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BACKGROUND: The aim was to study whether non-combustible nicotine (Swedish snuff) use in pregnancy is associated with
elevated risk of post neonatal mortality, Sudden Infant Death Syndrome (SIDS), and Sudden Unexpected Infant Death (SUID) and to
study how cessation before the antenatal booking influenced these risks.
METHODS: This was a population-based register study of all infants with information on tobacco exposure in early pregnancy born
in Sweden 1999–2019, n= 2,061,514. Self-reported tobacco use in early pregnancy was categorized as nonuse, snuff use, and
moderate and heavy smoking. Multiple logistic regression models were used to estimate crude and adjusted odds ratios (aORs)
with 95% confidence intervals (CIs).
RESULTS: Maternal snuff use was associated with increased risks of post neonatal mortality, SIDS, and SUID. The risks of snuff use
and moderate smoking were of similar magnitude. Heavy smoking was associated with the highest risks. Cessation of smoking and
snuff use before the antenatal booking was associated with lower risks of SIDS and SUID compared to that of continuous usage.
CONCLUSIONS: Maternal snuff use was associated with increased risks of post neonatal mortality, SIDS, and SUID. Nicotine is the
common substance in cigarette smoke and snuff. These findings support the hypothesis that nicotine contributes to an elevated
risk of SIDS.

Pediatric Research (2023) 94:811–819; https://doi.org/10.1038/s41390-022-02463-4

IMPACT:

● Maternal snuff use and smoking in early pregnancy were associated with increased risks of post neonatal mortality, SIDS,
and SUID.

● Cessation of smoking and snuff use before the first antenatal visit was associated with reduced risks of SIDS and SUID.
● The common substance in cigarette smoke and snuff is nicotine. Our findings suggest that nicotine contributes to an elevated

risk of SIDS and SUID.
● The implication of our findings is that all forms of nicotine should be avoided in pregnancy.

INTRODUCTION
Maternal smoking is one of the most important preventable risk
factors for infant morbidity and mortality and associated with
increased risk of Sudden Infant Death Syndrome (SIDS).1,2 SIDS is a
cause assigned to infant deaths that cannot be explained after a
thorough case investigation including autopsy, a scene investiga-
tion and a review of clinical history. Due to more advanced
forensic techniques in recent years, there has been a diagnostic
shift in many countries with increased reporting of accidental
suffocation and strangulation in bed and a subsequent decline of
reported cases of SIDS.3 Thus, the term Sudden Unexpected Infant
Death (SUID) is frequently used, including SIDS, unspecified death,

and accidental suffocation and/or strangulation.4 Although the
risk of SIDS is multifactorial, maternal smoking, following sleeping
position, remains the strongest modifiable risk factor for SIDS in
developed countries.1,4 SIDS is suggested to be related to a
disturbed cardiorespiratory control and a blunted response to
hypoxia with impaired arousal.1 Animal studies of prenatal
nicotine exposure have shown similar disturbances in the
cardiorespiratory control as seen in infants exposed to smoking
in pregnancy, which suggests that nicotine is involved in the
mechanisms behind smoking-related risks of SIDS.5

With increasing knowledge about the hazardous effects of
smoking on women’s and children’s health, smoking in pregnancy
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has declined in Sweden from 13% to <5% between 1999 and
2019.6 Non-combustible nicotine products are regarded less
harmful than cigarette smoking, and as a consequence the use
of smokeless tobacco and electronic nicotine delivery systems
(ENDS) has increased during the past decades.7 Swedish snuff is
an oral moist powder and contains equally high levels of nicotine
as cigarettes, but no combustion products and only low levels of
tobacco-specific nitrosamines.8 Snuff use among women has
increased substantially the past decades and daily snuff use in
Sweden is approximately 7% of women in reproductive age.
However, among women aged 16–29 years snuff use has tripled

from 3% in 2018 to 9% in 2021.9 Approximately 1.8% of Swedish
women used snuff in pregnancy in 2021.9 Whereas sufficient
knowledge about nicotine exposure from electronic cigarettes in
pregnancy still are lacking,10,11 maternal snuff use has been
associated with increased risk of stillbirth, preterm birth, neonatal
apnea, and disturbed heart rate variability.12–15 However, in contrast
to smoking, snuff use has not been associated with increased risk of
early neonatal mortality.14 Whether nicotine, in the form of Swedish
snuff, increases the risk of post neonatal mortality and SIDS has to
our knowledge not previously been studied.

The aim of this study was to investigate the associations of snuff use
and smoking in early pregnancy with post neonatal mortality and SIDS.
Because of the increased use of the terminology SUID in many
countries, we chose to study both SIDS and SUID. Further, we wanted
to study how cessation of snuff use or smoking in very early pregnancy,
before the first antenatal visit, influenced these associations.

METHODS
Study population
Based on the Swedish Medical Birth Register (MBR), we included all live-born
infants, born between 1999 and 2019, with information on gestational age,
birth weight, and mothers’ individual identification number, n= 2,181,021
births. Infants who died during the first year of life, but with invalid date of
death, were excluded, n= 2. The eligible study population was 2,181,019. We
excluded infants of mothers who had missing information on tobacco use in
early pregnancy (n= 117,865). Dual users (users of both cigarettes and snuff)
were too few (n= 1640) to be analyzed separately and were also excluded. A
total of n= 2,061,514 births were included in the analyses with tobacco use
in early pregnancy as exposure, Fig. 1.
The MBR is a national register containing information on the demography,

maternal reproductive history, pregnancy, delivery, and neonatal period for

Study cohort for analysis of tobacco use in early
pregnancy in term and non-SGA infants
n = 1,824,357

Study cohort for analysis of cessation of tobacco
use before pregnancy and in early pregnancy
n = 1,996,980

Excluded

Excluded

Study
population

Source
population

Data
sources

Preterm and SGA infants, n = 237,157

Missing tobacco use in early pregnancy,
n = 117,865, or dual use, n = 1640

Excluded

Study population

Source population

Cause of Death Register Medical Birth Register LISA Register

Missing data on tobacco use before or
early in pregnancy, change of substance
during pregnancy, n = 184,039

