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Cardiovascular and metabolic changes 
following 12 weeks of tobacco and nicotine 
pouch cessation: a Swedish cohort study
Peder af Geijerstam1  , Annelie Joelsson2, Karin Rådholm1,3   and Fredrik H. Nyström1*   

Abstract 

Objectives Use of snus, including tobacco and nicotine pouches, is increasing in many countries. Nicotine increases 
blood pressure (BP) acutely, but the long-term effects of quitting the regular use of snus pouches are unknown. The 
aim was to evaluate the effects of snus cessation on home BP and markers of the metabolic syndrome.

Methods Volunteers aged 18–70 years using snus daily were invited to abruptly end their snus intake and followed 
using home BP and metabolic measurements before and for 12 weeks after cessation.

Results Fifty volunteers were recruited. Of these, 46 (92%) attempted snus cessation and 37 (74%) did not use snus 
for at least 3 weeks and were included in the study. Of those included, 33 maintained snus cessation for all 12 weeks. 
The mean age was 38 (± 10) years and 24 (65%) were men. At week 12, the mean changes in systolic home BP was 3.7 
(95% CI 1.5–5.9) mmHg, in body weight was 1.8 (95% CI 1.1–2.4) kg, and in HbA1c was 0.7 (95% CI 0.0–1.6) mmol/mol.

Conclusions Cessation of tobacco and nicotine pouches in individuals who regularly used snus negatively impacted 
systolic home BP, body weight and HbA1c after 12 weeks. Whether these effects would be reversed by snus re-
initiation cannot be determined by this study, but our novel findings suggest that successful cessation of regular snus 
usage does not immediate improve these cardiovascular risk factors. We call for further research to confirm our find-
ings and evaluate the effects over longer time frames.

Clinical Trial Registry number NCT06019910, https:// clini caltr ials. gov/ study/ NCT06 019910.
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Introduction
Hypertension is the leading risk factor for loss of disabil-
ity-adjusted life-years, followed by smoking [1]. Tobacco 
smoke contains over 4000 potential toxicants, includ-
ing nicotine, which is an addictive alkaloid and a natu-
ral insecticide of tobacco plants, Nicotiana spp. [2, 3]. 
Through effects on the nervous system and catechola-
mine release, nicotine acutely increases blood pressure 
(BP) and heart rate, peaking 5–10  min after exposure 
[2–5]. Over time, tolerance to nicotine reduces its hemo-
dynamic effects, and the BP of individuals who smoke 
cigarettes is often lower than in individuals who do not 
smoke cigarettes [3, 6, 7]. However, the association over 
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time may also depend on the time between smoking and 
BP measurement [5].

The prevalence of overweight and obesity, which is 
associated with type 2 diabetes, is also increasing [8]. 
Smoking increases energy expenditure and individuals 
who smoke cigarettes are less likely to be obese than indi-
viduals who do not smoke cigarettes, but results on long-
term metabolic effects are conflicting [9–12]. Compared 
with individuals who do not smoke, individuals who 
smoke have a higher proportion of visceral fat, which is 
associated with insulin resistance, but smoking cessation 
is associated with weight gain [8–10]. The underlying 
mechanisms may include effects on energy expenditure, 
appetite, reward thresholds, and behaviors [9, 10].

Smokeless tobacco products are used by 6% of the 
global population [2]. Snus is administered sublabially 
and the nicotine is absorbed by the oral mucosa [13, 14]. 
Snus pouches may either include dry or moist tobacco, 
“tobacco pouches”, or only nicotine, binders and flavors, 
“nicotine pouches”, Supplementary Fig. 1. The use of nic-
otine pouches is increasing in both the UK and the US 
[15, 16]. Snus use is associated with several cardiovascu-
lar risk factors, including lower education, male sex, alco-
hol intake, cigarette smoking, and physical inactivity [13]. 
In prospective cohort studies, snus use is associated with 
incident cardiovascular disease and cancer, but results 
are conflicting and confounding may be difficult to fully 
adjust for [17, 18].

Tobacco pouches, but not nicotine pouches, are banned 
by the European Union since 1992, exempt Sweden [19]. 
The introduction and marketing of nicotine pouches 
is rapidly expanding both in and outside of Europe, but 
research is limited and independent data is insufficient 
according to several reports and studies, including the 
UK Committee on Toxicology [2, 14, 19]. Despite sug-
gestions from both the scientific community and govern-
ment agencies that nicotine may cause cardiometabolic 
harm long-term [18, 20], we know of no previously 
published trials that prospectively reported on benefi-
cial cardiometabolic effects when quitting regular snus 
use. It was recently shown that nicotine in snus acutely 
increases BP, and both smoking and snus has been linked 
with increased risk for diabetes [4, 21]. Hence, the pri-
mary aim of this study was to evaluate the effects of snus 
cessation, and anticipated subsequent snus relapse, on 
home BP for up to 3 months. The secondary aim was to 
evaluate the effects on traditional markers of the meta-
bolic syndrome and cardiovascular disease.

