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WHAT’S KNOWN ON THIS SUBJECGT: Maternal smoking is \
associated with harmful effects on the newborn: preterm birth,
fetal growth restriction, and sudden infant death syndrome.

Much less is known about the effects of smokeless tobacco, and
nicotine-replacement therapy is recommended as a means of
smoking cessation during pregnancy.

WHAT THIS STUDY ADDS: Maternal snuff use (including
predominantly nicotine) is associated with higher risk of
neonatal apnea than smoking (containing nicotine and
combustion products). Snuff use should not be regarded as safe

during pregnancy. /

-

©

BACKGROUND: Maternal smoking is associated with disturbed cardio-
respiratory control inthe infant. Despite lacking knowledge of whether
the harmful effects of smoking are caused by combustion products in
tobacco smoke or by nicotine, it has been argued that nicotine-
replacement therapy during pregnancy is safer than smoking.

OBJECTIVE: The goal of this study was to investigate if the distur-
bances in cardiorespiratory control associated with maternal smoking
are also seen in infants prenatally exposed to snuff. We hypothesized
that prenatal nicotine exposure (via moist snuff) causes disturbances
in autonomic control and thereby increases the risk of apnea in the
newborn.

METHODS: In a nationwide Swedish cohort study, we studied associa-
tions between maternal tobacco use during pregnancy and neonatal
apnea. 0f 609 551 live-born singleton infants, 7599 were born to snuff-
using mothers, 41 391 and 16 928 were bornto light (1-9 cigarettes per
day) and heavy (=10 cigarettes per day) smokers, respectively. Logis-
tic regression was used to calculate odds ratios, using 95% confidence
intervals.

RESULTS: Compared with infants of nontobacco users, infants with
prenatal exposure to snuff were at an increased risk of apnea even
after adjustment for differences in gestational age (odds ratio: 1.96
[95% confidence interval: [1.30—2.96]) Smoking was associated with
increased risk of apnea before, but not after, adjusting for gestational
age.

CONCLUSIONS: Snuff use during pregnancy is associated with a
higher risk of neonatal apnea than smoking. Maternal use of snuff or
nicotine-replacement therapy cannot be regarded as an alternative to
smoking during pregnancy. Pediatrics 2011;128:503-509
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Smoking during pregnancy may be the
most important preventable risk fac-
tor for the newborn and is causally as-
sociated with fetal growth restriction
and probably also with preterm birth
and sudden infant death syndrome
(SIDS).L2 A disturbed cardiorespira-
tory control is believed to be part ofthe
mechanism behind SIDS, and epidemi-
ologic studies reveal that maternal
smoking also increases risks of other
disturbances in the cardiorespiratory
system, such as apneas34 Despite lack-
ing knowledge of whether these harm-
ful effects are generated by nicotine or
by combustion products in tobacco
smoke, nicotine-replacement therapy
(NRT) is commonly regarded as safer
than smoking and is sometimes rec-
ommended as a means of smoking
cessation for pregnant women 28

Internationally, public health re-
searchers debate whether Swedish
snuff, with lower levels of nitro-
samines but higher levels of nicotine
than tobacco smoke, should be recom-
mended as a harm reduction drug for
smoking cessation.12 The rate of fe-
male snuff users has more thantripled
during the last decade in Sweden, and
the use of smokeless tobacco has in-
creased globally, especially among
women of childbearing age!l!2 There
are few studies of the effects of snuff
use during pregnancy, but a recently
published study revealed an associa-
tion between maternal snuff use dur-
ing pregnancy and an increased risk of
stillbirth 2

By studying snuff use and smoking
during pregnancy, our goal was to dif-
ferentiate between effects mainly
caused by nicotine (snuff) and those
linked to combustion products in to-
bacco smoke. If nicotine caused the
disturbances in the neural control of
the cardiorespiratory system seen in
newborns of smoking mothers % we
would expect similar effects in infants
prenatally exposed to snuff.
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The high number of young women us-
ing snuff in Sweden and the prospec-
tively collected data on snuff (and cig-
arette) use in the nationwide Swedish
Medical Birth Register enabled us to
study snuff use during pregnancy as a
model for investigating the effects of
prenatal nicotine exposure in humans.
We hypothesized that prenatal nicotine
exposure, by causing disturbances in
the control of the autonomic nervous
system, would increase the risk of ap-
nea in the newborn.

