06, 95 % CI: 1.51–2.82) in association with nicotine 
replacement therapy (mostly patches and gums), although no significant 
differences were observed for serious adverse events. However, no 
dose-response association can be derived based on these data [23]. Se
vere effects of poisonings like tremor, convulsions or disturbances of 
coordination, known e.g. from the misuse of nicotine patches or animal 
experiments, were so far, to the best of our knowledge, not associated 
with nicotine uptake by the use of nicotine pouches.

Although long-term studies regarding nicotine pouches consumption 
are not yet available, the possible consequences of a continuously 
increased heart rate are well established: Clinical studies have shown 
that an elevated resting heart rate is a risk factor for heart failure in 
patients with heart disease [24,25]. But even for healthy individuals, 
several comprehensive meta-analyses came to the conclusion that the 
relative extra risk for cardiovascular disease and mortality is elevated by 
9–17 % per 10 beats per minute increase of the resting heart rate 
[26-28]. It has been shown in numerous further epidemiological studies 
that a persistent elevation of the heart rate is associated with cardio
vascular mortality and morbidity [29]. As a consequence, an increased 
heart rate (resting values > 80 bpm) is an established factor that in
fluences cardiovascular risk in patients with hypertension [30]. Similar 
adverse effects are known after consumption of nicotine-containing to
bacco products:

Due to the use of snus for an extended period of time, at least in 
Sweden, studies on snus provide valuable insights into the health con
sequences of long-term oral nicotine exposure. A recent analysis of eight 
Swedish cohort studies showed hazard ratios above 1 for all-cause 
mortality and deaths due to cardiovascular diseases (hazard ratios of 
1.28 (95 % CI: 1.16–1.41) and 1.44 (95 % CI: 1.23–1.69), respectively) 
even after consumption of low amounts of snus, which was defined as <
4 cans/week, compared to never-users of tobacco [31]. This is in line 
with former studies on snus users demonstrating increased mortality 
amongst consumers compared to non-users [32,33]. However, other 

studies focusing on the incidence of specific diseases among snus users 
did not observe a significant association between snus consumption and 
stroke or atrial fibrillation incidents [34,35]. Only for snus users 
consuming high amounts of snus with ≥ 7 cans/week, a slightly 
increased hazard ratio for acute myocardial infarction was observed, 
however not of statistical significance [36]. A more recent cohort study 
on snus users, in contrast, did not find an association with myocardial 
infarction, heart failure, atrial fibrillation or CVD mortality after 
adjustment for confounders like smoking. However, there was a statis
tically significant increased risk of total and ischemic stroke in snus 
users, who did not smoke [37].

It is difficult to assess, if and to what extent the observed effects of 
long-term snus consumption are mainly caused by the chronic nicotine 
uptake or other ingredients. However, the observed effects are well in 
line with the known health consequences of a persistent elevated heart 
rate. Smoking is also a known major risk factor for cardiovascular dis
eases, but the regular smokers are exposed to a higher variety of toxic 
substances in comparison to consumers of nicotine pouches [38]. The 
mode of action of nicotine exposure regarding its impact on vascular 
function has already been described: a dysfunction is caused by nicotine 
via various mechanisms leading to vascular remodeling and changes in 
the structure and function of blood vessels observed in animals, which 
might thus contribute to the development of cardiovascular diseases 
[39]. There is evidence that arterial stiffness is altered after usage of 
nicotine pouches indicating vascular effects of nicotine [15].

However, further studies are needed to allow for a more precise 
estimation of the long-term-effects of a chronic nicotine exposure from 
pouches, particularly with respect to the cardiovascular system.

3.1.3. Other health-related effects related to nicotine uptake
A systematic review of available studies addressing effects on preg

nancy after consumption of non-combustible tobacco and nicotine 
products showed that smoke-free products likely pose a lower risk for 
health damage during pregnancy than smoking [40]. However, a reli
able quantification of these effects was not feasible mainly due to the 
variety of existing confounding factors. For the severe toxicological 
endpoint of stillbirth, results from a cohort study indicate an increased 
risk for smokers or snus consumers compared to non-smokers [41]. 
Given the known association of nicotine intake and developmental 
toxicity, it appears plausible that the contained nicotine in these prod
ucts is at least partially responsible for the observed effect. Therefore, 
nicotine consumption during pregnancy poses a risk to the unborn child 
and should be avoided.