Methods
The study had a non-randomized, prospective, observa-
tional cohort design. Based on a power calculation using 
the Clincalc.com (ClinCalc LLC, Arlington Heights, IL, 

USA) sample size calculator with an assumed average BP 
of 120 mmHg, a BP variability of 5 mmHg, a clinically rel-
evant difference of 6 mmHg, an enrollment ratio of 3, an 
alpha of 0.05, and a power of 80%, at least 28 participants, 
of which at least 7 in each of the cessation and relapse 
groups, were to be included.

Post-hoc, because of the low number of participants in 
the relapse group and thus analysis of results in only the 
cessation group, the power of the study was calculated as 
91.4% using the R package pwr, the function pwr.t.test, an 
alpha of 0.05, based on the mean and standard deviations 
of the difference in systolic home BP delta value between 
the run-in and week 12.

Participants
Volunteers were recruited in Östergötland County, Swe-
den, via advertisement through social media and in pub-
lic spaces, including a primary care center. Inclusion 
criteria were age 18 to 70  years, daily snus use (defined 
as at least once daily for at least 1 month), and the abil-
ity to use online questionnaires written and answered in 
Swedish. Exclusion criteria were simultaneous use of any 
other nicotine or tobacco product (including cigarettes, 
e-cigarettes, and nicotine replacement therapy), drug use 
(including cannabis), alcohol dependence, eating disor-
der, and current or planned pregnancy. Participants were 
reimbursed 1000 SEK (approximately 95 USD).

Baseline measurements
Participants were booked for a baseline visit with the 
study investigators (a licensed nurse, AJ, or a medi-
cal doctor, PaG) for oral and written study information, 
acquirement of consent, and snus cessation support 
(Appendix 1).

Brachial office BP was measured bilaterally in the 
seated position using the validated oscillometric Omron 
M7 Intelli IT (Omron, Kyoto, Kyoto prefecture, Japan) 
device. The right arm was designated as the reference arm 
for further measurements unless the BP was > 10 mmHg 
higher in the left arm. Height was measured using a wall-
mounted telescopic measure and recorded in centimeters 
with one decimals precision.

At the laboratory, fasting serum creatinine, plasma 
sodium, plasma potassium, plasma glucose, blood gly-
cated hemoglobin (HbA1c), serum insulin, plasma 
triglycerides, plasma lipid profile (total cholesterol, 
low-density lipoprotein [LDL], high-density lipoprotein 
[HDL], and non-high density lipoprotein [non-HDL]), 
and plasma hsCRP, were taken, and in light clothing 
without shoes, body weight in kg with one decimals pre-
cision was recorded.

A baseline questionnaire included past and current 
nicotine and tobacco use, cardiovascular disease amongst 
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first-degree relatives, the Alcohol use disorders identifica-
tion test (AUDIT), a translated version of the short-form 
food frequency questionnaire (SFFFQ) [22], the validated 
questionnaire on physical activity from the Swedish 
National Board of Health and Welfare [23], as well as the 
validated SED-GIH questionnaire of The Swedish School 
of Sport and Health Sciences on sedentary behavior [24].

For 3  days, participants also recorded their daily snus 
use as well as measured their home BP with the same 
BP device as above, 3 times in the morning and 3 times 
in the evening. Participants were instructed to perform 
each of the 3 consecutive measurements with at least 
1 min between each.

Participants then selected a date within the next 7 days, 
but no earlier than the day after the third day of baseline 
BP measurements, on which to abruptly end their snus 
intake.

Follow‑up measurements
As long as participants did not use any nicotine, col-
lection of body weight, blood samples (fasting plasma 
glucose, blood HbA1c, serum insulin, plasma lipid pro-
file, and plasma hsCRP), AUDIT and the SFFFQ were 
repeated at the end of weeks 4 and 12. If participants 
resumed daily snus intake (defined as at least 1 pouch 
per day for at least 3 days), body weight, blood samples, 
AUDIT and the SFFFQ were repeated no later than the 
following weekday, as well as after 4 and 12  weeks of 
relapse. If participants started using any other nico-
tine product (as specified in the exclusion criteria), they 
were withdrawn from the study. During the entire study, 
regardless of snus cessation or snus relapse, participants 
continued to measure their home BP daily, 3 times in 
the morning and 3 times in the evening, or as often as 
possible.

All study data were collected through the digital plat-
form REDCap versions 13.7.19 to 14.0.29 (Vanderbilt 
University, Nashville, TN, USA).

Statistical analyses
Number of pack years was calculated as the number of 
consumption years multiplied by the number of ciga-
rettes per day, divided by 20. Number of pouch years 
was calculated as the number of consumption years mul-
tiplied by the average number of pouches per day. Con-
sumption durations between 0 and 1 year was recorded 
as 0.5  years. Mean daily nicotine consumption during 
the run-in period was calculated as the mean number of 
snus pouches per day multiplied by the pouch nicotine 
content.