Excluded

Stillbirths, missing data on id number (mother or child),
birth weight, gestational age, or year of death, n = 5609

Live children with complete data on key variables
N = 2,181,019

Children born in Sweden 1999–2019
N = 2,186,628

Nonuse n = 1,685,231

Snuff use n = 20,192

Moderate smoking n = 90,132

Heavy smoking n = 28,802

Study cohort for analysis of tobacco use in early
pregnancy, n = 2,061,514

Nonuse n = 1,893,643

Snuff use n = 22,799

Moderate smoking n = 108,987

Heavy smoking n = 36,085
Nonuse n = 1,623,431

Snuff use n = 17,523

Stopped using snuff n = 40,781

Smoking n = 136,419
Stopped smoking n = 178,826

Fig. 1 Schematic presentation of the study population. Flow chart of the source population, exclusions, the final study population as well as
categorization of exposures.
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98% of all births in Sweden. By means of the unique personal identification
number, the MBR can be linked to other data sources such as the Cause of
Death Register and the Longitudinal integrated database for health
insurance and labor market studies (LISA) and the Register of Total
Population. The Cause of Death Register includes all deaths of Swedish
citizens with annual updates, while LISA includes information on education
for 98% of Swedish residents.16 Since 1997, diagnoses in the MBR and the
Cause of Death Register are classified according to the 10th Revision of the
WHO International Classification of Diseases (ICD-10).

Snuff use and smoking in pregnancy
Self-reported data on maternal smoking have been registered in the MBR since
1982 and maternal snuff use since 1999. Information on present tobacco use
and use 3 months before pregnancy was collected at the antenatal booking,
which generally occurs between gestational weeks 8 and 12. Maternal tobacco
use was categorized as nonuser (no tobacco use), moderate smoker (1–9
cigarettes /day), heavy smoker (≥10 cigarettes/day), and snuff user (yes/no).
Information on the number of pouches of snuff used daily is lacking in theMBR,
which only allowed us to categorize women as user or nonuser.
To investigate whether cessation of tobacco use in very early pregnancy,

before the antenatal booking, influenced the risk of post neonatal
mortality, SIDS, and SUID, we combined information on tobacco use
3 months before pregnancy with use in early pregnancy. Exact quit date of
tobacco use was not possible to obtain. Mothers who neither used tobacco
before nor in early pregnancy were categorized as nonusers. Snuff users
3 months before pregnancy and in early pregnancy were categorized as
persistent snuff users. Smokers 3 months before pregnancy and in early
pregnancy were categorized as persistent smokers. Mothers who used
snuff or smoked before pregnancy but not at the antenatal booking were
categorized as quitters of snuff or smoking, respectively. We excluded
infants of mothers lacking information on tobacco use before and/or in
early pregnancy, dual users, and mothers who changed substance of
tobacco or who started to use tobacco during pregnancy (n= 184,039). A
total of 1,996,980 live births were included when studying cessation of
tobacco use before the antenatal booking (Fig. 1).

Post neonatal death, SIDS, and SUID
Post neonatal mortality was defined as death between 28 and 364 days.
SUID is a term used to describe any sudden and unexpected death
occurring before 1 year of age. In Sweden, unexpected infant death is
thoroughly investigated with anamnesis, medical history, examination, and
laboratory testing. However, in contrast to some others countries crime
scene investigations are not routinely performed in Sweden.17 Autopsy of
the infant is routinely performed by the forensic pathologist and the
diagnosis reported to the Cause of Death Register.18 After case
investigation, if SUID cannot be explained otherwise, it is categorized as
death before 365 days from birth and including SIDS (R95), unspecified
causes (R99), or strangulation/suffocation in bed (W75). SIDS was
categorized as death before 365 days and ICD-10 R95.

Covariates
Covariates were chosen based on their association with both tobacco use
in pregnancy and neonatal death in previous research.2 Preterm or small
for gestational age (SGA) birth is highly associated with both tobacco use,
post neonatal mortality, and SIDS and potentially on the causal pathway
between the exposure and the outcome. Thus, preterm and SGA births
were considered possible mediators for the associations of tobacco use
and risks of post neonatal mortality, SIDS, and SUID. SGA was defined as
birth weight below the tenth percentile for gestational age according to
population-based birth weight standards. Preterm birth was defined as
birth before 37 gestational weeks. We retrieved information on maternal
age, parity, co-habitant with father-to-be, the child’s gestational age and
birth weight from the MBR, and information on mother’s level of education
from LISA. Mother’s country of birth was obtained from the Register of
Total Population. The categorization of covariates are shown in Table 1.

Statistical analyses
The rates for post neonatal mortality and cause of death were calculated as
the number of deaths divided by the number of infants. Chi2 test was used
to calculate p values for maternal and birth characteristics. The logistic
model was used to estimate crude and adjusted odd ratios (aORs) with
95% confidence interval (CI) for the association between tobacco use in
early pregnancy and post neonatal mortality, SIDS, and SUID, as well as for

the association between cessation of tobacco use before the antenatal
booking and post neonatal mortality, SIDS, and SUID. Crude ORs were
estimated on births with complete data on all covariates used in the first
adjusted model, n= 1,883,726, (91% of the population). The first adjusted
model included the covariates maternal age, parity, co-habitant with
father-to-be, mother’s level of education at birth, and mother’s country of
birth. We also wanted to investigate whether possible risks related to
tobacco use were explained by preterm birth and SGA births. Therefore, in
the second adjusted model, we additionally adjusted for gestational age
and birth weight adjusted for gestational age. Further, we repeated our
analyses with only term and non-SGA births included to study if potential
associations were independent of effects on length of gestation or fetal
growth.
To examine the potential effect of missing information on tobacco use,

we also conducted analyses assuming the extreme cases that all missing
values were either related to tobacco users or nonusers. All analyses were
performed using SAS version 9.4 (Statistical Analysis Software version 9.4,
SAS Institute, Inc, Cary, NC).