In addition, an association between nicotine intake and diabetes is 
often discussed, but the derivation of threshold levels is difficult [42]. 
Meta-analysis of five cohort studies investigating snus consumption 
revealed an increased incidence of type 2 diabetes after intake of ≥ 7 
cans per week, but no significant effects were observed after mild to 
moderate snus consumption up to 4 cans/week [43]. Possibly, the for
mation of type 2 diabetes is a less sensitive effect of nicotine compared to 
its effects on the cardiovascular system.

A major health problem with regard to nicotine is its high addiction 
potential. Though, threshold levels for nicotine addiction are not yet 
established. The reduction of nicotine levels in cigarettes during a 
clinical trial led to a decrease in addiction among users [44]. It may 
therefore be assumed that nicotine in pouches may also lead to addiction 
issues for users.

In conclusion, the use of the ARfD of 0.8 µg/kg bw and day as 
threshold dose based on the endpoint heart rate elevation is a suitable 
available quantitative approach to assess the risk from nicotine uptake. 
It refers to the most sensitive endpoint of nicotine uptake and is thus 
supposedly protective for other adverse health effects of nicotine, too. 
The ARfD has already been used for the risk description of nicotine in 
various food matrices during several assessments performed by the EFSA 
[45-47].
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3.2. Estimation of exposure to nicotine from pouches

Overall, 31 nicotine pouches were analyzed in the present study with 
a median pouch weight of 0.55 g per pouch ranging from 0.38 to 0.85 g 
per pouch. Nicotine content was labeled on 48 % of the products only 
and ranged from 2.58 to 36.9 mg per pouch (Table 1). Analysis of the 
nicotine content in pouches showed a median nicotine level of 1.6 g/ 
100 g (range: 0.46–7.86 g/100 g), corresponding to a median nicotine 
level of 9.04 mg (mean: 13.80 mg/pouch, 95 % CI: 8.74–18–87 mg/ 
pouch per pouch) with high variability ranging from 2.20 to 56.00 mg 
per pouch. Regarding the 15 samples with labeled nicotine content, we 
usually analyzed lower nicotine levels in the pouches with median de
viation of 14.7 % compared to labeled levels (cf. Table 1). Similar 
nicotine contents were found in another study with 44 pouches [48].

84 % of the samples showed nicotine levels of less than 20 mg per 
pouch (Fig. 1). All samples but one were labeled with an appropriate 
warning for children and 15 samples provided additional warnings for 
pregnant women. 19 samples depicted the Globally Harmonized System 
(GHS)-pictogram GHS07 (exclamation mark) and 8 samples depicted 
GHS06 (skull); one sample had both pictograms.

Based on a study investigating nicotine concentration in the blood 
plasma of volunteers following pouch consumption (exposure time of 
60 minutes), bioavailability of nicotine pouch consumption was iden
tified as to range between 50 % and 60 % of the total nicotine content 
[2,14]. In another study, a nicotine extraction rate after 60 minutes of 
application was determined to be 62 % of total nicotine content [49]. As 

in reality shorter durations of consumption may appear, a recent study 
investigated nicotine extraction after 20 minutes of consumption and 
found independent of nicotine levels rates of 24–52 % of total nicotine 
content [15]. Thus, in the present exposure assessment, an extraction 
rate of 50 % of total nicotine content was applied for estimating the oral 
nicotine uptake dose as a conservative, but still realistic approach 

Table 1 
Overview of the investigated nicotine pouches. Labeled information (nicotine content, warning labels and recommendations on intake, if available) as well as results of 
nicotine analytics were depicted and, in case of nicotine levels, compared with each other. GHS - Globally Harmonized System. GHS symbol 06: skull, GHS symbol 07: 
exclamation mark.