The changes in systolic and diastolic BP and heart rate, 
between the run-in period and weeks 1 to 12 of snus ces-
sation were tested using a paired 2-samples t test and 

presented as the means and 95% CI for each period, as 
well as the differences between them. The changes in 
body weight, blood sample values, the SFFFQ scores and 
the AUDIT score were tested similarly, and presented for 
the run-in period, as well as weeks 4 and 12.

In subgroup analyses of change in body weight and 
blood sample values, linear regression was used to cal-
culate the change between the run-in period, week 4 
and week 12 for participants using nicotine vs tobacco 
pouches during the run-in period. Values were presented 
crude and adjusted for age, sex, and pouch years.

Missing data was managed by listwise deletion. Data 
analyses were made using R version 4.4.0 (R Core Team, 
Vienna, Austria) and RStudio version 2024.04.1 + 748 
(Posit Software, Boston, MA, USA). Statistical tests were 
2-tailed and P values < 0.05 were considered statistically 
significant.

Ethical
The study complied with the declaration of Helsinki and 
was approved by the Swedish Ethical Review Authority 
(Dnr 2023-03376-01, 2023-06640-02, and 2024-01128-
02). All participants gave written, informed consent prior 
to participation. Prior to commencement, the study was 
registered at ClinicalTrials.gov (registration number 
NCT06019910).

Results
Between October 9th, 2023, and March 4th, 2024, 50 vol-
unteers were recruited, and data collection concluded 
on May 31st, 2024. Of participants, 4 (8%) were lost to 
follow-up before snus cessation and the remaining 46 
(92%) attempted snus cessation. Of these, 9 (out of which 
8 resumed snus intake) withdrew before the 3rd week, 
Supplementary Fig. 2.

The remaining 37 (74%) did not use snus for at least 
3  weeks and were included in the study. Of these, 1 
resumed snus intake and continued the study in the 
relapse group, 1 started smoking cigarettes and was 
excluded, 2 resumed snus intake, but withdrew, and 33 
(72% of the 46 whom attempted snus cessation and 89% 
of the 37 included participants) did not use snus for all 
12  weeks. Because of low power (n = 1), the effects of 
snus relapse were not analyzed.

Of participants, 24 (65%) were men and the mean age 
was 38 (± 10) years, Table 1. The mean systolic and dias-
tolic home BP was 114.3 and 72.5 mmHg. Current use of 
tobacco and nicotine pouches was reported by 25 (68%) 
and 13 (35%) participants with a median of 233 and 24 
pouch years, respectively. During the run-in, 24 (65%) 
used tobacco pouches, 12 (32%) used nicotine pouches, 
and 1 (3%) used both. During the run-in period, partici-
pants consumed a median of 144.3 mg of nicotine daily, 
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Table 1 Baseline characteristics

All participants, N = 37 Men, n = 24 Women, n = 13

Age (years), mean (SD) 38 (10) 38 (11) 40 (10)

Medications

Beta-blockers 1 (3) 1 (4) 0

Lipid- or glucose-lowering medications 0 0 0

Morbidities of first-degree relatives

Hypertension 12 (32) 6 (25) 6 (46)

Diabetes 5 (14) 2 (8) 3 (23)

Cardiovascular disease 8 (22) 6 (25) 2 (15)

Weekly physical exercise with breathlessness

None 4 (11) 1 (4) 3 (23)

Less than 30 min 2 (5) 1 (4) 1 (8)

30–60 min 7 (19) 3 (13) 4 (31)

60–90 min 6 (16) 3 (13) 3 (23)

90–120 min 2 (5) 1 (4) 1 (8)

More than 120 min 16 (43) 15 (63) 1 (8)

Weekly physical exercise without breathlessness

None 0 0 0

Less than 30 min 1 (3) 0 1 (8)

30–60 min 10 (27) 7 (29) 3 (23)

60–90 min 6 (16) 5 (21) 1 (8)

90–150 min 6 (16) 3 (13) 3 (23)

150–300 min 8 (22) 4 (17) 4 (31)

More than 300 min 6 (16) 5 (21) 1 (8)

Daily time in the seated position

Almost the entire day 2 (5) 0 2 (15)

13–15 h 0 0 0

10–12 h 13 (35) 10 (42) 3 (23)

7–9 h 17 (46) 10 (42) 7 (54)

4–6 h 3 (8) 3 (13) 0

1–3 h 2 (5) 1 (4) 1 (8)

None 0 0 0

AUDIT (score) 2 (1–3) 2 (1–3) 1 (0–2)

Past cigarette use

Combustion cigarettes 15 (41) 6 (25) 9 (69)

Combustion cigarettes (pack years)a 6.0 (1.3–11.3) 5.0 (0.9–13.1) 6.0 (2.0–11.3)

Electronic cigarettes 1 (3) 0 1 (8)

Electronic cigarettes (pack years)a 2.0 (2.0–2.0) 0 2.0 (2.0–2.0)

Tobacco pouches use

Never 5 (14) 2 (8) 3 (23)

Previous 7 (19) 4 (17) 3 (23)

Current 25 (68) 18 (75) 7 (54)

Pouch  yearsa 233 (160–400) 257 (180–400) 200 (100–319)

Nicotine pouches use

Never 22 (60) 17 (71) 5 (39)

Previous 2 (5) 1 (4) 1 (8)

Current 13 (35) 6 (25) 7 (54)

Pouch  yearsa 24 (11–35) 15 (8–22) 35 (24–69)

Snus during run-in, product type

Nicotine pouches 12 (32) 6 (25) 6 (46)
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and participant that used tobacco vs nicotine pouches 
had a higher intake, median (Q1–Q3) 155 (124–205) 
vs 64 (36–112) mg per day, P < 0.001, Supplementary 
Fig. 3A.