RESULTS
In the study, 145,072 (7%) of the mothers smoked and 22,799 (1.1%)
used snuff in early pregnancy. More than 50% of smokers 3 months
prior to pregnancy and almost 70% of previous snuff users had
stopped smoking or using snuff at their first antenatal visit (data not
shown). Maternal tobacco use, and especially heavy smoking, was
more common among young mothers (≤20 years at delivery),
mothers not co-habitant with the father-to-be, andmothers whowere
multiparous and had a low level of education (<12 years of schooling).
Maternal smoking was more common amongmothers born outside a
Nordic country, whereas snuff use was more common among
mothers born in a Nordic country. Preterm birth was more common
among smoking and snuff using mothers, and SGA births were more
common among mothers who smoked (Table 1).
The post neonatal mortality rate was 0.8 per 1000 live-born infants.

The highest rates of post neonatal mortality, SIDS, and SUID were
found among infants of mothers with low maternal age (<20 years at
delivery), who were multiparous, not co-habitant with father-to-be,
and with low level of education (<12 years of schooling). Further, post
neonatal mortality, SIDS, and SUID were more common among
preterm and SGA infants. Post neonatal mortality rates decreased with
increasing gestational age. Of all the post neonatal deaths, almost 32%
were preterm and 28% were SGA births (Table 2). Median age of post
neonatal death was 3 months (interquartile range (IQR) 1–6). The
median age of death due to SIDS was 2 months (IQR 1–3) and due to
SUID 1 month (IQR 0–3) (Data not shown).
Both maternal snuff use and smoking were associated with

higher risk of post neonatal mortality. Snuff use in pregnancy was
associated with 70% higher risk of post neonatal mortality in
comparison to that of nonusers, aOR 1.71 (95% CI: 1.16–2.53). The
highest risk of post neonatal mortality compared to that of
nonusers was found among infants of heavy smokers, aOR 2.72
(95% CI: 2.17–3.40) (Table 3).
There were a total of 611 cases of SUID. Of these, 60% were due

to SIDS (n= 381), 11 cases of accidental strangulation in bed, and
219 death by unspecified cause. Frequency plot of SIDS,
unspecified death, and accidental strangulation in bed by years
is shown in Fig. 2. In Sweden, the frequency of reporting
unspecified death or accidental strangulation cannot fully explain
the fluctuations in SIDS cases. The total number of cases of SIDS
and SUID has varied substantially over the years. There has been a
gradual decrease, however, and since 2015, the number of SUID
cases has been below 30 and SIDS cases below 20.
Snuff use in early pregnancy was associated with a more than

tripled risk of SIDS, aOR 3.70 (95% CI: 2.06–6.65) compared to that of
nonuse. Maternal smoking was also associated with higher risk of
SIDS, aORs were 4.31 (95% CI: 3.26–5.70) and 7.03 (95% CI: 5.04–9.79)
for moderate and heavy smoking, respectively. Maternal snuff use was
associated with an almost tripled risk of SUID, aOR 2.90 (95% CI:
1.75–4.80). Maternal smoking was also associated with higher risk of
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SUID, with aORs 3.20 (95% CI: 2.53–4.05) and 5.44 (95% CI: 4.10–7.22)
for moderate and heavy smoking, respectively. The associations were
attenuated after adjustment for possible confounders in all analyses
and were most pronounced in the analyses of maternal smoking
(Table 3). The associations between maternal snuff use or smoking
and post neonatal mortality, SIDS, and SUID in the subgroup analysis
of only term and non-SGA infants (n= 1,824,357) were similar to the
analyses of the full cohort (Table S1).
In infants of mothers who stopped using snuff or stopped

smoking before the antenatal booking, there were no overall
statistically significant higher risks of post neonatal mortality.
However, among infants of mothers who had stopped using snuff
before the antenatal booking the risk of SIDS was lower but still
higher compared to that of nonusers, aOR 2.13 (95% CI: 1.04–4.34).
In infants of mothers who had stopped smoking before the

antenatal booking, the aOR was 1.35 (95% CI: 0.89–2.05) compared
to that of nonusers. In infants of mothers who had stopped using
snuff or smoking before the antenatal booking, risks of SUID was
substantially lower, aOR 1.37 (95% CI: 0.73–2.58) and aOR 1.29
(95% CI: 0.95–1.74), respectively (Table 4). Results did not
substantially differ for any of the outcomes regardless of whether
individuals with missing information on tobacco use in pregnancy
were assumed to be all tobacco users or all non-tobacco users
(data not shown).

DISCUSSION
In this population-based cohort study, including >2 million infants,
we found that maternal snuff use in pregnancy was associated
with a >70% higher risk of post neonatal death and a tripled risk of

Table 1. Maternal and birth characteristics for tobacco use in early pregnancy, N= 2,061,154.

No use Snuff use Moderate smoking Heavy smoking

N= 1,893,643,
n (%)

N= 22,799,
n (%)

p valuea N= 108,987,
n (%)

p valuea N= 36,085,
n (%)

p valuea

Maternal characteristics

Maternal age (years) p < 0.0001 p < 0.0001 p < 0.0001

<20 21,430 (1.1) 349 (1.5) 6027 (5.5) 1255 (3.5)

20–24 216,101 (11.4) 3491 (15.3) 28,104 (25.8) 6966 (19.3)

25–29 584,145 (30.9) 7136 (31.3) 33,269 (30.5) 10,133 (28.1)

29–34 670,004 (35.4) 7078 (31.1) 25,094 (23.0) 9715 (28.9)

≥35 401,963 (21.2) 4745 (20.8) 16,493 (15.1) 8016 (22.2)

Parity p < 0.0001 p < 0.0001 p < 0.0001

1 823,078 (43.4) 9250 (40.6) 48,605 (44.6) 11,024 (30.6)

2–3 961,569 (50.8) 11,710 (51.4) 50,313 (46.2) 18,146 (50.3)