No. Pouch 
weight 
[g]

Labeled 
nicotine

Nicotine/ 
pouch 
according 
to label 
[mg]

Detected 
nicotine 
[g/100 g]

Uncertainty 
(± g/100 g)

Detected 
nicotine/ 
pouch 
[mg]

Difference 
between 
labeled and 
detected 
nicotine/ 
pouch [mg]

Relative 
difference 
labeled/ 
detected 
nicotine/ 
pouch [%]

Warning 
for 
children 
(C) or 
pregnant 
women (P)

GHS 
pictogram

Recommended 
intake

1 0.49 - - 1.80 0.13 9.0 - - C 07 ​
2 0.73 16 mg/g 11.7 1.63 0.12 11.9 − 0.2 2 C 07 ​
3 0.49 24 mg/g 11.8 2.38 0.17 11.7 0.1 1 C 07 ​
4 0.54 22.5 mg/ 

g
12.2 1.52 0.12 8.2 4 33 C, P 07 ​

5 0.58 24 mg/g 13.9 1.57 0.12 9.1 4.8 35 C 07 ​
6 0.4 1.5 % 6 1.42 0.11 5.7 0.3 5 C - ​
7 0.69 - - 0.46 0.04 3.2 - - C 07 ​
8 0.57 15 mg/g 8.6 1.04 0.08 5.9 2.7 31 C, P 07 ​
9 0.49 18 mg/g 8.8 1.34 0.1 6.6 2.2 25 C 07 ​
10 0.52 50 mg/g 26 3.45 0.23 17.9 8.1 31 C 07 ​
11 0.71 - - 1.46 0.11 10.4 - - C 07 ​
12 0.55 - - 1.79 0.13 9.8 - - C 07 ​
13 0.85 1.6 % 13.6 1.58 0.12 13.4 0.2 1 C - ​
14 0.83 1.2 % 10 1.16 0.09 9.6 0.4 4 C - ​
15 0.59 10 mg/ 

pouch
10 1.45 0.11 8.6 1.4 14 C 07 20 min

16 0.76 - - 7.37 1.13 56 - - C, P 06 ​
17 0.39 - - 3.32 0.51 12.9 - - C, P 06 30 min
18 0.44 16 mg/g 7 1.48 0.23 6.5 0.5 7 C, P 07 30 min
19 0.43 6 mg/g 2.58 0.52 0.08 2.2 0.38 15 C, P 07 30 min
20 0.38 - - 0.85 0.13 3.2 - - C, P 06 30 min
21 0.49 8 mg/ 

pouch
8 1.15 0.09 5.6 2.4 30 C 07 ​

22 0.69 - - 1.31 0.1 9.04 - - - - ​
23 0.65 - - 0.48 0.04 3.1 - - C 07 ​
24 0.4 - - 1.99 0.31 7.96 - - C, P 06 30 min
25 0.74 - - 6.37 0.98 47.1 - - C, P 06 ​
26 0.39 - - 2.14 0.33 8.3 - - C, P 06 30 min
27 0.42 - - 4.34 0.67 18.2 - - C, P 06 30 min
28 0.74 49.9 mg/ 

g
36.9 4.12 0.63 30.5 6.4 17 C,P - ​

29 0.56 - - 5.17 0.78 29.0 - - C,P 06, 07 ​
30 0.62 - - 7.86 1.21 48.7 - - C, P 07 ​
31 0.48 - - 1.48 0.23 7.1 - - C, P 07 30 min

Fig. 1. Histogram of detected nicotine levels in pouches. Analysis was con
ducted using GC-FID with 31 samples. Most pouches contained less than 20 mg 
nicotine, however, few samples had very high levels up to more than 56 mg 
nicotine/pouch.
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considering application times of up to 60 minutes (and more) for some 
users [4]. Based on the median nicotine content in the analyzed pouches 
of 9.04 mg, this results in a median nicotine uptake of 65 µg/kg bw 
(range 20 – 400 µg/kg bw) from one pouch for an adult consumer with 
70 kg bodyweight (Table 2).