The systolic home BP increased with a mean 3.7 (95% 
CI 1.5–5.9) mmHg until week 12, beginning from the 
5th week, Table  2 and Fig.  1. The diastolic home BP 
decreased by a mean 2.5 (95% CI 1.3–3.8) mmHg dur-
ing the first week, but this change was attenuated during 

week 2 and no longer significant from week 3. The heart 
rate decreased by a mean 5.7 (95% CI 3.9–7.6) beats/min-
ute during the first week, and to a lesser degree during 
weeks 2 to 7, after which it was no longer different from 
that of the run-in period.

From the run-in period to week 4, participants’ body 
weight increased with a mean 1.8 (95% CI 1.4–2.3) kg, 
and this increase remained until week 12, and plasma 
cholesterol levels increased with 0.22 (95% CI 0.05–0.38) 

Table 1 (continued)

All participants, N = 37 Men, n = 24 Women, n = 13

Tobacco pouches dry 15 (41) 10 (42) 5 (39)

Tobacco pouches moist 7 (19) 7 (29) 0

Both moist and dry tobacco pouches 2 (5) 1 (4) 1 (8)

Both nicotine and tobacco pouches 1 (3) 0 1 (8)

Snus during run-in, product content

Nicotine per pouch (mg) 8.0 (6.8–11.6) 9.0 (7.5–12.7) 8.0 (5.6–8.4)

Any product with licorice flavor 10 (27) 4 (17) 6 (46)

Snus during run-in, consumption

Pouches per day 16 (11–22) 18 (10–23) 16 (14–20)

Nicotine per day (mg) 144.3 (98.3–190.0) 152.0 (104.3–204.7) 117.3 (57.6–153.5)

Lifetime snus nicotine intake (g)b 723.5 (210.7–1296.4) 949.1 (582.9–1607.0) 436.7 (150.6–976.5)

Body mass index (kg/m2) 26.7 (23.3–28.6) 26.5 (23.6–28.3) 26.7 (22.9–35.5)

Laboratory results

Plasma creatinine (µmol/L) 81 (73–89) 87 (81–91) 72 (65–78)

Serum sodium (mmol/L) 140 (140–141) 140 (140–141) 141 (140–141)

Serum potassium (mmol/L) 4.2 (4.0–4.3) 4.2 (4.1–4.4) 3.9 (3.9–4.2)

Plasma total cholesterol (mmol/L) 4.9 (4.2–5.5) 5.0 (4.2–5.6) 4.8 (4.3–5.3)

Plasma triglycerides (mmol/L) 1.1 (0.8–1.4) 1.1 (0.7–1.4) 1.0 (0.9–1.1)

Plasma LDL (mmol/L) 2.9 (2.3–3.5) 2.9 (2.3–3.4) 2.9 (2.2–3.5)

Plasma HDL (mmol/L) 1.3 (1.2–1.6) 1.2 (1.1–1.7) 1.3 (1.2–1.5)

Plasma non-HDL (mmol/L) 3.6 (2.7–4.0) 3.6 (2.9–3.9) 3.6 (2.6–4.0)

Plasma hsCRP (mg/L) 0.7 (0.3–1.4) 0.4 (0.3–0.8) 1.4 (0.5–2.4)

Plasma glucose (mmol/L) 5.1 (5.0–5.6) 5.2 (5.0–5.6) 5.0 (4.9–5.5)

Blood glycated hemoglobin (mmol/mol) 36 (33–37) 35 (33–37) 36 (34–37)

Plasma insulin (mIE/L) 6.6 (4.5–12.0) 6.4 (4.4–10.3) 11.0 (5.8–12.0)

BP measurements, mean (SD)

Office BP, systolic (mmHg) 117.3 (11.7) 121.1 (11.2) 110.2 (9.2)

Office BP, diastolic (mmHg) 74.1 (9.8) 73.0 (10.9) 76.0 (7.5)

Office heart rate (beats per minute) 69.5 (10.5) 67.6 (11.3) 73.1 (8.0)

Home BP, systolic (mmHg) 114.3 (12.3) 118.7 (10.9) 106.2 (10.6)

Home BP, diastolic (mmHg) 72.5 (7.4) 71.9 (7.9) 73.4 (6.8)