≥4 108,996 (5.8) 1839 (8.1) 10,069 (9.2) 6915 (19.2)

Co-habitant with
father-to-be

p < 0.0001 p < 0.0001 p < 0.0001

Yes 1,771,476 (94.9) 20,617 (91.8) 89,334 (83.4) 28,116 (79.4)

No 95,654 (5.1) 1844 (8.2) 17,780 (16.6) 7293 (20.6)

Missing 26,513 338 1873 676

Education (years) p < 0.0001 p < 0.0001 p < 0.0001

≤9 165,350 (9.4) 3020 (13.9) 33,420 (32.6) 13,877 (40.4)

10–<12 194,730 (11.1) 3824 (17.7) 24,678 (24.0) 9991 (29.1)

≥12 1,392,896 (79.5) 14,824 (68.4) 44,548 (43.4) 10,446 (30.4)

Missing 140,667 1131 6341 1771

Mother’s country
of birth

p < 0.0001 p < 0.0001 p < 0.0001

Nordic 1,479,483 (78.2) 21,203 (93.1) 88,765 (81,5) 30,747 (85.3)

Non-Nordic 412,381 (21.8) 1570 (6.9) 20,132 (18.5) 5314 (14.7)

Missing 1779 26 90 24

Birth characteristics

Gestational age
(weeks)

p < 0.0001 p < 0.0001 p < 0.0001

<37 102,326 (5.4) 1407 (6.2) 7744 (7.1) 3099 (8.6)

37–<42 1,380,046 (72.9) 16,949 (74.3) 80,007 (73.4) 26,845 (74.4)

≥42 411,271 (21.7) 4443 (19.5) 21,236 (19.5) 6141 (17.0)

Birth weight (perc) p < 0.0001 p < 0.0001 p < 0.0001

<10 125,656 (6.6) 1427 (6.3) 12,914 (11.9) 4958 (13.7)

10–90 1,540,893 (81.4) 18,313 (80.3) 87,552 (80.3) 28,656 (79.4)

>90 227,094 (12.0) 3059 (13.4) 8521 (7.8) 2471 (6.85)
aChi2 test was used to calculate p values for maternal and birth characteristics.
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SIDS compared to that of nonusers. The risks of snuff use and
moderate smoking were of similar magnitude. The highest risks
were found among infants of heavy smokers, with a more than
sevenfold higher risk of SIDS compared to that of nonusers. Both
maternal snuff use and smoking were associated with higher risk
of SUID. In our population, the majority of SUID cases among
tobacco users were due to SIDS. Cessation of smoking and snuff
use before the antenatal booking was associated with lower risks
of SIDS and SUID.
Despite a study population of more than two million infants, the

number of SIDS cases was small. In the cohort, only 0.2 per 1000
live-born infants died of SIDS and <7% of women smoked and
only 1% used snuff in pregnancy. However, despite small
numbers, the estimates and confidence intervals are in agreement
with international studies on smoking, post neonatal mortality,
SIDS and SUID.19–22 Our results are in agreement with Anderson
et al. who showed that infants of mothers who had stopped
smoking in early pregnancy ran a reduced risk of SUID compared
to those whose mothers continued to smoke.20 To speculate, the
lower, but still elevated, risk observed in infants of mothers who

had stopped using snuff before the antenatal booking may be due
to residual confounding or environmental tobacco exposure. It is
also likely that a proportion of women who used snuff or smoked
pre-pregnancy and quit before pregnancy restarted later in
pregnancy or in the postpartum period. It is also possible that
among women who stopped using snuff or smoking as soon as
they knew they were pregnant, the fetus had been exposed to
snuff or cigarette smoking in very early pregnancy. As nicotine-
acetylcholine receptors (nAChRs) are present as early as gesta-
tional week 4–5 in fetal development, before most women are
aware of their pregnancy, nicotine may carry out teratogenic
effects by binding these receptors, induce apoptosis, and affect
cell programming.23

The associations between maternal snuff use and SIDS
remained fairly stable after adjusting for possible confounders,
whereas the associations with especially heavy maternal smoking
were considerably attenuated in the adjusted analyses. Snuff use
is not to the same extent as smoking associated with low
socioeconomic status.24 Further, snuff use in pregnancy is
associated with increased risk of preterm birth, but only with

Table 2. Maternal and birth characteristics for post neonatal mortality, SIDS, and SUID, N= 2,061,154.

Post neonatal mortality SIDS SUID

N= 1583, n (%) Crude OR (95% CI) N= 381, n (%) Crude OR (95% CI) N= 611, n (%) Crude OR (95% CI)

Maternal characteristics

Maternal age (years)

<20 52 (0.18) 2.38 (1.72–3.30) 27 (0.09) 4.91 (3.08–7.83) 31 (0.11) 3.88 (2.54–5.90)

20–24 281 (0.11) 1.47 (1.26–1.72) 95 (0.04) 1.96 (1.47–2.60) 146 (0.06) 1.98 (1.58–2.50)

25–29 457 (0.07) Reference 117 (0.02) Reference 177 (0.03) Reference

29–34 449 (0.06) 0.84 (0.73–0.96) 82 (0.01) 0.62 (0.46–0.83) 140 (0.02) 0.70 (0.55–0.88)

≥35 344 (0.08) 1.06 (0.91–1.23) 61 (0.01) 0.72 (0.52–1.00) 117 (0.03) 0.94 (0.74–1.20)

Parity

1 567 (0.06) 0.81 (0.73–0.91) 117 (0.01) 0.69 (0.54–0.88) 215 (0.02) 0.84 (0.70–1.01)

2–3 809 (0.08) Reference 193 (0.02) Reference 301 (0.03) Reference

≥4 207 (0.16) 2.07 (1.76–2.44) 71 (0.06) 3.17 (2.39–4.20) 95 (0.07) 2.77 (2.18–3.52)