METHODS

The Swedish Medical Birth Register,
held by the National Board of Health
and Welfare, is a population-based reg-
ister that contains data on >98% of all
births in Sweden, including demo-
graphic data, information on repro-
ductive history, pregnancy, delivery,
and the neonatal period.5 Diagnoses,
including neonatal complications, are
classified since 1997 according to the
International Classification of Dis-
eases, 10th Revision and are noted by
the responsible physician at discharge
from hospital.

By means of each individual’s unique
personal identification number, the
birth register can be linked with other
Swedish data sources.8 Through link-
age with the education register and
the register of total population, both
held by Statistics Sweden, we obtained
information about the mother’s level of
education and country of birth.

Study Population

From 1999 to 2006, there were 610 346
singleton infants recorded in the
Swedish Medical Birth Register of
mothers born in the Nordic countries
(ie, Denmark, Finland, Iceland, Norway,
Sweden). Information on gestational
age at birth was available for 609 551
infants. Preferably, gestational age
was determined by ultrasound scan
between weeks 17 to 20 of gestation. If

no ultrasound scan was available, the
first day of the last menstrual period
was used to calculate gestational age.
In Sweden, all women are offered an
ultrasound scan to estimate gesta-
tional age, usually around week 17 of
gestation. Ninety-five percent of women
accept this offerZ

The study was approved by the re-
search ethics committee at the Karo-
linska Institutet (No. 2009/1726—-32).

Exposures

Antenatal booking occurs before week
15 of gestation in >95% of all pregnan-
cies. Information about maternal
characteristics (eg, height, parity, to-
bacco use) are collected at this first
visit. Tobacco use is categorized as
nonuse, snuff use, moderate smoking
(1-9 cigarettes per day), or heavy
smoking (=10 cigarettes per day). In
the study population, there were
503 460 (82.6%) nonusers, 7599 (1.2%)
snuff users, 41 391 (6.8%) light smok-
ers, 16 928 (2.8%) heavy smokers, and
481 (0.08%) who reported that they
used both snuff and cigarettes (dual
users). In 39 692 women (6.5%), there
was no information on tobacco use. In-
formation about maternal age was ob-
tained at discharge from the hospital
after delivery. Through linkage with
the education register, information
was obtained regarding number of
years of formal education completed
as of January 1, 2008. The mothers’
level of education was categorized as
=9,10to 12, or =13 years.

Small for gestational age (SGA) was
defined as a birth weight >2 SDs be-
low the mean birth weight for gesta-
tional age according to the gender-
specific Swedish fetal growth curve.2
Gestational age was stratified into very
preterm (=31 completed weeks),
moderately preterm (32-36 weeks),
term (37—41 weeks), and postterm
(=42 weeks) hirth.
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TABLE 1 Tobacco Use During Pregnancy and Rates (%) of Maternal and Neonatal Characteristics: Single Births in Sweden, 19992006 (N = 609 551)

Maternal and Neonatal Nonuser Snuff User Smoker Dual User
Characteristics (n = 503 460) (n = 7599) 1-9 Cigarettes =10 Cigarettes (n=481)
perd (n=41391) perd (n = 16928)

Age, =19y 1.1 1.92 6.42 3.62 422
Height, =159 cm 8.6 11.32 11.82 12.42 13.5°
Multiparity, =4 4.2 7.32 8.02 18.52 10.02
Education, =9y 5.6 11.32 27.02 34.02 25.62
Cesarean delivery 15.4 18.22 16.52 16.62 16.4
Gestational age, =36 wk 46 5.82 6.12 7.32 5.6
SGA® 2.2 24 472 5.82 5.62

Pregnancies with missing information: 39 692 for tobacco, 13 633 for height, and 9290 for education.

a p<.0001 versus nonusers.
b p <001 versus nonusers.