Home heart rate (beats per minute) 67.5 (9.0) 64.8 (9.0) 72.3 (6.9)

Relapsed during study 4 (11) 3 (13) 1 (8)

Categorical variables are in numbers and percentages and continuous variables in median and interquartile range, unless otherwise stated

AUDIT The Alcohol Use Disorders Identification Test, BP blood pressure, HDL high-density lipoprotein, hsCRP high-sensitivity C-reactive protein, LDL low-density 
lipoprotein
a Cigarette pack years were calculated as the years of consumption multiplied by the number of cigarettes per day, divide by 20. Snus pouch years were calculated as 
the years of consumption multiplied by the average number of pouches per day. Years of consumption less than 1 was counted as 0.5
b Lifetime snus nicotine consumption in grams was calculated as the sum of the number of consumption years of nicotine and tobacco snus multiplied by 365.4 days 
multiplied by the mean nicotine consumption during the 3-day run-in
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mmol/L, but this was attenuated at week 12, Table 3 and 
Fig.  2. Both plasma HDL and non-HDL contributed to 
the increase in total cholesterol. Blood HbA1c levels had 
increased at week 12 with 0.7 (95% CI 0.0–1.6) mmol/
mol, and plasma hsCRP levels had increased at week 4 
with 0.46 (95% CI 0.03–0.88) mg/L, but this difference 
was no longer significant at week 12, 0.25 (95% CI − 0.18 
to 0.68) mg/L. No changes were observed in the food and 
alcohol consumption questionnaires, Supplementary 
Table 1.

Discussion
To the best of our knowledge, this is the first prospective 
study on the cardiometabolic effects of snus cessation. 
We found a relatively high snus cessation rate, and that 
cessation was associated with increased systolic BP and 
body weight, as well as transient increases in both plasma 
hsCRP and cholesterol levels.

Cessation rate
The 74% 12-week snus cessation rate was comparatively 
high. For cigarette smoking, a 2017 Cochrane review 
showed a 3–6  month cessation rate of 11% after indi-
vidual counselling [25]. For snus, a 2015 Swedish study 
showed a 3-month cessation rate of 4%, and advice 
received at the dentistry clinic by 50% of the participants 
did not affect the outcome [26]. The markedly higher ces-
sation rate in our study could be explained by a participa-
tion bias of individuals that were highly motivated and/or 
the rigorous follow-up using home BP measurements and 

blood samples. Our study had the explicit aim to assess 
the effects of snus cessation, which is different from the 
2015 Swedish study on snus cessation. The different ces-
sation rate to studies of smoking cessation could also 
relate to the slower release of snus nicotine [19]. A 2023 
cross-over study found that maximum plasma nicotine 
concentrations were reached earlier, and was higher, 
after cigarette smoking vs nicotine pouch use, and that 
cigarette smoking better relieved craving [27]. Results 
on peak plasma nicotine concentration were similar in a 
2024 cross-over study when analyzing nicotine pouches 
with 6 or 20 mg of nicotine, except that the use of nico-
tine pouches with 30 mg of nicotine resulted in a higher 
peak than cigarette smoking [28]. This could indicate that 
cigarette smoking is more addictive and thus difficult to 
stop using. Studies randomizing participants to a follow-
up protocol akin to ours vs no such support could clarify 
the effects of the rigorous follow-up.

Blood pressure
Systolic BP increased markedly after snus cessation and 
did not decrease with time. In a 2024 cross-over study, 
the use of nicotine pouches containing 6 mg of nicotine 
increased systolic and diastolic BP within 6–20  min of 
exposure, but it was no longer different from baseline 
after 40  min even after use of the most potent pouches 
containing 30  mg of nicotine [28]. In the same study, 
the results were comparable to those of cigarette smok-
ing [28]. Both combustion and electronic cigarettes are 
also known to increase systolic and diastolic BP within 

Table 2 Systolic and diastolic blood pressure and heart rate during the run-in and each week of snus cessation presented as the mean 
and 95% confidence interval

Differences between each week of snus cessation and the run-in were made using a 2-sided paired samples t test and presented as the mean (95% CI) difference

N number of participants with valid measurements

N Systolic BP (mmHg) Change vs run‑in Diastolic BP (mmHg) Change vs run‑in Heart rate (beats/
minute)

Change vs run‑in

Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)

Run-in 37 114.3 (110.2–118.4) 0 ref 72.5 (70.0–74.9) 0 ref 67.5 (64.5–70.5) 0 ref

Week 1 37 113.8 (109.7–117.9) − 0.5 (− 2.0 to 1.1) 69.9 (67.3–72.5) − 2.5 (− 3.8 to − 1.3) 61.7 (58.9–64.6) − 5.7 (− 7.6 to − 3.9)

Week 2 36 115.8 (111.7–119.8) 1.1 (− 0.6 to 2.8) 71.3 (68.9–73.8) − 1.6 (− 3.0 to − 0.1) 62.9 (60.1–65.7) − 5.1 (− 6.9 to − 3.2)