Cohabitant with father-to-be

Yes 1387 (0.07) Reference 309 (0.02) Reference 516 (0.03) Reference

No 174 (0.14) 2.05 (1.74–2.43) 68 (0.06) 3.41 (2.58–4.51) 87 (0.07) 2.69 (2.12–3.42)

Missing 22 – 4

Education (years)

≤9 357 (0.17) 2.75 (2.42–3.13) 120 (0.06) 4.73 (3.73–5.99) 161 (0.07) 3.50 (2.88–4.24)

10–<12 232 (0.10) 1.66 (1.43–1.92) 60 (0.03) 2.18 (1.61–2.94) 93 (0.04) 1.88 (1.48–2.37)

≥12 873 (0.06) Reference 172 (0.01) Reference 313 (0.02) Reference

Missing 121 – 29 – 44

Mother’s country of birth

Nordic 1124 (0.07) Reference 329 (0.02) Reference 495 (0.03) Reference

Non-Nordic 457 (0.11) 1.44 (1.27–1.62) 51 (0.01) 0.51 (0.36–0.71) 113 (0.03) 0.84 (0.67–1.04)

Missing 2 – 1 –

Birth characteristics

Gestational age (weeks)

<37 514 (0.46) 7.85 (6.99–8.82) 68 (0.06) 3.20 (2.41–4.26) 176 (0.15) 6.47 (5.34–7.83)

37–<42 875 (0.06) Reference 163 (0.02) Reference 356 (0.02) Reference

≥42 194 (0.04) 0.76 (0.65–0.90) 50 (0.01) 0.66 (0.48–0.90) 79 (0.02) 0.74 (0.57–0.95)

Birth weight (perc)

<10 451 (0.31) 5.32 (4.73–5.98) 68 (0.05) 2.66 (2.00–3.54) 126 (0.09) 3.38 (2.75–4.17)

10–90 1006 (0.06) Reference 276 (0.02) Reference 428 (0.03) Reference

>90 126 (0.05) 0.84 (0.69–1.03) 37 (0.02) 0.85 (0.59–1.23) 57 (0.02) 0.89 (0.66–1.19)
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modest effects on birth weight,25 which may explain why the risk
of SIDS associated with snuff use was only slightly attenuated
when adjusting for preterm and SGA births. By stratifying for
gestational age and birth weight, we may have introduced collider
stratification bias, suggesting those results must be interpreted
with caution. However, the findings were similar to those of the
full cohort, indicating that preterm birth and birth weight may not
fully explain the association between nicotine use and SIDS.
The risk of SIDS is multifactorial, and prone sleeping position,

bed sharing, and prenatal and postnatal exposure to tobacco
smoke are regarded as important risk factors.1,26 Most SIDS deaths
occur at around 2–4 months of age when the brain and
cardiorespiratory systems mature.27 It has been suggested that
SIDS is related to disturbed autonomous control and disturbances

in the serotonergic neural development.1 Maternal smoking has
been associated with similar disturbances in the cardiorespiratory
and serotonergic system.1,28 Further, animal studies of prenatal
nicotine suggest that nicotine is involved in the mechanisms
behind smoking-related risks of SIDS.5,23 Maternal snuff use has
been associated with neonatal apnea and disturbed heart rate
variability.12,15 The common substance in cigarette smoke and
snuff is nicotine. The peak plasma concentration between
cigarettes and snuff is similar. However, whereas smoking
generates short peaks (30 min) of high plasma concentration
intermittently during the day, snuff has a slower release and a
longer peak duration, 1.5–2 h.29 Snuff use leads to higher
accumulated nicotine levels and a more continuous exposure on
the nicotine receptors, compared with short, intermittent
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year in 1999–2019 of Sudden Unexpected Infant Death (SUID) as well as presentation of deaths of Sudden Infant Death Syndrome (SIDS),
accidental strangulation/suffocation and unspecified death of the newborn.

Table 3. Maternal tobacco use in early pregnancy and risk of post neonatal mortality, SIDS, and SUID, N= 2,061,514.

n (%) Crudea OR (95% CI) Adj. model 1b OR (95% CI) Adj. model 2c OR (95% CI)

Post neonatal mortalityd, N= 1583

Nonuser 1274 (0.07) Reference Reference Reference

Snuff user 27 (0.12) 1.83 (1.24–2.69) 1.71 (1.16–2.52) 1.65 (1.11–2.43)

Moderate smoker 185 (0.17) 2.54 (2.16–2.99) 1.89 (1.60–2.24) 1.60 (1.35–1.89)

Heavy smoker 97 (0.27) 4.06 (3.25–5.07) 2.72 (2.17–3.41) 2.15 (1.71–2.71)

SIDS, N= 381

Nonuser 214 (0.01) Reference Reference Reference

Snuff user 13 (0.06) 5.04 (2.81–9.03) 3.70 (2.06–6.65) 3.67 (2.04–6.59)

Moderate smoker 91 (0.08) 7.64 (5.93–9.89) 4.31 (3.26–5.70) 3.97 (2.99–5.26)

Heavy smoker 63 (0.17) 14.9 (11.1–20.1) 7.03 (5.04–9.79) 6.26 (4.48–8.75)

SUID, N= 611

Nonuser 406 (0.02) Reference Reference Reference

Snuff user 17 (0.07) 3.52 (2.14–5.81) 2.90 (1.75–4.80) 2.84 (1.72–4.71)

Moderate smoker 112 (0.10) 4.94 (3.98–6.13) 3.20 (2.53–4.05) 2.87 (2.26–3.63)

Heavy smoker 76 (0.21) 9.50 (7.34–12.3) 5.44 (4.10–7.22) 4.66 (3.50–6.19)

CI confidence interval, OR odds ratio.
aCrude odds ratios calculated with the same population as adjusted models.
bAdjusted for maternal age, parity, maternal education, cohabitant with father-to-be, mother’s country of birth.
cAdjusted for maternal age, parity, maternal education, cohabitant with father-to-be, mother’s country of birth, gestational age, birth weight according to
gestational age.
dPopulation for post neonatal mortality was n= 2,058,647. Infants who died in the neonatal period n= 2867 were excluded.
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exposure in smoking, which may explain differences between
effects of smoking and snuff use.29,30 Our findings support the
hypothesis that nicotine is involved in the mechanisms behind the
increased risk of post neonatal mortality and SIDS in infants of
smokers.