© 8GA was defined as >2 SDs below the mean birth weight for gestational age according to the gender-specific Swedish fetal growth curveL2

Outcomes

We studied the effects of prenatal nic-
otine exposure in the form of ciga-
rettes and smokeless tobacco (snuff)
on conditions related to respiratory
control in the newborn. An initial as-
sessment of the health of the newborn
was made by the responsible doctor
directly after birth and continuously
during the hospital stay, at either the
maternity or neonatal ward. A final as-
sessment was also made before dis-
charge from the hospital. Diagnoses
were noted by the responsible pedia-
trician at discharge. International
Classification of Diseases, 10th Revision
codes P28.2 (“cyanotic attacks of new-
born”), P28.3 (“primary sleep apnea of
newborn”), and P28.4 (“other apnea of
newborn”) were used to diagnose neo-
natal apnea. We chose to study these di-
agnoses together as “unspecified ap-
nea” (P28.2, P28.3, and P28.4).

Statistical Analyses

Unconditional logistic regression anal-
yses were used to estimate associa-
tions between tobacco exposures and
risks of apnea in the newborn, using
the PROC GENMOD procedure. Infants
whose mothers had missing informa-
tion on tobacco consumption were ex-
cluded from analysis. Infants of dual
users were too few to be analyzed.
0dds ratios, presented with 95% confi-
dence intervals, were calculated. The
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risks of apnea were estimated in snuff
users, light smokers, and heavy smok-
ers, with nontobacco users as the ref-
erence group. In the first adjusted
model, we considered maternal char-
acteristics, such as maternal age,
height, parity, and years of formal ed-
ucation, as potential confounders. We
also wanted to investigate whether
possible risks related to tobacco use
were mediated by delivery complica-
tions or birth outcomes. In the final
model, we therefore also adjusted for
gender of the newborn, gestational
age, SGA, and method of delivery.
Method of delivery was categorized
into presence or absence of cesarean
delivery. To test for a possible interac-
tion between gender and tobacco, the
likelihood ratio test was used to com-
pare the logistic model with and with-
out interaction variable. The x? test
was used for statistical analyses. All
analyses were performed by using SAS
9.2 (SAS Institute, Inc, Cary, NC).

RESULTS

Compared with nontobacco users,
tobacco-using mothers were to a
larger extent teen-aged mothers, of
short stature, multiparous (ie, at least
4 childbirths), and less educated (=9
years of education) (Table 1). These as-
sociations were generally most pro-
nounced among heavy smokers and
dual users.

Compared with newborns of nonto-
bacco users, rates of SGA were sub-
stantially higher in newborns of smok-
ers and in dual users but not
significantly higher in infants of snuff
users. Rates of preterm birth (=36
weeks) were also significantly higher
in newborns of snuff users and in
smokers compared with nonusers.
Compared with nontobacco users, the
rates of cesarean delivery were
slightly increased in snuff users and
smokers (Table 1).

Table 2 presents associations between
maternal characteristics and unspeci-
fied neonatal apnea. High maternal
age (=35 years) and short maternal
stature (=159 cm) were associated
with increased risks of apnea after ad-
justing for maternal confounders (Ta-
ble 2, adjusted model 1). These risks
were reduced and nonsignificant when
we also adjusted for mode of delivery
and birth outcomes (Table 2, adjusted
model 2). In contrast, the U-shaped as-
sociation between parity and apnea,
with infants of primiparous and mul-
tiparous (=4) mothers being at higher
risk, remained—although attenuated—
inthe adjusted models. Compared with
infants born at term, moderately pre-
term infants (32—36 weeks) faced a 10-
fold increased risk of apnea, whereas
the corresponding increased risk
among very preterm infants (=31
weeks) was 150-fold. Infants delivered
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TABLE 2 Maternal and Neonatal Characteristics and Risk of Unspecified Neonatal Apnea: Single Births in Sweden, 1999—-2006 (N = 609 551)