Week 3 36 116.6 (112.5–120.8) 2.0 (− 0.1 to 4.1) 72.2 (69.6–74.8) − 0.7 (− 2.3 to 1.0) 64.0 (61.2–66.8) − 4.0 (− 5.8 to − 2.1)

Week 4 36 116.1 (111.7–120.5) 1.5 (− 0.6 to 3.5) 72.3 (69.7–74.8) − 0.6 (− 2.3 to 1.1) 64.6 (61.8–67.4) − 3.4 (− 5.4 to − 1.3)

Week 5 34 117.1 (112.5–121.6) 2.5 (0.3 to 4.7) 73.0 (70.3–75.7) 0.3 (− 1.2 to 1.8) 64.5 (61.7–67.4) − 2.8 (− 4.3 to − 1.3)

Week 6 32 117.6 (113.1–122.0) 2.4 (0.3 to 4.6) 73.2 (70.4–76.0) 0.4 (− 1.4 to 2.2) 65.1 (61.9–68.4) − 1.9 (− 3.4 to − 0.3)

Week 7 32 117.7 (113.2–122.1) 2.5 (0.3 to 4.8) 73.4 (70.6–76.2) 0.7 (− 1.1 to 2.5) 65.2 (61.9–68.6) − 1.8 (− 3.2 to − 0.4)

Week 8 31 116.1 (112.5–119.6) 2.0 (− 0.1 to 4.0) 72.7 (70.2–75.3) 0.6 (− 1.4 to 2.5) 65.4 (61.7–69.1) − 1.4 (− 3.3 to 0.5)

Week 9 31 115.5 (111.9–119.2) 2.3 (0.2 to 4.4) 71.9 (69.5–74.3) 0.4 (− 1.5 to 2.3) 64.3 (60.9–67.7) − 1.6 (− 3.4 to 0.1)

Week 10 30 115.0 (111.3–118.7) 2.5 (0.4 to 4.5) 71.6 (69.4–73.9) 0.5 (− 1.3 to 2.2) 64.0 (60.8–67.2) − 1.7 (− 3.4 to − 0.0)

Week 11 28 116.1 (112.5–119.7) 3.4 (1.2 to 5.7) 72.4 (69.9–74.8) 0.7 (− 1.3 to 2.7) 65.0 (61.2–68.8) − 0.4 (− 2.1 to 1.3)

Week 12 29 115.8 (112.2–119.4) 3.7 (1.5 to 5.9) 72.0 (69.5–74.5) 0.6 (− 1.6 to 2.7) 65.2 (61.0–69.5) − 0.6 (− 2.8 to 1.5)
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minutes to hours of exposure, but individuals who smoke 
cigarettes have lower BP compared to those who do not 
smoke [6, 29]. In an observational study with a follow-
up of 4  years, cigarette cessation was associated with 
increased systolic and diastolic BP and incident hyper-
tension > 1 year after cessation, but not prior [30].

A period effect such as procedure fatigue, with an 
increasingly relaxed stance towards the rigid measure-
ment protocol, could have affected our results. However, 
in one study of home BP, the magnitude of the period 
effect was only around 1  mmHg after 3  weeks, and 
affected both the systolic and diastolic BP [31]. Because 
of the non-randomized, non-blinded study design, direct 
causality between nicotine cessation and BP increase 
cannot be established. Changes may also be mediated by 
e.g., weight gain or lifestyle changes.

Finally, we observed a transient reduction in heart rate 
after snus cessation, which is in line with nicotine ces-
sation, given that nicotine use is known to increase the 
heart rate [2–5].

Body weight
Body weight increased with 1.8  kg within the first 
4  weeks of snus cessation which remained until 
12 weeks, and the increase was numerically more pro-
nounced for women. Smoking cessation is also asso-
ciated with weight gain, usually around 3–5  kg, and 
mostly during the first months [9, 10]. In a study of 72 
participants, 17 women who quit cigarette smoking 
did not gain weight during the first 35 days when they 
used nicotine patches, but gained 2.1  kg after another 
42  days using neither cigarettes nor nicotine patches 
[32]. This indicates that nicotine may be responsible 
for this weight gain, possibly by reversed nicotine-
related increases in energy expenditure, appetite-sup-
pressant effects, or alterations of reward thresholds 
and behaviors [9–11]. Future studies may benefit from 
including additional biomarkers such as glucagon-like 
peptide 1, ghrelin and leptin, or indirect calorimetry 
measurements.
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Blood lipid levels
Plasma cholesterol levels increased after 4  weeks, 
remained numerically higher after 12  weeks, and was 
only seen in individuals using nicotine vs tobacco 

pouches in subgroup analyses. Total cholesterol and 
LDL levels are higher, and HDL levels are lower, in indi-
viduals who smoke cigarettes and chew tobacco com-
pared with those who do not [33]. Cigarette smoking 

Table 3 Mean and 95% confidence intervals of cardiometabolic measurements for participants during snus cessation

Differences between each week of snus cessation and the run-in were made using a 2-sided paired samples t test and presented as the mean (95% CI) difference

