Smoking - The Research

The relationship between smoking and infant mortality has been
recognised for over half a century. Early research from the 1950s
began exploring the effects of maternal smoking on birthweight
and premature delivery. In the 1960s, a specific association
between smoking and sudden infant death syndrome (SIDS) was
identified. Although SIDS deaths have declined markedly since
the Back to Sleep campaign in the 1990s, smoking remains one of
the strongest modifiable risk factors, and the proportion of SIDS
cases involving parental smoking has increased?. Tackling smoke
and nicotine exposure remains an important part of SIDS
prevention.

Several large-scale reviews have demonstrated a consistent link between smoking exposure and
SIDS. A 2013 meta-analysis including 35 case-control studies, with over 31,000 cases and nearly
six million controls, found that both prenatal and postnatal maternal smoking doubled the risk of
SIDS. This effect was observed internationally, including France, Sweden, the UK, Australia, and
the United States®. The risk appears to increase with more cigarettes consumed*. Furthermore, a
systematic review focusing on paternal smoking found that even when mothers did not smoke,
paternal smoking increased SIDS risk by 1.5 times®.

More recent UK data suggest that although national smoking rates in pregnancy have declined,
exposure among SIDS infants remains disproportionately high. A 2020 comparison of SIDS cases
with earlier case-control studies from 1993-1996 and 2003—2006 found that maternal smoking
during pregnancy among SIDS cases had fallen from 65% to 52%. However, in the same period,
the national prevalence of smoking during pregnancy declined from 16% to 10%, indicating that
infants who die from SIDS continue to be far more likely to have been exposed to tobacco
smoke®.

To quantify an infant’s exposure to smoking, an objective measure can be used. Urinary cotinine,
a metabolite of nicotine, is a well-validated biomarker that reflects recent tobacco exposure.
Studies have shown that cotinine levels are significantly higher in infants whose parents
smoke’:8. The use of cotinine provides more accurate data for linking exposure levels to
physiological outcomes and for evaluating the effectiveness of smoke-free interventions.

Public health initiatives promoting smoke-free environments have had measurable benefits. A U.S.
study examining national data between 1995 and 2006 found that for every increase in the
proportion of smoke-free homes, SIDS incidence declined by 0.4%, even after adjusting for infant
sleep position °. Household bans on indoor smoking have also been associated with lower urinary
cotinine in infants'® and toddlers ''. These findings show that smoke-free home policies reduce
exposure and likely contribute to lowering SIDS risk at a population level.

Nicotine is known to pass into breastmilk, raising concerns that breastfeeding might increase
infant exposure. However, an autopsy study found no significant difference in cotinine levels
between breastfed and bottle-fed SIDS infants’?. Breastfeeding has numerous other benefits to an
infant’s health, and this indicates that breastfeeding does not substantially increase exposure.

The biological mechanisms linking smoking exposure and SIDS are not fully understood, but
several experimental studies offer insight. Animal models have shown that prenatal nicotine
exposure alters brain receptors responsible for detecting low oxygen, potentially impairing arousal
and respiratory control'-'8, Similar findings have been observed in primate studies, where smoke-
exposed rhesus monkey infants exhibited structural changes in brain pathways associated with
cardiorespiratory regulation9-21,



In human infants, smoke exposure has been linked to reduced arousability during sleep 131516 and
differences in cardiovascular control have been observed, including altered blood pressure and
heart rate 2223, Autopsy studies have also identified receptor abnormalities in the brainstems of
SIDS infants 2428, Collectively, these findings suggest that nicotine may disrupt normal autonomic
and arousal responses, increasing vulnerability to sudden death during sleep.

Nicotine replacement therapy (NRT) is a tool for smoking cessation. Although its efficacy in
achieving long-term abstinence is modest, a randomised control trial showed that NRT does not
increase the risk of adverse infant outcomes compared with smoking?®3°. It can therefore be used
safely, though complete cessation of smoking and nicotine products provides the greatest health
benefits.

Co-sleeping presents a particular danger when combined with smoking exposure. Studies from
the UK, New Zealand, and Europe have shown that infants who are exposed to tobacco smoke
and share a bed with a parent face a dramatically elevated SIDS risk—between 9- and 32-fold
higher than infants not exposed to smoke(Blair et al., 2014; Carpenter et al., 2004; Mitchell et al.,
2017). Safe sleep guidelines therefore strongly advise that parents who smoke, or whose infants
were exposed to smoking in pregnancy, should not share a bed with their baby.

References

1. Steele, R., Kraus, A. S. & Langworth, J. T. Sudden, unexpected death in infancy in Ontario. .
Methodology and findings related to the host. Can. J. Public Health Rev. Can. Sante Publique 58,
359-364 (1967).

2. Anderson, M. E., Johnson, D. C. & Batal, H. A. Sudden Infant Death Syndrome and prenatal
maternal smoking: rising attributed risk in the Back to Sleep era. BMC Med. 3, 4 (2005).

3. Zhang, K. & Wang, X. Maternal smoking and increased risk of sudden infant death syndrome: a
meta-analysis. Leg. Med. Tokyo Jpn. 15, 115-121 (2013).

4. Fleming, P. & Blair, P. S. Sudden Infant Death Syndrome and parental smoking. Early Hum.
Dev. 83, 721-725 (2007).

5. Mitchell, E. A. & Milerad, J. Smoking and the sudden infant death syndrome. Rev. Environ.
Health 21, 81-103 (2006).

6. Pease, A. et al. Changes in background characteristics and risk factors among SIDS infants in
England: cohort comparisons from 1993 to 2020. BMJ Open 13, e076751 (2023).

7. Blackburn, C. et al. Parental smoking and passive smoking in infants: fathers matter too. Health
Educ. Res. 20, 185-194 (2005).

8. Joseph, D. V. et al. Effect of parental smoking on cotinine levels in newborns. Arch. Dis.
Child. Fetal Neonatal Ed. 92, F484-488 (2007).

9. Behm, 1., Kabir, Z., Connolly, G. N. & Alpert, H. R. Increasing prevalence of smoke-free homes
and decreasing rates of sudden infant death syndrome in the United States: an ecological
association study. Tob. Control 21, 6—11 (2012).

10. Blackburn, C. et al. Effect of strategies to reduce exposure of infants to environmental tobacco
smoke in the home: cross sectional survey. BMJ 327, 257 (2003).



11. Spencer, N., Blackburn, C., Bonas, S., Coe, C. & Dolan, A. Parent reported home smoking
bans and toddler (18-30 month) smoke exposure: a cross-sectional survey. Arch. Dis. Child. 90,
670-674 (2005).

12. Bajanowski, T. et al. Nicotine and cotinine in infants dying from sudden infant death
syndrome. Int. J. Legal Med. 122, 23—-28 (2008).

13. Chang, A. B. et al. Altered arousal response in infants exposed to cigarette smoke. Arch. Dis.
Child. 88, 30-33 (2003).

14. Franco, P. et al. Prenatal exposure to cigarette smoking is associated with a decrease in
arousal in infants. J. Pediatr. 135, 34—-38 (1999).

15. Galland, B. C., Taylor, B. J., Bolton, D. P. G. & Sayers, R. M. Respiratory responses to
hypoxia/hypercapnia in small for gestational age infants influenced by maternal smoking. Arch.
Dis. Child. Fetal Neonatal Ed. 88, F217-222 (2003).

16. Horne, R. S. C. et al. Effects of maternal tobacco smoking, sleeping position, and sleep state
on arousal in healthy term infants. Arch. Dis. Child. Fetal Neonatal Ed. 87, F100-105 (2002).

17. Lewis, K. W. & Bosque, E. M. Deficient hypoxia awakening response in infants of smoking
mothers: possible relationship to sudden infant death syndrome. J. Pediatr. 127, 691-699 (1995).

18. Parslow, P. M., Cranage, S. M., Adamson, T. M., Harding, R. & Horne, R. S. C. Arousal and
ventilatory responses to hypoxia in sleeping infants: effects of maternal smoking. Respir.
Physiol. Neurobiol. 140, 77-87 (2004).

19. Sekizawa, S.-l., Joad, J. P., Pinkerton, K. E. & Bonham, A. C. Secondhand tobacco smoke
exposure differentially alters nucleus tractus solitarius neurons at two different ages in developing
non-human primates. Toxicol. Appl. Pharmacol. 242, 199-208 (2010).

20. Sekizawa, S.-l., Joad, J. P., Pinkerton, K. E. & Bonham, A. C. Distinct tachykinin NK(1)
receptor function in primate nucleus tractus solitarius neurons is dysregulated after second-hand
tobacco smoke exposure. Br. J. Pharmacol. 163, 782—-791 (2011).

21. Slotkin, T. A., Seidler, F. J. & Spindel, E. R. Prenatal nicotine exposure in

rhesus monkeys compromises development of brainstem and cardiac monoamine pathways
involved in perinatal adaptation and sudden infant death syndrome: amelioration by vitamin
C. Neurotoxicol. Teratol. 33, 431-434 (2011).

22. Cohen, G., Jeffery, H., Lagercrantz, H. & Katz-Salamon, M. Long-term reprogramming of
cardiovascular function in infants of active smokers. Hypertens. Dallas Tex 1979 55, 722-728
(2010).

23. Viskari-Lahdeoja, S., Hytinantti, T., Andersson, S. & Kirjavainen, T. Heart rate and blood
pressure control in infants exposed to maternal cigarette smoking. Acta Paediatr. Oslo Nor.
1992 97, 1535-1541 (2008).

24. Duncan, J. R. et al. The effect of maternal smoking and drinking during pregnancy upon (3)H-
nicotine receptor brainstem binding in infants dying of the sudden infant death

syndrome: initial observations in a high risk population. Brain Pathol. Zurich Switz. 18, 21-31
(2008).

25. Lavezzi, A. M., Ottaviani, G. & Matturri, L. Adverse effects of prenatal tobacco smoke
exposure on biological parameters of the developing brainstem. Neurobiol. Dis. 20, 601-607
(2005).



26. Machaalani, R., Say, M. & Waters, K. A. Serotoninergic receptor 1A in the sudden infant death
syndrome brainstem medulla and associations with clinical risk factors. Acta Neuropathol.
(Berl.) 117, 257-265 (2009).

27. Machaalani, R., Say, M. & Waters, K. A. Effects of cigarette smoke exposure on nicotinic
acetylcholine receptor subunits a7 and B2 in the sudden infant death syndrome (SIDS)
brainstem. Toxicol. Appl. Pharmacol. 257, 396—404 (2011).

28. Machaalani, R. & Waters, K. A. Neuronal cell death in the Sudden Infant Death
Syndrome brainstem and associations with risk factors. Brain J. Neurol. 131, 218-228 (2008).

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

30. Cooper, S. et al. Effect of nicotine patches in pregnancy on infant and maternal outcomes at 2
years: follow-up from the randomised, double-blind, placebo-controlled SNAP trial. Lancet Respir.
Med. 2, 728-737 (2014).

Frequently asked questions

What does the research show?

Smoking is a well-known risk factor for SIDS. Even though SIDS rates have dropped in recent
decades, smoking during pregnancy or after birth still greatly increases the risk. Big studies show
that babies exposed to smoke, whether from mothers or fathers, are much more likely to die from
SIDS, and the risk rises with heavier smoking.

In the UK, fewer pregnant women smoke overall, but babies who die from SIDS are still far more
likely to have been exposed to nicotine. Researchers can measure this exposure using cotinine, a
substance in the body that shows recent nicotine contact. Homes that ban indoor smoking have
lower SIDS rates and children in these homes have lower cotinine levels. Although nicotine
passes into breastmilk, breastfed and bottle-fed SIDS infants have similar cotinine levels. Nicotine
replacement therapy is safer than smoking during pregnancy, though quitting entirely is best.

It is not definitively known why smoke-exposed babies are more vulnerable. However, studies
suggest that nicotine can affect a baby’s developing brain, making it harder for them to wake up or
control their breathing and heart rate during sleep.

Importantly, bed-sharing between a parent a baby who has been exposed to smoke has a much
higher risk of SIDS, and so it is important that these infants sleep in their own cot, on a firm flat
surface.
How can | give up smoking?
You have the best chance of success if you have help from a professional stop smoking service.
Speak to your midwife or health visitor or go directly to your local stop smoking service. They will
have worked with many pregnant women and new parents and are there to help.
For advice and support visit the NHS website or:

in England, contact 0300 123 1044

in Scotland, contact 0800 84 84 84

in Wales, contact 0800 085 2219

Are vapes or e-cigarettes safer?



There is no research available on vaping and SIDS yet, though we are funding research to
discover more. If you do choose to use a vape, keep your baby away from vapes and their vapour.
Talk to your local stop smoking service for the most up-to-date advice. There is currently no
research around bedsharing and vaping, so we suggest you don’t share a bed with your baby if
you vape.

Can you smoke whilst pregnant?

The short answer is no. If you are pregnant, one of the most protective things you can do for your
baby is to stop smoking. If you smoke 1-9 cigarettes a day during pregnancy, the risk of SIDS is
four times higher than for babies of people who didn’t smoke at all during pregnancy. If your
partner is pregnant, it's best if you stop too, as the risk of SIDS is higher in babies who were
exposed to smoke during pregnancy.

Can | smoke after giving birth?

Babies who are exposed to smoke are at a higher risk of SIDS, so one of the most protective
things you can do for your baby is to quit. You have the best chance of quitting if you get support,
as there are expert services and products available to make it easier. If you smoke

and you're having trouble quitting, don’t smoke near your baby and keep them away from smoky
areas. Don’t share a bed with your baby if you or your partner smoke. Co-sleeping is much riskier
for your baby if you or your partner smoke.

What is Nicotine Replacement Therapy and is it safe in pregnancy?

Nicotine Replacement Therapy (NRT) involves using products such as gum, patches or tablets to
deliver a small amount of nicotine to your bloodstream. The idea is to ease your cravings by giving
your body nicotine without the harmful by-products of smoking such as carbon monoxide and

tar. Most pregnant women can use NRT safely but it's important to talk it through with your health
professional first.

No one in my home smokes. Is my baby at higher risk of SIDS if they spend time with
someone who smokes?

The risk of SIDS from very occasional exposure to a smoky environment is likely to be very
low, but there isn’t enough evidence for us to know the precise risk. Try to keep your baby smoke-
free at all times to keep them as safe as possible.

Is it safe to breastfeed if | smoke?

Breastfeeding has many benefits and it's the best way to feed your baby, even if you smoke. The
best option is still to quit smoking, as being around smoke increases the risk of SIDS.
Quitting smoking is one of the best things you can do to protect your baby.

What is the key takeaway for families?

Research over many decades shows a clear link between smoking and SIDS, with both maternal
and paternal smoking greatly increasing the risk. Quitting smoking and enforcing a smoke-free
home reduces the risk of SIDS. Breastfeeding is still safe and recommended, even if you smoke or
take nicotine replacement therapy. It is very important that babies who have been exposed to
nicotine do not bed-share, as this has a high risk of SIDS.