Strengths and limitations
The major strength with our study is the large study population of
two million births and the nationwide design. Further, the
prospectively collected tobacco information in early pregnancy
precludes recall bias. This is, to our knowledge, the first study
exploring snuff use in pregnancy and risk of post neonatal mortality,
SIDS, and SUID. By linking several Swedish national registers, we
were able to control for several important confounders, including
socioeconomic status, parity, and maternal age.
Nicotine replacement therapy (NRT) is often regarded a safe

alternative in pregnancy. However, safety studies of NRT use in
pregnancy have not been conclusive due to lack of compliance to
NRT. Cessation of smoking has not proved successful at used doses
of NRT in randomized studies. The Cochrane systematic review by
Clair et al.31 concluded that studies with higher doses of nicotine
were needed to study safety. The metabolism of nicotine is elevated
in pregnancy, which may partly explain why smoke cessation in
pregnancy is difficult to obtain with NRT.32 The widespread use of
snuff in Sweden, also in pregnancy, provides a unique opportunity
to specifically study the effect of nicotine separated from the effect
from other combustion products in smoking.
There are also some limitations of the study. First, the diagnoses

were collected from the Cause of Death Register, without further
validation through the medical records. However, all infant deaths
are thoroughly investigated in Sweden and the Cause of Death
Register has been validated.18 Nevertheless, crime scene investi-
gations are not routinely performed in Sweden following SIDS/

SUID17,33 and potentially cases of accidental and strangulation in
bed could have been misclassified as SIDS in the current study.33

Second, the self-reported tobacco information was not validated
by cotinine levels. However, self-reported smoking and snuff use
in pregnancy has been proved a valid proxy for nicotine levels in
blood.34,35 In addition, we lacked information on the number of
snuff pouches consumed daily. However, a previous validation
study, based on a sub-cohort of the women included in the MBR
register, showed that the mean nicotine dose of women who
continued to use snuff during pregnancy was 46 mg/day in early
pregnancy (corresponds to 5–6 pouches/daily) and 36mg/day
(corresponds to 3–4 pouches daily) among those who quit in early
pregnancy.35 The validation study also showed that women using
NRT in pregnancy continued to consume snuff. Among the
women who stopped using snuff, none was using NRT.35 This is in
agreement with other studies on NRT use in pregnancy and
smoke cessation lacking strong evidence for successful smoke
cessation with NRT use in pregnancy.31,36 Third, we had
information on tobacco use 3 months before pregnancy and at
the antenatal booking, but we lack information on when in that
time span the women stopped their tobacco use. Finally, we
cannot make definitive causal conclusions, given the lack of
information on important confounding factors, including alcohol
and substance use, and prenatal and postnatal exposure to
environmental tobacco smoke. Missing mandatory education, as
well as being a teenage mother, was highly associated with both
tobacco use in pregnancy, especially heavy smoking, and risk of
postnatal death and SIDS. It is not possible to disentangle the risk
of smoking in pregnancy from other possible neonatal health
hazards in this group of women. Sibling comparisons or other
family design analyses may have helped account for bias due to
unmeasured and residual confounding shared by siblings but
were not possible to conduct due to limited power.37

Table 4. Maternal tobacco use in early pregnancy and cessation of tobacco use before the antenatal booking and risk of post neonatal mortality,
SUID, and SIDS, N= 1,996,980.

n (%) Crudea OR (95% CI) Adjustedb OR (95% CI) Adjustedc OR (95% CI)

Post neonatal mortalityd, N= 1514

Nonuser 1072 (0.07) Reference Reference Reference

Snuff user 22 (0.13) 1.95 (1.27–3.01) 1.81 (1.17–2.80) 1.75 (1.13–2.71)

Stopped using snuff 27 (0.07) 1.08 (0.73–1.59) 1.21 (0.82–1.79) 1.24 (0.84–1.84)

Smoker 263 (0.19) 2.94 (2.56–3.39) 2.09 (1.79–2.44) 1.73 (1.48–2.02)

Stopped smoking 130 (0.07) 1.13 (0.94–1.37) 1.03 (0.85–1.24) 1.02 (0.84–1.23)

SIDS, N= 354

Nonuser 160 (0.01) Reference Reference Reference

Snuff user 11 (0.06) 6.16 (3.25–11.7) 4.36 (2.29–8.31) 4.33 (2.27–8.26)

Stopped using snuff 8 (0.02) 2.20 (1.08–4.49) 2.13 (1.04–4.34) 2.15 (1.05–4.40)

Smoker 141 (0.10) 10.3 (8.16–13.1) 5.46 (4.15–7.18) 4.96 (3.77–6.54)

Stopped smoking 34 (0.02) 1.71 (1.14–2.56) 1.35 (0.89–2.05) 1.35 (0.89–2.04)

SUID, N= 579

Nonuser 324 (0.02) Reference Reference Reference

Snuff user 14 (0.08) 3.97 (2.28–6.91) 3.20 (1.83–5.60) 3.16 (1.81–5.53)

Stopped using snuff 10 (0.02) 1.36 (0.73–2.56) 1.37 (0.73–2.58) 1.40 (0.74–2.63)

Smoker 174 (0.13) 6.35 (5.24–7.70) 3.95 (3.17–4.91) 3.46 (2.78–4.32)

Stopped smoking 57 (0.03) 1.54 (1.14–2.07) 1.29 (0.95–1.74) 1.27 (0.93–1.72)

CI confidence interval, OR odds ratio.
aCrude odds ratios calculated with the same population as adjusted models.
bAdjusted for maternal age, parity, maternal education, cohabitant with father-to-be, mother’s country of birth.
cAdjusted for maternal age, parity, maternal education, cohabitant with father-to-be, mother’s country of birth, gestational age, birth weight according to
gestational age.
dPopulation for neonatal mortality was n= 1,994,209. Infants who died in the neonatal period were excluded, n= 2771.
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The adverse effects of nicotine on pregnancy and the
developing fetus are often neglected in discussions of smokeless
tobacco or ENDS as means of smoke cessation and harm
reduction.38 In the US, e-cigarettes are now more popular than
conventional cigarettes among young adults.7 With growing
knowledge about the detrimental effects of non-combustible
nicotine in the form of snuff, caution should be recommended
regarding use of other sources of nicotine in pregnancy as well.
No safe level of prenatal nicotine has been established. The use of
new tobacco products and other nicotine sources place high
demands on society and health care professionals regarding
information and preventive strategies.