N number of participants with valid measurements

N Run‑in Week 4 Week 12 Change

Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI) P

Body weight (kg)

Run-in to Week 4 32 82.7 (77.1–88.2) 84.5 (79.0–90.0) 1.8 (1.4 to 2.3)  < .001

Week 4 to Week 12 29 84.5 (78.6–90.4) 84.7 (78.8–90.6) 0.2 (− 0.4 to 0.8) .555

Run-in to Week 12 31 83.5 (77.7–89.3) 85.3 (79.6–91.0) 1.8 (1.1 to 2.4)  < .001

Plasma total cholesterol (mmol/L)

Run-in to Week 4 33 4.79 (4.46–5.12) 5.01 (4.70–5.32) 0.22 (0.05 to 0.38) .010

Week 4 to Week 12 30 4.90 (4.61–5.20) 4.87 (4.54–5.19) − 0.04 (− 0.22 to 0.15) .688

Run-in to Week 12 31 4.72 (4.39–5.05) 4.89 (4.57–5.21) 0.17 (− 0.03 to 0.37) .086

Plasma triglycerides (mmol/L)

Run-in to Week 4 33 1.03 (0.91–1.15) 1.09 (0.93–1.25) 0.06 (− 0.06 to 0.18) .288

Week 4 to Week 12 30 1.06 (0.91–1.22) 1.03 (0.81–1.24) − 0.04 (− 0.17 to 0.10) .587

Run-in to Week 12 31 1.12 (0.90–1.33) 1.09 (0.85–1.34) − 0.03 (− 0.18 to 0.13) .732

Plasma LDL (mmol/L)

Run-in to Week 4 33 2.90 (2.63–3.17) 3.04 (2.79–3.28) 0.13 (− 0.01 to 0.27) .064

Week 4 to Week 12 30 3.01 (2.74–3.28) 2.99 (2.70–3.28) − 0.02 (− 0.20 to 0.16) .819

Run-in to Week 12 31 2.85 (2.58–3.13) 3.00 (2.72–3.28) 0.15 (− 0.04 to 0.33) .124

Plasma HDL (mmol/L)

Run-in to Week 4 33 1.41 (1.26–1.56) 1.47 (1.31–1.63) 0.06 (0.02 to 0.09) .002

Week 4 to Week 12 30 1.40 (1.26–1.55) 1.39 (1.23–1.54) − 0.02 (− 0.07 to 0.03) .452

Run-in to Week 12 31 1.34 (1.21–1.48) 1.37 (1.22–1.52) 0.03 (− 0.02 to 0.09) .236

Plasma non-HDL (mmol/L)

Run-in to Week 4 33 3.37 (3.07–3.67) 3.54 (3.27–3.81) 0.17 (0.02 to 0.32) .025

Week 4 to Week 12 30 3.50 (3.21–3.79) 3.47 (3.16–3.77) − 0.03 (− 0.21 to 0.14) .702

Run-in to Week 12 31 3.36 (3.04–3.69) 3.50 (3.20–3.81) 0.14 (− 0.04 to 0.32) .124

Plasma glucose (mmol/L)

Run-in to Week 4 33 5.23 (5.07–5.39) 5.24 (5.09–5.39) 0.01 (− 0.11 to 0.13) .840

Week 4 to Week 12 30 5.23 (5.07–5.39) 5.31 (5.11–5.51) 0.08 (− 0.02 to 0.18) .104

Run-in to Week 12 31 5.24 (5.06–5.41) 5.31 (5.12–5.50) 0.08 (− 0.06 to 0.21) .255

Blood HbA1c (mmol/mol)

Run-in to Week 4 33 34.9 (33.9–36.0) 34.9 (33.8–36.0) 0.0 (− 0.6 to 0.6) .919

Week 4 to Week 12 30 35.0 (33.8–36.2) 35.6 (34.4–36.9) 0.6 (− 0.1 to 1.5) .097

Run-in to Week 12 31 35.0 (33.9–36.1) 35.7 (34.5–37.0) 0.7 (0.0 to 1.6) .048

Plasma insulin (mIE/L)

Run-in to Week 4 33 8.06 (6.56–9.55) 8.58 (6.84–10.32) 0.52 (− 0.59 to 1.63) .343

Week 4 to Week 12 30 8.84 (6.95–10.72) 8.60 (6.58–10.63) − 0.23 (− 1.60 to 1.14) .730

Run-in to Week 12 31 8.69 (6.95–10.44) 8.81 (6.81–10.81) 0.12 (− 1.28 to 1.51) .866

Plasma hsCRP (mg/L)

Run-in to Week 4 32 1.02 (0.52–1.51) 1.47 (0.92–2.02) 0.46 (0.03 to 0.88) .036

Week 4 to Week 12 29 1.52 (0.92–2.13) 1.33 (0.77–1.89) − 0.19 (− 0.43 to 0.05) .116

Run-in to Week 12 31 1.16 (0.64–1.69) 1.41 (0.88–1.95) 0.25 (− 0.18 to 0.68) .245
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is associated with higher triglycerides and lower HDL 
levels, but nicotine replacement therapy does not affect 
triglycerides levels and results on HDL levels are con-
flicting [34]. HDL levels normalize with smoking ces-
sation, but not when nicotine replacement therapy is 
used [32, 35]. Together with our results, this indicates 
a direct or indirect influence of nicotine on serum 
lipid levels. However, randomized controlled trials are 
needed to draw conclusions on causality.