Nicotine pouches are known to be often consumed more than just 
once a day. Swedish market survey data indicate an average nicotine 
pouch consumption of 8.6 pouches per day that is in line with another 
survey stating an average daily consumption of 8.4 and 8 pouches for 
Sweden and Denmark, respectively [4,50]. A recent Dutch survey came 
to the conclusion that about 42 % of all ever users consume less than 5 
pouches per day, while 8.3 % of all users consume even more than 20 
pouches/day [6]. Due to the observed variability in consumption pat
terns among users, two scenarios for exposure assessment were applied 
in the here presented risk assessment, whereby scenario 1 with an 
estimated consumption of 5 pouches/day (reflecting the largest fraction 
of current users in the survey by Havermans et al. [6]) is used to assess 
the risk for low to moderate consumers, while scenario 2 with an esti
mated consumption of 20 pouches per day (reflecting the minor fraction 
of current users with the highest consumption based on the survey by 
Havermans et al. [6]) considers high consumers. This approach has 
already been used in a previous risk assessment regarding flavorings and 
other ingredients in nicotine pouches [51].

Based on these scenarios, a daily consumption of 5 pouches (scenario 
1) with a median nicotine content of 9.04 mg per pouch results in a daily 
nicotine uptake of 323 µg/kg bw, while the consumption of pouches 
with higher nicotine levels of 47.90 mg per pouch (95th percentile of the 
here analyzed samples considering expectable consumption of pouches 
with high nicotine content) leads to an uptake of 1711 µg/kg bw 
(Table 2). In scenario 2, a daily consumption of 20 pouches per day with 
a median nicotine content results in a daily uptake of 1291 µg/kg, 
whereas pouches with a 95th percentile nicotine content yield a nicotine 
uptake of 6843 µg/kg bw and day.

3.3. Risk characterization

For risk characterization, the ARfD value of the EFSA for oral nico
tine uptake of 0.8 µg/kg bw was used (Table 3). Even after a single use of 
just one pouch with the lowest nicotine content of 2.20 mg/pouch, the 
ARfD is exceeded by a factor of 20. The corresponding oral LOAEL of 
8 µg/kg bw (derived from the intravenous LOAEL from the study by 
Lindgren et al. [12] after correction for bioavailability) was also 
exceeded for all exposure scenarios and even after single consumption of 
only one pouch with the lowest analyzed nicotine content of 2.20 mg per 
pouch (Table 3). Median analyzed nicotine levels lead to an 80-fold 
exceedance of the ARfD and a LOAEL exceedance by a factor of 8. 
Considering the observed significant increase of the heart rate of 10–14 
bpm at doses 4- to 8-fold higher than the LOAEL, the here determined 
nicotine levels in the analyzed samples supposedly lead to a relevant and 
significant heart rate increase in consumers even after the use of just one 
pouch.

The ARfD usually refers to a dose ingested within 24 hours. Thus, 
apart from single exposure, also the above described scenarios for 
multiple consumption of pouches on a single day were considered 

leading to ARfD exceedances of factor 404 and 1614 (using the median 
analyzed nicotine level) for scenarios 1 and 2, respectively. Considering 
the 95th percentile nicotine level, ARfD exceedances of factor 2138 and 
8554 can be calculated for scenarios 1 and 2, respectively. However, the 
use of these scenarios has some limitations:

The ARfD was derived based on data after single administration of 
nicotine to human volunteers. Thus, the kinetics of nicotine have to be 
considered for repeated consumption of nicotine pouches within a single 
day. The half-life of nicotine is known to range between 100 and 
150 minutes [2]. Hence, an accumulation effect will be of some rele
vance, but the repetitive nicotine uptake over a day will not result in a 
complete additive accumulation of nicotine in the body [14,52,53]. As 
the action of nicotine on the cardiovascular system is receptor-mediated, 
saturation processes may further limit a linear increase of effects. This is 
in line with observations by Lindgren et al., where no linear correlation 
was found between nicotine plasma levels and corresponding effects on 
heart rate [12]. To our knowledge, there are no human studies available 
investigating possible effects after consumption of more than one pouch 
within short time periods; therefore, the cumulative effects of nicotine 
pouch consumption remain uncertain. However, it can be assumed that 
repetitive nicotine uptake leads to constantly elevated nicotine levels in 
plasma with the respective consequences for the heart rate. Studies on 
nicotine pharmacokinetics demonstrated repetitively increased peak 
nicotine levels after smoking one cigarette every 60 minutes over 
several hours, while the corresponding heart rate elevation was indeed 
observed after each cigarette consumption, however, to a lower extent 
compared to the first cigarette indicating an adaptive effect [52,53]. 
However, nicotine kinetics following nicotine pouch consumption are 
characterized by a prolonged resorption period leading to prolonged 
elevated nicotine levels in blood as well.

Taken all together, it can safely be assumed that nicotine uptake from 
pouches results in an acute and, based on typical consumption patterns, 
usually even repetitive elevation of the heart rate, which might in turn 
result in adverse health effects like palpitations and arrhythmias as has 
been observed after usage of oral nicotine containing cessation products. 
Though, the available data with respect to the consequences of nicotine 
uptake on the cardiovascular system, particularly following long-term 
consumption of nicotine pouches and other nicotine containing cessa
tion products, are of low quantity. The already known consequences of 
nicotine exposure, e. g. regarding heart rate elevation, have to be 
considered as sufficient cause for concern, especially with respect to the 
basic principles of food law.

4. Conclusion

In conclusion, it could be shown that the here analyzed nicotine 
pouches have to be considered as probably harmful to health following 
acute exposure based on expected heart rate elevations due to nicotine 
uptake. Despite the observed high variations in nicotine levels between 
the individual analyzed pouches, all, even the products with the lowest 
nicotine levels, have to be assessed as injurious to health according to 
general food law based on a significant ARfD exceedance. However, in 
consideration of a risk-benefit assessment, usage of nicotine pouches 
may nevertheless be preferable in comparison to smoking traditional 

Table 2 
Exposure estimation of nicotine pouches. Metrics of nicotine analytics of all investigated nicotine pouch samples and resulting nicotine exposure after consumption of 
pouches based on an extraction ratio of 50 % of the total nicotine content considering single and multiple use consumption patterns. Scenario 1: 5 pouches/day, 
scenario 2: 20 pouches/day.

Minimum 5th percentile Mean Median 95th percentile Maximum

Nicotine content [mg] 2.20 3.15 14.08 9.04 47.90 56.00
Consumption pattern
Single use [µg/kg bw] 16 23 101 65 342 400
Scenario 1 [µg/kg bw and day] 79 113 503 323 1711 2000
Scenario 2 [µg/kg bw and day] 314 450 2011 1291 6843 8000
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cigarettes or using other combustible tobacco products, as many clas
sical tobacco products are known to cause greater health damages (e.g. 
cancer) in particular due to the presence of the manifold by-products of 
tobacco. Nicotine pouches are thus often lauded as an aid to reduce 
smoking and therefore improving the health status of the consumers. 
However, keeping in mind that nicotine pouches are also used by non- 
smokers and even never-smokers, that claim has to be critically 
questioned.

In Germany, nicotine pouches are currently classified as food due to 
the absence of an appropriate legislative framework, rendering a risk- 
benefit assessment unfeasible. An appropriate framework could be the 
regulation of nicotine pouches as approved medicinal products, like 
nicotine gums, taking into account a risk-benefit analysis. As such, 
nicotine pouches are already available in several countries, e.g. in 
Finland, Spain or Portugal. In contrast, many other countries regulate 
nicotine pouches as tobacco products or under similar classification that 
may, dependent on national child protection laws, offer some protection 
against health damage particularly for children [54]. Regardless of the 
applied regulatory framework, comprehensive studies are necessary not 
only for the assessment of a valid risk-benefit analysis but also for 
addressing long-term health effects after consumption of nicotine 
pouches.
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