Apnea
No. Rate/1000 0dds Ratio (95% Confidence Interval)
Crude Adjusted Model 12 Adjusted Model 2°
Maternal characteristics
Maternal age, y
=19 25 2.7 1.56 (1.01-2.41) 1.25 (0.79-1.99) 117 (0.74-1.87)
20-24 116 1.7 Reference Reference Reference
25-29 292 16 0.91(0.73-1.13) 1.08 (0.86—1.35) 0.98 (0.78—1.23)
30-34 291 14 0.81 (0.65—1.00) 1.05 (0.82—-1.33) 0.90 (0.71-1.15)
=35 207 20 1.13 (0.90-1.42) 1.46 (1.13-1.88) 1.11(0.85-1.43)
Height, cm
130-159 108 22 1.35 (1.10-1.85) 1.31 (1.0-1.61) 1.06 (0.86—1.31)
160-174 716 16 Reference Reference Reference
=175 78 13 0.79 (0.63—1.00) 0.81(0.64—1.02) 0.94 (0.74—-1.19)
Missing 29 2.1
Parity
1 521 20 1.70 (1.48-1.95) 1.80 (1.55—-2.08) 1.30 (1.12—1.51)
2-3 340 12 Reference Reference Reference
4-9 70 2.5 2.07 (1.60-2.68) 1.60 (1.21-2.11) 1.47 (1.10-1.95)
Education, y
=9 88 19 1.32 (1.04-1.66) 1.16 (0.89-1.52) 0.95 (0.73-1.25)
10-12 463 17 1.16 (1.01-1.33) 1.12 (0.97-1.30) 1.03 (0.89-1.20)
=13 364 15 Reference Reference Reference
Missing 16 1.7 — — —
Birth characteristics
Cesarean delivery
Yes 379 43 3.74 (3.28—4.26) — 1.19 (1.02—-1.40)
No 552 1.1 Reference — Reference
Gender
Male 517 18 1.18 (1.04-1.34) — 1.12(0.97-1.28)
Female 414 15 Reference — Reference
Gestational age, wk
=31 359 1029 156 (135-182) — 139 (115-167)
32-36 175 7.3 10.04 (8.38—12.04) — 9.49 (7.88—11.43)
37-41 362 0.7 Reference — Reference
=42 35 0.7 0.98 (0.69-1.39) — 0.93 (0.65—1.34)
SGA°
Yes 117 8.4 5.76 (4.74-6.99) — Reference
No 814 1.5 — 0.85 (0.68—1.07)

Pregnancies with missing information for tobacco use (n = 39 692) were excluded from the analyses as well as dual users, which were too few (n = 480) to give raise to any cases.
aModel 1 was adjusted for maternal age, height, parity, education, and tobacco use.
b Model 2, in addition to maternal age, height, parity, education, and tobacco use, was adjusted for cesarean delivery, gender, gestational age, and SGA.
° SGA was defined as >2 SDs below the mean birth weight for gestational age according to the gender-specific Swedish fetal growth curve2

by cesarean delivery had an almost
fourfold increase in risk, which largely
could be explained by a larger propor-
tion of infants with short gestational
age and SGA infants in this group. The
more than fivefold increased risk of
apnea among SGA infants was almost
entirely explained by increased risk of
shorter gestational age. The overall
dominating risk of neonatal apnea was
preterm birth.

In the univariate analysis, there was a
more than twofold increased risk of
apnea in infants born to snuff users
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compared with nontobacco users,
whereas there was a 50% increase in
risk among infants born to smokers.
After adjusting for maternal charac-
teristics (Table 3, adjusted model 1),
the risks of apnea among infants of
snuff users and moderate and heavy
smokers were slightly attenuated. To
investigate whether these tobacco-
related risks were mediated by fetal
growth, gestational age, or mode of de-
livery, we also adjusted for gestational
age, SGA, cesarean delivery, and gen-
der of the infant (Table 3, adjusted

model 2). Compared with nontobacco
users, there was still an almost two-
fold risk of apnea among infants of
snuff users, whereas infants of light or
heavy smokers were no longer at in-
creased risk of apnea. There was no
interaction between gender and to-
bacco use (yes/no) with respect to risk
of apnea (P> .05).