Markers of dysglycemia
Snus cessation was associated with increased HbA1c, 
but only in women participants in subgroup analyses. 
A study of 14 healthy volunteers found that serum cor-
tisol was elevated after intake of snus with vs without 
nicotine, but no postprandial effects were seen on glu-
cose [4]. Our results could be mediated by the increase 
in body weight, which was evident already at 4 weeks, 
and thus the remaining study duration was enough to 
affect HbA1c values which are related to the erythro-
cyte turnover of around 120  days. If so, HbA1c levels 
could be even higher with a longer follow-up.

Inflammation
An increase in hsCRP of 0.5 mg/L was seen after 4 weeks, 
but this was largely normalized after 12  weeks, and 
in subgroup analyses only seen in participants using 
tobacco pouches during the run-in period. In individu-
als who smoke cigarettes, inflammatory markers, includ-
ing CRP, are higher, and could be a link to cardiovascular 
disease [35–37]. Smoking is related to CRP levels in a 
dose–response manner, and smoking cessation reduces 
CRP levels, but only after at least 1 year [38, 39]. Individ-
uals who use electronic cigarettes, however do not have 
higher CRP levels than those who do not smoke [37]. 
Nicotine may increase levels of inflammatory markers, 
including hsCRP, but may also have anti-inflammatory 
effects [37, 40]. Our results indicate that nicotine cessa-
tion may increase CRP levels transiently. Future studies 
may evaluate these changes on a longer time frame and 
include questionnaires on mood changes to understand 
whether these may be associated with CRP levels.

Further research
Interpreting data on snus requires considerations of the 
differences between tobacco and nicotine pouches, moist 
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and dry tobacco pouches, synthetic vs tobacco-derived 
nicotine, and variations in nicotine content between 
products. Salt and licorice content in snus products could 
also negatively affect BP and cardiovascular health [5]. 
Further research is also needed to better understand the 
potential effects of simultaneous consumption of foods 
and drinks [19]. It would also be valuable to determine 
the effects of snus in snus naïve individuals, especially 
long-term, but ethical challenges remain because of its 
addictive nature. Although our study shows that in moti-
vated individuals receiving medium-term follow-up, snus 
cessation may be less challenging than expected, our data 
does not inform us on the long-term cessation rate.

Limitations
The study has some important limitations. The trial was 
not randomized and controlled, and thus causality can-
not be determined, partly because of an unexpectedly 
high cessation rate which resulted in a control group 
without sufficient power. Social desirability bias, such 
as a tendency for participants who relapse to leave the 
study, may have affected results. However, we informed 
participants that results were equally valuable regardless 
of snus cessation or relapse. Research participation effect 
may limit the external validity of the results to individuals 
who are interest to participate in a study with the explicit 
goal of snus cessation. We did not adjust for multiple 
comparisons, as suggested by Rothman [41], and thus 
the risk of type-I-errors needs to be considered in the 
interpretation of the results. Because the sample size cal-
culation was based on home BP, results of other measure-
ments may be underpowered and not used to rule out an 
effect. Finally, our study did not include measurements 
of cotinine, a nicotine metabolite, to confirm intake and 
cessation, respectively. However, any effect during the 
study from participants resuming snus use would likely 
have attenuated the results and affected the trend in, e.g., 
home BP. The participants were aware that they partici-
pated in a trial that would be published, and this might 
have increased cessation rates compared to a real-life set-
ting. However, that is not different from many other trials 
on smoking cessation in which relapse has been far more 
common compared to our trial. The study was limited 
to individuals living in Sweden with an interest to stop 
using snus, and the external validity beyond this cohort is 
uncertain. Finally, whether snus relapse is harmful or not 
cannot be determined by our study because of the high 
cessation rate. Considering the rapidly growing market, 
widespread regulatory debates, and the importance to 
reduce the harm of cigarette smoking without introduc-
ing new harm, it is imperative that additional research 
answers questions including the mechanisms behind our 

findings, as well as the more long-term effects of both 
snus use and snus cessation.

Conclusions and recommendations
Tobacco and nicotine pouch cessation was associ-
ated with increased BP and body weight for up to three 
months. Individuals at risk of hypertension or dysglyce-
mia may need to be monitored during cessation, and fur-
ther research is needed to evaluate the effects on a longer 
time frame. Importantly, whether these effects would be 
reversed by reinitiation of snus could not be determined 
by this study. Finally, the current findings need to be 
replicated in future studies to confirm their validity and 
generalizability.
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