CONCLUSION
Snuff use and smoking in pregnancy were associated with
increased risks of post neonatal mortality, SIDS, and SUID. The
risks of snuff use and moderate smoking were of similar
magnitude. Cessation of smoking and snuff use before the
antenatal booking was associated with lower risks of SIDS and
SUID. Our findings support the hypothesis that nicotine con-
tributes to elevated risk of SIDS. Prevention strategies should focus
on all forms of nicotine use in pregnancy. Nicotine in all forms
should be avoided in pregnancy.

DATA AVAILABILITY
Restrictions apply to the availability of these data. Data were obtained from the
Swedish National Board of Health and Welfare and are available from the authors
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REFERENCES
1. Kinney, H. C. & Thach, B. T. The sudden infant death syndrome. N. Engl. J. Med.

361, 795–805 (2009).
2. Cnattingius, S. The epidemiology of smoking during pregnancy: smoking pre-

valence, maternal characteristics, and pregnancy outcomes. Nicotine Tob. Res.
6(Suppl 2), S125–S140 (2004).

3. American Academy of Pediatrics Task Force on Sudden Infant Death Syndrome.
The changing concept of sudden infant death syndrome: diagnostic coding
shifts, controversies regarding the sleeping environment, and new variables to
consider in reducing risk. Pediatrics 116, 1245–1255 (2005).

4. Moon, R. Y. & Task Force on Sudden Infant Death Syndrome. SIDS and other
sleep-related infant deaths: evidence base for 2016 updated recommenda-
tions for a safe infant sleeping environment. Pediatrics 138, e20162940
(2016).

5. Hafstrom, O., Milerad, J., Sandberg, K. L. & Sundell, H. W. Cardiorespiratory effects of
nicotine exposure during development. Respir. Physiol. Neurobiol. 149, 325–341 (2005).

6. The National Board of Health and Welfare, Sweden Pregnancies, Deliveries and
Newborn Infants:The Swedish Medical Birth Register 1973–2017 (The National Board
of Health and Welfare; 2019).

7. CDC. E-Cigarette Use Among Youth and Young Adults. A Report of the Surgeon
General (Centers for Disease Control and Prevention, 2016).

8. Rutqvist, L. E., Curvall, M., Hassler, T., Ringberger, T. & Wahlberg, I. Swedish snus
and the GothiaTek(R) standard. Harm Reduct. J. 8, 11 (2011).

9. Public Health Agency of Sweden. Hälsa på lika vilkor. https://www.
folkhalsomyndigheten.se/folkhalsorapportering-statistik/om-vara-datainsamlingar/
nationella-folkhalsoenkaten (2021).

10. Calder, R. et al. Vaping in pregnancy: a systematic review. Nicotine Tob. Res. 23,
1451–1458 (2021).

11. DeVito, E. E. et al. Electronic nicotine delivery systems (ENDS) use and pregnancy
II: Perinatal outcomes following ENDS use during pregnancy. Curr. Addict. Rep. 8,
366–379 (2021).

12. Gunnerbeck, A., Wikstrom, A. K., Bonamy, A. K., Wickstrom, R. & Cnattingius, S.
Relationship of maternal snuff use and cigarette smoking with neonatal apnea.
Pediatrics 128, 503–509 (2011).

13. Dahlin, S., Gunnerbeck, A., Wikstrom, A. K., Cnattingius, S. & Edstedt Bonamy, A. K.
Maternal tobacco use and extremely premature birth - a population-based cohort
study. BJOG 123, 1938–1946 (2016).

14. Baba, S., Wikstrom, A. K., Stephansson, O. & Cnattingius, S. Influence of snuff and
smoking habits in early pregnancy on risks for stillbirth and early neonatal
mortality. Nicotine Tob. Res. 16, 78–83 (2014).

15. Nordenstam, F. et al. Prenatal exposure to snus alters heart rate variability in the
infant. Nicotine Tob. Res. 19, 797–803 (2017).

16. Ludvigsson, J. F., Svedberg, P., Olen, O., Bruze, G. & Neovius, M. The longitudinal
integrated database for health insurance and labour market studies (LISA) and its
use in medical research. Eur. J. Epidemiol. 34, 423–437 (2019).

17. The National Board of Health and Welfare, Sweden. Plötslig Oväntad död hos
Spädbarn (The National Board of Health and Welfare, 2016).

18. Brooke, H. L. et al. The Swedish cause of death register. Eur. J. Epidemiol. 32,
765–773 (2017).

19. Friedmann, I., Dahdouh, E. M., Kugler, P., Mimran, G. & Balayla, J. Maternal and
obstetrical predictors of sudden infant death syndrome (SIDS). J. Matern. Fetal
Neonatal Med. 30, 2315–2323 (2017).

20. Anderson, T. M. et al. Maternal smoking before and during pregnancy and the
risk of sudden unexpected infant death. Pediatrics 143, e20183325 (2019).

21. MacDorman, M. F., Cnattingius, S., Hoffman, H. J., Kramer, M. S. & Haglund, B.
Sudden infant death syndrome and smoking in the United States and Sweden.
Am. J. Epidemiol. 146, 249–257 (1997).

