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ABSTRACT
Smoking is one of the most harmful habits among adults. During pregnancy, the adverse effects go beyond the organism 
of the mother and it is considered to be a risk factor for miscarriage, stillbirth, placental abruption, preterm birth, low 
birthweight, morbidity and mortality. Through its numerous and dangerous compounds, tobacco smoking influence pro-
teins and is leading to despaired fetal nourishment. Cigarette smoke toxicity is mainly driven by carbon monoxide, tar and 
nicotine. 
Carcinogens have a high negative impact, causing both maternal and fetal anemia, as well as abnormal fetal growth and 
development, pathology that by itself is associated with an additional risk of preterm delivery and low birthweight. Hav-
ing the capability to cross the placenta, nicotine along with the other compounds, can be fetotoxic, neurologic teratogen 
and impact brain development. 
Smoking cessation outside or during pregnancy should be encouraged. Various medication and procedures have been 
proposed including in gestation. Some have proved to have positive effects, while others are not recommended during 
pregnancy or didn’t show promising outcome. Still, pregnant women should be informed upon general and fetal risk that 
are associated with smoking and pregnancy need additional medical care due to related smoking complications.
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INTRODUCTION

Cigarette smoking during pregnancy has serious 
impact on maternal and fetal health due to its com-
pounds, including carbon monoxide, nicotine, tar, 
heavy metals like cadmium, with a strong negative 
impact in obstetrical area. Smoking in pregnancy 
has an adverse impact on maternal and fetal health 
increasing the risk for miscarriage, stillbirth, pla-
cental abruption, preterm birth, low birthweight, 
congenital abnormalities, ectopic pregnancy, mor-
bidity and mortality. Emerging evidence suggest 
that in utero exposure to smoking has also long-
term adverse effects such as impaired neurological 
development, endocrine dysfunction, oncogenesis, 
increased incidence of sudden infant death syn-
drome, hyperactivity disorder, poor academic per-
formances, being more likely to become a smoker in 
adulthood [1-4]. Moreover, research shows that to-

bacco consume decreases woman’s chances of com-
pleting a pregnancy to term without complications 
[5]. Placenta previa, restricted fetal growth, abor-
tion and preterm labor are the most common com-
plications that have been reported in smoking 
mothers [6-10].

SCIENTIFIC RESEARCH AND FINDINGS 

Tobacco consumption during gestation leads to 
higher risks of pregnancy complications due to 
chronic exposure of the fetus to a toxic environ-
ment [10,11]. Smoking during pregnancy is associ-
ated with high risk of inappropriate placentation 
and disorders in development of the placenta that 
leads to both macroscopic and microscopic changes 
in placental morphology [10-12]. Many studies have 
reported that the intervillous space and the mater-
nal blood flow to the placenta were decreased in 
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pregnant mothers that smoke. It is considered that 
impaired differentiation of the cytotrophoblast 
[10,12,13] and inappropriate development of the 
syncytiotrophoblast in terms of smoking is the ex-
planation of the placental malfunction [10,14]. 
Trophoblastic cells play a role in filtering the mater-
nal blood, mechanism that guarantees a proper fe-
tal nutrition. The chronic exposure of these cells to 
the toxins present in tobacco will make them ineffi-
cient to accomplish this important function in the 
long term [10,11]. Carbon monoxide causes hypox-
emia that leads to compensatory placental hyper-
trophy; placentas have the tendency to extend to 
the cervical canal [15]. Placental invasion of the en-
dometrium is mediated by the trophoblast during 
the placentation process [10,16,17]. Therefore, all 
these reported characteristics could lead to disor-
ders of placental function, abnormal implantation 
and subsequently the trigger of pregnancy compli-
cations for smoking mothers [7,10,12,18]. 