DISCUSSION

This population-based cohort study re-
vealed that infants of snuff users face
a doubled risk of unspecified neonatal

Downloaded from pediatrics.aappublications.org by guest on August 30, 2011
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TABLE 3 Mothers’ Tobacco Use During Pregnancy and Risk of Apnea: Single Births in Sweden, 1999—-2006

Tobacco Use Apnea
No. Rate/1000 0dds Ratio (95% GConfidence Intervals)
Crude Adjusted Model 12 Adjusted Model 2°

Nonuser 771 1.5 Reference Reference Reference
Snuff user 26 3.4 2.24 (1.52-3.32) 2.15 (1.44-3.20) 1.96 (1.30-2.96)
Cigarette smoker

1-9 cigarettes per d 94 22 1.48 (1.20-1.84) 1.31 (1.04—1.65) 1.08 (0.85—1.37)

=10 cigarettes per d 40 24 1.54 (1.12-2.12) 1.49 (1.07-2.08) 1.08 (0.76—1.52)

Pregnancies with missing information for tobacco use (n = 39 692) were excluded from the analyses as well as dual users, which were too few (n = 480) to give raise to any cases. The rate
of apnea among infants to mothers with missing information of tobacco use was 2.7 per 1000.
aModel 1 was adjusted for maternal age, height, parity, education, and tobacco use.

b Model 2s, in addition to maternal age, height, parity, education, and tobacco use, was adjusted for cesarean delivery, gender, gestational age, and SGA.

apnea. A lower risk increase was seen
in infants prenatally exposed to mater-
nal tobacco smoke. In contrast to risks
in infants of snuff users, these risks
vanished after adjustment for gesta-
tional age, SGA, and cesarean delivery.

Neonatal apnea may be a sign of dis-
turbed control of the autonomic ner-
vous system. The most common cause
of neonatal apnea is an immature ner-
vous system, and the risk of apnea in-
creases with decreasing gestational
age. Furthermore, SIDS is correlated to
an increased incidence of apnea and
disturbances in the cardiorespiratory
control system.2-22 The underlying
mechanisms have not yet been clari-
fied, but maternal tobacco smoke
and preterm birth are strong risk
factors for SIDS.22 Our hypothesis is
that nicotine causes disturbances in
the autonomic nervous system in in-
fants prenatally exposed to tobacco
smoke. Findings from earlier studies
of maternal smoking during preg-
nancy, as well as animal studies with
prenatal nicotine exposure, support
this hypothesis.Z2%

Preterm infants and infants prenatally
exposed to nicotine reveal similar dis-
turbances in the neural control of the
cardiorespiratory system, with a
heightened vascular, cardiac, and
blood pressure reactivity.28 This find-
ing represents an effect of immaturity
in the premature infant and a develop-
mental programming effect of a neuro-
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toxic substance, nicotine, in the
nicotine-exposed infant. Activation of
nicotinic acetylcholine receptors dur-
ing vulnerable periods of prenatal de-
velopment may lead to changes in the
cellular programming22 |n animal
studies, prenatal exposure to pure nic-
otine indicates disturbances in the
control of the cardiorespiratory sys-
tem, with an increased frequency of
apnea during sleep, decreased arous-
ability and a blunted cardiorespiratory
response to hypoxia, higher breathing
frequency, and lower tidal volume dur-
ing the neonatal period.2320ur finding
of anincreased risk of infant apnea, as
a sign of disturbed control of the car-
diorespiratory system, correlates well
with similar findings in animal studies
of prenatal nicotine exposure. Huang
et al3 found an increased frequency of
apneas during sleep in a group of pre-
natally nicotine-exposed rat pups dur-
ing the first 2 postnatal days but not at
postnatal day 6. Altered breathing pat-
terns with increased respiratory fre-
quency and lower tidal volume were
only observed after 10 to 18 postnatal
days. Both epidemiologic studies and
animal studies indicate different early
and long-term effects of prenatal nico-
tine exposure23L In our study, how-
ever, we were only assessing the early
effects of prenatal nicotine exposure
on the infant.