22. Mitchell, E. A. et al. Risk factors for sudden infant death syndrome following the
prevention campaign in New Zealand: a prospective study. Pediatrics 100,
835–840 (1997).

23. Slotkin, T. A. Fetal nicotine or cocaine exposure: which one is worse? J. Pharmacol.
Exp. Ther. 285, 931–945 (1998).

24. Overland, S., Tjora, T., Hetland, J. & Aaro, L. E. Associations between adolescent socio-
educational status and use of snus and smoking. Tob. Control 19, 291–296 (2010).

25. Baba, S., Wikstrom, A. K., Stephansson, O. & Cnattingius, S. Changes in snuff and
smoking habits in Swedish pregnant women and risk for small for gestational age
births. BJOG 120, 456–462 (2013).

26. Alm, B. et al. A case-control study of smoking and sudden infant death syndrome
in the Scandinavian countries, 1992 to 1995. The Nordic Epidemiological SIDS
Study. Arch. Dis. Child. 78, 329–334 (1998).

27. Trachtenberg, F. L., Haas, E. A., Kinney, H. C., Stanley, C. & Krous, H. F. Risk factor
changes for sudden infant death syndrome after initiation of Back-to-Sleep
campaign. Pediatrics 129, 630–638 (2012).

28. Moon, R. Y., Horne, R. S. & Hauck, F. R. Sudden infant death syndrome. Lancet 370,
1578–1587 (2007).

29. Benowitz, N. L. Systemic absorption and effects of nicotine from smokeless
tobacco. Adv. Dent. Res. 11, 336–341 (1997).

30. Benowitz, N. L., Zevin, S. & Jacob, P. 3rd Sources of variability in nicotine and
cotinine levels with use of nicotine nasal spray, transdermal nicotine, and
cigarette smoking. Br. J. Clin. Pharmacol. 43, 259–267 (1997).

31. Claire, R. et al. Pharmacological interventions for promoting smoking cessation
during pregnancy. Cochrane Database Syst. Rev. 3, CD010078 (2020).

32. Benowitz, N. L. & Jacob, P. 3rd Individual differences in nicotine kinetics and
metabolism in humans. NIDA Res. Monogr. 173, 48–64 (1997).

33. Mollborg, P., Wennergren, G., Almqvist, P. & Alm, B. Bed sharing is more common
in sudden infant death syndrome than in explained sudden unexpected deaths
in infancy. Acta Paediatr. 104, 777–783 (2015).

34. Mattsson, K. et al. Cotinine validation of self-reported smoking during pregnancy
in the Swedish Medical Birth Register. Nicotine Tob. Res. 18, 79–83 (2016).

35. Gunnerbeck, A., Raaschou, P., Cnattingius, S., Edstedt Bonamy, A. K. & Wickstrom,
R. Maternal snuff use and cotinine in late pregnancy-a validation study. Acta
Obstet. Gynecol. Scand. 97, 1373–1380 (2018).

36. Coleman, T. et al. A randomized trial of nicotine-replacement therapy patches in
pregnancy. N. Engl. J. Med. 366, 808–818 (2012).

37. D’Onofrio, B. M., Lahey, B. B., Turkheimer, E. & Lichtenstein, P. Critical need for
family-based, quasi-experimental designs in integrating genetic and social sci-
ence research. Am. J. Public Health 103(Suppl 1), S46–S55 (2013).

38. England, L. J. et al. Developmental toxicity of nicotine: a transdisciplinary
synthesis and implications for emerging tobacco products. Neurosci. Biobehav.
Rev. 72, 176–189 (2017).

ACKNOWLEDGEMENTS
We thank Aki Tuuliainen for excellent data management and technical support.

AUTHOR CONTRIBUTIONS
A.G. conceptualized and designed the study, carried out the initial analyses, drafted the
initial manuscript, and reviewed and revised themanuscript. C.L. contributed with statistical
expertise and critically reviewed the manuscript. A.M., R.C., S.R., and B.M.D. critically
reviewed the manuscript for important intellectual content. C.A. conceptualized and
designed the study, coordinated and supervised analyses, and critically reviewed the
manuscript for important intellectual content. All authors approved the final manuscript as
submitted and agree to be accountable for all aspects of the work.

A. Gunnerbeck et al.

818

Pediatric Research (2023) 94:811 – 819

https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/om-vara-datainsamlingar/nationella-folkhalsoenkaten
https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/om-vara-datainsamlingar/nationella-folkhalsoenkaten
https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/om-vara-datainsamlingar/nationella-folkhalsoenkaten


FUNDING
This work was supported by the Swedish Research Council (project grant 2018-
02640), grants provided by the Stockholm County Council (ALF-projects), the Swedish
Heart-Lung Foundation (project grant 20210416), and Stiftelsen Frimurare Barnhuset i
Stockholm. A.G. and S.R. were supported by Region Stockholm (clinical post doctoral
appointments). Open access funding provided by Karolinska Institute.

COMPETING INTERESTS
The authors declare no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
The study was approved by the Regional Ethical Review Board in Stockholm, Sweden,
Dnr 2018/1697-31/1, Dnr 2013/862-31/5. Patient consent was not required. The data
were aggregated and anonymized.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41390-022-02463-4.

Correspondence and requests for materials should be addressed to Anna
Gunnerbeck.

Reprints and permission information is available at http://www.nature.com/
reprints

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

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

A. Gunnerbeck et al.

819

Pediatric Research (2023) 94:811 – 819

https://doi.org/10.1038/s41390-022-02463-4
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Association of maternal snuff use and smoking with Sudden Infant Death Syndrome: a national register study
	Introduction
	Methods
	Study population
	Snuff use and smoking in pregnancy
	Post neonatal death, SIDS, and SUID
	Covariates
	Statistical analyses

	Results
	Discussion
	Strengths and limitations

	Conclusion
	References
	Acknowledgements
	ACKNOWLEDGMENTS
	Author contributions
	Funding
	Competing interests
	Ethics approval and consent to participate
	ADDITIONAL INFORMATION