Iron is an essential element in ensuring a proper 
fetal development and a healthy pregnancy out-
come. The average demand for Fe during pregnan-
cy is variable: from 6 mg per day in the first trimes-
ter, to 22 mg per day in the third trimester. Due to 
this increasing requirement of Fe, many pregnant 
women suffer from iron-deficient anemia, patholo-
gy that by itself is associated with an additional risk 
of preterm delivery and low birthweight [19-23]. 
The most important protein responsible for iron ho-
meostasis is transferrin (Tf) [24]. Tf is a very heter-
ogenous plasmatic glycoprotein transporting Fe; it 
has several isoforms depending on the number of 
terminal residues of sialic acid contained, with dif-
ferent biochemical properties. The impact of num-
ber of sialic acids residues on the function of this 
protein, including affinity of Tf receptors and Fe 
transport, is not fully understood. Tobacco smoking 
produces many abnormalities by including changes 
in glycan branching, as well as sialylation and ga-
lactosylation [25]. A shift toward higher sialylated 
Tf isoforms during pregnancy could be observed in 
smoker mothers, comparing to a non-smoking one, 
where the parameters of iron deposits are normal 
and the changes in Tf sialylation are balanced. A 
higher rate of distribution of 5- and 6-sialoTf and a 
lower rate of distribution of 4-sialoTf are observed 
in the case of low Fe deposits and may be responsi-
ble for an increased fetal demand for Fe. In women 
who smoke, the correlations between iron deposits 
and sialylation of transferrin are disrupted [26-29]. 
Severe anemia with maternal hemoglobin <6g/dL 
has been associated with inadequate fetal oxygena-
tion that may lead to abnormal fetal heart rhythm, 
decreased amniotic fluid volume, fetal cerebral va-
sodilatation and even death [30]. Iron deficiency, in 
utero or in the first months of life, can also cause 

brain structural anomalies, as iron is an essential 
element for neurogenesis, neuronal and structural 
differentiation [31]. 

THE PATHOPHYSIOLOGY OF HARM FROM SMOKING

Cigarette smoke contains more than 4000 com-
pounds including carbon monoxide, nicotine, tar, 
heavy metals, carcinogens with a high negative im-
pact on the fetal growth and development [1]. 

Nicotine is the main addictive substance for a 
smoker. It is an alkaloid derived from tobacco that 
stimulates the parasympathetic nervous. It impacts 
the mother’s organism and by crossing the placenta, 
it becomes also fetotoxic by being a great vasocon-
strictor. In the fetal brain, nicotine has a neurologic 
teratogen effect by biding nicotinic acetylcholine 
neuroreceptors; it leads to a disruption in neuro-
transmitter function which causes an altered brain 
development [32-34].

Carbon monoxide, one of the gases produced by 
tobacco combustion, colorless and odorless, is in-
haled during smoking. After absorption, it rapidly 
binds to hemoglobin, resulting carboxyhemoglobin. 
The iron atoms from hemoglobin composition, pref-
erentially bind a carbon monoxide molecule at the 
expense of one oxygen molecule. Non-smoking 
pregnant women have an about 1% carboxyhemo-
globin in their blood and pregnant smokers can 
reach even levels of 15% concentration of the same 
substance. The outcome of increased carboxyhemo-
globin concentrations in pregnant women’s blood is 
a left shift of the oxygen-hemoglobin dissociation 
curve, reflecting the higher affinity of hemoglobin 
for carbon monoxide. This left shift impairs oxygen 
delivery to the myometrium and fetoplacental unit, 
being associated with fetal growth restriction and 
preterm birth [1].

Tar is a toxic substance obtained from tobacco 
combustion that has the property to form a residue 
on the skin and the mucous membranes of smokers. 
It damages the respiratory tract through both phys-
ical and biochemical mechanisms. It contains many 
carcinogenic compounds, such as polycyclic aro-
matic hydrocarbons, aromatic amines and ni-
trosamines. The outcome is a global proinflamma-
tory status with increased oxidative stress level 
[35].

Cadmium is one of the heavy metals contained 
in cigarette smoke that manifests its toxicity by ac-
cumulating in the placenta; it has been associated 
with intrauterine growth restriction [1].

The toxic and teratogenic effect of these com-
pounds has been researched and studied more in 
animals and less in human beings. The effect of 
many other substances contained in cigarette 
smoke remains unclear [1]. 
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SMOKING CESSATION

Addiction and dependence to cigarettes is a 
physiologic and psychologic process, so cessation 
techniques have to include psychosocial interven-
tions and pharmacologic therapy. Quitting smoking 
during pregnancy comes with lots of benefits. There 
are pharmacological methods, nicotine replace-
ment treatment and non-pharmacological ones 
[36].

Pharmacological methods are Bupropion and 
Varenicline. Bupropion is an antidepressant for 
whom there is limited data on use during pregnan-
cy, but there is no known risk of fetal abnormalities 
or adverse effects on pregnancy [37]. Varenicline is 
a partial agonist for nicotinic receptors in the brain. 
Small studies evaluating its safety usage in preg-
nancy did not show teratogenicity [38,39]. 

The U.S. Preventive Services Task Force has con-
cluded that there are insufficient evidences to as-
sess the balance of benefits and risks of nicotine 
replacement products or other pharmaceuticals for 
smoking cessation during pregnancy [40]. Many of 
the studies performed in the United States have 
been stopped by data and safety monitoring com-
mittees, either because of adverse effects on preg-
nancy or lack of demonstration of effectiveness [39-
42]. The use of nicotine replacement therapy should 
only be considered after a detailed discussion with 
the patient and requires close monitoring [42].

Non-pharmacological methods are represented 
by written and audio-video materials, but a 

Cochrane study revealed that the benefits of this 
method versus no involvement are small [43]. Indi-
vidual telephone counseling represented by regular 
telephone calls lasting less than 5 minutes had a 
greater impact on pregnant light smokers (< 10 cig-
arettes per day) who have already tried individual-
ly to quit smoking during pregnancy [44-46].

Alternative therapies: hypnotherapy, acupunc-
ture, acupressure, laser therapy, electrostimulation 
have been studied, but no evidence was found to be 
effective in smoking cessation therapy [45]. Acu-
puncture has not been proved completely ineffec-
tive, there are still studies ongoing on the subject 
[46]. 

CONCLUSIONS

Smoking in pregnancy is one of the biggest pre-
ventable risk factors for maternal and neonatal 
morbidity in pregnancy. The most harmful sub-
stances from cigarette smoking are carbon monox-
ide, tar, heavy metals and nicotine which may affect 
the pregnancy and contributes to many disorders in 
the offspring of smokers. Smoking cessation is a key 
part and a care bundle for decreasing pregnancy 
complications. Pregnant women should be advised 
of the risks associated with tobacco use and clini-
cians should provide smoking cessation advice and 
support. Individualized smoking cessation com-
bined techniques are most likely to succeed.

1. McDonnell BP, Regan C. Smoking in pregnancy: pathophysiology of 
harm and current evidence for monitoring and cessation. The
Obstetrician & Gynaecologist. 2019;21:169-75. 

2. Fergusson DM, Horwood LJ, Lynskey MT. Maternal smoking before and 
after pregnancy: effects on behavioral outcomes in middle childhood. 
Pediatrics. 1993 Dec;92(6):815-22.

3. Batstra L, Hadders-Algra M, Neeleman J. Effect of antenatal exposure 
to maternal smoking on behavioural problems and academic 
achievement in childhood: prospective evidence from a Dutch birth 
cohort. Early Hum Dev. 2003 Dec;75(1-2):21-33.

4. Leonardi-Bee J, Jere ML, Britton J. Exposure to parental and sibling 
smoking and the risk of smoking uptake in childhood and adolescence: a
systematic review and meta-analysis. Thorax. 2011 Oct;66(10):847-55.

5. Delpisheh A, Attia E, Drammond S, Brabin BJ. Adolescent smoking in 
pregnancy and birth outcomes. European Journal of Public Health. 
2006;16(2):168-172.

6. Gruslin A, Qiu Q, Tsang BK. Influence of maternal smoking on 
trophoblast apoptosis throughout development: possible involvement 
of Xiap regulation. Biol Reprod. 2001 Oct;65(4):1164-9.

7. Kawashima A, Koide K, Ventura W, Hori K, Takenaka S, Maruyama D, 
Matsuoka R, Ichizuka K, Sekizawa A. Effects of maternal smoking on the 
placental expression of genes related to angiogenesis and apoptosis 
during the first trimester. PLoS One. 2014 Aug 28;9(8):e106140.

8. Rocha J, Matheus M, Sala M. Effect of cigarette smoke on human 
placenta morphometry. International Journal of Gynecology & 
Obstetrics. 1998;62(3):237-242.

9. Gutvirtz G, Wainstock T, Landau D, Sheiner E. Maternal smoking during 
pregnancy and long-term neurological morbidity of the offspring. 
Addict Behav. 2019 Jan;88:86-91.

10. Heidari Z, Mahmoudzadeh-Sagheb H, Sheibak N. Placenta structural 
changes in heavy smoking mothers: a stereological aspect. Curr Med 
Res Opin. 2018 Nov;34(11):1893-1897.

11. Jauniaux E, Burton GJ. Morphological and biological effects of maternal 
exposure to tobacco smoke on the feto-placental unit. Early Hum Dev. 
2007 Nov;83(11):699-706.

12. Zdravkovic T, Genbacev O, McMaster MT, Fisher SJ. The adverse effects 
of maternal smoking on the human placenta: a review. Placenta. 2005 
Apr;26 Suppl A:S81-6.

13. Genbacev O, Bass KE, Joslin RJ, Fisher SJ. Maternal smoking inhibits 
early human cytotrophoblast differentiation. Reprod Toxicol. 1995 May-
Jun;9(3):245-55.

14. Gruslin A, Qiu Q, Tsang BK. Influence of maternal smoking on 
trophoblast apoptosis throughout development: possible involvement 
of Xiap regulation. Biol Reprod. 2001 Oct;65(4):1164-9.

15. Williams MA, Mittendorf R, Lieberman E, Monson RR, Schoenbaum SC, 
Genest DR. Cigarette smoking during pregnancy in relation to placenta 
previa. Am J Obstet Gynecol. 1991 Jul;165(1):28-32.

16. Heidari Z, Mahmoudzadeh-Sagheb H, Sheibak N. Immunohistochemical 
Expression of Myeloperoxidase in Placental Samples of Systematic 
Lupus Erythematosus Pregnancies. Journal of Family and Reproductive 
Health. 2016;10(2):64-70.

REFERENCES

Conflict of interest: none declared
Financial support: none declared



Romanian JouRnal of medical PRactice  – Volume XVi, SuPPlement 6 (82), 2021 41

17. Heidari Z, Sheibak N. Trophoblast Giant Cells, the Prime Suspects of 
Deficient Placentation Associated With Pregnancy Complications. 
Gene, Cell and Tissue; 2016;3(2):e38516.

18. Heidari Z, Mahmoudzadeh-Sagheb H, Sheibak N, Nourzaei N. 
Quantitative changes of extravillous trophoblast cells in placentas of 
systemic lupus erythematosus patients. Journal of Obstetrics and 
Gynaecology. 2017;37(6):746-751.

19. Wrześniak M, Kepinska M, Królik M, Milnerowicz H. Influence of 
tobacco smoking on transferrin sialylation during pregnancy in smoking 
and non-smoking women with iron deficiency. Environ Toxicol 
Pharmacol. 2016 Sep;46:95-102.

20. Allen LH. Anemia and iron deficiency: effects on pregnancy outcome. 
Am J Clin Nutr. 2000 May;71(5 Suppl):1280S-4S. 

21. Scholl TO, Reilly T. Anemia, iron and pregnancy outcome. J Nutr. 2000 
Feb;130(2S Suppl):443S-447S.  

22. Ramussen, K., 2001. Is there a casual relationship between iron 
deficiency or iron-deficiency anemia and weight at birth, length of 
gestation and perinatal mortality? J. Nutr. 131, 590S-603S 

23. Blackburn S. Maternal, Fetal, & Neonatal Physiology. 4th ed. Maryland 
Heights, MO: Elsevier Health Sciences; 2014.  

24. Gomme PT, McCann KB, Bertolini J. Transferrin: structure, function and 
potential therapeutic actions. Drug Discov Today. 2005 Feb 
15;10(4):267-73.

25. Knezevic A, Gornik O, Polasek O, Pucic M, Redzic I, Novokmet M, Rudd 
PM, Wright AF, Campbell H, Rudan I, Lauc G. Effects of aging, body 
mass index, plasma lipid profiles, and smoking on human plasma 
N-glycans. Glycobiology. 2010 Aug;20(8):959-69.

26. van Rensburg SJ, Berman P, Potocnik F, MacGregor P, Hon D, de Villiers 
N. 5- and 6-glycosylation of transferrin in patients with Alzheimer’s 
disease. Metab Brain Dis. 2004 Jun;19(1-2):89-96.

27. De Jong G, Feelders R, Van Noort WL, Van Eijk HG. Transferrin 
microheterogeneity as a probe in normal and disease states. Glycoconj 
J. 1995 Jun;12(3):219-26.

28. Bergström JP, Helander A. Influence of alcohol use, ethnicity, age, 
gender, BMI and smoking on the serum transferrin glycoform pattern: 
implications for use of carbohydrate-deficient transferrin (CDT) as 
alcohol biomarker. Clin Chim Acta. 2008 Feb;388(1-2):59-67.

29. Cook JD, Layrisse M, Martinez-Torres C, Walker R, Monsen E, Finch CA. 
Food iron absorption measured by an extrinsic tag. J Clin Invest. 1972 
Apr;51(4):805-15.

30. Monsen ER, Cook JD. Food iron absorption in human subjects. V. Effects 
of the major dietary constituents of semisynthetic meal. Am J Clin Nutr. 
1979 Apr;32(4):804-8.

31. Holbrook BD. The effects of nicotine on human fetal development. 
Birth Defects Res C Embryo Today. 2016 Jun;108(2):181-92.

32. Navarro HA, Seidler FJ, Eylers JP, Baker FE, Dobbins SS, Lappi SE, et al. 
Effects of prenatal nicotine exposure on development of central and 

peripheral cholinergic neurotransmitter systems. Evidence for 
cholinergic trophic influences in developing brain. J Pharmacol Exp 
Ther. 1989;251:894-900. 

33. Dwyer JB, Broide RS, Leslie FM. Nicotine and brain development. Birth 
Defects Res C Embryo Today. 2008 Mar;84(1):30-44.

34. Bhalla DK, Hirata F, Rishi AK, Gairola CG. Cigarette smoke, 
inflammation, and lung injury: a mechanistic perspective. J Toxicol 
Environ Health B Crit Rev. 2009 Jan;12(1):45-64.

35. Turner E, Jones M, Vaz LR, Coleman T. Systematic Review and 
Meta-Analysis to Assess the Safety of Bupropion and Varenicline in 
Pregnancy. Nicotine Tob Res. 2019 Jul 17;21(8):1001-1010.

36. Louik C, Kerr S, Mitchell AA. First-trimester exposure to bupropion and 
risk of cardiac malformations. Pharmacoepidemiol Drug Saf. 2014 
Oct;23(10):1066-75.

37. Windsor R, Oncken C, Henningfield J, Hartmann K, Edwards N. 
Behavioral and pharmacological treatment methods for pregnant 
smokers: issues for clinical practice. J Am Med Womens Assoc (1972). 
2000 Fall;55(5):304-10.

38. Coleman T, Chamberlain C, Davey MA, Cooper SE, Leonardi-Bee J. 
Pharmacological interventions for promoting smoking cessation during 
pregnancy. Cochrane Database Syst Rev. 2015 Dec 22;(12):CD010078. 

39. Hartmann-Boyce J, Chepkin SC, Ye W, Bullen C, Lancaster T. Nicotine 
replacement therapy versus control for smoking cessation. Cochrane 
Database Syst Rev. 2018 May 31;5(5):CD000146.

40. Swamy GK, Roelands JJ, Peterson BL, Fish LJ, Oncken CA, Pletsch PK, et 
al. Predictors of adverse events among pregnant smokers exposed in a 
nicotine replacement therapy trial. Am J Obstet Gynecol 2009;201(4): 
354.e1-354.e7.

41. Lancaster T, Stead LF. Self-help interventions for smoking cessation. 
Cochrane Database Syst Rev. 2002;(3):CD001118.  

42. Rigotti NA, Park ER, Regan S, Chang Y, Perry K, Loudin B, Quinn V. 
Efficacy of telephone counseling for pregnant smokers: a randomized 
controlled trial. Obstet Gynecol. 2006 Jul;108(1):83-92.

43. Ussher M, West R, Hibbs N. A survey of pregnant smokers’ interest in 
different types of smoking cessation support. Patient Educ Couns. 2004 
Jul;54(1):67-72.

44. Rore C, Brace V, Danielian P, Williams D. Smoking cessation in 
pregnancy. Expert Opin Drug Saf. 2008 Nov;7(6):727-37.

45. White AR, Rampes H, Liu JP, Stead LF, Campbell J. Acupuncture and 
related interventions for smoking cessation. Cochrane Database Syst 
Rev. 2011 Jan 19;(1):CD000009.  

46. Bier ID, Wilson J, Studt P, Shakleton M. Auricular acupuncture, 
education, and smoking cessation: a randomized, sham-controlled trial. 
Am J Public Health. 2002 Oct;92(10):1642-7. 