Previous epidemiologic studies of in-
fants prenatally exposed to tobacco

smoke have demonstrated an in-
creased frequency of apnea during
sleep and decreased arousability.3233
We found that the smoking-related in-
creased risk of apnea was explained
by the increased risk of preterm birth
and SGA associated with smoking. Sur-
prisingly, the risk of apnea in infants of
snuff users was not only higher than
that of smokers, but the risk also re-
mained after adjustment for gesta-
tional age and size at birth. These find-
ings imply that snuff might have a
different mechanism of action than to-
bacco smoke. It has been reported that
the smoking-related risks of preterm
birth and SGA are substantially higher
than corresponding risks among snuff
users 123435 Swedish snuff (snus) con-
tains no combustion products but
higher levels of nicotine and lower con-
centrations of nitrosamines than ciga-
rettes. It also differs from US moist
snuff, which contains less nicotine but
higher levels of nitrosamines &

The effects of Swedish snuff can be
compared with those of NRT in many
ways. Both snuff and NRT mainly con-
tain nicotine, with the nicotine level re-
maining continuously high during use.
Whereas smoking generates peaks of
high plasma nicotine levels (duration:
30 minutes) intermittently throughout
the day, snuff and NRT have a slower
release, with peak nicotine levels hav-
ing a duration of 1.5 hours3t The
higher nicotine levels and the more
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continuous exposure on the nicotinic
acetylcholine receptors in snuff users,
compared with the intermittent expo-
sure in smokers, may be of importance
for the differences in risks of apnea
found between infants of snuff users
and smokers.

A major strength of the present study
is the nationwide study design, and the
prospectively collected information on
tobacco use in early pregnancy should
eliminate the risk of recall bias. Also,
the study population is fairly homoge-
nous, with only infants of mothers
born in the Nordic countries included.
Adjustment for maternal characteris-
tics and the use of standardized re-
cords should reduce the potential for
confounding by unmeasured sociode-
mographic factors.

Events of apnea in awake infants are
often explained by esophageal reflux
or other vagal stimuli, whereas sleep
apnea is associated with distur-
bances in the neural control of the
cardiorespiratory system. Infant ap-
nea is defined by the American Acad-
emy of Pediatrics as “an unexplained
episode of cessation of breathing
for 20 seconds or longer, or a
shorter respiratory pause associ-
ated with bradycardia, cyanosis, pal-
lor, and/or marked hypotonia.”3

A weakness of this study is the uncer-
tainty about the diagnosis of apnea it-
self. The assessment of apnea was
made when the infant was in the hos-
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diseases may also be missed because
of change of hospitals. We were only
able to study the early effects of prena-
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acute life-threatening events, or SIDS,
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derreporting because of extensive
knowledge about the negative effects
of smoking during pregnancy. Self-
reported information on smoking dur-
ing pregnancy is, however, reported as
valid in Sweden % whereas there is no
such information on snuff use. Smok-
ers were divided into light and heavy
smokers, but we have no knowledge
about level of consumption or pattern
of snuff use. Because of the high rate of
missing information on tobacco use in
late pregnancy, we have only used in-
formation on tobacco use at antenatal
booking in our analyses.

CONCLUSIONS

Our study indicates that snuff use dur-
ing pregnancy is associated with an al-
most doubled increased risk of neona-
tal apnea, a finding that is consistent
with animal studies of prenatal nico-
tine exposure. Our results suggest that
nicotine is also responsible for these
effects in humans, and that alterations
in neural programming may be an un-
derlying mechanism. In this perspec-
tive, snuff use and NRT should not be
regarded as being safer than smoking
during pregnancy.

ACKNOWLEDGMENTS

This study was supported by grants
from the Swedish Council for Working
Life and Social Research (2009-1619)
and the Swedish Medical Research
Council (521-2009-4884), the Samari-
tan Foundation, and Sallskapet Bar-
navard at the Karolinska Hospital.

K. Effect of smokeless tobacco (snus) on
smoking and public health in Sweden. Tob
Gontrol. 2003;12(4):349—-359

8. Gartner G, Hall W. Harm reduction policies
for tobacco users. Int J Drug Policy. 2010;
21(2):129-130

9. Gartner G, Hall W. The potential role of snus
intobacco harm reduction. Addiction. 2009;
104(9):1586—-1587

10. Lambe M. Swedish snus for tobacco harm
reduction. Lancet. 2007;370(9594):12086, au-
thor reply, 1206—-1207

Downloaded from pediatrics.aappublications.org by guest on August 30, 2011



ARTICLES

20.

PEDIATRICS Volume 126, Numberlé’c;’\/e\}ﬁlecr)ne%e&f ?#(1)m pediatrics.aappublications.org by guest on August 30, 2011

. Statistiska Centralbyran. Undersoknin-

garna av levnadsforhallanden (ULF). Avail-
able at. www.sch.se/Pages/Product
Tables 12209.aspx. Accessed June 21,
2011

. Gonnolly GN, Alpert HR. Trends in the use of

cigarettes and other tobacco products,
2000-2007. JAMA. 2008;299(22):2629—2630

. Wikstrom AK, Cnattingius S, Stephansson 0.

Maternal use of Swedish snuff (snus) and
risk of stillbirth. Epidemiology. 2010;21(6):
772-778

. Ueda Y, Stick SM, Hall G, Sly PD. Control of

breathing in infants born to smoking moth-
ers. J Pediatr. 1999;135(2 pt 1):226-232

. Cnattingius S, Ericson A, Gunnarskog J,

Kallén B. A quality study of a medical birth
registry. Scand J Soc Med. 1990;18(2):
143-148

. Ludvigsson JF, Otterblad-Olausson P, Pet-

tersson BU, Ekbom A. The Swedish personal
identity number: possibilities and pitfalls in
healthcare and medical research. Eur J Epi-
demiol. 2009;24(11):659—667

. Hegberg U, Larsson N. Early dating by ultra-

sound and perinatal outcome: a cohort
study. Acta Obstet Gynecol Scand. 1997;
76(10):907-912

. Lindmark G, Cnattingius S. The scientific ba-

sis of antenatal care. Report from a state-
of-the-art conference. Acta Obstet Gynecol
Scand. 1991;70(2):105-109

. Marsal K, Persson PH, Larsen T, Lilja H, Sel-

bing A, Sultan B. Intrauterine growth curves
based on ultrasonically estimated foetal
weights. Acta Paediatr. 1996;85(7):843—848
Sawaguchi T, Franco P, Kato |, et al. From
physiology to pathology: arousal deficiency
theory in sudden infant death syndrome
(SIDS)—with reference to apoptosis and

21.

22.

23.

24.

25.

26.

21.

28.

29.

neuronal plasticity. Forensic Sci Int. 2002,
130(suppl):S37-343

Sawaguchi T, Franco P, Kato |, et al. Associ-
ation between sleep apnea and reactive as-
trocytes in brainstems of victims of SIDS
and in control infants. Forensic Sci Int. 2002;
130 (suppl):S30—S36

Hunt CE, Hauck FR. Sudden infant death syn-
drome. CMAJ. 2006;174(13):1861-1869

Cohen G, Roux JG, Grailhe R, Malcolm G,
Changeux JP, Lagercrantz H. Perinatal expo-
sure to nicotine causes deficits associated
with a loss of nicotinic receptor function.
Proc Natl Acad Sci USA. 2005;102(10):
3817-3821

Moon RY, Horne RS, Hauck FR. Sudden infant
death syndrome. Lancet. 2007;370(9598):
15781587

Hafstrom 0, Milerad J, Sandberg KL, Sundell
HW. Cardiorespiratory effects of nicotine ex-
posure during development. Respir Physiol
Neurobiol. 2005;149(1-3):325—341

Cohen G, Vella S, Jeffery H, Lagercrantz H,
Katz-Salamon M. Cardiovascular stress hy-
perreactivity in babies of smokers and in
babies born preterm. Circulation. 2008;
118(18):1848-1853

Slotkin TA. Fetal nicotine or cocaine expo-
sure: which one is worse? J Pharmacol Exp
Ther. 1998;285(3):931-945

Navarro HA, Seidler FJ, Eylers JP, et al. Ef-
fects of prenatal nicotine exposure on de-
velopment of central and peripheral cholin-
ergic neurotransmitter systems. Evidence
for cholinergic trophic influences in devel-
oping brain. J Pharmacol Exp Ther. 1989;
251(3):894-900

Hafstrom 0, Milerad J, Sundell HW. Prenatal
nicotine exposure blunts the cardiorespira-
tory response to hypoxia in lambs. Am J Re-

30.

31.

32.

33.

34.

39.

36.

37.

38.

spir Crit Care Med. 2002;166(12 pt 1):
1544-1549

Hafstrom 0, Milerad J, Sundell HW. Altered
breathing pattern after prenatal nicotine
exposure in the young lamb. Am J Respir
Crit Care Med. 2002;166(1):92-97

Huang YH, Brown AR, Costy-Bennett S, Luo Z,
Fregosi RF. Influence of prenatal nicotine ex-
posure on postnatal development of breath-
ing pattern. Respir Physiol Neurobiol. 2004;
143(1):1-8

Kahn A, Groswasser J, Sottiaux M, et al. Pre-
natal exposure to cigarettes in infants with
obstructive sleep apneas. Pediatrics. 1994;
93(5):778—783

Sawnani H, Jackson T, Murphy T, Becker-
man R, Simakajornboon N. The effect of ma-
ternal smoking on respiratory and arousal
patterns in preterm infants during sleep.
Am J Respir Crit Care Med. 2004;169(6):
733-738

Wikstrom AK, Cnattingius S, Galanti MR,
Kieler H, Stephansson 0. Effect of Swedish
snuff (snus) on preterm birth. BJOG. 2010;
117(8):1005-1010

England LJ, Levine RJ, Mills JL, Klebanoff MA,
Yu KF, Cnattingius S. Adverse pregnancy
outcomes in snuff users. Am J Obstet Gyne-
col. 2003;189(4):939-943

Benowitz NL. Systemic absorption and ef-
fects of nicotine from smokeless tobacco.
Adv Dent Res. 1997;11(3):336 —341
Committee on Fetus and Newborn. Ameri-
can Academy of Pediatrics. Apnea, sudden
infant death syndrome, and home monitor-
ing. Pediatrics. 2003;111(4 pt 1):914-917
George L, Granath F, Johansson AL, Cnattin-
gius S. Self-reported nicotine exposure and
plasma levels of cotinine in early and late
pregnancy. Acta Obstet Gynecol Scand.
2006;85(11):1331-1337

509



Relationship of Maternal Snuff Use and Cigar ette Smoking With Neonatal
Apnea
Anna Gunnerbeck, Anna-Karin Wikstrom, Anna-Karin Edstedt Bonamy, Ronny
Wickstrom and Sven Cnattingius
Pediatrics; originally published online August 28, 2011,
DOI: 10.1542/peds.2010-3811

Updated Information & including high resolution figures, can be found at:

Services http://pediatrics.aappublications.org/content/early/2011/08/24
/peds.2010-3811

Permissions & Licensing Information about reproducing this article in parts (figures,

tables) or in its entirety can be found online at:
http://pediatrics.aappublications.org/site/misc/Permissions.xht
mi

Reprints Information about ordering reprints can be found online:
http://pediatrics.aappublications.org/site/misc/reprints.xhtml

PEDIATRICS isthe official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned, published,
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
Grove Village, Illinois, 60007. Copyright © 2011 by the American Academy of Pediatrics. All
rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from pediatrics.aappublications.org by guest on August 30, 2011




	Relationship of Maternal Snuff Use and Cigarette Smoking With Neonatal Apnea
	METHODS
	Study Population
	Exposures
	Outcomes
	Statistical Analyses

	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES


